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RESUMO  Espécies de Clostridium, principalmente C. butyricum, C. difficile e C. perfringens, são agentes de doenças infecciosas resultantes de disbiose intestinal. Em muitos casos, a recorrência pode ocorrer após antibioticoterapia, indicando a necessidade de novas opções terapêuticas que atuem sobre os patógenos e também restaurem a microbiota. Neste trabalho, investigou-se a atividade antimicrobiana in vitro e o potencial probiótico de cepas clínicas e de referência de 
Bifidobacterium e Lactobacillus contra espécies patogênicas de Clostridium. A atividade antimicrobiana foi avaliada pelo ensaio de difusão em sobrecamadas e pela inibição da produção de gás. Em seguida, o potencial probiótico das cepas selecionadas foi avaliado pela análise da capacidade de coagregação, propriedades de adesão às células eucarióticas e mucina, tolerância ao pH ácido e sais biliares, e pela determinação do perfil de susceptibilidade aos antibióticos. Lactobacillus plantarum ATCC 8014 foi a cepa mais promissora baseada em sua atividade inibitória contra Clostridium spp. Além disso, esta cepa preencheu os critérios para ser considerada um probiótico com base na sua capacidade de coagregação, propriedades de adesão e tolerância a condições adversas de pH e sais de ácidos biliares. No geral, os resultados indicam que, entre as linhagens estudadas, L. plantarum ATCC 8014 apresenta potencial probiótico para o controle de infecções pelas espécies de Clostridium estudadas e deve ser melhor avaliado em estudos animais.  Palavras-chave: Probióticos; Lactobacillus plantarum; Clostridium; Disbiose; Atividade antimicrobiana.    



ABSTRACT Clostridium species, mainly C. butyricum, C. difficile, and C. perfringens, are agents of infectious disease resulting from intestinal dysbiosis. In many cases, recurrence can occur after antibiotics, indicating the need for novel therapeutic options that act on the pathogens and also restore the microbiota. Herein, the in vitro antimicrobial activity and probiotic potential of clinical and reference strains of Bifidobacterium and Lactobacillus were investigated against pathogenic species of Clostridium. The antimicrobial activity was evaluated by the agar spot test and inhibition of gas production. Then, the probiotic potential of selected strains was assessed by analyzing their coaggregation ability, adhesive properties to host cells and mucin, tolerance to acidic pH and bile salts, and antimicrobial susceptibility profiles. Lactobacillus plantarum ATCC 8014 was the most promising strain based on its inhibitory activity against Clostridium spp. In addition, this strain met criteria to be considered a probiotic based on its coaggregation ability, adhesive properties, and tolerance to harsh conditions of pH and bile acid salts. Overall, the results indicate that among the studied strains, L. plantarum ATCC 8014 presents probiotic potential for controlling infections by the Clostridium species studied and should be further evaluated in in vivo animal studies.  Keywords: probiotics; Lactobacillus plantarum; Clostridium; dysbiosis; antimicrobial activity  



12		1. INTRODUÇÃO   A microbiota de determinados sítios anatômicos do corpo humano, tais como a pele, trato respiratório superior, cavidade oral, trato gênito-urinário e trato gastrointestinal, apresentam uma grande diversidade de microrganismos que desempenham papéis importantes à saúde e ao metabolismo do ser humano. Estima-se que o número total de microrganismos da microbiota humana seja tão elevado que supera o número de células eucarióticas do organismo. Desses sítios anatômicos, a microbiota intestinal é incomparavelmente a que representa a maior diversidade de filos ou taxos, particularmente no cólon (KAMADA et al., 2013). Adicionando ainda mais a essa complexidade, há também um elevado grau de variação interindividual no conteúdo de espécies bacterianas, o que significa que não há espécies microbianas "básicas" que estejam presentes em todos os seres humanos. Embora exista um grande grau de variação no conteúdo de espécies de microbiota intestinal entre indivíduos, há uma série de características consistentes que caracterizam a microbiota na saúde, a composição das espécies dentro dos hospedeiros individuais parece ser bastante estável durante períodos de tempo prolongados, mas a abundância relativa de algumas espécies constituintes parece variar constantemente em resposta a fatores como mudanças na dieta do hospedeiro (JIMÉNEZ et al., 2008). Outra característica predominante da microbiota associada à saúde é que as bactérias anaeróbias obrigatórias superam em grande parte as espécies anaeróbias facultativas. De um modo geral, a grande maioria da microbiota intestinal pertence aos filos dos Bacteroidetes e Firmicutes, embora os membros do filo de Actinobacterias, como Bifidobactérias e Proteobactérias também possam estar relacionados (DONALDSON et al., 2015). A microbiota intestinal é descrita como altamente benéfica à saúde do hospedeiro. Por outro lado, ela é também a fonte de compostos potencialmente danosos e de patógenos oportunistas. Desta forma, a saúde do hospedeiro está intimamente ligada ao seu equilíbrio balanceado. Em contraste, o termo "disbiose" refere-se a situações em que a composição microbiana e as atividades são deslocadas do seu estado normal e benéfico para outro que é mais deletério para a saúde do hospedeiro. De fato, numerosos distúrbios, tanto intestinais quanto sistêmicos, tem sido ligados à disbiose intestinal, incluindo-se diarreia associada a antibióticos, enterocolite necrosante, colite pseudomembranosa, doença de Crohn, entre outras 



13		(CHAMBRUN et al., 2008; KAUR et al., 2011; PROSBERG et al., 2016; McFARLAND et al., 2016; PAMMI et al., 2017).  Entretanto, ainda não há uma clara compreensão de todos os aspectos etiológicos envolvidos na patogênese dessas doenças, existem evidências que apontam para o envolvimento de algumas espécies de Clostridium, entre outros patógenos oportunistas. Das espécies comumente relatadas, destacam-se Clostridium butyricum, Clostridium difficile e 
Clostridium perfingens (SOMMER; BACKHED, 2013; CASSIR et al., 2016). Dado os papéis potencialmente importantes que a microbiota pode desempenhar na manutenção da homeostase ou na etiologia de várias doenças, a manipulação terapêutica da comunidade microbiana intestinal é um objetivo desejável. De um modo geral, isso pode ser alcançado com várias abordagens diferentes, como pela(o): 1) estimulação de respostas imunes do hospedeiro, 2) uso de drogas que atenuam especificamente atividades deletérias ou metabólitos da microbiota, 3) eliminação de espécies bacterianas através de antibióticos e 4) inoculação de espécies benéficas. Esta última estratégia é obtida pela ingestão de microrganismos designados de probióticos e aparenta ser a mais racional, considerando que a pressão seletiva a ser exercida afetaria menos o conjunto de bactérias que compõem a microbiota. As principais bactérias ditas como probióticas pertencem aos gêneros 
Bifidobacterium e Lactobacillus (EMAMI et al., 2009; TLASKALOVA-HOGENOVA et al., 2011; HILL et al., 2014; KUMAR; KUMAR, 2015). As evidências atuais quanto a eficácia dos probióticos é variada, porém, é confundida pelo fato de que os regimes de tratamento em diferentes estudos são altamente heterogêneos, com diferentes espécies ou linhagens, dosagens, durações de tratamento e métodos de administração empregados. Além disso, dados clínicos recentes sugerem que probióticos específicos podem ser opções efetivas de tratamento para distúrbios relacionados a determinados casos de disbiose intestinal, tais como na prevenção de enterocolite necrosante em lactentes e na prevenção de diarreia associada aos antibióticos. Apesar das evidências em pacientes, ainda não há comprovação in vitro da atividade antagônica contra os patógenos frequentemente envolvidos nessas síndromes clínicas. Portanto, este estudo teve por objetivo realizar seleção in vitro de linhagens de referência e de isolados clínicos de espécies de Bifidobacterium e Lactoctobacillus com atividade inibitória do crescimento de Clostridium butyricum, Clostridium difficile e Clostridium perfringens.  



14		2. REFERENCIAL TEÓRICO  2.1 Desenvolvimento da microbiota intestinal  A microbiota intestinal desempenha papel importante na vida humana, funcionando como barreira epitelial protetora do contra microrganismos patogênicos, auxiliando nas reações metabólicas, modulação de respostas imunes inatas e adaptativas do hospedeiro (SEKIROV; FINLAY, 2009; LITTMAN; PAMER, 2011; MATAMOROS et al., 2013; PEREZ-LOPEZ et al., 2016). O desenvolvimento da microbiota inicia-se desde a vida intrauterina evoluindo seu amadurecimento e atingindo o estado adulto por volta dos 3 anos de idade, durante esse período é influenciado pela microbiota de adultos que convivem no mesmo ambiente familiar (PALMER et al., 2007; MATAMOROS et al., 2013).  Acreditava-se que o ambiente intrauterino e o recém-nascido eram estéreis até o parto, porém estudos do líquido amniótico e placenta maternos (DIGIULIO et al., 2008; SATOKARI et al., 2009; COLLADO et al., 2016) e do mecônio infantil (MADAN et al., 2012; COLLADO et al., 2016) revelaram a presença de microrganismos, sugerindo transferência microbiana. Considera-se assim que a via hematogênica corresponde a principal interface para translocação de bactérias intestinais da mãe para o feto (JIMÉNEZ et al., 2008).  Fatores externos à gravidez também podem influenciar no desenvolvimento da microbiota, tais como: uso de drogas, doenças, estresse, exposição a metais pesados, dieta e tratamentos com probióticos e antibióticos durante a gestação (BAILEY et al., 2004; LAHTINEN et al., 2009; MATAMOROS et al., 2013).  O tipo de parto apresenta influência direta na colonização intestinal inicial. Estudos demonstram que neonatos nascidos de parto vaginal sofrem maior influência da microbiota da genitália feminina e apresentam maior diversidade bacteriana quando comparadas com crianças nascidas de parto cesariano que sofrem maior influência da pele materna (DOMINGUEZ-BELLO et al., 2010; RUTAYISIRE et al., 2016). O leite materno proporciona uma variedade de bactérias comensais e mutualísticas, com predomínio de Staphylococcus spp, Streptococcus spp, bactérias do ácido lático e 



15		
Bifidobacterium spp. A microbiota intestinal materna atinge as glândulas mamárias e colonizam o lactente durante o período de lactação, contribuindo também na maturação das respostas imunológicas (FERNÁNDEZ et al., 2012). Os principais fatores que influenciam no desenvolvimento da microbiota estão resumidos na Figura 1.  

 
Figura 1: Fatores associados ao desenvolvimento da microbiota intestinal infantil (Fonte: MATAMOROS et al., 2013; modificado).  Inicialmente, a microbiota intestinal infantil é predominantemente colonizada por bactérias anaeróbias facultativas, como Escherichia coli e outros membros da família Enterobacteriaceae (JIMÉNEZ et al., 2008). Com a redução do suprimento de oxigênio por essas bactérias, o intestino torna-se um ambiente propício para o crescimento de microrganismos anaeróbios estritos como Bacteroides spp, Bifidobacterium spp e Clostridium 

spp. Essa baixa diversidade e complexidade bacterianas que caracterizam essa fase altera-se gradualmente até aproximadamente os 3 anos (MATAMOROS et al., 2013). Desses gêneros, as  espécies de Bifidobacterium são os microrganismos dominantes na microbiota nesse período  (TURRONI et al., 2012).  A composição biogeográfica na microbiota intestinal compreende as regiões específicas dos trato gastrointestinal (TGI) no qual as características químicas e fisiológicas 



16		interferem diretamente na formação microbiana em diferentes locais, definindo, desta forma, a microbiota específica para cada região (Figura 2) (DONALDSON et al., 2015).  

 Figura 2: Composição da microbiota intestinal por região do trato gastrointestinal (Fonte: DONALDSON et al., 2015; modificado).  2.2 Probióticos e equilíbrio do ecossistema intestinal  Entre os microrganismos que compõem a microbiota intestinal existem espécies que atuam em uma relação de comensalismo, sem promover um benefício direto ao hospedeiro. Contudo, outros exercem ação mutualística, influenciando positivamente no metabolismo, na nutrição, no sistema imune e, até mesmo, apresentando atividade antimicrobiana. Esse aspecto tem sido evidenciado em estudos in vitro e in vivo que demonstraram que o ecossistema 



17		bacteriano intestinal normal é extremamente eficaz em oposição a microrganismos patogênicos e oportunistas (EMAMI et al., 2009; TLASKALOVA-HOGENOVA et al., 2011).  Os microrganismos que exercem ações positivas à saúde do ser humano têm sido designados de probióticos. Segundo a Organização das Nações Unidas para Agricultura e Alimentação e a Organização Mundial de Saúde, probióticos são microrganismos vivos que, quando administrados em quantidades adequadas, conferem benefícios à saúde do hospedeiro (FAO/WHO, 2001). Os benefícios alcançados pelos probióticos possuem ação abrangente (Figura 3) (HILL et al., 2014). Assim, destacam-se a diminuição da diarreia em um menor tempo e consequentemente do tempo de hospitalização (VANDENPLAS, 2016), melhora da resposta imune nos diversos quadros alérgicos (DEL GIUDICE et al., 2017; DENNIS-WALL et al., 2017), prevenção do câncer do TGI  (KAHOULI et al., 2017; SABER et al., 2017) e  no controle dos níveis glicêmicos em pacientes diabéticos (HU et al., 2017; WANG et al., 2017).   

