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I. INTRODUCCION

Las superficies corporales, piel y mucosas, constituyen la puerta de
entrada de microorganismos invasores, patdgenos o no. Por esta
razon, todos los seres vivos plantean a este nivel su primera linea
defensiva. La microbiota de la piel y mucosas representa el sistema
critico de defensa, con mdltiples intervenciones tanto directas como
indirectas (Rodriguez, 2007).

"La promesa de la investigacion del microbioma pasa en gran medida
por el futuro de los probiéticos. Con el tiempo, puede llegar a ser
posible restaurar la salud de un microbioma empobrecido,
simplemente tragando una cépsula repleta de miles de millones de

células bacterianas, o por el consumo de yogur " (Specter, 2012).

1. PROBIOTICO

El termino probiético deriva del griego “pro” y “bios” y significa “para la
vida”. Lilly y Stillwell (1965) utilizaron por primera vez esta palabra
para describir “substancias secretadas por un microorganismo que
estimulan el crecimiento de otros”, y esto contrasta con el término
antibiotico. Los griegos sabian por experiencia que la leche coagulada
era un buen remedio contra los males estomacales, de higado o de
enfermedades respiratorias. Plinio (siglo | a.C), historiador romano
recomendaba la ingestion de leche fermentada para tratar
gastroenteritis (Schrezenmeir y Vrese, 2001). Su uso se remonta al
Antiguo Testamento donde se dice que Abraham atribuye su

longevidad al consumo de leche (Vasiljevic y Shah, 2008).
La definicion actual propuesta por la FAO (Food and Agricultura

Organization) y por la WHO (World Health Organization) es de

“microorganismos vivos, que cuando se administran en cantidades
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adecuadas, confieren un beneficio de salud al huésped” o
“microorganismos vivos, que cuando se ingieren (incluidos en la
comida o en férmula de cépsula), se aplican localmente (en tracto
urogenital) o en modo aerosol (en tracto respiratorio superior), dan al

consumidor uno o varios beneficios probados para la salud”.

El primero en observar que existian microorganismos vivos
beneficiosos para la salud fue el microbiélogo ucraniano Elie
Metchnikoff, que consigui6 el Nobel de Medicina en 1908 por
descubrir el mecanismo de accion de las leches fermentadas
(yogures, leche bulgara) y sus efectos beneficiosos para la salud
humana gracias a los cambios que producian en el balance de la
microflora intestinal. El consumo de yogur que contenia bacterias
productoras de &cido lactico provocaba la reduccién de las bacterias
productores de toxinas en el intestino y esto se relacion6é con el
incremento de la longevidad de estas personas. Fue también el
primero en dar nombre al Lactobacillus bulgaricus, en honor a los
lacticos que consumian los bulgaros (Mackowiak, 2013).

Estos microorganismos ademas de producir efectos beneficiosos por
si mismos, mejoran las propiedades de la flora autéctona (Tijdschr
Tandheelkd, 1992).

Los requisitos que ha de cumplir un microorganismo para ser
considerado probiético son los siguientes:
- formar parte de la microbiota del intestino
- no ser patdégeno ni toxicogénico
- mantenerse viable en medio acido del estdbmago y en
contacto con la bilis del duodeno
- poseer capacidad de adhesion a las células epiteliales
intestinales
- adaptarse a la microbiota intestinal sin desplazar a la ya

nativa o existente
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- producir sustancias antimicrobianas

- tener capacidad para aumentar de forma positiva las
funciones inmunes y las capacidades metabdlicas (West et
al. 2009)

1.1 Tipos de bacterias probiéticas

Las bacterias probidticas mas comdnmente usadas son los
Lactobacilos (o bacterias acido lacticas) y las Bifidobacterias (Turroni
et al, 2014). Aunque hay un tipo de levaduras que pueden
considerarse probioticas. Entre ellas se encuentran las siguientes:
Saccharomyces boulardii (reconocida como lider), Saccharomyces
cerevisiae, Kluyveromyces lactis y Kluyveromyces fragilis (Morales,
2004; Bekatorou et al., 2004; Coenen et al., 2000; Kumura et al.,
2004).

Las bacterias 4&cido-lacticas (BAL) constituyen un  grupo
de bacterias Gram-positivas anaerobias estrictas o aerotolerantes,
generalmente inmoviles, no esporuladas ni pigmentada, denominadas
asi debido a que producen &acido lactico durante la fermentacion de
carbohidratos, provocando la acidificacion del medio. Dentro de las
BAL se encuentran en los géneros Aerococcus, Carnobacterium,
Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Oenococcus,
Pediococcus, Streptococcu, Tetragenococcus, Vagococcus y Weissell
(Salminen et al., 2004). Desde el punto de vista filogenético, sin
embargo, Propionibacterium y Bifidobacterium no estan emparentadas
con las BAL. (Scheilfer et al., 1995). Aunque las Bifidobacterium, se
consideran que actlan en el mismo contexto que las bacterias acido
lacticas, comparten caracteristicas tipicas y poseen un modo Unico de
fermentacion de los azucares (Klaenhammer y Muller, 1999).

Los géneros mas importantes y las caracteristicas mas significativas

de los Lactobacilos y las Bifidobacterias son:
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Los lactobacilos son bacilos regulares Gram-positivos, no
esporulados, capaces de colonizar habitats tan diversos como el
material vegetal, los productos lacteos y la piel y las mucosas del
hombre y los animales (Klander y Weiss, 1986). EI pH 6ptimo de
crecimiento oscila entre 5,5y 6,2. En cuanto a la temperatura pueden
ser mesdfilas o termdfilas. En el género se incluyen mas de 100
especies con propiedades muy heterogéneas. Esta diversidad se ve
reflejada genotipicamente, ya que la proporcion de G+C de las
distintas especies varia entre un 32% y un 52%. Las especies se
clasifican como mesofilas o termdfilas, de acuerdo a su temperatura
optima de crecimiento, y en homofermentadoras, heterofermentadoras
facultativas o heterofermentadoras estrictas, dependiendo de sus

caracteristicas fermentativas.

Clasificacion de los Lactobacillus:

Grupo |. Especies homofermentadoras estrictas. Comprende

el grupo acidophilus formado por las especies: Lactobacillus
acidophilus, L. amilovorus, L. crispatus, L. gallinarum, L. gasseri y L.
johnsonii. También se incluyen en este grupo otras especies como L.
delbrueckii, L. helveticus, L. jensenii, L. leichmanii y L. salivarius.

Grupo Il. Especies heterofermentadoras facultativas. Las

especies principales de este grupo son L. casei, L. curvatus, L.
plantarum, L. pentosus y L. sakei.

Grupo lll. Especies heterofermentadoras estrictas. Entre

otras, el grupo incluye las especies L. brevis, L. buchneri, L.

cellobiosus, L. fermentum, L. reuteri y L. viridescens.

2.- Bifidobacterium. Las bifidobacterias son microorganismos Gram-
positivos, anaerobios estrictos, inmoviles, no esporulados y, en su
mayoria, catalasa negativos. Su pH 6ptimo de crecimiento se sitla

entre 6,0 y 7,0 y su temperatura (de crecimiento) alrededor de 37°C.
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Presentan una gran variedad de formas (cocoide, con bifurcaciones,
con cadenas estrelladas o extremos espatulados). Su nombre hace
referencia a las formas con dos ramas en Y o V que muestran en
ocasiones. El género estd compuesto por 29 especies, de las que
unas 12 se aislan (se han aislado) del tracto gastrointestinal humano y
el resto proceden de ambientes tan diversos como alimentos, cavidad
oral, (y) tracto gastrointestinal animal, intestino de insectos y aguas
residuales (Tannock, 2005). Las bifidobacterias se distinguen de las
BAL por su alta proporciéon de G+C (>50%). También es caracteristica
del género la presencia del enzima fructosa-6-fosfato fosfocetolasa,
gue conduce a la formacién de acido lactico y acido acético en una

proporcién 2:3 sin generacion de gas.

Estudios realizados en diversas especies, incluida la humana,
demuestran que Lactobacilos y Bifidobacterias inhiben una gran
variedad de patdgenos, incluyendo E. coli, Salmonella, Helicobacter
pylori, Listeria monocytogenes y Rotavirus (Chenoll et al.,, 2011;
Sgouras et al., 2004; Todoriki et al., 2001; Chu el al., 2005; Makras et
al., 2006; Mufioz et al., 2011; Nakamura et al., 2012). Para ganar
ventaja competitiva, las bacterias también pueden modificar su
entorno y hacerlo menos apropiado para los competidores. La
produccion de substancias antimicrobianas, como &cido lactico y
acético, es un ejemplo de esta modificacion del entorno (Schiffrin y
Blum, 2002).

1.2 Mecanismos de accioén de los probiéticos

Los probidticos son cruciales para el bienestar y la salud del
hospedador. Estas bacterias representan una herramienta efectiva en
el control y prevencion de enfermedades (Kim et al. 2006), ya que son
capaces de interferir en el crecimiento y la virulencia de patégenos
(Basu et al. 2007; Lee et al. 2005)
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Los principales mecanismos de accién de los probiéticos incluyen la
mejora de la barrera epidérmica y el incremento de la adhesion a la
mucosa intestinal junto con el efecto de inhibicién de la adhesion de
patdégenos. Ademas realizan una exclusion competitiva con los
microorganismos patdgenos, producen substancias anti-microbianas y
tienen la capacidad para modular el sistema inmunitario (Figura 1)
(Bermudez-Brito et al., 2012).

Las bacterias probidticas son capaces de tratar y prevenir desérdenes
intestinales, reduciendo el pH, potenciando la reparacién de la
mucosa (Hickson et al. 2007) y aumentando la proliferacién de

anaerobios (Apostolou et al. 2001).
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Figura 1. Representacién esquematica de los mecanismos de accién

de los probioticos (Bermudez-Brito et al., 2012).
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1.2.1 Adhesién a la mucosa intestinal

Un requisito indispensable para que se produzca la colonizacién de
las células epiteliales gastrointestinales por parte de los probiéticos es
la adhesién intestinal. Esta adhesion se relaciona con los efectos
beneficiosos de las bacterias probioticas (Castagliuolo et al., 2005) y
ademas es necesaria para que se produzca la modulacion del sistema
inmunitario (Schiffrin et al., 1997; Perdigon et al., 2002) y la

competicion contra los patégenos (Hirano et al., 2003).

Las células intestinales secretan moco, el cual recubre las
vellosidades del epitelio del tracto digestivo y tiene muchas funciones,
entre ellas, proteger al huésped contra la colonizacién bacteriana
mediante la modificacién o la inhibicion de la asociacién bacteriana
con la superficie de la mucosa, pudiendo prevenir la adhesion de
bacterias patdgenas (Collado et al., 2005; Gonzéalez-Rodriguez et al.,
2012; Juntunen et al., 2001). Asi mismo, el moco puede proporcionar
un hébitat idoneo para algunas bacterias y es posible que sirva de
nicho ecolégico tanto para flora comensal beneficiosa o para
microorganismos potencialmente patégenos (Freter, 1984; Neutra
and Forstner, 1988).

Las bacterias acido-lacticas muestran varios determinantes de
superficie (proteinas de superficie) que permiten la interaccién con las
células epiteliales intestinales y con el moco intestinal. Esta
interaccion especifica podria explicar la competencia que se produce
hacia bacterias patdgenas (Beachey, 1981; Wadstrom et al., 1987;
Conway et al., 1989; Henriksson et al., 1991; Coconnier et al., 1992;
Schneitz et al., 1993; Rojas and Conway, 1996; Schiffrin, 1997; Haller
et al., 2001; Ouwehand et al., 2002a; van Tassell y Miller, 2011).
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Otros investigadores demostraron la unién mediante proteinas de
superficie de los Lactobacillus a lineas celulares secretoras de moco
(Coconnier et al., 1992) y que los lactobacilos colonizaban la capa de
moco del intestino delgado de los lechones y que los compuestos
proteicos estaban involucrados en la unién de Lactobacillus

fermentum104R (Rojas and Conway, 1996).

Una de las proteinas de superficie estudiadas es la adhesina,
sintetizada por diversas cepas de Lactobacillus., y al igual que otras
proteinas de superficie, intervienen en la unién a la barrera que forma
la mucosa intestinal (Buck et al.,, 2005). La mezcla de diferentes
probiodticos han demostrado incrementar la sintesis de mucinas de
superficie y la capacidad de modular la expresién génica de la mucina
en la adhesion de células bacterianas al epitelio intestinal (Caballero-
Franco et al., 2007).

El ejemplo mejor estudiado de adhesiébn mucoso-adhesinas
bacterianas y su posterior colonizacion en tracto gastrointestinal, es el
producido por el Lactobacillus reuteri (Hyndnen et al., 2002). Uno de
los mecanismos estudiados es la adhesion de las proteinas de union
al colageno, las cuales se han aislado y purificado de la superficie de
diferentes Lactobacillus reuteri (Roos et al., 1996; Alejund et al., 1991,
Alejund et al., 1994; Styriak et al., 1999). El L. fermentum se une al
moco intestinal gracias a la presencia de proteinas facilitadoras de
union (Henriksson et al., 1991; Rojas et al., 2002).

1.2.2 Exclusién competitiva de microorganismos patégenos

La exclusion competitiva de los microorganismos patdgenos es el
mecanismo mas importante del efecto beneficioso de los probiéticos
(Adlerbeth et al., 2000).

Los mecanismos que una especie bacteriana utiliza para excluir o
reducir el crecimiento de otras especies es variado e incluye: la

creaciéon de un entorno hostil, la eliminacién de puntos de union
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disponibles para las bacterias, la produccién y secrecién de
substancias antimicrobianas y metabolitos selectivos y la competicién
por los nutrientes esenciales (Rolfe, 1991).

Las propiedades de adhesividad especificas relacionadas con la
interaccion entre proteinas de superficie y mucinas podrian inhibir la
colonizacion de bacterias patdégenas y son el resultado de la actividad
antagonista de muchas cepas de probidticos contra patdgenos
gastrointestinales (Servin, 2004). Algunas cepas de Lactobacilos y
Bifidobacterias comparten sitios de unién a carbohidratos con
bacterias entero patogenas (Nesser et al., 2000; Fujiwara et al., 2001),
lo que hace posible la competencia por los lugares de unién a las
células del huésped (Mukai et al., 2002).

1.2.3 Produccién de substancias antimicrobianas

Otros efectos beneficios para la salud que ofrecen los probibticos
incluyen, la formacién de compuestos de bajo peso molecular (< 1000
Da), como los &cidos organicos y la produccion de sustancias
antibacterianas denominadas bacteriocinas (>1 1000 Da).

Los acidos organicos, especialmente acido acético y acido lactico,
provocan una disminucion del pH en el tracto gastrointestinal y esto
tiene un fuerte efecto inhibidor contra bacterias Gram negativas y se
consideraban el compuesto antimicrobiano principal responsable de
la actividad inhibidora de los probiéticos contra los patdégenos
(Alakomi et al., 2001; De Keersmaecker et al., 2006; Makras et al.,
2006). La forma no disociada del acido organico entra en la célula
bacteriana y se disocia dentro de su citoplasma. La eventual
disminucién del pH intracelular o la acumulacién intracelular de la
forma ionizada del &cido organico puede conducir a la muerte del

patégeno (Ouwehand, 1998; Russell and Diez-Gonzélez, 1998).
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Las bacteriocinas actlan de diferentes maneras, destruyendo las
células patégenas o inhibiendo la sintesis de la pared celular (Hassan
et al.,, 2012). La produccion de bacteriocinas confiere a las cepas
productoras una ventaja competitiva dentro de los entornos
microbianos complejos y como consecuencia una actividad
antimicrobiana asociada. La produccion de bacteriocinas podria
permitir el establecimiento y aumentar la prevalencia de las cepas
productoras, asi como, permitir la inhibicién directa del crecimiento de

patégenos dentro del tracto gastrointestinal (O’'Shea et al., 2012).

Algunas cepas de bifidobacterias poseen la capacidad de estimular la
produccion de defensinas por parte de las células epiteliales. Estas
proteinas son activas frente bacterias, hongos y virus, ademéas de

estabilizar la barrera intestinal (Furrie et al., 2005).

1.2.4 Accién sobre el sistema inmunitario

El intestino constituye una pieza clave del sistema inmunitario, por
este motivo el sistema inmunitario intestinal (Stockinger et al., 2011)
representa el mayor érgano inmunolégico del cuerpo, (Artis, 2008) ya
gue contiene la mayor coleccion de células inmunocompetentes del
organismo (Alverdy y Chang, 2008). Para el correcto funcionamiento
del intestino, es necesario que se establezca un equilibrio entre el
sistema inmunitario intestinal y la microbiota (van den Abbeele et al.,
2011). Asi mismos en las primeras etapas de vida, la colonizacién de
intestino por parte de la microflora es esencial para el desarrollo
normal de las respuestas inmunitarias celular y humoral (Hooper y
Gordon, 2001).

El sistema inmunitario intestinal estd compuesto por el tejido linfoide
asociado al intestino o GALT, agregados linfoides en el intestino
grueso y células inmunitarias diseminadas a lo largo de la lamina
propia y del epitelio del tracto gastrointestinal (Cerovic et al., 2009;

Aureli et al.,, 2011), que se encuentran e contacto con el resto del
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sistema inmunitario via nédulos mesentéricos linfoides locales
(Rakoff-Nahoum y Medzhitoz, 2008).

La entrada de sustancias antigénicas de mayor tamafio se produce
por sitios especializados de la mucosa intestinal, las Placas de Peyer
(Singh et al,. 2009). Estas placas estan constituidas por células B,
células plasmaticas productoras de inmunoglobulina (Salzman, 2011),
rodeados de Células T, células dendriticas y macréfagos. (Sipos et al.,
2010). Estas células son esenciales para la modulacién de la
respuesta inmunitaria intestinal (Van Wik & Knippels, 2007) e
inflamatoria o tolerancia (Ishii et al.,, 2010). Su superficie esta
recubierta por algunas células secretoras de moco y unas células
epiteliales con pocas vellosidades, las células M. (microfold) (Lotz et
al., 2007). Las células M transportan antigenos luminales, incluyendo
bacterias (Soloff y Barratt-Boyes, 2010), sin modificarlos y los liberan
intactos en las placas de Peyer (Tezuka y Ohteki, 2010)

Para el correcto funcionamiento y defensa del organismo, el sistema
inmuntario intestinal debe diferenciar entre patégenos y bacterias
comensales (Lee y Mazmanina, 2010), activando mecanismos de
defensa contra patégenos (Westendorf et al. 2010), mientras evita
respuestas inflamatorias hacia las microbiota comensal (Coombes y
Powrie, 2008).

Otra de las células importantes dentro del sistema inmunitario
intestinal, son las células dendriticas. Presentan dos estadios
funcionales: células inmaduras y maduras. Las células inmaduras se
encuentran en tejidos periféricos, y tras detectar productos
microbianos o entrar en contacto con citoquinas pro-inflamatorias, se
transforman en células maduras. En este momento se reduce la
captura de antigenos pero aumenta la capacidad de estimulacién de
células T (LOpez et al,. 2010; Macsonald et al., 2011).

El intestino contiene un gran ndimero de linfocitos, incluso en ausencia

de inflamacion (Atarashi et al., 2011). Existen diferentes poblaciones
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de linfocitos T, los linfocitos T citotdxicos o CD8" y los CD4". Estos
Gltimos se dividen en T cooperadoras o helper y las T reguladoras.
Dentro de las T reguladoras, las mas conocidas son las Thl, son
células inflamatorias, que liberan interferén gamma y el factor de
necrosis tumoral alfa (TNF-a), dando como resultado la activacion de
macrofagos y produccion de IgG (Jutel y Akdis, 2011). Otras son las
Th2 que producen IL-4, IL-6 e IL-13, citoquinas asociadas a la
produccion de inmunoglobulinas y eosinofilia.

Y finalmente las Th17, que juegan un papel importante en la defensa
frente a infecciones producidas por hongos o bacterias (Dubin y Kolls,
2008). Las Thl17 producen IL-17, IL-21, II-22 y TNF-a, que aumentan
las respuesta de neutrdéfilos y la defensa de mucosas aumentando la
expresién de péptidos antimicrobianos (Westendorf et al., 2010).

Las células dendriticas son las Unicas capaces de determinar el tipo

de respuesta: tolerancia, inflamatoria o regulatoria (Ng et al., 2010).

Las bacterias, virus, protozoos y hongos inician la respuesta
inmunitaria innata, la cual induce la activacion de neutrdfilos,
monocitos y macrofagos, células dendriticas, células NK y sistema de
complemento (Neish, 2009). Los receptores reconocedores de
patrones (PRR) son clave en el reconocimiento y control de patégenos
(Willin et al., 2010). Estos receptores se expresan en células
inmunitarias innatas como las células dendriticas, macréfagos y
neutréfilos (Takeichu y Akira, 2010) y se definen por reconocer
especificamente ligandos de macromoléculas microbianas y se unen a
ellos. Estos ligandos son caracteristicos de cada cepa bacteriana que
se denominan patrones moleculares asociados a patégenos (PAMP)
(Kumar et al.,, 2011). Aunque las bacterias sean comensales no
patogénicas, contienen componentes que son reconocidos por el
sistema inmunitario de la mucosa. Existen varios tipos de PRR, y los
més conocidos son la familia de los receptores analogos a Toll (Toll-

like receptors, TLR). Hasta la fecha se han identificado quince TLR en
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mamiferos (Schreibelt et al., 2010). Los TLR 1, 2, 4, 5, 6, 10 y 11 se
expresan en la superficie celular y reconocen PAMP derivados de
bacterias, como componentes de la pared bacteriana. Los TLR 3, 7, 8
y 9 se expresan en vesiculas intracelulares y reconocen acidos
nucléicos de bacterias (Kumar et al., 2011). La activacion de los TLR
en las células dendriticas induce su maduracién, acompafiado de
cambios en la expresion de receptores de quimioquinas que van a
favorecer su movilizacion a los ganglios linfaticos. Las células
dendriticas maduras poseen mayor capacidad de estimular linfocitos
T, por lo tanto la activacion de los TLR sirve de enlace entre la
inmunidad innata y adaptativa (Schreibelt et al., 2010).

