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RESUMO

NUNES, Raquel Soares Casadsvaliagcdo da Qualidade Microbiol6gica de Produtos de Origem
Animal Comercializados no Brasil: EnterotoxigenicidadeStephylococcusCoagulase Negativa e

sua Resisténcia Antimicrobiafo de Janeiro, 2015. Tese (Douidsaem Ciéncia de Alimentos)
Programa de Pégraduacdo em Ciéncia de Alimentos, Universidade Federal do Rio de Janeiro, Rio
de Janeiro, 2015.

Alimentos de origem animal como leite e derivados lacteos e carnes podem ser contaminados
durante o seu processanto por linhagens estafilocécicas enterotoxigénicas. A contaminacdo dos
alimentos pode ocorrer diretamente de animais ou profissionais infectados na &rea de alimentos
devido a falhas das condi¢Bes higiérgamitarias. Nos alimentos fermentados, a coini@gao

também pode ocorrer dentro das cultuséarters. Foram identificadas vinte e nove linhagens
estafilococos coagulse negtiva pelo sequenciamento da regidao V5 do 16S rDNA dos alimentos de
origem animal, 10 linhagens isoladas do queijo Minas fresd8l knhagens isoladas do salame,
entretanto 06 linhagens foram comuns para ambas as matrizes alimentares resultando em 04
linhagens isoladas do queijo e 13 linhagens isoladas do salame. As linhagens estafilococos
coagulase negativa identificadas taxon@miente nas seguintes espéci8s:saprophyticus, S.
xylosus, S. sciuri e S. carnosus, S. epidermidis succinus S. e S. hestassencontradas no
salame.S. saprophyticus, S. xylosus, S. sciuri, S. piscifermefdaas espécies encontradas no
gueijo Minas frescalS. saprophyticus, S. xylosus S. scifmam isoladas de ambas as matrizes
alimentaresS. saprophyticcuti a espécie predominante no salame (08 no total de 19) e no queijo
(04 de 10) compreendendo 40% das linhagens. A Analise filogeméggiopou as linhagens em

cinco grupos de espécies de estafilococos composta de 2 clusters refinados com subclusters e con
semelhanca interespécies superior a 90%. O agrupamento interespécie ocorreu de acordo com a Su:
origem da microbiota (carne, ambienteumana, produtos lacteos). Para a deteccdo das
enterotoxinas, as 04 linhagens isoladas do queijo, 09 do salame e 06 linhagens ECNs isoladas de
ambas as matrizes apresentaram genes enterotoxigénicos, resultando em 19 linhagens
enterotoxigénicas. No queidinas frescal os genesseae sebforam predominantes na matriz do

gueijo apresentandse, em 100% e 75% dos genomas, respectivamente. A maior incidéncia das
novas enterotoxinas foi para os gesebe seiem 75% e 50% das linhagens respectivamente. No
salame, os geneseb e sedoram os mais predominantes apresentssel@m 66% e 55% das
linhagens. Os geneselme selnforam identificadas em 33% dos genomas, enquanto otggfie
apresentoise em 7% das linhagens. As 06 linhagens ECN identificadas emsaasbmatrizes
também apresentaram genes enterotoxigénicos. O gganiei detectado em 83% das estirpes,
segem 05 uido paebem 66%. Os genexh e tsthforam encontrados em 50% dos genomas. . No
ensaio da PCR em tempo real (RTR) foi detectado a ergssdo do RNAm para os genes das
enterotoxinas classicas em 05 linhagens (30%), entretanto 03 linhagens (20%) expressdo somente as
novas enterotoxinas e 53% (08 de 15) expressardo simultaneamente as classicas e as nhova:
enterotoxinas. A producdao vitro dasenterotoxinas classicas SE3EE foi detectada na maioria

das linhagens (11 de 13) por ensaio ELISA. Todas as linhagens ECN demonstraram multipla
resisténcia a antimicrobianos de importancia terapéutidact®micos,vancomicina e linezolida.
Valores@ CMIs O 0.06 mg/ mL para meticilina, ampi
v8rias | inhagens e CMI para |l inezolida foi O
estafilococos devido o consumo de produtos de origem animal fabricados dearmapgipria foi
enfatizado, como também a possibilidade dessas matrizes alimentares serem reservatorio de



linhagens resistente aos antibioticos e a possivel disseminacdo das linhagens enterotoxigénicas e
resistente a antibidticos em alimentbtedidas decontrole avaliando a presenca e diversidade de
estafilococos em produtos lacteos e derivados carneos devem ser inclusas.

Palavrachaves:enterotoxinas classicas e emergentes; medisténcia a antimicrobianos; PCR;
RT-PCR; ELISA



ABSTRACT

NUNES, Raquel Soares Casadssaluation of the Microbiological Quality in Foods from Animal
Products from Brazil: Enterotoxigenicity of Coagulase Negat®®mphylococcusand its
Antimicrobial ResistanceRio de Janeiro, 2015Tese (Doutorado em Ciéncide Alimentos)
Programa de Pégraduacdo em Ciéncia de Alimentos, Universidade Federal do Rio de Janeiro, Rio
de Janeiro, 2015.

Foods of animal origin, such as milk, dairy products and meats, can be often contaminated by
staphylococci enterotoxigenic ains. Foodstuff contamination may occur directly from infected
food-producing animals or may result from poor hygiene during manufacturing or retail and
storage, since humans may carry the microorganianproducts that go through a fermentation
stage dung the manufacturing process, contamination may occur by undue microorganisms within
the starter culture. Twentyine CNS strains isolated from foods of animal origiMinas frescal

cheese and ltalian tygmlamii were identified by the sequencing oétl'5 region within the 16S

rDNA. S. saprophyticus, S. xylosus, S. sciuri, S. carnosus, S. succinus S. epigem8disominis

were found in salami, whileS. saprophyticus, S. xylosus , S. scand S. piscifermentansere

found in Minasfrescal cheeseS. saprophyticus, S. xylosaad S. sciuriwere identified in both

food matrices. From the 29 CNS strains, 04 were found in cheese, 13 in salami and 06 strains were
found in both food matricess. saprophyticcusvas the predominant species in salami (089

and cheese (04 of 10) comprising 4@¥the strains. Aphylogenetic analysis grouped the strains

into five major staphylococcal species groups, comprised of 2 refined clusters containing
subclusters, with similarities superior to 90%. The close geyly of the species was related to
their origin (meat, environment, human, dairy products microbiota) s€aandsebgenes showed

high prevalence in Minafrescal cheese. Theseagene was harbored by 100% of the strains,
followed byseb,harbored by 75%f the genomes. The newtiescribed enterotoxin genssiand
sehwere harbored by 75 and 50% of strains, respectively.sEb@nd secgenes were the most
predominant in salami harbored by 66% and 55% of strains, followed Isg#yene harboredby

44% of the genomes. Theelm and seln genes were identified in 33% of the genomes. The
tstH1lgenes were found in 7% of the strains found in salami. Eitfinee percent of the the 06 CNS
strains common to both matrices harboredsi@gene, followed byseb,harbored by 66% of the
genomes. ThaeehandtstH1 genes were found in 50% of the genomes. Fifteen strains (15 of 19)
were able to express at least one enterotoxin gene, verifiedibydro assay. Real time RPCR

assays detected mRNA levels for the dtzsenterotoxin genes in 05 strains (30%), whereas 03
strains (20%) expressed only the newdscribed genes, and 53% (08 of 15) simultaneously
expressed the classical and nexBscribed enterotoxin genda. vitro production of the classical
enterotoxiis setSEA-SEE was detected in almost all strains (11 of 13) by ELISA as8iyENS

strains showed muitiesistance to several antimicrobials of therapeutic importance in both human
and veterinarian medicine, such ata&ams, vancomycin and linezolidIMCs O 0. 06 mg/
methicillin, ampicillin and vancomycin were observed in several strains and the MIC for linezolid
was O 0. 2The hgp figk Lof staphylococci food poisoning by the consumption of
improperly manufactured products of animal originsnemphasized, as well as the possibility of
these food matrices being a reservoir for antibiotic resistartee.results shown herein provide
evidence that the presence of enterotoxigenic and antimicrobial resistant CNS strains has become
remarkably widegread in foods of animal origitMore effective control measures concerning the
presence and typing of staphylococci in raw milk, daapd meaderived products should be
included in order to prevent, or at least limit, the spread of these pathogaimis. str



Key-words: classical and emerging enterotoxins; mtdigistance to antimicrobials; PCR, real time
RT-PCR, ELISA
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1.0INTRODUCAO

A seguranga alimentar € uma questdo importante em todo o mundo, e € um dos 13
objetivos estratégicos da OMS para 2@083. A European Union Summary Report on
Trends and Sources of ZoonogE$sSA) notificaram um total de 5.550 surtos de doencas
transmitidas por alimentos em 2009, afetando quase 49.000 pessoas e causando 46 mortes.
Entre estes, 293 surtos foram causagos Staphylococcuspp. e toxinas bacterianas
(produzidos pomBacillus, Clostridiume Staphylococcis sendo o quarto agente causador
mais comum em surtos de origem alimentar. De acordo com o Ministério da Saude, a
intoxicacdo estafilocdcica € a segunda doenca de origem alimentar mais comum, atras apenas
de surtos envolvendo Salmonelfgps(SVS, 2014).

Intoxicacdo alimentar estafilococica (SFP) é uma doenca transmitida por manuseio e
armazenamento inadequado de alimentos contaminados com estafilddmcagimos anos,
algumas espécies de estafilococos coagulagativa foram considetas como patdégenos
emergentes que representam risco a saude (HOSSEINZADEH e SAEI 2004).
estafilococos podem ser encontrados nos produtos de origem animallgpomss espécies
deste microrganismo participam do processamento como cutader em enbutidos e
outras espécies podem contaminar a cadeia produtiva desses alimentos, pela acdo de fatores
externos durante o processamei@B@®RGESet al.,2008).

No Brasil, o mercado de alimentos de origem animal é responsavel por uma parte
significativa da poducdo, como demonstrado pelo censo agricola nos anos d@B0O0
Segundo o Servico de Vigilancia Sanitaria, os alimentos mais envolvidos em surtos
alimentares entre esses anos foram os alimentos de origem animal (produtos céarneos e
lacteos).Dentre eleso salame e o queijo Mindsescal sdo produtos que apresentam um
amplo consumo popular, com tendéncia a um continuo crescifisiRBAZ / OPS / OMS,

2006).

O salame é um exemplo de embutido obtido por fermentacdo microbiana da carne de
porco crua. Os eafilococos estdo envolvidos na fabricacdo do salame como coadjuvantes
tecnoldgicos, participando como agentes fermentademég 30 a 35 °Gpromovendo a
estabilizacdo da cor, prevenindo a rancificacédo e real¢cando o sabor dos compostos aromaticos
nos prodtos carneos. Staphylococcus xylosu$. carnosuse S. equorumsao espécies
predominantes no salame e participam das rea¢des quimicas durante a maturacdo destes

alimentos fermentados, e também de salsichRO(EC et al,, 2009.
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Entretanto, alguns fatorepodem afetar a estabilidade das cultusaarter como:
temperatura, umidade do ambiente e pH desestabilizando a seguranga dos produtos a partir da
deficiéncia no controle de patégenos (BERNARIDAI.,2010)

Nos produtos lacteos, como o queijo Mifiesal, Staphylococcus sppodem aparecer
como contaminantes durante o processamento destes alimentos, que muitas vezes Sao
elaborado sob condi¢Bes higiénisanitarias insatisfatorias, podendo resultar na introdugéo
de estafilococos coagulase negativa (EGddntaminantes e portanto, o produto nao
apresentar seguranca microbiolégica e padrao de qualidade (LISITA, 2005).

Estas espécies podem produzir uma ou mais enterotoxinas (EES): as enterotoxinas SEA,
SEB SEC SED e SEE, que sdo denominadas classicas ([SIBtGI, 2000) e se diferenciam
dos novos tipos consi de tGa$Ht sSHIN $HI KSEK SH .U e s «
SHM, SHN, SHO, SHP, SHQ, SHR, e SEU. Essas enterotoxinagiando ingeridas podem
apresentar sintomas de intoxicacdo como vonetaBarreias(OMOE et al., 2010). Outro
fator de viruléncia € a proteina que causa a sindrome do choque téxico-IISST
apresentando os sintomas de hipotensao e choque letal em humanos (ROBERZD11).

As enterotoxinas sdo termoestaveis, portantcatarimento térmico ao qual sdo submetidos
esses alimentos de origem animal nao inativam as toxinas produzidas pelo grupo
Staphylococcus spp.

A caracterizacdo dos genes codificantes das enterotoxinas classicas em estafilococos ja é
bem documentada (BLAIOTTAt al., 2004; OMOEet al.,2005). Véarios estudos mostraram
a incidéncia de isolados & aureusom os genes SEG, SEH, SEI, SEMI$ESHO, SHP,

SHQ, SHR e SHU e as enterotoxinas emergentes ja foram descritas (OBQIE, 2005) e

esses estudos indicague novas enterotoxinas EEs com atividades eméticas, ou seja, que
apresenatm sintomas como nauseas e vomitos, como SEG, SEH, SEI, podem provocar
intoxicacao alimentar em humanos (OM@tal.,2013).

No entanto, mesmo a combinacdo de barreiras fisicasngiogs, por vezes, pode nao
assegurar a estabilidade microbiana e seguranca dos produtos de origem animal, uma vez que
pode ndo ser suficiente para evitar a sobrevivéncia e multiplicacdo de alguns agentes
patogénicos (SCHELINt al, 2011).

A contaminacdomicrobiana durante a fabricag de alimentos de origem animal por
estafilococos coagulase negativo patogénicos (ECN) € uma situacdo preocupante, porque
esses serem capazes de produzir as enterotoxinas termoestdme#dividades de super

antigénicos (Bernardit al., 2010).



24

Até hoge no Brasil, existem poucos estudos apresentando a ocorréncia de genes
codificantes e a expressédo de enterotoxinas em linhagens estafilococos coagulase negativa,
em alimentos isto pode explicar o fato da legislacdo brasileira ainda ndo inserir a
determinaéo de ECN em produtos de origem animal (BLAIOT&tAal, 2004; DOBRANIC
et al.,2013)

Além disso, as linhagens de estafilococos coagulase negativa incluem um grande namero
de espécies, as quais tem apresentado resisténcia aos antibiéticos de impora@écitcte
(MARTIN et al, 2006) entre eles a penicilina e os derivadtsctamicos, representados por
oxacilina. Muitos dos microrganismos resistentes a oxacilina (BXapresentam resisténcia
a outros antimicrobianos, limitando o uso de glicopeptideasocvancomicina e linezolida
(RESCHi,et al, 2008; SPANUet al, 2010).

Entretanto, os métodos moleculares tém sido utilizados para identificacdo de
Staphylococcuspp.como a deteccao de regides (V5) do gene DNAr 16S, pois discriminam
membros da fam#éi Microcacceae e Staphylococcdéferente dos métodos bioquimicos
como API Staphy comercialmente disponivel (ZADOKS e WATTS, 2009). Mesmo alguns
estudos com sequéncia de regides do gene DNAr 16S nao discriminaram as espécies ECN e
estafilococos coagulasegtiva (ECP) na&. aureugBLAIOTTA et al.,2004; DOBRANIC
et al., 2013) Diversos estudos tém descrito o uso de testes baseados em PCR, para deteccao
das sequencias dos genes das enterotoxinas no genoma dos microrganismos {MOROT
BIZOT, TALON e LERQY, 2@4), como também o PCR em tempo real ou quantitativo PCR
(RT-gPCR) que permite a analise de expresg@wica, pela deteccdo e quantificacdo de
concentragcbes muito baixas de sequéncias especificas de acidos nucleicos pelo
monitoramento e o0 progresso da afigeicdo de cDNA em tempo real (LE& al., 2004).
Enquanto que a técnica imunoenzimatica ELISA com os kits RIDASCREEN SET TOTAL
(Staphylococcal enterotoxiBLISA) (BIOPHARM, Brazil) permite a deteccdo da producéo

das enterotoxinas classicas pelas linhade®Ns enterotoxigénicas (OST¥¥ al.,2011).

Para a avaliacdo da resisténcia antimicrobiana dos isolados estafilococos coagulase
negativa (ECN), o teste de sensibilidade aos antimicrobianos (TSA) representa uma
importante ferramenta naonitoramentala evolucao da resisténcia bacteriana e age também
como um método auxiliar na implantacdo de medidas de controle que evitem a disseminacéo
de bactérias multirresistentes (MARTINEZ e VILLALOBOS, 2007)

Para determinar o risco de toxinfeccao alimentar pekepga de ECNs nos produtos de

origem animal, &€ necessaria a identificacdo dos ECNs, a verificagcdo da presenca, expresséo e
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producao das enterotoxinas e a resisténcia antimicrobiana desses microrganismos. Entretanto,

diversos estudos
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2.0 REVISAO BIBLIOGRAFICA

21 A CONTAMINAQAO DOS ALIMENTOS DE ORIGEM ANIMAL POR
ESTAFILOCOCOS

As doencas transmitidas por alimentos (DTA) tém uma grande repercussdo na saude
p¥blica. Segundo o Centro para o-Ceétenforrol e
Diseases Controlo a cada ano, nos Estados
afetadas por essas doencas, gerando em torno de 325 mil internacdes hospitalares e causand
5.200 mortes (CENTER FOR DISEASES CONTROL, 2009) e um custo ®etrE/ bilhdes
de ddlares com medicamentos, internamentos e queda na produtividade (SANTANA
2010), sendo que 4,5 % das DTAs que ocorrem anualmente nos Estados Unidos da America
se atribuem ao S. aureus(U.S. Departament of Agriculture, 2004). Astaxicacdes
estafilococicas na sua auténtica frequéncia no Brasil € pouco conhecida, devido a erros de
diagndsticos, por serem similares a outras intoxicag@asil{us cereus toxina do vomito);
coletas inadequadas, exames laboratoriais improprios ouéritms epidemiolégicas
inadequados dos surtos, ou por ser uma doenca de notificagdo ndo compulséria.

Segundo a SVS 20#014, os alimentos carneos, carne bouinaatura processados
e miudos, e alimentos lacteos (leites e derivados) estdo entre algrazos envolvidos em
surtos no BrasiiSVS, 2014).

A producdo de alimentos de origem animal foi responsavel por uma elevada
contribuicdo como fonte de renda no mercado exportador no ano de 2014, com a producéo
bovina de 274.367 toneladas, producao rdedgos de corte: 910.582 toneladas, e carne de
suinos: 100.970 toneladas (IBGE, 2014). Para a producéo do leite foi observada a exportacéao
de 34 bilhdes de litros de leiteldd milhdo de toneladas de quéifinas frescalproduzidos
no Brasil (ABIQ, 2013).

Os alimentos de origem animal envolvidos em surtos de intoxicacdo por ingestdo de
toxina estafilocécica variam em diversos paises e ns diferentes regibes de um mesmo pais,
devido as diferencas nos habitos alimentares (L&I&., 2003). BUYSERet al (2001), em
sua revisao sobre surtos de intoxicacdo alimentar na Franca entre os anos de 1988 e 1997,
relataram que leite e derivados foram incriminados em 177 surtos de toxinfecces alimentares
(4,6%), sendo &. aureusenvolvido em 59% dos surtos, destaeseancomo causadores da
mastite contagiosa no gado leiteiro, sendo ele o de maior ocorréncia nos rebanhos e de mais
dificil tratamento por sua elevada resisténcia aos antibiéticos (FAGUNDES e OLIVEIRA,
2004).
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Percebese que no ano de 2013, ocorreram Aosude DTA no Brasil. A regido Sul,
continua a n° 1 em notificagbes (38,98a)ocorréncia de DTA. Nesta regido ocorreu maior
nuamero de notificacBes seguido da regido sud€sealimentos carneos e lacteos seguem
como principal causa de ocorréncia de D§Ando que em 2013, foram 8 casos com esse tipo
de alimento, totalizando 1.529 sur{&Y/S, 2013).

O Servico de Inspecdo Federal foi criado para executar o monitoramento da qualidade
microbiolégica dos produtos processados. Os ensaios de laboratora hzotgrieS. aureus
séo realizados rotineiramente em todas as categorias e tipos de alimentos, excetos com
alimentos estéreis, leite fluido, leite fermentado, ovos integros e carnes cruas e seguem o
critério de aceitabilidade pela Resolu¢do Diretoriae@alda (RDC) N°12 para derivados
lacteos e carneos

O gueijoMinas frescal e o salame sao alimentos popularmente consumidos no Brasil. O
primeiro € um alimento utilizado na dieta dos brasileiros, considerado um alimento funcional
além de ser rico em protas e baixo teor de gordura saturada e o salame € um produto
alimenticio bastante consumido devido as suas caracteristicas organolépticas apreciadas pelo

consumidor.

2.1.1 Queijo Minasfrescal

O queijo Minadrescalé um produto com ampla aceitac@mnercial e faz parte do habito
alimentar da populacédo na maioria das regides do pais, sendo utilizada na dieta dos brasileiros
por conter baixo teor de gordura e sal.

O queijo Minasfrescal (fresco) € um queijo tipico brasileiro produzido desde o século
XVIII (CAMPOS, 2001) e ainda hoje é um dos queijos mais populares consumidos no
Sudeste do Brasil. E um queijo branco macio, produzido a partir de leite de vaca e sua
principal caracteristica € um agradavel sabor, ligeiramente acido (EMBRAPA, 2010). No
entanto, ndo ha propriedades géfinidas sobre a consisténcia, textura, sabor, producéo e
composicao centesimal, uma vez que ndo existe uma padronizac&do para 0 seu processamentc
(ABIQ, 2011). Porém, durante a sua fabricacdo ndo acontece o processo dedmabtstac
tipo de queijo apresenta elevada atividade de agua (Aw), sendo bastante suscetivel a acdo de
bactérias patogénicas (QUINTANA e CARNEIRO, 2007).

Para fabricagdo de queijo minas frescal, embora seja utilizada com frequéncia a
coagulacdo enzimaticassa coagulacdo pode ser associada com a utilizacdo de bactérias

lacticas, cuja presenca pode interferir impedindo e/ou reduzindo a multiplicacdo de
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microorganismos contaminantes. A contaminac&o microbiol6gica representa sério perigo para
a saude do consudor, especialmente dos grupos de risco (como criancas e idosos), além de
causar grandes prejuizos econbmicos aos laticinios pela degradacdo da-pmiagria
utilizada (PERRY, 2004).

De acordo com a atual legislacéo brasileira (BRASIL, 1997), o queijadifizscalé um
gueijo fresco obtido por coagulacdo enzimatica do leite de vaca com coagulantes, sendo
complementadas pela acado de bactérias lacticas especificas. O queijofri¥inaké um
produto semidesnatado com baixo teor de gordura saturada. édasiderado uma fonte de
proteina magra, com alta digestibilidade e derivado de laticinios mais frequentemente
consumido em dietas de restricdo caldrica para perda de peso (MGRAES009). Além
disso, € considerado um alimento funcional, pois podecgrobioticos, levando beneficios
para a saude, incluindo a reducéo do risco de doencas humanas (STRING&tHHE,T2007).

A producéo de queijo Minasescalaumentou de 42.700 toneladas em 2000 para 63.555
em 2011, colocando em terceiro lugar na ts dos queijos produzidos no pais, atras apenas
Mozzarella e tipos de queijo prato (DATAMARKETS, 2014). A fabricacdo de queijo Minas
frescal pode ocorrer em indastria de laticineos, mas também €& comumente fabricado por
pequenos produtores com praticas dbritacdo inadequadas e podem sofrer manipulacéao
excessiva (BULHOES E ROSSI JUNIOR, 2002).

O queijo Minasfrescal € um alimento produzido pela industria de laticinios e fabricado
com leite pasteurizado. Entretanto, embora o processo de pasteurizagéoeasskestruicao
das linhagens de Staphylococcus sgginalmente presentes no leite cru, oriundos do manejo
durante a ordenha do gado, a enterotoxinafgméada, responsavel pela intoxicacao
alimentar estafilococica, é termoestavel e poderd permanecéite pasteurizado e seus
derivados. Assim, os problemas com a producéo de queijos no Brasil estdo relacionados com
as precarias condicdes do leite produzido, e as péssimas condi¢des de fabricacdo dos queijos
do tipo Minadfrescal(LISITA, 2005).

