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RESUMO

A diarreia bacteriana é uma enfermidade infecciosa que ocorre com significativa morbidade e
mortalidade em todo o mundo, principalmente em paises subdesenvolvidos e em
desenvolvimento. Os protocolos recomendados para tratamento incluem a reposicao
hidroeletrolitica, eventualmente associada a antimicrobianos. Entretanto, tais medidas ndo sdo
suficientes para eliminar todos os efeitos deletérios desse processo infeccioso, tais como a
reducdo do nimero de evacuacdOes e a reposicdo da microbiota intestinal. Medidas mais
racionais poderiam incluir abordagens que pudessem auxiliar na preven¢do e/ou tratamento
infeccdo intestinal, sem acentuar o desequilibrio da microbiota e sem exercer pressoes seletivas
que poderiam propiciar a emergéncia de microrganismos resistentes. Uma das possibilidades
consiste no uso de probidticos, no entanto, diferentes estudos tém demonstrado que os efeitos
benéficos desses microrganismos podem ser espécie-especificos ou, até mesmo, linhagem-
especificos. Desta forma, nem todos os probidticos apresentam atividades contra as bactérias
enteropatogénicas comumente associadas a doenca diarreica. Portanto, o objetivo desse estudo
foi realizar a prospeccdo de microrganismos com potencial probidtico em fezes de criangas
contra enteropatdgenos bacterianos de relevancia clinica. Culturas microbioldgicas de fezes
foram realizadas em meios de cultura seletivos para Bifidobacterium e Lactobacillus. As
coldnias tipicas de bacilos gram-positivos e catalase-negativos foram submetidas aos ensaios
de tolerancia a sais biliares, pH 4cido e lisozima e capacidade de ligagdao a mucina. Os isolados
com perfil probidticos foram analisadas com relagdo a atividade antimicrobiana contra
enteropatdégenos e também para a atividade inibitoria da adesdo a mucina. Posteriormente, as
bactérias foram identificadas pelo sequenciamento do rRNA 16S. Foi produzido um artigo de
revisdo sobre os principais mecanismos de acdo dos probidticos e suas perspectivas clinicas
para tratamento e prevengdo da diarreia em criancas. Adicionalmente, foi elaborado um artigo
resultante da investigacdo do potencial probidtico dos isolados de Bidifidobacterium bifidum
Al14.2, Bidifidobacterium longum subsp. longum C25.3, B. longum N49.3, Bidifidobacterium
animalis subsp. lactis 1L.56.1 e Lactobacillus fermentum 1.54.2, uma vez que foram resistentes
ao pH é4cido, sais biliares, lisozima e apresentaram liga¢do a mucina. Além disso, inibiram a
adesdo e o crescimento de Escherichia coli enteroagregativa 042 (EAEC 042), E. coli
enteropatogénica e-2348/69 (EPEC e-2348/69), E. coli enterohemorragica EDL 933 (EHEC
EDL 933), E. coli enterotoxigénica 1661-1 (ETEC 1661-1), Salmonella Choleraesuis INCQS
028 e Shigella flexneri 2a. Os dados obtidos sdo promissores e fornecem subsidios para o futuro
uso desses potenciais probidticos em ensaios com animais visando confirmar a eficicia das
mesmas em modelos de infec¢do experimental.

Palavras-chave: probioticos; Lactobacillus; Bifidobacterium; enteropatdgenos bacterianos;
diarreia.



ABSTRACT

Bacterial diarrhea is an infectious disease that occurs with significant morbidity and mortality
worldwide, principally in underdeveloped and developing countries. The recommended
protocols for treatment include hydro-electrolyte replacement, eventually associated with
antimicrobials. However, such measures are not sufficient to eliminate all deleterious effects of
this infectious process, such as reduction in the number of evacuations and restoration of the
intestinal microbiota. More rational measures could include approaches that can aid in the
prevention and/or treatment of intestinal infection, without increasing the imbalance of the
microbiota and without exerting selective pressures that could lead to the emergence of resistant
microorganisms. One possibility consists in the use of probiotics, however, different studies
have shown that many beneficial effects of these microorganisms can be species-specific or
even strain-specific. Thus, not all probiotics may be active against enteropathogenic bacteria
commonly associated with diarrheal disease. Therefore, the objective of this study was to
prospect for microorganisms in newborns’ feces with probiotic potential against prevalent
bacterial enteropathogens. Stool microbiological cultures were performed in selective culture
media for Bifidobacterium and Lactobacillus. Typical gram-positive and catalase-negative
bacilli colonies were submitted to bile salt tolerance, acid pH and lysozyme tests and binding
ability to mucin. The bacterial isolates with probiotic profile were analyzed for antimicrobial
activity against enteropathogenic bacteria and also for the inhibitory activity of adhesion to
mucin. Subsequently, the bacteria were identified by sequencing the 16S rRNA. It was
produced a review article on the main probiotic mechanisms of action and clinical perspectives
for treatment and prevention of diarrhea in children. Additionally, an article resulting from the
investigation of the probiotic potential of the isolates of Bidifidobacterium bifidum 14.2,
Bidifidobacterium longum subsp. longum 25.3, B. longum 49.3, Bidifidobacterium animalis
subsp. lactis 56.1 and Lactobacillus fermentum 54.2, as they were resistant to acid pH, bile
salts, lysozyme and showed mucin binding was written. Additionally, these strains inhibited
binding to mucin and the growth of enteropathogens, such as: enteroaggregative Escherichia
coli 042 (EAEC 042), enteropathogenic E. coli €2348/69 (EPEC e2348/69), enterohemorrhagic
E. coli 933 EDL (EHEC 933 EDL), enterotoxigenic E. coli 1661-1 (ETEC 1661-1), Salmonella
Choleraesuis INCQS 028, and Shigella flexneri 2a. The data obtained are promising and provide
supports for the future use of these potential probiotics in animal tests to confirm their efficacy
in experimental infection models.

Keywords: Probiotics; Lactobacillus; Bifidobacterium; Bacterial enteropathogens; Diarrhea.
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1 INTRODUCAO

Segundo as estimativas oficiais (UNICEF, 2018), a diarreia é apontada como a segunda
maior causa de morte entre criangas menores de cinco anos de idade e que pode deixar sequelas
relacionadas ao comprometimento no desenvolvimento fisico e cognitivo. Em contrapartida, a
antibioticoterapia ndo é recomendada pela possibilidade do paciente continuar a albergar o
patégeno bacteriano, por nao ser eficaz nos casos da diarreia viral e propiciar uma piora do
quadro clinico do paciente, além de ndo sanar todos os efeitos deletérios desse processo
infeccioso.

Neste contexto, os probidticos surgem como uma abordagem terapéutica e de prevencao
inovadora, que pode ser empregada na forma de medicamentos liofilizados/suspensdes ou
suplementos alimentares, os quais irdo estimular a proliferacio de bactérias benéficas em
detrimento de microrganismos enteropatogénicos (PUEBLA-BARRAGAN;REID, 2019).
Contudo, o processo de triagem de potenciais probidticos passa pela andlise de certos pré-
requisitos relacionados a capacidade do microrganismo resistir ao pH &cido, tolerar enzimas
gdstricas e intestinais, secretar compostos com atividade antimicrobiana, aderir ao muco e
epitélio intestinal e inibir a adesdo de enteropatdégenos, reduzindo ou eliminando suas
populacdes. Todos esses ensaios tém sido realizados com isolados de amostras de leite, fezes
(humanas ou de animais) e do meio ambiente como padrdo-ouro na prospec¢ao de probidticos.

O intestino € o sitio com a maior diversidade e complexidade de microrganismos
aerébios e anaerébios do corpo humano. Portanto, a selecio de probidticos a partir da
microbiota intestinal humana representa uma importante estratégia preventiva e terapéutica,
principalmente para o tratamento de uma doenca com elevados indices de morbidade e
mortalidade. A identificagdo de novas espécies a partir de pesquisas nacionais pode auxiliar na
reducdo dos custos e para o progresso cientifico e tecnolégico do Brasil. Adicionalmente, uma
das grandes preocupacdes da Organizacdo Mundial da Saude € a implementacdo de novas
terapias que nio atuem como pressdo seletiva, ao propiciar a selecdo de patdgenos cada vez
mais resistentes aos antibioticos.

Dessa forma, diante da necessidade de novas alternativas para o tratamento das
infeccOes intestinais, a prospeccdo de novos microrganismos com potencial probidtico pode
representar um avango importante para a elevacao do nivel de saide entre a populagdo infantil,

seja em paises subdesenvolvidos ou em desenvolvimento.



11

Dentre as bactérias consideradas probidticas, as do género Bifidobacterium e
Lactobacillus tem sido as mais estudadas, principalmente porque muitas espécies fazem parte
da microbiota intestinal normal. Apesar das evidéncias pontuadas na literatura, sao necessarios
mais estudos que possam explorar a diversidade desses géneros e evidenciar novas cepas que
atuem na regressao ou atenuacdo da diarreia e até mesmo de outros quadros infecciosos.

A tese foi produzida no formato de artigo, sendo composta por um de revisao (publicado
na revista Food & Function — Qualis B1 em Medicina I) e outro no formato de artigo original

(submetido a revista Anaerobe — Qualis B1 em Medicina I).
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2 REFERENCIAL TEORICO

2.1 DOENCA DIARREICA

Segundo a Organizacdo Mundial de Sadde, a doenca diarreica apresenta prevaléncia
elevada em todo o mundo, sendo uma causa importante de mortalidade infantil (WHO, 2017).
Estima-se que 480.000 criancas, com menos de cinco anos, morrem por ano em consequéncia
da doenca diarreica (UNICEF, 2018). No geral, as criangas mais frequentemente acometidas
residem nas regides menos desenvolvidas do mundo, com destaque para India, Nigéria,
Afeganistdo, Paquistdo e Etiopia (WHO, 2017). Segundo o tltimo censo do Ministério da
Saude, foram registrados mais de 5.000.000 de casos da diarreia aguda no Brasil (BRASIL,
2018).

Esses dados demonstram a importancia dessa enfermidade para a saide publica, uma
vez que causa profundos impactos sobre as taxas de morbidade e mortalidade infantil (BRYCE
et al., 2005; BANAJEH, 2017; HAY, 2017). Altas taxas de morbidade por doenca diarreica sao
preocupantes porque a diarreia infantil pode deixar sequelas que se manifestardo em longo
prazo sobre o desenvolvimento fisico e cognitivo da crianca (BLACK;BROWN;BECKER,
1984; GUERRANT et al., 1999; DERBY et al., 2014; LAMBERTI et al., 2014; TATE et al.,
2016).

A diarreia é definida pela presenga de trés ou mais episddios de fezes liquidas ou
amolecidas ao dia, sendo acompanhada ou ndo por febre e vomitos. Do ponto de vista clinico,
apresenta-se sob trés formas: 1-diarreia aquosa aguda: possui durabilidade de vérias horas ou
dias; 2-diarreia sanguinolenta: também conhecida como disenteria, pode apresentar muco além
de sangue; 3-diarreia persistente: possui durabilidade de 14 dias ou mais (WHO, 2017).

Virias bactérias, virus e parasitas intestinais estao associados a infec¢do no ser humano,
que sdo transmitidos pela via oral-fecal (ELLIOTT, 2007). Isso geralmente ocorre por causa
das precdrias condi¢cOes higi€nico-sanitdrias dos paises subdesenvolvidos e em
desenvolvimento, como € o caso do Brasil. Segundo a Organizacdo Mundial da Saude,
aproximadamente 2,5 bilhdes de pessoas ndo tem acesso as instalagdes sanitarias basicas e 780
milhdes ndo tem acesso a agua potavel (WHO, 2017). Tais condi¢cOes contribuem para a
disseminac¢do desses patdgenos e a prevaléncia da diarreia.

Entre os principais agentes da diarreia bacteriana estdo os diferentes sorotipos de

Salmonella, Shigella spp. e as categorias de E. coli diarreiogénicas (DEC). Contudo, as DEC
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estdo entre as causas predominantes de doenca diarreica em nivel mundial, principalmente na
infincia (PARASHAR et al., 2006; AL-GALLAS et al., 2007; BUERIS et al., 2007). Essas
bactérias estdo distribuidas em seis categorias principais: E. coli enteroagregativa (EAEC), E.
coli produtora de toxina Shiga (STEC), E. coli enteroinvasiva (EIEC), E. coli enteropatogénica
(EPEC), E. coli enterotoxigénica (ETEC) e E.coli aderente-invasiva (AIEC). Essa classificacao
tem por base as caracteristicas epidemioldgicas e clinicas, fatores de viruléncia e sorotipos
(NATARO;KAPER, 1998). Eventualmente, a doenca diarreica pode ser desencadeada por
outras bactérias, tais como: Aeromonas spp., Vibrio spp., Campylobacter spp., Clostridium spp.
e Plesiomonas spp. (ELLIOTT, 2007; KOTLOFF et al., 2013).

Embora muitos dos casos de diarreia sejam ocasionados por virus, um elevado nimero
de episédios de diarreia bacteriana tem sido relatado. Um estudo desenvolvido na India
demonstrou uma redugdo de 10,5 % dos episddios de diarreia viral em fungcao de um incremento
de 6,3% da diarreia causada por E. coli (MELLOR et al., 2016). Concomitantemente, infec¢des
intestinais causadas por Salmonella e Shigella spp. foram prevalentes no sul do Vietna
(ANDERS et al., 2015). Em areas suburbanas de Cartum (Sudéo), 48% dos casos de diarreia
aguda em criancas menores de cinco anos estavam relacionados com as DEC
(SAEED;ABD;SANDSTROM, 2015). Por dltimo, em um hospital infantil dos Estados Unidos,
constatou-se uma maior prevaléncia da diarreia bacteriana comparada com a viral
(STOCKMANN et al., 2016).

Convém destacar que a doenca diarreica pode ocorrer também por causa do uso
prolongado ou inadequado de antimicrobianos, culminando no quadro denominado diarreia
associada ao uso de antibidticos (DAA). Neste caso, o microrganismo Clostridium difficile é
um dos agentes etioldgicos mais frequentes (MADA;ALAM, 2017). Além disso,
Sthaphylococcus aureus resistente a meticilina (MRSA) tem sido descrita como um patégeno
importante na DAA (BOYCE;HAVILL, 2005; LO;BORCHARDT, 2009).

A gravidade e a prevaléncia das infec¢des pelas DEC estdo bem documentadas em
paises em desenvolvimento, sendo que o seu tratamento envolve as mesmas medidas de manejo
indicadas para a doenca diarreica por outras bactérias, as quais incluem um tratamento de
suporte dependendo da presenca de sinais de desidratacio e a prescricdo de antibidticos ou de
antiparasitarios apenas para alguns casos particulares (GUERRANT et al., 2001; ELLIOTT,
2007).



14

Nos casos de infec¢Oes parasitdrias (como amebiase e giardiase) e de infeccoes
bacterianas sistémicas, da shigelose e da célera, a quimioterapia antimicrobiana adequada pode
reduzir o curso clinico da doenca e a duracdo da eliminacdo fecal do agente causador
(GUERRANT et al., 2001; SHANE et al., 2017). Entretanto, quando a terapia empirica é
realizada com antibidticos de largo espectro ou quando o tratamento falha em consequéncia da
resisténcia a droga empregada, ela pode possibilitar a disseminag¢do da resisténcia a outras
bactérias (HINES;NACHAMKIN, 1996; GUERRANT et al., 2001; SHANE et al., 2017). Além
disso, a terapia empirica pode resultar no uso desnecessdrio de antibiéticos, tendo em vista a
elevada prevaléncia de infec¢des virais (BON et al, 1999; PARASHAR et al., 2003;
PARASHAR et al., 2006; BALKAN;CELEBI, 2017; GODDARD, 2017).

Diante desse contexto, sdo necessdrias alternativas que possam amenizar ou conter 0s
quadros de diarreia infecciosa bacteriana. Entre essas medidas, a comunidade cientifica tem
investido no estudo dos probidticos, uma vez que sdo microrganismos que podem conferir
varios beneficios ao hospedeiro, incluindo a reestabelecimento da microbiota, redugdo do
nimero de evacuagdes e de internagdes, impactando diretamente na satide dos individuos e na

economia dos paises.

2.2 PROBIOTICOS

Diante da complexidade estrutural e funcional da microbiota do trato gastrointestinal
(TGI), as propriedades benéficas de alguns microrganismos tém sido avaliadas no sentido de
tentar implementar uma terapia alternativa para a prevencdo e tratamento de muitas
enfermidades infecciosas. Os primeiros estudos foram conduzidos pelo cientista russo Ilya
Ilyich Metchnikoff no inicio do século XX que demonstrou os efeitos benéficos de um alimento
fermentado para 0 metabolismo humano (METCHNIKOFF, 1907;
METCHNIKOFF;MITCHELL, 1907). Tal descoberta rendeu ao bidlogo pesquisador o Prémio
Nobel de Medicina no ano de 1908.

No ano de 1965, Lilly e Stillwell descobriram que determinadas “substancias” ou
“fatores” secretados pelo protista ciliado Colpidium campylum eram capazes de servir como
suporte para o crescimento de outro da espécie Tetrahymena pyriformis. Sendo assim, 0s
pesquisadores desenvolveram o primeiro conceito de probidticos que deriva do grego e significa

“para a vida” (LILLY;STILLWELL, 1965).
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Atualmente, o conceito adotado no meio cientifico é o da Organizagdo Mundial da
Saiude (OMS) e Organizacdo das Nacoes Unidas para Alimentagcdo e Agricultura (FAO) que
define o probidtico como qualquer microrganismo vivo que, quando administrado em
quantidades adequadas pode conferir uma série de beneficios para o hospedeiro (GROUP,
2001). Dentro dessa definicdo, os microrganismos da microbiota intestinal ndo sdo
considerados probidticos até o momento em que forem isolados, purificados e analisados
quanto as suas propriedades benéficas (KLEEREBEZEM;VAUGHAN, 2009).

Entre os principais beneficios para a satide humana, destacam-se a redu¢do da duracao
da diarreia e do tempo de hospitalizacago (VANDENPLAS, 2016), alivio dos sintomas
relacionados a intolerdncia da lactose (ALMEIDA et al., 2012; VONK et al., 2012;
PAKDAMAN et al., 2016), alergias (OUWEHAND et al., 2009; DEL GIUDICE et al., 2017,
DENNIS-WALL et al., 2017), atenuacdo dos niveis de colesterol sérico (LIU et al., 2017;
WANG et al., 2017), prevengao do cancer (DJALDETTI;BESSLER, 2017; KAHOULI et al.,
2017; LI et al., 2017; SABER et al., 2017) e diabetes (HU et al., 2017; WANG et al., 2017).

Apesar dos efeitos benéficos, alguns probidticos podem causar efeitos adversos em
alguns pacientes (portadores da doenca de Crohn, colite ulcerativa), tais como nduseas/vomitos,
dor epigéstrica e constipa¢ao (ROLFE et al., 2006; GOLDENBERG et al., 2017).

Dentre os principais grupos microbianos estudados como probidticos, destacam-se os
géneros Lactobacillus, Bifidobacterium, Saccharomyces, Streptococcus, Escherichia,
Lactococcus e Enterococcus, sendo estes dois ultimos em menor escala (DE

VRESE;SCHREZENMEIR, 2008; AMER et al., 2017) (Tabela 1).



Tabela 1. Principais espécies bacterianas estudadas como probidticos.