Las células dendriticas intestinales trabajan junto a las células M
(Strober et al., 2009) para translocar antigenos luminales a través de
la barrera epitelial y se los entrega a las células dendriticas
subyacentes residentes en las Placas de Peyer y foliculos linfoides
aislados. Desde donde junto a células plasmaticas podran viajar por el
torrente circulatorio y linfatico y seran reclutadas en diversos puntos
efectores como glandulas salivales, lacrimales, tracto respiratorio y los
sitios efectores en la lamina propia del tracto gastrointestinal
(Delcenserie et al., 2008).

Las cepas probidticas de Lactobacillus son conocidas por su
capacidad de prevencion de enfermedades y sus propiedades
terapéuticas (Yan y Polk, 2011). Los probidticos regulan la respuesta
inmune innata y adaptativa mediante la modulacién de las funciones
de las células dendriticas, macrofagos y linfocitos T y B (Vanderpool
et al., 2008; Yan y Polk, 2010).

Aunque los probitticos ejercen sus efectos biologicos de diferentes
maneras y los mecanismos de estos efectos beneficiosos no estan del
todo aclarados, se considera que la inmunorregulacién es uno de los
mecanismos mas importantes (Lopez et al.,, 2010). Los efectos

inmunoreguladores de los Lactobacillus son especificos de cada cepa.
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En consecuencia, en los Ultimos afios, se han llevado a cabo muchos
estudios para detectar los probioticos con efectos inmunomoduladores
(Dongarra et al., 2013; Tsai et al., 2010; Ku et al., 2014).

La activacion de los Toll-like receptors es uno de los mecanismos por
los que los probidticos regulan  diferentes  funciones
inmunomoduladoras, como la sefalizacion TLR9, esencial para
conseguir los efectos antiinflamatorios. Los probidticos pueden
disminuir la inflamacién intestinal a través de: la regulacion a la baja
de la expresiéon de TLR; la secrecion de metabolitos que pueden
inhibir el TNF-a; v la inhibicidon de la sefializacién del NF- kB en los
enterocitos (Goméz-Lorente et al.,, 2010). ElI TLR2 reconoce
peptidoglicanos, que son el componente principal de las bacterias
Gram-positivas, incluyendo el género Lactobacillus. Varios estudios
han demostrado que el TLR2 es necesario para que algunas cepas de
Lactobacillus puedan ejercer sus efectos inmunomoduladores
(Vinderola et al., 2005).

Los lactobacilos y las bifidobacterias probiéticas inducen distintas
respuestas innatas y perfiles de citoquinas que median posteriormente
la respuesta celular T-helper (Chen et al., 2003; Konieczna et al.,
2012; Mileti et al., 2009 Schwarser et al., 2013; Schabussova et al.,
2012).

1.3 Probidticos en la préactica veterinaria

Los probiéticos se han consolidado como una alternativa al uso de
antibiéticos en la prevencion o tratamiento de desérdenes
gastrointestinales ( Ouwehand et al. 2004). Ademas los medicamentos
pueden producir efectos adversos como toxicidad o resistencia
(O’Flaherty et al. 2005). Numerosos estudios muestran la gran utilidad

de las bacterias acido-lacticas como probiéticos en animales.
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Sin embargo, no se puede asumir que todas las bacterias acido-
lacticas posean propiedades beneficiosas. Ademas, cuando se
describe un efecto en una cepa concreta, no se puede extrapolar a las
restantes cepas de la misma especie (Gareau et al. 2010).

A continuacion se enumeraran las indicaciones clinicas mas
importantes en veterinaria.

- diarrea: el tratamiento con probioticos puede reducir la infeccion por
Clostridium difficile, Salmonella spp y Campylobacter spp.(Vahjen etb
al., 2003)

- inmunidad: los lactobacilos pueden alertar el sistema inmunitario y
favorecer el rechazo de microorganismos infecciosos por medio de la
modificacion de parametros inmunologicos como son la produccién de
inmunoglobulinas especificas de tipo A (para defensa de las
mucosas), concentracion de macrofagos, produccion de interferon y
otras citoquinas o en la activacion de la fagocitosis. (Blazer,2001). Un
estudio demostr6 que Lactobacillus murinus  incremento
significativamente los niveles de IgA fecales, demostrando los efectos

potenciales inmunomoduladores ( Delucchi et al., 2014).

- Enfermedad renal crénica: aunque la mayoria de los estudios se
han llevado a cabo en ratas, el uso se podria extrapolar a perros. Las
especies de probidticos productoras de ureasa, pueden hidrolizar la
urea para crear un gradiente de difusidon positivo desde la sangre
hacia el tracto gastrointestinal. 63. (Ranganathan et al., 2005)
-Enfermedad urinaria: se ha estudiado in vitro el uso de Lactobacillus
acidophilus, reduciendo significativamente la concentracion de
oxalato. (Cho, et al., 2015) e in vivo se ha demostrado el uso de
Lactobacillus animalis (Murphy et al., 2009)

- Dermatitis atopica: Kim et al (2015), demostré6 el uso de
Lactobacillus sakei para reducir significativamente la severidad de las

lesiones producidas por la dermatitis atopica canina.
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- Barrera gastrointestinal y pancreatitis: Xu et al. (2006)
demostraron que la suplementacion con probidticos redujo
significativamente la actividad en suero de la amilasa, la alanina
aminotrsanferasa, y las concentraciones de endotoxinas. Los cambios
histiopatologicos en ileon y pancreas se eliminaron significativamente.
El grado de translocacion de bacterias se redujo significativamente, lo
que sugiere que se mejora la barrera gastrointestinal .

Investigadores en otros estuidos obtubieron resulatdos similares.Quin
et al., 2002)

1. 2 MICROBIOTA GASTROINTESTINAL

Una correcta salud intestinal es crucial para el bienestar el huésped,
de lo que se asume que si se produce una alteracién de la microbiota
intestinal, tanto en composicion como en actividad, puede aparecer
diversas enfermedades, tanto en animales como en personas (Harris
et al., 2010; Lee and Hase, 2014; Summa et al., 2012). La microbiota
gastrointestinal es una coleccién compleja de microorganismos, entre
los que se encuentran bacterias, hongos, protozoos, virus y levaduras
(Sommer y Backhed, 2013).

El epitelio intestinal constituye la barrera mas importante de
separacién entre el medio interno y el externo, creando una fuerte
resistencia a la difusién libre de solutos y entrada de patégenos y
antigenos dafinos. Para garantizar el correcto funcionamiento de la
barrera, los espacios intracelulares deben estar correctamente
sellados mediante las uniones celulares. En esta region se han
identificado diversas proteinas de unién a Lactobacillus (Suchodolski
2010).

Estudios filogenéticos basados en el analisis del 16S rRNA estiman
gue el intestino de los mamiferos contiene aproximadamente 10" a

10" microorganismos, alrededor del 10 veces mas que el nimero de
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células que contiene el cuerpo completo (Frank et al., 2007;
Suchodolski et al., 2009; Handl et al., 2011).

En perros, las diferentes regiones anatémicas contienen diferentes
cantidades de microorganismos. En el estobmago varia entre 10*-10°
ufc/g o ml (Benno et al., 1992). En el duodeno y yeyuno se producen
grandes variaciones entre individuos, los contajes pueden ser bajos
(<10° ufc/g o ml) o alcanzar los 10° ufc/g o ml en algunos perros
(Johnston et al., 1993; German et al, 2003). En el ileo y ciego se
encuentran de 10’-10° ufc/g y finalmente en el colon y recto se
encuentran de 10'°-10"" ufc/g (Benno et al., 1992).

Dentro de cada regién anatomica encontramos diferentes grupos
mayoritarios (Figura 2). Los microorganismos predominantes son
Bacteroiedes, Clostridium, Lactobacillus, Bifidofacterium spp vy

Enterobacteriaceae (Grze-skowiak et al., 2015).

Jejunum, ileum
Lactobaallus

(a)

/
\ [ ¥
| /
—e \ / /
Skin ———— \ g
Protecbacterio o 6___
Owalcbacteriacens
= IneLitrable
} ." l\ \‘ Urogenital tract
f Loctobacillus
J/ /

Fig. 2. Microorganismos mayoritarios del tracto gastrointestinal canino
(Grze-skowiak et al., 2015).

1.3 MICROBIOTA VAGINAL DE LA PERRA

La mucosa vaginal esta también colonizada por una microbiota que
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vive en un estado de equilibrio con el hospedador y que parece jugar
un papel importante en la resistencia a cualquier tipo de infeccién o
alteracién (Bjurstrém y Linde-Forsberg, 1992; Noguchi et al., 2003).

Los microorganismos diagnosticados en la microbiota vaginal de
perras sanas son muy variados y es frecuente aislar microorganismos
aerobicos como Escherichia coli, Streptococcus sp. (a i B-hemoliticos),
Staphylococcus sp., Pasteurella multocida, Proteus mirabilis, Bacillus
sp., Micoplasma sp., (Hirsh y Wiger, 1977; Olson y Mather, 1978;
Allen y Dagnall, 1982; Baba et al., 1983; Duijkeren, 1992; Stornelli et
al., 2000; Root Kustritz, 2006; Maksimovi¢ et al., 2012) y en menor
frecuencia encontramos también cultivos mixtos con Corynebacterium
sp., Pseudomones sp., Micrococcus sp., Nisseria sp., Klebsiella sp. y
Moraxella sp. (Hirsh y Wiger, 1977; Olson y Mather, 1978; Allen y
Dagnall, 1982; Gunay et al., 2010). Aunque algunos de estos
microorganismos citados son potencialmente patégenos no se han
encontrado diferencias entre los microorganismos aislados en perras
sanas y perras infértiles (Olson y Mather, 1978; Root Kustritz, 2006).
Se consideran bacterias oportunistas que pueden causar problemas si
por algin motivo se producen lesiones, alteraciones de pH vaginal,
inmunodeficiencia general, cambios hormonales, tratamientos con
antibiéticos, entre otros (Osset Lladonosa, 2003; Rodriguez, 2007;
Delucchi et al. 2008).

En la mayoria de las citologias vaginales de perras en proestro y estro
es facil identificar bacterias vaginales (Groppetti et al., 2012). En el
celo y estimulado por los estrogenos, el epitelio de esta mucosa,
compuesto por células ricas en glucégeno, se exfolia y subministra un
substrato idoneo para los lactobacilos que forman parte de la
microbiota local. Estas bacterias se multiplican activamente y
producen gran cantidad de acido lactico que acidifica el medio hasta

un pH de 4,0 y peréxido de hidrégeno (H,0,) con capacidad
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bacteriostatica o bactericida, ejerciendo de este modo un mecanismo
antimicrobiano muy eficaz. Ademas, los lactobacilos se adhieren a
receptores de las células epiteliales vaginales previniendo la
adherencia de patdégenos potenciales (Rodriguez, 2007; Deluchi et al.,
2008; Reid et al., 2009). Un mecanismo inmunitario importante en les
superficies mucosas, y en todas las secreciones, en este caso
urogenitales y orina, son las inmunoglobulinas A (IgA) que també
previenen la colonizacién de posibles patdgenos al bloquear las
adhesinas bacterianas o viricas de les células epiteliales (Rodriguez,
2007).

Munnich y Kichenmeister (2014) ponen de manifiesto los posibles
efectos negativos de las bacterias que habitualmente encontramos en
la mucosa vaginal de una perra sana, sobre la misma hembra y sus
neonatos, los cuales, se contaminan durante su paso por el canal del
parto. Estos autores concluyen que, dentro de las causas infecciosas,
las infecciones bacterianas son la causa méas comun de mortalidad en
neonatos, y que les principales bacterias que se aislan en cultivos de
estos neonatos, son las mismas que podemos encontrar como

microbiota normal en la mucosa vaginal.

1.4 MICROBIOTA DE LA LECHE

Hasta hace poco se pensaba que la colonizacién del intestino de los
recién nacidos empezaba gracias a la contaminaciéon con la flora
vaginal y fecal de la madre en el momento del parto vaginal (Mackie et
al., 1999; Tannock, 1995)

El dogma que el intestino es estéril al nacer, ha sido rechazado ya
que muestras de meconio (Jiménez et al., 2008) de sangre de corddn
umbilical (Jiménez et al., 2005), de placenta (Satokati et al., 2005) y
de liquido amnidtico (Romero et al., 1993) evidencian la presencia de

bacterias.
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En la especie humana es donde encontramos mas estudios que
demuestran la estabilidad y diversidad de la microbiota de la leche
(Backhed et al., 2005; Dethlefsen et al., 2006; Eckburg et al., 2005;
Egert et al., 2006). En el hombre, el consumo de 800 ml/dia supone
una ingesta de 10°-10 de bacterias comensales (Martin et al., 2003) y
se considera la flora fecal un reflejo de la composicion bacteriana de
la leche materna (Heikkila y Saris, 2003). La leche maternal constituye
una fuente de probidticos que pueden colonizar el tracto intestinal de
los bebes y modular su funcién (Lara-Villoslada et al., 2007a; Lara-
Villoslada et al., 2007b; Martin et al., 2004; Martin et al., 2003).

La leche materna incluye diversas especies predominantes, como
Staphylococci, Streptococci, Micrococci, Lactobacilli, Enterococci,
Lactococci y Bifidobacteria (Gueimonde et al., 2007; Martin et al.,
2009; Martin et al., 2004; Martin et al., 2003; Pérez-Cano et al., 2010;
Solis et al., 2010). Se considera que el origen de estas bacterias es
enddgeno, desde el intestino materno a la glandula mamaria tras la
translocaciéon a través del epitelio intestinal. La translocacién de
bacterias viables y muertas, desde el intestino hasta tejidos fuera del
intestino, especialmente tejido linfoide asociado a intestino (GALT), es
normal y fisiolégicamente beneficioso para la estimulacién inmunitaria.
(Guamer y Malagelada, 2003; MacFie, 2002; Wiest y Rath, 2003). Las
bacterias se transfieren desde el intestino a la glandula mamaria
durante las Ultimas etapas de la gestacion y durante la lactacién, a
través de la via entero-mamaria (Martin et al., 2004; Pérez et al.,
2007). Esta via endogena utiliza células epiteliales denominadas M
(micropliegues, microfolds). Tal como se ha citado anteriormente, las
células M son capaces de absorber y transportar las bacterias, para
gue sean procesadas y presentadas a las células linfoides
subepiteliales (Man et al., 2008; Owen, 1999) y a las células
dendriticas y macréfagos (Martin et al., 2004; Pérez et al., 2007).
Aungque no hemos encontrado estudios en perros, asumimos que al

tratarse de mamiferos entre estos se comparten patrones fisioldgicos,
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por lo que lo anteriormente descrito se podria extrapolar a perros. En
el estudio de Martin et al. (2010) se aislaron Lactobacillus de la leche
de perras lactantes y se evalud el potencial probiético de diferentes
cepas de Lactobacillus. En este estudio se aislaron dos cepas:
Lactobacillus reuteri y Lactobacillus fermentum, las cuales poseian
potencial probidtico ya que exhibian wuna alta capacidad
antimicrobiana, altos ratios de supervivencia, actividades enzimaticas
deseables como la produccion de a-glucosidasa. Ademas, estas dos
cepas no degradaron mucina y el MICs de diversos antibiéticos se
mostraba dentro de los valores recomendados por EFSA (Martin et al.
(2010).

Considerando la importancia de la lactacion y los mecanismos por los
cuales la leche es una fuente de bacterias acido lacticas, a partir de
estas dos cepas aisladas, Lactobacillus reuteri y Lactobacillus

fermentum, se realiz6 la siguiente tesis doctoral.
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OBJETIVOS

El presente trabajo de investigacion tiene como objetivo general
estudiar el efecto probidtico de las cepas Lactobacillus reuteri
CECT7266 y Lactobacillus fermentum CECT7265 obtenidas de leche
de perra.

El objetivo general se subdivide en los siguientes objetivos

especificos:
1. Estudiar el efecto de la suplementacién oral de las cepas sobre la
evolucién de la flora fecal y de marcadores del sistema inmunitario,

en cachorros.

2. Investigar la transferencia de las cepas administradas oralmente a

la leche de hembras lactantes y a sus cachorros.

3. Evaluacion de la colonizacion vaginal de las dos cepas estudiadas

tras la suplementacion oral en hembras sanas.
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lll. CAPITULO 1

EFFECT OF FOOD SUPPLEMENTATION
WITH LACTOBACILLUS REUTERI
CECT/7266 AND LACTOBACILLUS
FERMENTUM CECT7265 IN HEALTHY
PUPPIES.
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1. EFFECT OF FOOD SUPPLEMENTATION WITH
Lactobacillus reuteri CECT7266 AND Lactobacillus fermentum
CECT7265 IN HEALTHY PUPPIES.

1.1 INTRODUCTION

The vertebrate gastrointestinal tract is home to a vast
collection of microbial, mostly bacterial, species, which is referred to as
the gut microbiota. Comparisons of the characteristics of germ-free
animals and those of conventional animals have clearly demonstrated
that the gut microbiota has considerable influence on host
biochemistry, physiology, immunology, and high-level resistance to gut
infections (1, 2, 3). The use of probiotic strains (particularly lactobacilli
and bifidobacteria) is being promoted in humans as a mean to balance
the gut microbiota and to exert preventive and therapeutical effects.
Beneficial effects on gastrointestinal disorders, infections, chronic
inflammation or allergic diseases have been attributed to probiotic

treatments in humans (4).

Similarly to what has been observed in humans, composition
of dog intestinal microflora also shows a large individual variability and
may also depend on diet composition. Diets rich in fermentable
carbohydrates lead to a higher number of lactic acid bacteria and
bifidobacteria (5). Nevertheless, the direct administration of probiotics
has been shown to be more effective than the use of diet manipulation
or prebiotic administration in the rapid modulation of the intestinal
microbiota. In this sense, probiotics are now also being used in
domestic animals in order to improve the animal health. Different
authors have proposed that native probiotic strains could be well
adapted to the target ecological niche (6), however the commercial
probiotic products for dogs are not usually of canine origin. In a

previous study, it was shown that Lactobacillus rhamnosus GG, a
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human isolate, survived gastrointestinal transit in dogs but fecal

colonization was less efficient than in humans (7).

In order to use probiotic bacteria of canine origin, different
bacterial strains have been isolated from canine feces (8, 9). Although,
species such as L. reuteri, L. fermentum or L. animalis have already
been tested as canine probiotics (7, 10, 5), their efficacy and
commercialization has been limited due to technical issues. For this
reason most of the probiotics used for dogs contain the more resistant
specie Enterococcus faecium which has been shown to produce a
beneficial effect and stability (11). However, the safety of this specie in
humans has been questioned and in fact Enterococcus spp. have not
been added to the QPS list (Quality Presumption of Safety) published
by EFSA (12).

Human milk has been demonstrated to be a source of lactic
acid bacteria with excellent probiotic potential (13). Recently, it has
been demonstrated that canine milk also contains lactic acid bacteria
with probiotic potential that could be used in canine application (14).
Several Lactobacillus species (L. reuteri, L. fermentum, L. animalis, L.
murinus, L. johnsoni) were identified in that study. Lactobacilli
belonging to the same or closely related species have been frequently
isolated or detected in canine feces (15, 16) and, interestingly, seem to
be dominant in suckling puppies, even 1 day after birth (17). The
lactobacilli pattern of canine milk seems to be host-specific, a finding
that has also been reported for human milk (18), canine feces (19, 20)
and feces of lactating piglets (21). In addition, this pattern seems to be

restricted to a low number of Lactobacillus species.

Two strains isolated from canine milk, L. fermentum
CECT7265 and L. reuteri CECT7266, were selected based on their
higher probiotic potential. These strains are endowed of properties

such as mucin adherence and resistance to gastrointestinal conditions

36



which are prerequisite to be considered probiotic strains. In addition to
this, both strains displayed high antimicrobial activities and
imunomodulatory properties in in vitro assays that could results in

beneficial effects on canine health (14).

In this context we have carried out a study in healthy dogs with
the aim of evaluating the effects of the inclusion of both probiotic
strains, L. fermentum CECT7265 and L. reuteri CECT72686, in diet.

1.2 MATERIAL AND METHODS
1.2.1 Animals and diet.

Thirteen Beagle puppies (14 weeks of age) were included in
the study. Puppies were purchased from the Service for the Animal
Science of Cérdoba (University of Cérdoba, Spain) and housed in the
Service for the Animal Science of Granada (University of Granada,
Spain). Guidelines for the care and use of animals were followed as
described (Institute of Laboratory Animal Resource Commission of Life
Sciences, 1996) and approved by the ethical committee of the

Granada University.