Os podutos lacteos sdo produzidos a partir de leite pasteurizado e sendo assim, nao
deveriam apresentar nenhum microrganismo patogénico. Porém, pode haver recontaminacao
durante ou apOs o processamento {p@&steurizacdo), pelo uso de equipamentos com
deficiente sanitizacdo ou mal armazenados em temperaturas inadequadas apds preparo
(CHARLIER et al, 2009; CORBIAet al, 2000; PICOLI et al., 2006). A ocorréncia de
enterotoxinas estafilocécicas em produtos lacteos, especialmente em queijos, tem sido
constatadacom frequéncia, e podem estar envolvidas em surtos e casos esporadicos de
intoxicacao(VERAS et al, 2008; RALL,et al, 2010; SENGEFet al,, 2011).
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Surtos causados por linhage&taphylococcusenterotoxigénicas dificilmente seria
associada a contaminacéle queijo Minadrescal uma vez que € considerado um alimento
saudavel e inofensivo pela populacéo da regido Sudeste do Brasil (SILVA e SOUZA, 2006).

Os estafilococos podem contaminar queijos frescos macios por manuseio inadequado
durante o processamentaondicbes inadequadas de armazenamento, 0 uso de leite
contaminado, ou mesmo devido as caracteristicas-figitnicas da matriz de queijo, como o
pH e atividade de &gua elevada, baixas concentracdes de sal, que sdo favoravel ao
crescimento destes micrganismos (VIANAet al., 2009).

Assim, os problemas com a producédo de queijos no Brasil estdo relacionados com as
condi¢cdes higiénico sanitarias do leite produzido, e as falhas das condi¢Bes de fabricacdo dos
gueijos do tipo Minagrescal (LISITA, 2005). A ocorréncia de enterotoxinas estafilococicas
em produtos lacteos, especialmente em queijos, tem sido constatada com frequéncia, e podem
estar envolvidas em surtos e casos esporadicos de intox{(84€RAS et al, 2008; RALL, et
al., 2010; SENGERt al, 2011).

Staphylococcug um microrganismo causador de mastite no rebanho leiteiro, podendo
aparecer no leite, onde niveis elevados de contaminacdo podem ser rapidamente alcancados,

caso as condicoes para a sua multiplicacao sejam favoraveis (FDA, 2013).

2.12 Salames (embutidos)

Nos produtos carneos fermentados a qualidade final e as caracteristicas organolépticas, e
microbioldgicas séo influenciadas pelo pH, atividade de agua, composicao dos lipidies, NO
NaCl (BLAIOTTA et al.,2004).A producado da carn@ naturapara exportacdo no Brasil foi
de 13.093 toneladas entre 20Q014 (ABIPECS, 2014).

Os embutidos tradicionais sao vistos como um produto carneo de alto valor proteico, com
boas qualidades gastronémicas, valor comercial baixo e simultaneameniendoom poder
de conservacdo e sanitariamente seguro. Nas Ultimas décadas, o processo de fabricacdo de
embutidos tem evoluido no sentido da industrializacdo, até porque existem grandes
melhoramentos para potencializar a eficacia das técnicas de procdassafoeantanto, por
se tratar de um produto tradicional, todos os processos de elaboracdo, ainda que melhorados,
devem manter as caracteristicas organolépticas tradicionais do pradGRO{T-BIZOT,

LEROY e TALON, 2007).
Internacionalmente, o salame ésdificado dentro de dois grupos: o salame proveniente

do norte e do sul da Europa. No Brasil, o salame tipo italiano pertence ao segundo grupo.
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O salame tipo italiano € elaborado através da formacdo da massa que vai ser empregada
na fabricagcéo, adicionaasse entre 1,5 e 3,0% de NaCl. Embutida a massase@acamara
de maturacdo, onde permanece durante 30 a 40 dias, ocorrendo nesse periodo desidratacao
aumento da concentracdo do NaCl, que atinge valores entre 2,5 e 5,0%. Esta concentracdo de
NaCl, sonada ao baixo valor de,& ao pH acido, assegura a estabilidade dos salames
fabricados, permitindo sua conservacao em temperatur@@@lgor muitas semanas (ZELL
et al, 2008;ZDOLECet al, 2013)

Na industria de produtos carneos, as bactérias comunmditadas comastarter sdo as
bactérias aciddacticas e espécies do género estafilococos sdo usados como coadjuvantes na
tecnologia para a fabricacdo de salames (BIASHI., 2007). As bactérias acidtacticas
apresentam caracteristicas acidificantesargimicrobianas sendo que as estafilocdcicas
contribui na fermentacdo com a formacéo da cor devido a reducdo do nitrato a nitrito e ao
sabor dos embutidos carneos pela form¢ado de compostos aromaticos (EARDIIRO08).

Os estafilococos estédo envolvidparticipando do processo tecnolégico como agente da
fermentacdo na temperatura de 30 a 35 °C promovendo a estabilizacdo da cor e aroma,
previnindo rancificacdo Staphylococcus xylosus, S. carnogs$s. equorumsao species
predominante no salame e partanp das reacfes quimicas durante maturacédo dos alimentos
embutidos fermentados (ZDOLE al,, 2013).

O uso das culturastarter tem proporcionado as industrias melhorias nos processos
fermentativos e produtos mais uniformes, seguros e confiaveis, cagéoedo tempo de
fermentacdo e a obtencdo de produtos com melhores caracteristicas sensoriais, nutricionais,
guimicas e microbiologicas (GRES al.,2002).

Nos salames produzidos por pequenos comerciantes, a fermentacdo ocorre pelos
microrganismos autdéates como as bactérias lacticae e estafilococos (FIORENTéNAIL,

2009). Autores informam que os salames produzidos por pequenos produtores tém melhores
caracteristicas sensoriais que salames industiaglo a composicao e atividade metabdlica

da mcrobiota autéctone (GRECEt al, 2005). E estudos indicamque oS microrganismos
presentes nos embutidos artesanais provém da raaténa e do ambiente fabril
(RANTSIOU et al.,2005).

Entretanto, os fatores externos podem afetar a estabilidade dasscatantars como:
temperatura inadequada, elevado pH baixa concentracdo deosako de carnes de alta
qualidade A seguranca microbiolégica pode ser afetada pela baixa atividade de agua, adicao
de nitrito e cloreto de sodio, baixo pH e presenca de swissdantimicrobianas formadas
durante o processamen(®RASIL, 2001).
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No Brasil por parte dos 6rgaos da Vigilancia Epidemiolégica, h& o registro de trés surtos
de intoxicag&o alimentar estafilocdcica associada a salames industriais, dois casos na cidade
Trés de Maio e um caso em Crussimal, do estado do Rio Grande do Sul em 1999 (SIRVETA,
2012).

2.2 CRITERIOS MICROBIOLOGICOS PARA STAPHYLOCOCCUS spp.NOS
ALIMENTOS

Os padrdes microbiolégicos do Ministério da Saude, vigentes neste momento estdo
contidos & Resolu¢cdo RDC°t2, de 02 de janeiro de 2001. Em 26 de novembro de 1993, o
Ministério da Saude aprovou a PortarAn1. 428 que cont®m o fA Re
Inspecdo Sanitariade Alimentos, as diretrizes pra o estabelecimento de boas praticas de
producdo e prestacdo de servicos na area de alimentos e o regulamento técnico pra o
estabelecimento de padrdo de identidade e qualidade para o sefvico de produos nas area de
alimentos e em 15 de setembro de 2004. Os padrdes do ministério da agricultura donsta
regulamento de inspecéao industrial e sanitaria de produtos de origem animal (RIISPOA). Em
niveis estadual e federal alguns estados da federacdo e municipio tém legislacdo propria
citando como exemplos os codigos sanitafiRRASIL, 1997)

No Brasil, aResolucdo RDC N° 12 de 2001 da Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) define os padrées microbiolégicos para alimentos expostos a venda e a exportacéo
e preconiza um limite de 1QFC/g paraS. aureusAs bactérias sobre as quais a Legislacéo
estabelece os limites quase sempre ndo alteram a aparéncia do pescado, pois a razao de sua
limitacGes decorre destas serem patdgenas ao homem e ndo deteriorativas do produto, como &
0 caso d&. aureusNao existe limite de deteccédo das unidades formadizaslonias para
ECN na legislacao brsileira.

A contagem de Staphylococcus coagulase em alimentos tem como finalidade: relacionar
este microrganismo a saude publica, para confi rmar o seu envolvimento em surtos de
intoxicacdo alimentar, e para dwmiar a qualidade higiéniesanitaria nos processos de
producdo e manipulacdo de alimentos. Neste Ultimo caso, serve como indicador de
contaminacdo péprocesso ou das condicBes de sanitizacdo das superficies que entram em
contato com alimentos. Estatésté da Organizacdo Mundial de Saude (OMS) comprovam
gue as doencas de origem alimentar sdo consideradas o maior problema de salde publica em
todo o mundo, sendo os manipuladores referenciados como um dos principais veiculos de

contaminagdo, tendo em vistple sua participacdo chega a atingir até 26% das fontes
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contaminantes. Como o Staphylococcus também pode ser encontrado no gado, as deficiéncias
higiénicas durante a ordenha e a utilizagdo do leite com mastite sdo fatores determinantes dos
elevados indicede contaminacgdo de queijos frescos por essa bactéria.

A producdo de enterotoxinas e a resisténcia antimicrobiana dos ECN s&o aspectos de
seguranca de extrema importancia e tem gerado ainda mais atencdo com a introducao da
avaliacdo de risco pela EuropeBood Safety Authority (EFSA) para os microrganismos
utilizados na cadeia alimentar com fins tecnolégicos. Uma grande preocupacao que tem tido
destaque no conceito de Qualified Presumption of Safety (QPS), semelhante ao sistema
Generally Recognized as Saf&éRAS) nos EUA, é a presenca de genes tranferiveis de
resisténcia a antibiéticos, bem como a producao de toxinas ou aminas biogénicas no produto
final.

Verifica-se que ha necessidade de uma vigilancia sanitaria regular sobre a

comercializagéo da carne hioa e alimentos lacteos.

2.3 O GENERO Staphylococcus spp

Os estafilococos foram observados inicialmente por Kock em 1878, em material
purulento, sendo a primeira publicacéo citando a forma de cocos e a presenca constante desses
microrganismos em abscessagudos e cronicos datada de 1881 (KLOOS. e SCHLEIFER,
1986)

Estes sao classificados como cocos Gpasitivos, quando visualizados no microscopio
se apresentam em forma de cachos de uva irregulares (staphyle em grego significa cacho de
uva), por se didirem em planos diferentes, porém ocorrem na forma de células isoladas, aos
pares, em tétrades e em cadeias curtas. Sdo anaerdbicos facultativos, porém crescem melhor
em atmosfera aerdbica, imdveis, ndo esporulados (KONEA, 2008).

Dentre as bacteas ndo esporuladas, os estafilococos sdo espécies resistentes ao meio
ambiente e, sdo relativamente resistentes ao calor e toleram elevadas concentracdes de cloretc
de sadio.

A parede celular dos estafilococos tem como principal funcdo a protecédo cdisga a
osmoética. O principal componente da parede é o peptideoglicano, um polimero que consiste
em longas cadeias de glicidios com ligacdes flexiveis de peptideos que forma uma estrutura
forte e elastica formando uma rede covalentemente fechada (SCHEREIDRE,

Eles sdo submetidos as provas de catalase, oxidase e coagulase (CUNHA et al., 2002). A

prova da catalase € um teste importante na identificacdo das familias Staphylococcaceae e
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Micrococcaceae (catalase positivos) e Streptococcaceae (catalaseoh¢gatzEBY, 2012).

O género Staphylococcus € diferenciado do género Micrococcus pela resisténcia a
furazolidona (0,04U), indicada pela auséncia de halo de inibicdo ou formacédo de halo de até 9
mm (CUNHAZet al.,2002).

O metabolismo deste género € regpiia e fermentativo, atuando sobre carboidratos
com producao de &cidos. Crescem em temperaturas variando entre 7 a 48°C, tendo como
temperatura 6tima de 30 °C a 37°C (BERGEY'S, 1994). Estes microrganismos crescem em
pH entre 7 e 7,5, mas toleram pH vada entre 4,2 a 9,3. Ainda apresentam a capacidade de
sobreviver e se multiplicar em uma concentracdo de cloreto de sédio de até 15%, com a
producéo de enterotoxina ainda ocorrendo em concentracdes de sal de até 10%, o que faz com
gue os alimentos curadtambém sejam veiculos potenciais de intoxicacdo. Sao capazes de
colonizar matrizes com atividade de agua (Aa) com valores de até 0,86, apesar de ja ter sido
relatada a multiplicacdo desses microrganismos em alimentos com Aa de 0,83 (FRANCO e
LANDGRAF, 2005.

Os Staphylococcus sppao cultivados em meios de cultura como brain heart infusion
(BHI) e triptona soja agar (TSA). Em meios enriquecidos como agar sangue de carneiro,
algumas linhagens d& aureu® algumas espécies coagulasgativas podem apegar um
halo de hemolise ao redor das colonias. A capacidade de se desenvolver em meios contendo
alta concentracdo de NaCl, além de terem certa tolerancia ao telurito de potassio, cloreto de
litio sdo aproveitadas para o preparo de meios seletivos (M&ailgado e o Agar Baird
Parker, contendo telurito de potassio), para isolamento de estafilococos em amostras clinicas e
deteccdo e enumeracdo de estafilococos em alimentos, respectivamente (KONEMAN et al.,
2008).

De uma maneira pratica, os estafilocoeds divididos em dois grupos: Estafilococos
coagulase positivos (ECP) e Estafilococos coagulase negativos (ECN) de acordo com a
resposta ao teste da enzima coagulase. A maioria das espécies de estafilococos sdo coagulas
negativa (EUZEBY, 2012).

2.3.1ESTAFILOCOCOS COAGULASE NEGATIVA(ECN)
As espécies coagulase negativas eram geralmente consideradas néo patogénicas,

entretanto existem evidéncias que algumas espécies de ECN serem potencialmente
patogénicas para os homens e animais (BALABAN e RASOOLY,)2001
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Segundo KLOOS e BANNERMAN (1986), cerca de metade das espécies de ECN
coloniza naturalmente o homem e animais, incluselodentre eles &. epidermidis, S.
haemolyticus, S. saprophyticus, S. cohnii, S. xylosus, S. capitis, S. warneri, S. hominis, S.
smulans, S. caprae, S. lugdunensis, S. schle#fariS. gallinarum.No entanto, as espécies
isoladas com maior frequéncia s&:chromogenes, S. simulans, S. epidermidis, S. xylosus, S.
sciurie S. hyicus

As espécies de estafilococos coagulase negatnais frequentesna pele saoS.
epidermides,seguido doS. hominis As espécies menos frequentes $&hoxylosuse S.
simunlans.As espécies localizadas em nichos especificos Saacapitis (cabeca) eS.
saprophyticcuggeniturinariosYFRANCO; LANDGRAF, 205).

As espécies com maior frequéncia encontrada em aliment& g§ilmsus, S. succinus, S.
cohnni subsp. cohnii, S. saprophyticus, S. epidermidis, S. hyicus, S. lentus, S. sciuri, S. cohnii
subsp. Urealyticus, S. haemolyticus, S. chromogeBesugdunensi(VERAS et al.,2008)

2.3.2 ECNENCONTRADOS NOS ALIMENTOS

A producédo de enterotoxinas p8r coagulase negativa tem sido relatada em varios
estudos, sendo a maioria sob condicdes de laboratério (OM@E 2005; BORGESet al.,

2008). Os resultadode alguns desses estudos sugerenSgeeagulase negativa podem ser
potenciais causadores de intoxicacdo alimentar (SOARES et al., ROBRANIC et al.,
2013).

O controle da toxinose é possivel quando avaliadas as boas praticas sanitarias de higiene
nos estagios de obtencdo, producdo, estocagem e manuseio de alimentos, pois a protecdo
contra esta enfermidade é considerada uma obrigacao dos profissionais das areas de alimentos
e saude (STANFORD, 2006). Embor&oaureuseja a espécie mais prevalentesamrtos de
intoxicacao alimentar estafilococic&,. intermediuse S. hyicustambém podem produzir
enterotoxinas e ja foram envolvidos em surtos (SILVA e GANDRA, 2004).

As principais espécies de S. coagulase negativos existentes nos alimentos carneos e
lacteos sdo 0S. equorum, S. carnosus S. Xxylosus, S.saprophyticcus, S. sciuri, S.
haemolhyticcug S. piscifermentand. EROY et al.,2010; SOARES:t al.,2011).
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2.3.2.1Staphylococcus equorum

A espécieS. equorunfoi proposta como espécie por Schleden 1984. De acordo com
EUZEBY (2011), conhecerse duas subespécies desta esp&tagahylococcus spp equorum,
citada pela primeira vez por Schleifer em 1985 S&taphylococcus spp linensaracterizada
por Robert Place tendo esta sido isolada de queifnscdses com fermentacdo natural
(CARVALHO, 2010).

Esta espcie apresedae como cocos de 0,8 a 1,5 &em
colénias ap6s 48 horas de incubacdo. As colbnias sdo geralmente brancas e opacas, com
tamanho variado entre 1 a 6 mm, podendo ser ou ndo hemoliticas. Crescem a 37°C, com
temperatura @na de crescimento € entre 30°C a 32°C.

Estas bactérias sdo também caracterizadas como possiveis inibidoras do crescimento de
Listeria spp,por ser utilizadas comstarters Sdo ambas subespécies redutoras de nitratos e
produtoras de acido pela frutosegdicose e EManose. (CARVALHO, 2010).

Esta espécie pode estar presente em superficies fabris destinadas ao processamento de
alimentos fermentados, entre eles o queijo e salsichas (LER@Y,2009).As espécies d8.
equorum representam 28,5% de&solados de Staphylococcusem queijaria, salsicharia,
ambientes fabris e amostras clinicas provenientes de Franca (COTON, 2010), 10 a 40% de
amostras provenientes de salsicharia do sul de Italia (BLAIOETAal., 2004) e é
considerada uma das espécies conaior capacidade para persistir em ambientes fabris, em
alimentos processados e em alimentos fermentados. (LER@IY,2009).

A sua existéncia em produtos alimentares pode ter sido subestimada durante algum tempo
uma vez que esta espécie era confundimia 8. xylosuse os métodos fenotipicos néo

permitiam uma distingdo exata desta espécie (BLAIOETAL. 2004).

2.3.2.2Staphylococcus xylosus

O S. xylosudoi descrito pela primeira vez por KLOOS e SCHLEIFER em 1986,
caracterizando esta bactéridpg sua forma redonda (cocos) ¢
algumas linhagens d8. xylosusrescem em meios de cultura com concentracdo acima de
10% de NaCl. Segundo CARVALHO, 2010 algumas estirpes produzem pigmento apenas em
temperaturas inferiores &2, de 35°C a 37°C nao apresentam coloragao havendo, no entanto
cerca de 20% das estirpes que nao apresentam coloragao a qualquer temperatura dos 15°C ao
40°C.
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Caracteristicas como o tamanho da célula, a capacidade de reducdo de nitratos, a
producdo dairease e acido a partir da ribose, a impossibilidade de hidrolisar a esculina e a
capacidade de produzir 4cido a partir da celobiose, rafinose e xilose sdo caracteristicas Uteis
para a identificacdo da espécie, principalmente para a distincdo entre espéases
estafilococicas, como 8. equorung 0S. xylosus.

Esta espécie faz parte da microbiota da pele de mamiferos, sendo frequentemente
isolada do leite, carne, queijos e produtos de salsicharia (TAEOML, 2008). Apds
fermentacdo da glicose,soS. xylosusproduzem ElLactato ainda que em pequenas
guantidades. Algumas estirpesSlexylosupodem produzir elevadas quantidades de manitol
intracelular, comparativamente a outras espécies estafilocécicas (KLOOS e SCHLEIFFER,
1986). Esta espécie éefjuentemente utilizada como cultusdartersem combinacdo com
bactérias aciddacticas em embutidos carneos e queijos, uma vez que 80% destas estirpes tém
a enzima nitratweductase, originando uma coloracdo desejada em produtos carneos e
apresentam tandn uma capacidade antioxidante, bastante importante para evitar a
rancificacdo (FIORENTINNEt al.,2009).

Posteriormente estudos realizados em laboratério, detersingue esta espécie
apresenta também a capacidade de produzir substanciaenagtdo desenvolvimento de
Listeria monocytogenesdeS. aureusMARTIN et al.,2006), o que confere um aumento da
vida util dos embutidos quandoS xylosug utilizado como starter. Por ser frequentemente
isolada de superficies fabris de produtos s#ddsicharia, a presenca desta espécie de
Staphylococcus pode estar relacionada com a sua capacidade formadora de biofilmes
(PLANCHON et al.,2006).

Diversos estudos tém detectado os genes e a producdo das enterotoxinas classicas em
linhagensS. xylosusuma vez que esta espécie faz parte de cultstater devido a sua
participacdo nos processos fermentativos de embutidos carneos (CetNtHA2006, RALL
et al.,2010; GUIMARAESet al, 2013).

2.3.2.3Saprophyticcus carnosus

Estaespeciedesempenha um pal importante na microbiota da pele e nos alimentos e é
considerada uma espécie nado patogénica que participa na fabricacdo de alimentos,
principalmente produtos carneos, salames que utilizam as culturas iniciadorasetZall,L
2008). As espécieS. carmsuscomo cultura starter demonstram uma diminuigdo do tempo de

maturagdo por mais de duas semanas em produtos tradicionais provenientes de Itélia.
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Atualmente,S. carnosugoi proposto para ser a primeira escolha para estudar fatores de
patogenicidade despécies de estafilococos patogénicos. Esta espécie estd sendo estudada
como vetor de expresséo de genes e fatores de viruléncia com grande sucesso. Por exemplo,
numerosos fatores de invasao e proteinas de ligacdo da mafizadesuforam expressos
emS. carnosuse a sua funcéo tem sido estudada (COBRIERE!., 2007). Esses estudos
ocorrem porque linhagens & carnosusido séo capazes de formar biofilme e isso poderia
explicar por que esse microrganismo raramente € isolado em equipamentos sitii@aado
processamento de carreLANCHON et al, 2007%.

Entretanto, autores identificaram linhagens desta espécie caracterizadas pela presenca dos
genes codificantesag enterotoxinas classicas em isolafosarnosusle morcilhas artesanais
(MOURA et al, 2012). No estudo de ZELEt al, 2008, foram detectado os genes das

enterotoxinas classicas em culturas startes cont&ndarnosus.

2.3.2.4Staphylococcus saprophigus

Esta espécie tem forma caracteristica de cocos com diametro de @,8 & Im. N o
entanto, ha algumas estirpes que ndo formam pigmento algum. Existem deapétibs do
S. saprophyticus: Staphylococcus spp.saprophyticus e Staphylococcus sppsdmmlasque
esta ultima reduz nitrato, produz pirrolidonil arilamidase em veadadilmetilcarbinol e
consegue fermentar a galactose e a ribose. No entanto, ndo apresenta capacidade de hidrolisa
esculina e amido, ao contrario d& saprophyticus saprophytic{&ONCALVES et al,
2013).

O acido produzido por estas bactérias pode smrepiente da frutose, glucose, glicerol,
maltose, manitol, ribose, treatose eabktilglicosamina em condicdes de aerobiose e da
glucose em condicdes de anaerobiose. A maior parte das estirpes estudadas por KLOOS e
SCHLEIFER (1986) apresentavam a capaiédale produzir acido lactico, ainda que em
pequenas quantidades. Nos Estados Unidos, estas bactérias sdo as segundas bactéria
principais responsaveis de infeccfes do trato urinario (ITU) feminino, especialmente em
jovens, sendo que ocorrem em 25% a 449% chsos, percentagem apenas ultrapassada pelas
ITU comE. coli(HIGASHIDE et al, 2008).

Existem algumas estirpes dé&. saprophyticus que néo produzem peM-
acetilglucosamina (PNAG), um dos responséaveis pela formagédo de biofilmes, nem acido
poliglutdmicq um polimero aniénico descrito como fator de viruléncia de algumas espécies

de Staphylococcus. Esta espécie contém ainda uma cépsula constituida por diversos
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polissacarideos capsulares, referida por PARK (2010) como sendo fenotipicamente
semelhante a qumnstitui a capsula d8. aureus.