 
Figura 3: Benefícios dos probióticos (Fonte: HILL et al., 2014, modificado).   Várias linhagens têm sido definidas como probióticos, principalmente algumas pertencentes às espécies dos gêneros Bifidobacterium, Lactobacillus, Saccharomyces, 

Streptococcus, Escherichia, Lactococcus e Enterococcus, sendo estes dois últimos em menor escala (DE VRESE, SCHREZENMEIR, 2008; HILL et al., 2014; KUMAR; KUMAR, 2015). 



18		
Lactobacillus são microrganismos anaeróbios facultativos ou estritos, Gram-positivos, catalase negativa, não formadores de esporos, encontrados na microbiota normal humana de diferentes sítios anatômicos, incluindo o intestino (ZOETENDAL et al., 2006; KUMAR; KUMAR, 2015). Enquanto que, Bifidobacterium são bactérias Gram-positivas e anaeróbias estritas que também estão presentes normalmente no TGI de seres humanos e de animais, e não formam esporos (REUTER, 2001; TURRONI et al., 2011).  Evidências oriundas de experimentos com modelos animais reforçam os efeitos benéficos dos probióticos para a saúde humana. Estudos com Lactobacillus casei demonstram uma redução na permeabilidade intestinal em um modelo animal de colite aguda (ZAKOSTELSKA et al., 2011). Em ensaios com ratos, tratados com Bifidobacterium lactis, foi observado que há melhora do peristaltismo dos animais em comparação ao grupo controle (MATSUMOTO et al., 2012). Além disso, a administração de L. reuteri é capaz de promover diminuição na expressão de marcadores pró-inflamatórios em ratos recém-nascidos com enterocolite necrosante (EN) (LIU et al., 2012).  Após a comprovação científica das propriedades benéficas ao hospedeiro, vários produtos passaram a oferecer a suplementação dessas estirpes em sua formulação, incluindo iogurtes, leite fermentado e não-fermentado, queijo, sucos, smoothies, barras de cereais, dentre outras fórmulas infantis (CHAMPAGNE et al., 2005). Adicionalmente, os probióticos são comercializados como suplementos dietéticos e medicamentos (FOLIGNÉ et al., 2013; PASSARIELLO et al., 2014) (Figura 4).   

 
Figura 4: Formas de consumo probiótico (Fonte: HILL et al., 2014, modificado).   Portanto, é razoável supor que a administração de probióticos poderia ser uma alternativa válida para o controle de infecções do TGI em todas as fases de desenvolvimento, em particular nos casos decorrentes de desequilíbrio da microbiota, inclusive em neonatos prematuros. Principalmente porque o intestino prematuro é mais susceptível a inflamações e lesões devido à permeabilidade aumentada, diminuição do peristaltismo aumentando o risco de 



19		translocação bacteriana, alteração na produção do muco e diminuição da secreção de IgA. O uso de probióticos, isolados ou em combinação, poderiam modificar tais alterações (FROST, CAPLAN, 2013).  
2.3 Clostridium e disbiose intestinal  A estabilidade da homeostase intestinal pode ser influenciada por vários fatores que incluem o pH intestinal, a fisiologia do hospedeiro, as interações entre os microrganismos, uso de antibióticos, funcionamento intestinal e resposta do sistema imunológico. O desequilíbrio em algum desses fatores propiciam a colonização de patógenos, levando ao desenvolvimento da disbiose (Figura 5) (BÄCKHED et al., 2005; THOMPSON-CHAGOYÁN et al., 2007; CONLON; BIRD, 2014).  

 

Figura 5: Correlação entre disbiose e homeostase intestinal (Fonte: WALKER; LAWLEY, 2013; modificado).  O termo disbiose intestinal, que surgiu da teoria da toxemia intestinal, refere-se a mudanças qualitativas e quantitativas da microbiota intestinal, incluindo distribuição bacteriana local e atividade metabólica. A dieta, estilo de vida e o uso de antibióticos podem alterar a 



20		microbiota intestinal normal, tornando o ambiente propício à colonização e proliferação de enteropatógenos potenciais, os quais produzem metabólitos tóxicos (HAWRELAK; MYERS, 2004).  Um desequilíbrio na microbiota intestinal pode causar ou contribuir para o estabelecimento de doenças infecciosas e inflamatórias, como doença inflamatória intestinal (DII) (CHAMBRUN et al., 2008; KAUR et al., 2011; PROSBERG et al., 2016), diarreia associada a antibióticos (DAA) (McFARLAND et al., 2016), síndrome do intestino irritável (BENNET et al., 2015) e enterocolite necrosante (EN) (PAMMI et al., 2017). Além disso, há crescentes evidências revisadas na literatura sobre a associação de disbiose com outras doenças de natureza não-infecciosa, incluindo diabetes tipo 2 (SIRCANA et al., 2018), asma (DURACK et al., 2016), doença hepática gordurosa não alcoólica (BOURSIER et al., 2016), câncer colorretal (TILG et al., 2018), condições neurológicas (TREMLETT et al., 2017) e doenças cardiovasculares (LEZUTEKONG et al., 2018). O tratamento da disbiose têm evoluído ao longo dos tempos e, geralmente, é baseada em: 1) antibioticoterapia, 2) transplante ou bacterioterapia fecal e 3) uso de prebióticos e probióticos, além da adequação da dieta. Contudo, o nível considerável da resistência bacteriana aos antibióticos tem feito com que a terapia seja cada vez mais prolongada e por uso de múltiplos antibióticos, o que altera ainda mais a microbiota. Por outro lado, a bacterioterapia fecal, ou seja, a substituição da microbiota intestinal alterada a partir de um doador saudável, tem resultado em boa evolução clínica dos pacientes, porém estudos são necessários para elucidação dos mecanismos de ação envolvidos, do perfil microbiano adequado, bem como da resposta imune do hospedeiro para o controle do processo infeccioso (KELLY et al., 2012; WALKER; LAWLEY, 2013).  Dentro desse contexto, o uso de probióticos têm demonstrado ser uma conduta mais racional, associada ou não à terapia com antibióticos, para a abordagem dos pacientes com disbiose intestinal; contribuindo para uma microbiota saudável (WALKER; LAWLEY, 2013; HILL et al., 2014). Além do que, não haveria a mesma preão eletiva sobre as bactérias da microbiota, exercida pela antibioticoterapia, proporcionando mais desequilíbrio no ecossistema intestinal.  Entre as bactérias do filo Firmicutes está o gênero Clostridium que é constituído por bacilos Gram-positivos, anaeróbios estritos, capazes de formar esporos em situações 



21		desfavoráveis para seu crescimento e metabolismo, podendo assim sobreviver por um tempo prolongado no organismo do hospedeiro ou no meio ambiente (CASSIR et al., 2016).  Espécies do gênero Clostridium são encontradas na microbiota comensal do intestino de animais e humanos, onde vivem como saprófitas, porém em determinadas situações que resultam em desequilíbrio da microbiota, algumas espécies multiplicam-se excessivamente e passam a exercer ação enteropatogênica com grande repercussão para a saúde humana, tais como: Clostridium butyricum, Clostridium difficile e Clostridium perfringens (SOMMER; BACKHED, 2013). 
C. butyricum é um microrganismo que fermenta uma variedade de substratos, principalmente carboidratos, produzindo diferentes tipos de ácidos orgânicos de cadeia curta, bem como gás hidrogênio (H2) e dióxido de carbono (CO2), como resultado do seu processo metabólico (KAO et al., 2014). Existe controvérsia com relação a sua patogenicidade, pois algumas linhagens de C. butyricum são utilizadas como probiótico, enquanto outras estão implicadas em condições patológicas, tais como botulismo e enterocolite necrosante (EN) em neonatos prematuros. Os dados da literatura sugerem que a capacidade de causar doença está relacionada não somente à produção de toxinas histolíticas, enterotoxigênicas e neurotoxinas, como também pela habilidade de sobreviver em condições ambientais adversas pelo processo de esporulação e de multiplicação rápida (HOWARD et al., 1977, FENICIA et al., 2007; MOROWITZ et al., 2010, CASSIR et al., 2015; CASSIR et al., 2016).  A segunda espécie, C. difficile, também é encontrada no trato gastrointestinal (TGI), mas em um número mais reduzido de indivíduos. A bactéria possui disseminação pela via fecal-oral, principalmente pelas mãos da equipe multidisciplinar hospitalar e por outros pacientes infectados. A patogênese da infecção é caracterizada por doença gastrointestinal adquirida pós-antibioticoterapia, principalmente em pacientes internados. A síndrome clínica pode variar de uma diarreia autolimitada até uma colite pseudomembranosa (PMC) grave e letal, particularmente em crianças e idosos com hospitalização recente ou residentes em asilos (SURAWICZ et al., 2013; CREWS et al., 2014). O tratamento com antibióticos altera a microbiota normal, favorecendo o crescimento desse microrganismo, o qual é altamente resistente a antimicrobianos e produtor de duas toxinas de natureza protéica: toxina A do C. difficile (TcdA) e toxina B do C. difficile (TcdB) (SANDORA et al., 2011; KIM et al., 2012; SAMMOS et al., 2013; ABT et al., 2016). Os flagelos existentes nesse patógeno proporciona a ligação com as células epiteliais intestinais, favorecendo assim a ação das exotoxinas que causam inflamação intestinal e diarreia (PRUITT; 



22		LACY, 2012; STEVENSON et al., 2015; ABT et al., 2016; ANJUWON-FOSTER; TAMAYO, 2017). A terceira espécie, C. perfringens, também está associada a uma desordem intestinal, apesar de poder ser encontrada normalmente no TGI de animais e humanos. Adicionalmente, possui como habitat natural o solo e pode contaminar alimentos, pois os esporos termorresistentes sobrevivem ao cozimento e germinam posteriormente. Possuem um crescimento rápido, formando colônias espalhadas e grande potencial patogênico devido à ação de enterotoxinas que atuam como superantígenos. Até o momento, 13 toxinas já foram descritas para a espécie, contudo as dos tipos A a E são consideradas letais (Tabela 1) (PETIT et al., 1999; BRYNESTAD; GRANUM, 2002; UZAL et al, 2014).   
Tabela 1: Principais doenças associadas com Clostridium perfringens em animais e humanos (Fonte: UZAL et al., 2014, modificada)  

 *CPA = Alpha; CPB = Beta; ETX = Epsilon; ITX = Iota; CPE = Enterotoxina  A enterotoxina CPE (de C. perfringens enterotoxin) é o principal fator de virulência do C. perfringens tipo A e corresponde à segunda causa mais comum de intoxicação alimentar e doença gastrointestinal humana no mundo e terceira nos EUA, sendo responsável por 5 a 15% dos casos de diarreia associada a antibioticoterapia, juntamente com o C. difficile. A intoxicação alimentar normalmente é autolimitada durando cerca de 24h. Contudo, a bactéria pode causar também infecções invasivas graves que resultam em necrose tecidual que requerem antibioticoterapia e, muitas vezes, debridamento e amputação de um membro (BRYNESTAD; GRANUM, 2002; MCCLANE; CHAKRABARTI, 2004; UZAL et al., 2014).  