The study design was a blind (for the investigators), cross-over
study. Puppies were randomly distributed into two groups: group A
with 3 male and 3 female dogs (n=6) and group B with 4 male and 3
female dogs (n=7). Puppies were housed in three subgroups of 3
animals and one subgroup of 4 animals in indoor/outdoor kennel runs.
Each subgroup consisted of puppies in the same treatment group and
same gender. Housing in groups provided the puppies with social
interaction. Five days at week, each group of puppies was taken for a
walk for 20 minutes. Their health status, growth and behavior were
weekly evaluated by a veterinarian. Puppies consumed fresh water
and food ad libitum. The consumption of food was recorded each two

days and body weight recorded every week. The control group
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received a commercial extruded dry dog food (Advance medium
puppy, Affinity Petcare). The probiotic group received the same dry
dog food supplemented with L. reuteri CECT7266 and L. fermentum
CECT7265 at a dose of 1x109cfu/kg of each strain. These diets were
also prepared by Affinity Petcare in their installations following identical
industrial process. Dogs in group A started the study with the diet
supplemented with the Lactobacillus strain and group B received a
control diet. After 4 weeks of treatment and two weeks of washout with
normal diet, group B changed to the supplemented diet and group A
received the control diet during another 4 weeks. At the beginning and
at the end of each period of treatment, feces and blood samples were

collected.
1.2.2 Collection of blood and fecal samples.

After an overnight fast lasting at least 10 hours, blood samples
were taken from dogs just before and after the treatment period and
analyzed for complete blood count or immune markers. Complete
hemogram and biochemistry were carried out in serum samples. Major
leukocyte subset phenotypes were counted in EDTA-treated whole-
blood samples via flow cytometry on a FACScalibur (Becton
Dickinson, Oxford, United Kingdom) by using the corresponding
fluorochrome-conjugated monoclonal antibodies supplied by ABD
serotec. The results were expressed as the percentage of

mononuclear cells that stained positively.

Fresh fecal samples were collected at the same time as blood
samples and placed into pre-weighted bottles. Samples were

homogenized in a peptone-saline solution (100mg/ml) within 12 h.
1.2.3 Counts of fecal bacterial groups

To estimate the concentration of selected bacterial groups,

appropriate dilutions were spread in quadruplicate onto plates of MRS
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agar for lactobacilli, MRS agar supplemented with 0.5mg/L dicloxacilin,
1g/L LIiClI and 0.5g/L L-cysteine hydrochloride for bifidobacteria,
reinforced clostridial agar containing 10 Clg/mL of polimixin
and bile aesculin agar for bacteroides. All media were obtained from
Oxoid (Basingstoke, UK) whereas antibiotics and other supplements
were obtained from Sigma Chemical Co. (St Louis, MO). Culture
plates were incubated in absence of oxygen at 37°C for 24 to 48
hours. Similarly, 1mL of suitable dilutions was spread onto specific
count plates petrifilm (3M St Paul, MN) for total aerobes and for
enterobacteria enumeration. Plates were incubated at 37 °C for 24
hours. After the incubation, the specific colonies grown on the
selective culture media were counted and the number of viable
microorganism per gram of feces (cfu/g) was calculated. The mean
and standard error per group were calculated from the log values of
the cfu/g. The remaining supernatants were stored at -80°C to

measure fecal IgA concentration.
1.2.4 Quantification of short chain fatty acids

The concentration of short chain fatty acids (SCFAs) in the
fecal samples was quantified according to the method described by
Rodriguez-Cabezas et al. (2002).( 22) In short, fecal samples were
homogenized with 150 mM NaHCO3 (pH 7.8) (1: 5, wt/v) in an argon
atmosphere. Samples were incubated for 24 h at 37°C and stored at
80°C until the extraction. To extract the SCFAs, 50 AL of 100 mM 2-
methylvaleric acid (internal standard), 10 AL of sulfuric acid and 0.3 ml
of ethyl acetate were added to 1 ml of the homogenate. The mix was
centrifuged at 10,000 g for 5 min at 4°C. The supernatants were
dehydrated with sodium sulphate (anhydrous) and centrifugated
10,000 g for 5 min at 4°C. Later, the sample (0.5 ml) was splitless
inoculated into a gas chromatograph (mod. CP-3800, Varian, Lake
Forest, CA) equipped with an ID (CPWAX 52CB 60 m0.25 mm), and

connected to a FID detector (Varian). Helium was used as the carrier
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and the makeup gas, with a flow rate of 1.5 ml/min. The injection
temperature was 250°C. Acetate, propionate and butyrate
concentrations were automatically calculated from the areas of the
resulting peaks using the Star Chromatography WorkStation program
(version 5.5), which was connected on-line to the FID detector. The
supernatants obtained after the homogenization of the fecal samples
were used to measure the fecal pH and the ammonium concentration
in a pH-meter (mod. GLP21-21, Crison, Barcelona, Spain) equipped
with electrodes for pH and ammonium (mV) measurements. The water
content of the feces was calculated by the difference between fresh
and dried samples. Fecal enzymatic activities were determined using

the APlzym strip system (BioMerieux, Lyon, France).
1.2.5 Quantification of water content

Fecal samples with a known weight were introduced into a
heater for 72 hours at 60°C to eliminate the remaining water.

Percentages of water content of the samples were calculated.

1.2.6 Inhibition of pathogen adhesion to mucins by fecal

water samples.

The adhesion of bacteria was determined according to the
method described by Cohen and Laux (23) with some modifications. In
short, 100 [l of a solution (1m
MO, USA) in HEPES-buffered Hanks salt solution (HH) was
immobilized in polystyrene microtiter plates (Maxisorp; Nunc, Roskilde,
Denmark) after overnight incubation at 4°C. The wells were washed
twice with 250 Ol of HH. In a pe
Salmonella cholerasuis CECT4155 were grown overnight at 37°C in
Lysogeny broth (Oxoid, Basingstoke, UK) and the bacterial pellets
from 1 ml fractions were obtained by centrifugation and washed with
HH. Then, 10 [l of 10 mM carbc
the pellets and the bacterial suspensions were incubated for 20 min at
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37°C. Subsequently, the bacterial cells were washed 3 times with HH

and, finally, re-suspended in 1 ml of HH. Then, a suspension of 50 [l

of the fluorescent-labelled bacteria (~ 5x10"cfu/ml) and 50 Ol fecal
supernatant (100mg/ml) was added to each well. After incubation for 1

h at 37°C, the plates were washed twice with 250 [l of HH to remove
unattached cells, and incubated for 1 h at 60°C in the presence of 50

[l of 1% sodium dodecyl sulphate (SDS}NaOH (0.1 mol/liter) to

release and lyse bound microorganisms. Fluorescence was measured

in a fluorescence microplate reader (Tecan Austria GMBH, Salzburg,

Austria). Adhesion was assessed as the percentage of the
fluorescence retained in the wells after the washing steps by
comparing it to that present in the labelled bacterial aliquots originally

added to the wells.
1.2.7 Total immmunoglobulin measurements

Total IgA, 1gG and IgE concentrations in plasma and total IgA
concentration in feces were measured by ELISA quantitation Kkits
(Bethyl, Montgomery, TX) following manufacturer's recommendations

in both cases.

1.3 RESULTS
1.3.1 Tolerance and Clinical observations

During the experimental protocol, no noticeable activity or
behavioral changes were observed in the animals. The health status of
the puppies throughout the study was normal. Blood cell count,
hemogram and serum biochemistry parameters were within the normal
ranges. Food intake and body weight did not differ between the two

groups during the trial (Table 1). In the second part of the cross-over
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the animals reached the adult weight so their body weight did not

increase as much as during the first part of the cross-over.
1.3.2 Intestinal parameters.

The main bacterial groups in feces were analyzed and results
of concentrations are included in Table 2. The consumption of the
supplemented diet for 4 weeks led to a significant increase in the
number of fecal lactobacill. However, a significant decrease was
observed in the control group. The probiotic treatment also induced a
significant decrease in the amount of the enterobacteria. Other
components of the microbiota, such as bifidobacteria, bacteroides and

clostridia were not significantly altered.

The ability of the fecal microbiota to produce SCFAs such as
butyric, propionic and acetic acids was measured. A significant
increase was observed in the capability to produce butyric acid at the
end of the treatment with the diet supplemented with the lactobacillus
strains (Table 3).

Regarding the consistency of feces, a significant decrease
was observed in the water content in feces after the 4 weeks of
treatment. However, differences were not statistically significant with
respect to the control group (Table 3). No symptoms of constipation or

soft stools were detected during the study.

The capability of fecal water to inhibit the adhesion of an
intestinal pathogen (Salmonella) to mucins was tested in vitro. The
consumption of the diet containing probiotic strains induced a
significant increase in the in vitro capability of fecal water of dogs to

inhibit the adhesion of the pathogen bacteria to mucins (Figure 1).
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1.3.3 Immunological parameters.

All the leukocyte populations analyzed by flow cytometry
showed values within the normal ranges. A significant increase in the
proportion of T and B lymphocytes after the probiotic treatment was
observed. However, a trend was also observed in the control group
(p=0.07). No significant differences were observed between control
and probiotic group in the proportion of the rest of the population
measured: total lymphocytes, B lymphocytes, T-helper lymphocytes,
Cytotoxic T lymphocytes and Natural Killer cells (Table 4).

The percentages of mononuclear cells of blood samples
showing phagocytic activity in vitro increased significantly after 4

weeks of probiotic treatment (Figure 2).

The humoral response was also evaluated through
measurement of immunoglobulin production. Data showed a
significant increase in the plasma concentrations of IgG after probiotic
treatment and in comparison with the control group. The concentration
of fecal IgA was also measured in fecal supernatants but no

differences were detected between times and treatments (Table 5).

1.4 DISCUSSION

L. fermentum CECT7265 and L. reuteri CECT7266 are two
strains isolated from canine milk. In order to exert health-promoting
probiotic effects, it is considered important for probiotic strains to
survive the environment in the animal’s gastrointestinal tract. Previous
characterization of the probiotic potential of both strains showed that
both strains are able to resist low pH values and bile salt concentration
and are also able to adhere to intestinal mucins. The oral
administration of both probiotic strains to healthy dogs during four

weeks induced a significant increase of lactobacilli that could be
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directly related with the presence of the bacteria in the feces of the
animals. These results contrast with a decrease in this bacterial group
during the control periods.

An increase in lactobacilli in microbiota can also affect other
bacterial groups due to changes in pH of the enviroment, the
production of antibacterial substances or prebiotic substances,
competition for nutrients or adhesion etc. These phenomena can both
promote or interfere in the colonization of other bacterial groups. The
diet containing the probiotic strains also induced a significant decrease
in enterobacteria, improving the proportion of beneficial bacteria in
microbiota which could help to maintain a healthier intestinal

enviroment.

These changes in the compostion of the microbiota were
accompanied by changes in the concentration of SCFAs and intestinal
environment. These fatty acids are produced by fermentation of
carbohydrates by bacteria in the intestinal lumen and perform
important functions such as carbohydrate and lipids metabolism,
control of the colonic pH, maintenance of the integrity of the colonic
mucosa, intestinal motility or absortion (24, 25, 26). Butyrate is the
main energy source of colonocytes essential for a correct intestinal
function. Although lactobacilli does not directly produce butyrate, an
increase has been previously reported in this SCFA after Lactobacillus
consumption (27) that could promote the proliferation of producer
bacterial groups, and metabolites produced by lactobacilli can even be
used by other bacteria to produce butyrate (27, 28) Also, a higher
concentration in SCFAs could induce a decrease in pH that would
favour the presence of lactic acid bacteria and would interfere with the

growth of potential pathogens.

Probiotic bacteria protect the gut from bacterial infection
through different mechanisms including the production of antibacterial

substances and competing for adhesion to intestinal mucosa. The first
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step in the intestinal infection by pathogen bacteria is the adhesion to
the mucus. The preventive effect of probiotics against pathogen
adhesion involves not only competition for adhesion but also the
production of compounds that affect the pathogen interfering with its
adhesion. L. fermentum CECT7265 and L. reuteri CECT7266
previously showed high antibacterial activity in in vitro assays (14). In
this study the fecal water of animals after probiotic administration also
inhibited the in vitro adhesion of Salmonella to mucins, demonstrating
their antibacterial capabilities and suggesting the presence of
antibacterial substances in fecal water promoted by the probiotic
strains. The normal composition of dog intestinal microbiota can be
altered by stressful conditions, such as weaning, dietary changes or
antibiotics administration. These changes can induce gastrointestinal
disorders or intestinal infections. The oral administration of L.
fermentum CECT7265 and L. reuteri CECT7266 to healthy dogs
improves the composition and other intestinal parameters that may be
a valuable tool to improve the animal health and prevent

gastrointestinal disorders.

The probiotic treatment seems to reinforce the adaptive
immune system maturation that occurs during the normal growth of the
animals, increasing the proportion of T lymphocytes after the probiotic
treatment. However, a trend is also observed in the control group,
suggesting that the increase can not only be attributed to the probiotic

treatment.

The percentages of mononuclear cells of blood samples
showing phagocytic activity in vitro increased significantly after 4
weeks of probiotic treatment, suggesting an improvement in the innate

immune response.

The effect of probiotic strains on the immune system has been

extensively studied in humans given its importance in the modulation
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and even maturation of the immune response (29, 30, 31). This
immunological effect has been related with the preventive effect of
probiotics against infections or their effect on allergy and inflammatory
diseases (32, 33, 34, 35) However, only a few studies have been
carried out in dogs. In this study, the analysis of immunological
parameters showed a significant improvement in both innate and
specific immune response. The phagocytic activity of monocytes was
significantly higher after probiotic treatment. This effect has been
previously observed for other probiotic strains in humans (31, 36). In
dogs, a preparation of Enterococcus faecalis also induced the
activation of phagocytic activity of monocytes (37). However, the
bacteria were administered dead, so the effect could differ from that
provoked by the live bacteria. The role of the activation of antigen
presenting cells in the immunomodulatory effect of probiotics has been
extensively studied (38). Monocytes and macrophages, together with
dendritic cells, play a crucial role in the innate immune response
against microbial antigens, which in turn leads to activation of the
adaptive immune system (39). These cells recognize conserved
molecular patterns of bacterial components through Toll-like receptors
(TLR) leading to the activation of a variety of transcription factors
which triggers the production of cytokines (40). Although the increase
in phagocytic function was induced by non-pathogen bacteria, a
pathogen could be recognized by these cells in a higher number and
more effective way. These results agree with the in vitro capability of
both strains to activate macrophages, inducing the release of
cytokines involved in the triggering of the immune response in human
(41).

With regard to the adaptative or adquired immune response, a
significant increase in the plasma IgG after probiotic diet was
observed. IgG, the most prevalent class of antibody, is produced in
greater amounts when a particular antigen is encountered again,

called the secondary immune response. The secondary immune
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response is faster and the antibodies produced, mainly IgG, are more
effective. 1gG protects against bacteria, viruses, fungi, and toxic
substances. The improvement in the humoral response induced by
probiotic treatment has been related with the protector effect of
probiotics against infectious diseases (32, 33). Moreover, it has been
suggested that some probiotic strains with this immunoenhancing
capability could be used as coadjuvants in the vaccination process
(31, 42). Similarly, a strain of Enterococcus faecium induced an
increase of distemper virus vaccine specific IgG in previously

vaccinated dogs (11).

The normal microbiota constitutes the first line of defense
against pathogenic microorganisms and, although the underlying
mechanisms are far from totally elucidated, it seems that the
production of a physiologically restrictive environment, production of
antimicrobials, competition for the same substrates, and/or for
adhesion to mucin, may play an important role in this protective effect
(43). Moreover, the interactions that occur in the gastrointestinal tract
between microbiota, epithelial cells and immune system reinforce the
host defense system against pathogens (44, 45). In fact, there is
increasing evidence that some probiotic strains exert a positive effect
in the prevention and/or treatment of a variety of infectious and
inflammatory gastrointestinal diseases (46, 47, 48, 49). In this report
we have demonstrated that the administration of two Lactobacillus
strains isolated from canine milk improves both intestinal and immune
system. Although more studies must be carried out, these results
suggest that the administration of L. reuteri CECT7266 and L.
fermentum CECT7265 may be a valuable tool to improve the animal
health.
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Table 1: Weight gain of growing and food intake.

Weight Diet consumption
increase (kg)! (g/day)

Control B 1.5+0.6 282.1
Probiotic A 1.8+0.4 281.2
Control A 0.9+0.5 265.7
Probiotic B 0.9+0.5 255.8

T values are mean + SD

Table 2: Fecal microbiota of puppies after control and probiotic periods

at the beginning and at the end of the treatment 4 weeks after.

Control Probiotic
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Bacterial group Initial Final Initial Final

(log cful/g feces) count count count count
Lactobacilli 7.610.1 6.840.3* 7.3+0.2  7.7+0.5%
Bifidobacteria 7.5+0.1 7.0£0.5 7.2+0.2 7.4+0.2
*%
Enterobacteria 6.5+0.6 6.1£0.3 6.8+0.5 5'51#?'2
Clostridia 5.5+0.3 6.1+0.5 6.2+0.2 6.1+0.2

Bacteroidaceae 6.6+£0.2 6.8+0.3 6.8+0.2 6.4+0.2

! Values are mean + SEM of log cfu/g feces.

*statistically significant difference, p<0.05 with respect to initial count;
** statistically significant difference, p<0.01 respect to initial count
# statistically significant difference, p<0.05 with respect to control

group;

Table 3: Effects of probiotic treatment on fecal concentration of short
chain fatty acids (SCFA) '
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Control Probiotic

TO T 4 week: TO T4
weeks
Short Chain
FattyAcids (mg/L)

Acetic acid 1.26+0.2 1.28+0.0 1.05+0.7 1.17+0.0.
Propionic acid 0.60+0.0 0.64+0.0 0.56+0.0 0.57+0.0
Butiric acid 0.50+0.0 0.54+0.0 0.46+0.0 0.52+0.0*
66.5+1.8 62.31+2.4

Water content (%)  68.3+1.5 66.6+2.4

*

! values are mean + SEM

*statistically significant difference, p<0.05 with respect to initial value

Table 4: Effects of probiotic treatment on leukocytes proportion in

dog’s blood *.
Control Probiotic
Percentage of Initial Final Initial Final
lymphocyte count count count
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subsets count

T lymphocytes 46.5+4.5 52.0+2.3 46.0%3.6 54.6+1.8*
B lymphocytes 227415 25.7+1.5% 20.4£1.4 24.1+1.3*
T helper 31.78+2.20
30.82+3.0 32.24+2.4 29.79+2.1
lymphocytes
T cytotoxic 11.67+0.8
12.25+1.3 11.230.9 11.720.9
lymphocytes
Natural Killer 5.15+0.6 4.67+0.6 4.48+0.4 4.14+0.5

T values are mean + SEM

*statistically significant difference, p<0.05 with respect to initial value

Table 5: Effect of probiotic treatment on plasma concentration and

fecal concentration of immunoglobulins *.

Control Probiotic

Immunoglobulins  TO T 4week: TO T 4 weeks
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Plasmatic [s]€ 15.3+1.3

15.8£2.0 16.8£1.3  19.3:1.3*
(mg/mL)
Plasmatic IgE 375.6+19.7

95 34741156 359.3+15. 3626+105

(ng/mL) 0
Plasmatic IgA 40.7+4.5

41.6 £3.1 42.1+2.4  43.623.1
(ng/mL)
Fecal IgA (mg/g) 4.21+1.0 293+0.8  4.05+0.6 3.30+0.6

! values are mean + SEM
*statistically significant difference, p<0.05 with respect to initial count;

# statistically significant difference, p<0.05 with respect to control
group;

Figure Legends:

Figure 1: Effect of fecal water of dogs on the adhesion of fluorescent
S. cholerasuis on hog mucin under conditions of competition. Results

are expressed as the mean (+tSEM) of the percentage of fluorescence
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recovered from the wells in absence of fecal water with respect to that
found in the lactobacilli-containing wells after incubation. Probiotic
group (grey bars) and control group (white bars). *statistically
significant difference, p<0.05 with respect to initial value; # statistically

significant difference, p<0.05 with respect to control group.

Figure 2: Monocytes and granulocytes cells were differentiated by size
and complexity by flow cytometer. Phagocytic activity of monocytes
before and after 4 weeks of treatment is expressed as the mean
(xSEM) of the percentage of leukocytes cells containing
fluoresceinated E. coli after in vitro incubation of the bacteria with fresh
blood. Probiotic group (grey bars) and control group (white bars).
*statistically significant difference, p<0.05 with respect to initial value; #

statistically significant difference, p<0.05 with respect to control group.

Figure 1 Test of in vitro capability of fecal water to inhibit the

adhesion of Salmonella to mucins.

Probiotic Control
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2. LACTOBACILLUS TRANSFER TO DOG'S MILK THROUGH
ORAL INTAKE
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2.1 INTRODUCTION

The importance of bitch milk in the development of puppies is
unquestionable. Dog’s milk provides all the essential nutrients needed
to support life and growth of newborn puppies. Bitches produce a
concentrated milk containing 16-21% total solids, 8-12% fat and 7-10%
protein (1, 2, 3). In addition, the newborn also receives nucleotides,
immunoglobulins, cytokines, immune cells, lysozyme and other
immuno-modulatory factors (4, 5, 6, 7, 8).