GENEROS ESPECIES EFEITOS COMPROVADOS REFERENCIAS
Produgdo de metabdlitos contra S. aureus, E. faecium URDACIBRESSOLLIER;PINCHUK,
e C. difficile; Estimulacdo da secrecdo de IFN-y e da 2004
clausii proliferacdo de células TCD4*
Bacillus Reducdo dos efeitos colaterais da antibioticoterapia NISTA et al., 2004
para H.pylori
Reducdo dos movimentos peristalticos, flatuléncia e dor DOLIN, 2009; HUN, 2009
coagulans abdominal em pacientes com sindrome do intestino irritavel
(SID);
Ativacdo de macréfagos, aumento da producdo de TNF-a e LEE et al., 2008
_ NO em modelo de células de cancer de c6lon
adolescentis Prevencgdo da enterocolite necrotizante WU et al., 2017
Inibi¢do da adesdo de rotavirus em células MA104 FERNANDEZ-DUARTE et al., 2017
Redu¢do do tempo de trinsito coldnico em mulheres MARTEAU et al., 2002
animalis saudaveis
Protecdo contra a inflamacdo causada por ETEC K88 em ROSELLI et al., 2006
Bifidobacterium células intestinais Caco-2
Reducdo da incidéncia da diarreia aguda em criangas SAAVEDRA et al., 1994
Estimulag¢do do crescimento de Bifidobacterium spp. em BARTOSCH et al., 2005
bifidum 1d9s9s
Inibicdo de H. pylori in vitro e in vivo CHENOLL et al., 2011
Melhora do quadro de gastroenterite causada por rotavirus KAWAHARA et al., 2017
por estimular a secreco de fatores de protecdo de mucosa
infantis Inibicdo de Salmonella in vitro RAHIMIFARD;NASERI, 2016

16
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Reducdo da incidéncia da enterocolite necrotizante em

neonatos em uma Unidade de Terapia Intensiva

HOYOS, 1999

Melhora da estabilidade do epitélio intestinal

EWASCHUK et al., 2008

Reducio da incidéncia da enterocolite necrotizante

HOYOS, 1999

Atividade anti-tumoral via modulacdo de biomarcadores do
cancer de cdlon

SINGH et al., 1997

Inibicdo da infecgdo por rotavirus in vitro

MUNOZ et al., 2011

longum

Melhora do quadro de colite em camundongos via inibicao LIM et al., 2016

da ativacdo de macréfagos e restauragdo do balango

Th17/Treg

Reducio dos niveis de colesterol sérico HLIVAK et al., 2005

Protecdo do epitélio intestinal e atenuag@o da secre¢do de TIAN et al., 2016
Enterococcus faecium IL-8 induzida por ETEC em enterdcitos

Inibicao de C.difficile in vivo MANSOUR et al., 2017

Reducdo da secrecdo de citocinas pré-inflamatérias em KERN et al., 2017

modelo de infeccio com ETEC

Regressdo do quadro de colite ulcerativa KRUIS et al., 2004

Reparo do epitélio intestinal ZYREK et al., 2007

Estimulagdo da secrecdo de uma B-defensina humana SCHLEE et al., 2007
Escherichia coli BOUDEAU et al., 2003

Inibicdo da adesdo e invasdo de AIEC em cultura de células
intestinais da linhagem 407

Reducdo da dor abdominal em pacientes com SII

SINN et al., 2008

Inibi¢@o da invasdo do virus HON2 em células dendriticas
pela expressdo da proteina de camada S

GAO et al., 2016




Lactobacillus

Melhora do quadro de colite em camundongos via inibicao

LIM et al., 2016

brevis da ativacdo de macréfagos e restauracio do balango
Th17/Treg
Inibicdo da adesdo de rotavirus em células MA104 FERNANDEZ-DUARTE et al., 2017
Reducdo da severidade da constipacio e melhora da KOEBNICK et al., 2003
consisténcia das fezes em pacientes com quadro de
casei constipagdo cronica
Inibi¢do in vitro e in vivo de H. pylori SGOURAS et al., 2004
Reducdo do peso e melhora do metabolismo lipidico em NAGATA et al., 2017
criangas obesas
- Inibi¢do da adesdo e dos efeitos citotdxicos de C. difficile BANERJEE;MERKEL;BHUNIA,
delbrueckii em células Caco-2
2009
Redugdo da incidéncia de infeccdes gastrointestinais e do MALDONADO et al., 2012
trato respiratdrio superior em criangas
Inibicdo da infeccdo por S. aureus desencadeada por GAN et al., 2002
Jermentum implantes cirtdrgicos em camundongos
Inibicdo de E. coli e G. vaginalis em in vitro e in vivo KAEWNOPPARAT et al., 2013
Inibi¢do de Candida spp. in vitro DO CARMO et al., 2016
Reducdo dos niveis de colesterol sérico NGUYEN;KANG;LEE, 2007
Reducdo da dor abdominal e frequéncia de evacuagdes em NIEDZIELIN;KORDECKIL;ENA
plantarum  pacientes com SII BIRKENFELD, 2001

Efeito protetor para o epitélio intestinal e regulagdo das
proteinas das “tight junctions”

ANDERSON et al., 2010;
KARCZEWSKI et al., 2010

Prevencdo da patogénese severa em ratos infectados com
Leptospira interrogans

POTULA et al., 2017




Reducdo da duracio da diarreia e do tempo de

GUANDALINI et al., 2000;

rhamnosus R 3
hospitalizacdo em criancas KORPELA et al., 2016
boulardii Reducdo da duracio da diarreia e do tempo de VILLARRUEL et al., 2007;
Saccharomyces outardu hospitalizacdo em criancas DAS;GUPTA;DAS, 2016
Streptococcus thermophilus Reducdo da incidéncia da diarreia aguda em criangas SAAVEDRA et al,, 1994
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Ap6s a descoberta dos microrganismos com propriedades probidticas, houve uma
grande expansdo dos produtos suplementados com esses estirpes, dentre os quais destacam-se
o iogurte, leite fermentado e ndo-fermentado, queijo, sucos, smoothies, barras de cereais, dentre
outras férmulas infantis. Adicionalmente, os probidticos sdo comercializados como
suplementos  dietéticos e medicamentos (CHAMPAGNE;GARDNER;ROY, 2005;
FOLIGNE;DANIEL;POT, 2013; PASSARIELLO;AGRICOLE;MALFERTHEINER, 2014;
WISCHMEYER et al., 2017).

Para ser categorizado com probidtico, o microrganismo necessita preencher uma série
de requisitos sendo eles: 1) efetivos e seguros, 2) ndo patogé€nicos, 3) resistentes contra a
digestdao por enzimas pancredticas ou entéricas, ao dcido gastrico e suco biliar, 4) apresentar
capacidade de persistir no trato gastrointestinal, 5) capazes de prevenir a aderéncia a mucosa
intestinal do patégeno, 6) capazes de influenciar atividade metabdlica local e 6) de evitar o
estabelecimento e/ou a replicacdo de enteropatdégenos (LEE;SALMINEN, 2009). Esses pré-
requisitos tém sido empregados pela comunidade cientifica mundial como o perfil padrao-ouro
e geralmente sdo utilizados na sele¢do desses microrganismos.

Os probidticos reduzem ou eliminam as populagdes dos patégenos pela secre¢ao de
dcidos organicos (acético e latico) e reducio do pH (OGAWA et al, 2001; FAYOL-
MESSAOUDI et al., 2005; FOSCHI et al., 2017), competi¢do por nutrientes e receptores de
células epiteliais (FORESTIER et al., 2001; NOWAK;MOTYL, 2017), producdo de peréxido
de hidrogénio (PRIDMORE et al., 2008), bacteriocinas (CORR et al., 2007; RIAZI et al., 2009;
BAHRI;CHAOUCHE, 2016; BOYANOVA et al., 2017), biosurfactantes (GUDINA et al.,
2010; FARIQ;SAEED, 2016; MORAIS et al., 2017).

2.2.1 Probioticos na terapéutica e prevencdo das infecgdes intestinais bacterianas

Nos ultimos anos a possibilidade das diversas aplicacdes dos probidticos tem
representado uma estratégia interessante para o tratamento e a prevengdo de algumas doencas
infecciosas, principalmente das infecgdes intestinais, tais como a doenga inflamatdria intestinal
(DII), sindrome do célon irritavel, diarreia infecciosa e associada ao uso de antibidticos (REID,
1999; TALESKI; TRPCEVA;ZDRAVKOVSKA, 2017; TALESKI et al., 2017).

Em um modelo de colite hemorragica induzida pela infeccdo com Escherichia coli
O157:H7 em camudongos, verificou-se que os isolados B. longum subsp. longum JCM 1217T,
B. longum subsp. infantis JCM 1222T e B. adolescentis JCM 1275T protegeram o epitélio via
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producdo de acetato e inibicdo da translocacdo da toxina de Shiga do limem intestinal para o
sangue (FUKUDA et al., 2011).

Existem evidéncias de que Lactobacillus acidophilus R0O052 e L. rhamnosus R0O011
reduzem a lesdo sobre células intestinais em cultura de tecidos causadas por EPEC e EHEC,
bem como inibem a adesdo dessas bactérias as células T84 (SHERMAN et al., 2005). Ainda
nesse contexto, foi observado que L. acidophilus Barl13 e L. plantarum Barl0, bem como
Bifidobacterium longum Bar33 e B. lactis Bar30 podem realizar um deslocamento in vitro de
ETEC e Salmonella em células de colon HT-29 (CANDELA et al., 2008). Foi verificado
também que o isolado L. plantarum CGMCC No.1258 pode atenuar as alteracdes no
citoesqueleto provocadas por EIEC in vitro (QIN et al., 2009).

Um estudo que avaliou o efeito de B. longum HB25 modificado com o gene de um
peptideo antimicrobiano LL-37 secretado pelo epitélio intestinal, constatou que o
microrganismo recombinante reduziu os niveis da citocina pré-inflamatéria TNF-a e aumentou
a dosagem da citocina anti-inflamatéria IL-10 e o fator de crescimento transformante (TGF-a).
Ap6s a andlise histologica, constatou-se também que houve uma redugdo das injurias geradas
a mucosa do colon (GUO et al., 2017).

Um trabalho que analisou os efeitos de Lactobacillus johnsonni CJLJ103 em cultura de
células e modelo animal, observou uma inibicdo do crescimento de E.coli e da producdo de
lipopolissacarideo (LPS), além do aumento da expressao das proteinas das tight junctions em
células Caco-2 e em camundongos com colite induzida pelo 4cido 2,3,6-
trinitrobenzenosulfonico (TNBS) (LIM et al., 2017).

Uma cepa de Lactobacillus plantarum designada de L9 inibiu a adesdo e internalizacdo
de E. coli O55:B5 em monocamadas de enterdcitos. Adicionalmente, foi observado que o
microrganismo reduziu o fator de necrose tumoral (TNF-a) induzido pela translocacdo
bacteriana em células Caco-2. Por ultimo, foi constatado também que L. plantarum L9 nao
afetava a integridade das monocamadas celulares (WANG et al., 2017).

Além disso, através de sua intensa atividade fermentativa, algumas linhagens podem
inibir a producdo de toxinas e dessa forma atenuar a viruléncia de um enteropatégeno. Nesse
contexto, a administracao oral da cepa Bifidobacterium breve em murinos inibiu a producdo da
toxina Stx de EHEC O157:H7 pela elevada secrecdo de acido acético e reducdo do pH intestinal
(ASAHARA et al., 2004).
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Portanto, considerando a importancia da investigacdo de medidas alternativas para a
atenuacdo da doencga diarreica e que existem lacunas sobre a efetividade dos probidticos
existentes sobre os principais enteropatogenos bacterianos, este estudo realizou uma
caracterizacdo de diferentes isolados de Bifidobacterium e Lactobacillus de fezes de recém-

nascidos com perfil probiético sobre diferentes linhagens de DEC, Salmonella e Shigella.
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3 OBJETIVOS

GERAL

Realizar a prospec¢do de microrganismos com potencial probidtico em fezes de criangas

contra enteropatogenos bacterianos de relevancia clinica.

ESPECIFICOS

» Selecionar isolados dos géneros Bifidobacterium e Lactobacillus com as seguintes
propriedades probidticas in vitro:

e Tolerancia a lisozima, pH e sais biliares;

e (apacidade de adesdo a mucina intestinal;

e Secrecdo de metabdlitos antimicrobianos;

» Avaliar a capacidade de adesdo das cepas selecionadas a mucina gastrica;

» Investigar a capacidade de inibi¢do da adesdo de Escherichia coli diarreiogénicas,

Salmonella Choleraesuis e Shigella flexneri em mucina por deslocamento;
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4 RESULTADOS
4.1 CAPITULO 1 — Probiotics, mechanisms of action, and clinical perspectives for diarrhea
management in children (publicado na revista Food & Function, Qualis B1 em Medicina I e

Fator de Impacto 3.289).
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Infectious diarrhea is the second most common cause of morbidity and mortality in children under 5
years of age in the underdeveloped areas of the world. Conventional treatment consists of rehydration,
which may be coupled with antimicrobial agents in more severe bacterial infections or with antiprotozoal
agents. In the last few decades, research on the use of probiotic strains, such as Lactobacillus rhamnosus
GG ATCC 53013 (LGQ), Lactobacillus reuteri DSM 17938 and Saccharomyces boulardii, has gained much
attention to prevent and treat diarrheal diseases. However, they are rarely used in the clinical routine,
perhaps because there are still gaps in the knowledge about the effective benefit to the patient in terms
of the reduction of the duration of diarrhea and its prevention. Furthermore, only a few probiotic strains
are safely indicated for usage in pediatric practice. This review summarizes the current knowledge on the
antimicrobial mechanisms of probiotics on distinct enteropathogens and their role in stimulating host
defense mechanisms against intestinal infections. In addition, we highlight the potential of probiotics for
the treatment and prevention of diarrhea in children. We conclude that the use of probiotics is beneficial
for both the treatment and prevention of diarrhea in children and that the identification of other candidate
probiotics might represent an important advance to a greater reduction in hospital stays and to prevent
infectious diarrhea in a larger portion of this population.

1.

At a time marked by antimicrobial abuse and the serious
problem posed by the emergence of multidrug-resistant

Introduction

bacteria, investing in alternative approaches for the prevention

and/or treatment of infectious diseases is crucial.
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Gastrointestinal diseases can be caused by a wide variety of
bacterial, viral and parasitic agents in both adults and
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children. Although many of the diarrheal cases are caused by
viruses, an increased number of bacterial diarrhea have been
reported, especially in areas with detrimental conditions of
sanitation and hygiene." Bacterial diarrhea accounts for
50-60% of the cases in developing countries.” Diarrhea is
defined as three or more liquid or loose stools per day
accompanied or not by fever and vomiting, being a self-limited
condition.” The most serious cases have been reported in
children, especially those under 5 years of age.” According to
estimates by the United Nations Children’s Fund (UNICEF),
diarrhea is an important cause of morbidity and mortality in
children under 5 years of age.” The most recent data indicate
that approximately 480000 children died due to diarrhea in
this age group, representing 8.4% of child deaths worldwide in
2016.°

Of importance, children represent the predominant group
who die of diarrhea in developing countries.® Cases in this
group have been associated with diarrheagenic Escherichia colt
strains,”™ Salmonella spp. and Shigella spp.'® However, the
data obtained by a recent global surveillance demonstrated
that acute watery diarrhea in children under 5 years of age is
mainly caused by rotavirus, especially in Africa, followed
by norovirus GII, Cryptosporidium, Shigella/enteroinvasive
(EIEC) and enterotoxigenic E. coli (ETEC), and enteric
adenovirus 40/41.""

The main therapeutic measure for diarrhea applied in
healthcare services, especially when viruses cause this con-
dition, consists of oral or intravenous administration of saline
solution (0.9%) or zinc (10-20 mg per day for 10 to 14 days), in
order to prevent or correct dehydration.”” However, this
therapy is unable to eliminate all of the deleterious effects of
infection (i.e., duration of diarrhea and number of stools) or
effectively restore the gut microbiota."”™"* For this reason,
several studies have investigated medications likely to have
palliative or therapeutic actions against diarrhea, such as
loperamide and diosmectite, whose major mechanism of
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action is reduction of intestinal motility; however, the reports
about their benefits are not consistent."*"

In patients with parasitic diarrhea (e.g., amebiasis and giar-
diasis), adequate antiparasitic chemotherapy can shorten the
clinical course of the disease and the duration of the elimin-
ation of pathogens in stools.'® Empiric antibiotic regimen for
routine acute bacterial diarrhea is discouraged, except for
patients with severe bacterial (e.g., shigellosis, cholera, and
typhoid fever) infections. The first-choice treatment for more
severe cases of diarrhea consists of the administration of anti-
microbial agents. In these cases, fluoroquinolones (e.g. cipro-
floxacin or levofloxacin) are generally indicated. In patients
with diarrhea caused by Campylobacter, which can be fluoro-
quinolone resistant, the use of azithromycin for treatment can
also be recommended."’

However, when broad-spectrum antibiotics, such as some
penicillins (e.g. ampicillin, amoxicillin alone or with clavula-
nate, carbapenems and piperacillin/tazobactam), third- and
fourth-generation cephalosporins, fluoroquinolones,
cyclines, chloramphenicol, and so on, are selected for empiric
treatment or when treatment fails due to resistance to the

tetra-

chosen drug, the spread of resistance to other bacteria might
be facilitated.'®'® Recently, a metagenomic study on gut
microbiome genes from the sequencing data of 162 people
(85 Danish, 39 Spanish and 38 Chinese individuals) has
revealed that the human gut microbiota can function as a
reservoir for several antibiotic resistance genes, principally
tetracyclines, macrolides, and beta-lactams." So, indiscrimi-
nate antibiotic use can certainly exert a selective pressure on
the gut microbiota and thus contribute to the current emer-
gence of resistance worldwide.

Within this context, several studies have investigated the
use of probiotic microorganisms as alternative therapies to
attenuate infection. Probiotics are living microorganisms that,
when administered in adequate amounts, can result in several
benefits for the host, such as microbiota recovery, improve-
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ment of the immune system and food absorption.*’ Probiotics
can be delivered lyophilized in capsules and sachets or can be
added to foods, such as yogurt or other dairy products.”' >

In recent years, a rise in the amount of probiotic consump-
tion has been observed, especially of dairy products. This is
due to the increased knowledge of their mechanisms of action
and the benefits they may present, which have been vastly
advertised to the global community. The probiotic market has
been projected to exhibit a progressive 7.4% compound
annual growth rate between 2014 and 2020. In 2014, according
to a Transparency Market Research report, its global market
was valued at more than US$ 62 billion and is expected to
reach US$ 96 billion by 2020.>* The largest population of pro-
biotic consumers is from the Asia-Pacific region, mainly
China, Japan and India. In Europe, the United Kingdom and
Germany represent the most profitable market. In this scen-
ario, dairy products are the largest market for the application
of probiotics and are estimated to achieve a $ 32.2 billion
profit by 2018.%°

The beneficial effects of fermented milk beverages have
been investigated in diarrhea; however, their efficacy to either
prevent or treat this condition is still a matter of debate.
Indeed, their effects have been assessed in individuals of
different ages with different diarrheic conditions. Probiotic-
enriched milks, yogurt and kefir have been assessed in trials
as preventive approaches in diarrhea and most of the studies
showed promising potential for these dairy products in redu-
cing diarrhea duration and number of episodes. A placebo-
controlled randomized trial with 369 patients showed that the
administration of yogurt at the time of antibiotic therapy is
not effective in reducing the antibiotic-associated diarrhea
(AAD) incidence. Of these patients, 131 received Bio yogurt,
which contained Streptococcus thermophilus, Lactobacillus acid-
ophilus, and Bifidobacterium animalis ssp. lactis (total daily
dose of 10” bacteria in 150 mL for 12 days), while 118 received
commercial yogurt and 120 did not receive intervention with
yogurt.”® Similar outcome was found in patients receiving
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150 mL of kefir for 10 days.”” In contrast, a previous study by
Beniwal et al., comprising 202 individuals, found a 50%
reduction in the occurrence of AAD and a reduction in the dur-
ation of diarrhea (23 versus 60 days) in those taking a probiotic
yogurt containing a mixture of L. acidophilus, Lactobacillus
bulgaricus and S. thermophilus (10° cultures per g; twice daily,
for 8 days).>®

As noted for AAD, probiotic-enriched milk drinks have also
been tested in acute and persistent diarrhea. A study by
Chouraqui et al. demonstrated that the administration of a
milk formula containing Bifidobacterium lactis strain Bb 12
(at least 10® bacteria, indicated as colony-forming units or
CFU) shortened the episodes of diarrhea and the number of
days with diarrhea in infants for the duration of their stay in
residential child care centers (range: 119.5-154.7 days).”’
Similarly, the administration of fortified milk containing
B. lactis HNO19 (1.9 x 107 CFU) and prebiotic oligosaccharide
three times a day for one year reduced dysentery episodes in
children.’® Similarly, the administration of 100 ml of a
probiotic yogurt containing L. bulgaricus, L. acidophilus,
Bifidobacterium, and S. thermophilus (10° CFU), for 5 days,
reduced acute diarrhea episodes in children.*!

It is important to highlight that many marketed products
range from 1 to 10 x 10° viable cells per dose; however, whilst
some products have proven to be effective at lower levels (10"
CFU per dose), others have required more probiotic colonies to
achieve similar effects (10" CFU per dose).>>™*

All these pieces of evidence of variability suggest that the
effective dose required for achieving beneficial effects on diar-
rhea when taking probiotics vary with the strain(s) and the for-
mulation of the probiotic product. Therefore, larger clinical
trials are needed in order to define the best probiotic options
and the ideal duration of treatment for diarrhea.

In addition to the effects on infectious diarrhea, other ben-
eficial effects of probiotic intake have been reported. These
include improvement of lactose intolerance (the yogurt bac-
teria release lactase when lysed by bile acids),*® reduction of
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allergic reactions of milk-fed infants to casein (some lactoba-
cilli degrade this protein into smaller peptides and amino
acids),>” reduction of serum cholesterol levels and blood
pressure,***® and relief of constipation.”’ As a result, the con-
sumption of probiotics has increased in recent years.

Here, we reviewed the use of probiotics in the treatment
and prevention of pediatric diarrhea. We particularly focused
on their mechanisms of action on distinct etiological agents,
efficacy, and safety and we discussed the pros and cons related
to the use of probiotics for diarrhea in children.

2. Mechanisms of action

2.1. Modification of host defenses

The main mechanisms of action of probiotics against entero-
pathogenic agents are depicted in Fig. 1. During intestinal bac-
terial infection, there is colonization of the gut epithelium by
the pathogen. The mucus produced by goblet cells accounts as
one of the first lines of defense against pathogenic bacteria
colonization*! and the intestinal cells produce antimicrobial
peptides (cathelicidins and defensins) in order to contain the
infection.*?

Cathelicidins are small, cationic, antimicrobial peptides
found in vertebrates that have a broad range of action against
bacteria, fungi, protozoa, and some viruses. They are stored
inside secretory granules of neutrophils and macrophages and
are released after leukocyte activation. Expression of cathelici-
dins can also occur in non-myeloid cells, such as epithelial
cells of the testis, skin, and the gastrointestinal and respiratory
tracts.*?

Defensins are short, cationic, cysteine-rich polypeptides
that are important in innate immunity against a variety of
pathogens. They are involved in adaptive immunity, including
relevant roles in inflammation, wound repair, expression of
cytokines and chemokines, production of histamine and
enhancement of antibody responses.**

The intense interaction of the pathogen and the gut pro-
motes the capture of the pathogenic bacteria by dendritic
cells, which in turn process their antigens and present them to
T cells. Activated T cells release pro-inflammatory cytokines as
part of the host’s response to infection,*® resulting also in the
activation of antibody-producing B cells, particularly delivering
IgA specific to the infectious pathogen (Fig. 1A).