KABAN e KAYA (2008) estudaram sobre a id
catalase positiva isoladas de salames da Turquia (Sucuk) e constataram que uma das espécie:
frequentemente isoladasSé saprophyticysencontradas também em salames no sutatia
(MAURIELLO et al., 2004) e KOZACHINSKI et al., 2008, encontrar8@msaprophyticuem
embutidos da Hungria e Serbia em seu estudo.

2.3.2.5Staphylococcus epidermidis

Esta espécie apresenta capacidade de produzir proteases, lipases, fosfedifgasases,
lipases lipoproteinas e desoxirribonucleases, sem capacidade de fermentar o manitol (BAIRD
PARKER 1963, citado por SCHLEIFER, 1986).

Estes microrganismos evidenciam um excelente crescimento em meios com
concentracdo de até 7.5 % de cloregsddio (Kloos e Schleifer, 1975).

S. epidermidi® comumente isolado de leite bovino provenientes de gado com mastite
bovina HOSSEINZADEH e SAEI 2014) e temido isolada de embutidos fermentados
(GAZZOLA e COCCONCELI 2008).

GUIMARAES et al, (2013) €eZell et al.,(2008) detectaram os genes das enterotoxinas
classicas em esta espécie isolada de leite e culturas startes, respectivamente e existe a

possibilidade de causarem processos infecciosos (2EhaL,2008).

2.3.2.6Staphylococcus sciuri

E descita como uma espécie ambiental, amplamente distribuido na natureza e tem sido
associada a alimentos, animais de fazenda, seres humanos e animais de companhia, sendo :
subespécie sciuri encontrado na natureza e como parte da microbiota transitOriaesa pele
varias espécies de mamiferos e aves (KONEMARI.,2008).

Também é considerada uma das espécies estafilococicas mais antigas e dispersas na
natureza, apresenta ampla variacdo de habitats, incluindo a pele de véarios animais. A
descricdo d&. sciuriresistente a meticilina em leite bovino foi relatada, mas a sua ocorréncia
neste animal foi pouco citada na literatura disponivel (GUERIN FAUBEERI., 2003).
STEPANOVICet al (2001) demonstraram qu& sciuripode apresentar varios fatores de

virulénciaque nado haviam sido estudados com maiores detalhes.
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Os membros do grupo & sciurindo sdo comumente considerada patogénicos, mas ha
uma necessidade premente para confirmar a seguranca deste grupo Staphylococcus em
produtos alimentares, e em ambientephakres ja foram descritos (KONEMAM, 2008), e
uma grande proporcgédo de estirpes isoladas a partir de varios ambientes tém o potencial para a
producdo de enterotoxin&®elacionado a este fato, o estudo de PEREIRA et al., 2001
encontrou nesta espécie o0s @endas enterotoxinasseg seh seg sed see seg

ou sehisoladas de leite integral.

2.3.2.7Staphylococcusuccinus

Sao células grapositivas, esféricas (diametro de6- 1.9 um) e apresentsse em
colénias roseas com uma célula centrr rodeada porcélidas esféricas, em meio de cultura
TSA (triptone soya agar) as coldnias apresergarmom brilho no centro e possui crescimento
em 25°CG40°C e 6timo crescimento em 28°C e ndo crescem em 42°C. Ainda, ndo crescem
em condicbes aerObicas em meio de caltoom tioglicolato e sdo novobiocinesistente
(LAMBERT et al, 1998).Estas linhageng foram isoladas como parte da microbiota de
produtos de salsichas frescas e embutidos fermentBtiost{a et al, 2004 RANTSIOU et
al.,, 2005, em varios queijos (RESCHt al., 2008) e em alguns salsichas francesas
(CORBIERE MOROTBIZOT et al, 2006).

Foram encontradoss genesseb, selne selqem uma espéci&. succinudgsolada de
infeccdes intramamaria (PARK et al., 2010). Esta espéctmbecida por exibir interessante
propriedades metabdlicas e serem encontradas em baixos quantidades nos alimentos
(RAVYTS et al, 2010)

2.3.2.8Staphylococcus hominis

E isolada dos alimentos, principalmente de alimentos lacteos como leite @HilL
2008), em produtos de padaria (CUNIgAal, 2006).Foi determinada uma alta prevaléncia
de resisténcia aos antibiéticos oxacilinauedfuinolona (FITZGIBBONet al., 2010).

Dentre as espécies estafilococos coagulase neg&iviaominisé mais provavel para
transportar o gene de resisténcia a meticilina (mecA), apresentou prevaléncia de reBisténcia
lactamicos entre ECN isoladas de leite bovino (SAWAN@I.,2009).

Por esta espécie ser comumente isoladas da microbiota de animais, estas podem estar

presentes como contaminantes de alimentos processados e em presunto cru (LANBETA
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2013). Atualnente, foi encontradas linhagens da espéci@o&inisisoladas da carne de
frango e porco (AYEet al, 2014).

2.3.2.9Staphylococcupiscifermentans

Apresenta uma morfologia de cocos e foi originalmente isolado a partir de peixe
fermentado na Tailandia ANASUPAWAT et al, 1992). A espécie é utilizada na preparacao
de alimentos fermentados, juntamente cof. @arnosussao espécies capazes de reduzir o
nitrato e produzir amdnia, e apresentam os genes das enterotoxinas c{dg&ditast al,

2008.

2.4 INTOXICACAO ESTAFILOCOCICA

Este tipo de intoxicacdo alimentar é originado pela ingestdo de alimentos contaminados
com enterotoxinas. Os alimentos mais envolvidos com esta intoxicacdo alimentar sdo
derivados lacteos, carneos, que podem ser veiculos dorgainismo e de suas enterotoxinas
(LE LOIR et al, 2003)

A presenca d&taphylococcus sppm alimentos deve ser interpretada com cautela, pois
uma grande quantidade de microrganismos ndo é suficiente para indicar o alimento como
causador de intoxicacaoirakntar, assim como sua auséncia ou presenca em pequenas
contagens nao indica que o alimento ndo representa perigo do ponto de vista de seguranca de
alimentos. O potencial risco de intoxicacdo alimentar estafilocdécica somente pode ser
determinado apdés a wkfrmacdo da enterotoxigenicidade do microrganismo isolado
(LANCETTE E BENNETT, 2001)

Segundo JAY (2008), a producdo de enterotoxinas geralmente esta relacionada com
linhagens de estafilococos que produzem as enzimas coagulase e termonuclease, embora
algunmas linhagens que ndo produzem coagulase e/ou termonuclease possam produzir
enterotoxinas. Entretanto, LANCETTE E BENNETT (2001) afirmaram que existe uma
instabilidade fisiolégica verificada por algumas espécies tanto coagulase positiva ou negativa

do géneo Staphylococcus.

2.4.1 ENTEROTOXIGENICIDADE DEsStaphylococcus spp.

Por muitos anos, a espé8eaureudoi considerada a Unica do género capaz de produzir

enterotoxinas e serem causadoras de intoxicacao alimentar, devido a capacidade da maioria de
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suasestirpes de produzir enterotoxinas. Entretanto, diversos estudos relataram a ocorréncia de
enterotoxinas erStaphylococcusoagulase negativa (BORGES®al, 2008).Atualmente, sdo
conhecidas diversas enterotoxinas estafilocécicas identificadas a partieagdes com
anticorpos especificos, que sédo denominadas por letras mailsculas.

As enterotoxinas sao termorresistentes durante o crescimento entre 10 e 46 °C, com
temperatura 6tima de producdo entre 40 e 45°C (JAY, 2008). Essas toxinas apresentam
atividades de superantigenos (SAgs), que incluem a familia das toxinas pirogénicas (PTs) que
sdo as enterotoxinas estafilococicas (SEs) e a Toxina 1 da Sindrome do Choque Toxico
(TSST-1).

A purificagdo e a caracterizagcdo das enterotoxinas estafilococicas tivécamem 1959
(190) e, atualmente, sdo 23 as enterotoxinas sorologicamente distintas e designadas pelas
letras SEA a SK.

Os diferentes tipos de enterotoxinas produzidas por estafilococos foram inicialmente
classificadas como pertencentes a cinco 5 tgmslogicamente distintos, denominadas de
toxinas classicas: SEA, SEB, SEC, SED e SEE (BLAIOELAL, 2004), com numerosos
relatos de ocorréncias destas toxinas em alimentos (OMGCHE, 2005). As enterotoxinas
emergentes descritas s&8EG, SEH, SEISHJ, SEHK, SHL, SHM, SHN, SHO, SHP,

SHQ, SHR e SHU), embora o envolvimento destas toxinas com o0s surtos de intoxicacéo
alimentar ndo estejam ainda bem esclarecqid&RAS et al, 2008; SCHELINet al.,2011).
Existem varios estudos sobre a producda vacina contra essas toxinas (SAG)
superantigénicas, a fim de proteger os organismos imunocomprometidos de doencas
transmitidas por alimentos (GISELEt al, 2013).

Todas mostram atividade superantigénica, enquanto, apenas algumas (SEA dRBEI, SE
SHS e SHT) tém sido encontradas com potencial eméticas (OMICH, 2013).

As enterotoxinas SEA e SEE séo codificadas pelo profago e as enterotoxinas SEB, SEC e
SED sdo reguladas por genes encontrados nas ilhas de patogenicidade, enquanto a producac
da enerotoxina SED é regulada pelo gene plasmidial. Estas enterotoxinas sao controladas
pelo sistema de transducdo de sinal Agr por sinal quorun sensing. A expressao das
enterotoxinas emergentes (SEG, SEIINGESHN, SHO, SHU e SHV) séo controladas pelo
opaon egc, as enterotoxinas ISESHR, SHS e SET séo codificadas por gene plasmidial, as
enterotoxinas SK e SHQ sao codificadas por ilhas de patogenicidades (SCHELIAI.,

2011).
Segundo JAY, 2008, as enterotoxinas estafiloccicas (ES) sédo produaidgsalmente

pelas espéciesS. aureus,S. caprae S. chromogenesS. cohnij S. epidermidis S.
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haemolyticusS. lentusS.saprophyticysS. sciurj S. simulansS. schleiferisubsp.schleiferi

S. warnerie S. xylosus.

2.4.2 MECANISMO DE ACAO DAS ENTROTOXINAS ESTAFILOCOCICAS

As bactérias Gramegativas e positivas respondem a diversos sinais estimulados pelo
ambiente na forma de moléculas. Quando as bactérias crescem e atingem uma concentragao
celular, geralmente a uma densidade celular especificdqoorum”, os mediadores ou
agonistas se acumulam no meio extracelular e ativam uma cascata reguladora que controla o
metabolismo celular (THOENDE®t al, 2011).

As bactérias Graspositivas possuem receptores de membrana que podem reconhecer
peptideos eo complexo receptepeptideo promovendo diferentes modificacdes - pos
traducionais nas proteinas (enzimas).

As enterotoxinas SEB, SEC e SED sé&o reguladas por sistgmadescrito por
THOENDEL et al.,2011 e SCHELLINet al, 2011.

O agr € um sistema de detgm de quorum, localizado no cromossoma do
Staphylococcus e apresenta um locus que contém dois transcritos divergeiNad e
RNAIII. O transcrito de RNAII € um operon de quatro genes, agrBDCA, que codifica fatores
necessarios para sintetizar AIP e ativa cascata regulatéria dos genes (Figura. 1).
Resumidamente, AgrD € o peptideo precursor de AIP e AgrB é uma endopeptidase de
membrana integral essencial para biossintese do AIP. AgrC e AgrA formam um par de dois
componentes onde agrC € a membrana mstiquinase e AgrA € ativador dos promotores.
Apés a ligacdo da AIP, AgrC fosforila AgrA, que por sua vez ativa os promotores P2 e P3
para acionar o sistema agr e a transcricdo do RNAIIl. RNAIIlI € capaz de regular a expressao
do gene ao nivel pésanscritonal, afetando a estabilidade do RNAm, promovendo ou
inibindo a traducdo do RNAm (THOENDHt al.,2011).

Quando a célula cresce, o nivel intracelular de RNAIIl aumenta devido ao circuito de
regulacdo automatica do sistemgr, induzindo ao aumento da mscricdo de fatores de
viruléncia tais como as enterotoxinas, e diminui a transcricdo de genes que codificam
proteinas de parede celular. O sistema de transducdo dagiatontrola a transcricdo de
seb, sece sed e, portanto, a producdo de enterotasirSEB, SEC e SED. A atuacdo do
RNAIIl na transcricdo de SEB e SED é indireta e dependente da presenca de um Rot
funcional (repressor de toxinas), que € um membro da familia de fatores de trai@ardgio

S. aureusRot se liga as regides promotorasriremdo desse modo a transcricdo de genes.
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Quando o sistemagr é induzido durante o crescimento celular, ocorre a interagcdo RNAIII
rot, reprimindo a transcricdo do Rot e diminuindo a sua quantidade na célula (THOENDEL
al., 2011).

Fatores de virulénci@lfa, beta, delta), proteases, lipases, enterotoxinas, superantigénios
(TSST-1, a SEB, SEC, SED) e a urease sao todos regulados positivamente pela presenca do
RNAIII (SCHELLIN et al.,2011).

Os geneseae seepertencem a uma familia de bacteri6fago® gade ser inserido no
cromossoma bacteriano como um profago e comyserteomo parte do genoma bacteriano.

No entanto, sob condi¢cdes de stress ambientais, tais como as condi¢cdes de conservagdo dos
alimentos, o profago pode induzir a replicacdo do genomafago e libera novos
bacteri6fagos (WALLINet al, 2010, Fig. 1).

Foi recentemente demonstrado que a transcric&eakesta associada ao ciclo de vida do
profago, diferente de muitos outros genes de enterotoxinas, taissecnsele sed

A analise dasequéncia do gerseae as suas regides gendmicas vizinhas indicaram que
as linhagens produtoras de SEA podem ser agrupadas em dois grupos praeafaisea?2
A regido promotora endogena, P1, imediatamente a montasegdd encontrada em ambos
osgrupos. Além disso, também pode haver um segundo promotor relacionado ao fago latente,
P2, relatando que expresssaapos a inducao do profago (SCHELL#Wal, 2011).

A Enterotoxina E (SEE) é a toxina mais semelhante a SEA, com uma identidade de 90%
entre os aminoacidos. O geseeesta situado em uma profago defeituoso, em contraste com o
profagoseg e a expressao parece nao ser afetada pelo crescimento bacteriano. O gene SEB é
realizada na ilha de patogenicidade (SAPSdeureus SaPI13, enquanto enterotoxina C
(SEC) existe em vérias variantes, C1, C3, Cbov, que estdo situados no SAPI do cromossoma.
As particulas de SAPI séo liberadas por lise induzida pelo fago, e podem infectar e se integrar
em um novo hospedeiro (SCHELLIM al, 2011).

Os resubdos de alguns estudos indicam que a regulacdo da maioria das enterotoxinas
nao classicas (36-SHV), ndo é controlado pelo sistema de agr. Foi mostrado que existe um
aumento do nivel de transcricdo de seh, selr e sel na fase-deppdencial, o quendica
possivel regulacéo pelo sisteangr (SCHELLIN et al., 2011; THOENDEIet al, 2011). O
RNAm dosehfoi induzido mais cedo no ciclo de crescimento do que a SEB e SEC regulados
por sistema Agr. O nivel de transcricdo de outros genes investigados permaraterada
durante o crescimentog(g selk, sleq, se)p ou diminuiu ligeiramentesgg, sei, selm, seln,
seloe selu),apds o crescimento exponencial. Se estes genes sdo codificados por fago, podem,

portanto, ser regulados pelos processos de lisag&mn contraste, se 0S genes mostrarem
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uma ligeira diminuigdo do nivel de transcricdo durante o crescimento, entdo séo codificadas
pelo operoregc(SCHELLIN et al., 2011).

Existem diferencas na expressao das enterotoxinas observada paraugem produbs
alimentares e em cultura liquida, isto é decorrente dos diferentes estados fisioloégicos dos
estafilococos. Quando ®. aureug cultivado no presunto, ele forma um biofilme, enquanto
no meio de cultura elas sé@o planctonicas (SCHEL&til, 2011).

Existem dois mecanismos de acdo que sdo apresentados em relagdo a ingestao das
enterotoxinas e a ocorréncia de sintomas patogénicos. Quando ingeridas, as K€ kgasm
seus receptores localizados no intestino delgado gerando estimulos que sao transferidos
através dos nervos vago e simpatico até o centro do vémito, induzindo o retroperistaltismo do
estbmago e do intestino. O outro mecanismo sugerido e pouco elucidado parece estar
relacionado a ativacdo de um mecanismo secretor de sodio e cloro, provocando um
desequilibrio hidroeletrolitico no intestino, ocasionando a diarreia (FRANCO e LANDGRAF,
2005).

Existem dois tipos de antigenos, 0s convencionais e 0s superantigenos. Os antigenos
convencionais sao processados como pequenos peptideos em células aprasedéador
antigenos (APC) sendo armazenados em vesiculas, formando um complexo ceth RIHC
complexo peptide®dHC-1I é transportado para a superficie celular, onde sado apresentados
aos I|linf.-citos T, cada qual e X pr easspeaifitaso u m
para o complexo. A habilidade das células T em reconhecer combinacdepdptd:o
depende de rearranjos tanto da cadeia VU e
Diferentemente dos ant2genos c osnwpeelnrcd rotn2ag esn
reali zada especificamente pelo el emento Vb,
variaveis do receptor TCR presentes em celulé&CHELIN et al, 2011).

As Enterotoxinas dos subtipos (A, B, C, D e E) tém propriedades supermatiy@sses
antigenos ndo sdo processados e apresentados pelos macrofagos, em associagcdo com
molécula do complexo de histocompatibilidade da classe Il (MHC IlI), porém possuem a
capacidade de interagir a0 mesmo tempo com essa molécula e com o recelptéiaitos
auxiliares que as reconhecem. Quando ocorre esse tipo de associacdo, uma expressiva
guantidade de linfécitos T sdo simultaneamente estimulados, ocorrendo elevada producado de
interleucina 2 (IL2), determinando uma producdo excessiva de outtadeucinas, o que
pode resultar em choque, processo que torna as EE semelhante a toxina da sindrome do
choque téxico (TSST) ocasionando uma variedade de sintomas, como febre, nduseas e
vomitos (SCHELIN et al., 2011).
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Figura 1. Modelo de transcricdodos genes enterotoxigénicos es aureus

As setas pretas mostram a regulacéo direta, enquanto percurso tracejado em roxo indicam
vias regulatorias. AIP, peptideo auto indutor, uma molécula produzida pela acdo das
molécluasAgrD e AgrB. (SCHELIN et al., B11).

2.4.3 O gendstH1 codifica a proteina da sindrome choque toxico

Além da enterotoxinas estafilocécicas, varias espécies de Staphylococcus sdo capazes de
produzir a toxina da sindrome do choque térmico (issi; shock syndrome to}ifCUNHA
et al, 2006).

A tsstpertence a superfamilia das enterotoxinas estafilocdcicas e toxinas eritrogénicas
dos estreptococos do grupo@istH1esta associado com elementos genéticos moveis, como

profagos, ilhas de patogenicidade 8e aureuse plasmideo, acarretdo uma possivel
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transferéncia do gene para outras bactéest®s genes ndo tem sido detectadopreaiutos
fermentados (BLAIOTTA, 2004; DOBRANI@t al.2013) Esta toxina ligese as regidoes
conservadas do complexo de histocompatibilidade da classe délda do hospedeiro,
agindo como imunomoduladores ou superantigenos induzindo uma superproducdo de
linfocinas, resultando em lesédo tecidual (GRUMABMNaL, 2008)

Além disso, foi verificada a presenca do gene que codifica a toxina da sindrome choque
toxico conjuntamente com a presenca de genes para as enterotoxinas estafilocécicas que pode
implicar no aumento da patogenicidade dos isolados bacterianos e um risco em potencial a
salde publica (SOSPERDA, 2012)

2.5 METODOS DE IDENTIFICACAO DE ECN

2.5.1 Segenciamento do rDNA 16S

Para identificar fenotipicamenteo ECN é utilizado um sistema convenciondg
identificacdo(KLOOS e SCHLEIFER 1986)e kits comerciaishioquimicos(SAMPIMON et
al., 2009. Um sistema de identificacadisponivel no mercadé aAPI STAPH ID 20 que
atualmente éecomendado paraidentificacdo de espéciele ECN isoladagle IMI bovina
pelo Conselho Nacional ddastite(NMC) (HOGAN etal., 1999).

A taxonomia do género Staphylococcus foi esclarecida nos ultimos anos gracas ao
empregode técnicas de biologia molecular que permitiram relacionar ou comparar 0S
resultados dos testes fenotipicos e genotipicos. Novas espécies foram descritas (DEVRIESE
et al., 2005) e ocorreram novas reclassificacoes (SASAKI et al., 2007). Entre esses,rmétodos
analise comparativa da sequéncia de determinados macrogenes conservados tem sido
empregada para a classificagdo de microrganis(@@®dOKS e WATTS, 2009) Um
exemplo dessas macromoléculas € o RNA ribossomal, essencial para a sobrevivéncia dos
organismose altamente conservado entre as bacté@asequenciamento do gene do RNA
ribossomal 16S tem sido extensivamente usado com finalidade taxon6mica e filogenética
(CHAKRAVORTY et al, 2007 e é considerado o método de referéncia para a identificacédo
bactefana (NOLTE e CALIENDO, 2003). As sequéncias encontradas sdo comparadas com
aguelas depositadas em bancos de dados, como o National Center for Biotechnology
Information (NCBI) e Ribosomal Differentiation of Microrganisms (RIDOM) (BECKER
al., 2004).
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Estaabordagenpode ndcser pratica paraentificacdode rotinaem diagnésticos
clinicosporque &emoradatrabalhosae relativamentearo em comparac¢do cams métodos
atualmenterecomendadagD sequenciamento do gene 16S rRNA é mais discrimmativ
gue outras regides ribossomais para diferenciar espécies e subespécies de Staphylococcus, ¢
fornece a identificacdo de parentesco filogenéticos entre os Staphylococcus em nivel de
espécie (MOHAMEDet al.,, 2009).

Os resultados de testes bioquimicodlizatlos para identificacdo e caracterizacao
bacteriana, apresentados em kits comerciais podem apresentar baixo poder discriminatrio em
microrganismos com pequena variabilidade genética como acontece para Staphylococcus
dificultando a separacdo dos mensbrda familia Microcacceae, Staphylococcos e o0s
Micrococcos (FARBERet al, 2001).

2.6 METODOS PARA DETECCAO DE ENTEROTOXINAS ESTAFILOCOCICAS

A reacdo em cadeia da polimerase (PCR) é uma técnica altamente sensivel, por meio da
qgual, pequenas quantidadel®® sequéncias de DNA ou RNA especificas, podem ser
enzimaticamente amplificadas, na qual uma quantidade suficiente de material fica disponivel
para alcancar o limiar do "sinal" para deteccéo (HILLER, 2010). Na dltima década, o PCR foi
a técnica moleculamais utilizada em diagnéstico microbiolégico (KOCH e MICHELSEN
DE ANDRADE, 2008). A presenca de enterotoxinas também pode ser detectada.

A variante da técnica da PCR metodologia multiplex PCR é muito utilizada para a
amplificacdo de sequéncias alvos decrorganismos, utilizando mais de um par de
iniciadores na mesma reacdo, possibiltando a amplificacdo simultdnea de diferentes
sequéncias de DNA sendo, uma técnica utilizada na rotina laboratorial (KONE&MAM
2001). Esta técnicem sido util na idetificacdo e avaliacdo do potencial enterotoxigénico de
Staphylococcuspp, pela capacidade de identificar genes codificadores de enterotoxina. No
entanto, a técnica s6 é capaz de mostrar a presenca dos genes nas linhagens isoladas, sel
indicar se estd ocendo producdo de enterotoxinlSONCAREVIC e BERDAL 2004
OMOE et al, 2013).

2.6.1 PCR em Tempo Real (R'PPCR)

A PCR em tempo real conhecida como PCR quantitativa (QPCR) foi descrita pela

primeira vez em 1993, por HIGUCHI e colaboradores, que montanam sistema para
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monitorizar a PCR durante todos os ciclésta técnica utiliza moléculas reporter
fluorescentgpara monitorizala producdo derodutos de amplificacddurante cadaiclo da
reacao de PCR

Este mecanismo permite detectar o aumelatdluorescéncia durante a reacao, devido a
ligacdo do fluorimetro as moléculas de DNA dupla fita resémetizada. Esta técnica
permite a determinacdo da concentracdo dos produtos de amplificacdo durante a fase
exponencial da PCR, permitindo estimar argidade inicial do DNA amplificado em tempo
real (AHMED, 2002). Esta técnica vem sendo utilizada para a identificacdo da expressao de
enterotoxinas em amostras de leite, carne e seus derivados e em casos de intoxicagao
estafilococica (CHIANGet al.2008;KWON et al.,2004, LETRERTEet al.,2003).