Intestines are highly permeable for the first 24 to 48 hours,
allowing the absorbtion of intact milk constituents into the blood stream
(9). The immune status of the newborn puppy depends entirely on
colostrum ingestion (10), 90-95% of all circulating immunoglobulins
after closure of the intestinal barrier, originate from the colostrum (11).
Deprived colostrum intake leads to a deficit in the transfer of passive
immunity, associated with higher mortality and morbidity rates in
puppies (12).

Mother's milk is also a source of bacteria. Bacteria commonly
isolated from breast milk of healthy women have included
Staphylococci,  Streptococci, Lactobacilli,  Bifidobacteria  and
Enterococci (13, 14, 15, 16, 17, 18). This agrees with works which
indicated that commensal staphylococci and streptococci were the
predominant bacterial species in breast milk (19, 20) The bacterial
composition of the infant fecal flora reflects the bacterial composition
of breast milk (14, 16, 18).

Human breast milk has been shown to be a source of probiotic
lactic acid bacteria to the infant gut (21, 22, 23, 24, 25). In humans, it
has been estimated that an infant consuming 800 mL milk per day will
ingest about 1 x 10°-1 x 10’ commensal bacteria (21). How milk
intake (approximately 81+13 ml/day in a beagle puppy (26) affects the
microbiota of the puppies has not been studied. But the presence of
lactobacilli in canine milk has been described (26) in a concentration of
1.3-6.1 x 10%
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The objective of the current study was to investigate the
transfer of an oral probiotic containing Lactobacillus reuteri CECT7266
and Lactobacillus fermentum CECT7265 to dog’s milk (27). The
probiotic was orally administered during the second half of gestation
and throughout lactation. The hypothesis was that the same probiotic

strain administered orally could be isolated from bitch’s milk.

2.2 MATERIAL AND METHODS

2.2.1 Animals and diet.

Six pregnant Jack Russell dogs (5 years mean age) were
included in the study. Animals were randomly distributed into two
groups. The probiotic group (P) (h=3) daily consumed during the last
month of pregnancy a capsule with 200 mg of a freeze-dried probiotic
mix containing 2x10°cfu of L. fermentum CECT7265 and 2x10°%cfu of L.
reuteri CECT7266 in a matrix of maltodextrin. Both strains were
originally isolated from the teat milk of healthy dogs (37). The entire
process to obtain the probiotic strains and to prepare the capsules was
performed in the industrial probiotic plant of Bioserch Life S.A.
(Granada. Spain). The capsules were kept at 4°C throughout the
study. The control group (C) (n=3) consumed a capsule containing the
maltodextrin matrix. The treatments were continued until weaning.

Diet used in the study was a super premium puppy diet

(Advance puppy protect. Affinity Petcare (Barcelona)).

2.2.2 Samples.

After birth, milk samples were obtained from each of the dogs,
from colostrums, and then weekly until the third week of lactation
(colostrum, day 7, day 14, day 21) To collect the milk samples, teats
were cleaned with soap and sterile water, and then clorhexidine was
applied to minimize contamination with skin microbiota. The milk

sample was collected in a sterile tube after manual expression by
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using sterile gloves, and doing a pool from different mammary glands.
The first drops were discarded to avoid chlorhexidine contamination.

Samples of feces were collected from puppies every week,
from the first day (meconium) until 1 month of age (day 7, day 14, day
21, day 31).

2.2.3 Count of lactic acid bacteria in the milk and feces
samples.

Fresh milk samples were spread onto agar plates of MRS agar
(Oxoid Basingstoke. UK) for the isolation of lactobacilli. All of the
plates were incubated for 48 h at 37°C anaerobically. In parallel, to
evaluate potential fecal contamination of the milk, the samples were
also cultured on Violet Red Bile Agar (VRBA; Difco; a selective
medium for the isolation of enterobacteria) agar plates which were
aerobically incubated at 37°C for 24h. In both growth media, the lower
limit of detection was 50 cfu / mL.

Fecal samples were homogenized individually in a peptone-
saline solution (100 mg/mL). To estimate the concentration.
appropriate dilutions were spread in quadruplicate onto plates of MRS
agar for lactic acid bacteria. After incubation. colonies grown on the
selective culture media were counted and the logarithms of cfu per
gram of feces (cfu/g) were calculated and represented as the average

+ standard error of the mean.

2.2.4 |dentification of probiotic strains administered.

Colonies grown from milk samples in selective culture media
were subjected to RAPD (random amplified Polymorphism of DNA)
using the primer 5'- ACGCAGGCAC-3" and the method described by
Rodas et al (29)

Genomic DNA of colonies with similar pattern to those
obtained for L. fermentum CECT 7265 and L. reuteri CECT7266 was

isolated from 10 ml of overnight MRS cultures using the DNeasy tissue
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kit (Qiagen, Hilden, Germany). To corroborate the homology, bacteria
isolated were identified by PCR amplification of a section 16S-23S
intergenic spacer region from each isolate by using primers 16-1A 5-
GAATCGCTAGTAATCG-3’ and 23-1B. 5-
GGGTTCCCCCAGGCGGA-3". Amplified fragments were purified
using a commercial kit of purification (QIA, Quick gel extraction Kkit,
Quiagen, Hilden, Germany) and sequenced by Sistemas Genomicos
(Valencia, Spain). The sequences were compared with those
deposited in the EMBL database using BLAST algorithm
(http://www.ncbi.nlm.nih.gov/BLAST).

Colonies grown from puppies’ feces in selective culture media
were subjected to a sequencing of 16S rDNA using primers pb116 (5'-
AGAGTTTGATCCTGGCTCAG-3) and ymlb16 (5-
GGCTGCTGGCACGTAGTTAG-3’) (28). PCR conditions were: 96°C
during 30 s, 50°C during 30 s, and 72°C during 45s (35 cycles) and a
final extension at 72°C during 4 minutes. The amplified fragments
were purified using the NucleoSpin Extract Il Kit (Macherey- Nagel
Gmb; Duren. Germany) and sequenced with the primers listed above
in an ABI 377A (Applied Biosystems. Foster City. USA). The
sequences were compared with those deposited in the EMBL
database using the BLAST algorithm
(http://www.ncbi.nlm.nih.gov/BLAST). Then colonies belonging to
L.reuteri or L. fermentum species were subjected to RAPD, using
primers ArgDei (5'-ACCYTRGAAGGYGGYGATGTB-3') and OPL5 (5'-
ACGCAGGCAC-3’) (29). as described by Ruiz-Barba et al. (30).

2.3 RESULTS

In this study, samples of bitch milk were collected from 6
bitches in four periods of time by manual extraction. Feces samples
were collected from puppies meconium, and every week until 1 month
of age. It was impossible to collect milk samples from Bitch 3, on day 7
and day 14 and from Bitch E on day 21.
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From 24 milk samples. 21 (87.5%) resulted in Lactobacillus

growth in agar plates of MRS agar. A variable number of colonies were
isolated, ranging from 40 to 2000 cfu/mL of milk (Table 1a). In P group
the mean of Lactobacilli expressed as cfu/mL was higher at day 7 and
21 and lower at day 14 compared with C group (Table 1b).
442 representative colonies of the isolates were submitted to Random
Amplified Polymorphic DNA (RAPD) technique to compare these
isolates with the orally administered Lactobacillus reuteri (CECT7266)
and Lactobacillus fermentum (CECT7265), and the ones with the
same profile have been selected. The gel with RAPD corresponding to
16 isolates from colostrum bitch of P group is shown in Figure 1. Of
the 16 colonies we can see that number 2 has a profile equal to that
presented by Lactobacillus reuteri CECT7266.

Table 2 shows positive match colonies with regard to total
analyzed colonies using RAPD technique as previously explained. 12
positive isolates with the same profile as CECT7266 were obtained
from milk of bitches from the P group, (8 obtained 100% of homology.
1 obtained 99% homology and 3 obtained 98% homology). The DNA
homologies with the other strains of Lactobacillus are less than 90%.
S0 98% is considered positive. Bitch 3 was always negative. No isolate
matched with the Lactobacillus fermentum CECT7265 given orally.

No isolate from milk from C group matched using RAPD
technique with the profile of the Lactobacillus reuteri CECT7266 or
Lactobacillus fermentum CECT7265 given orally.

In P group, 13 puppies were born (4 from bitch A, 3 from bitch
B and 6 from bitch C). In C group, 14 puppies were born (4 from bitch
D, 7 from bitch E and 3 from bitch F). Unfortunately, not enough fecal
samples were obtained from some puppies. Results of fecal MRS
cultures are shown in Table 3. It is noteworthy that, 4 samples from
meconium were processed and they evidenced presence of
Lactobacilli. When the isolates were analyzed to detect positive

matches, only the puppy C.1 from P group showed positive homology
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results to Lactobacillus reuteri CECT7266 (2 of the 34 colonies
analyzed).Table 4 shows the meanSD of log cfu/g puppies feces at

Day 7 and Day 31 between P and C group.

2.4 DISCUSSION

This study shows that bitch milk contains lactobacilli and could
be a source for the suckling puppy.

Milk constitutes a good source of lactobacilli (16) and is
responsible for the vertical mother-to-child transmission of lactobacilli
and bifidobacteria inhabiting the gut (24, 16, 31). Proposed theories for
the microbiota composition of breast milk include the transfer of
microorganisms directly (through nipples) from maternal skin or enteric
tract, and the movement of microbiota from the maternal enteric tract
to the mammary gland. Through an endogenous route involving
dendritic cells and macrophages the entero-mammary pathway (32,
33); and another new possibility not yet investigated is that bacteria
could reach the mammary gland via adsorption across the skin surface

directly into the fatty tissue or via the blood-stream (34).

Entero-mammary bacterial circulation has been confirmed (33)
and it has been demonstrated that dendritic cells can penetrate the gut
epithelium to take up noninvasive bacteria directly from the gut lumen
(35). Bacteria may be transported by being attached to the surface of
cells instead of being internalized. (36). Once associated with gut-
associated lymphoid tissue cells, live noninvasive bacteria can spread
to other locations since there is a circulation of lymphocytes within the
mucosal associated lymphoid system. Moreover, the mechanism by
which bacteria avoid being phagocytized and killed by the host’s innate
immunity is yet unknown. Bacterium-stimulated cells move from the
intestinal mucosa to colonize distant mucosal surfaces, such as those

of the respiratory and genitourinary tracts, salivary and lachrymal
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glands and, most significantly, the lactating mammary gland. In fact,
up to 16 lactobacillus species have been previously isolated from the
blood of healthy people (37).

In this study, two bitches that received the probiotic mixture of
the two Lactobacilli strains, Lactobacillus reuteri CECT7266 is actively
transferred, especially at the end of lactation. No transfer of
Lactobacillus fermentum CECT7265 was detected in any of the
bitches indicating that somehow the Lactobacillus reuteri CECT7266
more easily transferred to milk. Perhaps preferentially select this
bacteria or because it loses viability well in the intestinal mucosa
during the translocation process in which immune cells are directly
involved or latter in other processes.

The percentage of presence of the Lactobacillus reiteri
CECT7266 bacteria in milk goes from 5 % at the beginning of lactation
up to 10-13% at the end. This represents a very significant percentage
which suggests it can significantly improve the puppies’ probiotic
bacteria supply.

The study of Donnet-Hugues et al (2010) (38) suggests that
the milk microbiome plays a key role in programming the neonatal
immune system, but the origin of the lactobacilli that colonise the
neonatal gut is a subject of debate. In the past, it was suggested that
they were acquired by oral contamination with maternal lactobacilli
during the transit through the birth canal; however, molecular studies
have shown that human Lactobacilli colonisation is not significantly
related to the delivery method (vaginal delivery or caesarean section)
(16, 24, 39)

This study has evidenced the presence of Lactobacilli in first-
pass meconium samples, and would suggest that fetus are not sterile
and that gut colonisation of puppies could start in the placenta. There
are no similar studies in dogs, but in humans Hansen et al (2015) (40),

demonstrated that low numbers of bacteria are present in meconium
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samples from healthy, vaginally-delivered infants. Also, Martin et al
(2004) (43) isolated lactic acid bacteria and other commensal bacteria
from meconium obtained from healthy neonates born either by labor or

cesarean section (44).

Another issue supporting the theory that the fetus is not sterile
and that the commensal bacterias could transient spread from the
digestive tract to a extradigestive locations, was the isolation of
bacteria in the umbilical cord blood of healthy neonates born by
cesarean and the isolation in amniotic fluid of a genetically labeled

Enterococcus faecium strain in a group of pregnant mice (33, 41, 42).

In this study, the presence of a Lactobacillus reuteri strain,
indistinguishable from Lactobacillus reuteri CECT7266 administered
orally to mothers, has been detected in the feces of one puppy whose
mother received the probiotic orally. This may suggest a transfer from
mother’s milk to the puppy gut since the same strain had been isolated
from the colostrum and milk of this bitch. In dogs, this was the first time
that Lactobacilli had been isolated from meconium and transferred
through milk to puppies.

No growth was detected on VRBA plates inoculated with the
same samples. This supports the hypothesis that L.reuteri CECT7266
could be transferred to bitch’s milk due to the entero-mammary
pathway, this confirms the hygienic collection of the milk samples. No
lactobacilli was isolated from mammary skin of any dog of the probiotic
group (data not shown), which rules out the hypothesis of a fecal
contamination of the mammary gland.

This study has practical consequences and suggests that the
oral administration of probiotics in pregnant and lactating bitches could

have a direct effect on the health of their litters.
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Table la. Total Lactobacilli counts obtained from milk samples
expressed in Lactobacilli cfu/mL milk

Probiotic Group [Colostrum Day 7 Day 14 |Day 21
Bitch A 390 120 200 160
Bitch B 190 1220 440 2000
Bitch C 620 3635
Control Group

Bitch D 40 40 390 215
Bitch E 600 190 180

Bitch F 360 60 1900 40

Table 1b. Lactobacilli expressed as mean =SD of cfu/mL at different
times between P group and C group.

GROUP COLOSTRU | DAY 7 DAY 14 DAY 21
M
PROBIOTI | 400£215.2 670+777. | 320£169.71 | 1931.6+1738.
C 8 1
CONTROL | 333x352.5 96.7+81. | 823.3+938.3 | 127.5+123.4
4 1

Fig. 1 RAPD profiles. Lane MW, negative control; lane PNA 1
(L.fermentum). Lane CECT7266(L.
obtained from the MRS media.
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Table 2. Positive Lactobacillus reuteri CECT7266 match colonies with
regard to total analyzed colonies.(% of CECT7266 of the total
lactobacilli colonies)

COLOSTRUM | Day | Day Day 21
7 14

Probiotic | BITCH | 2/39 (5.12%) 0/12 | 1/20 4/30(13.3%)
Group A (5%)

BITCH | 1/19 (5.26%) 0/20 | 2/44 2/20 (10%)

B (4.5%)

BITCH | 0/20 0/30

C
Control BITCH | 0/4 0/8 0/39 0/18
Group D

BITCH | 0/25 0/19 | 0/20

E

BITCH | 0/20 0/6 0/23 0/6

F
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Table 3. Lactobacilli colonies (cfu/g feces) growth in fecal samples of
puppies in the two groups.

Probiotic | PUPPY | MECO- Day 7 Day 14 Day 21 Day 30

Group NIUM

BITCHA | Al 8.7E+07 | 3.97E+08 | 5.45E+06 | 1.12E+09
A2 1.06E+08
A3 1.75E+07 | 5.78E+08 | 1.30E+07 | 1.87E+08
A4 7.17E+07 | 2.53E+09

BITCHB | B.1 2.17E07 | 1.76E+06
B.2 2.32E+09 2.13E+08
B.3 1.65E+08 | 6.93E+06

BITCHC | C.1 2.29E+08 4.42E+09
C.2 2.15E+09
C.3 5.35E+08 1.14E+09
C4 2.00E+07 | 2.82E+08 2.85E+09
C.5 2.86E+08 | 1.65E+06 4.73E+08
C.6 1.19E+09 | 5.00E+08 5.29E+08

Control

Group

BITCHD | D.1 2.00E+07 | 5.30E+08
D.2 1.27E+04 | 2.37E+08 2.05E+07
D.3 1.69E+04 | 1.00E+06 | 3.06E+09 | 5.21E+08 | 1.40E+09
D.4 1.10E+08 | 5.46E+08

BITCHE |E.1 4.98E+08 8.40E+07 | 6.26E+08
E.2 1.24E+09 | 4.30E+08
E.3 3.13E+08 1.66E+09
E4 4.36E+09 6.35E+08
E.5 2.83E+08 2.08E+09
E.6 7.97E+07
E.7 4.02E+08

BITCHF | F.1 2.66E+08
F.2 1.00E+07 4.38E+08
F.3 1.06E+08 4.14E+07

Table 4. Lactobacillus concentration,

log cfu/lg puppies feces

(meanzSD)

Day 7 Day 31
Probiotic Group 8.48+8.60 9.04+9.14
Control Group 8.49+9.19 8.83+£8.81
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3. EVALUATION OF VAGINAL BACTERIAL COLONIZATION IN
HEALTHY FEMALE DOGS AFTER ORAL LACTOBACILLI
ADMINISTRATION.

3.1 INTRODUCTION

As with other mucosal tissues in the body of dogs, the vaginal
mucosa is not sterile. Studies conducted in vaginal bacteria have
isolated a mixed population of aerobic and anaerobic microorganisms
that include opportunistic pathogens (1, 2). Lactobacillus and
Enterococcus species have been identified in the vaginal microbiota of
healthy intact dogs. These vaginal lactic acid bacteria (LAB) inhibit the
growth of pathogenic bacteria in vitro, including Escherichia coli,
Proteus mirabilis, and Staphylococcus aureus. LAB probiotics could
have health benefits (3) and they can exert this activity by competing
for nutrients or interfering with adhesion to epithelial cell receptors (4).

Lactic acid producing bacteria metabolize glycogen and
subsequently produce lactic acid that could decrease vaginal pH,
inhibiting colonization by uropathogenic strains of bacteria (5).

Vaginal bacteria are often identified in vaginal cytology of
healthy female dogs during proestrus and estrus (6). In female dogs,
changes in the vaginal microbiota are associated with reproductive
tract diseases, such as bacterial vaginitis, characterized by the
replacement and proliferation of microorganisms that are normal
components of the enteric microbiota (such as, Escherichia coli and
Proteus mirabilis) (1, 7). Bjurstrom (1993) found that E. coli, beta-
hemolytic streptococci, Staphylococcus intermedius, and Pasteurella
multocida were the species most often isolated from bitches with
pyometra, infertiliy, vaginitis and from those with dead puppies (7).

Uncomplicated urinary tract infections (UTIS) in dogs are
common during their life (8, 9). Women with increased vaginal
colonization with Lactobacillus species have a reduction in the
episodes of recurrent UTIs (10, 11). Stapleton et al. (2011) and
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Mastromarino et al. (2009) suggest that the vaginal administration of
Lactobacillus might be a viable alternative or complement to the
treatment with antimicrobials in human patients with recurrent UTI.( 10,
11) Delucchi et al. (2008) also suggest that vaginal LAB might have a
beneficial role within the urogenital tract of female dogs. (3)

Depletion of LAB could result in increased vaginal colonization
and adherence of pathogens, with a subsequent increase in the
probability of developing vaginitis, urogenital infection or in more
advances stages, pyometra. This is supported by studies
demonstrating the contrary hypothesis, that high level vaginal
colonization with lactobacilli results in a reduction of urogenital
infection in women (12, 13).

The aim of this study was to evaluate if an oral
supplementation of Lactobacillus reuteri CECT7266 and L fermentum
CECT7265 (25) results in colonization and persistence of lactobacillus

in the vagina of healthy female dogs.
3.2 MATERIAL AND METHODS

3.2.1 Animals

Thirty-seven English Bulldog breeding bitches with no
previous history of UTI, vaginitis or pyometra, from two different
breeders (12 and 25 animals each), were included in the study. The
median age was 3 years (2-5 years). All bitches were fed with the
same dry diet (Advance medium adult, Affinity Petcare (Barcelona,
Spain)). They were randomly assigned to 2 groups. The Probiotic
group (P) with 17 bitches, and the control group (C) with 18 bitches. All
the bitches were in the anoestrus phase of the cycle (confirmed by
blood progesterone test) when starting the supplementation. Bitches
each received a daily oral capsule containing either 2x10°CFU of
Lactobacillus reuteri CECT 7266 and Lactobacillus fermentum CECT
7265 (group P) or maltodextrin (group C), for a period of 3 months.
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3.2.2 Biological samples

Collection of vaginal swabs for bacterial culturing was
performed at the start of the trial (TO) and 3 months later (T3). Sterile
samples were obtained from the cranial aspect of the vagina of each
dog. The entire area was disinfected with chlorhexidine. Sterile swabs
were introduced cranial to the vestibulo-vaginal junction and were
advanced as far as possible, then the swabs were rotated several
times. Throughout the procedure the exposure to other areas of the
genitourinary tract was minimized. The swabs were kept refrigerated
until they were taken to the laboratory. Once in the lab, the biological
material contained in the vaginal swabs was re-suspended in 1 ml of
saline buffer (PBS).