It has been demonstrated that the administration of pro-
biotics modifies these responses. The modifications are sum-
marized in Fig. 1B and are discussed herein. Indeed, pro-
biotics stimulate intestinal goblet cells to produce mucins, a
family of glycoproteins composing the gut mucus.*® Among
the 18 different types of polymeric glycoproteins that comprise
the mucin family in humans, MUC2 (mucin 2) is the main
component of the intestinal mucus. As mentioned above,
mucus production is crucial for the protection of the host
against pathogen colonization and invasion and is essential
for the lubrication of the intestinal epithelium.”” In vitro
evidence indicates that several Lactobacillus species increase
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Fig. 1 Mechanisms of probiotic action against enteropathogenic micro-
organisms. (A) Immune response during intestinal bacterial infection in
the absence of probiotics: (i) there is colonization of the gut epithelium
by the pathogen, (i) mucin production by goblet cells, (iii) production of
antimicrobial peptides (defensins and cathelicidins) by intestinal cells,
(iv) phagocytosis of pathogenic bacteria and antigen presentation to T
lymphocytes by the dendritic cells, (v) cytokine release by activated T
cells, and (vi) activation of B cells and subsequent release of antibodies,
particularly IgA, which are specific to the infectious pathogen. (B)
Protective mechanisms of probiotics against intestinal bacterial infec-
tion: (i) stimulation of mucin production by intestinal goblet cells, (ii)
induction of the production of antimicrobial peptides, (iii) improvement
of cell junction stability, (iv) increase in IgA release by activated B cells,
and (v) inhibition of pathogen growth and/or elimination of pathogen
through the production of antimicrobial molecules such as short-chain
fatty acids, bacteriocins and microcins.

mucin secretion by various intestinal epithelial cell lines, such
as the Caco-2 (MUC2), HT-29 (MUC2 and MUC3) and LS174 T
(CmbA and MUB) cell lines, with consequent blocking of the
adhesion and invasion of pathogenic E. coli strains and other
pathogens.*®**% Probiotics also enhance the production of
cathelicidins and defensins by the gut epithelium.***!
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2.2. Effects on the cytoskeleton and tight junctions

Different enteropathogens cause the rupture of junctional pro-
teins and actin contraction in enterocytes, resulting in
increased permeability in the intestinal lumen.>* It has
been suggested that probiotics prevent tight junction disrup-
tions in these cells following infectious and/or inflammatory
insults.**™® A similar effect for probiotics was observed in
enterocytes with tight junctions that had already been
disrupted by EHEC.*®

Indeed, the stability of cell junctions induced by probiotics
is due to the increased expression of proteins composing tight
junction strands, such as claudin-1, occludin, zonula
occludens 1 (ZO-1) and junctional adhesion molecule 1
(JAM-1).%"** The latter reduces the entrance of pathogens and
their metabolites into the intestinal epithelium. Studies with a
mixture of probiotic Lactobacillus strains have shown that
these microorganisms are able to attenuate the damage
induced by Salmonella typhimurium lipopolysaccharide (LPS) to
cell junctions.®” S. thermophilus ATCC19258 and L. acidophilus
ATCC4356 conferred protection to the intestinal epithelium
against EIEC by increasing transepithelial resistance, and
maintaining or enhancing cytoskeletal and tight junctional
protein phosphorylation.®® Another study demonstrated that
the B. lactis 420 cell-free supernatant increases the integrity of
the tight junctions of intestinal epithelial cells and protects
them against enterohemorrhagic E. coli (EHEC) O157:H7-
derived products.®” Secreted proteins from LGG, such as p40
and p75, were also shown to be able to protect the intestinal
epithelial tight junctions against hydrogen peroxide-induced
damage via protein kinase type C (PKC)- and mitogen activated
protein (MAP) kinase-dependent mechanisms.®® Furthermore,
the pretreatment of Caco-2 monolayers with Lactobacillus plan-
tarum attenuated phorbol ester-induced dislocation of ZO-1
and occludin from the intercellular junctions and the
increased epithelial permeability.®*

In this context, these pieces of evidence suggest that chil-
dren with diarrhea may benefit from both preventive and
therapeutic approaches with probiotics.

2.3. Induction of IgA production

IgA production by activated B cells is an important process
that contributes to the resistance of the intestinal mucosa
against infections. Mounting evidence showed that probiotics
increase IgA levels in the mucosa and luminal mucus
]ayer,ﬁg,m
samples following their repeated ingestion.”* IgA provides the
immune exclusion of pathogens by binding to their antigens,
thus, forming a hydrophilic shell on their surface, which is
repelled by the mucosal glycocalyx.”””* Antigen-IgA complexes
also bind to the receptor FcRI constitutively expressed on
innate immune cells,”®”* triggering their activation, and in
turn, antimicrobial and inflammatory responses.”*”> Of note,

whilst its soluble form can be detected in stool

these processes protect the epithelium not only against patho-
gen invasion but also against excessive growth of enteric bac-
teria, which might occasionally become opportunistic.”®””
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Probiotics are suggested to enhance IgA release in the gut
by directly acting on the mucosal immune system by various
mechanisms. For example, genomic DNA from LGG and
B. animalis subsp. lactis Bb12 was found to increase Toll-like
receptor 9 (TLR9) expression in mucosal mononuclear cells
and enhance the maturation of dendritic cells in the intes-
7879 probiotic genomic DNA of Bifidobacterium longum
and LGG may also activate B lymphocytes.*>*' Additionally,
IgA release may be the result of the activation of T cells by pro-
biotics.”® Irrespective of T cell activation, the IgA production
triggered by these microorganisms can be mediated by
enhanced release of cytokines such as transforming growth
factor B (TGF-p), interleukin-6 (IL-6) and IL-10.”%** TGF-B
expression in dendritic cells was up-regulated by not only
Bifidobacterium sp. but also by lactobacilli strains such as

tine.

Lactobacillus gasseri SBT2055, an effect shown to contribute to
IgA production in the small intestine via TLR2 activation.®

2.4. Antimicrobial activity by short-chain fatty acids

Probiotics themselves are able to produce short-chain fatty
acids by fermentation.®*** Indeed, probiotics promote the
reduction of the intestinal lumen pH through the production
of organic acids principally during the metabolism of carbo-
hydrates, with consequent inhibition of pathogen growth.**
The major organic produced by species of
Bifidobacterium, Clostridium, Streptococcus, and Lactobacillus
include: acetic, butyric, propionic and lactic acids. Due to its
dissociation constant (pK value), acetic acid (pK value of
4.756) is considered to have a higher antimicrobial activity
than lactic acid (pK value of 3.860).%*

In their undissociated forms, short-chain fatty acids are
antimicrobial against both Gram-negative and Gram-positive
bacteria; this is due to their lipophilicity and ability to solubil-

acids

ise in bacterial cell membranes.*>**% Once in the bacterial
cytoplasm, these acids ionize to yield protons, thus, interfering
with the permeability of the pathogen cell membrane, promot-
ing uncoupling of both the substrate transport and oxidative
phosphorylation from the electron transport system.®***%”
Also, these short-chain fatty acids can cause structural damage
to the cell membranes of Gram-negative bacteria increasing
their permeability to other small antimicrobial molecules,
such as hydrogen peroxide and reuterin.*>*’

2.5. Role of bacteriocins and microcins

Bacteriocins and microcins are small peptides with bacteri-
cidal or bacteriostatic activity produced by both probiotics and
commensal bacteria. The term bacteriocin is used to designate
peptides secreted by Gram-positive bacteria, while microcin is
used to designate peptides produced by Gram-negative bac-
teria, being thus named for having sizes smaller than
10 kDa.”® Bacteriocins are suggested to increase the per-
meability of the inner membrane of Gram-negative bacteria,
thus contributing to its rupture, and to interfere with bacterial
cell wall synthesis, resulting in pore formation by binding to
the peptidoglycan precursor lipid IL.”" Indeed, the bacteriocin
lacticin 3147, produced by Lactococcus lactis, forms selective
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pores in the cell walls of some pathogenic Gram-positive bac-
teria, including Clostridium difficile, resulting in their
killing.”>*® Recently, the bacteriocin ABP-118, produced by
Lactobacillus salivarius, has been shown to inhibit the in vitro
growth of Bacillus, Listeria, Enterococcus and Staphylococcus.”
In contrast, microcins act directly on the inner membrane or
inhibit the activity of enzymes involved in the structure and
synthesis of DNA or RNA, with consequent destruction of the
pathogen.”® Microcin J25 is overproduced by an E. coli strain
and shows inhibitory activities against EHEC (0157:H7).”°

2.6. Competition for adherence sites

Importantly, probiotics can also hinder or fully prevent patho-
gen colonization by competing for binding sites in mucin or
epithelial cells. A study conducted with Lactobacillus reuteri,
L. gasseri and L. plantarum showed that these species inhibit
EIEC and EHEC adhesion to and invasion of HT-29 cells see-
mingly via blocking of cell receptor binding sites.”” Moreover,
the Ip_1643 protein expressed by L. plantarum WCFSI was
found to inhibit the adhesion of Listeria monocytogenes,
S. typhimurium ATCC14028 and Shigella flexneri CMCC(B)
51572 to gastric mucin by more than 95%.*

Several assays have been used to investigate the ability of a
probiotic to colonize the intestinal mucosa. Cell lines derived
from human colon adenocarcinomas such as Caco-2 and
HT-29 are generally employed.®®™'** Alternatively, mucin
obtained from the human colon'*™'% or animals'®® has been
employed. Both methods can be used for the in vitro predic-
tion of probiotic potential to colonize the gut; however, some
ex vivo assays with human or animal intestinal mucosal tissue
have also been employed.'*”**® Although this is a good
method for the evaluation of probiotic adhesion to the gastro-
intestinal epithelium and mucus, it is not feasible to be routi-
nely performed due to the difficulties of obtaining intestinal
mucosa samples. Alternatively, the culture of stool samples
obtained from individuals taking probiotics could be used to
monitor in vive intestinal colonization.'"

2.7. Mechanisms of action against the main enteric viruses

The use of probiotics has been associated with beneficial
effects for the prevention and treatment of rotavirus diar-

rhea.’™?

The mechanisms that account for these effects against
viral pathogens have not been fully elucidated. It has been
reported that probiotics interfere with the viral cycle by specific
and non-specific mechanisms."'"''? Also, Bifidobacterium
breve DSM20091, B. longum Q46, Lactobacillus paracasei Al4,
L. paracasei paracasei F19, L. paracasei/rhamnosus Q85,
L. plantarum M1.1, and L. reuteri DSM12246 can inhibit the
adsorption of the virus to the intestinal cells.'*® This mecha-
nism may involve steric hindrance, or improvement of the
barrier effects of the mucus, glycocalyx, and intercellular
junctions.*®¢7 114

Additionally, probiotics can inhibit virus adsorption by
competing with viral receptors on intestinal cells."*> Recently,
Fernandez-Duarte ef al. have suggested that protein-based

metabolites from Lactobacillus casei Lafti L26-DSL and
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Bifidobacterium adolescentis DSM20083 can block rotavirus
entrance by a direct effect on the virus particle.'*

Increases in the humoral response and greater proliferation
of IgA-, IgM- and IgG-secreting B cells have been reported to
occur during the acute phase of viral diarrhea in children
treated with LGG. In fact, approximately 90% of the partici-
pants in the study receiving probiotics developed specific IgA
responses against rotavirus by the convalescence stage.''”

Based on the findings of a mouse model of protection with
Bifidobacterium bifidum G9-1 against rotavirus infection, it was
proposed that oral administration of this probiotic strain can
promote both prophylactic and therapeutic effect for rotavirus
diarrhea by the induction of mucosal protective factors.''®
After probiotic use, the number of mucin-producing cells in
the small intestine was increased as well as the gene
expression levels of MUC2, MUC3, MUC4, TGF-f and TFF3,
which are related to mucosal protection.

In addition to the effects against rotavirus infection, probio-
tic strains also have the potential to prevent and treat noro-
virus infection. Studies with a mixture of LGG and E. coli
strain Nissle 1917 resulted in reduced incidence and diarrhea
duration in a gnotobiotic pig model.""” The beneficial effects
were associated with stimulation of interferon-y (IFN-y) T cell
responses, enhanced intestinal immunity and promotion of
intestinal epithelium health and growth.

Taken together, these data suggest that probiotic strains
can display multiple mechanisms for the amelioration of
enteric virus infection that can act directly on the microorgan-
ism and by the modulation of intestinal homeostasis.

2.8. Mechanisms of action against the main intestinal
protozoa

Few studies have described the potential actions of probiotics
against major intestinal protozoan parasites, such as
Entamoeba, Giardia and Cryptosporidium.">*"*" With respect to
amebiasis, a decrease in bloody diarrhea caused by Entamoeba
histolytica was observed in a clinical trial when Saccharomyces
boulardii was administered together with metronidazole to
children.'* The putative mechanisms of action are not entirely
known, but it was proposed that S. boulardii can inhibit the
binding of E. histolytica to human cells, since amoeba cells
interact with N-acetylgalactosamine residues on yeast cells.'*?
Recently, it has been shown that a combination of L. casel
NCDC299 and Enterococcus faecium NCDC124 can reduce the
viability and infectivity of Entamoeba in vitro."*

On the other hand, Lactobacillus johnsonii LA1 produces a
heat-sensitive low molecular weight compound with the ability
to inhibit Giardia lamblia growth in vitro, without interfering
with its adhesion to epithelial cells."** Oral administration of
the L. johnsonii LA1 strain protected gerbils against G. lamblia
infection apparently by stimulating the immunity of the
animals against the parasite.'”” In addition to enhancing host
immune response, probiotics also modulate Giardia infection
by interfering with parasite adhesion to intestinal mucosa, as
has been described for the L. casei MTCC1423 strain."**
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It is premature to say that probiotics can be an alternative
strategy to treat patients with cryptosporidiosis, since only a
single case report of successful treatment in humans has been
reported. A 12-year-old girl took LGG and L. casei Shirota for 4
weeks and within 10 days of treatment, the diarrhea and
nausea had ceased.'”” Apparently, the mechanism of action is
not associated with host immune stimulation, but instead
with a probiotic compound that reduces oocyst shedding of
Cryptosporidium spp. as observed in an animal model using
L. reuteri (strains 23272, 4000 and 4020) or L. acidophilus
NCFM.'*!

3. Use of probiotics for the treatment
of distinct types of diarrhea in children

Until a few years ago, probiotics were considered a form of
alternative medicine; however, advances in discoveries made
during their actual use have provided more consistent evi-
dence of the benefits associated with these agents, which
could thus be included as a relevant component of routine
medical care. A series of studies assessed the use of probiotic
microorganisms for diarrhea treatment in children (Table 1).
However, only a few species that are well-documented species
have been widely used in clinical practice, despite some con-
troversies."*® In many clinical situations probiotics can be rec-
ommended to treat diarrhea in children, but the major indi-
cations are described below.

3.1. Acute diarrhea

One of the most recommended probiotic strains for bacterial,
parasitic and viral diarrhea treatment in children is
LGG."**"*" The beneficial effects in treatment have also been
reported with other probiotic strains, such as L. reuteri,"**™**
L. acidophilus,*®  B. lactis,”” and  Saccharomyces
boulardii."****°

Regarding viral diarrhea, it was shown that early interven-
tion with LGG (10” CFU) in a group of children reduces the
number of stools and the duration of diarrhea from 76.6 +
41.6 h (placebo group) to 56.2 + 16.9 h."*” A meta-analysis
found that a dose >10'° CFU of LGG once a day sufficed to
effectively reduce the length of hospital stays and the duration
of viral diarrhea by 25.2 h."*° 1t is important to highlight that
this dose was more efficacious when used in European chil-
dren than in those from developing or underdeveloped
countries, as in the non-European children the difference in
the duration of diarrhea between the LGG group and the
control group had only borderline statistical significance (six
randomized clinical trials, N = 1700; mean difference —0.87;
95% CI —1.81-0.08). An explanation for such results can be
attributed to differences in diet. In fact, food or diet substrates
are considered important factors in the regulation of the gut
microbiota. Foods may help in partially neutralizing the acidic
pH of the stomach or contain other functional ingredients that
stimulate the functionalities of probiotics. Food components
that induce the growth of probiotics are called prebiotics;'*!
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for instance oligosaccharides such as lactulose, galactooligo-
saccharides, inulin, fructooligosaccharides, and other dietary
carbohydrates or fibers not digestible by humans are used by
probiotics.’** Thus, the consumption of healthier foods has
become a large trend, which has quickly gained space in the
last few decades in European countries and is now becoming a
hit amongst other populations. Still, dietary patterns are
suggested to be population specific and influenced by socio-
cultural factors and food availability;'**'** thus, these factors
may influence the chances of success of probiotic-based treat-
ments, as the amount of daily consumption of prebiotics and
even probiotic-containing products may have previously
shaped or not the intestinal microbiota towards a beneficial
pattern. Importantly, food consumption may not be the only
predisposing factor for probiotic therapy success as many
others such as medications, physical activity, cultural habits,
immunity status and genetics, amongst others, may also alter
the gut microbiota.'*?

It is also possible that the limited effect of LGG in non-
European children is due to the higher frequency and diversity
of enteric pathogens with different virulence mechanisms in
this population (Campylobacter, Salmonella, Shigella, Yersinia
and Entamoeba), which may hinder the action of probiotics.
The presence of these microorganisms is directly related to the
precarious hygiene and sanitary conditions in those countries.
Of importance, diarrhea is usually caused by viruses in
Europe. Interestingly, LGG is more efficacious among outpati-
ents than among inpatients. Patients who require a long stay
at the hospital are subject to secondary infections, acquisition
of infections caused by resistant bacteria, and diarrhea that
may be worsened by inadequate or prolonged antibiotic treat-
ment. These factors may explain the differences in the range of
action of probiotics."*’

On the other hand, controversial data on the efficacy of pro-
biotics have also been reported. The administration of
L. paracasei strain ST11 to children aged 4 to 24 months with
viral diarrhea induced neither daily nor cumulative reduction
of the number of stools (during the six days evaluated) in com-
parison with the placebo group.'*® Indeed, the authors
observed that in comparison with other studies, diarrhea
lasted longer (4 versus 1.6-3.8 days) and the number of stools
was higher (10 versus 2.5-7) in children who received this
probiotic.

It is worth noting that the efficacy of probiotics is related to
several factors, including dose and ability of intestinal coloni-
zation. In children aged 6 months to 3 years, watery diarrhea
caused by rotavirus persisted only in 26% of the patients who
received 10'°-10'" CFU of L. reuteri versus 81% in the group
administered placebo on the second day of follow-up. This
difference was due to the efficacious colonization of probiotics
in the gut and the rapid expression of L. reuteri properties as
early as 48 hours after the onset of treatment. At this time
point, the CFUs of L. reuteri in the treated group had reached a
5-logy, increase.'*”

The probiotic actions of L. reuteri may be also related to the
improved elimination of pathogenic bacteria, which are nor-
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Table 1 Use of probiotics for the treatment of diarrhea in children
Sample size Type of
Administered (treatment diarrhea
probiotic Study group/ (etiologic
or formula Dose design placebo group)  Age range agent) Outcomes Study
L. acidophilus (80%), 10° CFU Inpatients 290 (65/225) lyearand  Bacterial No effects on diarrhea 169
L. bulgaricus (10%), 9 months-  and viral and associated symptoms
B. bifidum (5%) and 2 years
S. thermophilus (5%)
B. lactis 14.5 x 10° CFU Inpatients 50 (25/25) <2 years Essentially Reduction in the duration 137
per 100 ml of viral of diarrhea (24 h) and
formula of hospitalization time (48 h)
milk for 7 days
B. longum, B. lactis, 10° CFU Outpatients 29 (6/23) 3 months-  Viral Reduction in the duration 111
L. acidophilus, 7 years (rotavirus) of diarrhea (~2 days) and
L. rhamnosus, vomiting (1 day)
L. plantarum and
P. pentosaceus
E. coli Nissle 10° CFU Outpatients 151 (75/76) 1 months-  Bacterial Effective in treating diarrhea 212
4 years and viral lasting longer than 4 days
LGG 10° CFU Inpatients 179 (90/89) 3 months-  Bacterial No effects on diarrhea and 131
3 years and viral associated symptoms
LGG 10'° CFU per Inpatients 287 (147/140) 1month-  Viral Reduction in the duration 130
250 mL of 3 years (rotavirus) of diarrhea (~22 h) and
ORS hospitalization time
10° CFU Outpatients 200 (100/100) 6 months-  Viral Reduction in the duration 129
5 years (rotavirus) of diarrhea (~18 h) and
improvement of stool consistency
LGG; S. boulardii; 107-10° CFU  Outpatients 571 3 months-  Viral Reduction in the duration of 170
B. clausir; L. delbrueckii 3 years diarrhea by LGG (37 h) or the
var bulgaricus, mixture (45 h), and in the
S. thermophilus, number of bowel movements
L. acidophilus,
B. bifidum
and E. faecium SF68.
L. paracasei ST 11 5x10° CFU, Inpatients 230 (115/115) 4 months-  Bacterial Reduction in the cumulative 146
2x per day for 2 years and viral stool output, stool frequency
5 days (in 14.6) and ORS intake
L. reuteri DSM 17938 1x10° CFU+ Outpatients 60 (29/31) 3 months-  Viral Reduction in the duration 132
ORS for 5 days 5 years of diarrhea (15 h)
10° CFU Inpatients 127 (64/63) 3 months-  Viral Reduction in the duration of 133
5 years diarrhea (35 h) and
hospitalization
time (24 h)
4x10°CFU  Inpatients 69 (35/34) 6 months-  Viral Reduction in the frequency 134
3 years and duration of diarrhea (1.2 days)
10° CFU day™" Inpatients 60 (30/30) 3 months Bacterial Reduction in the colonization 135
of enteropathogens
L. rhamnosus 19070-2  10'° CFU Outpatients 43 (24/19) 9 months-  Bacterial Reduction in the duration 213
and L. reuteri 4 years and viral of diarrhea (40 h)
DSM 12246
LGG 6x10" CFU  Inpatients 684 (330/332) >1 year Viral No effects on diarrhea 214
(rotavirus) and associated symptoms
L. sporogenes 6x 10" CFU  Inpatients 148 (78/70) 6-24 months Viral No effects on diarrhea and 215
(rotavirus) associated symptoms
S. boulardii 250 mg day™" Inpatients 200 (100/100) 3 months-  Bacterial, Reduction in the duration of 216
7 years parasitic diarrhea (~24 h) and
and viral hospitalization time (24 h)
500 mg day™' Inpatients 60 (30/30) 3 months-  Viral Reduction in the duration of 138
for 5 days 5 years (rotavirus) diarrhea (29 h) and
hospitalization time (17 h)
250 mg, Outpatients 88 (44/44) 3 months-  Viral Reduction in the duration of 139
1x or 2x 2 years diarrhea (~1.5 days) and
for six days frequency
(depending of stool elimination
on the age)
S. boulardii + 250 mg, 2% per Inpatients 50 (25/25) 10-12 years Parasitic Reduction in the duration of 122
metronidazol day for 7 days (Entamoeba bloody diarrhea (30 h) and
histolytica) improvement of the elimination

CFU: colony forming units. LGG: L. rhamnosus GG. ORS: oral rehydration solution.
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mally producers of urease.'*® Patients taking this probiotic
exhibit lower urease levels than those in the control group.
This is suggested to be related to the ability of L. reuteri to
produce a powerful antimicrobial metabolite - a glycerol-
derived p-hydroxypropionaldehyde known as reuterin, which
stimulates the host’s immune response and stabilizes the
mucous membrane through the reduction of the intestinal
permeability.**® When used at a similar dose (1 x 10* CFU),
L. reuteri DSM 17938 was shown to reduce diarrhea in outpati-
ent and hospitalized children in approximately 15 and 35 h,
respectively,"*>"*?