23		3. OBJETIVOS  3.1. Geral:   Investigar a ação antimicrobiana de espécies de Lactobacillus e Bifidobacterium como potenciais probióticos contra espécies de Clostridium.  3.2. Específicos:  
• Realizar triagem de linhagens de Bifidobacterium e Lactobacillus capazes de inibir o crescimento de espécies patogênicas de Clostridium; 
• Caracterizar o potencial probióticos da espécie com maior atividade antimicrobiana através da capacidade de coagregação, adesão à mucina, e tolerância ao pH e sais biliares; 
• Determinar o perfil de susceptibilidade aos antibióticos da espécie selecionada.          
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Article 1 In vitro antimicrobial activity and probiotic potential 2 of Bifidobacterium and Lactobacillus against 3 pathogenic species of Clostridium 4 Cinara R. A. V. Monteiro 1,2, Monique S. do Carmo 1,2, Bruna O. Melo 2, Matheus S. Alves 2, Camilla 5 I. dos Santos 2, Sílvio G. Monteiro 2,3, Maria Rosa Quaresma Bomfim 2, Elizabeth S Fernandes 2, 6 and Valério Monteiro-Neto 1,2* 7 1 Programa de Pós-graduação em Ciências da Saúde, Universidade Federal do Maranhão, Av. dos 8 Portugueses, campus do Bacanga, São Luís, MA, Brazil; cinaraaragao@hotmail.com (C.R.A.V.M.); 9 2 Programa de Pós-graduação, Universidade Ceuma, Rua dos Castanheiros No. 1, jardim Renascença II, São 10 Luís, MA, Brazil; carmo.monique@outlook.com (M.S.C.); brunaoliv.96@gmail.com (B.O.M); 11 matheusjoc@hotmail.com (M.S.A.); camilla_itapary@hotmail.com (C.I.S.); silvio.monteiro@ceuma.br 12 (S.G.M.); mrqbomfim@yahoo.com.br (M.R.Q.B.); elizabeth.soares@ceuma.br (E.S.F.) 13 3 Departamento de Biologia, Universidade Federal do Maranhão, Av. dos Portugueses, campus do Bacanga, 14 São Luís, MA, Brazil; 15  16 * Correspondence: valerio.monteiro@ceuma.br; Tel.: +55-98-3214-4252 17  18 Received: date; Accepted: date; Published: date 19 Abstract: Clostridium species, mainly C. butyricum, C. difficile, and C. perfringens, are agents of 20 infectious disease resulting from intestinal dysbiosis. In many cases, recurrence can occur after 21 antibiotics, indicating the need for novel therapeutic options that act on the pathogens and also 22 restore the microbiota. Herein, the in vitro antimicrobial activity and probiotic potential of clinical 23 and reference strains of Bifidobacterium and Lactobacillus were investigated against pathogenic 24 species of Clostridium. The antimicrobial activity was evaluated by the agar spot test and inhibition 25 of gas production. Then, the probiotic potential of selected strains was assessed by analyzing their 26 coaggregation ability, adhesive properties to host cells and mucin, tolerance to acidic pH and bile 27 salts, and antimicrobial susceptibility profiles. Lactobacillus plantarum ATCC 8014 was the most 28 promising strain based on its inhibitory activity against Clostridium spp. In addition, this strain met 29 criteria to be considered a probiotic based on its coaggregation ability, adhesive properties, and 30 tolerance to harsh conditions of pH and bile acid salts. Overall, the results indicate that among the 31 studied strains, L. plantarum ATCC 8014 presents probiotic potential for controlling infections by 32 the Clostridium species studied and should be further evaluated in in vivo animal studies. 33 Keywords: probiotics; Lactobacillus plantarum; Clostridium; dysbiosis; antimicrobial activity 34  35 1. Introduction 36 In humans, the normal intestinal microbiota consists of a large number and high diversity of 37 commensal microorganisms (about 1013 to 1014), mainly in the large intestine, where they establish a 38 symbiotic relationship that influences the entire host organism [1-3]. Intestinal homeostasis is 39 maintained through complex interactions between the host's immune system and the microbiota 40 [4,5]. However, this mutualistic relationship can be disrupted by a variety of factors, such as changes 41 in diet, use of antibiotics, and immunomodulatory drugs, among others, leading to changes in both 42 bacterial function and diversity, a clinical condition called dysbiosis [6,7]. 43 An imbalance in the intestinal microbiota may cause or contribute to the establishment of 44 infectious and inflammatory diseases such as inflammatory bowel disease [8], antibiotic-associated 45 
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26 diarrhea (AAD) [9], irritable bowel syndrome [10] and necrotizing enterocolitis (NEC) [11]. In 46 addition, there is growing evidence in the literature on the association of dysbiosis with other non-47 infectious diseases, including type 2 diabetes [12], asthma [13], non-alcoholic fatty liver disease [14], 48 colorectal cancer [15], neurological conditions [16], and cardiovascular diseases [17]. 49 In some infectious disorders of the intestinal tract resulting from dysbiosis, certain specific 50 bacteria have been implicated as etiologic agents, especially potentially pathogenic Clostridium 51 species. For example, Clostridium difficile is described as one of the leading causes of diarrhea and 52 colitis associated with antibiotic use, with detection frequency ranging from 13% to 28% [9,18]. 53 Mortality rates in patients with C. difficile infection may exceed 30%, especially in those individuals 54 experiencing recurrence of infection within 6 months of initial treatment [19]. 55 NEC is the most common and serious intestinal disorder among preterm infants and is 56 diagnosed through radiological findings that include, among other manifestations, the presence of 57 intestinal pneumatosis [20]. Its incidence may reach 12% in children that weigh less than 1 kg at birth 58 [21] and mortality may range from 20 to 50% [22]. Risk factors for NEC include those that affect the 59 normal microbiota, such as neonatal immaturity, enteral feeding, and intestinal colonization [23]. Its 60 etiology is controversial however, and several causative organisms have been proposed, including 61 viruses, Staphylococcus spp., various gram-negative bacilli, and Clostridium spp. [24]. Recent studies 62 point to Clostridium butyricum as an important cause of NEC [25-27], although there are nontoxigenic 63 strains that can be employed as probiotics [28]. 64 Clostridium perfringens causes infection in both humans and animals [29]. In humans, like C. 65 difficile, under conditions of intestinal microbiota imbalance, C. perfringens may similarly be involved 66 in cases of AAD, although with a lower prevalence [9,30,31]. Depending on the toxigenic type, C. 67 perfringens may also cause other disorders in the intestinal tract, such as food poisoning and necrotic 68 enteritis, in addition to tissue infections accompanied by myonecrosis, such as gas gangrene due to 69 trauma [29]. 70 Antibiotic therapy is the first line of treatment for these infectious intestinal disorders. However, 71 recurrence is frequent, particularly in cases of AAD, since the microbiota remains unbalanced due to 72 the use of broad-spectrum antibiotics [9,19]. Alternative interventions have been employed, such as 73 narrow-spectrum antibiotics, dietary changes, fecal transplantation, and probiotics, which may 74 attenuate the clinical symptoms of dysbiosis, restore diversity of the intestinal microbiota, and 75 improve host health [32-34]. 76 Some studies have shown alleviation of AAD [35,36] and NEC [37,38] with probiotics. The 77 efficacy of distinct probiotic strains, especially among species of Bifidobacterium and Lactobacillus, 78 suggests that they may have common properties that could positively impact patient health in these 79 infections [32,39]. However, the basis of these properties is not yet fully understood [39] and there 80 are no compelling explanations for the effects of probiotics in AAD or NEC. Several plausible 81 mechanisms have been investigated and may contribute to the observed health benefits, but in terms 82 of translational research, this is an evident shortcoming that hinders the development of improved 83 therapies.  84 Therefore, the objective of this study was to carry out an in vitro screening of clinical and 85 reference strains of Bifidobacterium and Lactobacillus with antimicrobial activity against C. butyricum, 86 C. difficile, and C. perfringens. The most promising strain was subjected to analysis of criteria for 87 consideration as a potential probiotic, including its ability to adhere to eukaryotic cells and mucus 88 and its tolerance to acidic pH and bile salts. 89 2. Materials and Methods  90 2.1 Bacterial strains and growth conditions 91 The following Bifidobacterium and Lactobacillus reference strains were studied: Bifidobacterium 92 longum subsp. longum ATCC 15707, Lactobacillus brevis ATCC 367, Lactobacillus delbrueckii subsp. 93 delbrueckii ATCC 9649, Lactobacillus fermentum ATCC 23271, Lactobacillus paracasei subsp. paracasei 94 ATCC 335, Lactobacillus plantarum ATCC 8014, and Lactobacillus rhamnosus ATCC 9595, which were 95 