3.2.3 Isolation and enumeration of microorganisms

Initially, proper peptone water dilutions of the samples were
plated in triplicate onto Columbia Nadilixic Acid Agar (CNA,
BioMerieux; a highly nutritious, general-purpose medium for the
isolation and cultivation of fastidious microorganisms), Baird Parker
(BP, BioMerieux; a selective medium for the isolation of
staphylococci), Kanamycin-aesculin-azide (KAA, Oxoid, BioMerieux; a
selective medium for the isolation of enterococci), Pasteurella
(BioMerieux; a selective medium for the isolation of Pasteurella spp.),
MacConkey Agar (MCK; BioMerieux; a selective medium for the
isolation of enterobacteria), and Mycoplasma A7 (BioMerieux; a
selective medium for the isolation of mycoplasma and ureaplasma)
agar plates, which were aerobically incubated at 37°C for up to 48 h. In
the same way, the same samples were also cultured on de Man,
Rogosa, and Sharpe (MRS, Oxoid, Basingstoke, UK) supplemented
with L-cysteine (0.5 g/L) (MRS-Cys; a medium for the isolation of lactic
acid bacteria and bifidobacteria) agar plates, which were incubated

anaerobically (85% nitrogen, 10% hydrogen, 5% carbon dioxide) in an
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anaerobic workstation (MINI-MACS, DW Scientific, Shipley, UK) at
37°C for 48 h. After analyzing the first 5 samples, KAA, Pasteurella
and Mycoplasma A7 agar plates were discarded due to poor/no
microbial growth and/or to redundant results with other agar media.
Approximately 10-25 isolates from each culture medium where growth
was observed were randomly selected, grown in BHI broth and stored

at —80°C in the presence of glycerol (30%, v/v).

3.2.4 Identification of the bacterial isolates

The selected bacterial isolates were observed by optical
microscopy to determine their morphology and Gram staining.
Additionally, they were tested for catalase, oxidase and coagulase
activities and for growth on plates of Baird-Parker (BP, BioMerieux)
and Kanamycin Aesculin Azide Agar (KAA, Oxoid). Initially, most of the
isolates that, on the basis of such preliminary tests, seemed to belong
to the genus Staphylococcus were submitted to a novel multiplex PCR
method based on the dnaJ genes. Briefly, a single colony growing on
solid media was removed with a sterile plastic tip and re-suspended in
100 pl of sterile deionized water in a microcentrifuge tube. Then 100 pl
of chloroform/isoamyl alcohol (24:1) was added to the suspensions,
and after vortexing for 5 s the mixture was centrifuged at 16,000 x g
for 5 min at 4°C. Then 5-10 ul of the upper aqueous phase was used
as a source of DNA template for PCR with primers J-StGen

(5-TGGCCAAAAGAGACTATTATGA-3’), J-StAur

(5-GGATCTCTTTGTCTGCCG-3), J-StEpi

(5'-CCACCAAAGCCTTGACTT-3) and J-StHom

(5-TTGACCACTACCCTCACAC-3) in a Icycler thermocycler
(Bio-Rad Laboratories, Richmond, CA). The primer pairs J-StGen/J-
StAur, J-StGen/J-StEpi and J-StGen/J-StHom result in a 337 bp S.
aureus species-specific fragment, 249 bp S. epidermidis species-

specific fragment and a 589 bp S. hominis species-specific fragment,
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respectively. PCR conditions were as follows: 1 cycle of 94°C for 4
min, 30 cycles of 94°C for 30 sec, 60°C for 30 sec, and 72°C for 30
sec, and a final extension of 72°C for 5 min. On the other hand, most
of the isolates that seemed to belong to the genus Enterococcus could
be identified by PCR species-specific detection of enterococcal ddl
genes, which encode D-alanine:D-alanine ligases, following the
protocol described by Dutka-Malen et al. (1995) (14). Confirmation of
staphylococci and enterococci identification and identification of the
rest of the isolates was performed by PCR sequencing of a 470 pb
fragment of the 16S rRNA gene as described by Kullen et al. (2000)
(15). The amplicons were purified using the Nucleospin® Extract Il kit
(Macherey-Nagel, Diren, Germany) and sequenced at the Genomics
Unit of the Universidad Complutense de Madrid, Spain. The resulting
sequences were used to search sequences deposited in the EMBL
database using BLAST algorithm and the identity of the isolates was

determined on the basis of the highest scores (>98%).

3.3.5 Genotyping of the Lactobacillus fermentum and

Lactobacillus reuteri isolates by random amplification of

polymorphic DNA (RAPD) and pulsed-field gel electrophoresis
(PEGE).

Later, and in order to check whether L. fermentum and L. reuteri
isolates actually belonged to the strains CECT7265 and CECT7266,

respectively, those lactobacilli isolates identified and members of such

species were typified by RAPD. DNA was extracted from isolated
colonies following the protocol of Ruiz-Barba et al. (2005) (15) and
was used as a template to determine the RAPD profile with the primer
OPL5 (5-'ACGCAGGCAC-3"). One representative of each RAPD
profile was then selected and submitted to PFGE profiling. For this
purpose, chromosomal DNA was extracted from the isolates and
digested with the endonuclease Smal (New England Biolabs, Ipswich,
MA) at 25°C for 24 h. Electrophoresis was carried out in a CHEF DR I
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apparatus (Bio-Rad, Birmingham, UK) in 1% (w/v) SeaKem GTG
agarose (FMC, Philadelphia, PA) with 0-5x TBE buffer (45 mM
Tris/HCI, 45 mM boric acid and 1 mM EDTA, pH 8:0) at 15°C. A
constant voltage of 200 V was applied to the system and fragment
separation was performed using a two-phase program. Electrophoretic
conditions for separating the Smal fragments were a pulse time from
0.5to 5 s for 10 h and, then, another from 0.5 to 10 s for 6 h.
LowRange PFG marker and MidRange PFG marker | (New England
BioLabs) were used as molecular size standards. Agarose gels were
stained with ethidium bromide (0.5 pug/mL) and images were digitized
with a GelPrinter Plus system (TDI, Madrid, Spain).

3.4 RESULTS

Bacteria were isolated from all 37 bitches. Mixed bacterial
population were common in both groups, with a mean of 3.52 log
cfu/mL at TO and with a mean of 3.66 log CFU/mL at T3

The most common bacterial species isolated at TO in both
groups were Enterococcus canintestini (56%), Streptococcus canis
(42%), Proteus mirabilis (42%) and Escherichia coli (31%). Other less
frequent species were Weissella spp. (17%), Lactobacillus rhamnosus
(20%), Lactobacillus reuteri (12%) and Lactobacillus fermentum
(5,5%), (Table 1 and Figure 1). Other Lactobacillus such as L.
johnsonii and L. murinus appears in a very low frequency at TO in P
group (12% and 5% respectively).

The main bacterial species changed after 3 months of oral
probiotic supplementation. In group P, Enterococcus canintestini
increased to 94%, Weissella spp. to 39%, Lactobacillus reuteri to 41%
and Lactobacillus fermentum to71% of the samples (Table 1 and
Figure 1).

In P group Lactobacillus fermentum CECT7265 and L. reuteri
CECT7266 average of cfu/mL increased while decreasing in C group
(Table 2 and Figure 2).

82



By genotyping the Lactobacillus fermentum and Lactobacillus
reuteri isolates from both groups, we could distinguish the ones
belonging to CECT7265 and CECT7266, that were given orally. None
of the L fermentum or L reuteri isolated at TO corresponds to the
CECT7265 or CECT7266, but all of the L fermentum and L reuteri at
T3 in P group corresponds to the ones given orally.

Finally, the degree and sustainability of vaginal colonization by
at least one Lactobacillus strain given orally, confirmed colonization of
the vaginal epithelium in 88% of bitches who received the probiotic for

three months.

3.5 DISCUSSION

Vaginal microbial species found in our study at TO are in
concordance with other studies. Delucchi et al, (2008) reported E.
canintestini as one of the more abundant species in the canine vagina,
as seen in our study (3). Also, Hutchins et al. (2014) described
Escherichia coli and S. pseudintermedius as the most prevalent
organisms obtained from the vaginal tract of dogs, and Enterococcus
canintestini as the most common LAB isolated (17). These species
are normal commensals of the intestinal microbiota (3) and their
presence in vagina suggests a intestinal transfer of the microbiota, as
described in other species such as humans (18).

In spite of this, in the present study we isolated more
lactobacillus species than recorded in the bibliography for dogs (1, 3),
but much less than recorded in women (5, 19). These could be
explained with the difference in pH of the vagina. Vaginal pH of healthy
dogs ranged from 6.0 to 7.5 (3), while in women pH is 4.5 or even
lower (20).

Some of the species found in the vagina in this study are described as
being associated with reproductive tract diseases and urogenital
diseases. Van Duikeren (1992) described proliferation of Escherichia

coli and Proteus mirabilis associated with reproductive tract diseases
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(1). Windahl (2015) reported that the most prevalent bacteria in UTI in
dogs were E.coli with a high prevalence (68,9%), S. pseudintermedius
(9,6%) and P. mirabilis (8,8%) (21). Though in this study these
species were present in healthy bitches, and this could be associated
with the low levels of cfu/ml.

As lactic acid producing bacteria, including Lactobacillus and
Enterococcus species, metabolize glycogen and subsequently
produce lactic acid, it is thought that the presence of these bacteria
could decrease vaginal pH, inhibiting colonization by uropathogenic
strains of bacteria(15).

Depletion of LAB could result in increased vaginal colonization
and adherence of pathogens, with a subsequent increase in the
probability of developing vaginitis, urogenital infection or in more
advances stages, pyometra (24). This is supported by studies
demonstrating the contrary hypothesis, that high level vaginal
colonization with lactobacilli results in a reduction of urogenital
infection in women (12, 13, 22).

This study is the first to show that an orally administered LAB
is recovered from the vagina of healthy female dogs. In addition, the
oral administration of L. reuteri CECT7266 and L.fermentum
CECT7265, for a 3 months period increased the prevalence of vaginal
lactobacillus. In women, Vasquez et al., (2005) demonstrated that
orally administered lactobacilli can be re-isolated from the vagina (19).
They postulated that presumably as a consequence of the migration
from the rectum via perineum. On the contrary other recent studies
were unable to recover an orally administered lactobacilli from the
vagina, in human (22) or dog (17). Consistently, van de Wijgert et
al. (2014) (23) showed that bacteria colonizing the vaginal mucosa
(both commensals and vaginosis-associated microbes) have been
isolated from the rectum and the mouth, suggesting that the gut and

oral cavity act as extravaginal reservoirs of vaginal microbiota bacteria.

84


https://xpv.uab.cat/pmc/articles/PMC4569730/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+#B49

Therefore, it appears plausible that the oral administration of probiotic
bacteria may potentially influence the vaginal microbiota through two
possible mechanisms: 1. modification of the intestinal microbiota, by
reducing potentially harmful bacteria, increasing endogenous
lactobacillus and migration from the rectum (by licking); 2. direct
migration to the vaginal mucosa via the gastrointestinal route.

In conclusion, the oral administration of a probiotic
(Lactobacillus  reuteri CECT7266 and Lactobacillus fermentum
CECT7265) was able to increase the prevalence of vaginal lactobacilli
and this isolated Lactobacillus reuteri CECT7266 correspond to 99 %

of the strains orally supplied.
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Results 1. Bacterium frequency in the vaginal microbiota of English

bulldogs between control and probiotic group in a 3-month evolution

Table 1

Enterococcus
canintestini

Control

Probiotic

Streptococcus canis

Control

Probiotic

Proteus mirabilis

Control

Probiotic

Escherichia coli

Control

Probiotic

Staphylococcus
pseudintermedius

Control

Probiotic

Weissella spp.

Control

Probiotic

Lactobacillus rhamnosus

Control

Probiotic

Lactobacillus reuteri

Control

Probiotic

Lactobacillus fermentum

Control

Probiotic
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Figure 1.
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Results 2. Average cfu/mL of

Lactobacillus fermentum and
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Table 2.

Lactobacillus
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Lactobacillus
reuteri

Probiotic
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Figure 2.
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Table 3.
Probiotic Control
group Group
Number bitches | 18 19
% in heat 94 63
Fertility (%) 82 50
Prolificity 4,64 2,14
Cubs / female 3,61 0,79
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DISCUSION

Varios autores han puesto de manifiesto que la terapia con
algunas cepas probidticas puede ser efectiva en el tratamiento
de patologias como diarreas (Herstad et al., 2010), dermatitis
atopicas (Kim et al., 2015; Ohshima-Terada et al., 2015; Marsella et al.
2013)
infecciones genitourinarias (Hutchins et al., 2013; Deluchi et al., 2008),
o enfermedades con base inmunolégica (Marsella et al., 2012).

En la seleccion de cepas como potenciales probidticos, uno
de los requerimientos basicos es la habilidad para sobrevivir en las
condiciones de acidez estomacal y en los acidos biliares en el tracto
gastroinetsinal, ademéas de la capacidad potencial de adhesion al
epitelio intestinal (Dunne et al., 2001). Aunque uno de los criterios
mas efectivos para seleccionar una cepa probidtica es su habilidad
para adherirse a células epiteliales y colonizar superficies mucosas
del tracto gastrointestinal tanto de humanos como de animales
(McNaught y MacFie, 2001; Ouwehand et al., 2002b). Esta adherencia
y colonizacion se relacionan directamente con los beneficios para la
salud de las cepas probidticas, como el antagonismo contra cepas
patdgenas, la modulacion del sistema inmunitario y la reparacion de la
barrera intestinal (Johansson et al., 1993, Elliott et al., 1998).

Un estudio revela que los efectos beneficiosos de los
probioticos son especificos de cepa (Galdeano et al., 2010). Asi, la
combinacion de diferentes cepas probi6ticas con funciones
seleccionadas y especificas deberian ser mas efectivas que una cepa
Unica (Timmerman et al., 2004). Pocos estudios se han llevado a cabo
investigando el uso de probioticos multi cepa como suplementos
dietéticos en estudios con animales.

El origen tradicional de las bacterias probioticas que han sido
registradas para su uso en humanos o animales ha sido las heces
humanas (Tulumoglu et al. 2013; Wang et al., 2010). Recientemente

92



se han buscado otros origenes mas especificos para el aislamiento de
cepas microbianas para su uso como probiéticos, como son la leche
materna (Lara-Villoslada et al., 2007a; Martin et al., 2005) o la vagina
(McLean y Rosenstein, 2000).

En la clinica de pequefios animales, el probiético
Enterococcus faecium, también de origen fecal, es de momento el
Unico probiético disponible comercialmente para su uso en perros, y
del que se han hecho las investigaciones clinicas hasta la fecha
(Vahien y Manner, 2003; Marcindkova et al., 2006). Martin et
al.,(2009) realizaron un estudio para determinar si la leche de perra
podria ser una fuente de probidticos potencialmente Utiles. De este
estudio se seleccionaron dos cepas: Lactobacillus reuteri CECT7266 y
Lactobacillus fermentum CECT7265. Estas dos cepas muestran un
alto potencial antimicrobiano, ratios altos de supervivencia frente a
ambientes adversos y actividades enzimaticas deseables como la
produccion de a-glucosidasa. Ademas estas dos cepas no degradan
mucina lo que hace que se adhieran a la mucina gastrica e intestinal

de manera mucho mas eficiente.

Los estudios que se presentan en esta tesis son pioneros al
evaluar en perros el efecto beneficioso de cepas de Lactobacillus
obtenidas de leche de la misma especie en la que se aplican.

En primer lugar, se estudié la suplementacién oral de las dos
cepas en cachorros sanos. Tras la administracion oral durante 4
semanas se observo un incremento significativo de los lactobacilos en
heces, mientras que se observaba una reduccién de los mismos en
los animales que no consumian el probiético. Ademas en el grupo
suplementado se produjo una reduccién de las enterobacterias
mejorando la proporcion de bacterias consideradas beneficiosas lo
que podria ayudar a mantener la salud gastrointestinal. De la misma
forma, en las heces de los animales suplementados con las dos
cepas de Lactobacillus se pudo observar un incremento significativo

en la concentracion de butirato, este acido graso de cadena corta
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constituye la principal fuente de energia de los enterocitos y
colonocitos y juega un papel importante en la regulacién de la
proliferacion y diferenciacién celular, pudiendo ejercer un efecto
beneficioso en la enfermedad inflamatoria intestinal (Cho vy
Finocchiaro, 2009). Aunque los lactobacilos no producen
directamente butirato, se ha descrito anteriormente, su aumento tras
del consumo de Lactobacillus (Olivares et al., 2006), lo que indicaria
una modulacién de la flora intestinal con la suplementacion.

El efecto preventivo de una cepa probidtica contra la adhesion
de patégenos implica no sélo la competencia para la adhesion, sino
también la produccion de compuestos que puedan interferir en la
adherencia del patégeno. L. fermentum CECT7265 y L. reuteri
CECT7266 mostraron en estudios previos una alta actividad
antibacteriana en ensayos in vitro (Martin et al., 2010). En este estudio
se pudo observar en agua fecal obtenida de los animales que
ingirieron los probidticos una inhibién in vitro a la adhesion de
Salmonella a las mucinas, lo que podria indicar un efecto protector de
la suplementacién a una posible proliferacién de bacterias patégenas
como la Salmonella.

La composicion “normal” de la microbiota intestinal de perros
puede alterarse en condiciones estresantes, como el destete, cambios
en la dieta o la administracién de antibiéticos. Se ha podido demostrar
que la administracion oral de L. fermentum CECT7265 y L. reuteri
CECT7266 a perros sanos puede modificar algunos parametros
intestinales que se pueden ser indicadores de unas condiciones que
ayuden a mantener la salud intestinal, por lo que podrian ser una
herramienta para ayudar en las condiciones descritas que alteran la
microbiota intestinal. Aunque su efecto en condiciones patélogicas,
como diarrea o enfermedad inflamatoria intestinal debera ser objeto
de otro estudio.

El efecto de cepas probidticas en la modulacién o incluso en

la maduraciéon del sistema inmune se ha estudiado ampliamente en
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los seres humanos y en modelos animales (Isolurai et al., 2001; Gill,
1998; Olivares et al., 2006). A este efecto inmunolégico observado en
algunos estudios se ha atribuido el efecto en la prevencion de
infecciones o su efecto sobre la alergia y las enfermedades
inflamatorias de algunas cepas probitticas (Kaila et al., 1992;
Majamaa et al., 1995; Gionchetti et al., 2000; Isolauri et al., 2008). En
este estudio, el analisis de los pardmetros inmunoldgicos evaluados
mostrdé una mejora significativa en marcadores de respuesta inmune
innata y especifica de los cachorros. Se ha podido observar un
aumento significativo de la actividad fagocitica de los monocitos
después de la suplementacion con las cepas probitticas. Este efecto
ha sido puesto de manifiesto previamente en la suplementacion oral
con otras cepas probidticas en los seres humanos (Olivares et al.,
2006; Schiffrin et al.,, 1995). De la misma forma, en perros, la
suplementacién con una preparacion de Enterococcus faecalis
también indujo la activacién de la actividad fagocitica de los monocitos
(Kanasugi et al., 1997). Sin embargo, las bacterias se administraron
muertas, por lo que el efecto podria ser diferente al provocado por las
bacterias vivas.

En cuanto al efecto sobre la respuesta inmune adaptativa o
adquirida, en este estudio se observé un aumento significativo de la Ig
G plasmatica después de 4 semanas de suplementacién. La posible
mejora en la respuesta humoral inducida por el tratamiento probiotico
se ha relacionado con el efecto protector de probiético contra las
enfermedades infecciosas (Kaila et al., 1992; Majamaa et al., 1995).
En este primer trabajo se ha podido poner de manifiesto que la
administracion oral de dos cepas de Lactobacillus aislada de leche de
perra a cachorros durante 4 semanas, produce efectos que se
pueden considerar beneficiosos tanto a nivel intestinal
como inmunoldgico. Estos resultados sugieren que la administracion
de L. reuteri CECT7266 y L. fermentum CECT7265 puede ser una

herramienta Gtil para mejorar la salud de los animales, aunque los
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efectos como ayuda en la prevencién o tratamiento de situaciones
patoldgicas requiere estudios posteriores.

Durante el segundo estudio, se administraron oralmente las
dos cepas de lactobacilos y se valoré su transferencia a la leche de
perras lactantes y sus cachorros. Dos perras que recibieron la mezcla
probidtica demostraron una transferencia activa a la leche
del Lactobacillus reuteri CECT7266, sobre todo al final de la
lactancia. No se detectd ninguna transferencia de Lactobacillus
fermentum CECT7265 a la leche de las perras. Esto podria ocurrir
porque el Lactobacillus reuteri CECT7266 tenga mayor afinidad por la
glandula mamaria y resista mejor a las condiciones para la
transferencia que el Lactobacillus fermentum CECT7265 pero esto
debera ser objeto de otro estudio mas detallado. .La frecuencia de
presencia del Lactobacillus reuteri CECT7266 en la leche de las
perras suplementadas va desde 5 % al inicio hasta 10-13% al final de
la lactancia. Esta transferencia no es muy elevada pero pone de
manifiesto que la suplementacién oral a las hembras gestantes y
lactantes es una via para suplementar a la camada mientras se
alimentan de leche.

Existen diferentes vias posibles para la transferencia de
bacterias a leche, movimiento de la microbiota del tracto entérico
maternal a la glandula mamaria por via externa o a través de una ruta
enddgena que involucra células dendriticas y los macréfagos: la via
entero-mamaria (Martin et al., 2004b; Perez et al., 2007). El poner de
manifiesto la via de transferencia a la leche de las cepas
administradas oralmente no era el objetivo de este trabajo por lo que
no se puede descartar una via externa o interna o ambas.