Another probiotic suggested to be effective in children is
B. lactis. A randomized, double-blind study conducted in Egypt
found that administration of 14.5 x 10° CFU of B. lactis to chil-
dren aged 1-23 months for one week reduced the duration of
diarrhea from 4.10 + 0.94 to 3.12 + 0.92 days. Furthermore, the
number of stools per day decreased from 4.46 + 0.85 to 3.96 +
0.62 and the length of stay at the hospital was 28% shorter in
the group given the probiotic."*” In addition to its beneficial
effects at a low concentration (compared to all other probio-
tics), the genus Bifidobacterium is known for exhibiting
different mechanisms of resistance to bile salts which allow
these bacteria to overcome the adverse conditions found in the
gastrointestinal tract.”*°

While most of the microorganisms suggested as probiotics
are bacteria, it is important to note that yeasts represent
slightly less than 0.1% of the gut microbiota and that some
species (S. boulardii and Saccharomyces cerevisiae) are used for
large-scale treatment of diarrhea in children.'** Indeed, it was
shown that S. boulardii capsules reduce the duration of diar-
rhea from 6.16 to 4.70 days in children aged 2 months to 4
years in comparison with the placebo group. Apparently,
timing is critical for treatment, since this probiotic was more
effective when administered within the first 48 h following the
onset of diarrhea, as colonization by S. boulardii during the
first days of the disease is necessary for competition and con-
sequent inhibition of pathogen adhesion."*® In India, the dur-
ation of viral diarrhea in children with an average age of 2
years decreased from 89 to 60 h (95% CI: —41.2 to —16.8) fol-
lowing the administration of two 250 mg doses of S. boulardii
within 5 days. In addition, the length of stay at the hospital
decreased from 91 to 74 hours (95% CI: —33.46 to —0.54). No
differences were found in the durations of either fever or
vomiting."**

It is important to highlight that in the majority of the
studies, probiotics were taken for 5-7 days after the onset of
diarrhea. Their therapeutic effects included the reduction in the
duration of diarrhea and the length of stay at the hospital, both
within the first two days of treatment. It is possible that the
timing of treatment interferes with probiotic efficacy in attenuat-
ing diarrhea and so, its prompt introduction at the onset of
diarrhea may increase the chance of treatment success.

3.2. Persistent diarrhea

Probiotic-based therapy is a promising strategy as an adjuvant
therapy in the treatment of children with persistent diarrhea
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caused by enteroaggregative E. coli (EAEC), which is associated
with long-term gut inflammation. Inflammation may remain
present even when the diarrhea is absent, but it may impair
physical cognitive development in children.'>"'**
Probiotic intake in these cases would help to restore the gut
microbiota and contribute to attenuate inflammation in the
gut, since some microorganisms considered as normal
members of the gut microbiota, such as Faecalibacterium
prausnitzii, can display anti-inflammatory activities."> It is
also possible to use a genetically modified probiotic strain
that is able to express the anti-inflammatory cytokine IL-10

that was successfully used to treat colitis in an animal
1-154

and

mode

4. Use of probiotics for diarrhea
prevention in children

In addition to the therapeutic use of probiotics in infectious
diarrhea and other intestinal disorders, they also have poten-
tial for preventive use (Table 2). If administered within the
first months of life, when the gut microbiota is being estab-
lished, probiotic microorganisms may reduce the occurrence
of other gastrointestinal diseases, such as necrotizing entero-
colitis and sepsis with intestinal origin.

4.1 Acute diarrhea

The administration of L. reuteri DSM 17938 (10° CFU day™",
once a day, for 30 days, 30 minutes before the first daily feed)
to children with a mean age of 3 months contributed to main-
tain the balance of the gut microbiota by reducing coloniza-
tion by opportunistic or pathogenic microorganisms, includ-
ing Gram-negative anaerobic bacteria, enterococci, and entero-
bacteria. While the rate of infection with atypical enteropatho-
genic E. coli (a-EPEC) was 13.3% among the controls, no cases
of infection occurred among the children previously colonized
with the probiotic. Furthermore, increased populations of
anaerobic Gram-positive bacteria were detected, which
suggests greater proportions of the Bifidobacterium and
Lactobacillus genera."*” On the other hand, in a recent study, a
higher daily dose of L. reuteri DSM 17938 (1 x 10° CFU) in chil-
dren 1-48 months of age was not effective in preventing noso-
comial diarrhea.***

Malnourished Peruvian children (6-24 months old) treated
with LGG (3.7 x 10" CFU, once a day, 6 days per week, for
15 months) presented with fewer episodes of bacterial, para-
sitic and viral diarrhea (5.21 episodes of diarrhea per child per
year versus 6.02 episodes in the placebo group; p = 0.028),
which were more pronounced among 18-29 month old chil-
dren and largely limited to non-breast-fed children, indicating
that LGG supplementation decreases diarrhea incidence in
high-risk children.">®

Additionally, a mixture of LGG (6 x 10° CFU) and micro-
nutrients was shown to decrease the duration of hospitalization
due to diarrhea (3.9 versus 4.9 days). It is worth noting that
this study used a lower dose of LGG (1 log less) for a shorter

This journal is © The Royal Society of Chemistry 2018

33



34

Food & Function Review

Table 2 Use of probiotics for the prevention of diarrhea in children

Sample size

(treatment Type of
Administered Study group/placebo diarrhea
probiotic or formula Dose design group) Age range (etiologic agent) Outcomes Study
B. animalis subsp. 10° CFU Inpatients 727 (362/365) 1-18 years Without No effects to prevent 217
lactis previous nosocomial infections
diarrhea
B. bifidum and B. bifidum (1.9 x 10° Inpatients 46 (23/23) 5 months-2  Viral (rotavirus) Reduction in the number of 168
S. thermophilus CFU) + years episodes of diarrhea by 24.1%
S. thermophilus
(0.14 x 10® CFU)
B. longum PLO3, 10° CFU Inpatients 78 (40/38) 5 months-16  AAD No effects on diarrhea and 218
L. rhamnosus KL53A years associated symptoms
and L. plantarum
PLO2
L. rhamnosus 2 x10'° CFU Inpatients 240 (120/120) 3 months-14  AAD Reduction of diarrhea 219
years (by 11%) and AAD (6%)
LGG 3.7 x 10" CFU Outpatients 204 (99/105) 6 months-2 Bacterial, Reduction in the number of 156
years parasitic and episodes of diarrhea by
viral 13.45%
6 x10° CFU Inpatients 81 (45/36) 1 month-3 Viral (rotavirus) Reduction in the incidence of 220
years nosocomial diarrhea by 26.6%
10° CFU per Outpatients 281 (139/142) 13-86 months Bacterial, No effects on diarrhea and 221
100 ml of fermented parasitic and associated symptoms
milk drink viral
1x10°-1.2x 10"  Inpatients 1092 1month-18  Bacterial, Reduction in the incidence of 222
CFU years parasitic and diarrhea, including viral
viral gastroenteritis
10° CFU mL™" of Outpatients 231 (124/107) 2-7 years Bacterial, AAD  Reduction in antibiotic use, 162
Vvalio Gefilus milk reduction in the number of
gastrointestinal complaints
and increase in the number of
the beneficial
microorganisms
LGG + 6% 10° CFU day™* Inpatients 90 (45/45) 6 months-5 Bacterial, Reduction in the incidence of 157
micronutrients for 15 days years parasitic and diarrhea and hospitalization
viral (rotavirus; time (24 h)
adenovirus)
L. reuteri DSM 17938 10° CFUday™* Inpatients 106 (54/52) 1 month-4 Viral No effects on diarrhea and 223
years associated symptoms
1 x10° CFU Inpatients 184 (91/93) 1-48 months  Patients No effects on diarrhea and 155
without associated symptoms
previous
diarrhea
S. boulardii + 250 mg of Inpatients 269 (132/137) 6 months-14 AAD Reduction in the duration of 224
antibiotics S. boulardii years diarrhea associated with
antibiotics (used in the
treatment of respiratory
infections and otitis media)
by 13.9%
Yogurt containing 200 g day™* Inpatients 70 (36/34) 1-12 months  AAD Reduction in antibiotic- 164
LGG, B. lactis associated diarrhea by 95.24%
(Bb-12) and

L. acidophilus (La-5)

CFU: colony forming units. AAD: antibiotic-associated diarrhea. LGG: L. rhamnosus GG.

period of time (only 15 days). Besides, a total of 11/45 (24.4%) 4.2. Antibiotic-associated diarrhea (AAD)

children taking this mixture had at least one episode of intesti-

nal infection compared to 22/45 (48.9%) children in the AAD is an important clinical syndrome in children worldwide,
placebo group (P = 0.016).">7 Possibly, the supplementation mainly due to excessive use of antibiotics in this age group,
with vitamins B and C and zinc accelerated the recovery of the which causes them to be at a higher risk than adults.'*'%°
children. Thus, the combination of micronutrients with C. difficile is the most frequent cause of AAD and is associated
probiotics represents a valuable and economical strategy for with greater severity."*’

reducing or avoiding children’s diarrhea, especially in low- It was reported that 1 in every 7 cases of antibiotic-associ-
income countries. ated diarrhea is prevented by using probiotics.'®® A meta-ana-
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lysis concluded that S. boulardii, LGG, L. acidophilus and
L. bulgaricus reduce the occurrence of antibiotic-associated
diarrhea by 57% (35-71%)."®" In addition, recent evidence
demonstrated that the long-term LGG intake by preschool chil-
dren prevents microbiota dysbiosis induced by penicillin treat-
ment, increases the population of beneficial microorganisms
including  Lactobacillus,  Lactococcus,  Prevotella,
Ruminococcus, and reduces the use of antibiotics, such as
macrolides and sulfonamide-trimethoprim.'®>

and

Of note, preventive studies on probiotic efficacy were per-
formed in hospitalized patients and/or patients under anti-
biotic therapy. A recent review of 23 clinical trials suggests that
probiotic intake may be beneficial against AAD in children; an
effect that was observed in 22 out of the 23 evaluated trials.'®
Also, a yogurt containing LGG (5.2 x 10° CFU day™ "), B. lactis
(Bb-12; 5.9 x 10° CFU day™ ") and L. acidophilus (La-5; 8.3 x 10°
CFU day™") was effective in reducing AAD in 95.24% of chil-
dren, when administered from the start to the end of their
antibiotic treatment.***
vidual probiotic strains for the prevention of AAD in children,
including C. difficile infections, are LGG and S. boulardii
CNCM 1745, 19163

In sum, the most recommended indi-

4.3. Traveler’s diarrhea

With regard to the role of probiotics in the treatment or pre-
vention of traveler’'s diarrhea, the literature is divergent. A
group of experts from the Asia-Pacific region considers the
data to be insufficient and does not recommend the use of
probiotics for children living in those countries who travel
abroad.’®® On the other hand,
S. boulardii to prevent traveler’s diarrhea was associated with a
significant reduction in its incidence in Latin America."®’
Thus, there is a need for additional randomized clinical trials
to reach a conclusion based on stronger evidence.

the administration of

5. Probiotic combinations

Some researchers have focused on the combination of various
probiotic strains to potentiate their anti-diarrheal effects,
although the achieved results are rather controversial. One of
the first studies of the benefits resulting from the combined
use of several probiotic microorganisms against intestinal
infections was described more than 20 years ago.'®® A chil-
supplemented with B.  bifidum
S. thermophilus promoted the reduction of the incidence of
acute diarrhea among children aged 5 months to 2 years.
Furthermore, a meta-analysis showed that the probiotics
L. acidophilus, L. bulgaricus, LGG, and S. boulardii can reduce
the risk of acute diarrhea for children by 57% used either
alone or in combination."® By mixing probiotics (LGG,
B. lactis (Bb-12) and L. acidophylus (La-5)) in yogurt, AAD was
prevented in children although they still presented mild diar-
rhea and less adverse events, such as abdominal pain and
vomiting."®* However, another recent study did not detect any
benefit in the length of hospital stays and diarrhea symptoms

dren’s formula and
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with the use of a mixture containing 80% L. acidophilus, 10%
L. bulgaricus, 5% B. bifidum and 5% S. thermophilus as an adju-
vant therapy for 290 children hospitalized with acute diar-
rhea.'® This lack of effect might be due to the fact that the
data were not obtained through a conventional randomized
clinical trial. Interestingly, the combination of probiotics with
antimicrobial agents was shown to be beneficial. Indeed, the
combination of S. boulardii and metronidazole significantly
reduced the duration of bloody diarrhea and contributed to a
more efficient elimination of E. histolytica (6 days versus
5 days).">

6. Delivery of probiotics to children

As previously mentioned, single- or multistrain probiotics can
be taken as additives in fermented dairy and non-dairy foods
and beverages, as well as supplements in the form of tablets,
capsules and freeze-dried preparations.** >*'7%'"* However,
their usage in the clinic may depend on various factors intrin-
sic to the probiotic such as strain, resistance to the gastrointes-
tinal tract, formulation, storage and viability, and intrinsic to
the patient including age, disease and general condition.

Storage directly affects the efficacy of probiotics.
Refrigeration is a major drawback in the use of probiotic foods
or beverages, and although more stable, supplements and
freeze-dried products need to be able to maintain high
numbers of viable cell counts (>107 CFU g~ or CFU ml™") of
each strain at least until their expiration date.”" In this context,
the formulation of probiotics into microcapsules can improve
their survival and also control their release into the intestinal
tract. In this system, probiotics are immobilized in a polysac-
charide or protein matrix, which is resistant to the acidic pH
of the stomach and thus, may boost the number of viable pro-
biotic cells reaching the intestine.'”>'”* However, more con-
trolled studies are needed in order to determine which formu-
lation is more efficient in delivering the highest numbers of
viable probiotics able to stop diarrhea in children. Also, the
efficacy of different probiotic microorganisms needs to be eval-
uated in the same delivery system.

When it comes to diarrhea in children, large amounts of
food/beverage need to be consumed in order to treat the
disease, which is not always possible for infants.'”* This limit-
ation could be overcome by the use of supplements; however,
formulations such as tablets or large capsules may not be suit-
able for very young children as they may be difficult to
swallow. Interestingly, LGG (10'°™"" CFU per dose twice daily
for five days) intake either in fermented milk or as freeze-dried
powder was found to be equally effective in reducing the dur-

ation of diarrhea in children.'”®

Therefore, the administration
of freeze-dried products packed in sachets, associated or not
with electrolytes for oral rehydration, or incorporated into
specific infant formulas may represent an interesting approach
for treating diarrhea in infants.’”*

Finally, the use of live or dead probiotics to treat disease

has been debatable. While it has been well demonstrated in
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the literature that different strains of probiotics are effective
when given as live microorganisms, experimental findings in
animals indicate that non-viable probiotics and their com-
ponents (polysaccharides, membrane proteins, bacterial cell
wall components, and even DNA) can also confer beneficial
health effects, especially by modulating the immune
response.”>'’® In this scenario, it has been suggested that
non-viable probiotics may be applied to patients in certain
clinical conditions such as immunodeficiencies, allergic
diseases, and intestinal inflammation.'”® Although probiotic
immunomodulatory properties are suggested to be retained by
non-viable cells, this effect may not be immediate. Also, in
non-viable formulations, the probiotic antimicrobial potential
is lost. Thus, the administration of dead probiotics may not be
as effective in treating acute diarrhea in children as formu-
lations containing live cells.

7. Safety

In general, probiotic consumption is considered to be safe.
However, there has been a major concern on their safety,
especially in regard to reported cases of infections (bacteremia,
sepsis, endocarditis and local infections) associated with pro-
biotic-based products for the prevention and treatment of gas-
trointestinal disorders, which may arise from their repeated
usage_w?—wq

L. rhamnosus was the most prevalent strain detected in
these cases,'®”'®! with reports including those in children
with short gut syndrome.'”® In this case, bacteremia was
observed in an 11 month old child who had received LGG (1 x
10% CFU; twice daily) for 5 weeks for the treatment of rotavirus-
related diarrhea.'”® Similarly, bacteremia was detected in new-
borns administered with 5 x 10° CFU of LGG (once or twice
daily) to prevent AAD and necrotizing enterocolitis.'®® Also,
cases of bacteremia associated with probiotics were found to
be frequent in immunosuppressed (66%) and catheterized
(82.5%) patients.'®" Sepsis was also observed in preterm
infants fed with L. rhamnosus to avoid necrotizing colitis.'”
These negative effects were not observed in healthy-term
infants (n = 183), as LGG (10° CFU) was found to be safe when
administered in these individuals for as long as one year.'®
Similarly, the intake of 1 x 10* CFU kg™ day™" of L. plantarum
by children and adolescents between 8 days prior to and 14
days after hematopoietic cell transplantation did not cause
bacteremia or any serious adverse or unexpected effects.'®’

Other safety issues have been raised with probiotic use
including the hypothesis that these bacteria may be able to
transmit resistance genes to pathogenic and/or commensal
microorganisms, although these pieces of evidence have been
derived specially from in vitro studies with little knowledge of
this event in humans.'®*'®* It has also been suggested that
probiotics might also cause gastrointestinal toxicity, especially
in patients with short small bowel syndrome, probably by the
accumulation of conjugated bile acid metabolites and sub-
sequent malabsorption;'®* on the contrary, several studies
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have demonstrated a protective effect for different strains of
probiotics in experimental models of intestinal cancer.'®>"%®

These pieces of evidence suggest that probiotics should be
given with caution to newborns or other individuals at risk,
including those with immunosuppression.

8. Concluding remarks

Several clinical studies have investigated different strains,
doses, routes and regimens of administration of probiotics.
While diversification in the approach is crucial for more com-
plete and dynamic analyses and outcomes, the multiplication
of variables resulted in the current discrepancies among the
results, even those obtained for the same probiotic strain but
in different countries.’®" In addition, the beneficial effects
exhibited by one probiotic strain cannot be extrapolated to all
others, even those belonging to the same species.'®”

It is recommended that a product with probiotics and
having health claims should contain at least 10’ CFU of viable
probiotics per gram or ml.>* However, several factors may
affect the viability and efficacy of probiotics such as host
factors, colonization properties of the probiotic strain, and
manufacturing problems, among others. During passage
through the gastrointestinal tract, the first barrier the probiotic
must overcome is the extremely acidic pH of the stomach
(ranging from 1 to 3) and a mean exposure time of approxi-
mately 1.5 hours. In the small intestine, the pH value increases
to 5-6, but the bile salt concentration may reach 2% in the
first hour of digestion and then decrease to 0.3% or less.'* In
this section, the intestinal transit may vary between 2.5 and
3 h."® So, to be considered as potential probiotics, the micro-
organisms are evaluated under conditions that simulate the
gastrointestinal tract in vitro. Tolerance to these harsh con-
ditions varies between strains of the same species and
between different genera of microorganisms, but in general
Bifidobacterium is less tolerant to acidic pH than Lactobacillus.
On the other hand, several species of Bifidobacterium seem to
be more resistant to high concentrations of bile salts.
Therefore, since a large number of microorganisms may lose
viability in the gastrointestinal tract, the microencapsulation
of probiotics into gastroresistant capsules has been proposed
to enable the gradual release of probiotics in the intestine and
increase their resistance by protecting probiotic cells against
adverse environmental conditions, principally in the upper
portion of the gastrointestinal tract.'””