A PCR detecta os genes de interesse independentemente de sua expressdo, assim, O¢
genes responsaveis pela producdo das enterotoxinas podem estar presentes no genoma d
microrganismo e ndo estarem ativos. O deskimento das técnicas moleculares possibilita
a deteccdo e quantificacdo do RNA mensageiro (RNAm) através da técnica de reacdo em
cadeia da polimerasetranscriptase reversa (RJPCR). Por esta técnica, o RNAm é
convertido a cDNA (DNA complementar) pelanzéma transcriptase reversa, sendo a
expressao do gene proporcional ao nimero de cépias de RNAmM do gene de interesse.

As diversas plataformas de instrumentacdo foram criadas e comercializadas, s&o
compostas por um termociclador, com sistema Optico paexc#@acdo e captacdo da
fluorescéncia e um computador com software proprio para a aquisicdo de dados e analise final
da O ponto que detecta o ciclo na qual a reacdo atinge o limiar da fase exponencial é
denominado de Cycle Threshold (Ct). Este ponto peranijuantificacdo exata e reprodutivel
baseado na fluorescéncia. reacdo (MACKd&tyal., 2007).

A amplificacdo mostra 3 fases distintas (1) linha basal: ndo houve produtos da PCR
suficiente para detectar a fluorescéncia; (2) fase log: a quantidade doprda PCR dobra a
cada ciclo e (3) fase platé: ndo ha mais aumento no namero de produtos (N&VALS
2004).

Os métodos biolégicos apesar de serem técnicas empregadas nas primeiras investigacoes
de EE, ainda sao utilizados, entretanto, sao inutilizayeando se deseja determinar a toxina
em um grande nimero de amostras se torna totalmente inexecutavel.

A presenca de estafilococos portadores de genes codificadores de toxinas, bem como a
capacidade de expressdo dos genes em algumas amostras demausisébibidade de

intoxicagdes, 0 que representa um problema de saude publica j& que tratamentos térmicos no
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salame e queijo Minas frescal ndo séo capazes de inativar essas toxinas, que se tornam um

risco em potencial aos consumidores.

2.6.2 TECNICA DE MUNOENSAIOENZIMATICO (ELISA)

As enterotoxinas sdo geralmente detectadas por métodos rapidos e simples baseados em
anticorpos monoclonais, disponiveis comercialmente, capazes de identificar a presenca de
enterotoxinas em fluidos sobrenadantes de cultue&taphylococcus spp em extratos de
alimentos. Estes testes fundamentma capacidade da enterotoxinas (antigeno) de interagir
com anticorpos policlonais especificos, formando complexos ou precipitados (MARTINS,
2011).

Os reagentes para deteccao elaerotoxinas estafilocdcicas disponiveis comercialmente
se apresentam em forma de kits imunoenzimaticos que utilizam as técnicas de ELISA
(Enzymelinked Immunosorbent Asgay A (Latex Agglutinatioh RPLA (Reversed Passive
Latex agglutinatioh ou ELFA Enzyme linked Fluorescent As3ayONCAREVIC et al.,
2005).Entre os principais kits comerciais baseados no método ELISA estdo o Tedia Set
(Bio-Enterprises Pty Ltd),Ridascreen Set @Riopharm GmbH, Germanyg o Vidas
Staphenterotoxirbet (BioMérieux SAMarcy-l 6 Et oi | e, Frea al.c2003).0( BORG
Ridascreen Set ¢ um método de ELISA sanduiche, para a andlise qualitativa das enterotoxinas
estafilococicas de A, que usa anticorpos monoclonais.

A deteccao de agentes biologicos, testes de EL&BAyfndinked immunosorbent assay
€ baseado nos principios de interacdes antigeno anticorpo, esse técnica permite uma facil
visualizacdo de resultados e pode ser finalizado sem a adicdo de materiais radioativos. O teste
de ELISA foi introduzido por SAUNDERS e BN LETT (1977) para deteccdo de EEA. Sua
maior vantagem € a sensibilidade, utilizando enzimas marcadoras, as quais devem apresentar
grande estabilidade, especificidade, disponibilidade na forma pura, custo acessivel e formar

produto final quantificavel.

2.7 SUSCEPTIBILIDADE ANTIMICROBIANA DOS STAPHYLOCOCCUS
COAGULASE NEGATIVA AOS AGENTES ANTIMICROBIANOS DE IMPORTANCIA
TERAPEUTICA

A partir de 1950, quando os antibidticos passaram a ser amplamente utilizados, foi

iniciado o fenbmeno de resisténcia bact@iaDesde entdo, o problema de resisténcia aos
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antibidticos passou a representar importancia consideravel em saude publica (NAWAZ,
2002). Segundo dados da Food and Drug Association (FDA, 2013), aproximadamente 70%
das bactérias que causam infeccao hospitso resistentes a pelo menos uma das drogas
comumente utilizadas para o tratamento das infec¢cées. Muitas opc¢des de drogas para o
tratamento de infeccbes comuns estdo se tornando limitadas, caras e, na maioria dos casos,
inexistentes, sendo necessari@sses casos, 0 uso de drogas potencialmente toxicas ao
homem que, na grande maioria das vezes, se encontram em fase experimental.

Atualmente, os estafilococos coagulase positiva e negativa apresentam elevada
resisténcia em todo o mundo (acima de 60%) ailpemicilina (penicilina G). Com a
resisténcia a esses antimicrobianos foram criadas as penicilinasisgticas, que possuem
radicais que as placamases.eporéndean 1948 a @961dsargiranb na
Europa bactérias resistentes a essas iirag; comprovando a plasticidade do genoma desta
bactéria e a capacidade em adaptara pressdo seletiva dos antibioticos (ROBINSON e
ENRIGHT, 2003).

O emprego da meticilina e outras penicilinas seimtiéticas, tais como a oxacilina e a
meticilina, resstentes a acdo de penicilinases, iniciado em 1959, representou uma etapa
significativa na terapia antiestafilococica. As amostras resistentes a meticilina se espalharam
rapidamente e sua frequéncia tem aumentado em diversas regibes geograficas, sendo
respnsaveis, particularmente por surtos de infec¢des hospitdldvEsSRMORE, 2000).

Quando a resisténcia foi descrita em 1961, a meticilina era utilizada nos testes de
sensibilidade e no tratamento das infeccfes causad& poireus Entretanto, no iniciae
1990, a oxacilina que é da mesma classe de drogas, foi selecionada como o agente de escolhz
para tratamento e testes de sensibilidade, sendo a sigla M&&phylococcus aureus
resistente a meticilina) ainda utilizada para descrever a resisténcia devhpel historico
(CDC, 2000).

As amostras MRSA s«0 nor malactamicos, enacolElens, st e r
aminoglicosideos, cloranfenicol, quinolonas e tetraciclina (SOWZAL ,2009).Com base
em observacte® vitro, o CLSI preconizajue S.aureusresistentes a oxacilina, devem ser
reportados como Frlaetamiced, irchuinde sefalaspdrimas eocarbapesos.b

Com o aparecimento de linhagens de ECN resistentes a oxacilina ou meticilina (MRCNS)
pertencente ao grupo das penicilirasestas se tornaram um problema clinicamente grave,
pois as drogas utilizadas para o combate a infeccbes passam a ndo mais desempenhar
corretamente sua funcéo tornado o tratamento inviavel (ALCAR®AZL, 2003). Estudos

indicam um elevado percentual desisténcia das linhagens 8taphylococcusoagulase
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negativa ao glicopeptideo vancomicina (SENA, 2000). Com o aumento da resisténcia aos
antimicrobianos comumente utilizados, como a oxacilina e vancomicina, o tratamento de
infecgBes por cocos Gram posits’/tem se tornado dificil. Novas opcdes terapéuticas como
estreptograminas  (quinupristina/dalfopristina), oxazolidona (linezolida), glicilciclina
(tigeciclina) e lipopeptideos (daptomicina), podem ser opg¢des no tratamento de
Staphylococcus resistente a gamicina.

No entanto, ainda sao pontuais 0s estudos quanto a resisténcia aos antimicrobianos entre
espécies de estafilococos coagulase negativa. MACHADO, CORREA e MARIN, 2008
avaliaram a resisténcia antimicrobiana aos antibidticos, penicilina e ampigiliesisténcia
a penicilina foi a observacdo mais frequente (93,5%), seguida por ampicilina (85,3%). Todas
as linhagens examinadas mostraram resisténcia a pelo menos uma das drogas antimicrobianas
testadas. Linhagens apresentando resisténcia multipla fextr@mamente comuns, com
10,0% dos microrganismos isolados apresentando resisténcia a todas as drogas
antimicrobianasAutores relatam que ECNs sdo mais resistentes aos antimicrobianos do que
estafilococos coagulase positiva (ECP) (SAMPIMENAI. 2011)

Nos dias de hoje, a transmissdo de isolados resistentes pelo consumo de produtos de
origem animal tem sido documentada, levando diversos paises a propor programas de
monitoramento de isolados resistentes em alimentos (VARNMEA, 2005)

A resisténcia aosmibidticos pode ser detectada utilizando o método fendtipico através
de ETest, teste da concentracdo minima inibitéria e disco de difusdo (com auxilio de
linhagens controles), sendo estes utilizados com maior empregabilidade nos laboratérios

clinicos porsua rapida execucao e baixo custo.

2.7.1 Teste do Discalifusdo em Agar

Devido a resisténcia dos estafilococos aos antibidticos de importancia terapéutica, é
necessario o estudo do perfil de resisténcia antimicrobiana de patégenos oriundos de
alimentosde origem animal com o intuito de verificar o percentual de linhagens resistentes
aos antimicrobianos mais utilizados na terapia humana, enfatizando a importancia da
transmissdo de linhagens resistentes através de alimentos de origem animal (MARTINEZ e
VILLALOBOS, 2007)

Um dos métodos para avaliar a susceptibilidade antimicrobiana dos microrganismos é o

método de discalifusdo, o qual € um método utilizando wureeningcom diferentes
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antibioticos. A execucédo deste teste de sensibilidade antimicrobiara aegrocedimentos
estabelecidos e sempre atualizados da CLSI (Clinical Laboratory Standards Institute).

Este método € um dos mais utilizados nos laboratérios de microbiologia clinica no Brasil
para testar a suscetibilidade aos antimicrobianos. O pioncieste método é a difuséo,
através do agar, de um antimicrobiano impregnado em um disco de papel filtro, o que leva a
formacdo de um halo de inibicdo do crescimento bacteriano, cujo didmetro é inversamente
proporcional a concentracao inibitéria mininizsse método € qualitativo, ou seja, permite
classificar a amostra bacteriana em suscetivel, intermediaria ou resistente ao antimicrobiano
(SEJASet al, 2003).

2.7.2 Teste da Concentragcado Minima Inibitoria (CMI)

A susceptibilidade a antimicrobianos € t&m avaliada por meio da determinacéo da
concentragdo minima inibitoria. Neste metodo séo utilizados tubos de diluicbes no volume de
1mL de uma suspensao bacteriana em caldo Milli Hunter preparada, sendo sua concentracéo
ajustada a 0,5 de McFarland.

Diferentes concentracfes dos antibidticos de interesse sdo testadas e a presenca de
turbidez é indicativa de crescimento bacteriano e a auséncia de turbidez é indicativa de
eficiéncia do antimicrobiano. Esse método estad padronizado, possui detalhamento técnico
bem definido e fornece resultados quantitativos (NCCLS, 2004). Os resultados obtidos podem
ser interpretados considerando a concentragdo minima que o antibidtico inibe o crescimento
microbiano (HINDLER e JORGENSEN, 2007).

No dltimo documento do CLSI pubtido em 2009, foi estabelecido que o ensaio de
determinacdo da MIC da vancomicina deverd ser realizado através da microdiluicdo em caldo
para todos os isolados de estafilococos. Esse critério também teve como base o fato do teste
de disco difusdo ndo difareiar mais os isolados & aureug ECN vancomicinaguscetiveis
dosS. aureug ECN vancomicinantermediarios (CLSI, 2009).

Diversos estudos em utlizam, o teste diddfosdo em agar e concentracdo minima
inibitéria emS. coagulase negatiyaara avaligdo do perfil de resisténcia destas espécies as
classesd e ant i mi c flaotdmicasnas glicopeptiddns e as oxazolidonas (RESCH,

NAGEL E HETEL et al., 2008; AYDINet al.,2011; SOARESt al.,2011).
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3.0 JUSTIFICATIVA

Ha uma crescente implicacdo de linhagens ECN, provenientes de alimentos lacteos e
carreos fermentados, como linhagens toxigénicas e resistentes a diversos antibiéticos de
importancia terapéutica.

Na literatura, os estudos realizados estdo voltados para a presenca, em matrizes
alimentares, de ECNs que codificam genes para a producaotdasoxinas classicas em
seus genomas. Estdo sendo descritas outras enterotoxinas, as emergentes, sendo que algume
delas, assim como as classicas apresentam atividade emética em modelo primata.

Contrariando estes estudos, alguns autores questionamcaadpados ECNs serem 0s
microrganismos produtores das enterotoxinas e da toxina da sindrome do choque toxico,
sugerindo que estas linhagens produtoras sBjamareusnutantes (0s quais nao expressam a
enzima coagulase).

Para dirimir esta duvida, € necé&ss e suficiente fazer a identificacdo molecular destes
estafilococos produtores de enterotoxinas. Estes ECNs tém sido encontrados em matrizes
alimentares de origem animal, leites e produtos lacteos, carnes e produtos carneos
fermentados.

O queijo Minas frescal € um queijo branco com alta umidade, que n&o sofre
processamentos por altas temperaturas e nem maturacéo, e é considerado um produto lactec
saudavel consumido fresco na regido no sudeste do Brasil. A contaminagao por estafilococos
pode ocorrer porrmpcessamento em condi¢cdes impréprias de higiene, condi¢des inadequadas
de estocagem, uso de leite contaminado na producdo do queijo, € mesmo devido as
caracteristicas fisiequimicas da matriz do queijo, tais como, pH, alta atividade de agua e
baixa concetracédo de NaCl.

A fermentacdo de produtos a base de carne € um processo biolégico complexo, acelerado
pela atividade metabdlica de microrganismos presentes nas cstantasque modificam a
matriz alimentar e conferem sabor e aroma caracteristicoodieitprfermentado. O tempo
necessario para estabelecer a microbiota da fermentagcédo é importante a fim de assegurar que
as bactérias fermentadoras se multipliquem impedindo a proliferacdo de microrganismos
duvidosos. A seguranca na producéo de salame de@aridecuidade da cultusdartere da
habilidade e experiéncia do fabricante. A producdo de salames artesanais por pequenos
produtores nem sempre é feita de maneira adequada.

As caracteristicas fisiequimicas dos limentos de origem animal como temperapt
inadequados podem favorecer a expressao e producédo de enterotoxinas nestas matrizes

alimentares.
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Diversos surtos ocorreram em no Rio Grande do Sul em 1999 e em Minas Gerais 2000
causado por estafilococos e ndo conseguiram identificat o S. aureusgembe causador da
doenca Na literatura, séo rarosessudos sobre a enterogenicidade de ECN em alimentos de
origem animal no Brasil; VERAS et al., 2008 estudou a producdo de enterotoxinas classicas
nas linhagens ECN no queijo Mindescal CUNHA et al, 2006 encontrou genes das
enterotoxinas classicas grodutos de origem animal (leite, queijos, carne de porco)

Os ECN séo negligenciados na legislagéo brasileira como contaminantes de alimentos,
ainda que internacionalmente existam diversos estudos tamdersobre sua toxigenicicade:

Zell et al., 2008 relataram a presenca de genes enterotoxigénicos emstaiterae Rall et

al., 2010 em alimentos lacteos emquanto outros estudos ndo encontraram 0S genes
enterotoxigénicos nas linhagens ECN nos alinenéoneos fermentados (BLAIOTTA et al.,

2004) e alimentos lacteos (DOBRANIC et al., 2013).
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4.0 OBJETIVOS
4.10BJETIVO GERAL

O proposito deste estudo foi avaliar a qualidade microbiolégica de dois produtos de
origem animal, salame e queijo Minfiescd, comercializados no Rio de Janeiro quanto a
presenca de estafilococos coagulase negativa (ECN) patogénicos. Para atingir este objetivo
foram usadas técnicas moleculares para a deteccid@eatms ea expressdo do RNA
mensageiro das enterotoxinas classgEsseh se¢ sede seee as enterotoxinas emergentes

(seg, seh, sei, selj, selk, selm, seln, selo, selcg sely.

4.2 OBJETIVOS ESPECIFICOS

- Pesquisar a presenca de linhagens estafilococos coagulase negativa no salame e queijo
Minasfrescal,

- Sequenciar regiao V5 do gene rDNA 16S das cepas ECNSs;

- Pesquisar a presenca dos 16 genes enterotoxigénicos no genoma dos isolados: genes
para as enterotoxinas classicasd, seb, sec, sed, seeg¢nterotoxinagmergentegseg, seh,
sei, s§, selk, sém, sén, sdo, séq, sér e sdu) e o gene da sindrome do choque tdxico
(tstHD);

-Analisar a expressao e quantificacédo relativa do RNA mensageiro das enterotoxinas
classicas e emergentes;

-Avaliar a producdo das enterotoxinas classicas (SEA, SER,, SED, SEEpelas
linhagens isoladas dos alimentos;

- Investigar a susceptibilidade dos isolados ECN aos agentes antimicrobianos de
importancia terapéutica no tratamento de infec¢des estafilocdcicas;

- Determinar o MIC (concentracdo minima inibitériapos principais agentes

ant i mi c rlactami@n(meaticiliba, ampicilina), vancomicina e linezolida.
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Highlights

Ten distinct coagulaseegative staphylococci strains were found in Mifrascalcheese and
identified as S. saprophyticcus, S. xylosus, S. sciand S. piscifermentas and the
phylogenetic relationships among them were documented.

All CNS strains carried one or multiple enterotoxins genes in their genome, the classical and
the newly described, and were able to express and produce the enteiiotoiios

All CNS strains showed muttiesistance to antimicrobial agents of therapeutic significance in
staphylococci infections
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Abstract

Minas frescal (fresh)cheese is a typical Brazilian chees® one of the most popular dairy
products in the countryThis white soft, semiskimmed, nofripened cheese with high
moisture content is obtained by enzymatic coagulation of cow milk using calf rennet or
coagulants, usuallyn industrial dairy plants, buis also manufactured in small farms.
Contamination of Minagrescalcheese by several staphylococci has been frequently reported.
Coagulasenegative staphylococci strains (CNS) are maybe the most haoimfliém since

they are able to produce hesttible enterotoxins with super antigenic activities in food
matrices, espeglly in dairy products, such as soft cheeSdse aim of the present study was

to investigate the presence ONS strains in Minasrescal cheese marketeid Southeastern
Brazil concerning theisk of staphylococci food poisoning by the consumption ofrapprly
manufactured cheese and the possibility of these food matrices being a reservoir of
staphylococcal resistance to antimicrobidlendistinct CNS strains were found in 6 cheeses
from distinct brands. Thenost frequent species wef saprophyticug40%), S. xylosus
(30%), S. sciuri(20%) andS. piscifermentan§l0%). Threestrains were identified up to the
Staphylococcugenera Three major species groups comprised of 3 refined clusters were
groupedby phylogenetic analyses with similarities over 38%. All CNS strains carried
multiple enterotoxin genes, with high incidencesehand selh 90% and 70%respectively,
followed by sedsee, selisei and sed with intermediate inciden¢ce60%, 50% and40%,
respectively and, finallysedselk/selg/seland selu with the lowestincidence 20% and 10%,
respectivelyReal time RTPCR and ELISA assays confirmed the enteroxigenic character of
the CNS strains, which expressed and prodube enterotoxinsn vitro. The CNS strains
showed multresistance to antimiobial agents like flactams, vancomycin and linezglid
which havetherapeutic importance in both human and veterinarian medicitesrisk of
staphylococci food poisoning by the consumption of improperly manufactured Masasl
cheese was emphasizaéd addition to the possibility of these food matrices being a reservoir
for antibiotic resistanceMore effective control measures concerning the presence and typing
of staphylococci in raw milk and daiderivatives should be included in order to prewéet
spread of pathogenic strains.

Keywords

classical and emerging enterotoxii$E genes transcription and expression; muiésistance
to antimicrobials; PCR, real time RACR, ELISA
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INTRODUCTION
Bacteria belonging to th&taphylococcuggenus can ause several diseases in humans.

Staphylococcal food poisoning is an illness caused by the ingestion of contaminated food
containing enterotoxins produced by bacteria belonging to this genus. These enterotoxins
exhibit super antigenic activities and arehstable proteins that may not be destroyed under
inadequate cooking.

According to the Brazilian Ministry of Health (Ministério da Saudegtaphylococcal
poisoning isthe second most commdood-bornediseasgonly behind outbreaksvolving
Salmonellaspp. (ICMSF, 2006)

Staphylococcuysclassified as coagulase positive, are considered potential food enterotoxin
producing strains (ICMSF, 1983), although the enterotoxigenicity potent&tbhphylococcus
coagulase negative species (CNS) in food poisonirsyblegn also reported (Veras et al.,
2008). There is involvement of CNS strains in food poisoning, particularly in processed meat
and dairy products, and, especially, in cheeses (Senger et al., 2011).

The enterotoxin (SE) genes are encoded in mobile geaktments, such as plasmids, pro
phages, andt8phylococcugathogenic islands (SaRlsThose mobile genetic elements are
responsible for the horizontal transfer of virulence or antibiotic resistance genes b8tween
aureusstrains (Ubeda et al., 2005; Maes et al., 2006), and it has also been suggested that
the exchange of mobile DNA elements between microorganisms might occur during food
processing (Virdis et al., 2010).

Staphylococcal toxins are designated as SEs with demonstrated emetic activigy, whi
staphylococcalike toxins are named Skke (SH), and are not emetic in primate models or
have not yet been tested (Lina et al., 2004). To date, 21 SEs asdo3Bs have been
reported: | n ad dcharacterired, tlassical staphykpoaleentanotokins

SEA, SEB, SEC, SED and SEFE6 new types of SESSEG, SEH, SEI, SER, SES, SEind
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10 new types of SE-SHJ, SEK, SHL, SHM, SHN, SHO, SHP, SHQ, SHU and SEV

have been introduced (Argudin et al., 2010).

TheMinas Frescal(fresh)cheese is a typical Brazilian cheese produced since theetBury
(Campos, 2001) and even now it is one of the most popular cheeses consumed in Southeastern
Brazil. It is a white soft cheese, produced from cow's milk and its major charactesistic i
pleasant, slightly acid taste and rich flavor (EMBRAPA, 2010). There are, however there no
predefined properties regarding consistency, texture, flavor, yield and centesimal
composition, since there is no standardization for the product and its poodpcocess
(ABIQ, 2011).

According to the current Brazilian legislation (Brasil, 1997), Mhieas frescal cheese is a

fresh cheese obtained by enzymatic coagulation of cow milk using calf rennet or coagulants.
Specific lactic acid bacteria can compleméme enzymatic milk coagulatiomhe Minas
frescalcheese is a semskimmed product withow saturated fat content. It ®nsidered a

lean protein source, with high digestibility and it is the daleyived product most often
consumed in energrestricteddiets for weight loss (Moraes et al., 2009). In addition, Minas
frescal cheese is considered a functional food because it may contain probiotics, carrying
health benefits, including reducing the risk of human diseases (Stringheta et al., 2007,
Almeida, Tamine & Oliveira, 2007). The production of Mindiescal cheese has increased
from 42,700 tons in 2000 to 63,555 in 2011, placing it third in the list of the cheeses produced
in the country, behind only Mozzarella and Prato cheese, a Braziliaphsetncowvariety
(Cichoscki et al., 2002; Datamarkets, 2014). The manufacturing of Ntessalcheese may
occur in dairy industrial plants, butiit also commonly manufactured by small producers with
inadequate manufacturing practices and can undergo excesanipulation (Bulhdes and

Rossi Junior, 2002).
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Soft cheeses do not undergo any treatment while ripening to ensure their safety before
consumption.Staphylococci can contaminate soft cheeses by improper handling during
processing, inadequate storage ctbods, use of contaminated milk, or even due to the
physicchemical features of the cheese matrix, such as high pH, high water activity, and low
salt concentrations, which are favorable to the growth of these microorganisms (Viana et al.,
2009).