El estudio de Donnet -Hugues et al (2010) sugiere que el
microbioma de la leche juega un papel clave en la programacion del
sistema inmune neonatal, pero el origen de los lactobacilos que
colonizan el intestino neonatal es un tema de debate. En el pasado, se

sugiri6 que éstos son adquiridos por la contaminacién oral con
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lactobacilos maternos durante el transito por el canal del parto. Sin
embargo, los estudios moleculares han demostrado que esta
colonizacion no esta significativamente relacionada con el tipo
de parto: vaginal o por cesarea (Matsumiya et al., 2002; Martin et al.,
2003; Ahrné et al., 2005). Otro tema de controversia actualmente es
la hipétesis de que el feto no es estéril al nacer y que hay bacterias
de la flora intestinal de la madre podrian translocar desde el tracto
digestivo a localizaciones extradigestivas. Esta teoria se demostro
cuando se consiguieron asilar bacterias en la sangre del corddn
umbilical de los recién nacidos sanos nacidos por cesarea. Ademas
en un estudio en que se administraba oralmente la cepa Enterococcus
faecium genéticamente marcado a ratonas gestantes, se pudo
observar la presencia de la misma cepa en el liquido amniético de las
ratonas (Jimenez et al., 2005; Perez et al., 2007).

En esta tesis se han podido aislar lactobacilos en las
muestras de meconio recogidas justo en el momento del
nacimiento, y esto podria sugerir que los fetos no son estériles y que
la colonizacién del intestino de los cachorros podria comenzar en la
placenta. No existen estudios similares en perros, pero en humanos,
Hansen et al (2015), demostraron la presencia de un bajo nimero de
bacterias en las muestras de meconio de nifios sanos, nacidos por via
vaginal. Ademas, Martin et al (2004) pudieron aisla bacterias
lacticas y otras bacterias comensales de meconio obtenidos de
neonatos sanos nacidos ya sea por via vaginal o por cesarea
(Jimenez et al., 2008) .

De la misma forma que aparece en la lecha también se pudo
demostrar, la presencia de la cepa de Lactobacillus reuteri
CECT7266 administrado por via ora a las madres se ha detectado en
las heces de un cachorro cuya madre recibié la mezcla de las dos
cepas de Lactobacilli por via oral. Esto sugiera la transferencia de la
leche de la madre al intestino del cachorro, ya que la misma cepa

CECT7266 se habia aislado del calostro y la leche de esta perra. En

97



perros es la primera vez que se han aislado lactobacilos de meconio y
en el que se ha demostrado el paso de bacterias presentes
en la leche al intestino de los cachorros amantados con esta leche.

La concentracién de lactobacilos obtenida en este estudio
(intervalo entre 9,04 log ufc/ ml a 8,48 log ufc / mL) es similar a los
obtenidos en los cachorros de 3 a 6 meses de edad (Primer estudio
de la tesis) lo que demuestra que la presencia de lactobacilos es
estable durante el crecimiento de los cachorros y demuestra la solidez
de los valores obtenidos en estos dos estudios.

Este estudio tiene consecuencias practicas que sugieren que
la administracion oral de probiéticos en perras gestantes y lactantes
podria tener un efecto directo sobre la salud de la camada.

Siguiendo la linea de estudio sobre los efectos beneficiosos
sobre las hembras reproductoras, se ha estudiado la flora vaginal y el
posible efecto de la suplementaciéon con lactobacillos via oral en la
modulacién de la flora vaginal y por consiguiente de la salud del
animal.

En el estudio de la flora vaginal normal, Enterococcus
canintestini ha sido el aislado méas abundante, lo que esta en
concordancia con otros estudios anteriores (Deluchii et al., 2008;
Hutchins et al., 2014). Una diferencia fue la cantidad de cepas de
lactobacilos aisladas, ya que se encontraron mas que en otros
estudios anteriores (Van Duijkeren, 1992, Delucchi et al., 2008),
aunque sorprendentemente en concentraciones mas bajas que en
mujeres (Reid et al., 1999, Vasquez et al., 2005). Esto se podria
explicar por la diferencia en el pH vaginal entre ambas especies,
siendo el pH vaginal de perros sanos entre 6.0 y 7.5 (Delucchi et al.,
2008), mientras que el pH vaginal en mujeres mas acido, con una
media de 4,5 o incluso inferior (Reid et al., 2009). Ademas, algunas de
las especies microbianas que aparecen en la vagina de la perras, se
han asociado en algunos estudios con enfermedades del aparato

reproductor y enfermedades urogenitales. Van Duikeren (1992)
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describe la proliferacion de Escherichia coli y Proteus mirabilis
asociada con enfermedades del tracto reproductivo. Windahl (2015)
manifiesta que las bacterias mas prevalentes en las infecciones del
tracto inferior en los perros eran producidas por E. coli con una alta
prevalencia (68,9 %), S. pseudintermedius (9,6 %) y P. mirabilis (8,8
%). Aunque en este estudio estas especies estaban presentes en
perras sanas Yy a una concentracion baja.

Una disminucién de bacterias acido lacticas podria provocar
una proliferacion de bacterias patégenas aumentando la probabilidad
de desarrollar vaginitis, infecciones urogenitales o en casos mas
graves piometra (Fieni et al., 2014). En mujeres la alta colonizacion
vaginal con lactobacilos reduce las infecciones urogenitales, ya que
ayuda a mantener un nivel bajo del pH vaginal (Stapleton et al., 2011,
Barrons et al., 2008; Kullen et al., 2000)

Se ha podido demostrar que la administracion oral de
Lactobacillus reuteri CECT7266 y Lactobacillus fermentum
CECT7265, durante un periodo de 3 meses aumentd la prevalencia
de lactobacilos vaginales. Ademas recuperamos en vagina el mismo
Lactobacillus reuteri CECT7266 que administrado via oral. En
concordancia con estos hallazgos, Vasquez et al., (2005) demostrd
que los lactobacilos administrados por via oral se puede volver a aislar
en la vagina de mujeres. Se postulaba que, presumiblemente como
consecuencia de la migracion desde el recto a través del perineo.
Consistentemente, van de Wijgert et al., (2014) demostré que las
bacterias que colonizan la mucosa vaginal (tanto comensales y
asociados a vaginosis) se han aislado también en recto y boca, lo que
sugiere que el intestino y la cavidad oral podrian actuar como
reservorios extravaginales para la microbiota vaginal.

Por lo tanto, parece plausible que la administracion oral de
bacterias probidticas puede potencialmente influir en la microbiota

vaginal a través de dos posibles mecanismos:
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1. Modificacion de la microbiota intestinal, mediante la reduccion de
bacterias potencialmente nocivas, aumentando los lactobacilos
enddgenas y durante la migracién desde el recto (por lamido);

2. migracion directa a la mucosa vaginal a través de la ruta

gastrointestinal.

En la administracion por via oral de las dos cepas de
lactobacilos: Lactobacillus reuteri CECT7266 se transfirid activamente
a la leche de las hembras, y Lactobacillus fermentum CECT7265

colonizé la vagina, demostrando la afinidad diferencial de cada cepa.
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CONCLUSIONES GENERALES

Los resultados presentados en esta tesis nos permiten llegar a las

siguientes conclusiones:

1. Tras la suplementacion oral con las cepas Lactobacillus reuteri
CECT7266 y Lactobacillus fermentum CECT7265 durante 4 semanas
se modifica la flora intestinal de cachorros con un incremento de los
lactobacillus y una reduccién de las Enterobacterias excretadas en
heces. Se incrementa la concentracion del butirato asi como se
observa una inhibicion in vitro de la adhesion de Salmonella a las
mucinas. A nivel plasmatico se incrementa la actividad fagocitica de

los monocitos y un incremento de concentracion de IgG.

2. Tras la suplementacién oral con Lactobacillus reuteri CECT7266 y
Lactobacillus fermentum CECT7265 en hembras lactantes durante 1
mes previo al parto, se logré identificar Lactobacillus reuteri
CECT7266 en la leche de las hembras asi como en heces de su

cachorro. Se han podido aislar lactobacilos en muestras de meconio.

3. Tras la suplementacion oral con Lactobacillus reuteri CECT7266 y
Lactobacillus fermentum CECT7265 en hembras durante 3 meses se
logré aumentar la prevalencia de lactobacilos vaginales, e identificar
Lactobacillus fermentum CECT7265 en las muestras obtenidas.
Aumento el nimero de hembras que salio en celo, asi como la

fertilidad y la prolificidad.

102



103



VI. BIBLIOGRAFIA

104




BIBLIOGRAFIA
A

Adlerbeth I, Cerquetti M, Polaine I. 2000. Mechanisms of colonisation
and colonisation resistence of the digestive tract. Microl Ecol Health
Dis; 11: 223-39

Alakomi HL, Skytta E, Saarela M, Mattila-Sandholm T, Latva-Kala K,
Helander IM. 2000. Lactic acid permeabilizes gram-negative bacteria
by disrupting the outer membrane. Appl Environ Microbiol 66: 2001—
2005.

Alejung P, Paulsson M, Emddy L, Andersson M, Naidu AS and
Wadstréom T. 1991. Collagen binding by lactobacilli. Curr. Microbiol.
23:33-38

Alejung P, Shen W, Rozalska B, Hellman U, Ljungh A and Wadstrém
T. 1994. Purification of collagen-binding proteins of Lactobacillus
reuteri NCIB 11951. Curr. Microbiol. 28:231-236.

Allen WE and Dagnall GJR. 1982. Some observations on the aerobic
bacterial flora of the genital tract of the dog and bitch. J Small Anim
Pract, 23(6): 325-335.

Alverdy JC, Chang EB. The re-emerging role of the intestinal
microflora in critical illness and inflammation: why the gut hypothesis of
sepsis syndrome will not go away. J Leukoc Biol; 83; 461-6

Apostolou E., Kirjavainen PV, Saxelin M, Rautelin H, Valtonen V,
Salminen DJ, Ouwehand AC. 2001. Good adhesion properties of
probiotics: a potential risk for bacteremia? FEMS Immunol Med
Microbiol 2001; 31:35-9

Ahrné S. Lonnermark E. Wold AE. Aberg N. Hesselmar B.

Saalman R.Strannegard IL. Molin G. Adlerberth I. 2005. Lactobacilli in
the intestinal microbiota of Swedish infants. Microbes and Infection 7.
1256-1262.

Artis. D. 2008. Epithelial-cell recognition of commensal bacteria and
maintenance of immune homeostasis in the gut. Nat Rev Immunol;
8:411-20

Atarashi K, Umesaki Y, Honda K. 2011. Microbial influence on T cell
subset development. Semin Immunol; 23: 146-53

105



Aureli P, Capurso L, Castellazi AM, Clerici M, Giovanni M, Morelli L,
Poli A, Pregliasco F, Salvini F, Zuccotti GV.2011. Probiotics and Elath:
An evidence-based revieww. Pharmacol Res 2011

B

Baba E, Hata H, Fukata T, Arakawa A. 1983. Vaginal and uterine
microflora of adult dogs. Am J Vet Res 44:606—609.

Backhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon Jl. 2005.
Host bacterial mutualism in the human intestine. Science 307: 1915-
1920.

Barrons R, Tassone D. 2008. Use of Lactobacillus probiotics for
bacterial genitourinary infections in women: A review. Original
Research Article Clinical Therapeutics, Volume 30, Issue 3, Pages
453-468

Basu S, Chatterjee M, Ganguly S, Chandra PK. 2007. Effect of
Lactobacillus rhamnosus GG in persistent diarrhea in Indian children:
a randomized controlled trial. J Clin Gastroenterlo; 41: 756-60

Beachey EH. 1981. Bacterial adherence: adhesin-receptor interactions
mediating the attachment of bacteria to mucosal surfaces. J Infect Dis
143:325-345

Bekatorou A, Psarianos C, Koutinas AA.2006. Production of Food
Grade Yeasts. Food Technol. Biotechnol. 44(3): 407- 415.

Benno Y, Nakao H, Uchida K, 1992. Impact of the advances in age on
the gastrointestinal microflora of beagle dogs. J Vet Med Sci 54:703—
706.

Bermudez-Brito M., Plaza-Diaz J,. Mufioz-Quezada S., Gémez-
Llorente C., Gil A. 2012. Probiotic Mechanisms of Action. Ann Nutr
Metab 61:160-174.

Bjurstrém L and Linde-Forsberg C. 1992. Long-term study of aerobic
bacteria of the genital tract in breeding bitches. Am J Vet Res 53(5):
665-669.

Buck BL, Altermann E, Svingerud T, Klaenhammer TR. 2005.

Functional analysis of putative adhesion factors in Lactobacillus
acidophilus NCNCFM. Appl Environ Microbiol 71:8344—-8351.

106



http://www.ncbi.nlm.nih.gov/pubmed/?term=Barrons%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18405785
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tassone%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18405785

C

Caballero-Franco C, Keller K, de Simone C, Chadee K. 2007. The
VSL#3 probiotic formula induces mucin gene expression and secretion
in colonic epithelial cells. Am J Physiol Gastrointest and Liver Physiol;
January 2007 Vol. 292 no. 1, G315-G322

Castagliuolo |, Galeazzi F, Ferrari S, Elli M, Brun P,

Cavaggioni A, Tormen D, Sturniolo GC, Morelli L, Palu G. 2005.
Beneficial effect of auto-aggregating Lactobacillus crispatus on
experimentally induced colitis in mice. FEMS Immunol Med Microbiol
43:197-204

Cerovic V, Jenkins CD, Barnes AG, Milling SW, MacPherson GG,
Klavinskis LS. 2009. Hyporesponsiveness of intestinal dendritic cells
to TLR stimulation is limited to TLR4. J Immunol. Feb 15;182(4):2405-
15.

Chen W, Jin W, Hardegen N, Lei KJ, Li L, Marinos N. 2003.
Conversion of peripheral CD4'CD25 naive T cells to
CD4'CD25" regulatory T cells by TGF-beta induction of transcription
factor Foxp3. J Exp Med 198: 1875-1886.

Chenoll E, Casinos B, Bataller E, Astals P, Echevarria J, Iglesias JR,
Balbarie P, Ramén D, Genovés S. 2011. Novel probiotic
Bifidobacterium bifidum CECT 7366 strain active against the
pathogenic bacterium Helicobacter pylori. Appl Environ Microbiol 77:
1335-1343.

Cho JG, Gebhart CJ, Furrow E, Lulich JP. 2015. Assessment of in
vitro oxalate degradation by Lactobacillus species cultured from
veterinary probiotics.Am J Vet Res. Sep;76(9):801-6.

Cho SS and Finocchiaro ET. 2009. Handbook of prebiotics and
probiotics ingredients. Health Benefits and Food Applications. New
York. CRC PRESS, pp:85-115

Chu H, Kang S, Ha S, Cho K, Park SM, Han KH, Kang SK, Lee H, Han
SH, Yun CH, Choi Y. 2005. Lactobacillus acidophilus expressing
recombinant K99 adhesive fimbria has an inhibitory effect on adhesion
of enterotoxigenic Escherichia coli. Microbiol Immunol 49: 941-948.

Coconnier MH, Klaenhammer TR, Kerrnéis S, Bernet MF, and Servin
AL. 1992. Protein-mediated adhesion of Lactobacillus acidophilus
BG2F04 on human enterocyte and mucus-secreting cell lines in
culture. Appl. Environ. Microbiol. 58:2034-2039

107


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+19201895
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+19201895
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26309108
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26309108
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26309108

Coenen TM, Berstens AM, de Hoog SC, Verspeek CM. 2000. Safety
evaluation of lactate enzyme preparation derived from Kluyveromyces
lactis. Food Chem. Toxicol. 38: 671-677.

Collado MC, Gueimonde M, Hernandez M, Sanz Y, Salminen S. 2005.
Adhesion of selected Bifidobacterium strains to human intestinal
mucus and the role of adhesion in enteropathogen exclusion. J Food
Prot 68:2672—-2678

Conway PL and Kjelleberg S. 1989. Protein-mediated adhesion of
Lactobacillus fermentum strain 737 to mouse stomach squamous
epithelium. J. Gen. Microbiol. 135:1175-1186.

Coombes JL, Powrie F. 2008. Dendritic cells in intestinal immune
regulation. Nat Rev Immunol; 8: 435-46

D

De Keersmaecker SC, Verhoeven TL, Desair J, Marchal K,
Vanderleyden J, Nagy |. 2006. Strong antimicrobial activity of
Lactobacillus rhamnosus GG against Salmonella typhimurium is due to
accumulation of lactic acid. FEMS Microbiol Lett 259: 89-96.

Delcenserie V, Martel D, Lamourex M, Amiot J, Boutin Y, Roy D. 2008.
Immunomodulatory effects of probiotic in the intestinal tract. Curr
Issues Mol Biol ; 10 :37-54

Delucchi L, Fraga M, Perelmuter K, Cidade E, Zunino P. 2008. Vaginal
lactic acid bacteria in healthy and ill bitches and evaluation of in vitro
probiotic activity of selected isolates. Can Vet J. 49(10): 991-994.

Delucchi L, Fraga M, Perelmuter K, Cella CD, Zunino P. 2014. Effect
of native Lactobacillus murinus LbP2 administration on total fecal IgA
in healthy dogs. Can J Vet Res. Apr;78(2):153-5.

Dethlefsen L, Eckburg PB, Bik EM, Relman DA. 2006. Assembly of the
human intestinal microbiota. Trends Ecol. Evol. 21: 517-523.

Donnet-Hughes A. Perez PF. Doré J. Leclerc M. Levenez F.
Benyacoub J. Serrant P. Segura-Roggero I. Schiffrin EJ. 2010.
Potential role of the intestinal microbiota of the mother in neonatal
immune education. Proceedings of the Nutrition Society 69: 407-415.

Dongarra ML, Rizzello V, Muccio L, Fries W, Cascio A, Bonaccorsi |

.2013. Mucosal immunology and probiotics. Curr. Allergy Asthm R. 13
(2): 19-26.

108



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24688179
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24688179
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24688179
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24688179

Drumm B, Roberton AM and Sherman PM. 1988. Inhibition of
attachment of Escherichia coli RDEC-1 to intestinal microvillus
membranes by rabbit ileal mucus and mucin in vitro. Infect. Immun.
56:2437-2442

Dubin PJ, Kolls JK. 2008. Thl7cytokines and mucosal immunity.
Immunol Rev; 226:160-71

Duijkeren E V. 1992. Significance of the vaginal bacterial flora in the
bitch: a review. Vet Rec, 131: 367-369.

Dunne C, Mahony LO, Murphy L, Thorton G, Morrissey D, Halloran
SO, Feeney M, Flynn S, Fitzgerald G, Daly C, Kiely B, O'Sullivan GC,
Shanahan F, Collins JK. 2001. In vitro selection criteria for probiotic
bacteria of human origin, correlation with in vivo findings. Am. J. Clin.
Nutr. 1073: 386-392.

E

Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent
M, Gill SR, Nelson KE, Relman DA. 2005. Diversity of the human
intestinal microbial flora. Science 308: 1635-1638.

Egert M, de Graaf AA, Smidt H, de Vos WM, Venema K. 2006. Beyond
diversity: functional microbiomics of the human colon. Trends
Microbiol. 14: 2.

Elliott SN, Buret A, McKnight W, Miller MJ, Wallace JL. 1998. Bacteria
rapidly colonize and modulate healing of gastric ulcers in rats. Am. J.
Physiol. 275:G425-G432.

F

Frank DN, Amand ALS, Feldman RA, Boedeker EC, Harpaz N and
Pace NR. 2007. Molecular-phylogenetic characterization of microbial
community imbalances in human inflammatory bowel diseases. Proc.
Natl. Acad. Sci. USA 104:13780-13785.

Fieni F, Topie E, Gogny A. 2014.Medical treatment for pyometra in
dogs. Reprod. Domest. Anim.; 49 (Suppl. 2): 28-32.

Fujiwara S, Hashiba H, Hirota T, Forstner JF. 2001. Inhibition of the
binding of enterotoxigenic Escherichia coli Pb176 to human intestinal
epithelial cell line HCT-8 by an extracellular protein fraction containing
BIF of Bifidobacterium longum SBT2928: suggestive evidence of
blocking of the binding receptor gangliotetraosyl-ceramide on the cell
surface. Int J Food Microbiol 67: 97-106.

109



Furrie E, Macfarlane S, Kennedy A, Cummings JH, Walsh SV, O’neil
DA, Macfarlane GT. 2005. Symbiotic therapy (Bifidobacterium
longum/Synergy 1) initiates resolution of inflammation in patients with
active ulcerative colitis: a randomised controlled pilot trial. Gut 54:242—
249.

G

Galdeano CM, de Leblanc AM, Dogi C, Perdigon G. 2010. Lactic acid
bacteria as immunomodulators of the gut-associated immune system.
In: Mozzi F, Raya RR, Vignolo GM. (Eds.), Biotechnology of Lactic
Acid Bacteria: Novel Applications, Wiley-Blackwell, Ames, IA, pp. 125—
140.

Gareau MG, Sherman PM, Walker WA. 2010. Probiotics and the gut
microbiota in intestinal health and disease. Nat Rev Gastroenterol
Hepatol. Sep;7(9):503-14

German AJ, Day MJ, Ruaux CG. 2003. Comparison of direct and
indirect tests for small intestinal bacterial overgrowth and antibiotic-
responsive diarrhea in dogs. J Vet Intern Med 17:33-43.

Gionchetti P, Rizzello F, Venturi A, Brigidi P, Matteuzzi D,
Bazzocchi G, Poggioli G, Miglioli M, Campieri M. 2000. Oral
bacteriotherapy as maintenance treatment in patients with chronic
pouchitis: a double-blind, placebo-controlled trial. Gastroenterology:.;
119(2):305-309.

Gill HS. 1998. Stimulation of the immune system by lactic cultures.
Int Dairy J;8: 535-544.

Gomez-Llorente C, Mufioz S, Gil A. 2010. Role of Toll-like receptors
in the development of immunotolerance mediated by probiotics.
Proc Nutr Soc 69: 381-389.

Gonzalez-Rodriguez |, Sanchez B, Ruiz L, Turroni F, Ventura M,
Ruas-Madiedo P, Gueimonde M, Margolles A. 2012. Role of
extracellular transaldolase from Bifidobacterium bifidum in mucin
adhesion and aggregation. Appl Environ Microbiol 78:3992—3998.

Groppetti D, Pecile A, Barbero C, Martino PA.2012. Vaginal
bacterial flora and cytology in proestrous bitches: Role on fertility.
Theriogenology; 77:1549-1556.

Grze_skowiak L, Endo B, Beasley S, Salminen S. 2015. Microbiota
and probiatics in canine and feline welfare Anaerobe 34: 14-23.

Guarner F, Malagelada JR. 2003. Gut flora in health and disease.
Lancet 361, 512-519.

110



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20664519
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20664519
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20664519

Gueimonde M, Laitinen K, Salminen S, Isolauri E. 2007. Breast
milk: a source of bifidobacteria for infant gut development and
maturation. Neonatology 92: 64-66. Gunay U, Onat K, Gunay A,
Ulgen M. 2010. Vaginal, cervical and uterine bacterial flora at the
different stages of the reproductive cycle in ovariohysterectomized
bitches. J Am Vet Adv, 9(3): 478-481.

H

Haller D, Colbus H, Ganzle MG, Scherenbacher P, Bode C,
Hammes WP. 2001. Metabolic and functional properties of lactic
acid bacteria in the gastro-intestinal ecosystem: a comparative in
vitro study between bacteria of intestinal and fermented food origin.
Syst Appl Microbiol 24:218-226.

Handl S, Dowd SE, Garcia-Mazcorro JF, Steiner JM, Suchodolski
JS. 2011. Massive parallel 16S rRNA gene pyrosequencing reveals
highly diverse fecal bacterial and fungal communities in healthy
dogs and cats. FEMS Microbiol. Ecol. May;76(2):301-10.

Hansen R. Scott KP. Khan S. Martin JC. Berry SH. Stevenson M.
Okpapi A. Munro MJ. Hold GL. 2015. First- Pass Meconium Samples
from Healthy Term Vaginally-Delivered Neonates: An Analysis of the
Microbiota. PLoS One. Jul 28

Harris JR, Neil KP, Behravesh CB, Sotir MJ, Angulo FJ. 2010. Recent
multistate outbreaks of human salmonella infections acquired from
turtles: a continuing public health challenge. Clin. Infect. Dis. 50: 554-
559.

Hassan M, Kjos M, Nes IF, Diep DB, Lotfipour F. 2012. Natural
antimicrobial peptides from bacteria: characteristics and potential
applications to fight against antibiotic resistance. J Appl Microbiol.
2012, DOI: 10.1111/j.1365-2672.2012.05338

Heikkila MP, Saris PEJ. 2003. Inhibition of Staphylococcus aureus by
the commensal bacteria of human milk. J Appl Microbiol 95:471-478.

Henriksson A, Szewzyk R and Conway PL. 1991. Characteristics of
the adhesive determinants of Lactobacillus fermentum 104. Appl.
Environ. Microbiol. 57:499-502

Herstad HK1, Nesheim BB, L'Abée-Lund T, Larsen S, Skancke E.

2010. Effects of a probiotic intervention in acute canine gastroenteritis-
-a controlled clinical trial. J Small Anim Pract. 51(1):34-38.

111



Hickson M' D'Souza AL, Muthu N, Rogers TR, Want S, Rajkumar
C, Bulpitt CJ. 2007. Use of probiotic Lactobacillus preparation to
prevent diarrhoea associated with antibiotics: randomised double blind
placebo controlled trial. Jul 14;335(7610):80. Epub 2007 Jun 29.

Hirano J, Yoshida T, Sugiyama T, Koide N, Mori I, Yokochi T. 2003.
The effect of Lactobacillus rhamnosus on
enterohemorrhagic Escherichia coli infection of human intestinal cells
in vitro. Microbiol Immunol 47:405-409.

Hirsh DC, Wiger N. 1977. The bacterial flora of the normal canine
vagina compared with that of vaginal exudates. J Small Anim Pract 18,
25-30.

Hooper LV , Gordon JI. 2001. Commensal host-bacterial relationships
in the gut.
May 11;292(5519):1115-8.

Hutchins RG, Bailey CS, Jacob ME, Harris TL, Wood MW, Saker KE,
Vaden SL. 2013. The effect of an oral probiotic
containing lactobacillus, bifidobacterium, and bacillus species on the
vaginal microbiota of spayed female dogs. J Vet Intern Med.
27(6):1368-1371.

Hutchins RG1, Vaden SL, Jacob ME, Harris TL, Bowles KD, Wood
MW, Bailey CS. 2014.Vaginal microbiota of spayed dogs with or
without recurrent urinary tract infections. J Vet Intern Med.; 28(2):300-
304.

Hynénen U, Westerlund-Wikstrém B, Palva A, Korhonen TK. 2002.
Identification by flagellum display of an epithelial cell and fibronectin-
binding function in the SIpA surface protein of Lactobacillus brevis. J
Bacteriol 184:3360-3367

I

Ishii H, Isomoto H, Shikuwa S, Hayashi T, Inoue N, Yamaguchi
N, Ohnita K, Nanashima A, Ito M, Nakao K, Kohno S. 2010. Peyer's
Patches in the Terminal lleum in Ulcerative Colitis: Magnifying
Endoscopic Findings. J Clin Biochem Nutr. 2010 Mar;46

Isolauri E, Sitas Y, Kankaanpaa P, Arvilommi H, Salminen S. 2001.
Probiatics: effects on immunity. Am J Clin Nutr; 73: 444S-450S.

Isolauri E, Salminen S. 2008. Probiotics: use in allergic disorders: a
Nutrition, Allergy, Mucosal Immunology, and Intestinal Microbiota

112



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Hickson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=D%27Souza%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Muthu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Rogers%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Want%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Rajkumar%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Rajkumar%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Rajkumar%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Bulpitt%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17604300
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+11352068
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+11352068
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24033665
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24033665
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24033665
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+24033665
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Ishii%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Isomoto%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Shikuwa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Hayashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Inoue%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Yamaguchi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Yamaguchi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Yamaguchi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Ohnita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Nanashima%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Ito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Nakao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Kohno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20216943
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=ishii+2010+peyer%27s+patches

(NAMI) Research Group Report. J Clin Gastroenterol.; 42 Suppl
2:591-6.

J

Jiménez E, Fernandez L, Marin ML, Martin R, Odriozola JM, Nueno-
Palop C,. 2005. Isolation of commensal bacteria from umbilical cord
blood of healthy neonates born by caesarean section. Curr Microbiol
51(4):270-274.

Jiménez E, Marin ML, Martin R, Odriozola JM, Olivares M, Xaus J.
2008. Is meconium from healthy newborns actually sterile? Res
Microbiol 159(3):187-193.

Johansson ML, Molin G, Jeppsson B, Nobaek S, Ahrne S, Bengmark
S. 1993. Administration of different Lactobacillus strains in fermented
oatmeal soup: In vivo colonization of human intestinal mucosa and
effect on the indigenous flora. Appl. Environ. Microbiol. 59:15-20.

Johnston KL, Lamport A, Batt RM. 1993. An unexpected bacterial flora
in the proximal small intestine of normal cats. Vet Rec 132:362—363.

Juntunen M, Kirjavainen PV, Ouwehand AC, Salminen SJ, Isolauri E.
2001. Adherence of probiotic bacteria to human intestinal mucus in
healthy infants and during rotavirus infection. Clin Diag Lab Immunol
8:293-296.

Jutel M., Akdis CA. 2011. T-cell subset regulation in atopy. Curr
Allergy Asthma Rep; 11:139-45

K

Kaila M, Isolauri E, Soppi E, Virtanen E, Laine S, Arvilommi H.
1992.Enhancement of the circulating antibody secreting cell response
in human diarrhea by a human Lactobacillus strain. Pediatr Res.;
32(2):141-144.

Kim H, Rather IA, Kim H, Kim S, Kim T, Jang J, Seo J, Lim J, Park YH.
2015. A Double-Blind, Placebo Controlled-Trial of a Probiotic
Strain Lactobacillus sakei  Probio-65 for the Prevention of
Canine Atopic Dermatitis. J Microbiol Biotechnol. 25(11):1966-1969.

Kanasugi H, Hasegawa T, Goto Y, Ohtsuka H, Makimura S,
Yamamoto T. 1997. Single administration of enterococcal preparation
(FK-23) augments non-specific immune responses in healthy dogs. Int
J Immunopharmacol.; 19(11-12):655-659.

Kim YG, Ohta T, Takahasi T. 2006. Probiotic Lactobacillus casei

activates innate immunity via NK-Kappa and p38 MAP Kinase
signaling pathways. Microbes Infect; 8: 994-1005

113


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691

Kim H, Rather IA, Kim H, Kim S, Kim T, Jang J, Seo J, Lim J, Park YH.
2015. A Double-Blind, Placebo Controlled-Trial of a Probiotic Strain
Lactobacillus sakei Probio-65 for the Prevention of Canine Atopic
Dermatitis. J Microbiol Biotechnol. Nov 28;25(11):1966-9.

Klaenhammer TR, Muller MJ. 1999. Selection and design of probiotics.
Int J Food Microbiol 50:45-57.

Klander, O., Weiss, N.1986. Genus Lactobacillus. Bergey's Manual of
Systematic Bacteriology. New York: Springer, v.2

Konieczna P, Groeger D, Ziegler M, Frei R, Ferstl R, Shanahan F.
2012. Bifidobacterium infantis 35624 administration induces Foxp3 T
regulatory cells in human peripheral blood: potential role for myeloid
and plasmacytoid dendritic cells. Gut 61: 354—-366.

Ku K, Lee H, Choi ID, Ra JH, Kim TY, Jeong JW. 2014.
Immunostimulatory effect of Lactobacillus plantarum HY7712 via toll-
like receptor 2 signaling pathway, Cytokine 70 (1): 52.

Kullen MJ, Sanozky-Dawes RB, Crowell DC, Klaenhammer TR. 2000.
Use of the DNA sequence of variable regions of the 16S rRNA gene
for rapid and accurate identification of bacteria in the Lactobacillus
acidophilus complex. J Appl Microbiol; 89:511-516.

Kumar H, Kawai T, Akira S. 2011. Pathogen recognition by the innate
immune system. Int Rev Immunol; 30:16-34

Kumura H, Tanoue M, Tsukahara M, Tanaka T, Shimazaki K. 2004.
Screening of dairy yeast strains for probiotic applications. J. Dairy Sci.
87: 4050-4056.

L

Lara-Villoslada F, Olivares M, Sierra S, Rodriguez JM, Boza J, Xaus J.
2007. Beneficial effects of probiotic bacteria isolated from breast milk.
Br. J. Nutr. 98: S96-S100.

Lara-Villoslada F, Sierra S, Diaz-Ropero MP, Olivares M, Xaus J.
2007a. Safety assessment of the human milk-isolated probiotic
Lactobacillus salivarius CECT5713. J. Dairy Sci. 90, 3583-3589.

Laux DC, McSweegan EF, Williams TJ, Wadolkowski EA and Cohen
PS. 1986. Identification and characterization of mouse small intestine
mucosal receptors for Escherichia coli K-12(K88ab). Infect. Immun.
52:18- 25

114



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+26282691

Lee JH, .Kim MJ, Jeong DW, Kim MJ, Kim JH, Chang HC, Chung DK,
Kim HY, Kim KH. 2005. Identification of Bacteriocin-Producing
Lactobacillus paraplantarum First Isolated from Kimchi. Journal of
Microbiology and Biotechnology; 15: 428-33

Lee WJ and Hase K. 2014. Gut microbiota-generated metabolites in
animal health and disease, Nat. Chem. Biol. 10: 416-424.

Lee YK, Mazmanina SK. 2010. Has the microbiota played a critical
role in the evolution of the adaptative immune system? Science; 330:
1768-73

Lindahl M, Faris A, Wadstrom T and Hjerten S. 1981. A new test
based on salting out to measure relative surface hydrophobicity of
bacterial cells. Biochim. Biophys. Acta 677:471-476.

Lépez P, Gueimonde M, Margolles A, Suarez A. 2010. Distinct
Bifidobacterium strains drive different immune responses in vitro, Int.
J. Food Microbiol 138 (1): 157-165.

Lotz M, Ménard S, Hornef M. 2007. Innate immune recognition on the
inestinaol mucosa. Int j Med Microbiol; 297: 379-92

M

Mackie RI, Saghir A, Gaskins HR. 1999. Developmental microbial
ecology of the neonatal gastrointestinal tract. Am J Clin Nutr
69:1035S-1045S.

Mackowiak PA. 2013. Recycling Metchnikoff: probiotics, the intestinal
microbiome and the quest for long life. Front Public Health 1: 52.

Macdonald TT, Monteleone |, Fantini MC, M onteleone G. 2011.
Regulation of homeostasis and inflammation in the intestine.
Gastroenterology; 140: 1768-75

Majamaa H, lIsolauri E, Saxelin M, Vesikari T. 1995. Lactic acid
bacteria in the treatment of acute rotavirus gastroenteritis. J Pediatr
Gastroenterol Nutr.; 20(3): 333-338.

Marcindkova M, Simonova M, Strompfova V, Laukova A.2006.
Oral application of Enterococcus faecium strain EE3 in healthy dogs.
Folia Microbiol (Praha). 51(3):239-242.

115


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Marcin%C3%A1kov%C3%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17004657
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Simonov%C3%A1%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17004657
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Strompfov%C3%A1%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17004657
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=Laukov%C3%A1%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17004657
https://xpv.uab.cat/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+pubmed?term=Oral%20application%20ofEnterococcus%20faecium%20strain%20EE3%20in%20healthy%20dogs%5ball%5d&cmd=correctspelling

Marsella R, Santoro D, Ahrens K. 2012. Early exposure to probiotics in
a canine model of atopic dermatitis has long-term clinical and
immunological effects. Vet Immunol Immunopathol. 146(2):185-189.

Marsella R, Santoro D, Ahrens K, Thomas AL. 2013. Investigation of
the effect of probiotic exposure on filaggrin expression in an
experimental model of canine atopic dermatitis. Vet Dermatol.
24(2):260-e57.

McLean NW and Rosenstein 1J. 2000. Characterization and selection
of a Lactobacillus species to re-colonise the vagina of women with
recurrent bacterial vaginosis. J Med Microbiol. 49(6):543-52.

McNaught C and MacFie J. 2001. Probiotics in clinical practice: A
critical review of the evidence. Nutr. Res. 21:343-353.

Makras L, Triantafyllou V, Fayol-Messaoudi D, Adriany T,
Zoumpopoulou G, Tsakalidou E, Servin A, De Vuyst L. 2006. Kinetic
analysis of the antibacterial activity of probiotic lactobacilli towards
Salmonella enterica serovar typhimurium reveals a role for lactic acid
and other inhibitory compounds. Res Microbiol 157: 241-247.

Maksimovi¢ A, Filipovi¢ S, Rifatbegovi¢ M, Maksimovi¢ Z, BeSirovi¢ H.
2012. Vaginal and uterine bacteria of healthy bitches during different
stages of their reproductive cycle. Vet Rec, 171 (15):375.

Man AL, Lodi F, Bertelli E, Regoli M, Pin C, Mulholland F, Satoskar
AR, Taussig MJ, Nicoletti C. 2008. Macrophage migration inhibitory
factor plays a role in the regulation of microfold M cell mediated
transport in the gut. J. Immun. 181: 5673-5680.

Martin R, Olivares M, Marin ML, Fernandez L, Xaus J, Rodriguez JM.
2005. Probiotic potential of 3 Lactobacilli strains isolated from breast
milk. J Hum Lact. 21(1):8-17.

Martin R, Langa S, Reviriego C, Jimenez E, Marin ML, Olivares M,
Boza M, Jiménez J, Fernandez L, Xaus J, Rodriguez JM. 2004. The
commensal microflora of human milk: new perspectives for food
bacterio therapy and probiotics. Trends Food Sci. Technol. 15: 121—
127.

Martin R, Langa S, Reviriego C, Jiménez E, Marin ML, Xaus J,
Ferndndez L, Rodriguez JM. 2003. Human milk is a source of lactic
acid bacteria for the infant gut. J. Pediatr. 143: 754—758.

Martin R. Langa S. Reviriego C. Jiménez E. Marin ML. Xaus J.

Fernandez L. Rodriguez JM.. 2003b. Human milk is a source of lactic
acid bacteria for the infant gut. J. Pediatrics 143. 754-758.

116



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+23432387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+23432387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+23432387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+23432387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+15681631
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+15681631

Martin R, Jiménez E, Heilig H, Fernandez L, Marin ML, Zoetendal EG,
Rodriguez JM. 2009. Isolation of bifidobacteria from breast milk and
assessment of the bifidobacterial population by PCR-denaturing
gradient gel electrophoresis and quantitative real-time PCR. Appl.
Environ. Microbiol. 75: 965—-969.

Martin R, Olivares M, Pérez M, Xaus J, Torre C, Fernandez L,
Rodriguez JM. 2010. Identification and evaluation of the probiotic
potential of lactobacilli isolated from canine milk. Vet J 18:193-198.

Matsumiya Y. Kato N. Watanabe K. 2002. Molecular epidemiological
study of vertical transmission of vaginal Lactobacillus species from
mothers to newborn infants in Japanese. by arbitrarily primed
polymerase chain reaction. J Infect Chemotherapy 8. 43—49.

Mileti E, Matteoli G, lliev ID, Rescigno M. 2009. Comparison of the
immunomodulatory  properties  of three  probiotic  strains
of Lactobacilliusing complex culture systems: prediction forin
vivo efficacy. PLoS One 4 (9): e7056

Morales JL. 2004. Aplicacién de un suplemento probiético en la
recuperacién de un reemplazo de ponedora. Proceeding IV Congreso
de Avicultura, Stgo. de Cuba, pp: 34-39

Murphy C, Murphy S, O'Brien F, O'Donoghue M, Boileau T, Sunvold
G, Reinhart G, Kiely B, Shanahan F, O'Mahony L. 2009- Metabolic
activity of probiotics-oxalate degradation. Vet Microbiol. Apr 14;136(1-
2):100-7.

Mukai T, Asasaka T, Sato E, Mori K, Matsumoto M, Ohori H. 2002.
Inhibition of binding of Helicobacter pylori to the glycolipid receptors
by probiotic Lactobacillus reuteri . FEMS Immunol Med Microbiol 32:
105-110.

Minnich A and Kichenmeister U. 2014. Causes, Diagnosis and
Therapy of Common Diseases in Neonatal Puppies in the First Days of
Life: Cornerstones of Practical Approach. Reprod Domest Anim,
49(s2): 64-74.

Mufioz JA, Chenoll E, Casinos B, Bataller E, Ramén D, Genovés S,
Montava R, Ribes JM, Buesa J, Fabrega J, Rivero M. 2011. Novel
probiotic Bifidobacterium longum subsp . infantis CECT 7210 strain
active against rotavirus infections. Appl Environ Microbiol 77: 8775
8783.

N

117


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+19028028
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+19028028
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+19028028

Nakamura S, Kuda T, An C, Kanno T, Takahashi H, Kimura B. 2012.
Inhibitory effects of Leuconostoc mesenteroides 1RM3 isolated from
narezushi, a fermented fish with rice, on Listeria monocytogenes
infection to Caco-2 cells and A/J mice. Anaerobe 18: 19-24.

Neish AS. 2009. Microbes in gastrointestinal health and disease.
Gastroenterology; 136: 65-80

Nesser JR, Granato D, Rouvet M, Servin A, Teneberg S, Karlsson KA.
2000. Lactobacillusjohnsonii Lal shares carbohydrate-binding
specificities with several enteropathogenic bacteria. Glycobiologyl0:
1193-1199.

Ng SC, Kamm MA, Stagg AJ, Knight SC. 2010. Intestinal dendritic
cells: their role in bacterial recognition, lymphocyte homing, and
intestinal inflammation. Inflamm Bowel Dis; 16: 1787-807

Noguchi K., Tsukumi K., Urano T. 2003. Qualitative and quantitative
differences in normal vaginal flora of conventionally reared mice, rats,
hamsters, rabbits, and dogs. Comp Med. 53:404-412.

O

O'Flaherty S, Ross RP, Flynn J, Meaney WJ, Fitzgerald GF, Coffey A.
2005. Isolation and characterization of two anti-staphylococcal
bacteriophages specific for pathogenic Staphylococcus aureus
associated with bovine infections.Lett Appl Microbiol.;41(6):482-6.

Olson PN and Mather EC. 1978. Canine vaginal and uterine bacterial
flora. J Am Vet Med Assoc 172:708-711.

Ohshima-Terada Y, Higuchi Y, Kumagai T, Hagihara A, Nagata M.
2015. Complementary effect of oral administration
of Lactobacillus paracasei K71 on canine atopic dermatitis. Vet
Dermatol. 26(5):350-353.

Olivares M, Diaz-Ropero MP, Gomez N, Lara-Villoslada F, Sierra S,
Maldonado JA, Martin R, Lopez-Huertas E, Rodriguez JM, Xaus J.
2006. Oral administration of two probiotic strains, Lactobacillus gasseri
CECT5714 and Lactobacillus coryniformis CECT5711, enhances the
intestinal function of healthy adults. Int J Food Microbiol. 107(2): 104-
11.

O’Shea EF, Cotter PD, Stanton C, Ross RP, Hill C. 2012. Production
of bioactive substances by intestinal bacteria as a basis for explaining
probiotic mechanisms: bacteriocins and conjugated linoleic acid. Int J
Food Microbiol 152: 189-205.

118



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+16305674
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+16305674
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+16305674
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=olivares+2006+Oral+administration

Osset Lladonosa, J. 2003. Caracteritzacié de les propietats que fan de
Lactobacillus el regulador de I'ecosistema vaginal i el protector contra
els patogens genito-urinaris. Hospital Vall d’Hebron.Universitat
Autonoma de Barcelona. Barcelona

Ouwehand AC. 1998. Antimicrobial components from lactic acid
bacteria In Salminen S, von Wright A (eds). Lactic Acid Bacteria:
Microbiology and Functional Aspects. Dekker (New York) pp 139-159.

Ouwehand AC, Salminen S, Tolkko S, Roberts P, Ovaska J, Salminen
E. 2002a.. Resected human colonic tissue: new model for
characterizing adhesion of lactic acid bacteria. Clin Diag Lab Immunol
9:184-186

Ouwehand AC, Suomalainen T, Tolkkd S, Salminen S. 2002b. In vitro
adhesion of propionic acid bacteria to human intestinal mucus. Lait
82:123-130.

Ouwehand AC, Kurvinen T, Rissanen P. 2004. Use of a
probiotic Bifidobacterium in a dry food matrix, an in vivo study. Int J
Food Microbiol. Aug 15;95(1):103-6.

Owen RL. 1999. Uptake and transport of intestinal macromolecules
and microorganisms by M cells in Peyer's patches-a personal and
historical perspective. Semin. Immunol. 11: 157-163.

P

Perdigon G, Maldonado Galdeano C, Valdez JC, Medici M. 2002.
Interaction of lactic acid bacteria with the gut immune system. Eur J
Clin Nutr 56:521-S26.

Perez PF, Dore J, Leclerc M, Levenez F, Benyacoub J, Serrant P,
SeguraRoggero |, Schiffrin EJ, Donnet-Hughes A. 2007. Bacterial
imprinting of the neonatal immune system: lessons from maternal
cells. Pediatrics 119: e724—e732.

Perez-Cano FJ, Dong H, Yagoob P. 2010. In vitro immunomodulatory
activity of Lactobacillus fermentum CECT5716 and Lactobacillus
salivarius CECT5713: two probiotic strains isolated from human breast
milk. Immunobiology 215: 996—-1004.

Q

Qin HL, Su ZD, Gao Q. 2002. Early intrajejunal nutrition: bacterial
translocation and gut barrier function of severe acute pancreatitis in
dogs. Hepatobiliary Pancreat Dis Int; 1:150-154

119


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+15240080
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+15240080

R

Rakoff-Nahoum S, Medzhitoz R .2008. Innate immune recognition of
the indigenous microbial flora. Mucosal Immunol ; 1: S10-S14

Ranganathan N, Patel B, Ranganathan P .2005. Probiotic
amelioration of azotemia in 5/6th nephrectomized Sprague-Dawley
rats. Sci World J ;5:652—-660.

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

Reid G, Dols J, Miller W. 2009.Targeting the vaginal microbiota with
probiotics as a means to counteract infections. Curr Opin Clin Nutr
Metab Care 12:583-587.

Rescigno M, Urbano M, Valsazina B, Francoloni M, Rotta G, Bonasio
R. 2001. Dendritic cells express tight junction proteins and penetrate
gut epithelial monolayers to sample bacteria. Nature Immunol 2:361—
367.

Rigaux P, Daniel C, Hisbergues M, Muraille E, Hols P, Pot B. 2009.
Immunomodulatory properties of Lactobacillus plantarum and its use
as a recombinant vaccine against mite allergy. Allergy 64: 406—414.

Rodriguez EF. 2007. Inmunidad de las mucoses. En: Manual de
inmunologia veterinaria. Editores: Esperanza Goémez-Lucia, Mar
Blanco, Ana Doménech. Editorial: Pearson, Prentice Hall. (Madrid),
pp: 385-407.

Roitt | .2001. Essential immunology. Oxford: Blackwell Scientific
Publications

Rolfe RD. 1991. Population dynamics of the intestinal tract. In
Blankenship LC (ed), Colonization Control of Human Bacterial
Enteropathogens in Poultry. Academic Press (San Diego), pp 59-75.

Rojas M and Conway PL. 1996. Colonization by Lactobacillus of piglet
small intestinal mucus. J. Appl. Bacteriol. 81:474-480

Rojas M, Ascencio F, Conway P . 2002. Purification and
Characterization of a Surface Protein from Lactobacillus fermentum
104R That Binds to Porcine Small Intestinal Mucus and Gastric Mucin
Appl. Environ. Microbiol. May; vol. 68 (5)

Romero RI, Nores J, Mazor M, Sepulveda W, Oyarzun E, Parra M,
Insunza A, Montiel F, Behnke E, Cassell GH. 1993. Microbial invasion

120



https://xpv.uab.cat/,DanaInfo=.aafoCexsGw0q+search?author1=Maurilia+Rojas&sortspec=date&submit=Submit
https://xpv.uab.cat/,DanaInfo=.aafoCexsGw0q+search?author1=Felipe+Ascencio&sortspec=date&submit=Submit
https://xpv.uab.cat/,DanaInfo=.aafoCexsGw0q+search?author1=Patricia+L.+Conway&sortspec=date&submit=Submit

of the amniotic cavity during term labor. Prevalence and clinical
significance. J Reprod Med. 38(7):543-548.

Roos S, Aleljung P, Robert N, Lee B, Wadstrom T, Lindberg M,
Jonsson H. 1996. A collagen binding protein from Lactobacillus reuteri
is part of an ABC transporter system?. FEMS Microbiology Letters
144: 33-38.

Root Krustritz MV. 2006. Collection of tissue and culture samples from
the canine reproductive tract. Theriogenology, 66:567-574.

Russell JB and Diez-Gonzalez F. 1998. The effects of fermentation
acids on bacterial growth. Adv Microb Physiol 39: 205-234.

S

Sajjan SU and Forstner JF. 1990. Characteristics of the binding of
Escherichia coli serotype 0157:H7 strain CL-49 to purified intestinal
mucin. Infect. Immun. 58:860-867.

Salminen S, von Wright A, Ouwehand AC (eds.). 2004. Lactic Acid
Bacteria: Microbiological and Functional Aspects (3rd ed. edicién).
New York: Marcel Dekker, Inc.ISBN 0-8247-5332-1.

Salzman NH. 2011. Microbiota-immune system interaction: an uneasy
alliance. Curr Opin Microbiol; 14: 99-105.

Satokari R, Gronroos T, Laitinen K, Salminen S, Isolauri E. 2009.
Bifidobacterium and Lactobacillus DNA in the human placenta. Lett
App Microbiol 48(1): 8-12.

Schabussova |, Hufnagl K, Tang ML, Hoflehner E, Wagner A, Loupal
G. 2012. Perinatal maternal administration of Lactobacillus
paracasei NCC 2461 prevents allergic inflammation in a mouse model
of birch pollen allergy. PLoS ONE 7(7): e40271.

Schiffrin E J, Rochat F, Lind-Amster H, Aeschlimann J M, Donnet-
Hughes A. 1995. Immunomodulation of human blood cells following
the ingestion of lactic acid bacteria. J Dairy Sci 78(3): 491-497

Schiffrin EJ, Brassart D, Servin AL, Rochat F, Donnet-Hughes A.
1997. Immune modulation of blood leukocytes in humans by lactic acid
bacteria: criteria for strain selection. Am J Clin Nutr 66:515S-520S.

Schiffrin EJ and Blum S. 2002. Interactions between the microbiota
and the intestinal mucosa. Eur J Clin Nutr 56:S60-S64.

121


https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+?term=105.%09Romero+R1%2C+Nores+J%2C+Mazor+M%2C+Sepulveda+W%2C+Oyarzun+E%2C+Parra+M%2C+Insunza+A%2C+Montiel+F%2C+Behnke+E%2C+Cassell+GH.+Microbial+invasion+of+the+amniotic+cavity+during+term+labor.+Prevalence+and+clinical+significance.
https://es.wikipedia.org/wiki/ISBN

Schleifer, K. H., and W. Ludwig. 1995. Phylogenetic relationships of
lactic acid bacteria, p. 7-18. In B. J. B. Wood and W. H. Holzapfel
(ed.), The genera of lactic acid bacteria. Blacky Academic &
Professional, London, England.

Schneitz C, Nuotio L, and.Lounatma K. 1993. Adhesion of
Lactobacillus acidophilus to avian intestinal epithelial cells mediated by
the crystalline bacterial cell surface layer (S-layer). J. Appl. Bacteriol.
74:290-294

Schreibelt G, Tel J, Sliepen KH, Benitez-Ribas D, Figdor CG, Adema
GJ, de Vries 1J. 2010. Toll-like receptor expression and function in
human dendritic cell subsets: implications for dendritic cell-based anti-
cancer immunotherapy. Cancer Immunol
Immunother. Oct;59(10):1573-82.

Schrezenmeir J1, de Vrese M. 2001. Probiotics, prebiotics, and
symbiotic--approaching a definition. Am J Clin Nutr.73 (2 Suppl):
361S-364S.

Schwarzer M, Srutkova D, Schabussova |, Hudcovic T, Akgun J,
Wiedermann U 2013. Neonatal colonization of germ-free mice
with Bifidobacterium longumprevents allergic sensitization to major
birch pollen allergen. Vaccine 31: 5405-5412

Servin  AL. 2004. Antagonistic activities of lactobacilli and
bifidobacteria against microbiol pathogens. FEMS Microbiol Rev
28:405-440.

Sgouras D, Maragkoudakis P, Petraki K, Martinez-Gonzalez B, Eriotou
E, Michopoulos S, Kalantzopoulos G, Tsakalidou E, Mentis A. 2004. In
vitro and in vivo inhibition of Helicobacter pylori by Lactobacillus casei
strain Shirota. Appl Environ Microbiol. 70: 518-526.

Simpson DA, Ramphal R and Lory S. 1992. Genetic analysis of
Pseudomonas aeruginosa adherence: distinct genetic loci control
attachment to epithelial cells and mucins. Infect. Immun. 60:3771—
3779

Singh V, Shing K, Amdekar S, Shing DD, Tripathi P, Sharma, Yadav
H. 2009. Innate and specific gut-associated immunity and microbial
interference. FEMS Immunol Med Microbiol; 55: 6-12

Sipos F, Muzes G, Galamb O, Spisak S, Krenacs T, T6th K, Tulassay

Z, Molnar B. 2010. The possible role of isolated lymphoid follicles in
colonic mucosal repair. Patholo Oncol Res; 16: 11-8

122



https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20204387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20204387
https://xpv.uab.cat/pubmed/,DanaInfo=.awxyCrhhpHwvxL0wwPx6C+20204387

Solis G, Reyes-Gavilan CG, de los Fernandez N, Margolles A,
Gueimonde M. 2010. Establishment and development of lactic acid
bacteria and bifidobacteria microbiota in breastmilk and the infant gut.
Anaerobe 16: 307-310.

Soloff AC, Barratt-Boyes SM. 2010. Enemy at the gates: dendritic
cells and immunity to mucosal pathogens. Cell res; 20:872-85

Sommer F and Béckhed F. 2013. The gut microbiota: masters of host
development and physiology. Nat Rev Microbiol 11:227-238.

Specter M. 2012. Germs are us. Bacteria make us sick. Do they also
keep us alive?. New Yorker 22:32-39.

Stockinger S, Hornef MW, Chassin C. 2011. Establishment of
intestinal homeostasis during the neonatal period. Cell Mol Life Sci

Stapleton AE, Au-Yeung M, Hooton TM, et al. 2011.Randomized,
placebo-controlled phase 2 trial of a Lactobacillus crispatus probiotic
given intravaginally for prevention of recurrent urinary tract infection.
Clin Infect Dis; 52: 1212-1217.

Stornelli M. A., Cerda R. O., Gobello C., Arauz M. S., Stanchi N. O.
2000.Estudio de micoplasmas y bacterias aerobias en la vagina
craneal de hembras caninas clinicamente sanas. Analecta Veterinaria,
20 (1): 36-38.

Strober W. 2009. The multifaecetd influence of the mucosal microflora
on mucosal dendrtitc cell responses. Immunity; 31: 377-388.

Styriak |, Demeéekova V and Nemcova R. 1999. Collagen (Cn-I)
binding by gut lactobacill. Berl. Munch. Tierarztl Wochenschr.
112:301-304

Suchodolski JS, Dowd SE, Westermarck E, Steiner JM, Wolcott RD,
Spillman T, Harmoinen JA. 2009. The effect of the macrolide antibiotic
tylosin on microbial diversity in the canine small intestine as
demonstrated by massive parallel 16s rRNA gene sequencing. BMC
Microbiol. 9:210.

Suchodolski JS. 2010. Companion animals symposium: Microbes and
gastrointestinal health of dogs and cats. Journal of Animal
Science 2010; 89(5):1520-30.

Summa JM, von Bonsdorff CH, Maunula L. 2012. Pet dogs-a
transmission route for human noroviruses? J Clin Virol. 2012
Mar;53(3):244-7

T

123


http://www.researchgate.net/journal/1525-3163_Journal_of_Animal_Science
http://www.researchgate.net/journal/1525-3163_Journal_of_Animal_Science
http://www.researchgate.net/journal/1525-3163_Journal_of_Animal_Science
http://www.ncbi.nlm.nih.gov/pubmed/22244255

Takeichu O, Akira S .2010. Pattern recognition receptors and
inflammation. Cell; 140: 805-20

Tannock GW. 1995. Normal microflora. An introduction to microbes
inhabiting the human body. London: Chapman & Hall

Tezuka H, Ohteki T. 2010. Regulation of intestinal homeostasis by
dendritic cells. Immunol Rev; 234:247-58

Tijdschr Tandheelkd N. 1992. The role of lactic acid bacteria in
nutrition and health. 99(12):467-70, 471

Timmerman HM, Koning CJ, Mulder L, Rombouts FM, Beynen AC.
2004. Monostrain, multi-strain and multispecies probiotics: A
comparison of functionality and efficacy. Int. J. Food Microbiol. 96,
219-233.

Todoriki K, Mukai T, Sato S, Toba T. 2001. Inhibition of adhesion of
food-borne pathogens to Caco-2 cells by Lactobacillus strains. J
App! Microbiol 91: 154-159.

Tsai YT, Cheng PC, Pan PM. 2010. Immunomodulating activity of
Lactobacillus paracasei subsp. paracasei NTU 101 in
enterohemorrhagic Escherichia coli O157H7-infected mice, J. Agr
Food Chem. 58 (21): 11265-11272.

Tulumoglu S, Yuksekdag ZN, Beyatli Y, Simsek O, Cinar B, Yasar E.
2013. Probiotic properties of lactobacilli species isolated from
children's feces. Anaerobe, 24:36-42.

Turroni F, Ventura M, Butté LF, Duranti S, O'Toole PW, Motherway
MO, van Sinderen D. 2014. Molecular dialogue between the human
gut microbiota and the host: a Lactobacillus and Bifidobacterium
perspective. Cell Mol Life Sci 71:183—-203

\Y

Vahjen W, Manner K. 2003. The effect of a probiotic Enterococcus
faecium product in diets of healthy dogs on bacteriological counts of
Salmonella spp., Campylobacter spp. and Clostridium spp. in faeces.
Arch Tierernahr ;57:229-233

Van den Abbeele P, Van de Wiele T, Verstraete W, Sam P. 2011.
The host selects mucosal and luminal associations of co-evolved gut
microbes; a novel concept. FEMS Microbiol Rev

124




Van Tassell ML and Miller MJ. 2011. Lactobacillus adhesion to
mucus. Nutrients 3:613—-636.

Van Wijk F, Knippels L. 2007. Initiating mechanisms of food allergy:
Oral tolerance versus allergic sensitization. Biomed Pharmacother;
61: 8-20.

Vanderpool C, Yan F, Polk DB. 2008. Mechanisms of probiotic
action: implications for therapeutic applications in inflammatory
bowel diseases. Inflame Bowel Dis. 14:1585-1596.

Van Duijkeren E. 1992. Significance of the vaginal bacterial Flora in
the Bitch: A Review. Vet Rec;131:367-369.

Van de Wijgert JH, Borgdorff H, Verhelst R, Crucitti T, Francis S,
Verstraelen H, Jespers V. 2014.The vaginal microbiota: what have
we learned after a decade of molecular characterization. PLoS One.;
9(8):€105998.

Vasquez A, Ahrné S, Jeppsson B, Molin G. 2005.0ral administration
of Lactobacillus and Bifidobacterium strains of intestinal and vaginal
origin to healthy human females: re-isolation from faeces and
vagina. Microb. Ecol. Health Dis. ; 17: 15-20.

Vasilievic T, Shah NP. 2008. Probiotics- From Metchnikoff to
bioactives. Int Dairy J; 18: 714-28

Vinderola G, Matar C, Perdigén G. 2005. Role of the epithelial cells
in the immune effects mediated by Gram-positive probiotic bacteria.
Involvement of Toll-like receptors. Clin Diagn Lab Immunol 12:
1075— 1084.

w

Wadstrom T, Andersson K, Sydow M, Axelsson L, Lindgren S and
Gullmar B. 1987. Surface properties of lactobacilli isolated from the
small intestine of pigs. J. Appl. Bacteriol. 62:513-52

Wang ChY, Lin PR, Ng ChCh, Shyu YT. 2010. Probiotic properties
of Lactobacillus strains isolated from the feces of breast-fed infants
and Taiwanese pickled cabbage. Anaerobe, 16 (6):578-585.

Wanke CA, Ronan S, Goss C, Chadee K and Guerrant RL. 1990.
Characterization of binding of Escherichia coli strains which are
enteropathogens to small-bowel mucin. Infect. Immun. 58:794-800.

125



West NP, Pyne DB, Peake JM, Cripps AW. 2009. Probiotics,
immunity and exercise: a review. Exerc Immunol Rev; 15: 107-26.

Westendorf AM, Fleissner D, Hansen W, Buer J. 2010. T cells,
dendritic cells and epithelial cells in intestinal homeostasis. Int J Med
Microbiol; 300:11-8

Wiest R, Rath HC. 2003. Bacterial translocation in the gut. Best
Pract. Res. Clin. Gastroenterol. 17: 397—-425.

Windahl U. 2015.Bacterial infections in dogs with special reference
to urinary tract infections, surgical site infections and metichillin-
resistant Staphylococcus pseudointermedius. Acta Universitatis
agriculturae Sueciae,; 56:1652-6880

Willin BP, Gill N, Finlay BB. 2010. The role of the immune system in
regulating the microbiota. Gut microbes; 1: 213-23

X

Xu GF, Lu Z, Gao J. 2006. Effect of ecoimmunonutrition supports on
maintenance of integrity of intestinal mucosal barrier in severe acute
pancreatitis in dogs. Chin Med J (Engl);119:656—661.

Y

Yamamoto T, Endo S, Yokota T and Echeverria P. 1991.
Characteristics of adherence of enteroaggregative Escherichia coli to
human and animal mucosa. Infect. Immun. 59:3722-3739

Yan F, Polk DB. 2010. Probiotics: progress toward novel therapies
for intestinal diseases. Curr Opin Gastroenterol. 26:95-101.

Yan F and Polk DB. 2010. Probiotics: progress toward novel
therapies for intestinal diseases. Curr Opin Gastroenterol. 26:95—
101.

Yan F and Polk DB. 2011. Probiotics and immune health. Curr. Opin.
Gastroenterol. 27 (6) 496-501.

126




127






	En perros, las diferentes regiones anatómicas contienen diferentes cantidades de microorganismos. En el estómago varía entre 101-106  ufc/g  o ml (Benno et al., 1992).  En el duodeno y yeyuno se producen grandes variaciones entre individuos, los conta...
	Another issue supporting the theory that the fetus is not sterile and that the commensal bacterias could transient spread from the digestive tract to a extradigestive locations, was the isolation of bacteria in the umbilical cord blood of healthy neo...
	3.2.3 Isolation and enumeration of microorganisms
	3.2.4 Identification of the bacterial isolates
	3.3.5 Genotyping of the Lactobacillus fermentum and Lactobacillus reuteri isolates by random amplification of polymorphic DNA (RAPD) and pulsed-field gel electrophoresis (PFGE).

	Hickson M, D'Souza AL, Muthu N, Rogers TR, Want S, Rajkumar C, Bulpitt CJ. 2007. Use of probiotic Lactobacillus preparation to prevent diarrhoea associated with antibiotics: randomised double blind placebo controlled trial. Jul 14;335(7610):80. Epub 2...