Once administered, probiotics might or might not colonize
the host’s intestinal tract as a result of the different types of
interactions between these microorganisms and the various
possible gut microbiota profiles. Thus, probiotics might be
inert or have beneficial actions or even pathogenic effects on
individuals from different populations.'® In addition, prep-
arations containing insufficient numbers of viable probiotics
and/or low purity may affect their efficacy. The analysis of the
quality of nine probiotics sold in South Africa showed that
only five of them contained viable bacteria in amounts
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sufficient for a probiotic effect. The same study also showed
that two of them were contaminated by E. faecium.'”*
Moreover, labels providing inconsistent information were
detected in almost 50% of commercialized probiotics.'* All
these problems may be related to poor surveillance by regulat-
ory agencies. For this reason, the scientific community is
strongly recommended to not only seek to discover “new pro-
biotics” but also investigate the true properties and effects of
several already commercialized products (by means of in vivo
and clinical studies).'**'%

On rare occasions, probiotics might cause some adverse
effects, which might be severe in high-risk patients, such as
immunosuppressed children. There have been reports of
sepsis, fungemia, endocarditis and liver abscess caused by pro-
biotic microorganisms.'”7'7919¢=199  gyrthermore, probiotic
microorganisms are potential carriers of resistance genes to
pathogenic and opportunistic bacteria.'®® Although not as
easily transferable as plasmids, some genes from certain
Lactobacillus species confer natural resistance to vancomycin,
and their spread to some bacteria, such as Staphylococcus
aureus and the genus Enterococcus, is a cause of much
concern.'*?%

Another interesting point to highlight is the absence of
clinical studies that take into account the effect of probiotics
on the different diarrheagenic pathogens, which may trigger
different degrees of severity. For example, EAEC, ETEC and
Shigella produce potent toxins that mediate the intestinal
secretion of fluids and electrolytes or the inhibition of protein
synthesis culminating in watery diarrhea or bloody diarrhea
with mucus, respectively.*** The pathogenesis of
Salmonella spp. and Shigella spp. include the invasion of small
or large intestinal enterocytes which cause extensive inflamma-
tory changes that can progress to an ulcer.>*?*°* Also, in the
case of viral diarrhea, probiotic use was shown to be controver-
sial, and treatment outcome may depend not only on the
pathogen causing the disease, but also on the probiotic used
as a treatment. This is suggested by evidence that LGG,"*"*
but not L. paracasei,'*® was beneficial against diarrhea, and
further supported by a study comparing the effects of
S. boulardii and a combination of L. acidophilus, L. rhamnosus,
B. longum and S. boulardii on children, which showed that
these probiotics differently affect the symptoms of disease
(diarrhea, vomiting and fever).”*®

Another possible approach to end the controversies on the
use of probiotics is to prepare population-specific or even per-
sonalized formulas. New probiotics might come to be designed
based on the microorganisms isolated from the endogenous
gut microbiota in order to be administered to individuals
belonging to the same population from which they were iso-
lated.'”* For this purpose, well-designed multicenter studies
are needed to previously assess distinct gut microbiome pro-
files and to correlate it with the possible effects of the micro-
organisms that will be administered.

Discrepancies notwithstanding, both clinical studies and
meta-analyses reported that the probiotics most studied up to
the present time (LGG, L. acidophilus, L. reuteri and
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S. boulardii) shorten the duration of diarrhea and the length of
hospital stays by 24 hours.>*”*°® Although this time reduction
is not extensive, it is associated with considerable socio-
economic benefits due to reductions in hospital costs, eventual
avoidance of unnecessary antibiotic therapy and promotion of
faster patient recovery. Among all of the studied probiotics,
LGG and S. boulardii exhibited the most consistent evidence
and, thus, may be used with greater safety in routine pediatric
care.”” All other microorganisms still need to be more
thoroughly assessed in randomized, double-blind studies, at
different doses and with different populations.

In vivo and clinical studies should more thoroughly assess
the effects of probiotics on a wide range of clinical forms of
infectious diarrhea and investigate the mechanisms of action
and responses elicited by the interactions of these microorgan-
isms with various pathogens and their variable virulence
factors. It is worth stressing that most clinical studies of pro-
biotics are conducted in developed countries, while children
from developing and, more specifically, under-developed
countries might exhibit completely different responses to
these microorganisms. However, according to a WHO survey,
the incidence of childhood diarrhea (less than 5 years old)
does not differ significantly when compared among the
different regions of the world, but the most severe cases and
mortality are much higher in low-income countries than in
middle- and high-income countries. The majority of severe
cases of diarrhea in the world occurred principally in Africa
(26.6%) and southeast Asia (25.8%), but in other regions the
occurrence of severe diarrhea is still relevant, including
countries located in the following WHO regions: Western
Pacific (15.2%), Americas (13.3%), Eastern Mediterranean
(11.9%), and Europe (6.9%%), with a total of more than
36 million severe episodes estimated in 2010.%"

Further investigations using modern sequencing techno-
logies, i.e., next-generation sequencing, to obtain safer and
more reliable results on the composition and evolution of the
gut microbiome before and after the use of probiotics are
needed. This approach should be correlated with clinical
results to achieve a better understanding of the role each pro-
biotic strain plays in the restoration and maintenance of the
gut microbiota balance.

Another important but still unknown issue concerns the
impact that long continuous ingestion of probiotics would
have on the intestinal ecosystem of healthy individuals. It is
well known that ingestion of different probiotic strains has not
been associated with long-term colonization in the host, since
probiotic strains are only maintained transiently for days after
the patients discontinued their ingestion.*'*!" Therefore,
their effects appear to be transient and thus require continued
long-term consumption. One may argue whether prolonged
use could not be a kind of selective pressure on other microor-
ganisms in a manner similar to the indiscriminate use of anti-
biotics. If this is a concrete possibility, it would lead to the
ineffectiveness of probiotics in relation to their antimicrobial
activity. Although current evidence does not indicate loss of
beneficial organisms from the microbiome, questions regard-
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ing the long-term effects of probiotic ingestion on otherwise
healthy individuals remain unanswered. Further research is
needed to clarify whether healthy individuals benefit from the
regular intake of probiotics.
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ABSTRACT

Diarrhea accounts for over 500,000 deaths annually among children under the age of
five years. Traditional approaches to treatment, such as electrolyte replacement and
antibiotic therapy, sometimes are insufficient to remedy all the deleterious effects
caused by enteric pathogens. In this scenario, the use of probiotic microorganisms has
been considered an innovative therapeutic option for treating such infections. This study
sought to investigate the probiotic potential of microorganisms, namely Bifidobacterium
and Lactobacillus, isolated from the feces of healthy children. Bifidobacterium and
Lactobacillus present in stool samples of 14 healthy children were quantified by plate
counting in MRS agar and identified by PCR with genus-specific primers. Bacterial
isolates with mucin-binding ability were further identified at species level by 16S rRNA
sequencing. Then, their probiotic potential was assessed in tolerance assays to
determine resistance to gastrointestinal cues such as lysozyme, acidic pH, and bile salts.
Also, the ability of these probiotic bacteria to inhibit growth of enteropathogens and
pathogen adhesion to mucus was investigated. B. animalis subsp. lactis L56.1, B.
bifidum A14.2, B. longum C25.3, B. longum N49.3, and L. fermentum 1.54.2 survived
the gastrointestinal conditions (p < 0.001) tested, bound mucin, and inhibited
enteropathogen growth and their binding to mucin. Overall, the data highlight the
potential of these microorganisms as probiotics as they inhibited the main bacterial
pathogens associated with moderate and severe childhood diarrhea, thus, representing

an interesting strategy for the treatment of these pathologies.

Keywords: probiotics; Bifidobacterium; Lactobacillus; enteropathogens; diarrhea.

1. Introduction
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According to the United Nations International Children's Emergency Fund (UNICEF),
diarrhea was the second major communicable cause of death among children under five
years of age, resulting in approximately 480,000 deaths in 2016. In general, children
residing in the less developed regions of the world are the most frequently affected [1].
Many cases of diarrheal diseases are caused by viruses; however, an increasing number
of bacterial diarrhea cases has been reported [2]. In this context, diarrheagenic
Escherichia coli (DEC), Salmonella spp., and Shigella spp. are among the most

prevalent agents of bacterial infections worldwide [3-11].

In general, diarrhea treatment comprises the prevention of dehydration by oral or
intravenous rehydration solutions [12], although this therapy is unable to reduce the
duration of diarrhea and stool frequency or to restore the gut microbiota [12, 13]. Anti-
diarrheal drugs, such as loperamide and diosmectite, which promote reduction of
intestinal motility have also been used, but their benefits have been inconsistent [14,
15]. On the other hand, antimicrobials should only be prescribed to treat specific causes

of diarrhea, such as cholera, Shigella dysentery, amebiasis, and giardiasis [12].

The use of probiotics in the treatment of diarrheal diseases has been investigated;
however, there are still controversies about their efficacy for the control or prevention of
infectious diarrhea [16], as they may be species-specific or even, strain-specific [17-19].
Also, reductions in the disease period of only 24 h have been reported after the use of
some probiotic strains [16 86]. Thus, there is a need to identify new strains with a more
targeted antimicrobial action against the most relevant enteric pathogens, which may be

able to confer greater benefits to patients.

Currently, Bifidobacterium and Lactobacillus species are among the most commonly

used probiotics, commercially available either alone or in combination with various
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other species [20, 21]. As large-scale production of probiotics has already been

optimized, products comprising these probiotic species have a long-term shelf life [22].

In this study, a screening for potential Bifidobacterium and Lactobacillus probiotic
strains was performed in isolates obtained from stool samples of children without
intestinal disorders. These were evaluated for their ability to tolerate harsh
gastrointestinal tract conditions, to bind to mucin, and to inhibit growth and mucin
binding activity of enteropathogens. Our findings highlight the potential of the probiotic
Bifidobacterium and Lactobacillus isolates found here in the treatment or prophylaxis of

gastrointestinal diseases.

2. Materials and methods

2.1. Growth conditions of bacterial strains

The following enteropathogenic bacteria were used: enteroaggregative E. coli 042
(EAEC), enterohemorrhagic E. coli EDL933 (EHEC), enteropathogenic E. coli
E2348/69 (EPEC), enterotoxigenic E. coli 1661-1 (ETEC), Salmonella enterica
serotype Choleraesuis INCQS 028, and Shigella flexneri 2a. The strains were grown and
maintained in brain heart infusion (BHI) broth (Difco-BD, Detroit, M1, USA) under
aerobic atmosphere at 37 °C for 24 h. Isolates of Bifidobacterium and Lactobacillus
were grown in de Man, Rogosa, and Sharpe medium (MRS broth and agar, Difco-BD)
containing 0.25% L-cysteine and incubated at 37°C for 48 h under anaerobic conditions.
Bifidobacterium longum subsp. longum ATCC 15707 and Lactobacillus fermentum
ATCC 23271 were used as positive controls in all experiments. In addition, replicates of

all bacterial strains were maintained at -80°C in MRS broth or BHI with 20% glycerol.

2.2. Sampling of participants and feces collection
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Fourteen children aged 1 month to 5 years who attended the Dr. Odorico Amaral de
Matos Children's Hospital for reasons other than diarrhea or other intestinal disorders
and who did not receive antibiotics in the last 30 days prior to sample collection were
randomly enrolled in the study. All mothers were instructed to collect the children’s
feces with the aid of a sterile swab. Specimens were placed into a sterile collector, and
immediately processed for the isolation of Bifidobacterium and Lactobacillus strains.
The parents or legal guardians of the participating children were informed on the nature
of the research and signed the “Free and Informed Consent Form”. The study protocol
was approved by the Research Ethics Committee of the CEUMA University (No.
791.457) and authorized by the Municipal Department of Health (Sao Luis, Maranhao,

Brazil).
2.3. Bacterial plate counting

To determine Bifidobacterium and Lactobacillus total bacterial numbers, fecal samples
were weighted and serially diluted in phosphate-saline buffer PBS (pH 7.2, Sigma-
Aldrich, St. Louis, MO) up to 10 dilution. Aliquots of 0.1 mL of each dilution were
spread onto MRS agar (Difco-BD) containing 0.25% L-cysteine, and incubated at 37°C
for 48 h under anaerobic conditions (Anaerobac system, Probac®, Sido Paulo, Brazil).
After incubation, the colony morphotypes were subjected to Gram staining and the
catalase test. Suspicious colonies of Gram-positive and catalase-negative bacilli were
counted and identified by PCR using genus-specific primers. Colonies were stored in

MRS broth containing 20% glycerol at -80°C for further analyzes [23].
2.4. Molecular identification of Bifidobacterium and Lactobacillus

Bacterial DNA was extracted from candidate bacilli strains after growth in MRS broth

by using MagaZorb® DNA Mini-Prep Kit (Promega, Madison, WI-USA) according to
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the manufacturer’s instructions. Polymerase chain reaction (PCR) amplification was
performed using Lactobacillus-specific genus primers: Lacto-16S-FW (5'-
GGAATCTTCCACAATGGACG-3') and Lacto-16S-RV (5'-
CGCTTTACGCCCAATAAATCCGG-3') [24] and Bifidobacterium-specific genus
primers: Bif164 (5'-CATCCGGCATTACACCGGGAA-3') and Bif662 (5'-
CCACCGTTACACCGGGAA -3") [25]. Bacterial isolates positive for one the genus-
specific primer sets were identified at species level by 16S rRNA sequencing using the
8F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTACGACTT-3") universal primers [26]. The amplicons were purified
by using the Wizard SV Gel and PCR Clean-up System (Promega) and were sequenced
in both sense and anti-sense directions at the Myleus Biotechnology Facilities (Belo
Horizonte, MG, Brazil). Sequences were compared with other sequences deposited in
GenBank, using the program BLASTn (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Multiple sequence alignments were generated using the program ClustalW [27]
implemented by the software Mega 6 (Molecular Evolutionary Genetics Analysis,
version 6.0) [28]. Alignments were corrected manually and the analysis was carried out

using the Mega 6 software.
2.5. Tolerance to acid pH, lysozyme, and bile salts

To mimic some of the gastrointestinal tract harsh conditions to which these bacteria are
normally exposed, assays to determine tolerance to acidic pH, lysozyme, and bile salt
were performed as previously described [29]. Initially, suspensions of microorganisms
belonging to the genera Bifidobacterium and Lactobacillus were adjusted to the optical
density value of 0.1 £ 0.01 at 600 nm (~1 x10® CFU/mL) in MRS broth. Then, 96-well
plates containing modified MRS medium were prepared under the following conditions,

independently: (1) supplemented with 300 pg/mL lysozyme (Sigma-Aldrich); (2)
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adjusted to pH 2 and pH 4, and (3) supplemented with 0.5% and 1% bile salts (Difco-
BD). Tolerance assays were performed after the addition of 100 uL of the standard
bacterial suspensions in the 96-well plates containing 100 pL of the modified MRS
medium prepared under the conditions described above. The plates were then incubated
at 37°C under an anaerobic atmosphere for 6 h. In parallel, serial decimal dilutions of
the assays were performed at different time-points (0-360 min) to determine the number
of microorganisms grown on MRS agar containing 0.25% cysteine. Wells with non-
adjusted MRS medium with and without inoculated bacteria were used as positive and

negative controls, respectively.
2.6. Binding to mucin

This assay was performed to determine the ability of Bifidobacterium, Lactobacillus
and enteropathogenic strains to bind swine gastric type III mucin (Sigma-Aldrich).
Initially, mucin was solubilized in PBS (pH 7.4) at a final concentration of 10 mg/mL.
Five hundred microliters of the bacterial suspension (1.5x10% CFU/mL) were added to
each well of the 24-well plates, which were then, incubated overnight at 4°C. After
incubation, the wells were washed three times with 1 mL of PBS (pH 7.4) and saturated
with 2% bovine serum albumin (Cohn V fraction) (INLAB, Sao Paulo, Brazil). The
plates were then incubated for 4 h at 4°C. After incubation, the plates were washed four
times with 1 mL PBS (pH 7.4) to remove albumin residues. Then, the bacterial
suspensions (Bifidobacterium, Lactobacillus and enteropathogens) were centrifuged at
5,000 x g for 10 min, washed three times with PBS (pH 7.4), and the pellets were
resuspended in PBS (pH 7.4), adjusted to 10® CFU/mL. Aliquots (500 uL) of the
bacterial suspensions were added to each well and the plates were incubated at 37 °C for
3 h. After incubation, the wells were washed three times with 1 mL PBS (pH 7.4) to

eliminate non-adherent bacteria. Subsequently, the wells were treated with 200 pL of
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0.5% Triton X-100 for 10 min and subjected to tip scraping. Quantification of bacteria
adhered to mucin was performed by inoculating MRS agar with 100 pL aliquots of the
bacterial suspensions after decimal serial dilutions ranging from 10! to 10~°. Mucin-

containing wells without bacteria were used as negative controls [30].
2.7. Inhibition of enteropathogen binding to mucin

After 3 h incubation of enteropathogens with mucin, suspensions of Bifidobacterium
and Lactobacillus (108 CFU/mL) were added to the wells and incubated at 37 °C for
additional 3 h, as described above. Quantification of the inhibition of pathogen binding
to mucin was performed as described above. Mucin-containing wells without bacteria

were used as negative controls [31].
2.8. Antimicrobial activity

The antimicrobial activity of Bifidobacterium and Lactobacillus isolates against
enteropathogens was assessed as previously described by Mastromarino et al. (2002)
with minor modifications. For this assay, overnight cultures of each isolate were
centrifuged at 5,000 x g for 10 min and the pellets were washed three times with PBS
(pH 7.4). Then, they were resuspended in 1 mL of PBS (pH 7.4) and adjusted to an
optical density value of 0.1 = 0.01 at 600 nm (~1 x 108 CFU/mL). Aliquots of 10 pL
were spotted on the surface of MRS agar plates (90 x 15 mm) and incubated at 37 °C
for 24 h under anaerobic conditions. Then, 10 mL of Mueller-Hinton agar (Difco-BD) at
50 °C were overlaid onto the MRS agar plate, which contained the circular growth areas
of each test isolate. After solidification at room temperature (25 — 28 °C), adjusted
suspensions (1.5 x 103 CFU/mL) of each enteropathogen were spread onto the surface
of the agar with the aid of cotton swabs and the plates were incubated at 37 °C for 24 h

under aerobic atmosphere. Antimicrobial activities were characterized by clear zones of



170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

growth inhibition around the Bifidobacterium and Lactobacillus growth areas expressed

in millimeters [32].
2.9. Statistical analyses

GraphPad Prism (version 5.0; GraphPad Software, Inc. San Diego, CA, USA) software
was employed for statistical analysis. The normality of the assays was evaluated by the
Kolmogorov-Smirnov test, followed by repeated measures of variance analysis
(ANOVA) for mucin adhesion and inhibition of mucin adhesion tests for tolerance to
lysozyme, pH, and bile salts. The Dunnett’s test was employed to compare different
groups of microorganisms with respect to the control. Statistical significance was
established at p < 0.05, p <0.01, and p <0.001. All assays were performed in triplicate

on three independent days.
3. Results
3.1. Quantification of Bifidobacterium and Lactobacillus in children’s feces

Bacterial quantification in feces is shown in Table 1. Fecal samples of 13 children
Lactobacillus presented counts from 10°-10° CFU/g, whereas only 5 had
Bifidobacterium counts > 10° CFU/g (up to 108 CFU/g). Forty-one colonies of Gram-
positive and catalase-negative microorganisms amplified DNA fragments with genus-
specific primers and were selected for further analysis, of which 32 were identified as

Lactobacillus and 9 as Bifidobacterium by PCR.
3.2. Binding to mucin

The 41 Gram-positive isolates were tested for their ability to bind mucin. Of these, only
10 were classified as adherent because they had a similar or higher adhesion pattern

than L. fermentum ATCC 23271 and B. longum subsp. longum ATCC 15707, which

56



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

were included as positive controls (Fig. 1). Among the adherent microorganisms, two
Bifidobacterium isolates (strains C25.3 and S34.10) exhibited higher adhesion (p <

0.001 and p < 0.05, respectively) in comparison with the control microorganisms.

3.3. Bacterial identification by 16S rRNA sequencing

The 10 mucin-adherent isolates were selected for identification by 16S rRNA
sequencing. The sequence analysis of nine isolates using the BLAST program showed
99.16—100% sequence homology with known species. Three isolates (S34.1, S34.10,
and L56.1) were identified as Bifidobacterium animalis subsp. lactis, two (A14.2 and
S34.5) as Bifidobacterium bifidum, one (R32.2) as Bifidobacterium breve, two (N49.3
and C25.3) as Bifidobacterium longum, and one (L54.2) as Lactobacillus fermentum.
The M24.2 was the only isolate to show a sequence homology of less than 97% with

Lactobacillus brevis (Table 2).

3.4. Tolerance to pH, Iysozyme, and bile salts

Tolerance assays for acidic pH (2 and 4), lysozyme, and bile salts (0.5% and 1%) were
performed to evaluate the resistance of the isolates to these gastrointestinal tract traits.

Among the 10 isolates, only B. animalis subsp. lactis S34.10 and L. brevis M24.2 were
not resistant to pH 2 and 1% bile salts, respectively (Table 3, Supplementary Fig. 1-4).

Both isolates were excluded of further assays.

3.5. Antimicrobial activity assay

The 8 isolates selected after the mucin binding and tolerance assays were further tested
for their antimicrobial activity against DEC strains, S. enterica serotype Choleraesuis,
and S. flexneri, which was based on the formation of clear zones of growth inhibition of
enteropathogen around the Bifidobacterium and Lactobacillus growth areas (Fig. 2).

The isolates presented antimicrobial activity against all the enteropathogens tested, but
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with zones of growth inhibition with diameters varying from 9 to 25 mm (Table 4).
EHEC EDL933 and EPEC E2348/69 were found to be the most sensitive pathogens to

the antimicrobial action of the potential probiotics.

3.6. Displacement inhibition assay

Isolates that produced inhibition zones of > 10 mm against all enteropathogens as
determined by the antimicrobial activity assays were tested for their ability to inhibit
binding to mucin, including B. animalis subsp. lactis 1L.56.1, B. bifidum A14.2, B.
longum C25.3, B. longum N49.3, and L. fermentum 1.54.2. Notably, Bifidobacterium
and Lactobacillus species inhibited significantly the mucin-binding activity of all the
enteric pathogens tested (p < 0.001), with percentages of inhibition ranging from 35—

100% (Fig 3).