Outbreakscaused by enterotoxigenftaphylococcustrains would hardly be associated to

the contamination of Minaiescal cheese soft cheese since it is considered a healthy and
harmless food for the Brazilian population (Silva and Souza, 2006).

The main speciesf coagulasenegativeStaphylococcugrevailing in dairy products aré&.

sciuri, S. xylosus, S. epidermidis, S. haemolyteg S. lentus(Soareset al., 2011) and
several strains isolated from different sources shown to be resistant to antibiotics of
therapeutic relevance (Kastner et al.,, 2006; Martin et al.,, 2006), mainly penicillin and
synthetic blactams represented by oxacillin, vancomycin and linezolid (Virdis et al., 2010).
Many of these oxacilliresistant microorganisms (OXR) also present res#ice to other
antimicrobials, thus limiting the use of glycopeptides like vancomycin and linezolid (Resch et
al., 2008).

For a long timeStaphylococcus aureua, coagulas@ositive staphylococci (SCPhas been
always thought to be the only pathogeniccspe amondStaphylococcyswhile CNS were
classified as contaminant agents. However, molecular techniques have shown that these
microorganisms also possess enterot@xinoding genes (SE) (Rall et al., 201@¢ry little is

known about the growth of CNS foods and for this reason they have rarely been implicated

in food poisoning.Nevertheless CNS can contaminate foods because humans are common
carriers of these microorganisms and some may be related to specific human infections

(Cunha et al., 2006).
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In Brazil, the current legislation (Brasil, 2001) establishelQBU.g" as the upper tolerance

limit count for CPS in soft cheese matrices whereas CNS is neglected as a contaminant
microorganism in food. Staphylococoahterotoxinproducers are a publiseath problem,

since food processing does noactivate theséoxins Because of its toxigenic ability CNS
should also be consideredfasd contaminants.

The aim of the present study was to characterize the main coagelgetveStaphylococcus
strains faind in Minasfrescalcheesesnarketed in Rio de Janeiro city, Brazil, identifying the
organisms by DNA sequencing and establishing their phylogenic relationships. The presence
of multiple genes encoding the classical and newly described enterotoxins igeDN®es

was investigated. The risk of food poisoning was assessed by evaluating the ability of the
CNS strains in transcribing and expressing the classical and newly described entenotoxins
vitro by using real time RIPCR and ELISA assay3he resistare of the isolated strains to
antimicrobial agents of therapeutic importance in staphylococcal infections was also

evaluated.

MATERIAL AND METHODS
Isolation of Bacterial Strains and Growth Conditions
Six samples of distinct brands of Minfxescalcheesedn triplicates inspected by municipal,
state or federal and collected in the municipality of Rio de Janeiro were stdozddensity
polyethylenebags Samples showed acidic pH of 563; 3.04.0 mg of sodium and Aof
0.930.96.Twenty five grams of eleses were added to 225 mL of 0.1 % peptone water. The
suspensions were transferred to homogenizer bags (Interscience, Saint Nom, France) and
coupled to a Stomaclfed00 circulator (Seward, Worthing West Sussex, UK) at 260 rpm for
1 min The suspensions e serial diluted froml0°® to 1 and 100 pl of each dilution was

inoculated onto 20 pl dBaird-Parker agar containing egg yd#dlurite emulsion(BPAp RPF,
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bioMerieux, France) inacubated in®3Z for 24 h Conventional microbiologyprocedure
were peformedfollowing instructions tdBergey'sManualof Systematic Bacteriology, where
eighty colonies presumptive of coagulasgative staphylococci {BO colonies of each
sample) were tested by Grestaining, catalase, coagulase and thermostable DNAase
actities. The sixty presumptive CNS strains wesred at80°C in tryptone soy agar (TSA,

BD BBL Franklin Lakes New JerseyUSA) plus 45 % v/v glycerol. Cultures were grown in

Brain heart infusiofBD BBL™) media at 37C for 24 h.

DNA Preparation

The isolated strains were cultured overnigétobically in 10 mL Brain Heart Infusion broth

(BD BBLE, Le Pkrancdat3H°€ for#4 [ iesuggestive CNS colonies were
adjusted to 10 UFC/ mL in 600nm by spectrophotometer and were harvested by
centrifugation at 5,700 x g for 1 min. The cell pellet was used for DNA extraction using the
DNeasy blood and tissue kit (Qiagddysseldorf, Germany, foll owing the 1
instructions.Genomic DNA was quantified si ng t he Qubit f IGuodr i met
Island, New YorkUSA) and Qubit assay Kits

16S rDNA Sequencing

Amplification ofthe V5 region of 168DNA was performedising50 ngof DNA templates

from the 60 strainsisolated from Minasfrescal cheeses. PCRvas performedunder the
following conditions 95 °C for 10 minfollowed by 30 cyclesit 95 °Cfor 305 60 °Cfor 30s

ard 72 °C for45sandafinal extensiorat 72 °C forlOmin PCR productsvere purifiedusing

the PCR DNA Purification kit (Applied Biosystems, California, USA)nd sequencedising

20 ng purified DNAand 13ul of primer set 16S rDNA/16S rDNA (Table 1)in a final

volume of2 0 . Aftler theamplification,products wergurified according tdahe protocobf

t he Bi §dbmimathr Purification X kit (Applied Biosystems, California, USAand

sequenceth a3130sequenceGenetic Analyze(Applied BiosystemsCalifornia, USA). The
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sequences were compared to the 16S rDNA gene sequencespbiylococcuspecies
available in the GenBank databasattg://www.ncbi.nlm.nih.gov/Genbank/index.hjml
Multiple sequence alignments were performed using ClustaKyotd University,

Bioinformatics Centerhttp://align.genome.jp/).

Phylogenetic Analyses
Phylogenetic relationships among the CNS strains were performetthebylignment of
sequences using the Clustal X 2.0 software (Larkin et al., 2007). The phylogenetic trees were

constructed using the software Mega 6.0 and UPGMA methods (Sneath and Sokal, 1973).

PCR Tests
Primer sequences, target genes and species
Primer sets flanking theea, seb, sec, sed, see, selg, selh,s&dk,selm seln selq selqg selr

andselusequences are listed in Table 1.

Uniplex duplex and multiple¥PCR Tests

Uniplex-PCR tests were performed for amplifying the tsst sequence grdxRCR was

used with thesea, selprimersandsec, segrimers.PCR mixtures containe2b pl of20 mM

MgCl,, 10x PCR buffe{ | nvi t r ogenE, Gr and), 10GrmMVadNdP, mixNe w °
(Fermentas Thermo Scientifiwjiinius, Lithuanig, 0.2 mM of each prirr (Table 1) 0.5 U

Tag DNA polymerasel(nvi t r ogenE, Gr and )ladl1@0mg of DNNde w Y
templates. DNA amplification by uniplex and duple£R assays was performed under the
following conditions: 94°C for 5 min followed by 35 cycles of 94 °€ 2omin, 53 °C for 2

min and 72 °C for 1 min for extension, ending with a final extension at 72 °C for 7 min,
according to the conditions described by Mehrotha, Wang and Johnson (2000) with

modifications in the annealing temperatuusjng a thermal cyclefMyCycler, BIO RAD,
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Hercules, CA, USA)The amplified fragments were visualized on 1.0% agarose gels (Sigma)
stained with GelRed (dilution 1:1000) (BioAmerica, TelAviv, Israel) and documented on a

transilluminator (MiniLumi Imaging BieSystems, BioAmericalelAviv, Israel).

Multiplex-PCR tests

Multiplex-PCR assays were performed by simultaneous amplification cfetheselg, selh,
seli, selj, selm, seln, selo, selk, selq, s&ld selusequences using the primer sets listed in
Table 1.

Each reactionaot ai ned 50 €L of a mix containing O.
buffer, 100 mM each dNTP, 0.2 &M of weach
amplification ofsee, selg, selland seli was carried out as following: 95 °C for 5 min, 35
cycles of 95 € for 30s, 53 °C for 90s and 72°C for 90s, and a final extension at 72°C for 10
min. The DNA amplification of theelj, selm, selmandselogroup and theelk, selq, seland
selugroup was carried out in the same conditions: 95°C for 5 min, followed loy@és at

95°C for 30s, 55°C for 90 s and 72°C for 90s, and a final extension at 72°C for 10 min (Owen
et al., 2005). PCR products were visualized by electrophoresis on 1.2 % agarose gels
(Uniscience do Brasil, Sdo Paulo, Brazil) in 1x TAE (@ic acd-EDTA) buffer stained by

0.5 ¢eg/ mL BoAmer@ea Tdeid Isrgel) and documented on a transilluminator

(MiniLumi Imaging Bio-Systems, BioAmerica, TelAviv, Israel).

Enterotoxin Expression Assays

The isolated strains were cultured overnigétolically in 10 mLBrain Heart Infusion Broth
(BD BBLE, Le Francdmt37%Ldor@h.ai x,

Bacteria supernatants were collected by centrifugation at 4,000 x g for 10 min and used for
the detection of SEA, SEB, SEC, SED and SEE iremaymelinked immunosorbentassay

(ELISA) using a commercial detection kit (RIDASCREEN® SET A, B, C, D, E Art. No:
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R4101, RBiopharm AG, Germany). The assawas performed according to the
manufacturer's recommendatiand as described elsewhere (Rahimi and Ghasemian Safa
2010). The mean lower limit of detection of the assay was 0.25nglmt.threshold is
defined as the average OD of two negative controls plus 0.15, a constant established by the
kit. Samples containing SEs showed absorbance values equal or greatdettiareshold

value. All experiments were performedduplicate

Real time RTPCR Assays

Total RNA was extracted by using the QIAGEN Ribopure TM Bacteria kit (Life
Technologies,Carlsbad, CaliforniaU S A) foll owing the manuf act
quantified using tke Qu b i t fluorimeter (lnvitrJdagndneE,
Qubit assay kits

The cDNA synthesis was performed by using the High Capacity cDNA Reverse Transcription

Kit (Applied Biosystems, California, USA) as follows: 4.0 ug of RNAQ L of 10 RT

buffer, 0.8 pL de dNTP mix (100 mM), 2.0 uL of 10 RT randomprimers 1.0 pL

Mu | t i S aavdrseteafiscriptase 4.2 uL of nucleasefree HO. The conditions were
optimizedunder the following conditions: step 1 in 25°C during 10 min, 37°C for 120 m

85 °C for 5 min in a ABI PRISM 7500 Fast HAICR system (Applied Biosystems,
California, USA). Samples were plated in triplicate inv@@ | | plates as foll
Syber Green PCR Master Mix, 1 ¢l eb,fsei,ggr i mer
sdm, sén, séo, seéq, sér, sdu ) (Tabl e 1) and 4.5 ¢l of 't he
well. Amplification was performed under the following conditions: 95 °C for 15 min, 40
cycles at 95 °C for 15s, 54 °C for 30s, 72 °C for 30s. Theodiation curve was performed at

95 °C for 15 sec, 54 °C for 30 sec, 95 °C for 15 sec. DNA templates from referenceStrains

aureusATCC 29231 6eg, S. aureusATCC 14458(seb, tsst, selk, selq, selr, self) aureus
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ATCC 19095 s¢ec, selg, selh, sgliS. aureusATCC 13563 ¢ed, S. aureusATCC 27664

(seg and S. aureusATCC 27154 (selj, selm, seln, selowere used as controls. Gene
expression was estimated by g@mi quantification of mMRNA (arbitrary units) in comparison
with the mRNA content from refence strain<Ct valueestimations, the standard deviations

and the cDNA quantification were calculated using the GraphPad Prism 5 software package.
Calibration curves based on five points were constructed in triplicate corresponding to serial
dilutions (1, 1:10, 1: 100, 1: 1000 and 1: 10000) from 100 ng of a DNA template stock

solution. 16S mrRNA was used to normalize enterotoxin expression levels.

Antibiotic Susceptibility Tests

An inoculum of each isolated stragguivalent to 0.9McFarland scale waswabbed onto the
Muller Hinton agar plateBRD BBL Franklin Lakes, New JerseySA) and the antibiotic disc
wasthen placed on the plate followed by overnight incubation at 37 °C. The inhibition zone
was interpreted according to the Clinical Laboratory Standard (CLSI, 2014) Guidelines,
formerly known as the National Committee for Clinical Laboratory Standards. €édtedt
antibiotics werepenicillin G (10un), oxacillin (fg), neomycin (30y), trimetropim (5rg),
clindamycin (2g), gentamicin (10g), cefetoxin (36y), rifampicin (51), eritromycin
(15n), tetracylcline (36y), vancomycin (30g), ciprofluoxacin (5g), sufazothrim (23ry),

cefepime (36yg) and linezolid (36Y).

Minimal Inhibitory Concentration (MIC) Determinations

MICs for vancomycin, linezolid, methicillin and ampicillin were determined by the macro
dilution broth method based on CLSI recommendationfgusr+houseprepared panels
(NCCSL, 2003). Antibiotic concentrations of 0.03, 0.06, 0.125, 0.25, 0.5, 1.0 and 2.0mg/ml

were tested. One mL of broth was transferred to the tubes angl 00 o f bacteria


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com

67

was adjusted to £@FU/ mL in saline solutin 0.85% according t6.5 McFarland scale and
transferred to tubes containing 1 mL of each diluted antimicrobial. Isolated strains were
grown inMuelleri Hinton broth (BD BBL Franklin Lakes, New JerseWSA) andthe MIC

was estimated as the lowest antibiotic concentration that inhibits visible growth after 24 h
(NCCSL, 2003).

RESULTS AND DISCUSSION

Isolation and Identification of Coagulasenegative Staphylococci from Minas Frescal

Cheese

Sixty suggestive coagulasegative staphylococci (CNS) microorganisms were isolated from
Minas frescal cheese by colony morphology, the coagulase slide test, subsequent tube test,
and biochemicatests. The sequencing of the V5 region of 16S rDNA fragment of those
strains and the alignment of sequences to those in GenBak was discriminative enough to
differentiate theStaphylococcussolated from Minasfrescal cheese at the speciesvél
(similarity>95%). Forty fiveisolated microorganisms were confirmed as belonging to the
Staphylococcugenera, where 41 were identified to the species level and 01 to the subspecies
level. Some of the 42 staphylococci were identical to each othewarel considereden

distinct strains. The 10 distinct strains were grouped into 04 Staphylococcus species, where
the predominant species w8&s saprophyticusvith 04 strains (40%), followed by 03 &.
xylosusstraing (30%), 02 ofS. sciuristrains(20%)and 01 ofS. piscifermentanstrain (10%).

A single isolated strair§. saprophyticcusubsp.bovisKJ699151.1was identified up to the
subspecies level (98% similarity) (Table 2).

The staphylococci from Minaescal cheese were homologous to other isggreviously
isolated. S. xylosuKF198080.1was homologous (988%) to a strain isolated from the
hands of manipulatorss. xylosusJX010980.1was homologous (98%) to a species isolated

from the soil,S. xylosusCP008724.1lwas homologous (98%) to aespes isolated from a


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com
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starter culture used for cheese manufacturfig.saprophyticcus)X490122.1was 98%
homologous to those isolated from plantS, saprophyticcus KJ949606.1 and S.
saprophyticcuskJ699151.1were homologous (98%) to strains found innfented meat
products and S. saprophyticcutNR074999.1 washomologous (98%) to a strain from a
patient with urinary tract infections. The remaini8g sciuriJX519590.1and JX966436.1
strainsshowed 99% homology to strains from dairy products.

Accordingto previous reports, the predominant species found in Mimeasalcheese aré&.
equorum S. lentus,S. simulans S. sciuri and S. xylosus(Ruaro et al., 2013)ut S.
saprophyticcus, S. epidermidig) addition toS. equorumwere also found in the dairy
products of a s m@ohrés etta201d),whila & eqoruenwS Rylosuyg, S.
saprophyticus, and S. succinwgre the most prevalent species in French cheeses (Coton et
al., 2010). In the present study, equorumsS. lentusS. simulans, Ssciuri, S. epidermidis
andS. succinusvere not found in Minafescalcheese, but as G2aphylococcstrains were

not identified up to the species level, perhaps some of these could be amongst the species
isolated from Minagrescalcheese.

The stabiliy of the biodiversity of the consortia found in Min&gscal cheese is in
accordance with the one already described forsradar cheese (Rea et al., 2007), but great
diversity among CNS can be found if the microbiota of distinct cheese matrices amedmp

(Dobranic et al., 2013).

Phylogenetic Relationships of CNS Isolated from Minas Frescal Cheese

The 10 distinct CNS strains isolated from Mirfesscalcheese showelittle diversity when
compared to staphylococci microbiota from different food matri€égure 1), maybe due to

the unique features of the cheese studied. The 10 distinct CNS strains can be grouped in three

species setsSaprophyticcus, Sciurand Simulans Frequently, theSaprophyticcusspecies
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group includesS. xylosusand S. saprophyticus the Simulansspecies group comprises
carnosusandS. piscifermentanand theSciuri speciegyroup contains. sciuri, S. lentuand

S. pasteuri(Lamers et al., 2012). In the present study, the main cluster com@ised
saprophyticcuskJ699151.1,JX490122.1, KJ949606.and S. xylosusKF198080.1, both
grouped withS. piscifermentansiR116436.1 a species that is phylogenetically related to the
Simulansspecies group as already establisi&dsciuriJX519590.1 a species belonging to
Sciuri species gyup was clustered wit8. xylosus)X010980.1. The third cluster includ&s
sciuri JX966436.1S. xylosu€P008724..andS. saprophyticcuslR074999. (Figure 1).

The close similaritiesbetweenS. sciuri JX519590.1andS. xylosusJX010980.1,and S.
saproplyticcusNR074999.1 an&. xylosusP008724.1 are supported by a bootstrap value of
100%. The interspecies similarities were superior to 90%, which demonstrates the close

phylogenies among the CNS strains isolated from Mirestalcheese.

Genotypic andphenotypic characterization of CNS strains from Minas frescal cheese

In the present study distinct combinations of staphylococcal enterotoxin genes were found
in the 10 CNS strains, comprising the SESsEAGJ, as well as the staphylococcal
enterotoxn-like toxins (SE) K-R and U (Table 2).

The sea and seb genes showed high prevalence, in which Hea gene was the most
predominant, carried by 90% of strains, followeddab, carried by 70% of the genomes.
Genessec,sed see sehand sei showed intemediary prevalence, wheeeand secwere
carried by 60% of the isolated straisghandseiwere found in 50% of the strains, ased,

in 40% of the strains. Finallyseg, selk, selg, seland selu showed low prevalence, being
carried by 20% of the CN&trains(Table 2). NastH1gene was found.

Although studieson the emerging enterotoxins in Brazilian milk or daderived products

have not yet been reportetthe frequency of the enterotoxin genes encoding the classical
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enterotoxins set SESED in Minasfrescalcheeses can be compared with those described for
the CNS microbiota of bulk bovine milk from a recent study (Guimaraes et al., 2013), which
found that theseagene is carried by 35.1% of the straissbby 7.1% andsecby 6.5%. Even
consideriig only the classical enterotoxin genes, Mifi@scal cheese seems to comprise a
CNS microbiota with higher biodiversity and superantigenic toxin genes, and at the same time
with high phylogenetic relationships between them. This disagreement regardi@iNghe
microbiota of bulk bovine milk and Mindsescalcheese may be due to contamination with
other staphylococci strains from the environment or human origin acquired during the cheese
manufacturing process.

The S. saprophyticcus, S. piscifermentamsl S. xylosusstrainscarry both the classical and

the newly described enterotoxin genes in their genome, wh8tessuristrains carry only

the classical enterotoxins.

As discussed above, the contamination of raw milk should be considered in order thekeep
guality of nonripened cheeses. Clinical or subclinical mastitis in dairy cattle should be better
controlled by routine counting of somatic cells in order to preserve bulk milk. Park et al.,
(2011) isolated 263 CNS strains from cows presenting ngatitd found that approximately
30% of those strains carried one or multiple superantigenic toxin genes containing 19

enterotoxinsjoining betweerhe classical and newlyescribed.

The relationship between superantigenic toxin genotypes and toxiregesding mobile
genetic elements in CNS strains were evaluated by PCR fe#tsrent combinations

of enterotoxin genes froi8aPl, plasmids and genes fraegcoperon were found in the CNS
strains isolated from Mindsescalcheese (Table 2).

The Staphylocad strains showedistinct interspecies genotypes, in which 04 presented only
the classical enterotoxin genes, suclsasciuriJX519590.1S. xylosu€£P008724.1S. sciuri

JX966436,S. bovis saprophyticusJ699151.1while another 06 presented a combioatdf
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classical and newigescribed enterotoxin genes, suchSassaprophyticulNR074999.1 S.
saprophyticuKJ949606.1 S. saprophyticudX490122.1S. xylosuKkF198080.1 S. xylosus
JX010980.1andS. piscifermentan®iR116436.1 Table 2)

Following the dentification of the staphylococcal enterotoxins SEG and SEVilnysonet

al. (1998) MondayandBohach(2001)andJarraucet al. (2001) it has been reported thiie

genes encoding these enterotoxins are part of a chromosomal operon, termed the enterotoxin
gene clusterggg, compising five genes designatselg selm sei selnandseg Two CNSS.
xylosusstrains in the present studyKF198080.1and JX010980.1- were shown to carry the
segandseigenes and in 02 strains 8f saprophyticublR074999.1 andX490122.1, aingle

sei gene sequence was detected. The presence of part of the genes and not thgcentire
operon may be due to the high degree of genetic polymorphism in the chromosomal assembly
(Thomas, 2006).Subsequently etertreet al. (2003)demonstrated that soregc clusters
possess an additional gene designattd Indeed, theS. saprophyticugX490122.1 strain
carries theselugene clusteretb theseli gene.The selm, seln, selgenes wereot found in

the CNS genomes of Mindiescalcheese strains.

The CNS strains clustered in groups near the botibriihe phylogenetic tree carried the
classical enterotoxin genes and the species at the top of the tree showed high diversity among
enteroto¥n genes, combining the presence of classical and the {uwesbyribed, in their
genomes (Figure 1 and Table 2).

To assess the risk of Minfigscalcheese related to staphylococcal food poisoning, the ability

of those strains carrying thee and sel genesin their genomeijn expressing and producing
enterotoxins was evaluated. mRNA transcripts for each enterotoxin gene was evaluated by
real time RTPCR assays and the enterotoxin production was estimated dayndwich
enzyme immunoassay for the combined diwe of Staphylococcusnteotoxins SET) A, B

C, D andE.
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Nine CNS strains from Minasescalcheeses were able to produce the classical enterotoxins
SEA, SEB, SEC, SED and SEE during growthgoncentrations ranging from 0.12 ng/mL to
1.8 ng/mL (Takd 2). The S. sciuri JX519590.1 S. sciuri JX966436.1 and
S.piscifermentandlR116436.1 strains produced low amounts of enterotoxins, in
concentrations inferior to 0.55 ng/mLS. xylosusJX010980.1 S. bovis saprophyticus
KJ699151.1 and S. saprophyticusJX490122.1 produced enterotoxins in intermediate
concentrations, ranging from 0.71 to 8ImL and S. xylosusCP008724.1 S. xylosus
KF198080.1 and saprophyticubllR074999.1produced enterotoxins in high concentrations,
up to 1.8 ng/mL.Although the sandwid enzyme immunoassag considered the most
sensitivemethod to detect SESEE enterotoxins, able to detect 0.125 ng/mL, diffdrences

in the specificity and sensitivity of the assays for the detection of staphylococcal enterotoxins
from foods are expeetl (Pereira et al., 2009), only a single stra#, saprophyticus

NR074999.1, wasnable to produce SEAEE enterotoxins when evaluated by this assay.

Exponential growth phase cells were usedroritro production of SEASEE, indicating that
90% of CNS #ains can produce enterotoxins when still at the logarithmic phase, early during

the cheese manufacturing and not later, during the storage period (Tables 2).

The mRNA transcripts, for both the classical and the newly described enterotoxins, from CNS
strans were evaluated by real time HPICR assays (Table 2). The mRNA for at least one
enterotoxin gene was detected in seven strains (70%) and, additionally, 05 of them (50%)
were able to transcribe multiple enterotoxin genesvitro. Strains S. saprophyticsi
KJ949606.1 S. bovis saprophyticuk] 699151.1S. saprophyticugX490122.1 S. xylosus
JX010980.1and S. piscifermentansNR116436.lexpressed mRNA for multiplee genes. A
differential transcription among thse genes was observed, where the most fretiye
transcribed among the classical weeaandseh transcribed by 04 strains, and, among the

newly, selk, selr, selu, wereanscribedoy 02strains each. No mRN#&stH1 was detected.
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MRNA transcripts for the classical enterotoxins genes were foundh vithe bovis
saprophyticus KJ 699151.1 S. xylosus KF198080.1 S. sciuri JX966436.1 and
Spiscifermentan®NR116436.1were assayednRNA transcripts for both, classical and newly
enterotoxins were detected during the growth ®f saprophyticusKJ949606.1 S
saprophyticusiX490122.1andS xylosugX010980. Istrairs.

No mRNA transcripts were detected whé& saprophyticusNR074999.1 S. xylosus
CP008724.1 an®. sciuriJX519590.1 strains were assayatihoughthe enterotoxins were
detected by thenzymelinked immunesorbenttests.

The genotypic and phenotypic analyses pointed to a high risk of food poisoning in consuming
Minas frescal cheese contaminated by the CNS strains identified in the present study, as the
food poisoning status of Minas frescal cheese aa be acquired even during cheese
manufacturing, because the CNS strains are able to express and produce enterotoxins at the
early stage of logarithmic growth.

The presence of enterotoxigenic strains 1in
uncerlines the need for standardized diagnostic methods to screen for and quantify the
presence of classical and also emergent enterotoxins, directly in the food matrices.

The use of real time RPPCR assays conferred sensitivity and specificity for the detation

of the enterotoxin gene transcription, besides the additional ability to evaluate the expression
of all enterotoxin genes encoding both the classical and rdedgribed super antigenic
enterotoxins. The real time RACR tests also avoided the falpositives that occur in
immunoassays by croseactions between the classical polyclonal antibodies and the newly

described enterotoxins.

Multi -Resistance of CNS Strains (MRCNS) to Antimicrobial Agents
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Besides the ability of CNS strains in producingesotoxins, the additional safety hazards
associated with these strains mostly include antimicrobial resistance to the compounds
commonly used to treat staphylococci infections. Antimicrobial resistant CNS strains from
food matricexan be spread out iropulations by the consumption of an apparently safe food.
The 10 distinct CNS strains (pl&taphylococcus spfrom Minas frescal cheese showed
multi-resistance to several antimicrobial agents. Five strains showed MAR indexes from 0.73
to 0.93, 02 strainpresented MAR indexes of 0.53 and 0.40, and the remaining 03 strains
showed a MAR index of 0.26 (Table 3).

The resistance of the 10 MRCNS strains was distributed as follows: 06 strains (60%) were
resistant to sulfamethoprim, 05 strains (50%) to aminagiges (ciprofloxacin, neomycin
and/or gentamicin), 06 strains (60%), to chloramphenicol, 08 strains (80%) to vancomycin, 05
strains (50%) t o cl i nd dactgnesi(axgcillinl @enicdlin and/arns  (
cefoxitin), 06 strains (60%) to tetradyes (tetracycline and/or rifampicin), 03 strains (30%)

to cefepime, 05 strains to erythromycin (50%) and 03 strains (30%) to linezolid (Table 3).
The percentage of MR Cla&¢ttams svasr saipenios to tha gounsl tina n t
previous report from Sapimon et al., (2011), which showed that only 14% of the 170
staphylococci from raw milk obtained from various ruminant species were resistant to
penicillin. It should be considered that the contamination by resistant strains could occur later,
during chese processing, by improper handling or sanitization of the production line in
industrial plants, reinforcing the difference between the CNS microbiota from bulk milk and

dairy-derived products, as discussed previously.

Surprisingly, the resistance to ctdmphenicol was very similar to that estimated for MRCNS
strains isolated from human clinical samples (Knauer et al., 2014), reinforcing the fact that the
multi-resistance character of the food matrices strains must be taken in consideration when

evaluatimg the safety hazards of food poisoning.
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In a study performed in China, between 2004 and 290%ao Xue Maet al., (2011), where
745 CNS strains from bloodell cultures were isolated and the authors reported that more
than 705 of these were resistaatpenicillin G/ oxacillin/erythromycin and 300% of the

strains were resistant, against tetracycline, clindamycin, ciprofloxacin, sulfamethoprim

The MRCNS s rains isolated in the prese-factamst ud:
compared to other antimicrobials, since all isolates were resistant to at least one antimicrobial
agent belonging to this class of compounds, and®@ of the strains were resistato

aminoglycosides, clindamycin, ciprofloxacin and sulfamethoprim.

To determine the MIC for ampicillin and methicillin/oxacillin/cefoxitin, all susceptible CNS
strains found in Minafrescalcheese were tested using the matitotion broth methodThe
resistant strains were tested against concentrations ranging from 0.03 to 2 mg/mL of each

antimicrobial agent.

Concerning methicillirresistance, S. saprophyticcusJX114799.1, S. piscifermentans
NR116436.1S. bovis saprophyticcusJ699151.1 and. xyleusJX010980.1 showed MIC
values of 1.0 mg/mlIS. xylosusJX 010980.1 and. piscifermentan®lR116436.1 strains
presented an MIC value of 0.5 mg/ ml, while t8e sciuri JX966436.1 andS. xylosus
KF198080.1 strains, an MIC value of 0.06 mg/ml. The remgisinains were susceptible to
0.03mg/mL of methicillin, ampicillin and vancomycin.

Concerning resistance against ampicillin, $1exylosusCP008724.1strain was showto be
resistant ta0.5 mg/ml,whereasS. xylosusIX966436.1S. bovis saprophyticcus€J699151.1
andS. piscifermentanslR116436.were resistant to 0.125 mg/ml a8d sciuriJX519590.1,
S. xylosu&kF198080.1 and. xylosugX010980.1 were resistant to 0.06 mg/ml.

The MICs estimated in this study are in accordance to a previous evaluati@nresistance

of S. aureusstrains isolated from meat, dairy products and rdaedat food (Aydin et al.,
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2011), which showed MIC values of 0.03 mg/mL for penicillin estimated for 91 isolated
strains.

Staphylococcus spand S. piscifermentan®NR1164361 are vancomychHnesistant strains
presenting an MIC of 1.0 mg/mL and tBe saprophyticcubovisKJ699151.1 strain and two
otherS. xylosusstrains, JX010980.1 and KF198080.1, presented an MIC of 0.06 mg/ mL of
vancomycin.

There is still a lack of infor@ttion regarding antimicrobial resistance of staphylococci strains
isolated from food matrices, although they are the most worrisome vehicles of antibiotic
resistant pathogen dissemination (Mathews et al., 2007; Sergilidis, 2014).

The high resistance obsex in the present study for cheese staphylococci can be due to the
inappropriate use as growth promoters of some antimicrobial agents, such as oxacillin,
vancomycin, chloramphenicol, neomycin and erythromycin, which are commonly used in
veterinary medicindo treat infections Rhillips et al., 2004) Antimicrobial resistance of
staphylococci in dairy products could be the result of the incorrect use of penicillin in the
treatment and prevention of mastitis in different ruminant animals (Sampimon et a)., 201

The resistance of the isolated CNS to antibiotics of therapeutic importance becpuidis a
health problemsince themanufacturingprocesses oMinas frescal cheesecannotkill the
strains or inactivate the toxins, making an apparently safe food tbause of serious
gastroenteritis with the ability to disseminate pathogens with ‘magistance to antibiotic
therapy

The safety of Mina$rescalcheese consumption could also be enhanced by the inclusion of a
microbial barrier, such as the inclusiohprobiotic strains producing natural antibiotios
competitive flora or even the addition of natural bioagents against spoilage or pathogenic

microorganisms.
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CONCLUSIONS
The results demonstrated here in contribute to a more accurate understandiegCdfSh
microbiota from Minasfrescal cheese, a daigroduct largely consumed in Brazil. The
structure of the CNS microbiota was composed of 10 distinct strains distributed in four
species, with high genetic similarities, that carry multiple enterotoxieggentheir genome
and are able to express and produce these enterotoxins. Five strains were homologous to
species from food microbiota and five strains were homologous to species previously found in
distinct microbiota: human, clinical specimens, solil plahts.
Minas frescal cheese contamination can ocdwy inadequate manufacturing practices or
inadequate storage conditions, use of contaminated milk, or even due to the-phgsiccal
features of the cheese matrix, that is favorable to the growtiesé tmicroorganisms
In addition, there is also ability of CNS strains to produce enterotoxins. The additional safety
hazards associated with thestrains mostly include antimicrobial resistance to the
compounds commonly used to treat staphylococci imiest Antimicrobial esistance of
CNS strains from food matrices can spread in populations by the cptisanof an

apparently safe food.
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Legends

Fig 1. Phylogenetic trees generated from the multiple alignment of 16S rDNA sequences from
the 10 distinct CNS strains found in Minfisscalcheese byhe Clustal X 2.0 software using
Mega 6.0 and thenweighted pair groupnethod UPGMA). Bootstrap values ranged from
00t00.3. T

Fig S1. CNS species found in Mind=escalcheese
Fig S2. Frequency of enterotoxin genes found in CNS from Minescalcheese

Fig S3 Phylogenetic trees generated from the multiple alignment of 16S rDNA sequences
from 42 strains CNS identified of strains of Min@sscal cheese obtained by the Clustal X

2.0 software using Mega 6.0 and theweighted pair groupnethod UPGMA). Bootstrap
values ranged from 0.0 to 0.3.

Fig 2. Uniplex, duplex and multiplexPCR screening to detect enterotoxin genes in CNS

strains from Minas frescalcheese

DNA templates obtained from 11 CNS strains isolated from Miregsgalcheese were texi by PCR using the
primer set targeting fasea, seb, sec, sed, see, selg, selh, seli, selk, selq, sefresetPanel A Lane M100
bp DNA ladder plus (FermentaSpsterCity, CA, USA), laneATCC 2923- S. aureus ATCC 2923 carryirsga
gene; lane NCT10654- S. aureusNCTC10654 carryingebgene, lane ATCC19095. aureusATCC19095
carrying thesecgene, laneATCC13563- S. aureuATCC 13563carrying thesedgene,lane ATCC27664 S.
aureusATCC27664carrying theseegene;Panel B Lane M100 bp DNA hdder plus, lan&TCC 19095 S.
aureusATCC 19095 carryingelg selh seljenesPanel C: Lane M100 bp DNA ladder plus, lank114799.%
Staphylococcus sppX114799.1 lanesNR074999.1- S. saprophyticculNR074999.1Jane CP008724.1 S.
xylosusCP008724 lane KJ949606.1- S. saprophyticcu&J949606.1 Panel D Lane M 100 bp DNA ladder
plus, lane KJ949606S. saprophyticcukJ949606, lane JX519590-1S. sciuriJX519590.1]ane JX966436.1-
S. sciuriJX966436.1;Panel E Lane M 100 bp DNA ladder plus, tee KJ 699151.1- S. saprophyticcu&J
699151.1, lane JX010980:1S. xylosusI]X010980.1;Panel F: lane ATCC 14458- S. aureusATCC 14458
carryingselk, selq, selr, slegene,Janes JX490122.4S. saprophyticcugX490122.1
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Table 1. Primerset forV5 16S rDNA sequencing and PCR/real time-RTR tests targeting
the classical and newdgescribed staphylococcal enterotoxin genes

Sequented®) (51 Gene Amplicon References
(bp)

SEA TTGGAAACGGTTAAAACGAA sea 120 Johnson et al., 1991
SEA GAACCTTCCCATCAAAAACA
SEB TCGCATCAAACTGACAAACG seb 478 Johnson et al., 1991
SEB GCAGGTACTCTATAAGTGCC
SEG GACATAAAAGCTAGGAATTT sec 257 Johnson et al., 1991
SEG AAATCGGATTAACATTATCC
SED CTAGTTTGGTAATATCTCCT sed 317 Johnson et al 1991
SED TAATGCTATATCTTATAGGG
SEE TAGATAAAGTTAAAACAAGC see 170 Johnson et al., 1991
SEE TAACTTACCGTGGACCCTTC
SEG TGCTATCGACACACTACAACC seg 704 McLauchlin et al., 2000
SEG CCAGATTCAAATGCAGAACC
SEH CGAAAGCAGAAGATTTACACG seh 495 McLauchlin et al., 2000
SEH GACCTTTACTTATTTCGCTGTC
SEk GACAACAAAACTGTCGAAACTG sei 630 McLauchlin et al., 2000
SE| CCATATTCTTTGCCTTTACCAG
SH.J CAGCGATAGCAAAAATGAAACA selj 426 Rosec & Gigaud., 2002
SH.J TCTAGCGGAACAACAGTTCTGA
SH-M¢ CCAATTGAAGACCACCAAAG selm 517 Omoe et al., 2003
SH.M;, CTTGTCCTGTTCCAGTATCA
SH-N¢ ATTGTTCTACATAGCTGCAA seln 682 Omoe et al., 2003
SH.N, TTGAAAAAACTCTGCTCCCA
SH.G; AGTCAAGTGTAGACCCTATT selo 534 Omoe et al., 2003
SH. O, TATGCTCCGAATGAGAATGA
SH.Ks ATGAATCTTATGATTTAATTTCAGAATCAA selk 545 Sergeev et al.,2004
SHK, ATTTATATCGTTTCTTTATAAGAAATATCG
SH. Q¢ GGAAAATACACTTTATATTCACAGTTTCA selq 539 Sergeev et al., 2004
SHQ: ATTTATTCAGTTTTCTCATATGAAATCTC
SH.R¢ AATGGCTCTAAAATTGATGG selr 363 Holtfreter et al., 2007
SH.R, TCTTGTACCGTAACCGTTTT
SH_Us AATGGCTCTAAAATTGATGG selu 215 Holtfreter et al., 2007
SH.U, ATTTGATTTCCATCATGCTC
TSTH1 ATGGCAGCATCAGCTTGATA tstH1 350 Johnson et al., 1991
TSTH1 TTTCCAATAACCACCCGTTT
16S rDNA ATA AGA CTG GGATAACTT CGG G 16SrDNA 500 Mason et al., 2001
16S rDNA CTT TGAGTT TCAACCTTG CGG TCG

f-forward; rreverse
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Characterization
CNS strains Genotypic Phenotypic
Staphylococcuspecies Number of Presence of enterotoxin genes mRNA Ct values mRNA semk Enterotoxins
strains found detection quantitative evaluation production
(N=45) (arbitrary units) (ng/mL)
Staphylococcus spplX114799.1 n=3 sea, sed, seh, sli sea 31+0.4; 1.3 0.55+0.01
Staphylococcus saprophyticdéR074999.1 n=5 sea, sec, sed, see, seh, sei - - - 1.8+ 0.04
Staphylococcus saprophytici&l949606.1 n=6 sea, seb, see, seh sea, seb, seh, 27.0+0.5; 28+0.3; 31+1.0 1.6;0.8; 4.5 -
Staphylococcus bovis saprophyticus n=5 sea, seb, sec sea, seb 19.7+0.7; 26 £0.5 1.2;05 0.74+£0.01
KJ699151.1
Staphylococus saprophyticusiX490122.1 n=6 see, seh, sei, selk, selq, selr, selu see, selr, selu 4.8;0.1;0.8 0.81+0.07
Staphylococcus xylosusP008724.1 n=3 sea ,see - - - 1.02+ 0.05
Staphylococcus xylosusF198080.1 n=3 sea, seb, sec, sedesgseq, seh, sei sed 27.6£1.0 3.7 1.0£0.03
Staphylococcus xylosu$¥X010980.1 n=4 sea, seb, sec, sed, see, seg, sei, sel sea, seb, sec, sed, se. 33+0.4; 29 +0.133£1.8;2510.2; 3.6;22;1.8;0.7; 1.0; 0.71+0.08
selq, selr selk, selr, selu 29.31£1.8;35+1.0; 34+1.0; 29+0.7 0.1;0.1;1.0
Staphylococcus sciurdX519590.1 n=4 seg seb - - - 0.12+0.01
Staphylococcus sciuriX966436.1 n=3 sea, sepsec seb 3310.8 3.2 0.26+0.01
Staphylococcupiscifermentans n=3 sea, &b, sec, sed, seh, sei sea, sed 33.16+1.8;19+0.4 9.2 0.36+0.02

NR116436.1

The presence of enterotoxin geses, seb, sec, sed, see, seg, seh, sei, selj, selk, selm, seln, selo, selq, selr, seas tstttdd by PCRsing specific sets of primers.
mMRNA transcipts forsea, seb, sec, sed, see, seg, seh, seli, sej, selk, selm, seln, selo, selq, selr, sElerstrttoxins genesere evaluated in triplicate by real time TR tests.
SEA-SEE enterotoxin production was evaluatedrognunesorbeniassaygELISA) using a detection kit (RIDASCREEN® SET A, B, C, D, E). Values are displayed as the tn®8Brd assays performed

in duplicate.

mRNA semi quantification was performed in arbitrary units in comparison with the mrRNA level for the same gene estintated teference strains.



85

Table 3. Multiple —antimicrobial resistance of CNS strains found in Mifrascalcheese, Rio
de JneireRJ, Brazil

CoNS strains Antimicrobial agents resistance *Multiple antimicrobial
resistance (MAR) index
Staphyloceas sppJX114799.1  SXT, CIP, NEO, GEN, CLO, VAN, CLI, TET, CPM, OXA, PEN, CF 0.93
S. saprophyticé$R074999.1 SXT, CIP, NEO, GEN, CLO, VAN, CLI, RIF, CPM, OXA, PEN, CFO, 0.93
S. saprophytic&]949606.1 CIP, NEO, GEBILO, VAN, OXA, PEN, CFO 0.53
S. sciuriJX519590.1 OXA, PEN, TET, ERI 0.26
S. sciuriJX966436.1 SXT, VAN, OXA, PEN 0.26
S. saprophyticukJ 699151.1 CLO, VAN, OXA, PEN, CFO, ERI 0.40
S.piscifermentaridR116436.1 SXT, CLO, VAN, CLIT,TEIF, OXA, PEN 0.53
S. xylosukKF198080.1 SXT, CIP, NEO, CLO, VAN, CLI, TET, RIF, CPM, OXA, PEN, CFO, 0.93
S. xylosu€£P008724.1 SXT, CIP, NEO, CFO 0.26
S. xylosugX010980.1 CIP, NEO, VAN, CLI, TET, RIF, CPM, OXA, PEN, CFO, ERI, L 0.86
S. saprophyticuk¥490122.1 SXT, CIP, NEO, GEN, CLO, VAN, CLI, RIF, OXA, PEN, CFO 0.73

*The MAR Index of an isolate is defined as a/b, where a represents the number of antimicrobials to which the isolate was
resistant to and b represents thenbar of antimicrobials to which the isolate was subjected to.

S. aureusstrains ATCC WB81geg, ATCC 13563 ¢ed, ATCC 27664 ged with MAR index = 0.5 ancB. aureus strains
ATCC14458 $eb) ATCCWB72 6eg andS. xylosus\TCC 29971 with MAR index = 0.3 &re used as reference strains.

SXT- sulfamethoprim, CIR ciprofloxacin, NEG- neomycin, GEN gentamicin, CLO chloramphenicol, CL} clindamycin,

VAN - vancomycin, TETtetracycline, RIF rifampicin, CPM- cefepime, OXA- oxacillin, PEN- penicillin, CFO - cefoxitin,

ERI - erythromycin, LZDi linezolid.
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Fig 1- Nunes et al., 2015
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Fig 2. Nunes et al2015
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Abstract

The risks of contracting staphylococci food poisoning by the consumption of improperly
manufactured salami and the possibility of these food matrices being reservoirs for antibiotic
resistance were elmted Nineteen distinct coagulasegative staphylococci (CNS) strains
were found in commercial and artisanal salami. The species identified in commercial salami
were S. saprophyticysS. sciuri, S. xylosusand S. carnosusArtisanal salami showed the
presence ofS. succinus, S. epidermidasd S. hominisbut no S. carnosusPhylogenetic
analyses grouped the strains into three major staphylococcal species groups, comprised of 4
refined clusters with similarities superior to 90Fiiteenstrains harbored uoftiple enterotoxin

genes, with a high incidence séb/secand seaof 57% and 50%, respectively, intermediate
incidence ofsed/selgelm and sei/seln/tstH of 33% and 27%, correspondingland low
incidence ofsee/selj/seloand seg, of respectivelyl3% and1%. Real time RTPCR and
enzymelinked immunosorbentissay(ELISA) assays confirmed the enterotoxigenicity of the
strains, which expressed and produced enterotoxingro. The CNS strains showed muilti
resistance to several antimicrobials of therapemutgortance in both human and veterinarian
medicine, such as-Rctams, vancomycin and linezolidhe effective control of undue
staphylococci in fermented meat products should be adopted to prevent, or, at the very least,
limit, the risk of food poisonin@gnd the spread of antimicrobiasistant strains.

Key-words:

classical and newddescribed enterotoxins; transcription and expression; Hnadistance to
antimicrobials; PCR, real time RPFCR, ELISA assays
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1.0 Introduction

Staphylococcal food poisoning is an illness caused by the ingestion of contaminated food
containing enterotoxins produced by bacteria belonging to this genus. Enterotoxins that exhibit
superantigenic activities are heat stable proteins and may not beoyk$teven during
cooking conditions.

In Brazil, according todata fromthe Ministério da Saude (Ministrpf Health)
staphylococcapoisoning isthe second most commdaod-borne diseasg ranking only after
outbreaksinvolving Salmonellaspp (ICMSF, 198). Staphylococcus classified as coaguase
positive are considered potential food enterotgpoducing strains (ICMSF, 1983), although,
recently, the enterotoxigenic potential of coagulase negative (CNS) species in food poisoning
has alsdbeenrecognizedVeras et al., 2008).

Initially, enterotoxin SEs family members were divided into five serological types (SEA
though to SEE) based on their antigenicity (Omoe et al., 208#ariya, Smith and Thapalliya,
20149). In recent years, however, newdescribed ypes of SEs SEG, SEH, SEI, SEIJ, SEIK,
SEIL, SEIM, SEIN, SEIO, SEIP, SEIQ, SEIR and SEIU, with amino acid sequences similar to
the classical SEs, were discovered. These ndeggribed enterotoxins are designated as SE
or SElike (SEI), according to theemetic properties displayed in a primate model following
oral administration (Omoe et al., 2013).

The toxic shock syndrome toxih (TSST1) is also a member of the-8Hated toxin
family and has the ability to stimulate large populations of Tcells @m ni ng a parti c
element in their Icell receptors (TCR). Like other superantigenic toxinfypasses normal
antigen presentation by binding to class Il major histocompatibility complex molecules on
antigenpresenting cells and to specific varialbegions on the betzhain of the Fcell antigen

receptor. Through this interaction, a massive proliferation of T cells at orders of magnitude
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above antigerspecific activation occurs, resulting in a massive cytokine release that is believed
to be responBle for the most severe features of TSST (McCormick et al., 2001).

Enterotoxin (SE) genes are encoded in mobile genetic elements, such as plasmids,
prophages, an8taphylococcupathogenic islands (SaRiBaba et al, 2002).

Salami is a kind of dry sauga obtained by the microbial fermentation of raw pork
meat, using Staphylococcatarter culturesas technological accessories to ferment the product
and give it its organoleptic characteristics. In Brazil, Italian type salami, similar to salami
produced n Southern Europe, is avidly consumed, with a production trade3. @03 tons
between 2000 and 2014 (ABIPECS, 2014).

S xylosus S equorum and S carnosusare part of the starter culture microbidtet
participatein the reactions required for creatinige flavor and aroma during the maturing
period of fermented meat productiafdplec et al., 2008)n addition, other species, such&s
epidermidis S. pasteuriS. sciurj S. succinusmay also occasionally be present in meaningful
amountgRavyts et al., 2012

However, even the combination of physical and chemical barriers cannot always
guarantee the stability and microbial safety of starter cultuemtamindion of salami
fermentationstarter culturanicrobiota by pathogenic coagulasegative staphylococci strains
(CNS) is perhaps the most harmful facitothe productiorof cured meat productsjnce these
pathogens are able to produce k&table enterotdrs with superantigenic activities in food
matrices(Ohlsson et al., 20Q0Bernardi et al., 2010).

Staphylococci species are not usually identified at the species level by routine
laboratory testing and commercial kits, since phenotypic discriminatiorotagliably identify
these species due to the variable expression of some phenotypic traits (Irlinger, 2008). For this

purpose, molecular techniques, including nucleotide sequencing withit6geDNA hsp60Q


http://www.sciencedirect.com/science/article/pii/S0168160513003255#bb0240
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tuf, sodA and rpoB genes have been succedsfulsed to identify Staphylococcus species
(Ghebremedhinet al., 2008).

Depending on the conditions, some species of coagukgative staphylococci can
present health risks, since they hav®mwn resistance to several antibiotics of therapeutic
importane, such ab-lactams (Babic et al., 2011).

The aim of the present study was to identify the members of the CNS microbiota from
salami. We sampled the salami marketed in Brazil, comparing the CNS microbiota in salami
produced by industrial companies andairtisanal salami manufactured by small producers.
The CNS strains were identifidoly sequencing of a 16S rDNA region and the phylogenic
relationships between the observed species were established. The presence of multiple genes
encoding the classical amewly-describedsésel and tstH1 toxins in the CNS genomes was
investigated. The risk of food poisoning was assessed by evaluating the ability of the CNS
strains in transcribing and expressing the classical and +oeglyribed enterotoxins vitro by
using real time RTPCR andenzymelinked immunosorbentassay (ELISA) assays.The
resistance of the isolated strains to antimicrobial agents of therapeutic importance in

staphylococci infections was also evaluated.

2.0 Materials and methods

2.1 Isolation of Bacterial Strains.Six samples of distinct brands of salami in triplicates
inspected by municipal, state or federal and collected in the municipality of Rio de Janeiro were
stored inlow density polyethylene bag$Samples showed acidic pH of 5%, 4.0 ng of

sodium and Aw of 0.930.96.Twenty five grams of cheeses were added to 225 mL of 0.1 %
peptone water. The suspensions were transferred to homogenizer bags (Interscience, Saint
Nom, France) and coupled to a Stoma@hé®0 circulator (Seward, WorthingVest Sussex,

UK) at 260 rpm for 1 minThe suspensions were serial diluted frd@? to 10° and 100 pl of
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eachdilution was inoculated onto 20 pl daird-Parker agar containing egg Yyotkllurite
emulsion (BPAp RPF, bioMerieux, France) inacubated in’ & for 24 h Conventional
microbiology procedure were performefibllowing instructions toBergey's Manual of
Systematic Bacteriology, whereeighty colonies presumptive of coagulasgative
staphylococci (3L0 colonies of each sample) were tested by Gst@ming, catalase, coagulase
and thermostable DNAase activiti@$e sixty presumptive CNS strains westored at -80°C
in tryptone soy agar (TSABD BBL Franklin Lakes, New JersgyUSA) plus 45 % v/v

glycerol. Cultures were grown Brain heart infusiofBD BBL™) media at 37 °C for 24 h.

2.2 DNA PreparationThe strains were culturegierobicallyovernightin 10 mL Brain Heart

Infusion brothBD BBLE, Le PBrancgtat 30°€ fol24 BThexsyggestive CNS

colonies were adjusted to ®WOFC/ mL in a spectrophotometer and harvested by centrifugation

at 5,700 x g for 1 min. The cell pellet was used for DNA extraction using the DNeasy bloo

and tissue kit (QiagenDusseldorf, Germany, foll owing the manufact
Genomic DNA was quantified si ng t he Qubi't f |GuaadrIslamk Nesvr (| n v |
York, USA) and Qubit assay kits

2.6 16S rDNA Sequencindamplification of the V5 region of 16SrDNA fragment was
performedusing50 ngof DNA templatedrom the 65 straindound in the salami samples. PCR

was performedinder the following condition®5°C for 10 minfollowed by 30 cyclesit 95°C

for 305 60°Cfor 30s and72°C for45sanda final extensiorat 72°C forl0 min.PCR products

were purifiedusing thePCRDNA Purificationkit (Applied Biosystems, California, USAnd
sequencedsing 20 ng purified DNAand 13ul of primersetsin afinal volume of2 0 . Aftler

amplification, products werepurified according tahe protocolo f t h e  Bdrngnatgre E
Purification X kit (Applied Biosystems, California, USAnd sequencedn a3130sequencer

Genetic Analyze(Applied BiosystemsCalifornia, USA).The sguences were compared to the


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com
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16S rDNA gene sequences of Staphylococcus species available at the GenBank database
(http://www.ncbi.nlm.nih.gov/Genbank/index.himl Multiple sequence alignmentsvere

performed using Clustal V\IK{oto University, Bioinformatics Centghttp://align.genome.jp/).

2.7 Phylogenetic AnalysaBhylogenetic relationships between the CNS strains were performed
by sequence @inments using the Clustal X 2.0 software package (Larkin et al., 2007). The
phylogenetic trees were constructed using the software Mega 6.0 and UPGMA methods

(Sneath and Sokal, 1973).

2.3 PCR Tests
2.3.1 Primer sequences and target gergmer sets #nking thesea, seb, sec, sed, see, seq,

seh, seiselk selm seln selq selq selr, seluandtstH1sequences are listed in Table 1.

2.3.2 Uniplex duplex and multiplelCR Tests UniplexPCR tests targeting théstH1

sequence and duplCR targetinghe sea/ selandsec/ sedsequences were performdRiCR

mixtures containe@5 pl of 20 mM MgCh, 10x PCR buffe | nvi t r ogen E, Grand |
York, USA), 100 mM dNTP mixXFermentas Thermo Scientifigjinius, Lithuanig, 0.2 mM of

each primer(Table 1) 0.5 U Taq DNA polymerasd (nvi t r ogen E, Grand | sl a
USA) and 100 ng of DNA templates. Uniplex and dupR®@R assays were performed under

the following conditions: 94°C for 5 min followed by 35 cycles of 94 °C for 2 min, 53 °C for 2

min and 72 °Cfor 1 min for extension, ending with a final extension at 72 °C for 7 min,
according to Mehrotha, Wang and Johnson (2000), with modifications in the annealing
temperatureysing a thermal cycler (MyCycler, BIO RAD, Hercules, CA, USFhe amplified

fragments were visualized on 1.0% agarose gels (Sigma) stained with GelRed (dilution 1:1000)
(BioAmerica, TelAviv, Israel) and documented on a transilluminator (MiniLumi Imaging Bio

Systems, BioAmerica, TelAviv, Israel).


http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.bic.kyoto-u.ac.jp/
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2.3.3 MultiplexPCR tests.Multiplex-PCR assays were performed by the simultaneous
amplification of thesee, seg, seh, sei, selj, selm, seln, selo, selk, selgnseelusequences

using the primer sets listed in Table 1. Each
Tag DNA polyme a s e, 10x PCR buffer, 100 mM each dNTP
ng of DNA template. DNA amplification cfee, seg, sedmdseiwas carried out as follows: 95

°C for 5 min, 35 cycles of 95 °C for 30s, 53 °C for 90s and 72°C for 90s, and a finali@xtens

at 72°C for 10 min. The DNA amplifications of tkelj, selm, selandselogroup and theelk,

selq, selrand selu group were carried out in the same conditions (Omoe et al., 2005). PCR
products were visualized by electrophoresis on 1.2 % agarosé@Ugédsience do Brasil, Sdo

Paulo, Brazil) in 1x TAE (Trisboric acidED T A) buffer st dofrGeldled by 0. 5
(BioAmerica, TelAviv, Israel) and documented on a transilluminator (MiniLumi Imaging Bio

Systems, BioAmerica, TelAviv, Israel).

DNA templaes from the following reference strains were usedaureusATCC 29231 6e3,

S. aureusATCC 14458(seb, tstH, selk, selq, selr, sgl&. aureusATCC 19095 §ec, seg, seh,

se)), S. aureusATCC 13563(sed, S. aureusATCC 27664(seg, andS. aureusATCC 27154

(selj, selm, selmandselg andS. xyloSUATCC 29971.

2.4 Enterotoxin Expression Assaysie observed strains were cultusagtobicallyovernightin

10mLBr ain Heart | nfusion BrotHlanc@&B7°B®Bri7EhL. Le Po
Bacteria supernatants were collected by centrifugation at 4,000 x g for 10 min and used for the
detection of SEA, SEB, SEC, SED and SEE by an ELISA assay using a commieteaion

kit (RIDASCREEN® SET A, B, C, D, E Art. No: R4101,-Bopharm AG, Germany). The

assaywas performed according to the manufacturer's recommendatidnas described
elsewherdRahimi and Ghasemian Safai, 2010). Tinean lower limit of detection dhe assay

was 0.25 ng mt. The threshold is defined as the average OD of two negative controls plus
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0.15, a constant established by the Bamples containing SEs showed absorbance values

equal or greater than the threshold value. All experiments veef@rmedin duplicate

2.5 Real time RPCR Assays.The cDNA synthesis was performed by using the High

Capacity cDNA Reverse Transcription Kit (Applied Biosystems, California, USA) as follows:

4.0 ug of RNA, 2.0 pL of 10 RT buffer, 0.8 pL de dNTP mi§l00 mM), 2.0 pL of 10 RT

random primers, 1.0 OL MultiScrifteeHO.Thever se t
conditions were optimized under the following conditions: step 1 in 25°C during 10 min, 37°C

for 120 min, 85 °C for 5 min in a ABI PEBM 7500 Fast RIPCR system (Applied

Biosystems, California, USA). Samples were plated in triplicate iwébplates as follows: 12

el of the Syber Green PCR Master Mix, 1 el of
sdj, sdm, sén, sdéo,sdq, sér,sdu) ( Table 1) and 4.5 ¢l of the
well. Amplification was performed under the following conditions: 95 °C for 15 min, 40 cycles

at 95 °C for 15s, 54 °C for 30s, 72 °C for 30s. The dissociation curve was perfor8edGt

for 15 sec, 54 °C for 30 sec, 95 °C for 15 sec. DNA templates from reference Straumgus

ATCC 29231 6e3, S. aureusATCC 14458(seb, tsst, selk, selq, selr, sel8) aureusATCC

19095 éec, selg, selh, sgliS. aureusATCC 13563 §ed, S. aireusATCC 27664(seg andS.

aureus ATCC 27154 (selj, selm, seln, selowere used as controls. Gene expression was
estimated by theemi quantification of mMRNA (arbitrary units) in comparison with the mRNA

content from reference strain€t valueestimatons, the standard deviations and the cDNA
guantification were calculated using the GraphPad Prism 5 software package. Calibration
curves based on five points were constructed in triplicate corresponding to serial dilutions (1,

1:10, 1: 100, 1: 1000 and 10000) from 100 ng of a DNA template stock solution. 16S

mMrRNA was used to normalize enterotoxin expression levels.
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2.8 Antibiotic Susceptibility Testén inocula of each straiequivalent to a 0.®cFarland

scale wasswabbed onto a Muller Hinton agalafe BD BBL Franklin Lakes, New Jersey
USA) and the antibiotic disc was then placed on the plate followemvbgnight incubation at

37 °C. The inhibition zone was interpreted according to the Clinical Laboratory Standard
(CLSI) Guidelines, formerly known as the National Committee for Clinical Laboratory
Standards. The tested antibiotics weeicillin G (10 un) oxacillin (1g), neomycin (301g),
sulfamethoprim (51g), clindamycin (2ng), gentamicin (10vg), cefoxitin (30ng), rifampicin

(5 ng), eritromycin (151g), tetracycline (3Gvy), vancomycin (361y), ciprofluoxacin (51g),

sulfazothrim (23rg), cefepimg30ng), linezolid (30ng) and chloranphenicol (3@y).

2.9 Minimal Inhibitory Concentration (MIC) Determination$he MICs of vancomycin,

linezolid, methicillin and ampicillin were determined by the maditation broth method based

on CLSI recommendati®n using iRhouseprepared panels (NCCSL, 2003). Antibiotic
concentrations of 0.03, 0.06, 0.125, 0.25, 0.5, 1.0 and 2.0 myweke tested. One mL of

broth was transferred to the tubes and 800 of t he bacteria sUspensic
CFU/mL in sdine 0.85% according to ®.5 McFarland scale and transferred to tubes
containing 1 mL of each antimicrobial. Strains were growNlirelleri Hinton broth(BD BBL

Franklin Lakes, New JerseYJSA) and the MIC was estimated as the lowest antibiotic

concentration that inhibits visible growth after 2NCCSL, 2003).

3.0 Results and Discussion
3.1 Isolation and iderfication of coagulas@egative strains from salamiSixty-five
presumable coagulasegative staphylococci microorganisms from salarare isolated by

colony morphology, coagulase slide test, subsequent tube test, and biochestsbgl colony


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCQQFjAB&url=http%3A%2F%2Fcatalog.bd.com
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morphology coagulase slide test, subsequent tube test, and biochéesisalhe sequencing

of the V5 region of 16S rDNA fragment of those strains was discriminative enough to
differentiate theStaphylococcussolated from salami at the species levésimilarity > 95%).

The 62 strains were identified as staphylococci and 03 strains as Staphylococcus spp. by
sequencinghe V5 region of 16S rDNA fragmeaind among them there were 19 were distinct
strains CNS and 01 specie Staphylococcus spp. (Tablh@)sequenog o the V5 region of

the 16S rDNA fragment of the strains was discriminative enough to differentiate the
Staphylococcussolated from salami at the sgipecies level, with the exception of 1 strain,
identified up to theStaphylococcus spgenus.

Nineteen distinct strains were identified as CNS in salami with 09 of 19 (47%)
identified asS. saprophyticusthe predominant species, followed by 05 strain§okylosus
(26%), 02 strains o6. carnosug10%), and 01 strain of each of the following spectes:
succinus, S. sciuri, S. epidermideslS.hominis(5% each) (Table 2).

The 09 S. saprophyticcusstrains were identified as KJ699151.1, AB697717.1,
JX490122.1, KJ0O04623.1, and HQ699510.1, EU430992.1, HF937252.1 and KJ949606.1, with
the latter two andS. sciuri JX966436.1 being homologous (98%) to strains from the
environment. FiveS. xylosusstrains, CP007208.1, KF198080.1CP008724.1, AM882700.1
and KC456590.1 and a sindgiesuccinusstrain,KC329824.1 were identified. The last thige
xylosus strans and theS. succinusstrain are homologous (9B8%) to strains found in
fermented meat or meat starter cultur@sxylosusCP007208.1 showed homology (98%) to
potential opportunistic pathogenic strains from mammal species.

The S. carnosusstrains iderified wereKJ862002.1and NR116434.1and the latter, as
well as the singleS. hominisJX519988.1 (98®7%) identified,were homologoug97%) to

species from human microbiota.
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S. carnosusand S. xylosusare commonly useds commercial starter cultures for
sausage manufacturin¢Cobriere et al., 2007) b8. succinudas also been observed in dry
fermented sausages and its use &ader culture has been already proposed (Talon et al.,
2008. A single isolated strain was identified up to the subspecied (8. saprophyticcus
subspbovisKJ699151.1)

The diversity of CNS microbiota found in the samples analyzed in the present study
could be related to the origin of the salami. The microbiota from the artisanal salami showed
greater biodiversity when coraped to the commercial salami. In commercial sala®i,
saprophyticusvas thepredominant species, b& xylosus and S. carnosudso observed in
commercial salami, are commonly isolated from starter cult{ebriere et al., 2007)The
predominance d%. saprophyticufollowed byS. xylosudas also been reported in salami from
South Italy Mauriello et al., 2004), similar to Belgian sausages, wlereaprophyticcus/as
the most frequently detected species (Janssen et al., 2012).

S. carnosusvas not oberved in artisanal salami, b8t succinusS. epidermideandS.
hominiswere detected.

The biodiversity of the CNS staphylococci species found in microbiota depends on the
kind of meatfermented product, but CNS strains suchSassaprophyticus$. aurcularis S.
xylosusS. capitis S. hominis S. carnosusS. haemolyticus, S. warng8. equorumsS. cohnij
S. capitisandS. intermediutave been describéa Napolitype salami Sremska sausageafy
sausagestaw meat and naturally fermented meataf@ita et al., 2004; Kozachinski et al.,
2008;Coton et a., 201Q;eroy et al., 201p

During the last decadeS. epidermidesnd S. saprophyticushiave been described as
emerging pathogens (Hosseinzadeh & Saei 2084 kaprophyticuss considered a fre@unt
contaminant of fermented sausages and raw meats, and has been isolated from rectal swabs of

cattle carcasses and pigs. In humans, the main reservoB. adaprophyticusis the
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gastrointestinal tractPjette & Verschraegen, 2009. saprophyticcuandS. epidermidisan
be opportunistic pathogens, isolated from the human urinary tract, and the presence of these
species in food should be taken in account concerning possible contamination of the starter
inoculum and/or improvements in the salami manufaaguprocess (Irlinger, 2008).

Others CNS species observed in the present study are mainly associated with ordinary
food contaminantswith S. epidermidisand S. hominisbeing the dominant species in human

skin and occasionally isolated from tsi@n of danestic animals (Moura et al., 2012).

3.2 Phylogenetic relationships of the CNS identified in sal@NiS strains can be grouped in
four species group$Saprophyticcus, Simulans, Epidermidis and Haemolytietequently, the
Saprophyticcuspeciesgroup ncludesS. xylosusand S. saprophyticcyswhile the Simulans
species group is comprised 8f carnosusand S. piscifermentanshe Epidermidisspecies
group is composed dB. epidermidis, S. capitis, S. capraed S. saccharolyticcusand the
Haemolyticcusspeciesgroup encompasseS. haemolyticcus, S. homingd S. devriesei
(Lamers et al.,, 2012; Suzuki. et al., 201R).the present study, the main clustgouped
severalS. saprophyticustrains, namely: KJ699151.1, AB697517.1, KJ949606.1, JX490122.1,
KJ004623.1, fourS. xylosusstrains CP008724.1, CP007208.AM882700.1, KC456590.1
strainsand theS. succinusKC329824.1 strain (Fig. 1). These strains are homologous to those
from fermented meat microbiotAdditionality, the 62 strains were identified asaphylococci
and 03 strains as Staphylococcus spp. by sequettuiny/5 region of 16S rDNA fragment
(Figure S3).

The subclusters of those clusters showed mismatches of species belonging to the four
species groups. The first subcluster grougedepidermdes HF088211.1S. saprophyticcus
HQ699510.1and S. carnosusNR116434.1and the second subcluster groupgg&dhominis

JX519988.1andthe S. saprophyticusU430992.1, all of them originally isolated from animals
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and human beings. The third subcluster inclusjgscies previously isolated from the marine
environment, such aS. xylosuKF198080.1, whileS. carnosuskJ862002.1is utilized as a
probiotic organism in foods. The fourth cluster grouped $hesciuri JX966436.1 andS.
saprophyticudHF937252.1 strains, which are homologous to species found in soil.

The CNS strains clustered in groups near the bodtitbthe phylogenetic tree are mostly
strains found in artisanal salami, whereas the species at the top of the tree are mainly CNS
strains found in commercial salami (Figl).

The close similarities between tH& saprophyticusAB697517.1 and KJ949606.1
strans, theS. succinusKC329824.1,S. xylosussAM882700.1, KC456590,1CP008724.1
strains,the S. saprophyticcusJ004623.1 andJ699151.1 strainandS. xylosusCP007208.1
are supported by a bootstrap value of 100T¥e interspecies similarities were ové0 %,
which demonstrates close phylogenies between these CNS stfainski et al., 2012
demonstrated a bootstrap value higher than 90 %inf@rspecies similarities betweef

saprophyticus, S. epidermides, S. homamdS. carnosus

3.3 Genotypic anghenotypic characterization of CNS straifisvelve distinct combinations of
staphylococcal enterotoxins genes were found in the 15 CNS strains, comprisingeESEBsJA
and also the enterotoxlike toxins (SEI) K-R and U (Table 2).

Fifteen strains (79%carried at least one gene encoding enterotoxins in their genomes. The
sebandsecgenes were the most predominant, harbored by 57% of the strains, followed, by
carried by 50%, whereas tlsed/seh/selngenesshowed intermediate incident®rbored by
33% of the strainswhile sei/selnandtsH1 were found in 27% of strains. Finallsee, selj and
seloshowed low incidence (13%) asdgwas carried by only 1 % of strains (Table 2).

The relationships between superantigenic toxin genotypes and toxkemgeaing mobile

genetic elements in CNS strains were evaluddetinct combinations o$aPland plasmids or


http://www.ncbi.nlm.nih.gov/nucleotide/665386940?report=genbank&log$=nucltop&blast_rank=1&RID=YTHFDVJB01R
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plasmids and genes efjcoperon enterotoxins were found in the CNS strains obtained from
salami.

Four strains presented only the classical ema&notgenes, namelb. saprophyticus
KJ004623.1and HF937252.1 S. xylosusCP008724.1and S. carnosuNR116434.1. Aother
strain,S. saprophyticusB697717.1 presented only the newbljescribed enterotoxirseh, sei,
selm and, finally, 10 strains presenteml combination of classical and newdgscribed
enterotoxin genes in their genomes, with at least one of each enterotoximalyjEe2)

Previous studies have shown th&EA is the most common toxin associated with
Staphylococcusfood poisoning, followed y SED and SEE, with SEH and SEI being
considered as playing only a minor r¢Rinchuk et al. 2010 Among the 15 enterotoxigenic
strains found in salami,3%6 of them harbored at least tbeagene or combinations of these
05 genes. StrainS. carnosuKJ862002.1, found in commercial salami a8d epidermidis
KF600589.1, found in artisanal salami, carry 04 of these gémesseaand sebenterotoxin
genes & known to occupy the same locus on the chromosome, which may explain why these
enterotoxins are commonly found together in food poisoning outbreaks (Moura et al., 2012).
The combination ofeaandsebgenes was found in 05 strair saprophyticugEU43092.1,

S. carnosukJ862002.1S. hominisIX519988.1S. saprophyticu&J949606.1andS. succinus
KC329824.1 A single strainS. carnosuskJ862002.1 showed the combinationsef and sei
genes.

Additionally, some CNS are able to produce TSIS@lone or incombination with other
enterotoxins. Herejn 04 of the 19 strains (21%),S. saprophyticusEU430992.1 S.
saprophyticus subsp. bowsl699151.1S. xylosus<CP0087241 andKF198080.1 were shown
to harbor thestH1 combined tcseand/orsel enterotoxin gere(Table 2).

The staphylococci enterotoxins gersegandsei (Monday & Bohach, 2001arepart of a

chromosomal operon gene clustexgg, comprising five genes designateelq selm sei


http://www.scielo.br/scielo.php?pid=S0001-37652014005030512&script=sci_arttext#B24
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selnandseg Two of the CNS strains determined in the present st&lysaprophyticus
EU430992.1andS. hominis)X519988.1were shown to carry theelm, selrandselogenes and
the selmand selnsequences were detected in the genome of a singia, §r saprophyticus
subsp.bovis KJ699151.1.S. epidermidiKF600589.1showed a combination cfegand sei
genesand 03 strains harbored a single gesa,or selm or selmperhaps due to the high degree
of genetic polymorphism in the chromosomal assgnjbhomas, 2006)Indrawattana et al.,
2013 detected the sesgisemsenseoof the highly prevalenégclocus was 26.1 % in contrast

of these study 13 % CNS presents the combineelof, selrandselogenes

The CNS strains clustered in groups nearkbgom of the phylogenetic tree carried the
classical enterotoxin genes, while the species at the top of the tree showed high diversity among
the enterotoxin genes, combining the classical and the raeelgribed genes in their genomes
(Fig. 1).

To asses the risk of staphylococcal food poisoning, the ability of the identified strains in
harboring these and sel genes and in expressing and producing enterotdringtro was
evaluated. The mRNA for each enterotoxin gene was evaluated by real tHRERBsays
and enterotoxin content was estimated saadwich enzyme immunoassay for the combined

detection ofStaphylococcuenterotoxins $ET) A, B C, D andE.
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The fifteen enterotoxigenic CNS strains were able to express the classical enterotoxins
SEA, SEB,SEC, SED, and SEBn concentrations ranging from 0.3 ng o 1.4 ng mL}, as
assessed by the in vitrassays (Table 2)The S. saprophyticufAB697717.1,KJ699151.1,
JX490122.1 KJ004623.1, andHF937252.1 strainsS. xylosusKF198080.1and S.carnosus
NR116434.1produced low amount of enterotoxins, lower than 0.5 ng*.n& epidermidis
KF600589.1, S. saprophyticus bovi&¥J699151.1and S. hominis JX519988.1 produced
intermediate amount of enterotoxins, ranging from 0.7 to MOmL*, while S. sciuri
JX966436.1,S. saprophyticu€U430992.1 S. carnosuskJ862002.1,S. xylosusCP008724.1
andS. succinukC329824.lpr oduced enterotoxins hngmltoncentr a

Although the sandwich enzyme immunoassisyconsidered the most sensitiveetha to
detect SEASEE enterotoxins, able to detect 0.325mL", differences in the specificity and
sensitivity of the assays for the detection of staphylococcal enterotoxins from foods are
expected (Pereira et al., 2009). A single str&taphylococcus gpKF135445.1 which harbors
both theseaandsebgenes, wasnable to produce SESEE enterotoxins.

The mRNA levels evaluated by the real time-RTR assays for enterotoxins were
detected in 12 of 15 strains (86%) (Table 2). Transcripts for the classiemb®xins genes
were detected whers. saprophyticusHF937252.1 S.carnosus NR116434.1,S. xylosus
CP008724.1and S. succinuskC329824.1 were assayedranscripts for newly described
enterotoxins were observed 8. saprophyticcusJX490122.1, AB697717,1S. sciuri
JX966436.1S. saprophyticus subsp. Bo#i§699151.5andS. hominis)X519988.1. Transcripts
from both the classical and newdigscribed enterotoxins were detectedSinsaprophyticus
EU430992.1 an&KJ949606.1andS. epidermidiKF600589.1

No mRNA transcripts were obtained f@. saprophyticuJ0046232.1 and. carnosus
KJ862002.1 although enterotoxin production was detected by thenzymelinked

immunosorbentests (Table 2).
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The 04 strainsthat carrytstH1 in their genome,S. saprophyticus£U430992.1 and
KJ699151.1and S. xylosu€CP008724.1 and KF98080.1, were not able to produce mRNA for
TSSTF1 in the assay conditions.

The production of classical enterotoximsvitro (immunologic test) matched the results
shown by real time R'PCR assays fahe following strainsS. saprophyticugxX490122.1S.
sciuri JX966436.1 S. saprophyticusEU430992.1 S. saprophyticusHF937252.1 S.
saprophyticus subsp. bovi€]699151.1 S. hominis]X519988.1 S. epidermidiKF600589.1
andS. succinu&C329824.1

Ten strains, namelyS. saprophyticusAB697717.1, S. saprophyticus£U430992.1,S.
saprophyticusHF937252.1 S. saprophyticu&kJ699151.1 S. saprophyticukJ949606.1,S.
succinus KC329824,1S. hominis JX519988.1, S. xylosusKF198080.And S. xylosus
CP008724.1S. epidermidiKF600589.1expressed mRNA for multiplse and/or sel genes.
There is a differential transcription among these genes, where the most frequent among the
classical ones wergebandsee/seatranscribed by 04 and 02 strains, respectively,th@anost
frequent among the newljescribed genes wesei and seh/seln/seltranscribedy 03 and 02
strains, respectively.

No mRNA for thesecgene was detected, althoughsaprophyticcusB697717.1 was able

to produce the enterotoxin vitro, as detcted by the ELISA assays.

3.6 Antimicrobial MultiResistance of CNS Strains (MRCN&)other safety hazard associated
with CNS strains besides the ability of producing enterotoxins in food matrices is the
antimicrobial resistance to antimicrobial agemdemmonly used to treat staphylococci
infections. The antimicrobial resistance carried by CNS strains from food matacebve

spread to the population by the consumption of an apparently safe food.
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Among the 19 CNS strains identified in salami, 14 showedlti-resistance to
antimicrobial agents. Three strains showed the highest MAR indices, 0.93 and 0.80; 07 strains
presented MAR indices varying from 0.66 and 0.46, and the remaining 04 strains showed MAR
indices O 0.26 (Table 3).

The 14 MRCNS strains weree s i s t-lactarns (axaxillinb penicillin and/or cefoxitin),
and to vancomycin, corresponding to 73% of the total CNS strains identified, while 09 strains
(64%) showed resistance to tetracycline and gentamicin, 08 strains (57%) were resistant to
neomyin, erythromycin and chloramphenicol, 07 strains (50%) were resistant to
sulfamethoprim, 05 strains (36%) were resistant to linezolid, 03 strains (21%) were resistant to
rifampicin, 02 strains (14%) were resistant to ciprofloxacin and cefepime and adi (3%6)
was resistant to clindamycin (Table 3).

The multiresistance of CNS strains demonstrated herein is consistent with previous
studies on coagulasegative and positive staphylococci that have found several resistant and
multi-resistantStaphylococusaureusstrains in raw milk, meat and fermented meat products
(Pereira et al., 2009).

Surprisingly, the resistance to chloramphenicol is very similar to that estimated for
MRCNS strains isolated from human clinical samplesieed, there is no direcbrelation
between the researched featueewl the origin of the staphylococci strains, since different
virulence factors are widespread, such as antibiettstance (Anacarso et al.,, 2013),
reinforcing the fact that the ability of food matrices stramgroduce SE and $&nd their
multi-resistance character must be considered when evaluating the safety hazards of food
poisoning

S. epidermidigKF600589.1and S. hominisJX519988.1 showed the highest MAR indexes
(0.93 and 0.80, respectively). These isgdound in artisanal salami are homologous to strains

isolated from human skin microbiota and should be carefully considered among the potential
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pathogenic staphylococci found in food from animal origins, which can be caused by
contamination by poor hygnic conditions during salami manufacturing.

Depending on the conditions, some species of coaguokgative staphylococci can
present health risks, since they hakiewsn resistance to antibiotics of therapeutic importance,
such as beta lactams (Babict al., 2011). However, multiresistant strains like
S carnosusKJ1862002.1 andS xylosus CP007208.1and CP008724.1were intentionally
introduced in the food matrix, since they gt ofthe culture starter used in Italizalami
manufacturing. As pregusly discussed, food can be a reservoir of rmaklistant
microorganisms that can spread by the consumption of an apparently safe food. Due to the
intensive and indiscriminate use of antibiotics for human and veterinarian therapeutic purposes,
multi-resstant staphylococci strains are beisglected and reproduced in food matrices
(Martin, et al., 2006).

The cefetoxin and oxacillin disk diffusion tests are recommended for determining the
resistance and susceptibility breakpoint fdRSA surveillance culttes (Broekema et al.,
2009). In this study, there was a good correlation between the disc test zone diameters for
oxacilin and cefoxitin (Table 3Y-he MICs for ampicillin and methicillin/oxacillin/cefoxitin for
all susceptible CNS strains were determibgdhe diffusion disc test, using 0.03 to 2 mgmL
of each antimicrobial agent.

S. saprophyticcusdF937252.1 showed an MIC db 0.03mg mL* for methicillin, strains
S. carnosuskKJ862002.1 S. xylosus straingCP008724.1 an€€P007208.1S. saprophyticcus
JX490122.1,S. hominisJX519988.1and S. succinusKC329824.1were resistant t@®.06 mg
mL™ and two strainsS. saprophyticud&kJ699151.1 ané. saprophyticcukJ004623.1showed
an MIC of0.5 mg mL" (Table 4). Two of the methicillimesistant strainsS. saprophyticcus

KJ004623.1andS. xylosu£P007208.1harbor no enterotoxin gene
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Five strains, S. saprophyticcusJX490122.1 S. carnosusKJ862002.1, S. xylosus
CP008724.1,S. xylosusKF198080.1,S. saprophyticcuskJ004623.1showed an MIC for
ampicillin of 0.03 mg mL", two strains S. succinuskC329824.1and S. saprophyticus
KJ699151.1, showed an MIC 6f25mg mL*, andS. hominisJX519988.1showed an MIC of
0.5mg mL* (Table 4).S. saprophyticukJ004623.1alsoshowedanMIC of 0.03mg mL*, but
does notharbor enterotoxin gene#. is important to note thamost of the CNS strains that
showed resistance to ampicillin were also resistant to methicillin, as highlighted by the MIC
tests.

Five strains, S. saprophyticcusHF937252.1, S. saprophyticcus KJ6991511, S.
saprophyticcusIX 490122.1S. saprophyticcuKJ004623.1S. succinuKC329824.1showed
anMIC for vancomycin of 0.03ng mL", one strainS. xylosusCP008724.1showed arMIC
of 0.06mg mL?, one strainS. saprophyticcu€ U430992.1showed arMIC of 0.25mg mL™,
two strains,S. xylosuskF198080.1 and. saprophyticcudB697717.1,showed arMIC of 0.5
mg mL* (Table 4).

Additionally, five CNS strainsS. xylosusCP008724.1S. saprophyticugX 490122.1S.
succinuskC329824.1,S. saprophyticuKJ69151.1 andS. saprophyticcu&J004623.1 that
showed resistance to methicillin, as demonstrated by the MIC determin@tadois 4).

Previous studies have demonstrated that linezolid is active againstp@sitive bacteria,
including methicillinresistant staphylococci (Cercenado, Garrote & Bouza, 200d).the
present study, 05 strains showed linezolid resistance in the disc diffusion tedt,wag
impossible to establish MIC valuder S. epidermide&KF600589.1,Staphylococculominis
JX519988.1 and Saphylococcus carnosuskJ862002.1. The remaining strain$s.
saprophyticcusEU430992.1 andS. xylosusCP007208.1 presented an MIC for linezolid of

0.125mg mL* and 0.25mg mL?, respectively.
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The MIC of 0.03mg mL* for penicillin are in accordance to tpeevious values estimated
for resistantS. aureusstrains found in several food matrices, such as meat, dairy products and
readyto-eat food (Aydin et al., 2011).

There is still a lack of information on the antimicrobial resistance of staphylococcsstrain
from food matrices, although they are the most worrisome vehicles of dissemination of
antibioticresistant pathogens (Sergelidis, et al., 2014).

The high resistance found for salami staphylococci strains can be ascribed to their
inappropriate use as grdlw promoters of antimicrobial agents like oxacillin, vancomycin,
chloramphenicol, neomycin and erythromycin, which are commonly used in veterinary
medicine to treat infectionsPfillips et al., 2004) Antimicrobial therapy of infections
staphylococci is med on results of susceptibility testsvitro (Darwish and Asfour, 2033
Methicillin-resistant coagulasgegative Staphylococcuspp. found in readyo-eat products
such as meats, fish and dairy prodwds® offer risks and, althougtihey are not clagsal food
poisoning bacteria, their presence in food off@igmificant risks to public health due to the
possible spread of antibiotic resistaiiChajeckaWierzchowska, et al., 2014).

The standardization of salami quality should incleldagnostic methaslto screen and
guantify the presence of classical and neddgcribed enterotoxins directly in the food
matrices as a routine procedure to be conducted by the meat product industry in Brazil.

The safety of salami consumption could also be enhanced eyinttusion of a
microbial barrier such as the inclusion of probiotic strains producing natural antilootics
competitive flora or even the addition of natural bioagents against spoilage or pathogenic

microorganisms.
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Table 1. Primerset for V5 16S rDNA sequencing and PCR/real timeHOR tests
targeting the classical and newdgscribed stphylococcal enterotoxin genes

Sequented®) (51 Gene Amplicon References
(bp)

SEA TTGGAAACGGTTAAAACGAA sea 120 Johnson et al., 1991
SEA GAACCTTCCCATCAAAAACA
SEB TCGCATCAAACTGACAAACG seb 478 Johnson et al., 1991
SEB GCAGGTACTCTATAAGTGCC
SEG GACATAAAAGCTAGGAATTT sec 257 Johnson et al., 1991
SEG AAATCGGATTAACATTATCC
SED CTAGTTTGGTAATATCTCCT sed 317 Johnson et al., 1991
SED TAATGCTATATCTTATAGGG
SEE TAGATAAAGTTAAAACAAGC see 170 Johnson et al., 1991
SEE TAACTTACCGTGGACCCTTC
SEG TGCTATCGACACACTACAACC seg 704 McLauchlin et al., 2000
SEG CCAGATTCAAATGCAGAACC
SEH CGAAAGCAGAAGATTTACACG seh 495 McLauchlin et al., 2000
SEH GACCTTTACTTATTTCGCTGTC
SEk GACAACAAAACTGTCGAAACTG sei 630 McLauchlin et al., 2000
SE} CCATATTCTTTGCCTTTACCAG
SH.J CAGCGATAGCAAAAATGAAACA selj 426 Rosec & Gigaud., 2002
SH.J TCTAGCGGAACAACAGTTCTGA
SH -M¢ CCAATTGAAGACCACCAAAG selm 517 Omoe et al., 2003
SH M, CTTGTCCTGTTCCAGTATCA
SH-N¢ ATTGTTCTACATAGCTGCAA seln 682 Omoe et al., 2003
SH.N;, TTGAAAAAACTCTGCTCCCA
SH.O; AGTCAAGTGTAGACCCTATT selo 534 Omoe et al., 2003
SH.O, TATGCTCCGAATGAGAATGA
SH K¢ ATGAATCTTATGATTTAATTTCAGAATCAA selk 545 Sergeev et al., 2004
SH. K, ATTTATATCGTTTCTTTATAAGAAATATCG
SH. Q¢ GGAAAATACACTTTATATTCACAGTTTCA selq 539 Sergeev et al., 2004
SH.Q: ATTTATTCAGTTTTCTCATATGAAATCTC
SH R AATGGCTCTAAAATTGATGG selr 363 Holtfreter et al., 2007
SH.R, TCTTGTACCGTAACCGTTTT
SH.U¢ AATGGCTCTAAAATTGATGG selu 215 Holtfreter et al., 2007
SH. U, ATTTGATTTCCATCATGCTC
TSTH1 ATGGCAGCATCAGCTTGATA tstH1 350 Johnson et al., 1991
TSTH1 TTTCCAATAACCACCCGTTT
16S rDNA ATA AGA CTG GGATAACTT CGG G 16SrDNA 500 Mason et al., 2001
16S rDNA CTTTGAGTT TCAACCTTG CGG TCG

f-forward; rreverse



119

Table 2.Genotypic and phenotypic characterization of CNS strains from salami

Strains Identification and Characterization

Origin of . _ _
9 i Staphylococcuspecies Genotypic Phenotypic
salami
GENBANK accession mmber and . Cts values mMRNA . .
L Number of Presence of enterotoxin genes mMRNA . Enterotoxins production
similarity (%) strains detection semk (ng/mL)
n= quantitative
(n=) evaluation
Comercial Staphylococcus spgF135445.1 (96) n=3 sea, seb ) - - -
S. camosuJ862002.1(96) n=2 sea, seb, sed, seh, sei, selj, - - - 1.2+0.1
S. camosudiR116434.198) n=5 seb, sec, sed, see see 5.2 0.3
30+0.2
S. saprophyticu8B697717.1 (98) n=6 seh, sei. selm sei. selm 29.51£0.132+0.1 1.8;1.6 0.3
; seb, selm, 35+1.0;31+0.3;30+0.3 1.3+0.1
S. saprophytus EU430992.199) n=2 seg seb,selmseln, selo, tstH1 selo o
0.6;0.4;0.8
S. saprophyticuslQ699510.1 (97) n=3 ) ) - - -
S. saprophyticusX490122.1 (99) n=3 se seh seh 30.2:0.4 2.4 05+0.1
S. saprophyties KJ004623.1(96) n=3 Sec ) - - 0.4
S. saprophyticukJ949606.1(98) n=2 sea, seb, sec, seh sea, seb, seh 27+0.5;31+1.0;34.8+0.6 1.2;0.5;3.5 -
S. sCiuriJX966436.198) _ : sei 29.91.2 11 10£0.1
n=3 sed,sei
S. xylosus®\M882700.1 (97) n=1 ) ) - - -

S. xylosusCP007208.1 (99) _ - - -




120

S. xylosu€P008724.(98) s sea, tsthL sea 30£0.4; 1.2 1.4
S. xylosukC456590.1(98) s ) ) - - -
Artisanal S. epidermidi& F600589.1 (97) n=3 sec, sed, see, seg, seh, sei seb, see, sei - 0.7+0.1
- _ ; seln, selo
S. hominisJX519988.1(97) n=3 sea, seb, sec, sed, selj, selm, seln, sel 30.3+1.0:32+1.0 0.2:01 09+01
S. saprophyticuslF937252.197) n=4 Seb seb - - 0.5
; seln, selo 33+0.1 35 0.9+0.1
S. saprophyticus subsp. Bot(3699151.1 (98) n=2 sec selm, seln, seldstH1
S. succinu&C329824.1(99) _ . 34+1.2;28.5+1.2 0.1;12.0 1.3
n=3 sea, sepseg selj, seln seb, sec
seb, seh 31+1.0;29.4+0.5 0.8;3.7 0.5+0.1
S. xylosuKF198080.1(97) n=5 sec selm tstH1

The presence of enteroioxgenessea, seb, sec, sed, see, selg, selh, seli, selj, selk, selm, seln, selo, selq, selmsaldestst! byPCRusing specific sets ofprimers.

mMRNA transcripts for all enterotoxins genesre evaluated by real time RACR testsin triplicates.

16S rRNA was used to normalize enterotoxin expression levels.

SEASEE enterotoxin production was evaluatedrbmunesorbentassaygELISA) using a detection kit (RIDASCREEN® SET A, B, C, D, E). Values are displayed as thexrgBiud assays performed
in duplicate.

mMRNA semi quantification was performed in arbitrary units in comparision with the mRNA level for the same gene estingattes rearence strains
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Table 3. Multiple-resistance to antimicrobial as found in CNS strains frdamsa

Origin of salami CNS strains Antimicrobial agents resistance Multiple ant|m|cr_0 bialresistancy
(MAR) index*
Comercial Staphylococcus spgF135445.1 CIP, CLO,CPM, GEN, NEO, OXA, PENSXT, TET,VAN 0.66
Comercial S. carnosu¥J862002.1 CIP, GEN,LZD, NEO, OXA, SXT, TET 0.46
Comercial S. saprophyticudB697717.1 CFO, CLO, ERI, PEN, OXA, TET, VAN 0.46
Comercial S. saprophyticugEU430992.1 CFO, CLO, ERI, GEN, LZD ,NEO, OXA, PEN, SXT, TET, VAN 0.80
Comercial S. saprophyticu§X490122.1 CFO, CLO, ERI, GEN, NEO, PEN, OXA, SXT, TET, VAN 0.66
Comercial S. saprophyticusJ004623.1 CFO, OXA, PEN 0.20
Comercial S. sciuriJX966436.1 CFO, CLO, GEN,, NEO, OXA, PEN, TET 0.46
Comercial S. xylosu€P007208.1 OXA, LZD, PEN, VAN 0.26
Comercial S. xybsusCP008724.1 CFO, CLO, ERI, GEN, NEO, OXA, PEN, TET, VAN 0.60
Artisanal S. epidermidi&kF600589.1 CFO, CLI, CLO, CPM, ERI, GEN, LZD , NEO, OXA, PEN, RIF, SXT, TET 0.93
Artisanal S. hominisgJX519988.1 CIP, CPM, CPO, ERI, GEN, LZD, NEO, OXA, PEN,RISXT, VAN 0.80
Artisanal S. saprophyticusiF937252.1 CFO, OXA, PEN, SXT 0.26
Artisanal S.saprophyticuskJ699151.1 OXA, PEN, VAN 0.20
Artisanal S. succinuKC329824.1 CFO, CLO, ERI, GEN, OXA, PEN, RIF, SXT, TET, VAN 0.66
Artisanal S. xylosu&KF198(80.1 CFO, CLO, ERI, GEN, NEO, OXA, PEN, TET, VAN 0.60

*The MAR index of an isolate is defined as a/b, where a represents the number of antimicrobials to which the isolastanearred represents the number of antimicrobials to which thesis@atsubjected.

S. aureusstrains ATCC WB81geg, ATCC 13563 §ed, ATCC 27664 $eg showing a MAR index of 0.5 arfl. aureus strainBTCC14458 éeb) ATCCWB72 6eg andS. xylosusATCC 29971 showing a MAR
index of 0.3 were used as reference strains.

CPM - cefepime, CFQO cefoxitin, CLO- chloramphenicol, CIP ciprofloxacin, CLI- clindamycin, ERIi erythromycin, GEN gentamycin, NEQ neomycin, LZDi linezolid, RIF- rifampicin, TET tetracycline,
OXA - oxacillin, PEN- penicillin, SXT- sulfamethoprimVAN i vancomycin.



Table 4. Minimal inhibitory concentration (MIC) of compounds used in antimicrobial therapy against Staphylococci infections.

MIC
mg/mL
Origin of salami GENBANK accession number  Methicillin Ampicillin Vancomycin  Linezolid
and similarity (%)

Comercial S. carnosu¥J862002.1 0.06 0.03 - -
S. xylosu€£P008724.1 0.06 0.03 0.06 -
S. saprophyticu§X490122.1 0.06 0.03 0.5 -
S. saprophyticuAB697717.1 - - 0.5 -
S. saprophyticugeU430992.1 - - 0.25 0.125
S. succingKC329824.1 0.06 0.25 0.03 -

Artisanal S. hominisJX519988.1 0.06 0.5 - -
S. saprophyticudHF937252.1 0.03 - - -
S. xylosusKF198080.1 0.03 0.5 -
S. saprophyticukJ699151.1 0.5 0.25 0.03 -
S. saprophyticcukJ004623.1 0.5 0.03 0.03 -
S. xylosusCP007208.1 0.06 - - 0.25

The strainsS. epidermidi&F600589.1 an&taphylococcus sppF135445.1 were not susceptible to the antimicrobial concentrations tested
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Legends

Fig 1. Phylogenetic tree generated from thaltiple alignment of 16S rDNA sequences of CNS strains found in salami using the Clustaft@&:@re. The
phylogenetic was construceted by using Mega 6.0 software and unweighted pair grougthod JPGMA). Bootstrap values ranged from 0.0 to 0.4.i8¢a
found in commercialc) or artisanal salamin).

Fig 2. Uniplex, duplex and multipleRCR screening to detecting the enterotoxin genes in CNS strains from salami

Panel A Lane M,100bp DNA ladder plus (Ferment&xsterCity, CA, USA); lane 1,S. aureusATCC 29231 harboringeagene; lane 235. aureusNCTC 10654
harboringsebgene; lane 3S. aureusATCC19095 harboring theecgene; lane 4$. aureusATCC 13563harboring thesedgene; lane 55. aureusATCC 27664
harboringthe seeGene.

Panel B Lane M 100bp DNA ladder pis; lane 1Staphylococcus spplane 2,S. carnosudNR116434 lane 3,S. carnosukJ862002 lane 4,S. carnosus
KJ862002 lane 5S. carnosu&J862002.1

Panel C Lane M100 bp DNA ladder plus; lane $, aureusATCC 19095harboringseg seh sajenes

PanelD: Lane M100 bp DNA ladder plus; lane $, saprophyticcudB697717.1 lane 2,S. epidermideKF 600589.1; lane 3. sciuriJX966436.1

Panel E: Lane M100 bp DNA ladder pludane 1,S. xylosukF198080.1 lane 2,S. saprophyticcuskJ699151.1

Panel F: Lane M100bp DNA ladder plustane 1,S. aureusATCC 27154 harboringelj, slem, seln and selo genes

Panel G:LaneM 100bp DNA ladder plus; lan&, S. xylosu&F198080.1, lane Z.saprophyticus subsp. Bo\§s699151.1

Fig S1. Frequency of edtspecies among the coagulasgative Staphylococcal microbiota found in salami

Fig S2. Frequency of enterotoxins genes found in CNS strains from salami

Fig S3 Phylogenetic trees generated from the multiple alignment of 16S rDNA sequences fromir@2@GNS identified of strains of salami obtained by the
Clustal X 2.0 software using Mega 6.0 and tiheveighted pair groumethod UPGMA). Bootstrap values ranged from 0.0 to 0.3.
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xylosus KC456590.1
xylosus CP008724.1
saprophyticus AB697717.1
succinus KC329824.1
saprophyticus KJ949606.1
saprophyticus KJ699151.1
xylosus AM882700.1
saprophyticus KJ004623.1
xylosus CP007208.1
saprophyticus JX490122.1
carnosus NR116434.1
saprophyticus HQ699510.1
epidermidis KF088211.1
hominis JX519988.1
saprophyticus EU430992.1
xylosus KF198080.1
carnosus KJ862002.1
saprophyticus JX966436.1
saprophyticus HF937252.1
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