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27 obtained from the National Institute of Quality Control in Health (INCQS, FIOCRUZ, Rio de Janeiro, 96 Brazil). Lactobacillus rhamnosus GG (LGG, ATCC 53103) was isolated from a commercial probiotic 97 product (Floridral - Pharmaforce ApS, Copenhagen, Denmark) and used as a positive control. In 98 addition, fecal isolates from newborn infants were evaluated and maintained in the Culture 99 Collection Sector of Ceuma University, including Bifidobacterium longum 49.3, Bifidobacterium animalis 100 subsp. lactis 56.1, Bifidobacterium bifidum 14.2, and Lactobacillus fermentum 54.2. All Bifidobacterium and 101 Lactobacillus isolates were routinely cultured on agar or MRS broth (Man-Rogosa-Sharpe, Difco-BD, 102 Detroit, MI, USA) with 0.25% L-cysteine and incubated at 37 °C for 24–48 h under anaerobic 103 conditions. Cultures were stored in MRS broth with 20% glycerol at –80 °C. 104 C. butyricum ATCC 860, C. difficile ATCC 9689, and C. perfringens ATCC 12924 were obtained 105 from INCQS (FIOCRUZ, Rio de Janeiro, Brazil). Clostridium strains were cultured in RCM (reinforced 106 clostridial medium, Acumedia, Lansing, MI, USA) or thioglycolate medium (Acumedia) and 107 incubated at 37 °C for 24–48 h in an anaerobic atmosphere. They were stored in RCM with 20% 108 glycerol at -80 °C.  109 2.2 Antimicrobial activity screening 110 The ability of potential probiotics to inhibit Clostridium growth was evaluated in two distinct 111 assays. All assays were performed in triplicate over three days. 112 2.2.1. Agar spot test 113 The agar spot test procedure was performed as described previously [40], with modifications. 114 Briefly, in a Petri dish containing 10 mL of MRS agar, 5 µL of each probiotic culture was spotted onto 115 one quadrant of the culture medium, followed by incubation at 37 °C for 24 h under anaerobic 116 conditions. After incubation, 10 mL of thioglycolate agar was overlaid onto the MRS agar containing 117 the growth of Bifidobacterium and Lactobacillus strains. After solidification of the culture medium at 118 room temperature (25 - 28 °C), Clostridium spp. suspensions (McFarland standard No. 0.5, 1.5 × 108 119 colony-forming units per milliliter - CFU/mL) were spread with the aid of a swab. The plates were 120 incubated at 37 °C for 24 h under anaerobic conditions. The formation of a clear halo around growth 121 of the probiotics was indicative of antimicrobial activity. The diameter of the growth inhibition halo 122 was measured and expressed in millimeters. 123 2.2.2 Inhibition of gas production 124 The ability of probiotics to inhibit the growth of Clostridium strains was also evaluated by 125 assessing the inhibition of gas production due to the fermentative action of the pathogens, as 126 described previously [41,42], with some modifications. Briefly, the assay was performed by 127 inoculating 1 µL (~107 UFC) of Clostridium culture into the upper third of the RCM agar layer 128 (supplemented with 1.5 g/100 mL bacteriological agar), composed of 3 mL per tube. Subsequently, 3 129 mL of MRS containing 0.7 g% bacteriological agar was melted, cooled to 50 °C, and inoculated with 130 30 µL (~108 UFC) of each probiotic culture. The contents were homogenized by vortexing and 131 immediately poured over the RCM agar layer in tubes inoculated with the Clostridium strains. RCM 132 agar with Clostridium and MRS agar without inoculated probiotics were used as negative controls. 133 The tubes were incubated under anaerobic conditions at 37 °C for 24 h. The assays were performed 134 in triplicate, with and without buffering of the MRS medium with K2HPO4 and KH2PO4 (100 mM) to 135 verify whether or not the inhibition was due to acid production by the probiotics. A positive assay 136 for antimicrobial activity was characterized by the absence of gas production, that is, when bubbles 137 were not formed inside the culture media or medium breakage did not occur. 138   139 
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28 2.3 Coaggregation test 140 After cultivation of the probiotic strains and Clostridium species, aliquots of 1 mL of each culture 141 were washed twice with phosphate-buffered saline (PBS, pH 7.2), centrifuged at 5,000 × g for 15 min, 142 and resuspended in PBS. The optical density of each suspension was adjusted (OD620 nm = 0.1), and 143 500-µL aliquots of the probiotic suspensions were mixed with 500 µL of each pathogen suspension 144 in 24-well plates (Nunc, Roskilde, Denmark) and incubated at 37 °C for 4 h under constant stirring 145 (100 rpm) on an orbital shaker. Plates were observed for macroscopically visible clumps and under 146 inverted microscopy [43]. Glass slides were also prepared with 5 µL of each suspension and evaluated 147 under the microscope for visualization of bacterial coaggregates after Gram staining. L. fermentum 148 ATCC 23271 was used as a positive control in this assay, since high coaggregation scores were 149 previously demonstrated [44]. Control assays were performed with individual bacterial samples to 150 assess their ability to autoaggregate. 151 2.4 Mucin binding assay 152 The ability of selected probiotic strains to bind to mucin was evaluated essentially as described 153 by Tallon et al. [45]. A volume of 100 µL of a 10 mg/mL mucin solution in PBS (pH 7.2) was added to 154 the wells of polystyrene microtiter plates (Nunc) and incubated overnight at 4 °C. The wells were 155 washed twice with 200 µL PBS and saturated with a 2% (w/v) bovine serum albumin (BSA) solution 156 (Sigma-Aldrich, St. Louis, MO, USA) for 4 h at 4 °C. Finally, the wells were washed twice with 200 157 µL PBS. At least four replicates were used to estimate the adhesion of a given strain. Probiotic cultures 158 in MRS broth were washed three times in PBS, and the final suspension was standardized by 159 spectrophotometry (OD600nm = 0.1). Aliquots of 100 µL of the bacterial suspension were added to each 160 well, and the microplates were incubated at 37 °C for 1 h. After this, the wells were washed 12 times 161 with 1 mL PBS to remove non-adherent bacteria. The wells were treated with 200 µL of 0.5% Triton 162 X-100 (Sigma-Aldrich), and the plates were then incubated for 2 h at room temperature under orbital 163 shaking to release the adhered bacteria. Then, the wells were scraped with a sterile tip, and the 164 number of bacteria with binding ability to mucin was estimated by serial decimal dilutions in PBS 165 and plating on MRS agar, followed by incubation at 37 °C for 24 h under anaerobic conditions. L. 166 fermentum ATCC 23271 was used as a positive control [44].  167 2.5 Adhesion to eukaryotic cells 168 Adhesion to HeLa was evaluated according to the method of Carmo et al [44]. A 300-µL aliquot 169 of each potential probiotic cultured in MRS broth was washed three times with PBS (pH 7.4, Sigma-170 Aldrich), and the bacterial pellet was resuspended in 300 µL Dulbecco’s modified Eagle’s medium 171 (DMEM, Sigma-Aldrich). Monolayers of HeLa cells grown in 24-well microplates (Nunc) containing 172 DMEM supplemented with 10% fetal bovine serum (Gibco, Gaithersburg, MD, USA), with or without 173 glass coverslips, were inoculated with 50 µL (~2.3 × 107 CFU) of bacterial suspension and incubated 174 at 37 °C under 5% CO2 for 3 h. Then, each well was washed three times with PBS to remove non-175 adherent bacteria. For quantification of the adherent bacteria, the HeLa cell monolayers in the wells 176 without coverslips were treated with 1 mL of 0.1% Triton X-100 (Sigma-Aldrich) for 5 min and 177 scraped with the aid of a tip. Thereafter, serial decimal dilutions were spread on MRS agar plates and 178 incubated at 37 °C for 24 h. The total number of bacteria adhered to the cells was expressed as CFU 179 per milliliter. Visualization of bacterial adherence to eukaryotic cells was performed after fixation 180 with methanol (Amresco, Gymea, Australia) and staining with May-Grunwald and Giemsa 181 (Amresco). Gram staining was also used to better visualize gram-positive Lactobacillus adhered to the 182 cells. The coverslips were then mounted on glass slides and visualized by light microscopy under a 183 100× oil immersion objective. 184   185 
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29 2.6 Tolerance to acidic pH and bile salts 186 Tolerance of selected bacteria to acidic pH (2 and 4) and bile salts (0.5% and 1%, Oxgall, Sigma-187 Aldrich) was evaluated as previously described, with minor modifications [46]. Briefly, 900 µL MRS, 188 adjusted to pH 2 or 4 or non-adjusted (control) or supplemented with 0, 0.5, or 1.0% (w/v) Oxgall 189 (Sigma-Aldrich), was inoculated with 100 µL of a 24-h culture, which had been previously washed 190 three times with PBS and resuspended in the same volume of MRS broth. After incubation at 37 °C 191 for 3 h under anaerobic conditions, the percentage of viable bacteria relative to that in the control was 192 determined by plate counting on MRS agar. 193 2.7 Antibiotic susceptibility testing 194 Antibiotic susceptibility of probiotics was determined by a modification of the agar overlay 195 diffusion method, as previously described [47]. Commercial discs (Oxoid) containing different 196 antibiotics, including ciprofloxacin (5 µg), clindamycin (2 µg), chloramphenicol (30 µg), 197 erythromycin (15 µg), gentamicin (10 µg), penicillin (10 µg), rifampicin (5 µg), co-trimoxazole (25 µg), 198 vancomycin (30 µg), and tetracycline (30 µg), were placed on MRS agar plates inoculated with 199 Lactobacillus (108 CFU/mL). The plates were incubated anaerobically at 37 °C for 24 h. Antibiotic 200 susceptibility was evaluated based on the diameter (in millimeters) of the growth inhibition zone 201 around the discs [47]. The reference strain Staphylococcus aureus ATCC 25923 was used for quality 202 control of antibiotic discs and tested in Mueller-Hinton agar, as recommended [48]. 203 2.8 Statistical analyses 204 Statistical analyses were performed using NCSS 11 Statistical Software (2016; NCSS, Kaysville, 205 UT, USA). Adherence to eukaryotic cells and to mucin was expressed as log CFU/mL (± SD). 206 Tolerance to acidic pH and to bile salts was compared to growth in standard MRS medium. The 207 Shapiro-Wilk test was carried out and confirmed that all variables were normally distributed. Thus, 208 all comparisons were carried out by the Student t-test. Statistical significance was established at p < 209 0.05. All assays were performed in three independent experiments conducted on three different days.  210 3. Results 211 3.1. Selection of strains with antimicrobial activity against Clostridium spp. 212 The antimicrobial effects of potential probiotics, as determined by the agar spot test, are shown 213 in Table 1. Eleven strains (91.7%) were able to inhibit C. butyricum, whereas C. difficile and C. 214 perfringens were inhibited by 9 (75%) strains each. The diameter of the inhibition zone varied among 215 the clinical and reference probiotic strains. Of the 12 species tested, 8 (66.7%) exhibited antimicrobial 216 activity against all three Clostridium species. The largest inhibition zones were produced by L. 217 plantarum ATCC 8014, mainly against C. butyricum (17 mm). Only B. animalis 56.1 showed no 218 inhibitory activity against any Clostridium species in this assay. 219   220 
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L. plantaru
m ATCC 8014