4. Discussion

This study sought to investigate the probiotic potential of microorganisms isolated from
the feces of healthy children. In particular, Bifidobacterium and Lactobacillus species
have been looked at as intestinal microorganisms that possess probiotic activity and thus
their use in the treatment or prophylaxis of intestinal diseases associated to bacterial
pathogens is promising. Bifidobacterium and Lactobacillus are the most prevalent
bacterial genera in the gut microbiota of healthy infants [33]. We began the present
study by determining the presence of these two bacterial species in stool samples of 14
healthy using conventional bacteriological and PCR-based techniques. The bacterial
isolates were tested for mucin-binding ability, tolerance to lysozyme, acidic pH, and
bile salts. Lastly, their ability to inhibit the growth and adhesion of bacterial pathogens

to mucus was investigated.
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We found that the level of bacterial counts of Lactobacillus in children’s stools was
higher than that of Bifidobacterium. Differences in the population of these organisms
among children between this and previous studies may be due to population intrinsic
differences (i.e., the age range of the children selected for the study, type of feeding, the
mode of delivery, immune system, among others). These early-life events modulate the
intestinal microbiota and modify the microbial succession of Bifidobacterium,
Lactobacillus, and Bacteroides with species-specific differences over time [34]. Also,
variations in bacterial culturing approaches by different laboratories may account for the
discordant amounts of Bifidobacterium and Lactobacillus found in the present study.
We used only MRS medium with 0.25% cysteine that is ideal for the recovery of
Lactobacillus, but it may not be enough for the isolation of all species of
Bifidobacterium. The use of broader approaches of culture conditions is critical for the
recovery of fastidious and anaerobic microorganisms and are directly related to the

diversity and complexity of the microorganisms studied [35].

Bifidobacterium isolates had a greater binding capacity to mucin. In particular, B.
animalis subsp. lactis S34.10 and B. longum subsp. longum C25.3 showed higher
adhesion to mucin when compared to the control strain B. longum subsp. longum ATCC
15707 (Fig. 1). Binding to mucin is commonly used for the selection of probiotic
microorganisms, as it is an indicative criterion for their potential ability of host
colonization [36]. However, this interaction is complex, multifactorial, and a strain-
specific character because of the diversity of exopolysaccharides [37] and protein

components that are present in intestinal mucus [38-40].

On the hand, among the Lactobacillus isolates found, L. brevis M24.2 and L. fermentum
L54.2 were also prominent in their interaction with mucin and they exhibited similar

adherence profiles to those observed for L. fermentum ATCC 23271, used herein as a
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positive control. Many Lactobacillus components have been described as putative
colonization factors, including glyceraldehyde-3-phosphate dehydrogenase in L.
plantarum BMCM12 [41], GroEL in L. johnsonii Lal [42], fibronectin-binding protein
in L. acidophilus NCFM [43], mucin-binding protein in L. fermentum 104R [44], the
RLBRO1264 protein of L. brevis ATCC 367 [45], and the elongation factor Tu in L.
Jjohnsonii NCC533 [46]. These data indicate that distinct species and even strains of

Lactobacillus can interact with the host by using different adhesive factors.

The mucin-binding Bifidobacterium and Lactobacillus spp. were analyzed for their
capacity to tolerate conditions like those found at the gastrointestinal tract. Lysozyme is
found in biological fluids such as saliva (75 pg/mL), mucus, and breast milk (17-184
ug/mL) [47-50], and degrades peptidoglycans of Gram-positive bacteria. The
mechanisms of Bifidobacterium resistance to lysozyme remain unknown; however,
there is a variation in lysozyme susceptibility that is strain-specific [S1]. In general, all
the microorganisms studied here showed tolerance to 300 pug/mL of lysozyme, a

concentration which is greater to the concentration of lysozyme found in body fluids.

During the transition from the stomach to the small intestine, microorganisms encounter
a second biological barrier, i.e., a pH gradient, which ranges from 2 to 6 [52]. Lactic
acid bacteria can resist acidic pH because their FOF1-ATPase enzyme can directly pump
H' protons into the cytoplasm [53]. In fact, bacteria may be able to withstand a pH
range from 2 — 3 for a period of 3 h, which are considered gastric acid-tolerant [54].
Except for B. animalis subsp. lactis S34.10, the other Bifidobacterium and Lactobacillus
isolates could tolerate acid stress, which is in accordance with previous findings [55,
56]. The adaptive mechanism of B. longum to acidic pH is related to alterations in

glycolytic flow and the ability of the microorganism to regulate its internal pH [57].
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As tolerance to the acidity of the gastrointestinal tract is a relevant factor for bacterial
survival, resistance to bile salts at 0.15% and 0.3% is also an important criterion for the
selection of probiotic microorganisms for human use [56, 58]. In this context, the
significant multiplication of Bifidobacterium and Lactobacillus isolates observed in the
presence of 0.5% and 1% bile salts indicate that these bacteria may be able to utilize
bile salts in their metabolism. The ability to metabolize bile salts is an important factor
for the survival of several commensal and pathogenic microorganisms in the intestinal
tract [59]. The active efflux and hydrolysis of bile acids [60, 61], [62, 63], and the
changes in the architecture/composition of the cell membrane and cell wall [55, 64]

confer resistance to bile among bacteria belonging to these genera.

After crossing gastrointestinal barriers and adhesion to mucus, the probiotic
microorganisms must compete with resident bacteria. Lactobacillus and
Bifidobacterium can inhibit other microorganisms by secreting a variety of
antimicrobial compounds, such as organic acids, hydrogen peroxide, bacteriocins, and
biosurfactants, which may act per se or synergistically [20, 65]. In the present study, the
combined action of these antimicrobial compounds was evaluated by the agar diffusion
test. We found that all the selected Bifidobacterium and Lactobacillus species reduced
the growth of the pathogens evaluated. In this context, lactic acid bacteria and
Bifidobacterium have shown a broad spectrum of action against food contaminating

pathogens, including E. coli, Salmonella, and Shigella [66].

It was recently reported that Lactobacillus rhamnosus GG inhibits growth of Salmonella
Typhimurium by promoting the accumulation of lactic acid in the cytoplasm of the
pathogen and the collapse of the proton motive force, which prevented the transport of

nutrients [67]. The dissociated forms of organic acids can penetrate the outer membrane
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of gram-negative bacteria and reduce the internal pH, destroying acid-sensitive

microorganisms [68].

In the present study, the wild-type strain L. fermentum 1L.54.2 showed a greater spectrum
of action against pathogens. We have recently reported the antimicrobial action of L.
Sfermentum ATCC 23271 against genital pathogens, including clinical strains of Candida
spp. associated with vaginitis in women [31]. Of note, the antimicrobial action of L.
fermentum has been associated with the secretion of bacteriocins, such as fermenticin
HV6b [69]. All these data suggest that this Lactobacillus species may have an intrinsic

antimicrobial activity.

In addition, another relevant finding was the inhibition of enteropathogen binding to
mucin displayed by B. bifidum A14.2, B. longum C25.3, B. longum N49.3, B. animalis
subsp. lactis 1.56.1, and L. fermentum 1.54.2. It is important to mention that bacterial
colonization of host tissues is a central event for the establishment of an intestinal
infection [70, 71] and that the gut epithelium is covered by mucus [72]. Also,
Bifidobacterium and Lactobacillus isolates inhibited the adhesion of enteropathogens
with distinct mechanisms of pathogenesis, indicating that such probiotic candidates may
have great potential as a commercial perspective. An interesting alternative would be

the development of a probiotic composed of several species.

6. Conclusion

Several criteria are considered when proposing the use of microorganisms as potential
probiotics, including their viability in the gastrointestinal tract and ability to act at the
site of interest [73]. Based on them, the fecal isolates B. bifidum A14.2, B. longum
C25.3 and N49.3, B. animalis subsp. lactis 1.56.1, and L. fermentum 1.54.2 exhibited

tolerance to acidic pH ranges, high concentrations of bile salts, and lysozyme, as well as
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inhibited enteropathogen growth and binding to mucin. These properties can confer
selective advantages and desirable characteristics for their use as probiotics in the
treatment of diarrhea in humans. However, future studies are needed to evaluate their
efficacy in animal models and clinical trials, as well as their safety for human oral

administration.
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Figure 1. Quantification of mucin adhesion by Lactobacillus and Bifidobacterium spp.
The assay was performed in gastric mucin of swine type I11. Quantification of bacteria adhered to
mucin was performed by plating decimal serial dilutions onto MRS agar of the bacterial

suspensions. Mucin-containing wells without bacteria were used as negative controls. BAL
S34.1: B. animalis subsp. lactis S34.1; BAL S34.10: B. animalis subsp. lactis S34.10;
BAL L56.1 = B. animalis subsp. lactis L56.1; BBF A14.2 = B. bifidum A14.2; BBF S34.5
= B. bifidum S34.5; BB R32.2 = B. breve R32.2; BL N49.3 = B. Jongum N49.3; BLL
C25.3 = B. longum subsp. longum C25.3; LB M24.2 = L. brevis M24.2; LF 1.54.2 = L.
fermentum 1.54.2. The strains L. fermentum ATCC 23271 (LF23271) and B. longum subsp.

longum ATCC 15707 (BLL15707) were used as positive controls. The assays were performed in

triplicate. CFU= colony forming units. *p < 0,05; **p < 0,001.
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Figure 2. Representative result of the antimicrobial activity assay. Aliquots of adjusted
suspensions (108 CFU/mL) of Bifidobacterium and Lactobacillus were spotted on MRS
agar plates and incubacted at 37 °C for 24 h under anaerobic atmosphere. Then, 10 mL
of Mueller-Hinton agar at 50 °C were overlaid onto the MRS agar plate. After
solidification, adjusted suspensions (1.5 x 108 CFU/mL) of each enteropathogen were
spread on the surface of the agar with the aid of cotton swabs and the plates were
incubated at 37 °C for 24 h under aerobic atmosphere. EAEC 042. Legend: A) L.
fermentum ATCC 23271, B) L. fermentum 1.54.2, C) B. bifidum S34.5, D) B. longum

N49.3, and E) B. longum ssp. longum ATCC 15707.
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Figure 3. Inhibition of enteropathogens binding to mucin by Bifidobacterium and
Lactobacillus isolates. Quantification of bacteria adhered to mucin was performed by plating
decimal serial dilutions onto MRS agar. Mucin-containing wells without bacteria were used as
negative controls. Enteroaggregative E. coli 042 (EAEC), enterohemorrhagic E. coli EDL933
(EHEC), enteropathogenic E. coli E2348/69 (EPEC), enterotoxigenic E. coli 1661-1 LT/ST
+HETEC), S. enterica serovar Choleraesuis INQS 028 (S. Choleraesuis), and S. flexneri 2a (S.
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[flexneri). All assays were performed in triplicate. CFU= Colony forming units. * p <0,001.
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668 Table 1

669 Quantification of Bifidobacterium and Lactobacillus in children’s feces

Patient ID No. CFU/g*

Bifidobacterium  Lactobacillus

14 2x10° <10°

21 <10° 2,3x 10’

24 <10 5,5x 107

25 3x10% 1,5x 10°

32 2,5x 108 1x 107

34 <10° 1 x 108

46 1,5 x108 5x 108

49 <10 1,6 x 10®

54 5,5x108 1 x 108

56 <10° 2,5x 108

64 <10 1,1 x 10°

85 <10° 1 x 108

86 <10’ 2x 107

87 <10° 1x 107
670 * Quantification was expressed as CFU/g or colony forming units per
671 gram. Gram-positive and catalase-negative bacilli were identified as
672 Bifidobacterium or Lactobacillus by PCR with genus-specific primers.
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Table 2

Species identification by 16S rRNA sequencing of 10 bacterial isolates from children’s
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feces.

Isolates Species designation Homology (%) No. access

BAL S34.1  Bifidobacterium animalis ssp. lactis ~ 99.79 MK561772
BAL S34.10 B. animalis ssp. lactis 100.00 MK561773
BAL L56.1  B. animalis ssp. lactis 99.79 MK561774
BBF A14.2  Bifidobacterium bifidum 99.93 MK561775
BBF S34.5  B. bifidum 99.93 MK561776
BB R32.2 Bifidobacterium breve 99.92 MKS561777
BL N49.3 Bifidobacterium longum 99.93 MK561778
BLL C25.3  B. longum 100.00 MKS561779
LB M24.2  Lactobacillus brevis 96.09 MKS561780
LF L54.2 Lactobacillus fermentum 99.16 MKS561781




679 Table 3

680  Tolerance assays to adverse conditions of gastrointestinal tract.

Isolates* Time Conditions

(min) Lysozyme pH 2 pH 4 Bile salts  Bile salts
0.5% 1.0%

BAL S34.1 180 + + - + +
360 + + + + +

BAL S34.10 180 + - + + +
360 + . + + +

BAL L56.1 180 + + + + +
360 + + + + +

BB A14.2 180 + + + e +
360 + + + - +

BB §34.5 180 + + + + +
360 + + + + +

BB R32.2 180 + - + + +
360 + + + + +

BL N49.3 180 + + + + +
360 + + + + +

BLL C25.3 180 + + + + +




681

682

683

684

685

686

687

688

689

690

360 + + + + +
LB M24.2 180 + + + + -
360+ + & + i
LF L54.2 180 + + + + +
360 + + + + +

The assays were performed with modified MRS with 300 pg/mL lysozyme, adjusted to pH
2 and pH 4, and supplemented with 0.5% and 1% bile salts, independently. Wells with non-
adjusted MRS medium with and without inoculated bacteria were used as positive and
negative controls, respectively. * BAL S34.1: B. animalis subsp. lactis S34.1; BAL L56.1 =
B. animalis subsp. lactis 1L56.1; BB A14.2 = B. bifidum A14.2; BB S34.5 = B. bifidum S34.5;
BB R32.2 = B. breve R32.2; BL N49.3 = B. longum N49.3; BLL C25.3 = B. longum subsp.
longum C25.3; LB M24.2 = L. brevis M24.2; LF L54.2 = L. fermentum L54.2. The assays
were performed in triplicate. The symbol + indicates survival > 90% compared to positive

control and — indicates survival < 90% compared to positive control.
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Table 4

Antimicrobial activity assay of Bifidobacterium and Lactobacillus spp. isolated from children faeces against enteropathogens

Enteropathogens* Inhibition halos of isolates in mm (x SD)**

BAL S34.1 BALL56.1 BBF Al42 BBF S34.5 BBR322 BLN493 BLL C25.3 LFL54.2 LF23271 BLL15707
EAEC 10+0,2 10 15 9+0,1 12+0,8 19,5+ 0,7 12+0,6 13+0,2 19 16,5+0,7
EHEC 12+1,8 12 11+0,6 11+1,6 10+0,9 17 16+0,8 16+0,2 15 18,5+2,8
EPEC 9+2,2 15 13+£2,2 13+3.,4 11+1,6 17 14+0,7 25 21 17,5+2,1
ETEC 14 11+0,8 14+2,8 12+0.8 14 12+0,2 14 15 13 18,6+1,54
S. Choleraesuis 14+2,8 13+£3,2 17 12+0,6 13,5+£2,8 11+0,2 14,5+2,1 13 12 22+1,4
S. flexneri 13 14 19+1,4 14+0,4 9+0,5 19,5+ 0,7 15 10+0,4 20 20,5+0,7

*EAEC = enteroaggregative E. coli 042, EHEC = enterohemorrhagic E. coli EDL933, EPEC = enteropathogenic E. coli E2348/69, ETEC = enterotoxigenic E. coli 1661-1 LT/ST

+. ** BAL S34.1: B. animalis subsp. lactis S34.1; BAL L56.1 = B. animalis subsp. lactis L56.1; BBF A14.2 = B. bifidum A14.2; BBF S34.5 = B. bifidum S34.5; BB R32.2 = B.

breve R32.2; BL N49.3 = B. longum N49.3; BLL C25.3 = B. longum subsp. longum C25.3; LF L54.2 = L. fermentum 1.54.2; LF23271 = L. fermentum ATCC 23271; BLL15707 =

B. longum subsp. longum ATCC 15707. All assays were performed in triplicate.
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5 CONSIDERACOES FINAIS

A selecdao de novas linhagens de Bifidobacterium e de Lactobacillus com potencial
probidtico e efetivas contra bactérias enteropatogénicas apresenta relevancia em termos de
saide publica, principalmente quando consideramos os impactos negativos dos elevados
indices de morbidade e de mortalidade por doencga diarreica no ambito mundial. Dentro desse
contexto, apesar do painel de probidticos existentes no mercado, sabe-se que, na maioria dos
casos, a acdo benéfica desses microrganismos pode ser espécie-especifica e, até mesmo,
linhagem-especifica. Portanto, certos produtos comercializados como probidticos ndo terdo os
mesmos efeitos nas diferentes desordens infeciosas e inflamatérias do trato intestinal, trato
genital feminino e outras enfermidades, incluindo alergias, diabetes, entre tantas outras

descritas na literatura.
A partir do desenvolvimento dessa tese foram obtidos os seguintes resultados:

e Producdo do um artigo de revisdo intitulado “Probiotics, mechanisms of action, and
clinical perspectives for diarrhea management in children” que analisou o
conhecimento atual sobre os mecanismos de ac¢do dos probidticos frente aos
enteropatdgenos intestinais. Foi possivel evidenciar, apds a andlise da literatura
existente, a efetividade da aplicacdo clinica dos principais probidticos na prevengao e
tratamento da diarreia infantil. Adicionalmente, foram discutidas algumas lacunas no
conhecimento e desafios existentes, bem como as perspectivas dentro do ramo de
pesquisa;

e Producdo de um artigo experimental na modalidade full paper intitulado “Antimicrobial
activity of Bifidobacterium and Lactobacillus species from children’s feces against
bacterial enteropathogens” que demonstrou que os isolados B. bifidum A14.2, B. longum
subsp. longum C25.3, B. longum N49.3, B. animalis subsp. lactis L56.1 e L. fermentum
L.54.2 apresentaram perfil adequado para serem considerados potenciais probidticos,
além de inibirem enteropatégenos por meio da produgdo de compostos com atividade
antimicrobiana e via competicdo por receptores de mucina. Tais achados sdo de
fundamental importancia para a ampliacio do banco de microrganismos de origem
brasileira com propriedades probidticas e que podem ser utilizados como alternativa

preventiva ou terapéutica da doenca diarreica.



83

6 CONCLUSOES

Com base nos resultados deste trabalho foi possivel concluir que:

A partir da revisdo sistemdtica de literatura, as cepas Lactobacillus rhamnosus GG,
Saccharomyces boulardii, L. acidophilus e L. reuteri sao capazes de reduzir o tempo de
duracdo da diarreia infantil e de estadia hospitalar em, pelo menos, 24 horas. Além disso,
a literatura descreve que uma alternativa interessante seria o design de probidticos a
partir da microbiota endégena dos individuos. Isso poderia facilitar a eficdcia desses
compostos para a restauracdo/manutencdo da homeostase da microbiota intestinal
considerando-se as variagdes geograficas do microbioma dos individuos;

As linhagens de B. bifidum A14.2, B. longum subsp. longum C25.3, B. longum N49.3,
B. animalis subsp. lactis 1.56.1 e L. fermentum 1.54.2 apresentam propriedades
benéficas considerando que apresentam o perfil para serem definidas como probidticos
e atividade antimicrobiana contra bactérias enteropatogénicas. No entanto, existe a
necessidade de estudos para confirmar a efetividade dessas bactérias em modelos
animais de infec¢ao experimental, para que se possa estabelecer a perspectiva de uso no

tratamento da doenca diarreica.



84

REFERENCIAS BIBLIOGRAFICAS

AL-GALLAS N,BAHRI O,BOURATBEEN A, HAASEN AB,AISSA RB. Etiology of acute
diarrhea in children and adults in Tunis, Tunisia, with emphasis on diarrheagenic Escherichia
coli: prevalence, phenotyping, and molecular epidemiology. The American journal of tropical
medicine and hygiene, 77: 571-582; 2007.

ALMEIDA CC,LORENA SLS,PAVAN CR,AKASAKA HMI,MESQUITA MA. Beneficial
effects of long-term consumption of a probiotic combination of Lactobacillus casei Shirota
and Bifidobacterium breve Yakult may persist after suspension of therapy in lactose-intolerant
patients. Nutrition in Clinical Practice, 27: 247-251; 2012.

AMER M,NADEEM M,NAZIR S,FAKHAR M,ABID F,AIN Q,ASIF E. Probiotics and Their
Use in Inflammatory Bowel Disease. Alternative therapies in health and medicine; 2017.

ANDERS KL,THOMPSON CN,VAN THUY NT,NGUYET NM,DUNG TTN,PHAT
VV,VAN NTH,HIEU NT,THAM NTH,HA PTT. The epidemiology and aetiology of
diarrhoeal disease in infancy in southern Vietnam: a birth cohort study. International journal
of infectious diseases, 35: 3-10; 2015.

ANDERSON RC,COOKSON AL,MCNABB WC,KELLY WIJ,ROY NC. Lactobacillus
plantarum DSM 2648 is a potential probiotic that enhances intestinal barrier function. FEMS
Microbiology Letters, 309: 184-192; 2010.

ASAHARA T,SHIMIZU K,;NOMOTO K,HAMABATA T,0ZAWA A,TAKEDA'Y.
Probiotic bifidobacteria protect mice from lethal infection with Shiga toxin-producing
Escherichia coli O157: H7. Infection and immunity, 72: 2240-2247; 2004.

BAHRI F,CHAOUCHE NK. Partial characterization of bacteriocin-like substance produced
by probiotic Lactobacillus plantarum F12 isolated from Algerian children faeces. African
Journal of Microbiology Research, 10: 1798-1805; 2016.

BALKAN CE,CELEBI D. Acute Gastroenteritis Agents Under 5 Years Old Age Children.
2017.

BANAJEH SM. Patterns and Trends in the Attributable Fractions of under-5 Years
Hospitalization and Inpatient Death for Neonates, Infectious Diseases, and Severe Acute

Malnutrition in Yemen: A Retrospective Data Analysis. International Journal of Child Health
and Nutrition, 6: 34-42; 2017.

BANERIJEE P MERKEL GJ,BHUNIA AK. Lactobacillus delbrueckii ssp. bulgaricus B-
30892 can inhibit cytotoxic effects and adhesion of pathogenic Clostridium difficile to Caco-2
cells. Gut pathogens, 1: 8; 2009.

BARTOSCH S,WOODMANSEY EJ,PATERSON JC, MCMURDO ME,MACFARLANE
GT. Microbiological effects of consuming a synbiotic containing Bifidobacterium bifidum,
Bifidobacterium lactis, and oligofructose in elderly persons, determined by real-time



85

polymerase chain reaction and counting of viable bacteria. Clinical Infectious Diseases, 40:
28-37; 2005.

BLACK RE,BROWN KH,BECKER S. Effects of diarrhea associated with specific
enteropathogens on the growth of children in rural Bangladesh. Pediatrics, 73: 799-805; 1984.

BON F,FASCIA P,DAUVERGNE M,TENENBAUM D,PLANSON H,PETION A,POTHIER
P,KOHLI E. Prevalence of group A rotavirus, human calicivirus, astrovirus, and adenovirus
type 40 and 41 infections among children with acute gastroenteritis in Dijon, France. Journal
of clinical microbiology, 37: 3055-3058; 1999.

BOUDEAU J,GLASSER AL,JULIEN S,COLOMBEL JF,DARFEUILLE-MICHAUD A.
Inhibitory effect of probiotic Escherichia coli strain Nissle 1917 on adhesion to and invasion
of intestinal epithelial cells by adherent—invasive E. coli strains isolated from patients with
Crohn's disease. Alimentary pharmacology & therapeutics, 18: 45-56; 2003.

BOYANOVA L,GERGOVA G,MARKOVSKA R,YORDANOV D,MITOV I. Bacteriocin-
like inhibitory activities of seven Lactobacillus delbrueckii subsp. bulgaricus strains against
antibiotic susceptible and resistant Helicobacter pylori strains. Letters in applied
microbiology, 65: 469-474; 2017.

BOYCE JM,HAVILL NL. Nosocomial antibiotic-associated diarrhea associated with
enterotoxin-producing strains of methicillin-resistant Staphylococcus aureus. American
Journal of Gastroenterology, 100: 1828-1834; 2005.

BRASIL. http://portalarquivos?2.saude.gov.br/images/pdf/2018/maio/09/Apresenta----o-DDA-
Abril-2018.pdf. Acesso em 20/06/19.

BRYCE J,BOSCHI-PINTO C,SHIBUYA K,BLACK RE,GROUP WCHER. WHO estimates
of the causes of death in children. The Lancet, 365: 1147-1152; 2005.

BUERIS V,SIRCILI MP,TADDEI CR,SANTOS MFD,FRANZOLIN MR,MARTINEZ
MB,FERRER SR,BARRETO ML,TRABULSI LR. Detection of diarrheagenic Escherichia

coli from children with and without diarrhea in Salvador, Bahia, Brazil. Memorias do Instituto
Oswaldo Cruz, 102: 839-844; 2007.

CANDELA M,PERNA F,CARNEVALI P,VITALI B,CIATI R,GIONCHETTI P,RIZZELLO
F,CAMPIERI M,BRIGIDI P. Interaction of probiotic Lactobacillus and Bifidobacterium
strains with human intestinal epithelial cells: adhesion properties, competition against
enteropathogens and modulation of IL-8 production. Int J Food Microbiol, 125: 286-292;
2008.

CHAMPAGNE CP,GARDNER NJ,ROY D. Challenges in the addition of probiotic cultures
to foods. Critical Reviews in Food Science and Nutrition, 45: 61-84; 2005.

CHENOLL E,CASIN OS’ B,BATALLER E,ASTALS P,ECHEVARRIA J,IGLESIAS
JR,BALBARIE P,RAMON D,GENOVES S. Novel probiotic Bifidobacterium bifidum CECT


http://portalarquivos2.saude.gov.br/images/pdf/2018/maio/09/Apresenta----o-DDA-Abril-2018.pdf
http://portalarquivos2.saude.gov.br/images/pdf/2018/maio/09/Apresenta----o-DDA-Abril-2018.pdf

86

7366 strain active against the pathogenic bacterium Helicobacter pylori. Applied and
environmental microbiology, 77: 1335-1343; 2011.

CORR SC,LI Y,RIEDEL CU,0TOOLE PW HILL C,GAHAN CG. Bacteriocin production as
a mechanism for the antiinfective activity of Lactobacillus salivarius UCC118. Proceedings of
the National Academy of Sciences, 104: 7617-7621; 2007.

DAS S,GUPTA PK,DAS RR. Efficacy and safety of Saccharomyces boulardii in acute
rotavirus diarrhea: double blind randomized controlled trial from a developing country.
Journal of tropical pediatrics, 62: 464-470; 2016.

DASH S. A Consumer's Guide to Probiotics: The Complete Source Book, Freedom
PressInc.2003.

DE VRESE M,SCHREZENMEIR J. Probiotics, prebiotics, and synbiotics. Food
biotechnology, Springer: 1-66. 2008.

DEL GIUDICE MM,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,
43: 25;2017.

DENNIS-WALL JC,CULPEPPER T,NIEVES C,ROWE CC,BURNS AM,RUSCH
CT,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, 105:
758-767; 2017.

DERBY KS,LUCIEN MAB,LESHEM E,STEENLAND MW,JUIN S,JOSEPH GA,KATZ
MA. Hospitalizations and deaths caused by diarrhea in children five years old and younger at

four hospitals in Haiti, 2010-2012. The American journal of tropical medicine and hygiene,
90: 291-293; 2014.

DJALDETTI M,BESSLER H. Probiotic strains modulate cytokine production and the
immune interplay between human peripheral blood mononucear cells and colon cancer cells.
FEMS microbiology letters, 364; 2017.

DO CARMO MS,NORONHA FM,ARRUDA MO,DA SILVA COSTA EP,BOMFIM
MR,MONTEIRO AS,FERRO TA,FERNANDES ES,GIRON JA,MONTEIRO-NETO V.
Lactobacillus fermentum ATCC 23271 displays in vitro inhibitory activities against Candida
spp. Frontiers in microbiology, 7; 2016.

DOLIN B. Effects of a proprietary Bacillus coagulans preparation on symptoms of diarrhea-
predominant irritable bowel syndrome. Methods and findings in experimental and clinical

pharmacology, 31: 655-659; 2009.

ELLIOTT EJ. Acute gastroenteritis in children. BMJ: British Medical Journal35-40; 2007.



87

EWASCHUK JB,DIAZ HMEDDINGS L,DIEDERICHS B,DMYTRASH A,BACKER
JLLOOIJER-VAN LANGEN M,MADSEN KL. Secreted bioactive factors from

Bifidobacterium infantis enhance epithelial cell barrier function. American Journal of
Physiology-Gastrointestinal and Liver Physiology, 295: G1025-G1034; 2008.

FARIQ A,SAEED A. Production and biomedical applications of probiotic biosurfactants.
Current microbiology, 72: 489-495; 2016.

FAYOL-MESSAOUDI D,BERGER CN,COCONNIER-POLTER M-H,LIEVIN-LE MOAL
V,SERVIN AL. pH-, Lactic acid-, and non-lactic acid-dependent activities of probiotic

Lactobacilli against Salmonella enterica Serovar Typhimurium. Applied and environmental
microbiology, 71: 6008-6013; 2005.

FERNANDEZ-DUARTE KP,OLAYA-GALAN NN,SALAS-CARDENAS SP,LOPEZ-
ROZO J,GUTIERREZ-FERNANDEZ MF. Bifidobacterium adolescentis (DSM 20083) and
Lactobacillus casei (Lafti L26-DSL): Probiotics Able to Block the In Vitro Adherence of
Rotavirus in MA104 Cells. Probiotics and Antimicrobial Proteins1-8; 2017.

FOLIGNE B,DANIEL C,POT B. Probiotics from research to market: the possibilities, risks
and challenges. Current opinion in microbiology, 16: 284-292; 2013.

FORESTIER C,DE CHAMPS C,VATOUX C,JOLY B. Probiotic activities of Lactobacillus
casei rhamnosus: in vitro adherence to intestinal cells and antimicrobial properties. Research
in Microbiology, 152: 167-173; 2001.

FOSCHI C,SALVO M,CEVENINI R,PAROLIN C,VITALI BMARANGONI A. Vaginal
lactobacilli reduce Neisseria gonorrhoeae viability through multiple strategies: an in vitro
study. Frontiers in cellular and infection microbiology, 7; 2017.

FUKUDA S,TOH H,HASE K,OSHIMA K, NAKANISHI Y,YOSHIMURA K,TOBE
T,CLARKE JM,TOPPING DL,SUZUKI T. Bifidobacteria can protect from enteropathogenic
infection through production of acetate. Nature, 469: 543-547; 2011.

GAN BS,KIM J,REID G,CADIEUX P,HOWARD JC. Lactobacillus fermentum RC-14
inhibits Staphylococcus aureus infection of surgical implants in rats. The Journal of infectious
diseases, 185: 1369-1372; 2002.

GAO X,HUANG L,ZHU L. MOU C,HOU Q,YU Q. Inhibition of HIN2 virus invasion into
dendritic cells by the S-Layer protein from L. acidophilus ATCC 4356. Frontiers in cellular
and infection microbiology, 6: 137; 2016.

GODDARD E (2017). Viral Gastroenteritis. Viral Infections in Children, Volume II,
Springer: 155-175.

GOLDENBERG JZ,YAP C,LYTVYN L,LO CKF,BEARDSLEY JMERTZ D,JOHNSTON
BC. Probiotics for the prevention of Clostridium difficile-associated diarrhea in adults and
children. The Cochrane Library; 2017.



88

GROUP FWW. 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. Cordoba, Argentina (October 14, 2001); 2001.

GUANDALINI S,PENSABENE L,ZIKRI MA,DIAS JA,CASALI LG,HOEKSTRA
H,KOLACEK S,MASSAR K. MICETIC-TURK D,PAPADOPOULOU A. Lactobacillus GG
administered in oral rehydration solution to children with acute diarrhea: a multicenter
European trial. Journal of pediatric gastroenterology and nutrition, 30: 54-60; 2000.

GUDINA EJ,ROCHA V,TEIXEIRA J,RODRIGUES L. Antimicrobial and antiadhesive
properties of a biosurfactant isolated from Lactobacillus paracasei ssp. paracasei A20.
Letters in applied microbiology, 50: 419-424; 2010.

GUERRANT DIL,MOORE SR,LIMA AA,PATRICK PD,SCHORLING JB,GUERRANT RL.
Association of early childhood diarrhea and cryptosporidiosis with impaired physical fitness
and cognitive function four-seven years later in a poor urban community in northeast Brazil.
The American journal of tropical medicine and hygiene, 61: 707-713; 1999.

GUERRANT RL,VAN GILDER T,STEINER TS, THIELMAN NM,SLUTSKER L,TAUXE
RV,HENNESSY T,GRIFFIN PM,DUPONT H,SACK RB. Practice guidelines for the
management of infectious diarrhea. Clinical infectious diseases, 32: 331-351; 2001.

GUO Q,LI S,XIE Y, XU Z,LIU M,ZHANG Q,SUN H. Bifidobacterium longum as an Orally
Administered Carrier of LL-37 to Treat Bacterial Diarrhea. Journal of Pharmaceutical and
Biomedical Sciences, 7; 2017.

HAY S. Burden of diarrhea in the Eastern Mediterranean Region, 1990-2015: findings from
the Global Burden of Disease 2015 Study. 2017.

HINES JNACHAMKIN I. Effective use of the clinical microbiology laboratory for
diagnosing diarrheal diseases. Clinical infectious diseases1292-1301; 1996.

HLIVAK P,ODRASKA J,FERENCIK M,EBRINGER L, JAHNOVA E,MIKES Z. One-year
application of probiotic strain Enterococcus faecium M-74 decreases serum cholesterol levels.
Bratisl Lek Listy, 106: 67-72; 2005.

HOYOS AB. Reduced incidence of necrotizing enterocolitis associated with enteral
administration of Lactobacillus acidophilus and Bifidobacterium infantis to neonates in an
intensive care unit. International Journal of Infectious Diseases, 3: 197-202; 1999.

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 Clinica (English Edition);
2017.

HUN L. Bacillus coagulans significantly improved abdominal pain and bloating in patients
with IBS. Postgraduate medicine, 121: 119-124; 2009.



89

KAEWNOPPARAT S,DANGMANEE N,KAEWNOPPARAT N,SRICHANA
T,CHULASIRI M,SETTHARAKSA S. In vitro probiotic properties of Lactobacillus
fermentum SKS isolated from vagina of a healthy woman. Anaerobe, 22: 6-13; 2013.

KAHOULI LMALHOTRA M,WESTFALL S,ALAOUI-JAMALI MA,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, 101: 1999-2019; 2017.

KARCZEWSKI J,TROOST FJ,KONINGS I,DEKKER J,KLEEREBEZEM M,BRUMMER
R-JM,WELLS JM. Regulation of human epithelial tight junction proteins by Lactobacillus
plantarum in vivo and protective effects on the epithelial barrier. American Journal of
Physiology-Gastrointestinal and Liver Physiology, 298: G851-G859; 2010.

KAWAHARA T,MAKIZAKI Y,OIKAWA Y, TANAKA Y,MAEDA A,SHIMAKAWA
M,KOMOTO S,MORIGUCHI K,OHNO H,TANIGUCHI K. Oral administration of
Bifidobacterium bifidum G9-1 alleviates rotavirus gastroenteritis through regulation of
intestinal homeostasis by inducing mucosal protective factors. PloS one, 12: e0173979; 2017.

KERN M,GUNZEL D,ASCHENBACH JR,TEDIN K,BONDZIO A,LODEMANN U.
Altered Cytokine Expression and Barrier Properties after In Vitro Infection of Porcine
Epithelial Cells with Enterotoxigenic Escherichia coli and Probiotic Enterococcus faecium.
Mediators of inflammation, 2017; 2017.

KLEEREBEZEM M,VAUGHAN EE. Probiotic and gut lactobacilli and bifidobacteria:
molecular approaches to study diversity and activity. Annual review of microbiology, 63:
269-290; 2009.

KOEBNICK C,WAGNER L,LEITZMANN P,STERN U,ZUNFT H. Probiotic beverage
containing Lactobacillus casei Shirota improves gastrointestinal symptoms in patients with
chronic constipation. Canadian Journal of Gastroenterology and Hepatology, 17: 655-659;
2003.

KORPELA K,SALONEN A,VIRTA LJ,KUMPU M,KEKKONEN RA,DE VOS WM.
Lactobacillus rhamnosus GG Intake Modifies Preschool Children’s Intestinal Microbiota,

Alleviates Penicillin- Associated Changes, and Reduces Antibiotic Use. PloS one, 11:
e0154012; 2016.

KOTLOFF KL,NATARO JP,.BLACKWELDER WC,NASRIN D,FARAG
TH,PANCHALINGAM S,WU Y,SOW SO,SUR D,BREIMAN RF. Burden and aetiology of
diarrhoeal disease in infants and young children in developing countries (the Global Enteric
Multicenter Study, GEMS): a prospective, case-control study. The Lancet, 382: 209-222;
2013.

KRUIS W,FRIC P,POKROTNIEKS J,LUKAS M,FIXA B,KASCAK M,KAMM
M,WEISMUELLER J,BEGLINGER C,STOLTE M. Maintaining remission of ulcerative
colitis with the probiotic Escherichia coli Nissle 1917 is as effective as with standard
mesalazine. Gut, 53: 1617-1623; 2004.



90

LAMBERTI LM,BOURGEOIS AL,WALKER CLF,BLACK RE,SACK D. Estimating
diarrheal illness and deaths attributable to Shigellae and enterotoxigenic Escherichia coli
among older children, adolescents, and adults in South Asia and Africa. PLoS neglected
tropical diseases, 8: €2705; 2014.

LEE DK,JANG S,KIM MJ,KIM JH,CHUNG MJ,KIM KJ,HA NJ. Anti-proliferative effects
of Bifidobacterium adolescentis SPM0212 extract on human colon cancer cell lines. BMC

cancer, 8: 310; 2008.

LEE YK, SALMINEN S. Handbook of probiotics and prebiotics, John Wiley & Sons. 2009.

LI W,LI J,WANG H,YANG X,YANG H,QIAN J. Protective Role of Probiotics in
Azoxymethane-Dextran Sulfate Sodium Saltinduced Ulcerative Colitis Associated Colorectal
Cancer in Mice. Clinical Gastroenterology and Hepatology, 15: e31; 2017.

LILLY DM,STILLWELL RH. Probiotics: growth-promoting factors produced by
microorganisms. Science, 147: 747-748; 1965.

LIM S-M,JANG H-M,JEONG J-J,HAN MJ,KIM D-H. Lactobacillus johnsonii CJLJ103
attenuates colitis and memory impairment in mice by inhibiting gut microbiota
lipopolysaccharide production and NF-«B activation. Journal of Functional Foods, 34: 359-
368; 2017.

LIM S-M,JEONG J-J,JANG S-E,HAN MJ,KIM D-H. A mixture of the probiotic strains
Bifidobacterium longum CHS57 and Lactobacillus brevis CH23 ameliorates colitis in mice by

inhibiting macrophage activation and restoring the Th17/Treg balance. Journal of Functional
Foods, 27: 295-309; 2016.

LIU Y,ZHAO F,LIU JWANG H,HAN X,ZHANG Y,YANG Z. Selection of Cholesterol-
Lowering Lactic Acid Bacteria and its Effects on Rats Fed with High-Cholesterol Diet.
Current microbiology, 74: 623-631; 2017.

LO TS,BORCHARDT SM. Antibiotic-associated diarrhea due to methicillin-resistant
Staphylococcus aureus. Diagnostic microbiology and infectious disease, 63: 388-389; 2009.
MADA PK,ALAM MU. Clostridium Difficile. 2017.

MALDONADO J,CANABATE F,SEMPERE L,VELA F,SANCHEZ AR,NARBONA
E,LOPEZ-HUERTAS E,GEERLINGS A,VALERO AD,OLIVARES M. Human milk
probiotic Lactobacillus fermentum CECT5716 reduces the incidence of gastrointestinal and

upper respiratory tract infections in infants. Journal of pediatric gastroenterology and
nutrition, 54: 55-61; 2012.

MANSOUR NM,ELKHATIB WF,ABOSHANAB KM,BAHR MM. Inhibition of
Clostridium difficile in Mice Using a Mixture of Potential Probiotic Strains Enterococcus
faecalis NM8135, E. faecalis NMO915, and E. faecium NM1015: Novel Candidates to Control
C. difficile Infection (CDI). Probiotics and Antimicrobial Proteins1-12; 2017.



91

MARTEAU P,CUILLERIER E,MEANCE S,GERHARDT M,MYARA A, BOUVIER
M,BOULEY C,TONDU F,BOMMELAER G,GRIMAUD J. Bifidobacterium animalis strain
DN-173 010 shortens the colonic transit time in healthy women: a double-blind, randomized,
controlled study. Alimentary pharmacology & therapeutics, 16: 587-593; 2002.

MELLOR J,KUMPEL E,ERCUMEN A,ZIMMERMAN J. Systems Approach to Climate,
Water, and Diarrhea in Hubli-Dharwad, India. Environmental science & technology, 50:
13042-13051; 2016.

METCHNIKOFF E. Essais optimistes, A. Maloine. 1907

METCHNIKOFF E,MITCHELL SPC. The Prolongation of Life: optimistic studies.The
English translation edited by P. Chalmers Mitchell, London. 1907

MORAIS I,CORDEIRO A, TEIXEIRA G,DOMINGUES V,NARDI R, MONTEIRO
A,ALVES R,SIQUEIRA E,SANTOS V. Biological and physicochemical properties of
biosurfactants produced by Lactobacillus jensenii P 6A and Lactobacillus gasseri P 65.
Microbial cell factories, 16: 155; 2017.

MUNOZ JAM,CHENOLL E,CASINOS B,BATALLER E,.RAMON D,GENOVES
S,MONTAVA R,RIBES JM,BUESA J,FABREGA J. A novel probiotic Bifidobacterium
longum subsp. infantis CECT 7210 strain active against rotavirus infections. Applied and
environmental microbiologyAEM. 05548-05511; 2011.

NAGATA S,CHIBA Y,WANG C,YAMASHIRO Y. The effects of the Lactobacillus casei
strain on obesity in children: a pilot study. Beneficial Microbes1-10; 2017.

NATARO JP,KAPER JB. Diarrheagenic escherichia coli. Clinical microbiology reviews, 11:
142-201; 1998.

NGUYEN T,KANG J,LEE M. Characterization of Lactobacillus plantarum PHO4, a potential
probiotic bacterium with cholesterol-lowering effects. International journal of food
microbiology, 113: 358-361; 2007.

NIEDZIELIN K,KORDECKI H,ENA BIRKENFELD B. A controlled, double-blind,
randomized study on the efficacy of Lactobacillus plantarum 299V in patients with irritable
bowel syndrome. European journal of gastroenterology & hepatology, 13: 1143-1147; 2001.

NISTA EC,CANDELLI M,CREMONINI F,CAZZATO IA,ZOCCO MA,FRANCESCHI
F,CAMMAROTA G,GASBARRINI G,GASBARRINI A. Bacillus clausii therapy to reduce
side-effects of anti-Helicobacter pylori treatment: randomized, double-blind, placebo
controlled trial. Alimentary pharmacology & therapeutics, 20: 1181-1188; 2004.

NOWAK AMOTYL I In vitro anti-adherence effect of probiotic Lactobacillus strains on
human enteropathogens. 2017.

OGAWA M,SHIMIZU K,NOMOTO K,TANAKA R, HAMABATA T,YAMASAKI
S,TAKEDA T,TAKEDA Y. Inhibition of in vitro growth of Shiga toxin-producing



92

Escherichia coli O157: H7 by probiotic Lactobacillus strains due to production of lactic acid.
International journal of food microbiology, 68: 135-140; 2001.

OUWEHAND AC,NERMES M,COLLADO MC,RAUTONEN N,SALMINEN S,ISOLAURI
E. Specific probiotics alleviate allergic rhinitis during the birch pollen season. World J
Gastroenterol, 15: 3261-3268; 2009.