L. delbruec
kii ATCC 9649

L. brevis ATCC 367
L. paracase

i ATCC 335
B. longum ATCC 15707

Table 1. Inhibitory activity of Bifidobacterium and Lactobacillus against Clostridium spp. based on the 221 agar spot test. 222 Potential probiotics Diameter of inhibition zones (mm ± SD) of: C. butyricum C. difficile C. perfringens B. animalis 56.1 0 0 0 B. bifidum 14.2 12 (1.6) 12 (0.4) 11 (1.7) B. longum ATCC 15707 11 (0.4) 12 (0.2) 11 (1.4) B. longum 49.3 12 (0.4) 11 (0.0) 10 (0.7) L. brevis ATCC 367 9 (0.4) 0 0 L. delbrueckii ATCC 9649 10 (1.5) 11 (0.7) 12 (2.4) L. fermentum ATCC 23271 10 (1.1) 10 (0.5) 10 (0.6) L. fermentum 54.2 13 (0.7) 9 (0,4) 10 (0.0) L. paracasei ATCC 335 11 (0.5) 12 (0.3) 11 (0.4) L. plantarum ATCC 8014 17 (0.8) 13 (1.1) 13 (0.6) L. rhamnosus ATCC 9595 11 (0.0) 0 0 L. rhamnosus GG ATCC 53103 10 (0.9) 0 0  223 To assess whether or not the inhibitory activity on Clostridium spp. was due to acid produced by 224 the probiotics, a test was conducted to evaluate the inhibition of gas production by C. butyricum 225 ATCC 860 in culture medium. This test was carried out in MRS medium with and without phosphate 226 buffer. C. butyricum ATCC 860 was selected because this strain usually produces a large amount of 227 gas resulting from its fermentative activity in thioglycolate medium or RCM. In the presence of 228 buffer, the strains L. brevis ATCC 367, L. delbrueckii ATCC 9649, L. paracasei ATCC 335, L. plantarum 229 ATCC 8014, L. rhamnosus ATCC 9595, B. animalis 56.1, and B. longum ATCC 15707 inhibited gas 230 production by Clostridium spp., whereas the other strains did not (Figure 1). Among the strains that 231 inhibited gas production in the absence of the phosphate buffer, only B. bifidum 14.2 gave a negative 232 result when the assay was carried out in the of presence phosphate buffer in the MRS medium (Table 233 2). 234  235  236  237  238  239  240  241  242  243  244   245 
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31  246 Figure 1. Inhibition of gas production. The lower layer corresponds to the RCM agar inoculated with 247 Clostridium butyricum ATCC 860, and the upper layer is MRS medium with 0.7% agar and 100 mM phosphate 248 buffer inoculated with Bifidobacterium and Lactobacillus strains; cultures were incubated at 37 °C for 24 h under 249 anaerobic conditions. (a) Gas production by C. butyricum in buffered MRS medium, indicating the absence of 250 inhibitory activity of Lactobacillus and Bifidobacterium strains; (b) Inhibitory activity of five Lactobacillus and two 251 Bifidobacterium strains on gas production by Clostridium butyricum. 252  253 Table 2. Inhibition of gas production by C. butyricum induced by probiotics grown in MRS medium 254 with and without phosphate buffer. 255 Strains Without buffer With buffer B. animalis 56.1 + + B. bifidum 14.2 + - B. longum ATCC 15707 + + B. longum 49.3 - - L. brevis ATCC 367 + + L. delbrueckii ATCC 9649 + + L. fermentum ATCC 23271 - - L. fermentum 54.2 - - L. paracasei ATCC 335 + + L. plantarum ATCC 8014 + + L. rhamnosus ATCC 9595 + +  256  257 3.2. L. plantarum ATCC 8014 presents probiotic potential 258 L. plantarum ATCC 8014, the strain with the highest antimicrobial activity in the agar spot test 259 for the three Clostridium strains, was selected for further analysis and characterization as a potential 260 probiotic. In terms of its coaggregation capacity, we observed that L. plantarum ATCC 8014 interacted 261 clearly with the pathogens, forming bacterial aggregates with the three species of Clostridium (Figure 262 2). 263 Investigation of the adhesion properties of L. plantarum ATCC 8014 revealed its ability to interact 264 with eukaryotic cells, as demonstrated in the assay with HeLa cells (Figure 3). In fact, adherence 265 values for L. plantarum ATCC 8014 were higher than those observed for L. fermentum ATCC 23271 266 (Table 3, P = 0.0037). In contrast, L. fermentum ATCC 23271 exhibited a greater ability to bind mucin 267 than L. plantarum ATCC 8014 (Table 3, P < 0.0001). 268   269 
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32  270  271  272  273  274  275  276  277  278  279  280  281  282  283     284 Figure 2. Coaggregation of L. plantarum ATCC 8014 with the three species of Clostridium. (a) L. 285 plantarum; (b) C. butyricum; (c) Coaggregation of L. plantarum and C. butyricum; (d) C. difficile; (e) 286 Coaggregation of L. plantarum and C. difficile; (f) C. perfringens; (g) Coaggregation of L. plantarum and 287 C. perfringens. 288  289  290  291  292  293  294  295 Figure 3. Adhesion assay of (a) L. plantarum ATCC 8014 and (b) L. fermentum ATCC 23271 to HeLa 296 cells after inoculation of approximately 107 CFU of bacterial suspensions. Cell monolayers were 297 Gram-stained. 298 
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33  299 Table 3. Adherence properties of L. plantarum ATCC 8014 to eukaryotic cells and to mucin in comparison with 300 the control 301 Assays 1 L. plantarum ATCC 8014 L. fermentum ATCC 23271 p Value 2 Cell adhesion 7.602 (±0.135) 7.349 (±0.053) 0.0037 Mucin binding 5.057 (±0.062) 5.370 (±0.031) < 0.0001 
1 Data are expressed as mean log10 CFU/mL (standard deviations) of triplicate experiments performed on three 302 independent days. 2 Comparative analysis was performed by Student’s t-test (p < 0.05). 303  304 L. plantarum ATCC 8014 exhibited growth at pH 2 and 4 after 180 min of exposure, with growth 305 values of 70.3% and 97.8%, respectively, relative to that observed in standard MRS medium (Table 306 4). Assays performed at bile salt concentrations of 0.5% and 1.0% resulted in growth values of 110.8% 307 and 90.1%, respectively, relative to that observed in standard medium. No differences were observed 308 relative to the growth of L. fermentum strain ATCC 23271 (Table 4). 309  310 Table 4. Survival of L. plantarum ATCC 8014 and L. fermentum ATCC 23271 in the presence of acidic pH and 311 bile salts 312 Conditions % Survival (± SD)1 p value2 L. plantarum L. fermentum pH 2.0 70.3 (± 4.46) 64.7 (± 6.49) 0.1155 pH 4.0 97.8 (± 5.67) 106.2 (± 9.36) 0.7606 Bile salts 0.5% 110.8 (12.04) 112.7 (± 8.79) 0.0912 Bile salts 1.0% 90.1 (± 3.77) 92.6 (± 3.07) 0.2419 1 Data represent survival percentage of microorganisms after 180 min of exposure to distinct conditions in 313 comparison to bacterial growth of each under standard conditions. 2 Comparative analysis was performed by 314 the Student’s t-test (p < 0.05). 315  316  317 The antibiotic susceptibility profile of L. plantarum ATCC 8014 was evaluated using the 318 overlay diffusion method. L. plantarum ATCC 8014 showed resistance to ciprofloxacin and 319 vancomycin, and sensitivity to all other antibiotics tested (Table 5). 320   321 
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34 Table 5. Antimicrobial susceptibility of L. plantarum ATCC 8014 according to agar overlay diffusion 322 Results Antibiotics Susceptible Clindamycin  Chloramphenicol  Erythromycin  Gentamicin  Penicillin  Rifampicin  Tetracycline   Moderately susceptible Co-trimoxazole   Resistant Ciprofloxacin  Vancomycin  323 4. Discussion 324 Some probiotic strains have been successfully used in clinical studies for the treatment or 325 prevention of DAA [35,36] and EN [37,38]. However, their mechanisms of action remain unclear. It 326 can be argued that this is not important, since the positive effects of probiotic interventions are 327 generally observed with some reliability. However, controversial findings on AAD and NEC 328 interventions have been reported in the literature, as a positive effect does not always occur when 329 used in cases of dysbiosis [49]. A better understanding of the relevant "central probiotic properties" 330 that contribute to their inhibitory effects on major etiological agents of these clinical syndromes could 331 therefore aid in the design of a more rational strategy for selecting and producing more effective 332 probiotics [32]. 333 In this study, we showed that different clinical and reference species present different levels of 334 antimicrobial efficacy against C. butyricum, C. difficile, and C. perfringens. Evaluation of the 335 antimicrobial activity of 12 potential probiotic bacteria, including four species of Bifidobacterium and 336 eight species of Lactobacillus, indicated that L. plantarum strain ATCC 8014 exhibited the greatest 337 capacity of inhibiting the growth of the three reference strains of Clostridium, based on the activity 338 detected using screening methods. In addition to L. plantarum ATCC 8014, other species showed 339 inhibitory activity against one or all Clostridium strains. However, their antimicrobial activities were 340 evidenced with lower zones of inhibition or were variable in comparison to the inhibition test of gas 341 production. This variability in performance has previously been reported and suggests that more 342 than one method should be used to assess the antimicrobial activity of probiotics, given that the 343 conditions of each methodology may interfere with the results [50].  344 Various species of Lactobacillus are able to produce compounds with antimicrobial activities, 345 including organic (acetic and lactic) acids, low-molecular-weight compounds, antifungal peptides, 346 and antibacterial peptides (bacteriocins) [51,52]. It appears however that the inhibition of Clostridium 347 growth exhibited by the probiotic strains was not the result of the overproduction of acids, since the 348 addition of buffer to the MRS media did not affect the inhibitory activity of the majority of these 349 species. Furthermore, some species of Clostridium exhibit intense fermentative activity, resulting in 350 the production of large quantities of organic acids, including acetic, lactic, formic, butyric, and 351 propionic acid, among other substances; thus, they would likely already be habituated to these and 352 would survive acidic pH conditions [52,53]. 353 Therefore, it is most likely that other molecules produced by the probiotics are involved in the 354 inhibition of Clostridium strains. Recently, it has been demonstrated that Lactobacillus metabolites 355 
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35 isolated from vaginal smears exerted in vitro bacteriostatic effects against C. perfringens in adult 356 vaginal swabs [54]. This activity has been associated to the production of protein compounds such as 357 bacteriocins, which are produced by several species of probiotics and have bactericidal or 358 bacteriostatic actions. Bacteriocins may increase the permeability of the inner membrane of bacteria, 359 thus contributing to their rupture and interfering with bacterial cell wall synthesis, resulting in pore 360 formation by binding to the peptidoglycan precursor lipid [55]. Lacticin 3147, for example, produced 361 by Lactococcus lactis, forms selective pores in the cell walls of some pathogenic gram-positive bacteria, 362 including C. difficile, resulting in its death [56]. 363 The nature of the compound(s) produced by L. plantarum ATCC 8014 and its potential 364 bactericidal or bacteriostatic actions are not yet known. However, even if such compounds have 365 bacteriostatic action or are capable of inducing only sporulation, such action could be relevant to 366 controlling the clinical manifestation of infections caused by Clostridium, neutralizing the metabolic 367 activity of the pathogen and, consequently, the production of toxins and other virulence factors 368 involved. In addition, bacteriocins have a more targeted inhibitory action against gram-positive 369 bacteria [50,52]. 370 Several criteria are used to define microorganisms as probiotics, including the ability to: 1) 371 coaggregate with microbial pathogens; 2) adhere to eukaryotic cells and mucus; and 3) tolerate 372 conditions of acidic pH and bile salts, among other properties [57,58]. L. plantarum ATCC 8014 373 fulfilled these criteria to be considered a potential probiotic, as it tolerated acidic pH and bile salts 374 under the conditions tested, coaggregated with Clostridium spp., and exhibited adhesive properties 375 suggesting its capacity for in vivo colonization. Although it demonstrated lower mucin binding than 376 the L. fermentum strain ATCC 23271, the results of the binding assay were still high. 377 A worrying issue in the selection of probiotics is the potential transmissibility of drug resistance 378 exhibited by probiotic bacteria to be used in foods or supplements, especially if the microorganism 379 in question carries plasmids [59,60]. In this study, L. plantarum ATCC 8014 showed resistance to 380 ciprofloxacin and vancomycin. However, despite having plasmids [61], resistance to these antibiotics 381 is considered intrinsic and non-transmissible in this species [62,63]. 382 Ingestion of non-pathogenic bacterial species, such as probiotics, may contribute to important 383 protective functions by reducing paracellular permeability, providing an innate defense against 384 pathogens and a physical impediment in the form of the mucosal layer, which may help protect 385 against infection, prevent inflammation, and maintain mucosal integrity. In addition, there is a large 386 panel of probiotic strains that are currently in use. However, in most cases, probiotic action has been 387 shown to be species-specific or even strain-specific [32,64 70,65,66]. Thus, the possibility of a potential 388 probiotic with proven antimicrobial action against multiple pathogenic species of Clostridium, which 389 are commonly associated with pathologies resulting from an imbalance in the microbiota, represents 390 a significant advance for the reduction of morbidity and mortality rates arising from these clinical 391 syndromes. In addition to being a more rational therapeutic approach, use of a probiotic would not 392 have a negative impact on the intestinal microbiota and would not exert pressure for the selection of 393 resistant bacteria, as with conventional antibiotic therapy [67]. 394 5. Conclusion 395 Our findings allow us to conclude that L. plantarum strain ATCC 8014 has probiotic potential, 396 with antimicrobial activity against C. butyricum ATCC 860, C. difficile ATCC 9689, and C. perfringens 397 ATCC 12924. Additionally, this microorganism fulfills essential criteria for status as 'generally 398 recognized as safe' (GRAS). However, in vivo studies are needed for a better assessment of its efficacy 399 and safety. 400 Funding: This study was supported by grants from the Coordenação de Aperfeic ̧oamento de Pessoal de Nível 401 Superior - Brasil (CAPES) - Finance Code 001 to V.M.-N. and E.S.F.; Fundação de Amparo à Pesquisa e o 402 



Nutrients 2018, 10, x FOR PEER REVIEW  

 

36 Desenvolvimento Científico e Tecnológico do Maranhão (FAPEMA), Universal No.00995/17 and BEPP-02513/18 403 to V.M.-N.; and Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPQ) grant No. 404 309046/2016-5 to E.S.F. 405 Acknowledgments: The authors thank Hélio Euclides S. dos Santos for technical assistance. 406 Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the 407 study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to 408 publish the results. 409 References 410 1. Perez-Lopez, A.; Behnsen, J.; Nuccio, S.P.; Raffatellu, M. Mucosal immunity to pathogenic intestinal 411 bacteria. Nat. Rev. Immunol. 2016, 16, 135-148, doi:10.1038/nri.2015.17. 412 2. Reinoso Webb, C.; Koboziev, I.; Furr, K.L.; Grisham, M.B. Protective and pro-inflammatory roles of 413 intestinal bacteria. Pathophysiology 2016, 23, 67-80, doi:10.1016/j.pathophys.2016.02.002. 414 3. Sonnenburg, J.L.; Bäckhed, F. Diet–microbiota interactions as moderators of human metabolism. Nature 415 2016, 535, 56, doi:10.1038/nature18846. 416 4. Kau, A.L.; Ahern, P.P.; Griffin, N.W.; Goodman, A.L.; Gordon, J.I. Human nutrition, the gut 417 microbiome and the immune system. Nature 2011, 474, 327-336, doi:10.1038/nature10213. 418 5. Littman, D.R.; Pamer, E.G. Role of the commensal microbiota in normal and pathogenic host immune 419 responses. Cell Host Microbe 2011, 10, 311-323, doi:10.1016/j.chom.2011.10.004. 420 6. Conlon, M.A.; Bird, A.R. The impact of diet and lifestyle on gut microbiota and human health. Nutrients 421 2014, 7, 17-44, doi:10.3390/nu7010017. 422 7. Donaldson, G.P.; Lee, S.M.; Mazmanian, S.K. Gut biogeography of the bacterial microbiota. Nat. Rev. 423 Microbiol. 2016, 14, 20-32, doi:10.1038/nrmicro3552. 424 8. Prosberg, M.; Bendtsen, F.; Vind, I.; Petersen, A.M.; Gluud, L.L. The association between the gut 425 microbiota and the inflammatory bowel disease activity: a systematic review and meta-analysis. Scand. 426 J. Gastroenterol. 2016, 51, 1407-1415, doi:10.1016/j.cmi.2014.08.017. 427 9. McFarland, L.V.; Ozen, M.; Dinleyici, E.C.; Goh, S. Comparison of pediatric and adult antibiotic-428 associated diarrhea and Clostridium difficile infections. World J. Gastroenterol. 2016, 22, 3078-3104, 429 doi:10.3748/wjg.v22.i11.3078. 430 10. Bennet, S.M.; Öhman, L.; Simrén, M. Gut microbiota as potential orchestrators of irritable bowel 431 syndrome. Gut and liver 2015, 9, 318. 432 11. Pammi, M.; Cope, J.; Tarr, P.I.; Warner, B.B.; Morrow, A.L.; Mai, V.; Gregory, K.E.; Kroll, J.S.; McMurtry, 433 V.; Ferris, M.J., et al. Intestinal dysbiosis in preterm infants preceding necrotizing enterocolitis: a 434 systematic review and meta-analysis. Microbiome 2017, 5, 31, doi:10.1186/s40168-017-0248-8. 435 12. Sircana, A.; Framarin, L.; Leone, N.; Berrutti, M.; Castellino, F.; Parente, R.; De Michieli, F.; Paschetta, 436 E.; Musso, G. Altered gut microbiota in type 2 diabetes: just a coincidence? Curr. Diab. Rep. 2018, 18, 98. 437 13. Durack, J.; Boushey, H.A.; Lynch, S.V. Airway microbiota and the implications of dysbiosis in asthma. 438 Curr. Allergy Asthma Rep. 2016, 16, 52, doi:10.1007/s11882-016-0631-8. 439 14. Boursier, J.; Mueller, O.; Barret, M.; Machado, M.; Fizanne, L.; Araujo-Perez, F.; Guy, C.D.; Seed, P.C.; 440 Rawls, J.F.; David, L.A. The severity of nonalcoholic fatty liver disease is associated with gut dysbiosis 441 and shift in the metabolic function of the gut microbiota. Hepatology 2016, 63, 764-775, 442 doi:10.1002/hep.28356. 443 15. Tilg, H.; Adolph, T.E.; Gerner, R.R.; Moschen, A.R. The intestinal microbiota in colorectal cancer. Cancer 444 Cell 2018, 33, 954-964, doi:10.1016/j.ccell.2018.03.004. 445 



Nutrients 2018, 10, x FOR PEER REVIEW  

 

37 16. Tremlett, H.; Bauer, K.C.; Appel-Cresswell, S.; Finlay, B.B.; Waubant, E. The gut microbiome in human 446 neurological disease: A review. Ann. Neurol. 2017, 81, 369-382, doi:10.1002/ana.24901. 447 17. Lezutekong, J.N.; Nikhanj, A.; Oudit, G.Y. Imbalance of gut microbiome and intestinal epithelial barrier 448 dysfunction in cardiovascular disease. Clin. Sci. (Lond.) 2018, 132, 901-904, doi:10.1042/CS20180172. 449 18. Rupnik, M.; Wilcox, M.H.; Gerding, D.N. Clostridium difficile infection: new developments in 450 epidemiology and pathogenesis. Nat. Rev. Microbiol. 2009, 7, 526. 451 19. Olsen, M.A.; Yan, Y.; Reske, K.A.; Zilberberg, M.D.; Dubberke, E.R. Recurrent Clostridium difficile 452 infection is associated with increased mortality. Clin. Microbiol. Infect. 2015, 21, 164-170, 453 doi:10.1016/j.cmi.2014.08.017. 454 20. Coursey, C.A.; Hollingsworth, C.L.; Wriston, C.; Beam, C.; Rice, H.; Bisset, G., 3rd. Radiographic 455 predictors of disease severity in neonates and infants with necrotizing enterocolitis. AJR Am. J. 456 Roentgenol. 2009, 193, 1408-1413, doi:10.2214/AJR.08.2306. 457 21. Shah, T.A.; Meinzen-Derr, J.; Gratton, T.; Steichen, J.; Donovan, E.F.; Yolton, K.; Alexander, B.; 458 Narendran, V.; Schibler, K.R. Hospital and neurodevelopmental outcomes of extremely low-birth-459 weight infants with necrotizing enterocolitis and spontaneous intestinal perforation. J. Perinatol. 2012, 460 32, 552-558, doi:10.1038/jp.2011.176. 461 22. Fitzgibbons, S.C.; Ching, Y.; Yu, D.; Carpenter, J.; Kenny, M.; Weldon, C.; Lillehei, C.; Valim, C.; Horbar, 462 J.D.; Jaksic, T. Mortality of necrotizing enterocolitis expressed by birth weight categories. J. Pediatr. Surg. 463 
2009, 44, 1072-1075; discussion 1075-1076, doi:10.1016/j.jpedsurg.2009.02.013. 464 23. Neu, J.; Walker, W.A. Necrotizing enterocolitis. N. Engl. J. Med. 2011, 364, 255-264, 465 doi:10.1056/NEJMra1005408. 466 24. Coggins, S.A.; Wynn, J.L.; Weitkamp, J.-H. Infectious causes of necrotizing enterocolitis. Clin. Perinatol. 467 
2015, 42, 133-154, doi:10.1016/j.clp.2014.10.012. 468 25. Cassir, N.; Benamar, S.; Khalil, J.B.; Croce, O.; Saint-Faust, M.; Jacquot, A.; Million, M.; Azza, S.; 469 Armstrong, N.; Henry, M. Clostridium butyricum strains and dysbiosis linked to necrotizing enterocolitis 470 in preterm neonates. Clin. Infect. Dis. 2015, 61, 1107-1115, doi:10.1093/cid/civ468. 471 26. Sato, Y.; Kujirai, D.; Emoto, K.; Yagami, T.; Yamada, T.; Izumi, M.; Ano, M.; Kase, K.; Kobayashi, K. 472 Necrotizing enterocolitis associated with Clostridium butyricum in a Japanese man. Acute medicine & 473 surgery 2018, 5, 194-198. 474 27. Schonherr-Hellec, S.; Klein, G.L.; Delannoy, J.; Ferraris, L.; Roze, J.C.; Butel, M.J.; Aires, J. Clostridial 475 strain-specific characteristics associated with necrotizing enterocolitis. Appl. Environ. Microbiol. 2018, 476 84, AEM. 02428-02417, doi:10.1128/AEM.02428-17. 477 28. Cassir, N.; Benamar, S.; La Scola, B. Clostridium butyricum: from beneficial to a new emerging pathogen. 478 Clin. Microbiol. Infect. 2016, 22, 37-45, doi:10.1016/j.cmi.2015.10.014. 479 29. Uzal, F.A.; Freedman, J.C.; Shrestha, A.; Theoret, J.R.; Garcia, J.; Awad, M.M.; Adams, V.; Moore, R.J.; 480 Rood, J.I.; McClane, B.A. Towards an understanding of the role of Clostridium perfringens toxins in 481 human and animal disease. Future Microbiol. 2014, 9, 361-377, doi:10.2217/fmb.13.168. 482 30. Asha, N.; Tompkins, D.; Wilcox, M. Comparative analysis of prevalence, risk factors, and molecular 483 epidemiology of antibiotic-associated diarrhea due to Clostridium difficile, Clostridium perfringens, and 484 Staphylococcus aureus. J. Clin. Microbiol. 2006, 44, 2785-2791. 485 31. Hancock, P. Antibiotic-associated diarrhoea: Clostridium difficile or C. perfringens? Reviews in Medical 486 Microbiology 1997, 8, S69. 487 



Nutrients 2018, 10, x FOR PEER REVIEW  

 

38 32. Hill, C.; Guarner, F.; Reid, G.; Gibson, G.R.; Merenstein, D.J.; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.J.; 488 Salminen, S. Expert consensus document: The International Scientific Association for Probiotics and 489 Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nature Reviews 490 Gastroenterology and Hepatology 2014, 11, 506, doi:10.1038/nrgastro.2014.66. 491 33. Kelly, C.R.; de Leon, L.; Jasutkar, N. Fecal microbiota transplantation for relapsing Clostridium difficile 492 infection in 26 patients: methodology and results. J. Clin. Gastroenterol. 2012, 46, 145-149, 493 doi:10.1097/MCG.0b013e318234570b. 494 34. Walker, A.W.; Lawley, T.D. Therapeutic modulation of intestinal dysbiosis. Pharmacol. Res. 2013, 69, 75-495 86, doi:10.1016/j.phrs.2012.09.008. 496 35. Hempel, S.; Newberry, S.J.; Maher, A.R.; Wang, Z.; Miles, J.N.; Shanman, R.; Johnsen, B.; Shekelle, P.G. 497 Probiotics for the prevention and treatment of antibiotic-associated diarrhea: a systematic review and 498 meta-analysis. JAMA 2012, 307, 1959-1969, doi:10.1001/jama.2012.3507. 499 36. Lau, C.S.; Chamberlain, R.S. Probiotics are effective at preventing Clostridium difficile-associated 500 diarrhea: a systematic review and meta-analysis. Int J Gen Med 2016, 9, 27. 501 37. AlFaleh, K.; Anabrees, J. Probiotics for prevention of necrotizing enterocolitis in preterm infants. Evid 502 Based Child Health 2014, 9, 584-671, doi:10.1002/ebch.1976. 503 38. Underwood, M.A. Impact of probiotics on necrotizing enterocolitis. Semin. Perinatol. 2017, 41, 41-51, 504 doi:10.1053/j.semperi.2016.09.017. 505 39. Sanders, M.E.; Benson, A.; Lebeer, S.; Merenstein, D.J.; Klaenhammer, T.R. Shared mechanisms among 506 probiotic taxa: implications for general probiotic claims. Curr. Opin. Biotechnol. 2018, 49, 207-216, 507 doi:10.1016/j.copbio.2017.09.007. 508 40. Anas, M.; Eddine, H.J.; Mebrouk, K. Antimicrobial activity of Lactobacillus species isolated from 509 Algerian raw goat’s milk against Staphylococcus aureus. World J Dairy Food Sci 2008, 3, 39-49. 510 41. Banina, A.; Vukasinovic, M.; Brankovic, S.; Fira, D.; Kojic, M.; Topisirovic, L. Characterization of natural 511 isolate Lactobacillus acidophilus BGRA43 useful for acidophilus milk production. J. Appl. Microbiol. 1998, 512 84, 593-599. 513 42. Golic, N.; Veljovic, K.; Popovic, N.; Djokic, J.; Strahinic, I.; Mrvaljevic, I.; Terzic-Vidojevic, A. In vitro 514 and in vivo antagonistic activity of new probiotic culture against Clostridium difficile and Clostridium 515 perfringens. BMC Microbiol. 2017, 17, 108, doi:10.1186/s12866-017-1015-5. 516 43. Reid, G.; McGroarty, J.A.; Domingue, P.G.; Chow, A.W.; Bruce, A.W.; Eisen, A.; Costerton, J.W. 517 Coaggregation of urogenital bacteria in vitro and in vivo. Curr. Microbiol. 1990, 20, 47-52. 518 44. do Carmo, M.S.; Noronha, F.M.; Arruda, M.O.; Costa, E.P.; Bomfim, M.R.; Monteiro, A.S.; Ferro, T.A.; 519 Fernandes, E.S.; Giron, J.A.; Monteiro-Neto, V. Lactobacillus fermentum ATCC 23271 displays in vitro 520 inhibitory activities against Candida spp. Front Microbiol 2016, 7, 1722, doi:10.3389/fmicb.2016.01722. 521 45. Tallon, R.; Arias, S.; Bressollier, P.; Urdaci, M. Strain-and matrix-dependent adhesion of Lactobacillus 522 plantarum is mediated by proteinaceous bacterial compounds. J. Appl. Microbiol. 2007, 102, 442-451, 523 doi:10.1111/j.1365-2672.2006.03086.x. 524 46. Munoz-Quezada, S.; Chenoll, E.; Vieites, J.M.; Genoves, S.; Maldonado, J.; Bermudez-Brito, M.; Gomez-525 Llorente, C.; Matencio, E.; Bernal, M.J.; Romero, F., et al. Isolation, identification and characterisation 526 of three novel probiotic strains (Lactobacillus paracasei CNCM I-4034, Bifidobacterium breve CNCM I-4035 527 and Lactobacillus rhamnosus CNCM I-4036) from the faeces of exclusively breast-fed infants. Br. J. Nutr. 528 
2013, 109 Suppl 2, S51-62, doi:10.1017/S0007114512005211. 529 



Nutrients 2018, 10, x FOR PEER REVIEW  

 

39 47. Charteris, W.P.; Kelly, P.M.; Morelli, L.; Collins, J.K. Antibiotic susceptibility of potentially probiotic 530 Lactobacillus species. J. Food Prot. 1998, 61, 1636-1643. 531 48. CLSI. Perfomance standards for antimicrobial susceptibility testing (Supplement M100), 27th ed.; Clinical and 532 Laboratory Standards Institute: Wayne, PA, 2017; pp. 250. 533 49. Aceti, A.; Gori, D.; Barone, G.; Callegari, M.L.; Di Mauro, A.; Fantini, M.P.; Indrio, F.; Maggio, L.; 534 Meneghin, F.; Morelli, L., et al. Probiotics for prevention of necrotizing enterocolitis in preterm infants: 535 systematic review and meta-analysis. Ital. J. Pediatr. 2015, 41, 89, doi:10.1186/s13052-015-0199-2. 536 50. Coman, M.; Verdenelli, M.; Cecchini, C.; Silvi, S.; Orpianesi, C.; Boyko, N.; Cresci, A. In vitro evaluation 537 of antimicrobial activity of Lactobacillus rhamnosus IMC 501®, Lactobacillus paracasei IMC 502® and 538 SYNBIO® against pathogens. J. Appl. Microbiol. 2014, 117, 518-527, doi:10.1111/jam.12544. 539 51. do Carmo, M.S.; Santos, C.I.D.; Araujo, M.C.; Giron, J.A.; Fernandes, E.S.; Monteiro-Neto, V. Probiotics, 540 mechanisms of action, and clinical perspectives for diarrhea management in children. Food Funct 2018, 541 9, 5074-5095, doi:10.1039/c8fo00376a. 542 52. Nes, I.F.; Kjos, M.; Diep, D.B. Antimicrobial Components of Lactic Acid Bacteria. In Lactic acid bacteria : 543 microbiological and functional aspects, 4th ed ed.; Lahtinen, A., Ouwehand, A.C., Salminen, S., Wright, A., 544 Eds. CRC Press: Boca Raton, Fl., 2012; pp. 285-330. 545 53. Lee, Y.K.; Salminen, S. Handbook of Probiotics and Prebiotics; John Wiley & Sons: 2009. 546 54. Amin, M.; Moradi Choghakabodi, P.; Alhassan Hamidi, M.; Najafian, M.; Farajzadeh Sheikh, A. In vitro 547 antimicrobial activities of metabolites from vaginal Lactobacillus strains against Clostridium perfringens 548 isolated from a woman's vagina. J. Chin. Med. Assoc. 2017, 80, 29-33, doi:10.1016/j.jcma.2016.04.009. 549 55. Wiedemann, I.; Bottiger, T.; Bonelli, R.R.; Schneider, T.; Sahl, H.G.; Martinez, B. Lipid II-based 550 antimicrobial activity of the lantibiotic plantaricin C. Appl. Environ. Microbiol. 2006, 72, 2809-2814, 551 doi:10.1128/AEM.72.4.2809-2814.2006. 552 56. Rea, M.C.; Clayton, E.; O'Connor, P.M.; Shanahan, F.; Kiely, B.; Ross, R.P.; Hill, C. Antimicrobial activity 553 of lacticin 3,147 against clinical Clostridium difficile strains. J. Med. Microbiol. 2007, 56, 940-946, 554 doi:10.1099/jmm.0.47085-0. 555 57. Kos, B.; Šušković, J.; Vuković, S.; Šimpraga, M.; Frece, J.; Matošić, S. Adhesion and aggregation ability 556 of probiotic strain Lactobacillus acidophilus M92. J. Appl. Microbiol. 2003, 94, 981-987. 557 58. Van Tassell, M.L.; Miller, M.J. Lactobacillus adhesion to mucus. Nutrients 2011, 3, 613-636, 558 doi:10.3390/nu3050613. 559 59. Devirgiliis, C.; Zinno, P.; Perozzi, G. Update on antibiotic resistance in foodborne Lactobacillus and 560 Lactococcus species. Front Microbiol 2013, 4, 301, doi:10.3389/fmicb.2013.00301. 561 60. FAO/WHO. Joint FAO/WHO expert consultation on evaluation of health and nutritional properties of probiotics 562 in food including powder milk with live lactic acid bacteria. Health and nutritional properties of probiotics in food 563 including powder milk with live lactic acid bacteria; Córdoba, Argentina, 2001; pp 1-4. 564 61. Posno, M.; Leer, R.J.; van Luijk, N.; van Giezen, M.J.; Heuvelmans, P.T.; Lokman, B.C.; Pouwels, P.H. 565 Incompatibility of Lactobacillus vectors with replicons derived from small cryptic Lactobacillus plasmids 566 and segregational instability of the introduced vectors. Appl. Environ. Microbiol. 1991, 57, 1822-1828. 567 62. Fraqueza, M.J. Antibiotic resistance of lactic acid bacteria isolated from dry-fermented sausages. Int. J. 568 Food Microbiol. 2015, 212, 76-88, doi:10.1016/j.ijfoodmicro.2015.04.035. 569 63. Shao, Y.; Zhang, W.; Guo, H.; Pan, L.; Zhang, H.; Sun, T. Comparative studies on antibiotic resistance 570 in Lactobacillus casei and Lactobacillus plantarum. Food Control 2015, 50, 250-258, 571 doi:10.1016/j.foodcont.2014.09.003. 572 



Nutrients 2018, 10, x FOR PEER REVIEW  

 

40 64. Agustina, R.; Kok, F.J.; van de Rest, O.; Fahmida, U.; Firmansyah, A.; Lukito, W.; Feskens, E.J.; van den 573 Heuvel, E.G.; Albers, R.; Bovee-Oudenhoven, I.M. Randomized trial of probiotics and calcium on 574 diarrhea and respiratory tract infections in Indonesian children. Pediatrics 2012, 129, e1155-1164, 575 doi:10.1542/peds.2011-1379. 576 65. Bron, P.A.; Tomita, S.; Mercenier, A.; Kleerebezem, M. Cell surface-associated compounds of probiotic 577 lactobacilli sustain the strain-specificity dogma. Curr. Opin. Microbiol. 2013, 16, 262-269, 578 doi:10.1016/j.mib.2013.06.001. 579 66. Snel, J.; Vissers, Y.M.; Smit, B.A.; Jongen, J.M.; van der Meulen, E.T.; Zwijsen, R.; Ruinemans-Koerts, J.; 580 Jansen, A.P.; Kleerebezem, M.; Savelkoul, H.F. Strain-specific immunomodulatory effects of 581 Lactobacillus plantarum strains on birch-pollen-allergic subjects out of season. Clin. Exp. Allergy 2011, 41, 582 232-242, doi:10.1111/j.1365-2222.2010.03650.x. 583 67. Hughes, D.; Andersson, D.I. Evolutionary trajectories to antibiotic resistance. Annu. Rev. Microbiol. 2017, 584 71, 579-596. 585 © 2018 by the authors. Submitted for possible open access publication under the terms and 586 conditions of the Creative Commons Attribution (CC BY) license 587 (http://creativecommons.org/licenses/by/4.0/). 588 



41		Referências  ABT MC, McKENNEY PT, PAMER EG. Clostridium difficile colitis: pathogenesis and host defence. Nature Review Microbiology 2016; 14:609-620. ANJUWON-FOSTER BR, TAMAYO R. A genetic switch controls the production of flagella and toxins in Clostridium difficile. Plos Genetics 2017; 13:1-33. BÄCKHED F, LEY R E, SONNENBURG J L, PETERSON D A, GORDON J I. Host-bacterial mutualism in the human intestine. Science 2005; 307:1915-1920.  BAILEY MT, LUBACH GR, COE CL. Prenatal Stress Alters Bacterial Colonization of the Gut in Infant Monkeys. Journal of Pediatric Gastroenterology and Nutrition 2004; 38:414-421. BENNET S M, ÖHMAN L, SIMRÉN M. Gut microbiota as potential orchestrators of irritable bowel syndrome. Gut and liver 2015; 9:318. BOURSIER J, MUELLER O, BARRET M, MACHADO M, FIZANNE L, ARAUJO- PEREZ F, GUY C D, SEED P C, RAWLS J F, DAVID L A. The severity of nonalcoholic fatty liver disease is associated with gut dysbiosis and shift in the metabolic function of the gut microbiota. Hepatology 2016; 63:764-775. BRYNESTAD S, GRANUM PE. Clostridium perfringens and foodborne infections. International Journal of Food Microbiology 2002; 74:195-202. CARMO MS, NORONHA FM, ARRUDA MO, COSTA EP, BOMFIM MR, MONTEIRO AS, FERRO TA, FERNANDES ES, GIRON JÁ, MONTEIRO-NETO V. Lactobacillus fermentum ATCC 23271 displays in vitro inhibitory activities against Candida spp. Front Microbiol 2016; 7:1722. CASSIR N, BENAMAR S, KHALIL JB, CROCE O, SAINT-FAUST M, JACQUOT A, MILLION M, AZZA S, ARMSTRONG N, HENRY M, JARDOT P. ROBERT P. GIRE C. LAGIER JC, CHABRIÈRE E, GHIGO E, MARCHANDIN H, SARTOR C, BOUTTE P, CAMBONIE G, SIMEONI U, RAOULT D, LA SCOLA B. Clostridium butyricum strains and dysbiosis linked to necrotizing enterocolitis in preterm neonates. Clinical Infectious Diseases 2015; 61:1107–1115. CASSIR N, BENAMAR S, LASCOLA B. Clostridium butyricum: from beneficial to a new emerging pathogen. Clinical Microbiology and Infection 2016; 22:37-45. CHAMBRUN GP, COLOMBEL JF, POULAIN D, DARFEUILLE-MICHAUD A. Pathogenic agents in inflammatory bowel diseases. Current Opinion in Gastroenterology 2008; 24:440–447. CHAMPAGNE C P, GARDNER N J, ROY D. Challenges in the addition of probiotic cultures to foods. Critical Reviews in Food Science and Nutrition, 2005; 45:61-84.  CHARTERIS W P, KELLY P M, MORELLI L, COLLINS J K. Antibiotic susceptibility of potentially probiotic Lactobacillus species. J. Food Prot. 1998; 61:1636-1643.  COLLADO MC, RAUTAVA S, AAKKO J, ISOLAURI E, SALMINEN S. Human gut colonisation may be initiated in utero by distinct microbial communities in the placenta and amniotic fluid. Nature: Scientific Reports 2016; 6:1-13. 



42		CONLON M A, BIRD A R. The impact of diet and lifestyle on gut microbiota and human health. Nutrients 2014; 7:17-44. CREWS JD, KOO HL, JIANG JD, STARKE JR, DUPONT HL. A Hospital-Based Study of the Clinical Characteristics of Clostridium difficile Infection in Children. Pediatrics Infection Disease 2014; 33:924-928. CLSI. Perfomance standards for antimicrobial susceptibility testing (Supplement M100), 27th ed.; Clinical and Laboratory Standards Institute: Wayne, PA, 2017; pp. 250. DE VRESE M, SCHREZENMEIR J. Probiotics, prebiotics and synbiotics. Food Biotechnology 2008; 111:1–66.  DEL GIUDICE M M, INDOLFI C, CAPASSO M, MAIELLO N, DECIMO F, CIPRANDI G. Bifidobacterium mixture (B longum BB536, B infantis M-63, B breve M-16V) treatment in children with seasonal allergic rhinitis and intermittent asthma. Italian journal of pediatrics, 2017; 43:25.  DENNIS-WALL J C, CULPEPPER T, NIEVES C, ROWE C C, BURNS A M, RUSCH C T, FEDERICO A, UKHANOVA M, WAUGH S, MAI V. Probiotics (Lactobacillus gasseri KS-13, Bifidobacterium bifidum G9-1, and Bifidobacterium longum MM-2) improve rhinoconjunctivitis-specific quality of life in individuals with seasonal allergies: a double-blind, placebo-controlled, randomized trial. The American Journal of Clinical Nutrition, 2017; 105:758-767.  DIGIULIO DB, ROMERO R, AMOGAN HP, KUSANOVIC JP, BIK EM, GOTSCH F, KIM CJ, EREZ O, EDWIN S, RELMAN DA. Microbial prevalence, diversity and abundance in amniotic fluid during preterm labor: a molecular and culture-based investigation. Plos One 2008; 3:1-10. DOMINGUEZ-BELLO MG, COSTELLO EK, CONTRERAS M, MAGRIS M, HIDALGO G, FIERER N, KNIGHT R. Delivery mode shapes the acquisition and structure of the initial microbiota across multiple body habitats in newborns. PNAS 2010; 107:11971-11975. DONALDSON GP, LEE SM, MAZMANIAN SK. Gut biogeography of the bacterial microbiota. Nature Reviews Microbiology 2015; 14:20-32. DURACK J, BOUSHEY H A, LYNCH S V. Airway microbiota and the implications of dysbiosis in asthma. Curr. Allergy Asthma Rep. 2016; 16:52. EMAMI CN, PETROSYAN M, GIULIANI S, WILLIAMS M, HUNTER C, PRASADARAO NV, FORD HR. Role of the host defense system and intestinal microbial flora in the pathogenesis of necrotizing enterocolitis. Surgical Infections 2009; 10:407-417. FAO/WHO. Health and nutritional properties of probiotics in food including powder milk with live lactic acid bacteria. Report of a Joint FAO/WHO expert consultation on evaluation of health and nutritional properties of probiotics in food including powder milk with live lactic acid bacteria, 2001. FENICIA L, ANNIBALLI F, AURELI P. Intestinal toxemia botulismo in Italy. European Journal Clinical Microbiology Infection Disease 2007; 29:1381-1387. FERNÁNDEZ L, LANGA S, MARTÍN V, MALDONADO A, JIMÉNEZ E, MARTÍN R, RODRÍGUEZ JM. The human milk microbiota: origin and potencial roles in health and disease. Pharmacological Research 2012; 69:1-10. 



43		FOLIGNÉ B, DANIEL C, POT B. Probiotics from research to market: the possibilities, risks and challenges. Current opinion in microbiology, 2013; 16:284-292.  FROST BL, CAPLAN MS. Necrotizing enterocolitis: pathophysiology, platelet-activating factor, and probiotics. Seminars in Pediatric Surgery 2013; 22:88–93. GERRITSEN J, SMIDT H, RIJKERS GT, VOS WM. Intestinal microbiota in human health and disease: the impact of probiotics. Genes & Nutrition 2011; 6:209-240. GOLIĆ N, VELJOVIĆ K, POPOVIĆ N, DJOKIĆ J, STRAHINIĆ I, MRVALJEVIĆ I, TERZIĆ-VIDOJEVIĆ A. In vitro and in vivo antagonistic activity of new probiotic culture against Clostridium difficile and Clostridium perfringens. BMC Microbiology 2017, 17:108. HAWRELAK JA, MYERS SP. The Causes of Intestinal Dysbiosis: A Review. Alternative Medicine Review 2004; 9:180-197. HILL C, GUARNER F, REID G, GIBSON GR, MERENSTEIN DJ, POT B, MORELLI L, CANANI RB, FLINT HJ, SALMINEN S, CALDER PC, SANDERS ME. The International Scientific Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nature Review Gastroenterology Hepatology 2014; 11:506-514. HOWARD FM, FLYNN DM, BRADLEY JM, NOONE P, SZAWATKOWSKI M. Outbreak of necrotizing enterocolitis caused by Clostridium butyricum. The Lancet 1977; 310: 1099-1102. HU Y M, ZHOU F, YUAN Y, XU Y C. Effects of probiotics supplement in patients with type 2 diabetes mellitus: A meta-analysis of randomized trials. Medicina Clínica (English Edition), 2017; 148:362-370.  JIMÉNEZ E, MARIN ML, MARTIN R, ODRIOZOLA JM, OLIVARES M, XAUS J, FERNÁNDEZ L, RODRÍGUEZ JM. Is meconium from healthy newborns actually sterile? Research in Microbiology 2008; 159:187-193. KAHOULI I, MALHOTRA M, WESTFALL S, ALAOUI-JAMALI M A, PRAKASH S. Design and validation of an orally administrated active L. fermentum-L. acidophilus probiotic formulation using colorectal cancer ApcMin/+ mouse model. Applied microbiology and biotechnology, 2017; 101:1999-2019.  KAMADA N, SEO S U, CHEN G Y, NUNEZ G. Role of the gut microbiota in immunity and inflammatory disease. Nat. Rev. Immunol. 2013; 13:321-335.  KAUR N, CHEN CC, LUTHER J, KAO JY. Intestinal dysbiosis in inflammatory bowel disease. Gut Microbes 2011; 2:211-216. KELLY CR, DE LEON L, JASUTKAR N. Fecal microbiota transplantation for relapsing 
Clostridium difficile infection in 26 patients: methodology and results. Journal of Clinical Gastroenterology 2012; 46:145–149.  KIM J, SHAKLEE JF, SMATHERS S, PRASTI L, PRASAD P, ASTI L, ZOLTANSKI J, DUL M, NERANDIZIC M, COFFIN SE, TOLTZIS P, ZAOUTIS T. Risk factors and outcomes associated with severe Clostridium difficile infection in children. Pediatrics Infection Disease Journal 2012; 31:134–138. 



44		
KUMAR A, KUMAR D. Characterization of Lactobacillus isolated from dairy samples for 
probiotic properties. Anaerobe 2015; 33:117-123. 

LAHTINEN SJ, BOYLE RJ, KIVIVUORI S, OPPEDISANO F, SMITH KR, ROBINS-
BROWNE R, SALMINEN SJ, TANG MLK. Prenatal probiotic administration can influence 
Bifidobacterium microbiota development in infants at high risk of allergy. Journal of Allergy 
Clinical Immunology 2009; 123:499-501. 

LEZUTEKONG J N, NIKHANJ A, OUDIT G Y. Imbalance of gut microbiome and intestinal 
epithelial barrier dysfunction in cardiovascular disease. Clin. Sci. (Lond.) 2018; 132:901-904. 

LI J, ADAMS V, BANNAM B L, MIYAMOTO K, GARCIA J P, UZAL F A, ROOD J I, 
McCLANE B A. Toxin plasmids of Clostridium perfringens. Microbiology and Molecular 
Biology Reviews, 2013; 77:208-233. 

LITTMAN D R, PAMER E G. Role of the commensal microbiota in normal and pathogenic 
host immune responses. Cell Host Microbe 2011; 10:311-323. 

LIU Y, FATHEREE NY, MANGALAT N, RHOADS JM. Lactobacillus reuteri strains reduce 
incidence and severity of experimental necrotizing enterocolitis via modulation of TLR4 and 
NF-kappa B signaling in the intestine. American Journal of physiology 2012; 302:1-10. 

McCLANE BA, CHAKRABARTI G. New insights into the cytotoxic mechanisms of 
Clostridium perfringens enterotoxin. Anaerobe 2004, 10:107-114. 

McFARLAND L V, OZEN M, DINLEYICI E C, GOH S. Comparison of pediatric and adult 
antibiotic-associated diarrhea and Clostridium difficile infections. WORLD J. 
GASTROENTEROL 2016; 22:3078-3104. 

MADAN JC, SALARI RC, SAXENA D, DAVIDSON L, O’TOOLE GA, MOORE JH, SOGIN 
ML, FOSTER JA EDWARDS WH, PALUMBO P, HIBBERD PL. Gut microbial colonization 
in premature neonates predicts neonatal sepsis. Arch Dis Child Fetal Neonatal 2012; 97:456-
462. 

MAMI A, HENNI JE, KIHAL M. Antimicrobial Activity of Lactobacillus species Isolated 
from Algerian Raw goat’s Milk against Staphylococcus aureus. World Journal Dairy Food 
Science 2008; 3:39–49. 
 
MATAMOROS S, GRAS-LEGUEM C, LE VACON F, POTEL G, LA COCHETIERE MF. 
Development of intestinal microbiota in infants and its impact of health. Human Microbiome 
2013; 21:167-173. 

MATSUMOTO M, ISHIGE A, YAZAWA Y, KONDO M, MURAMATSU K, WATANABE 
K. Promotion of intestinal peristalsis by Bifidobacterium spp. Capable of hydrolyzing 
sennosides in mice. Plos One 2012; 7:1-8. 
MOROWITZ MJ, POROYKO V, CAPLAN M, ALVERDY J, LIU DC. Redefining the role of 
intestinal microbes in the pathogenesis of necrotizing enterocolitis. Pediatrics 2010; 125:777-
785. 
MUNOZ-QUEZADA S, CHENOLL E, VIEITES JM, GENOVES S, MALDONADO J, 
BERMUDEZ-BRITO M, GOMEZ-LLORENTE C, MATENCIO E, BERNAL MJ, ROMERO 
F, et al. Isolation, identification and characterisation of three novel probiotic strains 
(Lactobacillus paracasei CNCM I-4034, Bifidobacterium breve CNCM I-4035 and 



45		
Lactobacillus rhamnosus CNCM I-4036) from the faeces of exclusively breast-fed infants. Br. J. Nutr. 2013; 109:51-62. PALMER C, BIK EM, DIGIULIO DB, RELMAN DA, BROWN PO. Development of the Human Infant Intestinal Microbiota. Plos One 2007; 5:1556-1573. PASSARIELLO A, AGRICOLE P, MALFERTHEINER P. A critical appraisal of probiotics (as drugs or food supplements) in gastrointestinal diseases. Current medical research and opinion, 2014; 30:1055-1064.  PETIT L, GIBERT M, POPOFF MR. Clostridium perfringens: toxinotype and genotype. Trends Microbiology 1999; 7:104-110. PEREZ-LOPEZ A, BEHNSEN J, NUCCIO S P, RAFFATELLU M. Mucosal immunity to pathogenic intestinal bacteria. Nat. Rev. Immunol. 2016; 16:135-148. PROSBERG M, BENDTSEN F, VIND I, PETERSEN A M, GLUUD L L. The association between the gut microbiota and the inflammatory bowel disease activity: a systematic review and meta-analysis. Scand. J. Gastroenterol 2016; 51:1407-1415. PRUITT RN, LACY DB. Toward a structural understanding of Clostridium difficile toxins A and B. Frontiers in Cellular and Infection Microbiology 2012; 2:1-14. REID G, MCGROARTY JA, DOMINGUE PG, CHOW AW, BRUCE AW, EISEN A, COSTERTON JW. Coaggregation of urogenital bacteria in vitro and in vivo. Current Microbiology 1990; 20:47-52. REUTER G. The Lactobacillus and Bifidobacterium microflora of human intestine: composition and succession. Current Issues in Intestinal Microbiology 2001; 2:43–53. RUTAYISIRE E, HUANG K, LIU W, TAO F.  The mode of delivery affects the diversity and colonization pattern of the gut microbiota during the first year of infants' life: a systematic review. BMC Gastroenterology 2016; 16:86. SABER A, ALIPOUR B, FAGHFOORI Z, KHOSROUSHAHI A Y. Secretion metabolites of probiotic yeast, Pichia kudriavzevii AS-12, induces apoptosis pathways in human colorectal cancer cell lines. Nutrition Research, 2017; 41:36-46.  SAMMONS JS, LOCALIO R, XIAO R, COFFIN SE, ZAOUTIS T. Clostridium difficile infection is associated with increased risk of death and prolonged hospitalization in children. Clinical Infection Disease 2013; 57:1–8. SANDORA TJ, FUNG MBA, FLAHERTY KMT, HELSING L, SCANLON PRN,  POTTER-BYNOE GBS, GIDENGIL CA, LEE GM. Epidemiology and risk factors for Clostridium 
difficile in children. Pediatrics Infection Disease Journal 2011; 30:580–584. SATOKARI R, GRÕNROOS T, LAITINEN K, SALMINEN S, ISOLAURI E. 
Bifidobacterium and Lactobacillus DNA in the human placenta. The Society for Applied Microbiology 2009; 48:8-12. SEKIROV I, FINLAY B B. The role of the intestinal microbiota in enteric infection. The Journal of physiology, 2009; 587:4159-4167. 



46		SIRCANA A, FRAMARIN L, LEONE N, BERRUTTI M, CASTELLINO F, PARENTE R, De MICHIELI F, PASCHETTA E, MUSSO G. Altered gut microbiota in type 2 diabetes: just a coincidence? Curr. Diab. Rep. 2018; 18:98. SOMMER F, BACKHED F. The gut microbiota – masters of host development and physiology. Nature Reviews 2013; 11:227-238. STEVENSON E, MINTON NP, KUEHNE AS. The role of flagella in Clostridium difficile pathogenicity. Trends Microbiology 2015; 74:541-556. SURAWICZ CM, BRANDT LJ, BINION DG, ANANTHAKRISHNAN AN, CURRY SR, GILLIGAN PH, McFARLAND LV, MELLOW M, ZUCKERBRAUN BS. Guidelines for Diagnosis, Treatment, and Prevention of Clostridium difficile Infections. The American Journal of Gastroenterology 2013; 108:478-498. TALLON R, ARIAS S, BRESSOLLIER P, URDACI M. Strain- and matrix- dependent adhesion of Lactobacillus plantarum is mediated by proteinaceous bacterial compounds. Journal of applied microbiology 2007; 102:442-451.  TILG H, ADOLPH T E, GERNER R R, MOSCHEN A R. The intestinal microbiota in colorectal cancer. Cancer Cell 2018; 33:954-964. TLASKALOVÁ-HOGENOVÁ H, STEPANKOVÁ R, KOZÁKOVÁ H. HUDCOVIC T, VANNUCCI L, TUCKOVÁ L, ROSSMANN P, HRNCIR T, KVERKA M, ZÁKOSTELSKÁ Z, PRIBYLOVÁ J, BÁRTOVÁ J, SANCHEZ D, FUNDOVÁ P, BOROVSKÁ D, SRUTKOVÁ D, ZÍDEK Z, SCHWARZER M, DRASTICH P, FUNDA DP. The role of gut microbiota (commensal bacteria) and the mucosa barrier in the pathogenesis of inflammatory and autoimmune diseases and cancer: contribution of germ-free and gnotobiotic animal models of human diseases. Cellular and Molecular Immunology 2011; 8:110-120. THOMPSON-CHAGOYÁN O C, MALDONADO J, GIL A. Colonization and impact of disease and other factors on intestinal microbiota. Digestive diseases and sciences 2007; 52:2069-2077.  TREMLETT H, BAUER K C, APPEL-CRESSWELL S, FINLAY B B, WAUBANT E. The gut microbiome in human neurological disease: A review. Ann. Neurol. 2017; 81:369-382.  TURRONI F, PEANO C, PASS DA, FORONI E, SEVERGNINI M, CLAESSON MJ, KERR C, HOURIHANE J, MURRAY D, FULIGNI F, GUEIMONDE M, MARGOLLES A, DE BELLIS G, O’TOOLE PW, SINDEREN D, MARCHESI JR, VENTURA M. Diversity of Bifidobacteria within the Infant Gut Microbiota. Plos One 2012; 7:1-12.  UZAL FA, FREEDMAN JC, SHRESTHA A, THEORET JR, GARCIA J, AWAD MM, ADAMS V, MOORE RJ, ROOD JI, MCCLANE BA. Towards an understanding of the role of 
Clostridium perfringens toxins in human and animal disease. Future Microbiology 2014; 9:361-377. VANDENPLAS Y. Probiotics and prebiotics in infectious gastroenteritis. Best Practice & Research Clinical Gastroenterology, 2016; 30:49-53.  WALKER AW, LAWLEY TD. Therapeutic modulation of intestinal dysbiosis. Pharmacological Research 2013; 69:75-86. 



47		
WANG X, JUAN Q F, HE Y W, ZHUANGL, FANG Y Y, WANG Y H. Multiple effects of 
probiotics on different types of diabetes: a systematic review and meta-analysis of randomized, 
placebo-controlled trials. Journal of Pediatric Endocrinology and Metabolism, 2017; 30:611-
622. 
 
ZAKOSTELSKA Z, KVERKA M, KLIMESOVA K, ROSSMANN P, MRAZEK J, 
KOPECNY J, HORNOVA M, SRUTKOVA D, HUDCOVIC T, RIDL J, TLASKALOVA-
HOGENOVA H. Lysate of probiotic Lactobacillus casei DN-114001 ameliorates colitis by 
strengthening the gut barrier function and changing the gut microenvironment. PlosOne 2011; 
6:1-11. 
ZOETENDAL EG, VAUGHAN EE, DE VOS WM. A microbial world within us. Molecular 
Microbiology 2006; 59:1639-1650. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48		      
 

 

 

 

 

 

 

 

 

ANEXOS            				



49		
ANEXO 1 – Normas da revista NUTRIENTS para publicação de artigo 

 



50		

   



51			

  



52		

   



53		

   



54		

   



55		

   



56		

   



57		

   



58		

   



59		

   



60		

   



61		

   



62		

   



63		

   



64		

   



65		

   



66		

   



67		

 		



68		
ANEXO 2 – Submissão artigo 

	