PAKDAMAN MN,UDANI JK,MOLINA JP,SHAHANI M. The effects of the DDS-1 strain
of lactobacillus on symptomatic relief for lactose intolerance-a randomized, double-blind,
placebo-controlled, crossover clinical trial. Nutrition journal, 15: 56; 2016.

PARASHAR UD,GIBSON CJ,BRESSE J,GLASS RI. Rotavirus and severe childhood
diarrhea. Emerging infectious diseases, 12: 304; 2006.

PARASHAR UD,HUMMELMAN EG,BRESEE JS,MILLER MA,GLASS RI. Global illness
and deaths caused by rotavirus disease in children. Emerging infectious diseases, 9: 565-572;
2003.

PASSARIELLO A,AGRICOLE P,MALFERTHEINER P. A critical appraisal of probiotics
(as drugs or food supplements) in gastrointestinal diseases. Current medical research and
opinion, 30: 1055-1064; 2014.

POTULA H-H,RICHER L,WERTS C,GOMES-SOLECKI M. Pre-treatment with
Lactobacillus plantarum prevents severe pathogenesis in mice infected with Leptospira
interrogans and may be associated with recruitment of myeloid cells. PLoS neglected tropical
diseases, 11: e0005870; 2017.

PRIDMORE RD,PITTET A-C,PRAPLAN F,CAVADINI C. Hydrogen peroxide production
by Lactobacillus johnsonii NCC 533 and its role in anti-Salmonella activity. FEMS
microbiology letters, 283: 210-215; 2008.

PUEBLA-BARRAGAN S,REID G. Forty-five-year evolution of probiotic therapy. Microbial
Cell, 6: 184; 2019.

QIN H,ZHANG Z,HANG X,JIANG Y. L. plantarum prevents enteroinvasive Escherichia
coli-induced tight junction proteins changes in intestinal epithelial cells. BMC microbiology,
9: 63; 20009.

RAHIMIFARD N,NASERI M. Bifidobacteria bifidum and Bifidobacteria infantis effects on
Salmonella enteritidis. Journal of Pure and Applied Microbiology, 10: 1885-1890; 2016.

REID G. The scientific basis for probiotic strains of Lactobacillus. Appl Environ Microbiol,
65: 3763-3766; 1999.

RIAZI S,WIRAWAN R,BADMAEYV V,CHIKINDAS M. Characterization of lactosporin, a
novel antimicrobial protein produced by Bacillus coagulans ATCC 7050. Journal of applied
microbiology, 106: 1370-1377; 2009.



93

ROLFE VE,FORTUN PJ,HAWKEY CJ,BATH-HEXTALL F. Probiotics for maintenance of
remission in Crohn's disease. Cochrane Database Syst Rev, 4; 2006.

ROSELLI M,FINAMORE A,BRITTI MS,MENGHERI E. Probiotic bacteria Bifidobacterium
animalis MBS and Lactobacillus rhamnosus GG protect intestinal Caco-2 cells from the

inflammation-associated response induced by enterotoxigenic Escherichia coli K88. British
Journal of Nutrition, 95: 1177-1184; 2006.

SAAVEDRA JM,BAUMAN NA,PERMAN J,YOLKEN R,OUNG I. Feeding of
Bifidobacterium bifidum and Streptococcus thermophilus to infants in hospital for prevention
of diarrhoea and shedding of rotavirus. The lancet, 344: 1046-1049; 1994.

SABER A, ALIPOUR B,FAGHFOORI Z, KHOSROUSHAHI AY. Secretion metabolites of
probiotic yeast, Pichia kudriavzevii AS-12, induces apoptosis pathways in human colorectal
cancer cell lines. Nutrition Research; 2017.

SAEED A,ABD H,SANDSTROM G. Microbial aetiology of acute diarrhoea in children
under five years of age in Khartoum, Sudan. Journal of medical microbiology, 64: 432-437,
2015.

SCHLEE M,WEHKAMP J,ALTENHOEFER A,OELSCHLAEGER TA,STANGE
EF,FELLERMANN K. Induction of human -defensin 2 by the probiotic Escherichia coli
Nissle 1917 is mediated through flagellin. Infection and immunity, 75: 2399-2407; 2007.

SGOURAS D,MARAGKOUDAKIS P,PETRAKI K,MARTINEZ-GONZALEZ B,ERIOTOU
E,MICHOPOULOS S, KALANTZOPOULOS G,TSAKALIDOU E,MENTIS A. In vitro and
in vivo inhibition of Helicobacter pylori by Lactobacillus casei strain Shirota. Applied and
environmental microbiology, 70: 518-526; 2004.

SHANE AL MODY RK,CRUMP JA,TARR PI,STEINER TS, KOTLOFF K,LANGLEY
IM,WANKE C,WARREN CA,CHENG AC. 2017 Infectious Diseases Society of America
clinical practice guidelines for the diagnosis and management of infectious diarrhea. Clinical
Infectious Diseases, 65: e45-e80; 2017.

SHERMAN PM,JOHNSON-HENRY KC,YEUNG HP,NGO PS,GOULET J,TOMPKINS
TA. Probiotics reduce enterohemorrhagic Escherichia coli O157: H7-and enteropathogenic E.
coli O127: H6-induced changes in polarized T84 epithelial cell monolayers by reducing
bacterial adhesion and cytoskeletal rearrangements. Infect Immun, 73: 5183-5188; 2005.

SINGH J,RIVENSON A, TOMITA M,SHIMAMURA S,ISHIBASHI N,REDDY BS.
Bifidobacterium longum, a lactic acid-producing intestinal bacterium inhibits colon cancer

and modulates the intermediate biomarkers of colon carcinogenesis. Carcinogenesis, 18: 833-
841; 1997.

SINN DH,SONG JH,KIM HJ,LEE JH,SON HJ,CHANG DK,KIM Y-H,KIM JJ,RHEE
JC,RHEE P-L. Therapeutic effect of Lactobacillus acidophilus-SDC 2012, 2013 in patients
with irritable bowel syndrome. Digestive diseases and sciences, 53: 2714-2718; 2008.



94

STOCKMANN C,PAVIA AT,GRAHAM B,VAUGHN M,CRISP R,PORITZ
MA,THATCHER S,KORGENSKI EK,BARNEY T,DALY J. Detection of 23 gastrointestinal
pathogens among children who present with diarrhea. Journal of the Pediatric Infectious
Diseases Societypiw(020; 2016.

TALESKI V,TRPCEVA K,ZDRAVKOVSKA M. Role of probiotics and prebiotics in
maintenance health gut flora. 2017.

TALESKI V,TRPCEVA K,ZDRAVKOVSKA M,SIMJANOVSKA L. Importance of
probiotics for human health. International Journal Knowledge, 19: 1423-1427; 2017.

TATE JE,BURTON AH,BOSCHI-PINTO C,PARASHAR UD,NETWORK
WHOCGRS,AGOCS M,SERHAN F,DE OLIVEIRA LMWENDA JM,MIHIGO R. Global,
regional, and national estimates of rotavirus mortality in children< 5 years of age, 2000—2013.
Clinical Infectious Diseases, 62: S96-S105; 2016.

TIAN Z,LIU X,DAI R, XIAO Y,WANG X,BI D,SHI D. Enterococcus faecium HDRSEfI]
protects the intestinal epithelium and attenuates ETEC-induced IL-8 secretion in enterocytes.
Mediators of Inflammation, 2016; 2016.

UNICEF, Statistics by Topic: Diarrhoeal Disease, https://data.unicef.org/topic/child-
health/diarrhoeal-disease/, (acesso em 20 de junho de 2019).

URDACI MC,BRESSOLLIER P,PINCHUK I. Bacillus clausii probiotic strains:
antimicrobial and immunomodulatory activities. Journal of clinical gastroenterology, 38: S86-
S90; 2004.

VANDENPLAS Y. Probiotics and prebiotics in infectious gastroenteritis. Best Practice &
Research Clinical Gastroenterology, 30: 49-53; 2016.

VILLARRUEL G,RUBIO DM,LOPEZ F,CINTIONI J,GUREVECH R,ROMERO
G,VANDENPLAS Y. Saccharomyces boulardii in acute childhood diarrhoea: a randomized,
placebo-controlled study. Acta Paediatrica, 96: 538-541; 2007.

VONK RJ,RECKMAN GA,HARMSEN HIJ,PRIEBE MG (2012). Probiotics and lactose
intolerance, INTECH Open Access Publisher.

WANG B,CHEN J,WANG S,ZHAO X,LU G,TANG X. Lactobacillus plantarum 1.9 but not
Lactobacillus acidophilus LA reduces tumour necrosis factor induced bacterial translocation
in Caco-2 cells. Beneficial Microbes, 8: 497-505; 2017.

WANG H,NI X,QING X,ZENG D,LUO M,LIU L,LI G,PAN K,JING B. Live Probiotic
Lactobacillus johnsonii BS15 Promotes Growth Performance and Lowers Fat Deposition by
Improving Lipid Metabolism, Intestinal Development, and Gut Microflora in Broilers.
Frontiers in Microbiology, 8: 1073; 2017.

WANG X,JUAN Q-F,HE Y-W,ZHUANG L,FANG Y-Y,WANG Y-H. Multiple effects of
probiotics on different types of diabetes: a systematic review and meta-analysis of



95

randomized, placebo-controlled trials. Journal of Pediatric Endocrinology and Metabolism,
30: 611-622; 2017.

WISCHMEYER PE,ICHIM TE,RADECKA I,FALENTIN H,KRISTENSEN NB,HERBEL
SR. Advances in Probiotic Bacteria. Advances in Probiotic Bacteria323; 2017.

WU W,WANG Y,ZOU J,LONG F,YAN H,ZENG L,CHEN Y. Bifidobacterium adolescentis
protects against necrotizing enterocolitis and upregulates TOLLIP and SIGIRR in premature
neonatal rats. BMC pediatrics, 17: 1; 2017.

ZYREK AA,CICHON C,HELMS S,ENDERS C,SONNENBORN U,SCHMIDT MA.
Molecular mechanisms underlying the probiotic effects of Escherichia coli Nissle 1917
involve ZO-2 and PKC( redistribution resulting in tight junction and epithelial barrier repair.
Cellular microbiology, 9: 804-816; 2007.



F o

ANEXOS
ANEXO A — PARECER CONSUBSTANCIADO DO CEP

@ CENTRO UNIVERSITARIO DO () Plataforma
¥ MARANHAO - UNICEUMA & {groﬁl

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: IDENTIFICAGAO DE NOVOS MICRORGANISMOS COM POTENCIAL PROBIOTICO
CONTRA ENTEROPATOGENOS BACTERIANOS

Pesquisador: VALERIO MONTEIRO NETO

Area Tematica:

Versao: 1

CAAE: 35354614.5.0000.5084

Instituigdo Proponente: Centro Universitario do Maranhao - UniCEUMA

Patrocinador Principal: FUND DE AMPARO A PESQUISA AO DESEN CIENTIFICO E TECNOLOGICO
DO MARANHAO - FAPEMA

DADOS DO PARECER

Namero do Parecer: 791.457
Data da Relatoria: 30/09/2014

Apresentagdo do Projeto:

O desenho do estudo visara obter novas espécies do género Lactobacillus e Bifidobacterium com potencial
probiético, oriundas de amostras de leite humano e fezes de lactentes e com atividade contra
enteropatdgenos bacterianos e/ou imunomoduladora. No estudo o delineamento experimento obedecera o
seguinte os seguintes passos: Isolar e identificar bactérias do género Lactobacillus e de Bifidobacterium de
amostras de fezes de lactentes e de leite humano em diferentes estagios da lactagao (colostro, leite de
transicao e leite maduro) de maes que tiveram parto prematuro e a termo; Selecionar as espécies com
propriedades probioticas in vitro, incluindo: tolerancia ao suco gastrico artificial e aos sais biliares;
capacidade antagonista contra patogenos intestinais, capacidade de produgédo de peroxido de hidrogénio;
capacidade de adesdao em células eucaridticas intestinais in vitro e a mucina; Investigar a capacidade
inibitoria sobre a adesa@o de enteropatdégenos bacterianos em células eucaridticas in vitro; Verificar a
capacidade de inducdo de citocinas pro e anti-inflamatérias em células de cultura de tecidos; Avaliar a
capacidade de produgédo de perodxido de hidrogénio e nitritos por células apresentadoras de antigenos;
Investigar o espraiamento de células apresentadoras de antigenos; Estudar a indugédo de marcadores de
ativacdo e estado funcional de células dendriticas, macréfagos e linfocitos in vitro e ex vivo; Analisar a
expressao de receptores TLR em leucécitos de camundongos

Endereco: DOS CASTANHEIROS

Bairro: JARDIM RENASCENCA CEP: 65.075-120
UF: MA Municipio: SAO LUIS
Telefone: (98)3214-4265 Fax: (98)3214-4212 E-mail: cep@ceuma.br

Pégina 01 de 03

96



) A& CENTRO UNIVERSITARIO DO () PlataPorma
CEUMA MARANHAO - UNICEUMA ¥ %Brasil

Continuagao do Parecer: 791.457

estimulados com Probidticos. As amostras de leite serdo coletas de lactentes que apresentarem as
caracteristicas necessarias definidas no escopo do trabalho. Serdo realizadas coletas em cada estagio de
lactagdo (colostro, leite de transigéo e leite maduro) de maes que tiveram parto a termo (37 e < 42 semanas)
e prematuro com idade gestacional ( 34 e < 37 semanas), cadastradas no Banco de Leite do Hospital
Materno Infantil do Hospital Universitario da UFMA. As amostras de fezes serdo obtidas de criangas sem
disturbios gastrointestinais e que néo estejam sob uso de antibioticos, cujos pais ou responsaveis aceitarem
participar do estudo.

Objetivo da Pesquisa:

Identificar novas espécies do género Lactobacillus e Bifidobacterium com potencial probidtico, oriundas de

amostras de leite humano e fezes de lactentes e com atividade contra enteropatoégenos bacterianos e/ou
imunomoduladora.

Avaliagdo dos Riscos e Beneficios:

Riscos:

A participagdo nesta pesquisa ndo traz complicagées legais. Somente havera um pequeno desconforto
quanto a retirada de uma amostra leite, mas tudo na maior seguranga e com profissionais qualificados. A
coleta das fezes ocorrera diretamente nas fraldas e ndo oferece riscos e nem desconforto. Os
procedimentos adotados nesta pesquisa obedecem aos Critérios da Etica em Pesquisa com Seres
Humanos conforme Resolugdo

no. 466/12 do Conselho Nacional de Saude. Nenhum dos procedimentos usados oferece riscos a sua
dignidade.

Beneficios:

Espera-se que este estudo traga informagdes importantes sobre os beneficios dessas bactérias para a
nossa saude, principalmente de criangas.

Comentarios e Consideragdes sobre a Pesquisa:
A pesquisa apresenta relevancia cientifica e certamente contribuira para esclarecer aspectos importantes a
respeito do tema. A equipe executora apresenta a capacitagdo necesséria para realizar a pesquisa.

Consideragoes sobre os Termos de apresentagao obrigatoria:
Todos os documentos obrigatérios foram apresentados e encontram-se corretamente preenchidos.

Enderego: DOS CASTANHEIROS

Bairro: JARDIM RENASCENCA CEP: 65.075-120
UF: MA Municipio: SAO LUIS
Telefone: (98)3214-4265 Fax: (98)3214-4212 E-mail: cep@ceuma.br

Pégina 02 de 03

97



@ ‘ CENTRO UNIVERSITARIO DO
CEUMA MARANHAO - UNICEUMA

Continuagao do Parecer: 791.457

Recomendagdes:
Nenhuma

Conclusdes ou Pendéncias e Lista de Inadequagoes:
Projeto aprovado

Situagao do Parecer:
Aprovado

Necessita Apreciagdo da CONEP:
Nao

Consideragodes Finais a critério do CEP:

SAO LUIS, 15 de Setembro de 2014

98

7~ Plataforma
\ ‘t%;gro.rﬂ

Assinado por:

Eduardo Durans Figuerédo
(Coordenador)



ANEXO B — DECLARACAO DA SECRETARIA MUNICIPAL DE SAUDE

Profetue wock coniénuindl m RS Samions SUPERINTENDENCIA DE REDE DE ASSISTERCIA A
SECRETARIA DE SAUDE / SEMUS

DECLARACAO

Declaro para  0s devidos fins, que o aluno (a)
ugue Farts dp Gurw do
@) _Lybrds sm / 1 Iptun da e - (FAA , estd autorizado
coletar dados, para a realizacdo do Projeto:
AiéAZurar dp oty 1odsthial 16 JVQ@Wﬁszﬁzfﬁz&&% i
QR A Exdunchic o/ diavwiainsa
, na Unidade ﬂfl.l’?/a/]l[/) 0)’)’2”}'2’.)/ a }’7/}41’); de nossa
Rede de Satude, apés a aprovacao do referido Projeto por um Comité de
Etica em Pesquisa.

Sao Luis,_/éLde él{ﬂlﬂﬂ@ deJOZE .

CeY V9L, 457

Atenciosamen
lau
ja Saldanha Nicg /
»few:k ,,“51‘;.10 A

Lidia Saldanha Nicolau
Superintendente de Educa¢io em Satide / SEMUS

Av. Dep. Raimundo Vieira da Silva, 2000. Centro — Parque Bom Menino — CEP 65025-180. S3o Luis/MA
Fones: (98) 3214-7300 / 7337 / 7339 / 7342 / 7345 - E-mail: sras.semus@yahoo.com.br

99

saip:

o



100

APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

UNIVERSIDADE CEUMA

Comité de Etica em Pesquisa

Titulo da Pesquisa: “PROSPECCAO DE MICRORGANISMOS COM POTENCIAL
PROBIOTICO CONTRA ENTEROPATOGENOS BACTERIANOS”

Nome do Pesquisador: Valério Monteiro Neto

1.

Natureza da pesquisa: A Sra. estd sendo convidada a participar desta pesquisa que tem
como finalidade analisar bactérias presentes em fezes de criangas, em condi¢bes normais
e com isso verificar os seus beneficios para a saiide humana e propor medidas alternativas
de controle e prevencdo de determinadas doencas, como a diarreia infantil.

Participantes da pesquisa: Serdo incluidas criancas com a faixa etdria entre 1 més e cinco
anos de idade.

Envolvimento na pesquisa: a sua participacdo no referido estudo serd no sentido de
fornecer uma pequena quantidade de fezes do seu filho (a).

A Sra tem liberdade de se recusar a participar e ainda se recusar a continuar participando
em qualquer fase da pesquisa, sem qualquer prejuizo para o seu filho. Sempre que quiser
poderd pedir mais informagoes sobre a pesquisa através do telefone do pesquisador do
projeto e, se necessdrio, através do telefone do Comité de Etica em Pesquisa.

Sobre as entrevistas: As entrevistas serdo realizadas no Hospital Odorico Amaral de
Matos — “Hospital da Crianga” .

Riscos e desconforto: A participagdo nesta pesquisa ndo traz complicacoes legais. A coleta
das fezes ocorrerd diretamente nas fraldas e ndo oferece riscos e nem desconforto. Os
procedimentos adotados nesta pesquisa obedecem aos Critérios da Etica em Pesquisa com
Seres Humanos conforme Resolugdo no. 466/12 do Conselho Nacional de Saiide. Nenhum
dos procedimentos usados oferece riscos a sua dignidade.

Confidencialidade: Todas as informagées coletadas neste estudo sdo estritamente

confidenciais. Somente os pesquisadores terdo conhecimento dos dados.
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8. Beneficios: Ao participar desta pesquisa a Sra. ndo terd nenhum beneficio direto.
Entretanto, esperamos que este estudo traga informagodes importantes sobre os beneficios
dessas bactérias para a nossa saide, principalmente de criancas.

9. Pagamento: A Sra ndo terd nenhum tipo de despesa para participar desta pesquisa, bem

como nada serd pago por sua participag¢do.

Apoés estes esclarecimentos, solicitamos o seu consentimento de forma livre para

participar desta pesquisa. Portanto preencha, por favor, os itens que se seguem:

Consentimento Livre e Esclarecido

Tendo em vista os itens acima apresentados, eu, de forma livre e esclarecida, manifesto meu
consentimento em participar da pesquisa.

Nome do Participante da Pesquisa Assinatura do participante da pesquisa

Assinatura do Pesquisador

TELEFONES
Pesquisador: Prof. Dr. Valério Monteiro Neto (98) 9972-2651 e 3214 4252

Comité de Etica em Pesquisa do Uniceuma:
Endereco: Rua Josué Montello, n°1, Renascenga II, Sao Luis-MA, CEP 65.075-120.

Telefone: (98) 3214-4189. E-mail: cep@ceuma.br.
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APENDICE B — FICHA DE IDENTIFICACAO DO PACIENTE

Universidade Federal do Maranhdo
Centro de Ciéncias Bioldgicas e da Saude
Programa de Pés-Graduacao em Ciéncias da Satde — Doutorado

Doutoranda: Monique Santos do Carmo

Ficha de identificacao do paciente

Titulo da pesquisa: “PROSPECCAO DE MICRORGANISMOS COM POTENCIAL
PROBIOTICO CONTRA ENTEROPATOGENOS BACTERIANOS”

1- Identificacdo da crianca:

1.1 - Nome completo:
1.2 - Idade:
1.3 - Esté sob o uso de antibidticos? Em caso negativo, hd quanto tempo?

( )Sim ( )Nido Periodo:

1.4 — A crianca tem apresentado trés ou mais evacuagdes liquidas ou de fezes
amolecidas no periodo de 24 horas, ha menos de sete dias?

( )Sim ( )Nao
1.5- Qual tipo de parto?

( )cesarea ( )normal
1.6- Tipo de nascimento:

( )atermo ( )pré-termo

2- Identificacido da mae:

2.1 —Nome completo:

2.2 —Idade:
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2.3 — Endereco:
Ponto de referéncia:

2.4 — Telefone:



