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COMPORTAMIENTO DE STAPHYLOCOCCUS AUREUS EN
RELACION CON SUS PROPIEDADES DE SUPERFICIE

Estudio de Staphylococcus aureus en relacién con la
capacidad adherente a células epiteliales, la aglutinacién
durante el crecimiento en medios suplementados con suero
licteo, la produccién de exopolisacéridos y la hidrofobicidad
bacteriana.

RESUMEN

Se ha desarrollado un método para la obtenci6n de células epiteliales
de la gldndula mamaria ovina de animales vivos o muertos. Se ha
observado que la adherencia de bacterias aisladas de mamitis ovinas a
dichas células depende de varios factores ambientales: aumenta con el
tiempo de incubacion (30 min frente a 120 min), la temperatura (37°C
frente a 22°C) y el grado de acidez (pH 5,9 frente a 7,2). Se han detectado
diferencias entre especies bacterianas y entre cepas dentro de una misma
especie en cuanto a su capacidad de adherencia a las células epiteliales.

Se ha encontrado que la interaccién de las bacterias entre sf, se altera
al adicionar suero ldcteo al medio de cultivo. Cuando las bacterias
crecieron en Todd Hewitt broth (THB) suplementado con 230% de suero
l4cteo ovino, todas las cepas de S. aureus testadas (59), ovinas y bovinas,
aglutinaron, pero sélo 4 entre las 22 cepas estudiadas de otras especies de
estafilococos lo hicieron El suero ldcteo ovino mostré una capacidad de
inducir la aglutinacién mayor que la del suero l4cteo bovino (P<0,0053),
respecto del nimero de cepas ovinas y bovinas aglutinadas Sin embargo,
no se encontraron diferencias entre ovejas en cuanto a la capacidad de su
suero ldcteo para inducir la aglutinacion. Las cepas de origen ovino
aglutinaron més que las bovinas a altas concentraciones de suero ldcteo
bovino (230% en THB; P<0,001) y a las distintas concentraciones
estudiadas (=10%) de suero ldcteo ovino (P<0,001)
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Utilizando un medio apropiado (agar rojo Congo), algunas cepas
(21 de las 144 testadas) produjeron mucus. Estas cepas mostraron, en
microscopfa electrénica, una matriz condensada de exopolisacdridos
alrededor de las bacterias, cuya presencia s¢ confirmé mediante
inmunofluorescencia. Se obtuvieron 8 variantes no mucosas a partir de
cepas mucosas, y dos variantes mucosas a partir de cepas no mucosas.

Tras facilitar que las bacterias crecieran formando microcolonias, no
se encontraron diferencias respecto de la concentracién minima inhibitoria
entre las cepas mucosas y sus variantes no mucosas, pero sf las hubo en
cuanto a la concentracién bactericida mfnima, mostrando la mayoria de las
cepas mucosas una mayor resistencia a determinados antibisticos cuando
estos se utilizaron a altas concentraciones.

Entre las 92 cepas bovinas y las 52 cepas ovinas testadas para la
presencia de mucus, 25 (26,6%) y 4 (7,5%), tespectivamente,
pertenecieron al serotipo capsular 5. S6lo una cepa mucosa bovina (V50)
pertenecio a este serotipo. Los anticuerpos frente al mucus parcialmente
purificado y frente a la cdpsula de la cepa A, obtenidos por inmunizacién
en conejo, resultaron ser inmunoldgicamente diferentes, lo cual sugirere
que el mucus y la cdpsula difieren en su estructura antigénica.

En medios comunes de cultivo (THB, etc.), las bacterias pueden
también alterar sus propiedades de superficie durante el crecimiento. Tras
determinar la hidrofobicidad de S. aureus con xilol, se observé que esta se
incrementa durante la fase exponencial de crecimiento. Cuando se
estudiaron las bacterias al final de esta fase, las cepas de atslamientos
recientes resultaron ser mds hidrofébicas que las cepas viejas (P<0,01).
Sin embargo, estas tltimas exhibieron una mayor hidrofobicidad después
de un pase por la gldndula mamaria del ratén (P<0,01). Las cepas bovinas
fueron mds hidrofébicas que las ovinas (P<0,01). A excepcién de las
cepas productoras de mucus, las cepas resultaron ser mds hidrofflicas
después de crecer en medios inductores de exopolisacdridos (Columbia y
m110).

P

STAPHYLOCOCCUS AUREUS BEHAVIOUR ACCORDING
TO BACTERIAL CELL SURFACE PROPERTIES

Studies on Staphylococcus aureus adherence to epithelial
cells, growth agglutination in whey-enriched media,
exopolysaccharide production and bacterial cell
hydrophobicity

SUMMARY

A method was developed for obtaining epithelial cells from the
mammary gland of life or dead sheep. It was observed that the degree of
adherence of bacteria isolated from ovine mastitis to these cells varied with
the test conditions applied: it increased with incubation time (30 min vs.
120 min), temperature (37°C vs. 22°C) and acidity (pH 5.9 vs7.2).
Differences between bacterial species and between strains of a given
species were detected with regard to the ability to adhere to epithelial cells.

The bacterial interaction was altered upon addition of whey to the
culture medium. When bacteria grew in Todd Hewitt broth (THB)
supplemented with 230% ovine whey, all §. aureus strains tested (59},
isolated from sheep and cattle, agglutinated, but only 4 among the 22
strains belonging to other staphylococcal species did so. Ovine whey
showed a greater capacity to induce agglutination when compared with
bovine whey (P<0.005), with respect to the number of ovine and bovine
agglutinating strains. However, no differences between individual sheep
were found with regard to the capacity of whey to induce agglutination
Strains of ovine origin agglutinated more than bovine bacterial strains at
high concentrations of bovine whey (230% in THB; P<0.001) and at
different concentrations used (=10%) of ovine whey (P<0.001).

Using an appropiate medium (Congo red agar), some strains (21 of
the 144 tested) produced slime. These strains showed by electron
microscopy a condensed exopolysaccharide matrix surrounding the
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bacterial cells The presence of this layer was confirmed by
immunofluorescence. Eight non-slime producing variants were obtained
from slime producing strains; and two slime producer variants were
obtained from non-slime producing strains.

After applying a culture procedure favouring microcolony:
formation, no differences were found between slime producing strains and
their non-slime producing variants with respect to the minimal inhibitory
antibiotic concentration, but differences were found with regard to the
minimal bactericidal concentration, with the majority of slime producing
strains showing a greater resistance 1o specific highly concentrated
antibiotics.

Among the 92 bovine strains and the 52 ovine strains tested for the
presence of slime, 25 (26.6%) and 4 (7%), respectively, belonged to the
capsular serotype 5 Only one slime producing bovine strain (V50)
belonged to this serotype. Antibodies against the partially purified slime
and against the capsule of strain A, obtained by immunizations in rabbits,
showed immunological differences, which suggests that slime and capsule
are different antigenic structures

In regular culture media (THB, etc.), bacteria may also alter their
surface properties during growth After determining the degree of
hydrophobicity of S. aureus with xylene, an increment of this degree was
observed during the exponential growth phase. When bacteria were
studied at the end of this phase, recently isolated strains showed a higher
hydrophobicity when compared with old strains (P<0.01). However, the
latter became more hydrophobic after a passage through the mouse
mammary gland (P<0.01). Bovine strains were more hydrophobic than
ovine strains (P<0.01). With the exception of slime producing strains, the
majority of strains became more hydrophilic after growth in
exopolysaccharide inducing media (Columbia and m110)

PREFACIO

Esta tesis estd basada en los trabajos que se indican a continuacién,
segln su orden de elaboracién. Estos trabajos serdn identificados en el
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trabajos I, II, IV, V y VI es experimental, mientras que el de los trabajos
IIT y VII es conceptual y bibliogréfico.
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INTRODUCCION

En el marco de las mamitis de rumiantes, se han realizado muiltiples
estudios: epidemioldgicos, etiolégicos, genéticos, inmunolégicos,
productivos, etc.; todos ellos quedan enlazados en un sustrato comin que
comprende los fenémenos de la interaccién de las bacterias entre si y con
¢l hospedador en el plano celular y molecular. Es en este campo donde se
han encaminado los esfuerzos de esta Tesis. Por dicho motivo, y en
conexién con los trabajos realizados en la misma, se considerardn en este
apartado distintos capitulos para poder ubicar cada trabajo en su contexto
respectivo.

1.1. Mamitis bovinas y ovinas

La mamitis es, en términos econémicos, uno de los problemas
sanitarios méds importantes en el ganado lechero (Zorraquino, 1986} La
enfermedad tiene frecuentemente una etiologia bacteriana Entre las
especies bacterianas que intervienen en los procesos mamiticos, merecen
destacarse los estafilococos, los estreptococos y los coliformes, ademds
de una amplia variedad de otros microorganismos {Watts, 1988; Marco,
1991) Tanto en el ganado bovino como en el ovino, Staphylococcus
aureus es el mads importante de los patégenos implicados en la mamitis,
tanto por su prevalencia, como por la gravedad de las lesiones que origina
(Plommet, 1959; Nickerson y Heald, 1981; Albizu y cols., 1991;
Amorena y cols., 1991; Marco y cols , 1991).

Para producir la enfermedad, los microorganismos tienen que
penetrar en la gldndula mamaria a través del canal del pez6n, superando el
esfinter del mismo (Fig 1; Craven y Williams, 1985, Paape y cols,
1985). En el caso de S. aureus, esta penetracion puede facilitarse por la
lesién del pezén o por el "reflujo” de la leche contaminada dentro del
pezén durante el ordefio mecdnico (Bramley y Dodd, 1984). Una vez que
la bacteria ha conseguido penetrar, para llegar a establecerse en el tejido
mamario deberd resistir la accién de los factores bactericidas del canal del



2
pezén y los de la leche, el drenaje propio del ordefio o del

amamantamiento, y la fagocitosis mediada por macréfagos y neutréfilos
(Fig. 1; Craven y Williams, 1985).

8. aureus es capaz de producir toxXinas y enzimas extracelulares
(Arvidson, 1983) que dafian el epitelio y alteran la permeabilidad vascular
y el sistema circulatorio (Haraldsson y Jonsson, 1984), provocando desde
una ligera respuesta inflamatoria, caracteristica de las mamitis subclinicas,
hasta lesiones muy graves (mamitis clfnicas; Amorena y cols., 1991).
Muy frecuentemente, la infeccién por S. aureus tiende a volverse cronica,
resultando ineficaz el tratamiento con antibiéticos, tanto en el ganado
ovino (Watson y Buswell, 1984) como en el bovino (Bramley y Dodd,
1984). Ello ha estimulado el desarrolio de las investigaciones encaminadas
al disefio de tests "in vitro" con los que pueda inferirse e} grado de eficacia
del tratamiento antibiStico "in vivo".

1.2. Adhesinas y protefnas de unién a componentes de la
matriz celular

Ademds de la produccién de exotoxinas y exoenzimas, se ha
sugerido que ciertos componentes de la superficie de §. aureus tienen
cardcter patogénico (Tabla 1). La pared bacteriana de S. aureus estd
constituida fundamentalmente por peptidoglicano y 4dcidos teicoicos,
conteniendo ademds protefnas y dcido lipoteicoico (Schleifer, 1983).
Asimismo, la bacteria puede producir polisacdridos alrededor de su pared
(exopolisacdridos), constituyendo con ello cdpsulas, microcdpsulas o
mucus (Tabla 1).

La adherencia de los microorganismos a las células epiteliales del
hospedador y a los tejidos puede ser un factor importante de patogenicidad
bacteriana (Ofek y Beachey, 1980). Distintas cepas de §. aureus son
capaces de adherirse especificamente a las células epiteliales de la gléndula
mamaria, habiéndose sugerido que ello puede constituir la primera etapa
en la patogénesis de la mamitis bovina (Fig. 1; Frost, 1975; Frost y cols.,
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1977, Wanasinghe, 1981; Bramley y Hogben, 1982; Opdebeeck y cols,
1988a; Lindhal y cols., 1989, 1990). De hecho, Lindhal y cols. (1990)
han demostrado que S. aureus aislado de mamitis bovina posee dos
adhesinas proteicas implicadas en la adherencia a las células epiteliales
mamarias bovinas. Una de estas protefnas parece ser el receptor para la
fibronectina, mientras que la otra es una hemoaglutinina

Tabla 1. Componentes de superficie asociados con la
virulencia de S. aureus

Componentes de la superficie  Referencia
celular
Protefna A Forsgren, 1972; Jonsson y cols.,
1985
Acido lipoteicoico Beachey y Simpson, 1982;

Carruthers y Kabat, 1983
Proteina de uni6n a la fibronectina. Espersen y Clemmensen, 1982;
Froman y cols , 1987; Rydén, 1987
Proteina de unién al fibrin6geno Bodén y Flock, 1989; Mamo y cols
(clumping factor) 1988
Proteina de unién al coldgeno Switalski y cols., 1983; Speziale y
cols., 1986; Mamo y cols. 1988
Lopes y cols. 1985; Vercellotti y
cols., 1985
Proteina de uni6n a la vitronectina  Fuquay y cols., 1986; Chhatwal y
cols, 1987
Proteina hemoaglutinante y Lindhaly cols, 1989; 1990
proteina de adherencia a células ’
epiteliales
Exopolisacdridos

Proteina de unién a la laminina

Yoshida y Ekstedt, 1968; Willey y
Maverakis, 1974; Peterson y cols ,
1978; Wilkinson y cols., 1979;
Verbrugh y cols., 1982; Wilkinson,
1983; Karakawa y cols 1988; Johne
y cols., 1989; Watson, 1989;
Jonsson y cols., 1985; 1989; Mamo
y cols., 1991
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Asimismo, §. aureus posee receptores especificos para
determinadas protefnas que se encuentran en la membrana basal (Tabla 1).
Asf, cuando el epitelio resulta dafiado como consecuencia de un trauma, o
por la accién de las toxinas citoliticas secretadas por la bacteria, los
componentes subepiteliales de la matriz celular tales como a fibronectina,
el fibrinégeno, la fibrina, la laminina, el coldgeno o la vitronectina pueden
quedar expuestos (Fig. 1) y facilitar con ello la unién de las bacterias a Ja
membrana basal (Simpson y Beachey 1983; Mamo y cols., 1988;
Kuypers y Proctor, 1989; Switalski y cols., 1989).

Tanto las protefnas como los exopolisacdridos de la superficie
bacteriana pueden experimentar cambios en su expresi6n fenotipica en
respuesta al ambiente en el que crece la bacteria (Cheung y Fischetti,
1988; Lorian, 1989; Christensen y cols., 1990). Ello se traduce en una
alteracion de las propiedades de la superficie bacteriana

1.3. Aglutinacion

Un importante componente en la defensa de las supetficies
epiteliales es la prevencién de la colonizacién por la aglutinacién
bacteriana, facilitdindose de este modo la eliminacién de los
microorganismos (Widders, 1988). Estas observaciones pueden tener
implicaciones en la mamitis, donde la posibilidad de eliminacién durante el
ordefio puede ser grande (Bramley y Dodd, 1984)

1.4. Capsula y mucus (slime)

Aunque el mucus, al igual que la cdpsula, estd compuesto por
exopolisacdridos (Wilkinson, 1983), algunos autores sugieren que la
consistencia de éste parece ser mds débil que la de la cdpsula (Caputy y
Costerton, 1982; Wilkinson, 1983, Watson, 1989). Wilkinson (1983)
define a la cdpsula de S. aureus como una estructura bien definida que

rodea a la pared celular, la cual es conservada por la bacteria a través del

subcultivo "in vitro", independieniemente del medio de crecimiento

Formacion de L Acinis

microcolonias™

Formacitn de
agregados Neutrdfilo o
™ macréfago
Adherenciaa
epitelio - Fagocitosis
Bacteria sin .
exopolisaciridos Cisterna de la mama
Adherenciaa ” L
membrana basal Bacteria con exopolisacéridos
y opsoninas
Liberacién de toxinas Factores bacteriostiticos

Dafio tisular ¢ Inflamacién de la leche (lactoferrina, etc)

Penetracicn Cisterna del pezdn
bacteriana
~Esfinter

Queratina =—wm.  Flujode leche
{eliminacion de bacterias)

Fig. 1 Fenémenos principsles que pueden producirse en un proceso mamitico originado
por S. aureus.(Por claridad de la ilustracién se han plasmado los fenémenos en las
cisternas de la mama y del pezén, aunque pueden hacerse extensivos al parénquima)




6

subcultivo "in vitro", independientemente del medio de crecimiento
utilizado Las cepas de S. aureus altamente encapsuladas son capaces de
resistir la fagocitosis mediada por neutréfilos "in vitro”", aun cuando la
bacteria haya sido opsonizada con Suero y complemento (Peterson y cols.,
1978). "In vivo", se ha demostrado que la virulencia de las cepas de §.
aureus altamente encapsuladas es mayor que la de sus variantes no
encapsuladas Sin embargo, no parece suceder lo mismo con las cepas
que poseen microcdpsulas (Lee y cols,, 1987a; 1987b; Albus y cols.,
1991). Se han descrito varios mecanismos por los que ¢l material capsular
puede inhibir la fagocitosis: la incapacidad de la cépsula para activar la via
alternativa del complemento (Verbrugh y cols., 1979), el
enmascaramiento de las opsoninas depositadas sobre la pared bacteriana,
producido por la cdpsula extracelular (inhibiendo asi la interaccién de la
opsonina con el receptor sobre la superficie del neutréfilo; Peterson y
cols., 1978) v el decremento de la interaccion bacteria-neutréfilo debido a
la hidrofilicidad bacteriana (Van Oss, 1978).

En la mamitis, la produccién de material capsular debe resultar
ventajosa para S. aureus, teniendo en cuenta que la fagocitosis mediada

por neutréfifos es la principal defensa del hospedador frente a la bacteria, °

una vez que ésta supera el canal del pezén (Craven y Williams, 1985) De

hecho, la presencia de exopolisacdridos capsulares ha sido evidenciada

usando microscopia electrénica en cepas de §. aureus que fueron
estudiadas justamente tras obtenerlas de la leche mamitica bovina (Johne y
cols., 1989; Watson, 1989)

Por otro lado, en medicina clinica humana, los estafilococos -

coagulasa-negativos (ECN) han adquirido una gran importancia, a causa
de su capacidad para adherirse a diferentes materiales usados en cirugia
(Quie v Belani, 1987, Christensen y cols , 1982). Esta capacidad también
ha sido demostrada en algunas cepas de §. aureus de infecciones
humanas (Mayberry-Carson, 1986; Barth y cols., 1989, Vaudaux y cols.

1989; Trabajos V y VI). Varios estudios sugieren que la produccidn de

mucus (slime) facilita esta unién (Christensen y cols., 1985) y protege a la .
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bacteria de la fagocitosis y de los agentes antimicrobianos, incluyendo los
antibi6ticos (Quie y Belani, 1987).

‘ La produccién de mucus en cepas de ECN puede detectarse
estimando la capacidad de las bacterias para colonizar las paredes de un
tubo (Christensen y cols., 1985) o estudiando 1a morfologfa colonial en

agar rojo Congo (Freeman y cols., 1989). Sin embargo, esta metodologfa
no se¢ ha aplicado en §. qureus.

1.5. Hidrofobicidad/hidrofilicidad

Las moléculas hidrofébicas tienden a agregarse expulsando las
moléculas de agua y pueden asociarse con solventes insolubles en agua,
mientras que las moléculas hidrofflicas (cargadas) forman puentes de
hidrégeno con el agua asocidndose con sus moléculas (98/1324). Estas
dos propiedades permiten determinar la hidrofobicidad en cepas de S.
aureus aisladas de mamitis bovinas mediante el test de agregacién salina
"Salt aggregation test" (Jonsson y Wadstrom, 1983; 1984; Ljungh y
cols., 1987., Mamo y cols , 1987a; 1987b; 1988; Jonsson y cols., 1989),
0 por particién en un sistema de dos fases, una hidrofilica y otra
hidrofébica (Hoght y cols., 1983).

El conocimiento de la naturaleza de la superficie bacteriana es crucial
para comprender la interaccién de los microorganismos entre sf y con el
hospedador (71/1324). Asf, se ha sugerido que la hidrofobicidad de la
superficie bacteriana interviene en la adherencia de las bacterias a los
tejidos del hospedador (Ofek y Beachey 1980; Beck y cols., 1988b;
Hazen y cols., 1991) Por otra parte, Van Oss (1978) sugirié que las
bacterias altamente hidrof6bicas son mds susceptibles a la fagocitosis que
las hidrofflicas, ya que la fagocitosis se facilita cuando existen

interacciones hidrof¢bicas entre las bacterias y los neutrdfilos {(Van Oss
1978). ,
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Por ltimo, se ha demostrado que componentes de la superficie
bacteriana como la protefna A o la proteina de unién a la fibronectina
incrementan la hidrofobicidad bacteriana (Jonsson y Wadstiom, 1984),
mientras que la presencia de un exopolisacdrido capsular se asocia a un
comportamiento hidrofilico (Hoght y cols., 1983; Jonsson y cols., 1983;
Mamo y cols., 1988). De hecho, se ha sugerido que la hidrofilicidad
puede ser un criterio para determinar la presencia de exopolisacdridos
bacterianos en cepas de S. aureus obtenidas de mamitis bovinas (Jonsson
y Wadstrom, 1983).

2. OBJETIVOS DEL TRABAJO EXPERIMENTAL

Se han llevado a cabo una serie de investigaciones encaminadas a
elucidar el comportamiento de distintas cepas de §. aureus procedentes de
mamitis bovinas y ovinas. Especialmente, se han estudiado distintos
aspectos de la superficie bacteriana que afectan a la interaccion molecular y
celular de las bacterias entre sf, con el hospedador y con los antibidticos
que se suministran a este dltimo para combatir la infeccién mamftica

Los objetivos concretos del trabajo experimental de esta Tesis en las ~

distintas dreas de estudio son los siguientes:

1. Estudios de adherencia:
Determinar los factores que condicionan la adherencia bacteriana "in
vitro" a las células epiteliales de la glandula mamaria ovina

2. Estudios de aglutinacién:
Investigar la produccién de agregados bacterianos tras el crecimiento
de cepas deS. aureus aisladas de mamitis ovinas y bovinas en
presencia de suero ldcteo ovino o bovino

3. Estudios sobre la producciéon de mucus:
a) Estudiar la produccién de mucus en cepas de S. aureus, aisladas de
mamitis ovinas o bovinas; b) obtener variantes no mucosas a partir de

S
cepas mucosas; y ¢) obtener variantes mucosas a partir de cepas no
mucosas.

4. Estudios sobre la resistencia a antibidticos:
Estudiar la resistencia de S. aureus a los antibidticos en relacién con
la produccién de mucus.

5, Estudios sobre la hidrofobicidad:
Determinar la hidrofobicidad en cepas de S. aureus aisladas de
manmitis ovinas y bovinas, en relacién a su envejecimiento, su origen
(ovino o bovino) y su capacidad de producir mucus.

Aparte de los trabajos experimentales, se han elaborado otros de
cardcter conceptual y bibliogréfico, uno de tipo general sobre la mamitis
bovina (Trabajo II1) y otro mds especffico sobre la superficie celular
bacteriana; en concreto, sobre la cdpsula y el mucus de S. aureus (Trabajo
VII).

3. MATERIAL Y METODOS
3.1. Cepas bacterianas y condiciones de cultivo

Las cepas bacterianas utilizadas procedfan de mamitis ovinas y
bovinas, excepto la cepa encapsulada A, suministrada por el Dr K.
Y oshida (St. Marianna University, Japon). La informacién sobre el origen
de las distintas cepas, su conservacién y las condiciones de cultivo para
cada experiencia se detalla en los trabajos I, 11, IV, Vy VI

3.2. Ensayos de adherencia

Los ensayos de adherencia se realizaron segiin la técnica descrita por
Krovacek y cols. (1987), con las modificaciones que se especifican en el
Trabajo . Se utilizaron células epiteliales obtenidas de la gldndula
mamaria ovina directamente, no sometidas a cultivo, y 17 cepas aisladas
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de mamitis ovinas, pertenecientes a las especies . aureus (9), §.
chromogenes (1), S. hyicus (2), 8. xylosus (1), S. intermedius (1), y
Escherichia coli (3).

3.3. Formacién de agregados durante el crecimiento
bacteriano en presencia de suero ldcteo

Las bacterias crecieron durante 18-24 h en Todd Hewitt broth
(THB), medio modificado para estafilococos (m110), o en THB
suplementado con diferentes concentraciones de suero ldcteo. La presencia
de agregados macroscépicos, fue determinada visualmente después del

crecimiento (Trabajo II).
3.4. Produccién de mucus

La produccién de mucus por parte de la bacteria fue estimada segun
la capacidad de la bacteria para colonizar la pared del tubo en donde se
realiza el cultivo, segiin describen Christensen y cols (1985}, y segin el
tipo de morfologia colonial en agar rojo Congo (ARC; Freeman y cols,,
1989; Trabajos V y VI).

3.5. Morfologia colonial difusa

La morfologfa colonial difusa (MCD) en agar suave suplementado
con suero (ASS), fue estudiada siguiendo el método descrito por
Opdebeeck y cols (1987), tras crecer las bacterias en medios inductores
de exopolisacdridos (m110 y Columbia; Trabajo V).

3.6. Obtencién de variantes no mucosas y mucosas a partir
de cepas mucosas Yy no mucosas, respectivamente '

Las variantes no mucosas fueron obtenidas a partir de cepas
mucosas por subcultivo seriado en ARC, tal y como se indica en el

Trabajo V1. Se aplicé un procedimiento similar al descrito por Christensen
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y cols. (1987) para obtener variantes mucosas de cepas no mucosas
(Trabajo VI).

3.7. Deteccién del serotipo capsular 5 de Staphylococcus
aureus

Se realiz6 siguiendo el procedimiento desctito por el Dr. P. Sarradin
(comunicacidn personal), tal y como aparece detallado en el Trabajo VI,
utilizando el monoclonal cedido por €l mismo y los Dres. P. Rainard y B.
Poutrel (INRA, Nouzilly, Francia).

3.8. Purificacién del mucus

Se empleo la técnica descrita por Fournier y cols. (1987), con las
ligeras modificaciones que se indican en el Trabajo VI,

3.9. Inmunofluorescencia

La presencia del mucus en la superficie de las cepas mucosas de §.
aureus se determind utilizando un suero anti-mucus, obtenido en conejo y
un anticuerpo secundario marcado con fluoresceina (Trabajo VI).

3.10. Microscopia electrénica

El mucus fue evidenciado mediante microscopia.electrénica de
transmisién. Para ello, varias cepas mucosas y sus variantes no mucosas,
fueron fijadas con glutaraldehido tras crecer en ARC vy tefiidas con
tetradxido de osmio (Trabajo VI). '

3.11. Resistencia a antibiéticos
Para determinar la resistencia a los antibiéticos de las cepas mucosas

con respecto a sus variantes no mucosas, se permitié que las bacterias,
una vez adheridas a una superficie (el fondo de un pocillo de una placa
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microtiter), formaran microcolonias. A continuacién se sometieron a
distintas concentraciones de antibiético (Trabajo IV).

3.12. Ensayo de hidrofobicidad

La hidrofobicidad bacteriana fue determinada midiendo la afinidad
de las bacterias por ¢l xilol en un sistema de dos fases (agua-xilol), de
acuerdo con el método descrito por Hoght y cols (1983; Trabajo V).

3.13. Infeccién experimental de la glindula mamaria del
ratén

Después de crecer las bacterias durante toda la noche en Nutrient
broth (37°C), éstas fueron lavadas una vez en salina tamponada (PBS)
para eliminar las exotoxinas bacterianas. Veinticinco microlitros de una
suspension bacteriana en PBS (5X108 109 UFC/m}) fueron inyectados en
la cuarta gldndula mamaria del lado izquierdo del animal. Tras sacrificar el
ratén a las 24 h de la infeccién, las bacterias fueron recuperadas en
condiciones estériles (T rabajo V).

4. RESULTADOS EXPERIMENTALES

A conlinuacién se presenta un extracto de los resultados obtenidos,
cuyo detalle figura en los trabajos I, I1, 1V, V'y VI Las tablas y figuras’
citadas en este extracto, pueden encontrarse en los trabajos respectivos.

4.1. Factores que influyen sobre el grado de adherencia

bacteriana ""in vitro"" a las células epiteliales de la glindula
mamaria ovina (Trabajo I}

Previo a la realizacion de los ensayos de adherencia, se desarrollé

un método para la obtencion de células epiteliales de la gldndula mamaria
ovina a partir de animales vivos o muertos. La poblacién celular obtenida :
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con este procedimiento, estaba compuesta en mds de un 65% por células
epiteliales, con una viabilidad variable entre el 70 y el 90%.

Bajo las condiciones del ensayo, se observé que la adherencia
bacteriana a las c€lulas epiteliales se incrementaba con el tiempo de
incubacién (30-120 min; P<0,05; Tabla 1) y era mayor a 37°C que a 22°C
(P<0,001; Tabla 1). Un pH 4cido (5,9) también se asociaba con un
incremento de la adherencia, en relacién a un pH mds elevado (7,2;
P<0,05; Tabla 2). La presencia de Tween 20, Tween 80 o de albiimina
sérica bovina facilitaban la eliminacién del fondo bacteriano inespecifico
integrado por bacterias no adherentes a células. Se observaron diferencias

entre especies bacterianas obtenidas de mamitis ovinas y entre cepas
dentro de una misma especie en cuanto a su capacidad de adherencia a las
células epiteliales (Tabla 3; Figs. 1, 2y 3).

4.2. Induccion de la aglutinacién de cepas ovinas y bovinas
de Staphylococcus aureus durante el crecimiento en medios
suplementados con suero licteo ovino o bovino (Trabajo II)

Se utilizaron 59 cepas estafilacécicas aisladas de mamitis. Bajo las
condiciones aplicadas, pudo observarse que todas las cepas de 8. aureus
testadas (37), ovinas y bovinas, aglutinaban en THB suplementado con
230% de suero lacteo ovino, pero sélo 4 entre las 22 cepas estudiadas de
otras especies de estafilococos lo hacfan (Tabla 1). Ninguna de las cepas

- testadas aglutinaba en THB sin suplementar con suero. El suero ldcteo
ovino tenfa una capacidad de inducir la aglutinacién mayor que la del
: - suero ldcteo bovino (P<0,005; Tabla 2) respecto del nimero de cepas
2 ovinas y bovinas aglutinadas. Sin embargo, no se encontraron diferencias
© entre ovejas en cuanto a la capacidad de su suero ldcteo para inducir la
“+ aglutinacién Las cepas de origen ovino aglutinaban mds que las de origen
- bovino a altas concentraciones de suero ldcteo bovino (230% en THB;

P<0,001; Tabla 2), y a las distintas concentraciones de suero licteo ovino

(210%; P<0,001; Tabla 2) La secreci6én de las vacas secas inducfa la
.____._'-.aglutinacién en todas las cepas ovinas y bovinas testadas (Tabla 2).
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4.3. Identificacién de cepas mucosas de Staphylococcus
aureus, procedentes de mamitis ovinas y bovinas, ¥y
obtencién de variantes no mucosas (Trabajo VI)

Tras ¢l ensayo en ARC se observé que sélo 21 de las 144 cepas
testadas eran mucosas. Estas cepas mostraban, en microscopfa electrénica
(Fig. 1), una matriz condensada de exopolisacdridos alrededor de las
bacterias. La presencia de estos exopolisacridos se confirmé mediante
inmunofluorescencia. Se obtuvieron 8 variantes no mucosas a partir de
cepas mucosas, y dos variantes mucosas a partir de cepas no mucosas
(Tabla 1).

Entre las 92 cepas bovinas y las 52 cepas ovinas testadas, 25
(26,6%) y 4 (7,5%), respectivamente, pertenecfan al serotipo capsular 5
(Tabla 1). S6lo una cepa mucosa bovina (V50) pertenecia a este serotipo.
Los anticuerpos frente al mucus parcialmente purificado y frente a la
cdpsula de la cepa A, obtenidos por inmunizacién en conejo, eran
inmunolégicamente diferentes (Fig 2), lo cual sugiere que el mucus y la
cépsula son estructuras diferentes a nivel inmunolgico.

4.4. Resistencia de Staphylococcus aureus a los antibiéticos: =
Diferencias entre las cepas mucosas y sus variantes no

mucosas (Trabajo IV)

Utilizando placas microtiter, se observé que, tras 6 horas de
crecimiento en Tryptone Soy broth (TSB) suplementado con glucosa, las
cepas mucosas crecian formando pequefias colonias, mientras que las
variantes no mucosas tendian a ocupar todo el fondo del pocillo Al
adicionar antibiéticos, no se encontraron diferencias respecto de la
concentracién minima inhibitoria entre las cepas mucosas y sus variantes
no mucosas, pero sf las hubo en cuanto a la concentracién bactericida
minima, mostrando la mayorfa de las cepas mucosas una mayor
resistencia a determinados antibiéticos en las altas concentraciones (Tabla
1). La totalidad de las cepas mucosas y de las no mucosas mostr6 una
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resistencia a los antibi6ticos mayor de lo normal (Tabla 1), probablemente
debido a que se habfa permitido que las bacterias formaran una pelicula.

4.5. Hidrofobicidad de Staphylococcus aureus sislados de
mamitis, en relacién con el envejecimiento, el origen (ovino
o bovino) y la produccién de mucus (Trabajo V)

Tras determinar la hidrofobicidad de §. aureus con xilol, se
observé que ésta se increment6 durante la fase exponencial de crecimiento
(Fig. 3). Considerando a las bacterias al final de esta fase, las cepas de
aislamiento reciente resultaban ser mds hidrofébicas que las cepas viejas
(P<0,01; cepas "rejuvenecidas”, Tabla 1). Sin embargo, estas tltimas
exhibjan una mayor hidrofobicidad después de un pase por la gldndula
mamaria del ratén (P<0,01; Tabla 1). Las cepas bovinas fueron mds
hidrofSbicas que las ovinas (P<0,01; Tabla 2). Como era predecible, la
mayoria de las cepas eran mds hidrofflicas después de crecer en medios
inductores de exopolisacdridos (Columbia y m110), a excepcion de las
cepas capaces de producir mucus en ARC (Tabla 3).

4.6. Algunos aspectos a resefiar entre los resultados
obtenidos

En conjunto, las investigaciones realizadas en esta Tesis suponen,
por un lado, el estudio por vez primera de adherencia a células epiteliales y
de hidrofobicidad en cepas de §. aureus aisladas de mamitis ovinas,
permitiendo su comparacién con las cepas aisladas de mamitis bovinas.
Asimismo, en estos estudios, el mucus de §. aureus, ha sido identificado
por vez primera mediante las técnicas de morfologia en ARC y
colonizacién de la pared en tubos de cultivo Por otra parte, parece
haberse confirmado la hipdtesis de que el mucus y la cdpsula muestran
diferencias inmunolGgicas. Finalmente, se han obtenido variantes
mucosas y otras no mucosas de distintas cepas, lo cual ha permitido
estudiar por vez primera la resistencia a los antibidticos en cepas de §.
aureus que sélo difieren en su capacidad de produccién de mucus.
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5. DISCUSION
5.1. Adherencia a células epiteliales

Durante el ordefio y el amamantamiento, la probabilidad de
eliminacién de bacterias aisladas no adheridas al epitelio en relacién a las
adheridas es muy alta (Bramley y Dodd, 1984). De hecho "in vivo", s¢ ha
observado que en ocasiones S. aureus aparece adherido al epitelio
(Gudding y cols., 1984; Amorena y cols., 1991}. Andlogamente, "in
vitro" diversas cepas de §. aureus de origen ovino muestran una
capacidad de adherencia a las células epiteliales de la gldndula mamatia
ovina (Trabajo I). Esta adherencia es mayor para S. aureus que para el
resto de los estafilococos testados, lo cual podria ayudar a explicar la
mayor prevalencia y patogenicidad de este microorganismo. Ademas de
estas diferencias entre especies, también se han encontrado diferencias
entre cepas dentro de una especie, fenémeno observado anteriormente por
otros autores en cepas aisladas de mamitis bovinas (Frost, 1975; Frost y
cols , 1977; Wanasinghe, 1981; Bramley y Hogben, 1982; Opdebeeck y
cols., 1988a: Lindhal y cols., 1989, 1990) Asimismo, las condiciones

ambientales pueden influir en la adherencia (Trabajo I), ello sugiere la ™

extremada precaucién que debe adoptarse antes de extrapolar las
observaciones sobre adherencia "in vitro" a los fenémenos "in vivo".

5.2. Aglutinacién en suero lacteo

Las bacterias no sélo son capaces de interactuar con las células del

hospedador presentes en la mama, sino también con los componentes

solubles de la leche. Kapral (1966) observé que tras la inoculacion
intraperitoneal en ratén, las cepas no encapsuladas aglutinaban
rdpidamente (merced al fibrindgeno, segiin el autor). Mds tarde, los
agregados resultantes eran rodeados por PMN. Estas bacterias no podian
multiplicarse ni liberar cantidades apreciables de toxinas en el medio, ¥
por lo tanto, el ratoén inoculado sobrevivia. En las cepas encapsuladas esta
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aglutinacién, no tenfa lugar, las bacterias resistfan la fagocitosis y, tras la
liberacién de las toxinas, el ratén moria

Nuestros resultados (Trabajo II) muestran que, durante ¢l crecimiento
bacteriano, la agregacién de las bacterias puede ser inducida cuando se
suplementa el medio con suero ldcteo ovino o bovino. En mamitis
bovinas, Gudding y cols. (1984) observaron agregados de neutréfilos y
de bacterias a las dos horas de la inoculacién experimental, los cuales
podrfan ser fdcilmente eliminados en el ordefio. Sin embargo, estos
agregados no aparecfan a las 18 horas. Es posible que las bacterias,
adaptadas a las condiciones "in vivo", produjeran cantidades
considerables de exopolisacdridos, lo cual impedirfa la aglutinacién y la
f4cil eliminacién durante el ordefio, favoreciendo asf la supervivencia
bacteriana dentro de la gldndula mamaria.

Comparativamente, con el suero ldcteo ovino y las cepas ovinas de S.
aureus se produjo un mayor grado de aglutinacién que con €l suero ldcteo
bovino y las cepas bovinas (Trabajo II). Con respecto a las cepas, parece
existir una correlacién positiva entre la aglutinacién producida durante el
crecimiento en presencia de suero ldcteo y la patogenicidad de las mismas.
De hecho, todas las cepas testadas fueron obtenidas de casos clinicos de
mamitis ovinas y subclinicos de mamitis bovinas (Trabajo II). Estas
obsetvaciones podrian atribuirse, entre otras causas, a la mayor
citotoxicidad observada en los sobrenadantes (toxinas) de las cepas ovinas
respecto de las bovinas (Amorena y cols., 1991). Obviamente, el efecto
causado "in vivo" por las toxinas bacterianas en ovejas, sSlo serfa
observable en aquellos casos en los que las bacterias no hayan sido
eliminadas Por ello estos resultados no son fdcilmente conciliables con
una generalizacién de la hip6tesis de que las bacterias sean
sistemdticamente eliminadas en el ordefio o en el amamantamiento
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5.3. Capsula en Staphylococcus aureus aislados de mamitis

La produccién de exopolisacdridos en forma de cépsula o de mucus
por parte de la bacteria puede alterar las interacciones de las bacterias entre
sf o con el hospedador. Respecto de la cdpsuta, Yoshida y Minegishi
(1976) propusieron como criterio de encapsulacién para S. aureus la
formacién de MCD (colonias en forma de cometa) en ASS,
independientemente del medio utilizado previo a la realizacién del test en
ASS (Trabajo VII). Con este criterio, los aislamientos de cepas
encapsuladas de §. aureus son excepcionales en la clinina humana
(Wilkinson, 1983) as{ como e€n la mamitis bovina (Yokomizo y cols.,
1977). De acuerdo con las observaciones de estos autores, nUEStro equipo
no ha encontrado ninguna cepa con esta morfologfa entre las 125 cepas
bovinas y las 80 cepas ovinas testadas (datos no presentados}).

Karakawa y cols (1985), aplicando criterios exclusivamenie
inmunolégicos para determinar la encapsulacién de §. aureus,

identificaron al menos 11 tipos antigénicos capsulares diferentes. Dos de

ellos, los serotipos 5 y 8, representan alrededor del 70% de todos los
aislamientos clfnicos humanos (Sompolinsky y cols., 1985; Hockeppel 'y
cols., 1987). Andlogamente, la mayoria de las cepas aisladas de mamitis
bovinas, ovinas y caprinas también pertenecen a estos serotipos (51,4%,
3,0% y 13,0% pertenecen al serotipo 5; v 18,0%, 75.8% Yy 68,5% al
serotipo 8, respectivamente; Poutrel y cols., 1988). En el estudio
realizado en esta Tesis (Trabajo VI), se ha observado asimismo que el
nimero de cepas con serotipo 5 es mayor en bovinos que en ovinos
(26,6% y 7,5% en bovinos y en ovinos, respectivamente).

5.4. Induccién de la MCD "in vitro"

Cuando las bacterias son inoculadas en ASS directamente de la leche
mamitica bovina, la mayorfa (85-100%) de las cepas de §. aureus
muestran una MCD (Norcross y Opdebeeck, 1983; Opdebeeck y
Norcross, 1983; Rather y cols., 1986; Opdebeeck y cols., 1988a). Sin

19

embargo, esta morfologia se pierde rdpidamente en subcultivo. Varios
autores estiman que estas cepas no pueden considerarse como
verdaderamente encapsuladas (Anderson, 1984; Jonsson y cols., 1989;
Rather y cols., 1986). ’

Segiin Opdebeeck y cols. (1987), a MCD en ASS puede ser inducida
*in vitro" mediante el subcultivo seriado de las cepas de §. aureus en
m110 o en otros medios inductores de exopolisacdridos. Asimismo, Sutra
y cols. (1990) observaron que un 85% de las cepas de S. aureus aisladas
de leche bovina, ovina o caprina y pertenecientes a los serotipos 5 y 8
producfan la MCD en ASS tras subcultivos en m110. Sin embargo, en
ambos casos, la aparicién de esta morfologfa dependfa de mantener a las
bacterias en bajo niimero y en la fase logaritmica de crecimiento. Jonsson
y cols. (1989) también fueron capaces de inducir la MCD tras crecer las
bacterias durante 6-10 horas en suero ldcteo, pero no tras crecer las
bacterias en m110 (Mamo y cols., 1991a). |

Nosotros hemos observado, estudiando cepas jévenes de §. aureus
aisladas de mamitis de rumiantes (Trabajo V), que la mayorfa de ellas (23
de 26) liegaron a ser hidrofflicas tras crecer en medios inductores de
exopolisacdridos (m110 y Columbia). Ello podria sugerir una
recuperacidon de los exopolisacdridos en dichos medios, ya que la
hidrofilicidad bacteriana ha sido considerada como un criterio indirecto de

capsulacién en S. aureus (Jonsson y Wadstrom, 1983). Sin embargo
;. ninguna de las cepas mostré una MCD tras crecer en estos medios 0 en
.- suero lacteo. :

Tampoco pudo inducirse la MCD mediante el pase de las bacterias por

- la gldndula mamaria de ratén (Trabajo V). Esta gldndula ejercid, no
: obstante, un efecto "rejuvenecedor” sobre las cepas vigjas, voiviéndolas
- mds hidrofébicas. Este hecho podria ser debido a una recuperacion de
: proteinas hidrof bicas "in vivo" por parte de las cepas. Opdebeeck y cols.
- (1988b) encontraron que el pase a través de la gl4ndula mamaria bovina de
las cepas aisladas de mamitis bovinas reinducfa la MCD, pero esta
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reinduccion no ocurrfa cuando estas mismas cepas eran sometidas a pases
a través de la gldndula mamaria ovina o la cavidad peritoneal ovina. Los
autores sugieren que quiz4 se trate de un fenémeno inherente a la especie.

Nuestros resultados y los de otros autores (Mamo y cols., 1991a)
parecen indicar que la formacién de MCD no es un criterio fiable para
determinar la presencia de exopolisacdridos en S. aureus como resultado
del cultivo en un medio especifico, ya que depende de condiciones muy
concretas de crecimiento (fase logarftmica y baja concentracién
bacteriana). Ademds, este criterio presenta el inconveniente de que debe
ser aplicado tras cultivar una alicuota de la preparaci6n bacteriana en un
medio (ASS) diferente al estudiado en cada caso.

5.5. Evaluacién de la produccién de mucus
De acuerdo con Wilkinson (1983), el mucus es una estructura

extracelular producida "in vitro", por la mayorfa de las cepas de S. aureus,
en respuesta a unas condiciones nutritivas concretas; por ejemplo, durante

el crecimiento en m110. El mucus estd débilmente unido a la pared celular -

y puede ser facilmente eliminado durante el lavado de las bacterias
(Caputy y Costerton, 1982 Wilkinson, 1983; Watson, 1989)

En esta Tesis, cuando se aplicaron para S. awreus los métodos
normalmente utilizados para la deteccion del mucus en ECN (morfologia
colonial en ARC y colonizacién de las paredes del tubo de cultivo}, sélo
11 de las 92 cepas bovinas (12%) y 10 de las 52 cepas ovinas (19%)

testadas fueron capaces de producir mucus (Trabajo VI) Estas cepas
mucosas presentaron una matriz de exopolisacdridos condensada

alrededor de las células segun se evidencio por microscopia electrénica €
inmunofluorescencia (Trabajo V1)

Curiosamente, estas cepas, calificadas de mucosas en ARC, no
mostraron una superficie hidrofilica tras crecer en otros medios
productores de exopolisacdridos (Trabajos VI 'y VII). Para explicar este
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hecho no resulta imprescindible asumir la existencia de dos mecanismos
diferentes para la induccién de mucus en ARC y en otros medios. sino
que plfede explicarse si asumimos que el mucus de S. au;eus'
contrariamente a la cdpsula (Dassy y cols 1991), al ser una estructﬁra,l
débilmente unida a la pared bacteriana, se ha perdido en los lavados
resultando en un comportamiento bacteriano hidrofébico. Hoght y colsj
(1983) obtuvieron resultados similares con cepas mucosas de ECN.

Los resultados presentados en el Trabajo VI sugieren la existencia de
diferencias inmunolégicas entre ¢l mucus y el antigeno capsular aislado de
la cepa A. Estas observaciones coinciden plenamente con las realizadas
por Caputy y Costerton (1982, 1984). Asf, tras la infeccién experimental
en pulmén de conejo, al igual que tras el crecimiento bacteriano en m110,
Caputy y Costerton (1982) encontraron una matriz extensa que rodeaba a
la superficie bacteriana tanto en el caso de la cepa Smith, encapsulada,
como en el de la cepa Willey, no encapsulada. Este mucus agrupaba a las
bacterias en microcolonias y era extracapsular en el caso de la cepa Smith;
ademds, este mucus diferfa inmunolégicamente de la cdpsula de la cepa
Smith (Caputy y Costerton, 1984) También Yoshida y Ekstedt (1968)
concluyeron que determinadas cepas podian producir ciertos
exopolisacdridos diferentes a la cdpsula en respuesta a condiciones
nutritivas especificas (m110).

Segun Caputy y Costerton (1982, 1984), la matriz exopolisacaridica
de S. aureus, también llamada glicocdliz, incluye ambas estructuras
(cdpsula y mucus). Asi, la cepa Smith, encapsulada,. muestra estas
estructuras "in vivo" y tras crecer en m110, mientras que la cepa Willey,
no encapsulada, sélo contiene mucus. De acuerdo con esta hipStesis, é‘.e
ha descrito en esta Tesis una cepa bovina (V50) capaz de producir mucus
en ARC y, simultdneamente, el antigeno capsular 5 (Trabajo VI).



22

5.6. Obtencion de variantes mucosas

Christensen y cols. (1987, 1990) obtuvieron "in vitro" tanto variantes
mucosas como no mucosas de ECN y sugirieron un mecanismo de
nvariacion de fase” para explicar el proceso. De acuerdo con estos autores,
la expresién de los genes implicados varia rdpidamente y en und forma.
reversible de generaci6n en generacion. Nuestros resultados "in vitro”
(Trabajo Vi) son al menos parcialmente compatibles con esta hiptesis, ya
que las variantes (tanto las mucosas y como las no mucosas) fueron
facilmente obtenidas.

Los métodos de obtencién de variantes aplicados en esta Tesis son
reflejo del tipo de seleccion aplicada, dependiente del ambiente utilizado en
cada caso. Asf, para seleccionar las variantes mucosas a partir de una
poblacién bacteriana, se han sometido a subcultivos aquellas colonias
excepcionales que dentro de una poblacion bacteriana, en conjunto no
mucosa seglin el criterio de Christensen (1982, 1985), eran capaces de
adherirse a las paredes del tubo de cultivo (es decir, eran mucosas).

Al contrario, para la obtencién de variantes no mucosas, se han
seleccionado entre las colonias de cepas tipicamente mucosas en ARC,
aquellas colonias que se comportaban cOmo no Mucosas

Es probable que este ultimo tipo de seleccidn ocurra en forma de
seleccién natural cuando las bacterias se cultivan en los medios
comunmente utilizados "in vitro" y que en dichos casos las bacterias

lleguen a perder el exopolisacdrido mucoide (Johne y cols., 1989;

Watson, 1989). Este proceso selectivo seria explicable ya que, segun
indican Lam y cols (1980), las variantes no mucosas pueden tener en
dichos medios un crecimiento mds rdpido. En dicha situacién, un pequefio
nimero de bacterias no mucosas dentro de una poblacion bacteriana,
puede dar lugar en definitiva a una poblacién no mucosa
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5.7. Formacién de microcolonias y resistencia a antibidticos

En los procesos infecciosos, la mayorfa de las bacterias forman
microcolonias que se adhieren a fos tejidos. Supuestamente, después de la
adhesién inicial a los tejidos, las bacterias crecen rodeadas de
exopolisacdridos dentro de la microcolonia, uniéndose de forma
irreversible a los tejidos en esta segunda fase (Maybeny—Ca:son y cols,,
1986; Costerton y cols., 1987). De acuerdo con esta hip6tesis, Chan y
cols (1982) sugieren para E. coli un mecanismo de adherencia al epitelio
intestinal en el que las fimbrias son las responsables de la adherencia
inicial, mientras que los exopolisac4ridos "capsulares” son responsables
de la formacién de microcolonias, dentro de las cuales se multiplican las
bacterias. De este modo, la bacteria, inicialmente libre de
exopolisacdridos, puede unirse facilmente a las superficies celulares a
través de las fimbrias. Sin embargo, en este estado, las bacterias son
altamente susceptibles a la fagocitosis o a la aglutinacién mediada por
anticuerpos. Posteriormente, tras la adherencia inicial la bacteria se
protege de la fagocitosis mediante la elaboracién de exopolisacdridos
(Mackie y cols., 1979)

Un mecanismo similar podria aplicarse a S. aureus De hecho, Rydén
y cols. (1987 1989) identificaron una sialoprotefna ésea, que actuaba
como receptor especifico para las cepas de S. aureus aisladas de casos de
osteomyelitis Por otro lado, se ha descrito la implicacién del mucus en la
adherencia de S. aureus al cartilago y al hueso, asf como en la formacién
de microcolonias en afecciones osicomieliticas (Mayberry'—Carson y cols.,
1984; Speers y Nade, 1985; Power y cols , 1990).

En el caso de la mamitis, S. aureus podiia adherirse a los conductos
glandulares mamarios y alvéolos mediante la unién a las protefnas basales
de la membrana (Mamo y cols., 1988) o a través de la uni6n a las células
epiteliales (Frost, 1975; Frost y cols., 1977, Wanasinghe, 1981 ; Bramley
y Hogben, 1982; Opdebeeck y cols., 1988a; Lindhal y cols., 1989, 1990,
Trabajo 1), para posteriormente formar microcolonias
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En el caso de que el mucus interviniera en la adherencia, no estd claro
si funcionarfa como una adhesina en 1a adherencia inicial de las bacterias
al epitelio, o si s6lo se producirfa cuando las bacterias, una vez adheridas,
experimentan un estrés metabolico (Karakawa y Kane, 1972; Tertyetal,,
1991). Nuestros resultados sugieren la posibilidad de que el mucus puede
actuar como una adhesina para las células epiteliales (Iturralde y cols.,
1991).

Muchas infecciones crénicas implican un crecimiento bacteriano en
forma de microcolonias adherentes (Brown y cols., 1988), dentro de las
cuales las bacterias no son susceptibles a la fagocitosis por macréfagos 0
por neutréfilos (Lam y cols., 1980). Estas colonias forman focos de
inflamacién celular y humoral que normaimente son lo suficientemente
eficaces como para eliminar las células bacterianas individuales liberadas
de 1a superficie de a microcolonia Sin embargo, los mecanismos de
defensa pueden fallar en algunas ocasiones, especialmente en animales
estresados o débiles, donde las bacterias liberadas pueden diseminarse y
ejercer un papel patogénico (Costerton y cols., 1987). Este fenémeno
podria explicar algunos casos de mamitis crénicas por S. aureus.

El crecimiento dentro de estas microcolonias también podria
explicar la ineficacia del tratamiento antibi6tico en animales con mamitis
crénicas, dada la dificultad de los antibiéticos en alcanzar concentraciones
bactericidas en el interior de las microcolonias (Marrie y cols., 1982;
Brown y cols., 1988). De hecho, hay una correlacién entre la produccion

de exopolisacdridos "in vitro" por estreplococos aislados de vegetaciones

en conejos con endocarditis y el fallo para erradicar la infeccién con.

antibiéticos (Dall y Herndon, 1989) En pacientes con protesis,
Davenport y cols. (1986) encontraron que la curacién de la infeccién por
ECN mediante el tratamiento antibi6tico uvo lugar en ¢l 100% de los
casos asociados a infecciones por ¢epas no productoras de mucus y tan
s6lo en el 32% de las infecciones causadas por cepas productoras de
mucus. Nuestros resultados en S. aureus, obtenidos por el método
disefiado en el trabajo 1V para medir la sensibilidad a antibi6ticos, también
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indican una mayor resistencia a los antibiéticos por parte de las cepas
mucosas respecto de sus variantes no mucosas, aspecto de aplicacion
préctica para estudiar [a eficacia de nuevos fdrmacos.

5.8. Hidrofobicidad

A nivel de poblaciones de bacterias indidualizadas, el hecho de que
las propiedades hidrofébicas de la bacteria varfen segun e! medio de.
cultivo y la fase de crecimiento bacteriano (Trabajo V) es explicable, ya
que ello puede reflejar cambios metabolicos que afecten a la superficie
bacteriana. Sin embargo, esta variacién debe tenerse en cuenta a }a hora de
extrapolar las observaciones "in vitro" a una situacién "in vivo” y ala hora
de cotejar los resultados de los distintos autores en el tema de la
hidrofobicidad

En cualquier caso, nuestros resultados muestran que la mayorfa de
las cepas bovinas (58%) y una minorfa de cepas ovinas (18%) son
hidrofébicas cuando crecen en un medio normal de laboratorio (NB). Se
desconoce si estas diferencias entre cepas bovinas y ovinas estd
relacionada con la capacidad de aglutinacién en presencia de suero ldcteo
(Trabajo 1), con las diferencias observadas respecto de la virulencia
(Amorena, 1991) o con la cantidad de exopolisacdrido capsular. Estos dos
dltimos aspectos pueden ademds relacionarse entre sf a nivel fisioldgico,
ya que diversos trabajos muesiran que la presencia de cépsulas
(hidrofilicas) incrementa la virulencia bacteriana, lo cual se atribuye a una
mayor resistencia a la fagocitosis (Yokomizo y cols, 1977; Yoshida y
cols , 1979; Karakawa y cols., 1985).
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6. CONCLUSIONES

1. Existen diferencias entre especies bacterianas aisladas de mamitis
ovinas y entre cepas dentro de cada especie en cuanto a su capacidad
de adherencia a células epiteliales de la glandula mamaria ovina. La
temperatura, el pH y el tiempo de incubaci6n pueden influir en ¢l
grado de adherencia

2. El suero ldcteo ovino tiene una mayor capacidad de inducir la

aglutinacién durante el crecimiento bacteriano que el suero ldcteo

bovino respecto del mimero de cepas ovinas y bovinas aglutinadas
Las cepas de S. aureus de origen ovino estudiadas aglutinan mds
fuertemente que las de origen bovino.

3. Algunas cepas de §. aureus aisladas de mamitis ovinas y bovinas,
son capaces de producir mucus en ARC. Este mucus de 8. aureus ha
sido evidenciado por microscopfa electrénica y parece ser
inmunolégicamente distinto a la cdpsula.

4. Las cepas de §. qureus que se comporian como mucosas €n ARC,
son capaces de resistir concentraciones més altas de antibidticos que
Sus variantes no mucosas.

5. La mayorfa de las cepas de S. aureus testadas se vuelven mds
hidrofilicas tras crecer en medios inductores de exopolisacdridos
(m110 o Columbia). Sin embargo, la totalidad de las cepas mucosas

en ARC se comportan de una forma hidrofébica, después de crecer

en medios inductores de exopolisacdridos (m110 o Columbia) Las
cepas analizadas de origen ovino son mds hidrofflicas que las de
origen bovino
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ABSTRACT

Amorena, B, Baselga, R and Aguilar, B, 1990 Factors influencing the degree of in vitro bacterial
adhesion to ovine mammary gland epithelial cells. Vet Microbiol , 24: 43--53

Bacterial adhesion 10 mammary gland epithelial cells (EC) may play a role in the pathogenesis of
mastitis. In vitro adherence systems have been developed to study mastitis in cattle bat litile has been
done in sheep. In this work, a method is described for obtaining mammary gland cell preparations
containing > 65% EC from live or dead ewes, using a Ficoll-Hypaque fiotation method (cell viabil-
ity=70-90%) An in vitro adhesion assay procedure was also developed 10 study the interaction be-
tween EC and ovine mastitis bacterial strains It was observed that, under the test conditions, adher-
ence increased as the incubation time was prolonged from 30 10 120 min (P<0.05). Adhesion was
greater at incubation temperature of 37°C than at 22°C (P<0.001). An acidic pH (5.9) was associ-
ated with an increase in adhesion, when compared with a higher pH (7 2; P<0.05) Tween 20, Tween
80 and bovine serum albumin helped 1o eliminate a background of unbound bacteria from the test
slides, but they also inhibited adhesion to some strains Strain differences in adhesion and in ability
to form a background were also observed Some of these findings may have in vivo implications.

INTRODUCTION

Bacterial adhesion to mammary gland epithelial cells (EC) appears to play
a role in the pathogenesis of mastitis (Frost, 1975; Frost et al,, 1977; Wana-
singhe, 1981), although this observation has not always been confirmed
{Anderson, 1978). Various in vitro assays have been described for evaluating
the degree of bacterial adhesion to mammalian cells, such as those of Frost
(1975), Bramley and Hogben (1982), Faris (1985) and Opdebeeck et al.
(1988). This adhesion may be influenced by pH (Kubin et al, 1983a), in-
cubation time and temperature (Kubin et al., 1983b). The rate of adhesion
also depends on the bacterial species used (Wanasinghe, 1981) and on the
anatomical source of the epithelium (e.g buccal vs. vaginal, Kubin et al,,

0378-1135/90/%03 50 © 1990 Elsevier Science Publishers B V.
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19834, b), including different regions within the mammary gland epithelia
(teat sinus vs. lactiferous sinus; Frost et al., 1977).

EC obtained by gentle brushing of the teat duct (Grier and Paape, 1986)
often show aggregates, cellular debris, dead cells and other cell types, which
make evaluation of the EC adhesion test difficult. Little work has been done
on in vitro adhesion in sheep involving bacteria and EC. This paper describes
a method for obtaining preparations of ovine mammary gland epithelial cells
from live and dead animals, and reports the effects of pH, temperature, in-
cubation time, detergents and albumin on the degree of adhesion of these cells
to ovine mastitis bacteria, using an in vitro assay.

MATERIAL AND METHODS

Animals

Mastitis-infected animals of the Aragonese breed were used as the source
of bacteria. Mammary glands from live, healthy, dry ewes of this breed and
from slaughtered dry and lactating ewes were used for cell collection.

Bacteria

Seventeen ovine mastitis bacterial strains were studied. Of these, nine were
Staphylococcus aureus (1A, 2A, 4A, 5A, 16A, 19A, 24A, 25A and 26A), one
§. chromogenes (3A),two S. hyicus (6A and 10B), one S. xylosus (12A), one
S intermedius (11A) and three Escherichia coli {(TA, 9A and 10A). Bacteria
for adhesion tests were cultured for 18-24 h at 37°C in Todd-Hewitt broth,
washed twice and resuspended in PBS (pH 6.65).

Mammary gland cells

Mammary gland cells were obtained from the teat sinus epithelium of live
and dead animals, using a modification of the method described by Grier and
Paape (1986). In brief, after discarding the gland’s secretions, the sinus epi-
thelium was washed twice with 20 ml PBS per wash. Following a third intro-
duction of PBS (20 ml) and gentle brushing of the epithelium using a soft
nvlon 0.3x3 cm brush introduced with the help of a 40/60 cannula, cells
were recovered and incubated for 20 min (22-24°C) in PBS containing car-
bonyl iron (0.5-0.6 mg mi~'), and layered on a Ficoll-Hypaque gradient
(D=1.075). Upon centrifugation (7 min, 700X g) and two washes in PBS

(10 min, 700x g), cell viability was tested by eosin exclusion (70-90% live

cells), using 1-2 ul cell suspension per sample. The flotation method de-
scribed eliminated many dead cells, non-cellular artifacts and large clumps of
cells. Cells in suspension were submitted to mild fixation (1% paraformalde-
hyde, 15 min, 4°C), centrifuged and resuspended at a concentration of 10°
cells mi~! PBS, (ethanol-acetic fixing solution was not used at this stage since
clumps would be formed ) A drop of this suspension was spread on glass slides,
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previously cleaned with ethanol-ether. Cells were air-dried, submitted to fur-
ther fixation in ethanol-acetic acid (99:1) for 15 min at 22-24°C, and stored
at 4°C for up to 4 weeks until used. The preparations contained EC as well as
three other major types of cells: macrophages, neutrophils and lymphocytes.
The ratio of epithelial celis to macrophages among large cells (10-45 um) was
estimated by applying a sideroleukocyte-specific stain procedure {Schalm et
al,, 1975) to cell spreads on slides; the cytoplasm of epithelial cells was stained
red, whereas macrophages had blue cytoplasmic inclusions. Neutrophils and
lymphocytes were easily identified by nuclear shape and size. The propor-
tions of the four major cell types varied between samples. Samples with >65%
EC were commonly found, and were used for adhesion tests. All of the cell
preparations used for adhesion tests were free of bacteria, as determined by
Giemsa staining and microbiological tests. When cells were obtained from
live animals on more than one occasion, samples were obtained once a month.

Adhesion assay

The adhesion assays used the method of Krovacek et al. (1987) with mod-
ifications (Amorena et al., 1989). Under slow agitation, celi-carrying slides
(8) were incubated with 50 m! bacterial suspension using Hellendahl’s stain-
ing boxes of 100 ml capacity. The effects of bacterial concentration, incuba-
tion time, temperature, pH and detergents were investigated. The slides were
subsequently washed ten times under agitation (5 min per wash) in the con-
tainers with 50 ml of the medium chosen for the assay, fixed with methanol
and stained with a sideroleukocyte-specific stain (Schalm et al, 1975). Tests
were done in triplicate. The degree of adhesion was evaluated from the ratio
of attached bacteria to adherent cells in the sample, determined from micro-
scopical observations of 100-150 epithelial cells per slide.

Statistical analysis

The data were analysed by paired ¢ tests. Analysis of variance was used to
study the effects of pH Data from different animals were pooled since no
significant differences were found between them.

RESULTS

Effect of temperature and incubation time

To determine the effects of temperature and incubation time on adhesion,
tests were done in saline (pH 7.2) at a concentration of 5 x 10 bacteriaml~".
As illustrated in Table 1, a higher assay temperature (i.e. 37°Cvs. 22°C) was
associated with a greater (P<0.001) degree of adhesion. Similarly, a longer
incubation period (120 vs. 60 or 30 min ) favored adhesion (P<0.05) Both
effects were observed with regard to the percentage of cells showing adher-
ence to bacteria (adherent cells). The average number of bacteria adhering
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TABLE 1

Effect of temperature and incubation time on the degree of adherence of Staphylococcus aureus (strain
1A}

Time Temperature % Adherent EC

{min) (°C) tse

30 22 214212
37 45+2 82

60 22 261215
37 50£99

90 22 163 83
37 8416.36

120 22 531424
7 88+1.41

120 37(control)’ 00

'No bacteria were added

to individual epithelial cells ranged from 1.5 to 4.8 in thi; experiment, and
did not vary consistently when incubation temperature or time was changed.

Effect of pH

To estimate the effects of the presence of phosphate ions and hydrogen ion

concentration of the assay medium on adhesion, tests were done using as me-

dia either PBS or physiological saline at three different pH values (5.9, 6.65:.

and 7.2; Table 2). Tests were carried out at 37°C (120 min; IX 10® bacteria

ml-'). Adherence appeared to be lower for higher pH values (although Pwas. .

<0.1 when comparing 7.2 vs. 5.9 in the paired r-test, it was < 0.05 in analysis

of variance, when separating the effects of different variables). Since the pH

of milk is close to 6 65, this pH value was used in the remaining qxper-imqnts
in order to reproduce physiological conditions as closely as possible in vitro

As a rule, PBS was not detrimental to adhesion when compared with saline -

and, since it helps maintain a constant pH, it was used throughout the re
maining experiments

Effect of bacterial concentration

Adhesion tests were carried out using different bacterial concentrations.:

(10, 107, 10® and 10° bacteria ml~')under otherwise constant test condi

N . . . . s
tions (PBS, pH 6.65,37°C, 120 min) The expenments were done using ?c
from sheep Nos. 15 and 20 and bacterial strains 1A and 6A. It was observed

that an increase in bacterial concentration in the assay result.ed in an incre
ment in the percentage of cells to which bacteria were adhering, number ©
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TABLE2

Effect of pH on adherence of two bacterial strains to EC from different ewes

Strain Medium pH Adherence*tse.
1A Saline 59 0.99+0.11
' 6.65 2271007
7.2 0331012
tA PBS 59 8481327
6.65 3412160
7.2 3391226
6A Saline 59 2291022
6.65 1241003
7.2 0891012
6A PBS 59 1491082
6.65 1424049
72 0.84x0.56

*Number of adherent bacteria / total number of celle

bacteriathat adhered to a given cell, number of dispersed bacteria in the back-
ground, and number of bacterial aggregates in the background.

Effects of detergents and bovine serum albumin (BSA)

Since eliminating the bacterial background helps in the evaluation of the
specific adhesion of bacteria to EC, the effects of detergents (Tween 20 and
80) and BSA in the test medium were studied. Several staphylococcus strains
were used in the study, at two concentrations (1x 107, 1x10°ml~') in PBS
at pH 6.65. Tests were done at 37°C and 120 min incubation. A bacterial
concentration of 1 X 107 yielded results which were difficult to evaluate, be-
cause low adherence was found in the presence of a low bacterial background.
A difficulty was also found when an exceedingly high number of bacteria
(1x10°ml—') was used, due to the presence of a dense background. Hence,
a concentration of 1 X 108 yielded the most informative results.

Bacterial background and adherence were reduced by BSA, Tween 20 and
Tween 80. Although the experiments were aimed at obtaining high adherence
and low background, only intermediate adherence was reached when the
background was low (i.e. when using 0.3% BSA during incubation and wash-
ing, or when using 0.3% BSA during incubation and 0.05% Tween 20 during
washing; this second choice was considered less expensive and was therefore
adopted for further tests). Tween 20 and Tween 80 produced similar effects
The efficacy of detergents in eliminating the background differed among
strains (e.g. the strain 1A background was more readily removed than that of
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TABLE 3

In vitro adherence of Escherichia coli and Staphylococcus aureus strains to sheep mamemary gland epithelial
cells i

Sheep Escherichia coli strain Staphylococcus aureus strain

no.

7A 9A 10A 24 4A 5A

%AC! Begd? %AC Begd %AC Begd %AC Begd %AC Begd %AC Begd
0 - —  S0-95 ++ 40-50 + 1019 +  10-19 (4) 1-4  (+)
51— - 50-95 ++ 40-50 +  10-19 +  10-19 (+) I-4  (+)
52 - - 50-95 ++ 40-50 + 5-9  (+) 14 (+) - -
53 - - 50-95 ++ 40-50 +  20-39 (4) 1019 + -~ -
54 - — 50495 ++ 40-50 + 59 (+) -4 - - -
55 - - 50-95 +  20-39 (+) 1-4 - 5-9 - - -
s6  1-4  (+) S50-95 +  20-39 + -4 - -4 (+) - -
$7 1-4 (+) ND! ND 20-39 + -4 - i-4 (+) ND ND

Percentage ranges of celis showing adherence (A C.) (3-9 slides/test per combination)

presence of bacterial background (Bcgd ): — =no background; (+ ) =very weak background; + =inter- -
mediate background; + + =strong background; + + + =very strong background (not ebserved in these re- -

sults). Only dispersed bacteria were considered for estimating the degree of background
3N D =not determined

B
\

k7Y

*

Fig 1. In vitro adherence of Escherichia coli strain 9A 10 an ovine mammary gland epithelial
cell

2A). Efficacy was low for detergents and for BSA when these chemicals were
applied only during the washing period of the tests and not during the incu-
bation period.

Strain differences

To further search for differences in adhesion within and between bacterial

species, assays were performed involving E coli (strains 7A, 9A and 10A), S.
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Fig 2 In vitro adherence of Escherichia coli strain 9A to ovine mammary gland epithelial cell
clumps (partially disrupted tissue).

Fig. 3. In vitro adherence of Staphyiococcus aureus sirain 2A to a group of ovine mammany
gland epithelial cells

aureus (strains 2A, 4A and 5A), 8. hyicus (strain 10B) and S. chromogenes
(strain 3A). Tests were done using 0.3% BSA in PBS as the incubation me-
dium and 0.05% Tween 20 in PBS as the washing medium. Incubation was
for 120 min at 37°C and at pH 6.65.

The results obtained with S. aureus and E. coli strains are illustrated in
Table 3. In general, a higher background intensity corresponded to a higher
degree of adhesion (percentage of adherent cells). High adhesion (50-95%
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Fig 4. In vitro adperence of Staphylococcus ureus strain 2A 1o ovine mammary gland epithelial
cell ctumps (partially disrupted tissue ).

Fig. 5. In vitro adherence of Siaph)lococcus aureus strain 4A 10 an ovine mammary gland epi-
thelial cell ’

adhenzm cells) and background intensity (+ + ) was found for E. coli su:ain
GA .(Flgs 1 and 2}, foliowed by strain 10A of this species and by S. aureus
strains 2A and 4A (Figs. 3, 4 and 5). E. coli strain TA, 8. aureus strain 5A, S

hyicus strain 10B and § chromogenes strain 3A showed low adhesion {1~ '

9%), t;letectable only with cells from a proportion of the individuals tested,
and with a very weak or undetectable background.
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DISCUSSION

A method is described for studying bacterial adhesion to sheep EC. These
cells probably have stronger adhesion properties than cultured cells, accord-
ing to observations in cattle (Opdebeeck et al., 1988). EC donors can be sam-
pled once a month, without causing any harm to the animal. This is advanta-
geous for repeatability and genetic studies. Several methods have been
suggested whereby macrophages in the preparations may be distinguished
and/or eliminated (electron microscopy, use of antimacrophage serum, etc;
McDonald and Anderson, 1981 ) and to identify EC (antikeratin antibodies;
McGrath, 1987). These methods are expensive and laborious for routine work.
The method described in this paper is practical and inexpensive, and the ep-
ithelial cells are easily recognized.

It may still seem that it would be more convenient to use milk as a source
of EC. This procedure has been tried in our laboratory using simple centrifu-
gation techniques as well as the Ficoll-Hypaque flotation method described,
after removing the fat. The cells obtained were of various sizes (including
leukocytes). EC were often degenerated This was expected, considering that
EC in milk represent an aged cell population that is constantly being renewed.
Hence, milk was not considered an ideal source of EC for our studies.

All the factors tested in this work can be regarded as possibly affecting the
degree of adhesion. The degree of in vitro adhesion (number of bacteria per
adherent cell) increases with increasing incubation period. Whether this re-
flects the progress of an in vivo situation at the onset of infection is unknown.
This increase in adhesion with time has been observed in bacteria-epithelial
cell combinations involving several bacterial and mammalian species, al-
though there are cases where maximum adherence is observed within 10 min
(Kubin et al., 1983b).

The hydrogen ion concentration also affects adherence, acidic conditions
favoring adhesion. A pH value of 5.9 yielded enhanced adhesion compared
with pH 7.2. A similar effect has been observed in the adhesion of strepto-
coccl to human buccal epithelia, but an opposite situation has been found in
the case of vaginal epithelia (Kubin et al.,, 1983b). Each system therefore
appears to have an optimal pH for adhesion. It is known that mastitis is often
associated with an increase in pH in milk (0.3 units on average; Walstra and
Jennes, 1984}, as a result of altered permeability within the udder and the
consequent transfer of ions to the milk. We have verified this increase in sheep.
This may suggest, in view of our in vitro observation on pH, that during the
course of mastitis in vivo, a natural defence mechanism may take place, con-
sisting of a reduction in the adhesion efficiency of bacteria and an increase in
pH.

The presence of a bacterial background on the in vitro test slides makes the
evaluation of bacterial adhesion to EC difficult. Detergents and BSA have
been used in enzyme-linked immunosorbent assays to avoid non-specific
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binding (Chandler et al., 1986; Faris et al., 1987). Although both agents re-
duce the bacterial background, they also inhibit adhesion to some extent. The
fact that different bacterial strains (1A vs. 2A) show different sensitivity to
detergents suggests that strains may differ in the nature of their cell surface.
In cattle, Opdebeeck et al. (1988) succeeded in removing bacterial back-
ground and facilitating the interpretation of adhesion tests by labelling bac-
teria with radioactivity, filtering out unbound bacteria and scoring the radio-
active counts of bacteria attached to celis. Whereas in our test the radioactive
labelling of bacteria would not allow the scoring of attachment to be restricted
to the epithelial cells, elimination of non-specific background by filtration
may help to demonstrate the possible specific mechanisms of adherence, which
is known 1o exist in other bacterial infections of epithelium (Faris, 1985; Ra-
pacz and Hasler-Rapacz, 1986). However, the question arises as to whether
the tendency of each particular strain to form a background reflects a corre-

sponding in vivo tendency during colonization and subsequent infection. If

this were the case, evaluation of the background intensity shown by each bac-
terial type would yield informative results. Whether this tendency is related
to other bacterial properties, such as surface charge, hydrophobicity, encap-
sulation, the ability to colonize the mammary gland, and pathogenesis, is un-
der study.
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Summary

A rwul of 59 masuts staphylococcic strains were tested for growth agglutination upon
supplementation of growth media with avine and bovine milk whey and mammary secretions from
dry cows. Differences were observed when comparing bactenial species or origins (ovine vs bovine) of
bacteria and whey All of the ovine and bovine § aurexs strains tested, but only 4 among 22 other
ovine mastitis staphylococcic strains, showed growth agglutination in Todd Hewitt broth (THB)
supplemented with 2 30 % (v/v) ovine milk whey None of the strains agglutinated during growth in
regular THB medium. Ovine whey had an agglutination induction capacity higher than bovine whey
(P < 0 Q005), concerning the number of responsive ovine and bovine § awreus strains. There were no
differences berween whey samples from different ewes with regard 1o their capacin to induce
agglutination. Ovine 5 aurens strains were more responsive than bovine strains of this bacterial
species, concerning the number of responsive strains (P < 0.001) to bovine whey (2 30% in THB),
the proportion of responsive strains at low (10%) ovine whey concentrations (P < 0.001), and the
strength of reaction {precipitation timming and clump sizes) Secretions from dny cow's systemarically
induced agglutination in all of the bovine and ovine § awrexs strains tested

An important component in the defense of mucosal surfaces is the prevention of
colonization by bacterial agglutination, increasing in this manner the ratio of clearance
{14). These observations may have implications on mastitis. considering that the develop-
ment of intramammary infection involves the penetration and attachment of pathogenic
organisms 10 the gland (3, 4, 5, 11), where they have a big chance of removal during milking
before they become established (1). SpEncER er al (10), found agglutinative growth of
§ awureus M1525 strain in bovine milk whey and suggested that the putative agglutinins are
S aureus species specific rather than strain specific and are correlated with the presence of
alpha antihemoh sin antibodies

The purpose of this work is to ascertain whether rm]k whey from emes and dny com s
mammary secretions, in concentrations high enough to resemble “in vivo® conditions
{2 30 % v/v), have also an agglurinative effect on mastitis staphylococcic bacteria during
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growth and whether there are growth agglutination differences when comparing whey and
staphylococcal strains and species from ovines and bovines.

Material and Methods

Strains of Stsphylococcns awrews (21}, 5 byicus byicus (6), S hyicus chromogenes {7), and
§ xylosks (9), were isolated from ewes with clinical mastitis (gangrenous or chronic). Also, 16 § aurexs
strains, isolated from cows with subclinical mastitis, detected by somatic cell count, were used.
Isolation and identification of bacteria were carried out ar the Microbiology Lab, Veterinary Faculry,
Zaragozz, Spain.

Bacteria were grown at 37 °C for 1824 bours in Todd-Hewint broth (THB) or in rnodiﬁ_cd
Staphylococcus medium No. 110 (m 110), as previously described (7), and in THB supplemented y:uh
ovine or bovine milk whey (THB-OW and THB-BW, respectively), sterilized with 2 0.22jum fileer
Mediz were classified as THB-5 %, THB-10 %, and THB-30%, where percentages indicatr- whey
concentrations When the strains grown as described above failed to change their agglutinative
properties or showed inconsistent results upon retests, they were passaged twice (120 minutes/
passage, 37 °C} through the medium used in each case, using 1 m! broth and a transfer inoculum of
10l With these passages, consistent results were obtained. ] i

Milk samples were obtained from various healthy lactating animals of each particular species
{ovines or bovines) and used for isolation of whey as a pool, unless otherwise stated. Afrer dCllPlﬁlzmg
the milk, casein was removed by precipitation (pH 4 5) with acetic acid Following centrifugation, the
pH of the supernatant was restored 1o 7.2 with sodium hydroxide. Storage was done at ~28°C for up
o two months. Floculated material was removed by centrifugation before use Secretions from dry
cows (having been approximaiely 3 years in the dry period) were pooled and centrifuged to remove
floculated material Supernatants were stored at - 28°C for up to two months. .

Reactions of agglutination were macroscopically observed, directly after bacterial growth
Twenry five microlitres of bacterial suspension {5 x 10 bacteria/ml) were mixed with 25 ul of staining
solution (2% crystal violet in § 002 M PBS) on excavated slides .

Statistical comparisons were made with contingency tests, applying the Yate’s correction

Results

To investigate whether the growth medium by iself or the acidification procedure
applied for whey isolation, affected bacterial agglutinabiliry, regular THB medium and
THB medium after acidification (pH 4.5) with acetic acid and subsequent reconstitution to
pH 7.2, were used for long term (18—24 h) bacterial growth Neither the ovine -43-, nor
the bovine -16- strains agglutinated in these media. Two hour passages of bacteria through
these media before the long-term growth incubation did not affect these results. Similarly,
m 110 did not induce agglutination in any of the ovine -21- or bovine -16- 5 aureus strains
tested in this medium When studying the effect of whey, all of the ovine-strains-37
analvsed in this test showed growth agglutination in THB-30% OW (Table 1), but th.e
majority of strains ~18/22. from other ovine Staphy lococcic species did not show aggluti~
nation (P < 0 001 for difference between § aureus and other Staphy lococcic strains), with

Table 1 Agglutination® of Staphylococcic bacteria during growth in different media: Effect of ovine

miik whey
Species No of Ornigin Grow th medium
strains ‘THB THB-3C% OW

§ aurens 21 ovine - +

16 bovine - +
§ PByicus 6 ovine - -
S chromogenes 5 ovine - -

2 ovine - +
S xylosus 7 ovine - -

2 ovine - +

* 4+ = Presence of agglutination — = Absence of agglutination
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Table 2. Proportion of agglutinative § aurens strains after growth in THR supplemented with ovine
whey (OW}, bovine whey (BW) or mammary gland secretions from dry cows (SC) at various

concentrations
Strain THB supplemented with
ongin 5% OW 10% OW  >30% OW 10% BW >30% BW >30% SC
Ovine 2115 16/21 21/21 1/21 12/21 212
Bovine N.D* 2/14 16/16 0/16 0/16 16/16

* ND = Not determined

the exception of two S xylosus and two S. chromogenes strains, which agglutinated though
weakly, when compared 1o § awress strains.

As shown in Table2, the agglutination reaction cbserved in §.aureus ovine strains,
when supplementing THB with bovine whey (BW) at concentrations of = 30 %, instead of
ovine whey (OW), was weaker and not so generalized (12/21 vs. 21/21 strains; P < 0.005)
However, bovine secretions (from dry cows), even when diluted (30 %) in THB, induced a
strong agglutination in all of the ovine and bovine § awrews strains analysed Thus, ovine
§.aureus strains were more responsive to bovine whey (higher percentage of positive
responses) than bovine strains (P <0.01; Tables1 and 2} These results were not altered
when the concentration of whey and/or secretions was increased from 30 % up to 100 % or
upon three passages of bacteria through these media.

In general, ovine whey and ovine § aurexs strains yielded stronger reactions (con-
sidering precipitation time and clump size) than their bovine counterparts. Differences in
the strength of reaction were also observed berween reactive strains of the same origin
(ovine or bovine). As shown in Table 2, concentrations of 10 % and 5% ovine whey (in
THB) were insufficient to induce bacterial agglutination, with the exception of some
strains. These showed the strongest positive response to higher (30 %) whey concentra-
tions when compared to other strains. The proportion of agglutinative strains significantly
increased (P < 0.01) with increasing milk whey concentrations up to 2 30 %, except for
the combination bovine whey — bovine strains (Table 2). When comparing the proportion
of responsive strains at 2 low concentration of ovine whey (10 %), ovine strains were more
responsive (P <0 01} than bovine strains

When whey from seven ewes, belonging 1o three different farms, was individually
tested against the 37 § aurews strains analysed for agglutination induction capaciry,
agglutination reactions were in all cases similar in strength, when compared with the whey
pool used throughout the experiment

Discussion

The results presented in this work show that agglutination may be produced during
staphy fococcus growth, when supplementing a regular medium (THB) with milk whey or
mammary gland secretions

A question arises on whether the agglutination observed in responder strains upon
addition of whey to the culture medium, involves wall changes requiring bacterial
mezabolic activity, or whether adsorption of whey components (milk clumping factor[s})
onto this w all could simpl explain this event, independently of the bacterial viabilin The
larter alternative appears to be the case, since responsive bacteria agglutinated even after
inactivation (with 1% formaldehyde at 4 °C during 24 h) It is known that 5. aureus form
pseudocapsules upon “ir vitro” culture, in medium supplemented with 10% ovine or
bovine milk they (12, 13) or in m 110 (7) The fact that m 110 does not induce agglutination
in any of the strains tested and that metabolic activity is not required for inducing
agglutination, suggests that both properties, pseudocapsulation and agglutination are not
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positively correlated The bacterial synthesis of an agglutination-mediator wall component,
wriggered by the presence of whey can thus be ruled out.

We have also found that strains agglutinaring in fresh milk whey, do not agglutinate in
the presence of autoclaved whey (15 min, 120°C, tatm.) This suggests the presence of a
heat-labile substance in whey responsible for agglutination In any case, bacteria inherent

differences in composition or concentration of cell wall components may be responsible .

for differences in affinity or uptake of specific whey components, affecting the resulting.
bacterial agglutination This may explain the observed variation berween strains in the
strength of reaction and in the whey concentration necessary for induction of agglutina-

tion Also, possible differences in type or concentration of agglutination mediators

berween whey samples obtained from different animal species may explain the higher
capacity of induction of ovine vs. bovine whey.

SpENCER (10) used a growth-agglutination test for detection of antibodies to § aureus '

in cartle milk. He found growth agglutination antibody titers of up to 1/400 in normal
catde whey and higher in whey from vaccinated or infected animals Whether these

immunoglobulins cause bacterial agglurination during growth was not tested. Fibronectin

has been detected in bovine milk (9) in sufficient concentration to induce agglutination of
S.aureus (8)

Acute gangrenous mastitis is commonly found in ovines as a result of § aurens

infection (6), whereas in bovines, gangrenous mastitis is less frequent among clinical
S.axrexs mastitis cases (1). In fact, all of the §.awreus strains tested were obtained from
clinically and subclinically affected individuals in the case of ewes and cows, respectively’
Comparatively, ovine whey and § awrexs strains yielded a higher number of responses in

the agglutination test (P < 0.001), and these were stronger when compared to their bovine’

counterparts These observations might suggest the existence of a positive correlation

between bacterial agglutination and pathogenicity, considering the differences berween

both animal species in the pathology of mastitis and in the ability of whey 1o induce
bacterial agglutination The possible existence of this positive correlation is further
supported in this work considering that staphylococeic strains other than 5 aureus,
generally associated with low pathogenicity, show significantly (P < 0.001) less agglutina-
tion when compared with S awreus '

On the other hand, this interpretation contrasts with that obtained from bacterial |

clearance studies (14), where a negative correlation between agglutination and pathogenic-
ity has been postulated. A bacterial effective mechanism of eluding phagocytosis may
however be the formation of aggregates or filamenrs sufficiently large to discourage easy
ingestion by phagocytes (2) This would be in agreement with our findings
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RESUMEN

La mamitis —inflamacién y/o disfuncién de la glandula mamaria. asociada con
patégenos que la invaden— se halla muy extendida en el ganado vacuno lechero y
acarrea graves pérdidas econémicas en el sector. En este articulo revisamos la biblic-
grafia reciente sobre su diagndstico. paso previo para combalir adecuadamente este
proceso. asi como sobre fos factores que influyen en la aparicion de la enfermedad.
base de nuevos métodos de lucha frente a ella

Palabras clave; Mamitis. Diagnéstico. Prevencién. Inmunidad. Marcadores genéti-
(4 1]

SUMMARY

Mastitis =mammary gland inflammation and/or mamman gland problems asso-
ciated with pathogens invading the gland- is very widespread in dainy catie and
causes significant economical losses In this paper. we review the recem literature
about its diagnosis. as a preliminary step for reducing its incidence and about host
dependent factors thai influence its ocurrence as the basis for developing new
methods of fighting against this disease

Key words: Mastitis. Diagnosis, Prevention. Imunity Genetic markers

crito mamitis asépticas y mamitis subclini-
cas. sin evidencia de inflamacién De he-

Introduccion

La mamitis o mastitis se ha definido clé-
sicamente como una inflamacion de fa glén-
dula mamaria, normalmente causada por al-
gin microorganismo, si bien se han des-

cho ErksHINe et al (1988) han observado
que el 4% de los cuarterones con bajo nu-
mero de células somdticas (lo cual indica
ausencia de inflamacion) muestran la pre-
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sencia de patégenos mayores, especial-
mente coliformes (43,.5%). Puede también
ocurrir el fendmeno contrario: al tratar los
casos clinicos de mamitis con antibidticos
pueden eliminarse los microorganismos, de
aqui que algunos cuarterones con elevado
mimero de células somdticas no aparezcan
como infectados (mamitis asépticas).

Los problemas mamiticos aparecen con
mayor o menor frecuencia en todas las es-
pecies de mamiferos domésticos, pero tie-
nen una especial importancia en €l ganado
vacuno lechero.

Una amplia variedad de organismos y
agentes replicativos. incluyendo bacterias,
virus, hongos, levaduras, micoplasmas, ric-
kettsias. bedsonias, etc. son capaces de pro-
ducir mamitis La incidencia de los distin-
tos patdgenos estd afectada, entre otros fac-
tores. por el tratamiento sanitario en la ex-
plotacién Cuando se erradican por antibio-
terapia y medidas preventivas (teat dip-
ping) algunos patégenos “mayores”, ios pa-
tégenos ambientales pasan a ser responsa-
bles de las mamitis (Hocax et al, 1989)
Segin PouTreL (1983). en mamitis bovinas
son agentes patdgenos frecuentes los estafi-
lococos y los estreplococos. entre los que
destacan las especies Stapmlococcus ai-
reus Streptococcus agalactiae, Strepto-
coccus dysgalactiae 'y Streptococcus ube-
ris, También se aislan a menudo patégenos
como Escherichia coli Asimismo. apare-
cen otras especies bacterianas de distintos
géneros (Staphlococcus coagulasa negati-
vos, Pseudomonas Micoplasma Pasteure-
la Klebsiella Corynebacterium, eic.} Aun-
gue se encuentra Corynebacterium boris,
las vacas no parecen ser afectadas negati-
vamente por su presencia seglin MiLLER
{1982), hecho que contrasta con las obser-
vaciones de Parkir (1977) y Raynarp y
Pourrer (1988) (Para revision bibliogra-
fica sobre agentes etioldgicos principales

Mamitis en el ganado vacuno lechero

asociados con mamitis bovinas, véanse
WaTTs, 1988; Muzas, 1989)

La mamitis bovina es un procese amplia-
mente extendido. Puede decirse que la posi-
bilidad de detectarla depende del tiempo.
durante €] cual se estudian los animales, de .
modo que si se realiza su seguimiento de’
por vida, pocas vacas no muestran por lo
menos un episodio clinico de mamitis.

Tanto la mamitis clinica como sus for
mas subclinicas, mds frecuentes que la pri
mera, suponen anualmente cuantiosas pér-
didas econémicas (Barbinanp, 1978) La
mamitis subclinica tiene un importante
efecto negativo sobre la produccion de le
che (Airawi, 1978, Muier et al, 1983
Donoo y MarTIN, 1984a; Fox et al, 1985
S#ooK, 1985). No menos importantes son.:
las consecuentes pérdidas que ocasiona la
leche retirada de! mercado por vehiculacion .
de antibidticos, el descenso del valor de
venta de los animales afectados, el incre
mento de la tasa de reposicién (Donoo y..
MarTin, 1984b), el incremento del trabajo
en la explotacién por tratamiento de anima
les enfermos y los costes de dichos trata
mientos (MiLLER, 1982). El problema se ex
tiende incluso a los paises de tecnologia:
avanzada En Estados Unidos. las pérdida
anuales debidas a la mamilis se han eva-
luado en mds de 2 000 millones de ddlare
(SEykora y Mc Danier, 1985) En Suecia
segin los trabajos de LinpHE (1982), un
reduccién de una guinta parte en la inci
dencia anual de marnitis equivaldria al be
neficio econdmico de un afio de produc
cion lechera

Ya en 1978. Barpinaxp formula la exis
tencia de varios factores a considerar en el
estudio de la predisposicién a la mamitis
bovina: intrinsecos (morfologia de la
mama, produccién lechera, edad, estado de:
lactacién, inmunidad. equilibric hermonal):
extrinsecos (estacién del afio. desequilibrio
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en la alimentacién, higiene de la explota-
¢ién, tipo de manejo y crdefio) y ocasiona-
Jes (retencién de leche, cambios bruscos de
alimentacion, traumatismo del pezon y ba-
jada brusca de la temperatura). Asimismo,
considera que la especificidad, patogenici-
dad y frecuencia del germen asociado al
proceso mamitico son importantes factores
a incluir en dicho estudio

Teniendo en cuenta estas consideracio-
nes, y dada la gran imporntancia de los pro-
cesos mamiticos en las explotaciones leche-
ras, este articulo intenta resumir bibliogra-
fia reciente sobre la lucha contra la mami-
tis, con especial hincapié en la problema-
tica del diagndstico, las medidas preventi-
vas frente a la mamitis, las barreras natura-
Jes e inducidas frente a dicha enfermedad
y los marcadores genéticos de la vaca en
relacién con la mamitis

1. Diagndstico de mamitis

Un problema bdsico que aparece en cuai-
quier estudio referente a Ia mamitis es el
de escoger un método de diagndstico ade-
cuado, que permita juzgar si un animal. apa-
rentemente sano. estd afectado o no de ma-
mitis subclinica. Los diferentes métodos usa-
dos en la actualidad suelen integrarse en el
sistema de control lechero y se basan en
los andlisis de muestras de leche

El andlisis bacteriologico es el método
de diagndstico mds deseable entre los exis-
tentes (Sears y Hrmer, 1981 MiLLEr.
1982). aunque su aplicacién en pruebas de
campo presenta problemas practicos (Bot.-
CcHoT et al., 1985) considerando la dificul-
tad de recoger las muestras en condiciones
estérijes, especialmente si dicha recogida
ha de ser realizada por el propio ganadero
o por el personal encargado del control le-
chero. Por otro lade, como todos los tests
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ligados a registros lecheros mensuales, la
mayorfa de las infecciones quedarfan sin
registrarse, dada la posibilidad de que una
infeccién aparezca y se resuelva en un
plazo de 30 dias.

El estudio de la concentracién de células
somdaticas (SCC) en leche es otra prueba
diagndstica de mamitis, muy extendida y
de uso creciente . Se realiza sobre las mues-
tras de ieche recogidas para el control le-
chero. Este test se basa en el hecho de que
la concentracién de células en la leche se
eleva marcadamente al comienzo de la enfer-
medad, particularmente en la fase inflama-
toria, debido al paso de leucocitos de la
sangre a la glandula mamaria, pudiendo al-
canzar, segin han informado NaTzkE et al
(1972) valores de varios millones por mili-
litro de leche

Sin embargo, los valores de SCC presen-
tan una importante variaciéon que hace ne-
cesaria una gran cautelz en el momento de
juzgar como enferma o como sana una
vaca en funcién de dichos valores. Segiin
Muier y Schuitze (1981), el SCC indivi-
dual estd influido por el manejo y el estado
fisiologico. as{ como por el tipo de mi-
croorganismo que produce la infeccidn. pu-
diendo inclusc observarse variaciones en
los niveles nommales de SCC entre vacas
no infectadas Por otro lado. NG KwALHANG
el al. (1984) han obsenado que el SCC
estd influido por la estacidn del afio (es
mads elevado en invierno que en verano). el
estadio de la lactacién (elevado al princi-
pio. muestra un minimo a los 2 meses para
elevarse gradualmente después) y la edad
del animal (se incrementa a lo largo de su
vida. al aumentar el nimero de lactacio-
nes). VECHT et al (1989) han obtenido con-
clusiones similares. aplicando factores de
correccién respecto del mimero de partos
y estadio de lactacién para comparar valo-
res de SCC indivuales y facilitar la inter-
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pretacidn de los mismos como diagnéstico
de mamitis. BRoLUND (1985) considera tam-
bién como factores de variacién, la produc-
¢ibn lechera diana, la hora de torma de mues-
tras (mafianaftarde) y la raza

Asi pues, ¢l valor critico de SCC, a par-
tir del cual un animal se considera mami-
tico, resulta dificil de estimar. En este sen-
tido, ANDREWS et al. (1983} han comparado
las distribuciones del logaritmo de SCC de
vacas infectadas y no infectadas, obser-
vando que el solapamiento de ambas
distribuciones no permite establecer un um-
bral de discriminacion estadisticamente se-
guro. No obstante, estos autores han defi-
nido un umbral de 250 000 células/m!l
como indicativo de animales afectados. Con-
viene recordar que existen invididuos con
elevado nimerc de neutrdfilos (elevado
SCC) en la glandula mamaria, que logran
eliminar la poblacidn bacteriana mediante
fagocitosis io cual se traduce como fallos
en los diagnésticos microbioidgicos (HiL
et al. 1978) Algunos autores (Bait et al.,
1989) han fijado el umbral en 400 000 cé-
Injas/ml. lo cual podria evitar éste v otros
tipos de falsos positivos. con el riesgo de
que algunas mamitis subclinicas queden sin
detectar Broruxp (19851 ha encontrado en
su estudio de determinacién de umbrales
un valor gptime de 300 000 células/ml. in-
termedio entre el de ANDREwS et al . (1983}
y el de Bary et al. (1989). sefialando que
distintas especies bacterianas pueden com-
portarse de distintas formas con respecto a
los correspondientes valores umbrales 3
que el factor poblacién (un mal estado sa-
nitario redundaria en un aumento del um-
bral} y el nimero de lactacién pueden in-
fluir en el cdmpuio del valor umbral

Es preciso tener en cuenta que hay mu-
chos tipos de células involucrados en él re-
cuento de células somdticas (LEeE et al,
1980) Los macréfagos tienen un papel fi-
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sioldgico en la eliminacién de detritus cély
lares y materias extrafias en la gldndula my:
maria, por Jo que su presencia puede consi:.
derarse como normmal. Cuando hay una in.:
feccién de la ubre, se produce como conse-:
cuencia de ello un incremento de los leuco
citos polimorfonucleares neutréfilos (PMN
fagociticos, que migran desde la sangre du.:
rante la fase inflamatoria, incrementando:
con ello el SCC. De aqui que pueda ser d¢:
interés la realizacion de un test para los:
diferenies tipos celulares, més sensible par
la deteccidon de mamitis que la estimacion:
del numero total de células sométicas. En
este sentido, cabe destacar un trabajo reali-:
zado por ToLa y CaBeLt en 1985, en el que
vacas con un SCC de menos de 0.3 mills-:
nes/ml y un 10-12% de neutréfilos son con-
sideradas como normales, mientras que ani-
males con mids de 0,5 millones de células:
somdticas/ml y mds de 20% de neutrdfilos
se catalogan como mamiticos, juzgandose
como sospechosos todos aquellos que pre-
sentan valores intermedios. Resultados simi-
lares han sido obtenidos por MIELK
(1989).

Por otro lado. el uso de] SCC como mé:!
todo de diagndstico de mamitis presenta un
problema adicional de interpretacién Dado
que con €l se determina la presencia en ld
glandula mamaria de células activas en la:
defensa del organismo, pareceria deseable:
que los animales en produccién presentaran’
SCCs no demasiado bajos De este modo;:
trabajos realizados en la década de los se-
tenta (SCHaLMm et al, 1971 y 1976: PoUTREL
y LERONDELLE, 1978) muestran que mayo-
res recuentos celulares. previos a la infec-
cién. hacen disminuir la tasa de ésta Sin.
embargo recientes estudios de correlacion:
genética entre los valores de SCC y la fre-.
cuencia de mamitis clinica muestran resul-
tados positivos y generalmente altos (Map-
sex et al.. 1987). de modo que en dichos:
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estudios un alto recuento celular estd li-
gado a mayores frecuencias de mamitis.

Correy et al, (1985) han comparado el
diagnéstico microbiano con el recuento de

- células somdticas, obteniendo valores de co-

mrelacién genética que oscilan entre 0,36 y
0,67. Asimismo, EMANUELSON et al. (1988),
han encontrado una comelacién genética de
0,6 entre mamitis y SCC.

Entre los métodos indirectos de determi-
nacién del nimero de células somaéticas, des-
taca el test de California (C.M T.), basado
en la aglutinacién del material nucléico de
las células presentes en la jeche. Debido a
su facil aplicacién en pruebas de campo, se
halia ampliamente difundido entre los ga-
paderos. Tomando el recuento de leucoci-
tos como standard, el test de California es
el mds efectivo de dichos métodos indirec-
tos. segin Katorey y DuoLakia (1984).

Otros métodos de diagndstico de la ma-
mitis se basan en las variaciones en la con-
centracion de ciertos componentes de la le-
che (KitcHex, 1981). Entre ellos. podemos
citar el estudio de la concentracién de Jac-
tosa. que disminuye en presencia de mami-
tis, motivo por el cual ha sido propuesta
como alternativa al SCC (Rexxser. 1980).
Las modificaciones de la concentracidn ig-
nica de 1a leche (incremento de cloruros en
caso de mamitis: SExDER, 1989) afectan a
la conductividad eléctrica de 1a misma; asi.
esta caracteristica podria usarse directa-
mente para ¢l diagnéstico de mamitis Aun-
que. en principio. segin BaTrRa ¥y Meallls.
TEr (1984) los errores de diagnédstico por
este método son mds frecuentes que utili-
zando SCC. el desarrollo de mejores detec-
tores de la conductividad podria invertir los
resultados de esta comparacion (FEHER y
Takatsy, 1989}

Diversas proteinas aumentan su concen-
tracién en la glindula mamitica. debido a
Ja alteracién de la permeabilidad o del epi-
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telio mamario en si. Por ello, el aumento
de las concentraciones de diferentes enzi-
mas de la leche, como catalasas, oxidorre-
ductasas, lactato deshidrogenasa, lipasas,
fosfatasas, adenosin trifosfatasa, N-acetil-B-
D-glucosamninidasa (NAGasa), antitripsina
y glicosidasa, puede usarse también como
criterio diagnéstico. En 1981 KrrcHes pro-
puso que la determinacién de la concentra-
cién del lactato deshidrogenasa podria in-
cluso utilizarse como test diagnéstico de
campo. Siaunsa y Funke (1989) han estu-
diado 1a capacidad predictiva para la mami-
tis de adenosin trifosfatasa, NAGasa y an-
tritipsina que resulté ser en porcentaje de
resultados correctos de 80,8, 75.8 y 74.3,
respectivamente. En este estudio, las prue-
bas de SCC y CM.T. detectan, respectiva-
mente, el 86% y 78,1% de las vacas mami-
ticas. En cuanto a la NAGasa, BalL et al
(31989} han demostrado que la mayoria
(91%) de las muestras de leche con un mi-
mero de células somdticas por mililitro su-
perior a 400 000 tienen una cantidad detec-
table de este enzima, el cual refleja el dete-
rioro celular del epitelio mamaric Res-
pecto de los inhibidores de proteasa, Mat
TiLa ¥ Frost (1989) han determinado los
niveles de antritipsina para medir la per-
meabilidad vascular de los distintos cuarte-
rones de la mama bovina Considerando
otras proteinas. CoNNER y ECKERSALL
(1986} han encontrado también que los ni-
veles plasmdsticos de haptoglobina. cerulo-
plasmina y «-1 antritriprina son maés eleva-
dos en vacas mamiticas que €n vacas nor-
males

No obstante. conviene tener en cuenta en
este tipo de diagndsticos que. segun ha de-
mostrado Huriey (1987} los niveies enzi-
mudticos, proteicos. etc.. pueden cambiar en
la mama segiin el estado del animal (por
ejemplo. durante el periodo seco) También
conviene recordar que algunos de estos in-
dicadores ejercen un efecto directo sobre la

L
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infeccién Este es el caso de proteinas de
accién antibacteriana como la lactoferrina
{SmrH y SCHANBACHER, 1976), la lisozima
(SenrT et al. 1977) y la lactoperoxidasa
{KorHONEN, 1980; Craven y WiLLiAMs,
1985; Nickerson, 10835).

Ante los problemas de interpretacién gue
presenta el diagndstico de mamitis, segiin
se ha descrito en los pdrrafos anteriores, la
International Dairy Federation (IDF) reco-
mienda de forma habitual utilizar, no obs-
tante, para la deteccién de mamitis subcli-
nica, una combinacién de métodos bacte-
riolégicos y una prueba para revelar la res-
puesta inflamatoria. Puede, por ejemplo, uti-
lizarse el SCC como indicativo” Si en tres
recuentos mensuales sucesivos se mantiene
un elevado SCC, pueden realizarse las prue-
bas bacterioldgicas para la aplicacién de an-
tibioterapia (M.A. ZoRRAQUINOG, COmUMICA-
cidn personal)

Asimismo, PyoraLa (1988), para compro-
bar la curacién de la mamitis, propone la
NAGasa y el diagnéstico bacterioldgico
por cuarterén como ensayos para el estudio
de la inflamacién. diez semanas después
del tratamiento de mamitis bovina aguda
con antibidticos

2. Medidas preventiras: manejo )} anti-
bioterapia

Los métodos mds corrientes para contro-
lar la mamitis son la policia sanitaria y la
terapeutica (MiLLErR. 1982} Un buen ma-
nejo es fundamental como medida preven-
tiva Ejemplos de manejo que coritribuyen
a Ia prevalencia de S awreus v S agalac-
tige son: a) no sumergir €l pezon en solu-
cidn desinfectante preventiva: b) el uso de
esponjas o toallas para preparacion de la
ubre comunes a dos o mas animales; y ¢)
mal funcionamiento y poca higiene en la
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ordefiadora mecdnica (DarGENT-MoLINA er
al., 1988) Por otra parte, para evitar
infecciones y, dado que el esfinter del pe-
z6n no se cierra completamente hasta 2 ho-
ras después del ordefio, conviene que los
animales coman tras el mismo, ya que
cuando el animal permanece en pie, el pe-
z6én se halla alejado del suelo, dismi:
nuyendo con ello los riesgos de infecci6n
(NICKERSON, 1985)

En cuanto a la terapia mediante antibi6t:
cos, ésta se halia muy extendida, sobre
todo en paises donde los antibidticos son
de facil acceso para el ganadero En algu-
nas dreas se aplican antibi6ticos sistermndti-
camente a todos los animales al tiempo de]
secado o al final de la lactacién, dado que
12 incidencia de nuevas infecciones es ele-
vada en el periodo seco, con especial sus-
ceptibilidad inmediatamente tras el mo-
mento del secado y después del parto Di-
cha practica es recomendable y constituye
un método eficaz de eliminar y prevenir
infecciones (EBerHART 1986} El iltimo re-
sorte del control consiste en eliminar las
vacas infectadas. lo cual suele recomen-
darse cuando los organismos patégenos ais-
lados muestran resistencia a los antibicti:
cos A pesar de estas medidas sistemdticas,
la mamitis no se ha erradicado, aunque su
incidencia ha disminuido considerable:
mente Dado que S auwreus y S agalactiac
son patdgenos no ambientales (dependien
tes del hospedador), resolviendo las cues
tiones de manejo indicadas y aplicado anti-
bioterapia en el secado. se ha conseguido
erradicar § agalactiae y reducir considera:
blemente S aureus {véase Hocax et al
1986}

Quedan por tanto sin controlar por este
tratamiento combinando. las mamitis pro:
ducidas por cepas de § aureus resistentes
a los antibidticos apiicados (EBERHART
1986) o0 por patogenos ambientales (colifor:
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mes y estreptococos ambientales), debido
a la utilizacién de antibifticos no adecua-
dos y/o a la erradicacién de §. aqureus y S.
agalactiae (SMITH et al., 1985).

El resultado del tratamiento de mamitis
con antibidticos depende también en gran
parte de posibles interacciones entre €stos
y los polimorfonucleares (CRAVEN y
Wniiams, 1985). Se ha postulado asi-
mismo gue uno de los mecanismos por los
que S. agureus de mamitis bovinas puede
resistir al tratarniento con antibidticos con-
siste en la creacién de formas L durante ei
tratamiento, las cuales pueden a veces re-
vertir a formas normales tras el mismo
(OwENs y NICkErsON, 1989za) Por todo ello,
se¢ han buscado métodos alternativos que,
combinados con la antibioterapia, consti-
tuyan una lucha eficaz frente a la mamitis.
Entre ellos destaca la reduccién (o en su
caso eliminacién) de factores predisponen-
tes inherentes al hospedador o al patdgeno,
segin se detalla a continuacidn

3. Barreras naturales e inducidas frente
a la mamitis

3.1 Caracteristicas del pezén v de la ubre
que influxen en la defensa

Existe una serie de mecanismos pasivos
de defensa de Ia ubre frente a la infeccién,
uno de ellos atribuible a la presencia en el
canal del pezén de un esfinter que sirve
como valvula y previene la penetracion bac-
teriana (PaaPe et al., 1985). Es bien cono-
cido el hecho de que la distancia entre el
extremo del pezon y el suelo estd cormrela-
cionada negativamente con tedos los tipos
de mamitis (Hamori, 1980, Janicx1 y Batu.
KIEWICZ, 1980, JEnsEN et al.. 1985; Mabsen
et al, 1987) Por otra parte. el recubri-
miento de gueratina y la formacién de un
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tapén de éstz en el conducto del pezén du-
rante el perfode seco tiene también un
efecto protector (NickersoN, 1985;
SCHULTZE et al,, 1985; Du Prexz, 1989). Por
ello, cuando dicho tap6n no se ha formado
todavia al inicio del periodo seco, existe
una mayor susceptibilidad a la infeccion
Asimismo, STavixova y Loma (1987) han
encontrado una variacién controlada genéti-
camente en la composicién de la gueratina
del canal del pezén, que podria ser impor-
tante para la explicacion de las variaciones
individuales en la susceptibilidad a este
tipo de infecciones. Se sabe también que
los pat6genos mayores de la ubre se adhie-
ren preferentemente a las células del epite-
lio degenerade de la cisterna del pezon,
que se forman en menor nimero durante la
involucién, con lo cual podria incremen-
tarse la resistencia a la infectividad (Nic
KERsON, 1985)

Otros aspectos morfoldgicos como son
el didmetro del canal del pezén (que puede
aumentar con la edad provocando una
mayor incidencia de mamitis). la forma del
extremo del mismo y la profundidad de la
ubre (5evykora y Mc Danir, 1985) asi
como la longitud del pezdn, y la distancia
entre pezones (Janicki 1977; Jensew et al |
1983) estdn asociados con la salud de la
ubre Por otro lado. las alteraciones en la
morfologia del pezon. sobre todo las lesio-
nes graves del canal del mismo, estdn aso-
ciadas con una elevada tasa de prevalencia
de mamitis (Bivbe v Bakke., 1984) Map
sex et al. (1987) han observado que €] ta-
marfio de la ubre estd negativamente corre-
lacionado con la mamitis La morfologia de
la ubre y de los pezones tiene también un
componente genético moderado o alio
{Hamor!, 1980; SeEvkora y Mc DaxieL.
1985 y Mapsew et al , 1987), hecho de in-
terés de cara a la lucha frente a mamitis
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3.2 Colonizacion de la mama

Una vez que la bacteria logra pasar por
¢l canal del pezdn, se enfrenta a varios me-
canismos de defensa. Uno de elios es el
flujo producido por el ordefio, mediante el
cual se eliminan las bacterias. La adheren-
cia a células del epitelio mamaric podria
evitar dicha eliminacién (FrosT et al,
1977, WAaNASINGHE, 1981; AMORENA et al ,
1990). Distintas especies y cepas bacteria-
nas presentan distintos grados de adheren-
cia al epitelio. dependiendo ésta también de
una serie de factores como pH, tempera-
tura, concentracién bacteriana, etc. (WaNa-
sINGHE, 1981; AMOREXa, et al, 1990). Asi-
mismo, las bacterias pueden adherirse a pro-
teinas extracelulares (fribronectina, cola-
geno, laminina, vitronectina, fibrindgeno,
etc , VERCELLOTTI et al , 1985; CHHATWAL et
al . 1987 Mamo et al., 1988).

También la grasa puede contribuir al es-
tablecimiento de la infeccién Las bacterias
pueden adherirse a la superficie de los glé-
bulos de grasa y ser as{ transportadas por
flotacién a la parte superior de la mama.
favoreciendo la colonizacién (SANDHOLM et
al . 1589)

Otro mecanismo sustancial de defensa
frente a la colonizacién de la mama es la
fagocitosis, segin se especifica en el si-
guiente apartado

33 Defensa por fagocitosis inmunidad na-
tural e inmunoestimulacion

La fagocitosis mediada por neutréfilos y
macréfagos es, -de hecho. el mecanismo
mads importante para controlar las infeccio-
nes mamarias (PouTrReL. 1983: Craven y
Wi iiams. 1985). siendo, segin se ha indi-
cado los macrdfagos los mds abundantes
en leche de animales normales y los neu-
trofilos en los mamiticos. Estas dltimas cé-
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lulas son atraidas por factores quimioticti-:
cos que pueden formarse en Ia leche (algu:
nos componentes del complemento, C5a;
son quimioticticos), en céluias epiteliales,
macréfagos y bacterias (CRAVEN y
Wiiiams, 1985)

Los neutréfilos de rumiantes fagocitan
bacterias, especialmente las opsonizadas
{unidas a los anticuerpos por su porcién
Fab, a componentes del complemento,
etc.,) con Ig G, y/o el componente Cyb de
complemento, dado que para ellos presen:
tan receptores ‘de membrana (WATSON,;
1987b), aunque también se ha descrito la
intervencién de moléculas como Ig M (Mux:
KUR, 1989)

Las bacterias han desarrollado diversos
mecanismos antifagocitarios. Asi, la pro-
teina A de §. aureus, anédloga a la proteina
M del grupo A de estreptococos (WHITNAK
y BEACHEY, 1985), parece actuar de diver-
sas formas: la proteina A libre activa el
complemento del medio, posiblemente a tra-
vés de la via cldsica, tras interactuar con las:
inmunoglobulinas (ForsGrex et al., 1983)
Elio resulta en una disminucion del com
plemento disponible para la opsonizacién
La proteina A fija en la pared bactetian
tiene una funcién anti-opsonizante, explica
ble por dos posibles mecanismos: por una
capacidad de fijar anticuerpos. compitiendo
con los fagocitos para dicha fijacién (GREEN
BERG et al , 1989). o por impedir la activa- !
cién de la via alternativa del complemento:
iniciada por el peptidoglicano de la pared
celular {Spika et al, 1981)

Varios estudios han mostrado que €l pep
tidoglicano de la superficie de Gramn positi
vos presenta una gran reactividad inmuno
légica cruzada, lo que provoca la existencia’
de una inmunidad natural frente a todos
elios (Perersox et al, 1778: PETERSON ¥y
Quie. 1981) Sin embargo, la capsulacion:
de las bacterias permite a éstas evadir el
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gtaque del sistema inmune a través de va-
rios mecanismos: la cdpsula es hidrofilica,
lo cual dificulia la interaccidén con los fago-
citos (Van Oss 1978}, es poco inmundgena
(WDDERs, 1988) y dificulta la opsonizacién
de bacterias.

Concretamente en §. aureus, el caso mdés
estudiado, la cdpsula “esconde” los antige-
nos de la pared celular (4cidos teicoicos,
peptidoglicanos, etc.), permitiendo el paso
de opsoninas hasta la pared celular, pero
impidiendo la interaccién de éstas con los
receptores en los fagocitos (WiLkiNsON et
al, 1979) Por ello, la correcta opsoniza-
cién de las cepas capsuladas requiere anti-
cuerpos dirigidos especificamente contra
los antigenos capsulares (VERBRUGH et al.,
1982). Con independencia de la presencia
de cdpsula, en mamitis bovinas. S. aureus
desarrolla una pseudocapsula, la cual le con-
fiere asimismo resistencia a la fagocitosis
(Watson, 1989)

En cuanto a las caracteristicas de la vaca
gue influyen en la fagocitosis, los trabajos
de Paape et al. (1981 y 1985) muestran la
influencia de la leche en la capacidad fago-
citica de los leucocitos, debido a la fagoci-
tosis de glébulos de grasa y caseinas La
capacidad defensiva de los leucocitos en {a
leche es inferior a la de los leucocitos de
la sangre, segin han demostrado HOLMBERG
y Concha (1985) Estos autores observaron
ademds que la capacidad fagocitica de las
células fagocitarias de la leche va incremen-
tindose desde la fase media de la lactacion
hasta el secado, aicanzando un mdximo al
iniciarse este periodo, para disminuir hasta
un minimo al final del mismo

En esta misma linea. BUrRVENICE et al
(1989) han demostrado que las cualidades
fisiolégicas de los leucocitos polimorfonu-
cleares, de las que depende €] grado de ma-
mitis tras e} ataque bacteriano, empeoran
en algunos animales en el periodo cercano
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al parto. Ademds, es preciso tener en
cuenta que la actividad fagocitica depende
también del tipo de estimulo que provocan
distintas especies bacterianas; en particular,
3. uberis no parece estimular actividad fa-
gocitica en los polimorfonucleares (Zec.
cont y Rurro, 1989).

Conviene también recordar que el fend-
meno de fagocitosis no se halla aislado en
el ambiente natural de la ubre. Le acompa-
fian fendmenos naturales de defensa como
la secrecién en la gldndula mamaria de sus-
tancias bactericidas (lisozima, sistema lac-
toperoxidasa —tiocianato- H,0,: Paare et
al, 1985)

Dado el papel positivo que la fagocitosis
desempefia en la lucha frente a la mamitis,
s¢ han realizado numerosos ensayos para
aumentar el ndmero de fagocitos en la
mama {inmunoestimulacion)

Paape et al (1988) han observado un
60% de proteccion frente a S uberis v au-
mento del nimero de céiulas somdticas al
insertar previo a la infeccidon. como inmu-
noestimulante, un dispositivo intra-mama-
rio (loop) sometidc a abrasion Paare y
WEINLAD (1988) han observado que este dis-
positivo no dafia el tejido mamario (como
puede medirse por la falta de efecto sobre
la actividad NAGasa), ni afecta significati-
vamente a la produccién lechera Algunos
dispositivos intramamarios. aunque parecen
reducir ia infeccidn (apareciendo un menor
niimero de bacterias y de casos de mamitis
clinica). pueden ejercer efectos nocivos.
como fijar estafilococos coagulasa negati-
vos (Nickersox et al.. 1988). Otros promue-
ven la aparicidn de eritrocitos en leche
cambios en el epitelio como adelgaza-
miento. hiperplasia y metaplasia {Huistov 3
HeaiD. 1983; Craven y Hut, 1986) Tam-
bién acompafiando a un aumento de la re-
sistencia a la infeccién se encuentran dispo-
sitivos intramamarios asociados con anoma-
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lias en la secrecién ldctea (BRIGHT et al.,
1987). Teniendo en cuenta estas considera-
ciones y dado que el recuento celular es
utilizado por las centrales lecheras para va-
lorar la calidad de 1z leche y detectar mami-
tis subclinicas, la aplicacién préctica de dis-
positivos intramamarios resulta dificultosa

Como métode inmunopotenciador alter-
nativo, se¢ han ensayado también sustancias
que afectan a la respuesta inflamatoria. El
uso de thymosin-o-1 (distribuida comercial-
mente en forma de producto ID-1), un su-
puesto agente inmunoterapéutico, aunque
aumenta la migracién al azar de polimorfo-
nucleares, no parece afectar positivamente
a la remision de infecciones por S qureus,
“in vivo” (Keurt! et al, 1989). Sin em-
bargo. con mayor éxito Owens y NICKERSON
(1989b) han aislado un factor anti-inflama-
torio (AlF), a partir de leche de vacas hipe-
rinmunizadas con § aureus. que aumenta
“in vivo" la capacidad fagocitica de los ma-
crofagos frente a esta especie bacteriana
Este factor parece asi modular la funcién
leucocitaria

La inmunoestimulacion inducida no
queda confinada a los procedimientos men-
cionados. Actualmente, estin utilizdndose
también vacunas “no especificas” que con-
tienen patégenos menores para prevenir in-
fecciones por patégenos mayores. A este
respecto. algunos autores recomiendan el
uso de Coryvnebacterium parvum para me-
jorar la respuesta inmune no especifica
frente a posteriores patégenos mayores
{OwEexs y Nickerson, 1989a) También
Woopwarn et al. (1988) proponen el uso
de Staphylococcus hominis 1 para prevenir
mamitis bovinas causadas por patdgenos
Gram-positivos

Hoocax et al (1988) encuentran sin em-
bargo. que las tasas de infecciones intrama-
marias estreptocdeicas y coliformes aumen-
tan (a mds de! doble) cuando los cuartero-
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nes estén infectados bien con C dovis o

con estafilococos, por o que estas Gltimas'

especies no parecen jugar un papel protec.
tor en algunos casos.

Segin Owens y NICKERsON (1989a), una.
de las medidas preferentes para la preven-
cién de mamitis, es, ademds de un manejo

adecuado, una mejorz de las defensas natu-
rales. En lo referente a inmunomodulacién,
estos autores sefialan que las tendencias ac-

tuales consisten en mejorar la defensa in-
rmune no especifica aumentando e} nmimero

y la actividad de fagocitos mediante el uso
de dispositivos intramamarios € inyeccio-
nes de inmunomodulares (monosacéridos,

polisacdridos, glucano de levadura, glica-

nos de plantas, liposacarido bacteriano o €
parvumy.

34 Implicaciones inmunogenéticas de las

sustancias bacterianas extracelulares pato-
génicas

Las sustancias extracelulares patogénicas
producidas por las bacterias merecen anali-
zarse segun su variabilidad entre las cepas
implicadas y sus interacciones con el sis-
tema inmune. ambas propiedades relacio-

nadas con la diversidad de la patogenicidad
en la mamitis. Entre los efectos asociados :

con toxinas bacterianas. figuran: favorecer
la inflamacién {(MatTa y Frost, 1989),

afectar a la fagocitosis y quimiotaxis. dafiar-:
a células sanguineas y tejidos mamarios y

favorecer la coagulacidn intravascular (Eas.

MON ¥ ADLAM, 1983; LoEFFLER et al 1988a -

y 1988b). En suma, las toxinas son aita-
mente responsables de los efectos nocivos
observados en la mama infectada (para re-
visién sobre modos de accién de las toxi-

nas véanse Easmox y ApraM, 1983 y Rur

TER, 1987).

Por ejemplo. la &-toxina, producida por

la mayoria de las cepas de S. aureus. da )
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lugar en rumiantes & necrosis de mama que
desemboca en mamitis gangrenosa. La in-
munizacién del animal frente a esta toxina
elimina la necrosis, aunque Ro el germen,
y desempefia un pape! protector para Jocali-
zar la enfermedad en lugares concretos den-
tro de la mama (EasMoN y ApLaM, 1983),
de ahi que sea importante incluir algunos
toxoides como parte del inmunégeno en al-
gunas vacunas (WaTsoN, 1988).

Con respecto a la intervencién del com-
plejo mayor de histocompatibilidad de la
vaca (BoLA; AMORENA y STONE, 1978) en
la respuesta frente a toxinas implicadas en
la mamitis, no se han realizado estudios
hasta la fecha Sin embargo, en sistemas
andlogos, se ha encontrado una interven-
cién directz. Concretamente, en humanos y
ratones se ha observado recientemente que
la proliferacién de clones particulares de
células T en respuesta a algunas enterotoxi-
nas de 5. aureus (SEA), requiere la unidén
de estas toxinas a células accesorias a tra-
vés de sus antigenos de clase [ del com-
pleioc mayor de histocompatibilidad
(MoLLick et al, 1989; FieiscHeEr, 1989;
VrOrGOP ¥ Buxser, 1989). Ademais. cada
tipo de toxina reacciona con células T que
llevan determinadas secuencias de la por-
cion VP del receptor aff propio de estas
células (KarrLER et al, 1989 Fraser,
1989). Algunos clones de células T experi-
mentan respuestas proliferativas y otros ci-
totoxicas frente a estas toxinas (FLEISHER,
198%) No sélo las enterotoxinas presentan
este tipo de fenémenos sino también otras
toxinas estafilocécicas (KappLER et al.,
198%) Todo elo, lleva a pensar que la es-
pecificidad de estas toxinas para la VP las
coloca en la clase de superantigenos, des-
crita recientemente y puede explicar la dis-
tinta sensibilidad de diferentes individuos
a jos efectos toxicos de estas proteinas (Kap.
PLER et al, 1989), aspecto cuya investiga-
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cidén resultarfa de especial interés en el
campo de la mamitis bovina.

3.5 Defensa por vacunacién y aplicacion
de inmundgenos compuestos

La vacunaci6n especifica frente a los pa-
tégenos causantes de la mamitis ha demos-
trado ser un dificil problema (MILLER,
1982). Una de las razones para elio es la
amplia variedad de microorganismos impli-
cados (en las infecciones consideradas y/o
en infecciones subsiguientes), muchos de
los cuales presentan mecanismos especiales
de patogenicidad. Owens y NICKERSON
{1989b) sefialan que se ha alcanzado un
éxito limitado, logrindose por ejemplo, me-
diante vacunacién frente 2 § awreus, una
disminucién de la severidad de la mamitis
y un aumento de curacién espontdnea Para
casos concretos de cepas de § aureus y E
coli, se han conseguido no obstante vacu-
nas bastante eficaces (Warson, 1984 y
1989; Gonzaiks et al., 1987). En general,
el aumento de anticuerpos por vacunacion
va acompafiado de una disminucién de la
severidad de la mamitis y de un incremento
de la tasa de curacidn esporntanea de mami-
tis subclinicas (NICKERsON, 1985).

Los estudios realizados por LIt en 1978
muestran que las varaciones individuales
en los niveles de inmunogiobulinas frente
a distintos antigenos en sangre tienen un
componente genético; éste podria interac-
tuar con los mecanismos de la vacunacién
Por otra parte. segiin Watsox (1987a),
frente a la relativamente benigna ingestion
bacteriana en neutréfilos. mediada por el
receptor C3b en ausencia de anticuerpos.
las bacterias opsonizadas que penetran via
¢l receptor Fe en los neutrdfilos desencade-
nan una via metabdlica en dichas células
que facilita la muerte bacteriana Por este
doble motive (facilitacién de opsonizacidn
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y de muerte bacteriana) interesa la presen-
cia de anticuerpos especificos en leche, ya
que éstos tienen capacidad de compensar la
capacidad antifagocitica de la pseudocap-
sula. Dado que en rumiantes los neatrdfilos
poseen receptores abundantes para la IgG,
{Fc) y que estos anticuerpos son potenies
agentes opsonizantes, inleresan vacunas
que favorezcan la produccién de esta sub-
clase de inmunoglobulinas, teniendo en
cuenta que interviene de forma primordial
en la fagocitosis en lugar de otras (IgG,,
IgA, eic.) Ello parece favorecerse inmuni-
zando con organismos vivos en lugar de
muertos, obteniéndose altas proporciones
de IgG,: 1gG, (WaTtsox, 1987b). E} siner-
gismo 1gG,-neutréfilos ayuda a proteger la
mama frente a la mamitis Por tanto, una
combinacién de inmunoestimulacién idé-
nea y vacunacion parece aconsejable (WaT-
SON, 1087a).

Hasta la fecha, ademds de las vacunas
mencionadas, se han utilizado muy diver-
s0s tipos de inmundgenos, entre otros, va-
cunas compuestas por bacterinas de dos es-
pecies bacterianas como S aureus v §. aga-
lactiae (OpDEBEECK ¥ NoRCROSS, 1985); va-
cunas vivas atenuadas de § aureus. con
pérdida de la capacidad hemolitica (WaT.
son, 1984): vacunas muernas de S awureus
{Brock et al., 1975); extractos de pared ce-
lular de § aureus (FrosT y MaTTiLA, 1988)
cepas capsuladas de § aureus en combina-
cion con polisacdrido capsular de Stapinlo-
coccus epidermidis (YosHipa et al., 1984);
y toxoide de leucocidina, para produccidn
de anticuerpos frente a la toxina (LOEFFLER
et al, 1988a y 1988b)

Una tendencia actwal para vacunacion
consisie en ia utilizacién de vacunas con
varios componentes. Por ejemplo, reciente-
mente, Watson (1988), wrabajando en ma-
mitis ovinas, ha desarrollado una vacuna
con tres componentes: 1) células mueras
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de S. aureus que habian sido cultivadas
para inducir la sintesis de pseudocdpsula;
2) toxoide de B-hemolisina estafilocécica:
y 3) el adyuvante dextrano sulfaio. Cop
ello ha lograde una reduccién de la inci-
dencia de mamitis grangrenosa y clinica,

con el consiguiente aumento de produccion.

lechera

4. Marcadores genéticos moleculares de
la vaca en relacién con la mamitis

Ademds de considerar las caracteristicas’

indicadas, que pueden proporcionar alguna
informacién sobre la propensién de los in-
dividuos a sufrir una infeccién a nivel de
la ubre, interesaria detectar o medir de al-
giin modo la capacidad global, inherente a
los individuos, de resistir 1a infeccion antes
de gue €sta se produzca, es decir. conocer
el genotipo para la resistencia y predecir la
interaccién genotipo-ambiente

Junto a los estudios genéticos sobre ca-.

racteres anatdmicos, productivos, fisioldgi-
cos. eclulares y moleculares relacionados
de forma cuantitativa con la mamitis. son
numerosos los estudios realizados sobre po-
sibles marcadores de resistencia de tipo ge-

nético-cualitativo (distintos alelos, asocia- :

dos con distintos efectos). aspecto en el
que se centra este apartado. En lo referente

a las proteinas de la sangre, MaLk et al -

en 1970 han detectado diferencias signifi-
cativas entre los genotipos de transferrina
(Tf) en cuanto al porcentaje de cuarterones
infectados por § agalactiae y por estafilo-

cocos hemoliticos Las vacas con fenotipo -

Tf D, tenian mayor incidencia de infeccio-
nes por ambos tipos de agentes microbia-
nos, asi como puntuaciones del test de Ca-
lifornia (CMT) y del recuento de células
somdticas (SCC) significativamente supe-
riores Las vacas con fenotipo Tf E apa-
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recian libres de infecciones por 8. agalac-
tige y con un registro medio estreptocécico
por vaca significativamente inferior (en el
mismo ambiente que las anteriores)

WIIERATNE et al. (1976) midiendo 1a sus-
ceptibilidad a la mamitis en funcién del nd-
mero de cuarterones infectados por cual-
quier germen en las diversas etapas de la
lactacion, también han observado la exis-
tencia de una relacién, aunque pequeiia, en-
tre dicha susceptibilidad y los genotipos,
no s6lo de Tf, sino también de Amilasa I
y I (Am I y II). No obstante, cuando rea-
lizaban la estimacién de la susceptibilidad
a partir de criterios de todo o nada (animal
enfermo o animal sano}, no habia relacién
o ésta era muy pequefia, entre susceptibili-
dad y los genotipos de las proteinas consi-
deradas.

En 1983, Dzumkov et al, han observado
asimismo diferencias entre los tipos de Tf
con respecto a la resistencia a la mamitis,
de modo que las vacas Tf AE v Tf DE
exhiben mayor resistencia que los animales
Tf A Los trabajos de MAKAVEEY y ANGE-
Lov (1984}, muestran que el mayor porcen-
taje de las vacas estudiadas que sufren de
mamitis presenta los fenotipos Tf AD. Cp
{ceruloplasmina) AC. Am-I BC; Ca (anhi-
drasa carbonica) FS y NP (nucledsido fos-
forilasa) HL. mientras que la menor fre-
cuencia de mamitis se observa en vacas
con los fenotipos Tf DE. Tf AE, Am B, Ca
FyNPL

Por otra parte. también se han estudiado
las relaciones de los antigenos de grupos
sanguineos y del complejo mayor de histo-
compatibilidad (BoL A) con la aparicién de
mamitis. De todos los antigenos de grupos
sanguineos estudiados. solamente el M’ pa-
rece ejercer de forma comprobada una in-
fluencia sobre la incidencia de mamitis, ya
que los animales carentes de M’ muestran
generalmente menor frecuencia de mamitis
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(JENSEN et al, 1985; Larsen et al, 1985:
Mapsen et al,, 1987). Asimismo, algunos
antigenos BoLA de Clase 1 (w16, w6 y
w6.1) se asocian con altos recuentos celula-
res {(ODDGEIRSSON et al., 1988). Hasta 1a fe-
cha, se desconoce la base molecular de las
asociaciones observadas.

Los diversos tipos de las proteinas ldc-
teas P-lactoglobulina (B-Lg); as,-. B y k-
caseinas (os,-Cn, B-Cn y k-Cn) han sido
relacionados con el diagnostico de la ma-
mitis como tal, asi como con la presencia
de microorganismos patdgenos en las ubres
enfermas OsTerHOFF et al. (1973) han ha-
liado una correlacién significativa entre el
fenotipo BLg AB y una baja incidencia de
mamitis. Segiin estos autores, esta menor
incidencia de la enfermedad no estaria rela-
cionada con la propia molécula proteica,
sino con otras particularidades metabélicas
indeterminadas de la vaca y de su ubre.
Segiin ATrosHl et al. (1982), las vacas de
fenotipo B-Lg A tienden a presentar mayo-
res recuentos de células somaticas en leche
{pero con bajas concentraciones de seroalbui-
mina), que e! resto de los genotipos de [3-
Lg. Por el contrario, Hax et al. (1986), es-
tudiando la frecuencia de los alelos de B-
Lg en leche mamitica y en leche normal
asi como los porcentajes de los diversos
genotipos para esta proteina en animales
sanos y enfermos, han sugerido que las va.
cas con B-Lg A tienen mayor resistencia a
la mamitis que las vacas con B-Lg B. Pero
de nuevo Mapsen et al (1987) han obser-
vado que los animales pontadores del feno-
tipo B-Lg A eran més frecuentemente afec-
tados por mamitis clinicas que los f-Lg B

Por otro lado, e! nivel de lactoferrina
una proteina de gran actividad bacteriosta-
tica, estd determinado genéticamente. lo
gue también podria explicar alguna de las
diferencias individuales en cuanto a sensi-
bilidad a la mamitis (SEnFT et al., 1977}
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Como puede deducirse de los estudios
indicados, todavia no es posible detectar “a
priori” con exactitud la capacidad de resis-
tencia de los animales. Algunos de los re-
sultados presentados son incluso contradic-
torios y carecen de una evaluacién del
riesgo de contraer marmitis al que han es-
tado sometidos los diversos animales de la
experiencia. Seria mds deseable cuantificar
los efectos de los marcadores realizando in-
fecciones experimentales. GROOTENHULS
(1976) ha realizado este tipo de investiga-
ciones entre grupos de medias hermanas,
pero ha utilizado solamente dos grupos de
progenie y sus resultados no son suficiente-
mente concluyentes.

La heredabilidad de la sensibilidad a la
mamitis varia ampliamente, dependiendo
de la poblacion estudiada y del diagndstico
utilizado para la deteccién de esta enferme-
dad. De acuerdo con la revisién realizada
por MutEr (1982), la heredabilidad oscila
entre 0,10 y 0,20. Algunos de estos estu-
dios, no tienen en cuenta el tipo de patdge-
nos causantes de la mamitis. A nuestro en-
tender, y considerando lo descrito en apar-
tados anteriores, cada estudio de heredabili-
dad deberia implicar infecciones frente a
determinados tipos de patégenos. ya que la
interaccion microorganismo-hospedador no
sdlo depende de las caracteristicas del indi-
viduo vacuno en cuestidn, sino también de
las propiedades de la especie bacteriana
implicada En cualquier caso, la existencia
ya indicada de diferencias en susceptibili-
dad a la mamitis entre los individuos, junto
con Jos valores estimados de la heredabili-
dad, muestran que es posible, al menos
tedricamente previsible. conseguir un cam-
bio genético en el nivel de incidencia de
estos procesos. Este cambio seria perma-
nente en ia poblacidon y acumulable de ge-
neracién en generacién. a diferencia del des-
censo de incidencia causado por métodos
terapéuticos o preventivos, a base de medi-
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das higiénicas o de las siempre probleméti-

€as vacunas.

Sin embargo, existe una correlacién ne-

gativa entre resistencia a la mamitis y la-
produccién de leche (MONARDES et al,
1984; Mabsex et al.,, 1987), por lo que una -
mejora en esta resistencia irfa acompafiada -
de un descenso de produccién Pese a ello,
los resultados podrian ser considerados
como positivos puesto que resulta de:

mayor interés producir leche de mayor cali
dad (més sana) y a menor coste que incre-

mentar la produccién de leche, y el lastre -

genético siguiendo los sistemnas actuales.

Teniendo en cuenta el conjunto de los

resultados ilustrados en este trabajo seria:

aconsejable que, acompaiiando a dichos pro-
gramas de seleccién y estudios de heredabi
lidad, se contemplasen de cara a la erradi-

cacién de la enfermedad, no sélo los facto-

res genéticos inherentes al individuo y al

patégeno, sino también los correspondien-
tes a efectos de Jos inmunoestimulantes,
del control ambiental y del manejo, ya que -
todos ellos colaboran entre si en la lucha

frente a los procesos mamiticos
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Comparacién entre cepas mucosas de Staphylococcus
aureus y sus variantes no mucosas con respecto a la
sensibilidad a antibiéticos

R. Baselga, J.R. Penadés, 1. Albizu, y B. Amorena.

EEAD (CSIC)/SIA. (D.GA) Departamento de Produccién
Animal. Ctra Montafiana 176, 50080 Zaragoza.

INTRODUCCION

Se ha demostrado que Staphylococcus. aureus crece formando
microcolonias en endocarditis y osteomielitis humana (1). Andlogamente,
Streptococcus viridans forma microcolonias rodeadas por mucus de
endocarditis humana. En este dltimo caso, se ha encontrado que la
cantidad de mucus producida por la bacteria se correlaciona con el tamafio
de las vegetaciones cardiacas y con la resistencia a la terapia antibidtica

(2).

En bovinos, las mamitis crénicas producidas por S. aureus suponen
un grave problema econémico, ya que la terapia antibidtica no resulta
eficaz, haciéndose necesario el sacrificio del animal. Se ha postulado que
esta resistencia al tratamiento antibidtico se debe a la permanencia de las
bacterias dentro de los macréfagos (3). Paralelamente, podria proponerse
para las mamitis crénicas producidas por §. aureus un mecanismo similar
al descrito para S, viridans.

En este trabajo, se ha estudiado la resistencia que presentan las cepas
de §. aureus mucosas y sus variantes no mucosas {rente a los antibi6ticos,
una vez que han crecido las bacterias correspondientes formando un
biofilm.




2
MATERIAL Y METODOS

Cepas bacterianas. Se han utilizado 34 cepas de S. aureus
aisladas de mamitis; de ellas, 19 eran mucosas (9 de origen bovino y 10 de
origen ovino) y 15 eran no mucosas (10 de origen bovino y 5 de origen
ovino). La determinacién de la presencia de mucus se realizé segin las

técnicas de Christensen y de agar rojo Congo (ARC; véase Baselga y cols.

en este Congreso).

Obtencién de variantes. Tras varios subcultivos (10-20) en
ARC, se obtuvieron variantes con morfologfa colonial no mucosa a partir
de cepas mucosas. Con el objeto de favorecer el crecimiento de variantes
mucosas y, por o tanto, capaces de formar biofiims en las paredes de un
tubo, se cultivaron 15 cepas no mucosas en tryptic soy broth (TSB)

suplementado con glucosa al 2% (TSB-G) Diariamente, el medio fue

eliminado tras el crecimiento y el interior del tubo fue lavado con PBS
estéril, llendndose después dicho tubo con TSB-G. Este ciclo se repitid

durante 30 dias, a lo largo de los cuales, la aparicién de variantes mucosas

fue comprobdndose sembrando alicuotas en agar rojo Congo.

Periédicamente, y previo al test con antibi6ticos, todas las cepas
originales y las variantes obtenidas fueron analizadas con el test de
Christensen y sembradas en agar rojo Congo para comprobar que no
hubiera reversién de las tltimas a su estado original.

Para confirmar que las variantes obtenidas no fueran producto de una -

contaminacién, todas las cepas y sus variantes fueron biotipadas con el
sistema API (BioMérieux) y su espectro de resistencia a antibi6ticos fue
determinado usando un panel de 14 antibi6ticos. Las variantes que no
coincidieron en sus caracteristicas con las cepas originales en todas los
tests fueron descartadas del estudio.

Test de resistencia a antibiéticos. Para esta experiencia, se
utilizaron 3 cepas mucosas, Sus variantes no mucosas, y 3 antibiéticos a
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los cuales eran sensibles. Se usaron placas estériles de cultivo celular con
96 pocillos y fondo plano. Se inocularon en cada pocillo 50 pl de una
suspensién bacteriana (=5x104 CFU/ml), obtenida a partir de un cultivo

bacteriano (18h, 37°C) en TSB. Tras 1h a 37°C, se afiadieron 200u! de

TSB-G a cada pocillo, incubandose 6h a 37°C. Tras este periodo de

incubacién, se comprobé el crecimiento bacteriano al microscopio

invertido. El medio se descarté y se afiadieron 200xl1 de TSB

suplementado con antibiéticos a las siguientes concentraciones: 1000,

250, 63, 16, 4, 1, 0,25 y 0,0. Tras una incubacién a 37°C durante 24h, se

determiné la concentracién minima inhibitoria. Los pocillos donde no

hubo crecimiento se sometieron a 2 lavados con PBS estérii para eliminar

los restos de antibiético. Finalmente, se afiadieron 200 yl de TSB a cada

pocillo. Tras 24h de incubacién, se determiné en qué pocillos hubo

crecimiento bacteriano, interpretdndose que en estos la concentracion de

antibiético no fue capaz de eliminar a todas las bacterias, es decir, no

alcanzé la concentracién bactericida minima Todos los tests se realizaron

por triplicado.

RESULTADOS Y DISCUSION

Obtencion de variantes. Se obtuvieron variantes no mucosas (-)
de las cepas mucosas (+) bovinas (C101+, C1044, C110+ y C1714} ¥
ovinas (72+, 76+, 77+ y 80+) y una variante mucosa de la cepa ovina no
mucosa C195-.

Resistencia a antibiéticos. A las 6h de crecimiento, previo a la
incubacién con antibidticos, se observé que las cepas mucosas crecian
formando pequefias microcolonias, mientras que las variantes no mucosas
tendian a ocupar todo el fondo del pocillo. Respecto de la concentracion
minima inhibitoria, no se encontraron diferencias entre las cepas mucosas
y no mucosas, pero si las hubo en cuanto a la concentracion bactericida
minima, mostrando la mayoria de las cepas mucosas una mayor resistencia
a determinados antibi6ticos en las altas concentraciones (Tabla 1) Se
desconoce el porqué, en las condiciones de la experiencia, este efecto se
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observa con distintos antibidticos para distintas cepas. Todas las cepas
(mucosas y no mucosas) mostraron una resistencia a los antibiéticos
mayor de lo normal, probablemente debido a que se habfa permitido que
las bacterias formaran un biofilm.

Tabla 1. Concentracién bactericida minima en cepas mucosas
(+) y sus variantes no mucosas (-).

Cepa Antibiético
Penicilina* Vancomigina** _ Novobiocina*¥*

Cl04+ 250 1000 250
Cl104- 63 250 63
80+ 250 1000 63
80- 16 1000 16
77+ 1000 ND1 1000
77- 1000 ND 250

TND = No determinado
*Unidades Internacionales
**microgramos

En otra comunicacién presentada a este congreso (Iturralde y cols )
hemos demostrado que el mucus puede favorecer la adherencia bacteriana
a las células epiteliales. Si las bacterias adheridas son capaces de crecer
formando microcolonias, tal y como se evidencia "in vitro", éstas podrian
permanecer en la mama, resistiendo el flujo de leche producido en el
ordefio o en el amamantamiento. Este mecanismo de adherencia/biofilms

también podria explicar Ia ineficacia del tratamiento antibiético encontrada '

en las mamitis crénicas originadas por §. aureus .

1 Costerton, JW., Cheung, K], Geesy, G.G., Ladd, T.I, Nickel,
J.C, Dasgupta, J.C. y Marrie, T.J. 1987. Ann. Rev. Microbiol. 41, 435-
464,

2.Dall, .LH y Herndon, B.L. 1990. J. Clin. Microbiol. 28, 1698-1700.

Hydrophobicity of mastitis Staphylococcus aureus. Effect of
growth phase, exopolysacchande-mducmg media, ageing and
source of bacteria.

Baselga, R., Albizu, I., Penadés, J.'R., Aguilar, B.,
Iturralde, M. y Amorena, B.

Current Microbiol., 1991, (en prensa).
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ABSTRACT

Hydrophobicity of 72 bovine and 53 ovine mastitis Staphylococcus
aureus strains was studied throughout the logarithmic phase using a
water-xylene two phase system. Hydrophobicity increased during this
growth-phase. Freshly isolated strains were more hydrophobic than old
strains (P<0.01). Old (bovine) strains became more hydrophobic (ie.,
"refreshed") after passage through the mouse mammary gland (P<001)
Bovine strains were more hydrophobic than ovine strains (P<0.01). For
the majority of strains, bacteria became more hydrophilic (P<0.001) after
growth in exopolysaccharide inducing media {Columbia broth and
modified Staphylococcus 110 medium). This could be expected, since
exopolysaccharides are hydrophilic. However, in these media, those

strains able to produce slime in Congo red agar or in TSB supplemented
with 2% glucose (w/v), did not become more hydrophilic.

It is proposed that different mechanisms may be involved 1n
triggering exopolysaccharide production when using different
exopolysaccharide inducing media.
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INTRODUCTION

Hydrophobicity (Hty) has been proposed as a virulence factor In
humans f{or example, the frequency of very hydrophobic (Ho) S. aureus
strains isolated from infectious processes is higher than in strains isolated
from the nose of healthy human carriers (21) Furthermore, Ho
interaction appears to play a major role in the initial phase of bacterial
attachment to inanimate surfaces such as intravascular catheters, sutures,
tissue protheses, etc. (10, 14) and to host epithelial cells (27).
Specifically, Beck et al. (7) proposed that Hty plays a role in S. aureus
attachment to human buccal epithelial cells :

In bovine mastitis, successful bacteria must be able to overcome the
cleansing forces of milking and/or suckling (3). Thus, bacterial
attachment to epithelial surfaces (1) and likely Hty, as proposed for
human infections, may play a role in invasiveness. -

Staphylococus aureus cell surface Hty has been measured by the
salt aggregation test (17, 18, 21, 22, 23, 24) and by hydrophobic

interaction chromatography (16), showing both methods a good

correlation. Also, partition in water-hexadecane two-phase systems hase
been used (6, 7).

There are several factors affecting the hydrophobic properties of .
aureus strains Beck et al. (6) have observed that §. aureus Hty increases
during growth, reaching a constant value in the stationary phase. On the
other hand, it is well known that a variety of enviromental factors greatly
influence the cell surface components of pathogens (8) Specifically, S.

aureus Hty may change when altering the composition and/or physical

state (solid vs. liquid) of the growth medium used (21).
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"In vivo"-grown bovine mastitis §. aureus shows an
exopolysaccharide matrix (15, 30) which may alter the cell surface Hty.
Indeed, highly encapsulated S. aureus strains show a hydrophilic (Hi) cell
surface (22). This matrix can be indirectly evidenced by the presence of a
diffuse colony morphology (PCM) when bacteria are directly transferred
from mastitis milk in serum soft agar (SSA; 28). Jonsson (18) found that
bacteria became more Hi when a DCM was induced after growth in
bovine whey. This may be explained by the formation of an
exopolysaccharide matrix. This matrix can also be produced in response
to different growth media: Columbia (19), modified Staphylococcus
medium 110 (15) and Nutrient broth supplemented with whey (30).

In coagulase negative staphylococci, slime producing strains have
commonly been identified using the Christensen's method (9), based on
the estimation of the capacity to form a biofilm on the walls of a glass
tube, or by the colony morphology in Congo red agar (12). However, to
our knowledge, these criteria have not been applied so far to S. aureus.

The present work was armed at studying the variation of cell surface
Hty of ruminant mastitis S. aureus, specially concerning bacterial ageing
and slime production.

MATERIAL AND METHODS

Bacterial strains. A total of 125 mastitis S. aureus strains (72 of
bovine and 53 of ovine origin) were used. Sixty seven of them (22 bovine
and 45 ovine) were isolated and identified (API system, BioMerieux) by
Drs Ducha and Latre (Microbiology Laboratory, Veterinary Faculty,
Zaragoza, Spain), and were maintained at -20°C for up to three years,
with various (up to six) freeze-thaw cycles. These strains were considered
old with respect to the remaining 58 (50 bovine and 8 ovine) strains
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which were recently isolated in our laboratory and were identified as §. -

aureus by colonial morphology, Gram staining, haemolytic activity, tube -

coagulase test and catalase activity. These 58 bacterial strains were never

subcultured more than twice in blood agar before freezing The.

encapsulated strain A kindly supplied by Dr. K. Yoshida, was used as a

Hi and DCM positive control. The majority of ovine strains were isolated

from severe clinical mastitis ewes, whereas bovine strains were mainly
isolated from cows with subclinical or chronic mastitis.

Growth conditions. After thawing, bacteria were cultured in 5
per cent (v/v) sheep blood agar, maintained at 8°C and subcultured
fortnightly for up to two months. Thereafter for Hty tests, bacteria were

cultured either in Nutrient broth (NB) or in one of the following
exopolysaccharide inducing media (EIM): Columbia broth (CB)
supplemented with NaCl (4% w/v) as described by Karakawa et al. (19),

modified Staphylococcus medium 110 (m110) as described by Opdebeeck -

et al. (28) and NB supplemented with 10 per cent (viv) filter sterilized
bovine whey (NBBW) as described by Watson (30) Bovine whey was
obtained by rennin treatment of delipidized milk and stored at -20°C for up
to four months; NBBW was maintained at 8°C forup 1o 48 h

Cultures were carried out using 10 ml of medium and incubating for
18 to 24 h at 37°C without agitation. Subsequently, 10-100 ul were

transferred to 5-300 ml of the same broth and incubated at 37°C, under

agitation, until reaching the medium-late exponential growth (MLEG)
phase.

The growth curve of §. aureus in the different media was

determined by measuring the culture optical density (OD; As40) at various

time intervals.

S

Hydrophobicity test. Bacterial Hty was determined by
measuring the affinity of bactenia towards xylene in a water-xylene two-
phase system, according to Hoght et al. (14). Briefly, bacteria were
harvested from culture by centrifugation, washed once with PBS (0.02
M, pH 7.2) and, unless otherwise stated, resuspended to a concentration
of 109 bacteria per ml PBS, as determined by OD (A540). A volume
(0.25 ml, unless otherwise specified) of p-xylene (Merck) was added to
the test tubes containing the bacterial aqueous suspensions (4 ml). Tubes
were vortexed during 1 min. Ten minutes later, the OD (A540) of the
aqueous phase was measured. Bacterial suspensions without xylene were
used to measure the initial OD (A540). All strains were tested at least on
three different dates and frequently using different subcultures. Hty was
estimated according to the following expression: - |

A3540 aqueous phase after addition of xylene
Hty=1-- x 100
A540 aqueous phase before addition of xylene

To standardize the test, the effects of xylene:aqueous phase ratio
bacterial concentration were determined, according to the following
expectations: a) for effect of bacterial concentration, 0.25 ml xylene and
different concentrations of bacteria, ranging from 5x107 to 2x109 MLEG
bacteria per ml PBS; b) for effect of xylene:aqueous ratio, various
volumes of p-xylene (0.05, 0.1, 0.25, 0.5, 10 and 2.0 ml), and 109
MLEG bacteria per ml PBS.

The effect of the growth phase was determined with the following
specifications: 0.25 ml xylene, 10° bacteria per m! PBS, growth periods
of 3.5t0 12 h The effects of bacterial ageing, passage of bacteria through
the mouse mammary gland, EIM-growth and ovine/bovine origin
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comparisons were studied using the following specifications: 0.25 mi
xylene, 109 MLEG bacteria per ml PBS. Bacteria were harvested when
cultures reached an OD (A 540) from 1.3 to 1.5 in NB and from 1.7 to
5 0in EIM, after a 5 to 7 h incubation period

Standardization of the test and Hty estimations.

a) Effect of the xylene:aqueous ratio used in Hty assays on Hty
estimates. The experiment on the effect of the xylene:aqueous ratio on
Hty was carried out using 12 strains. As illustrated in Fig. 1, all strains
showed higher Hty estimates when increasing the volume of xylene.
However, this effect was very mild for the encapsulated strain A. Only
xylene volumes from 0.25 to 1 mi helped classifying the strains into three

categories: Hi (Hty<40%; ¢ g, strains C94 and C143), Ho (Hty>70%;
e.g , strains C16, C26, C104, C113, C114, C123, C141) or intermediate

(Int; Hty >40% to <70%; e.g, strains C139 and C142) The volume of

0.25 ml xylene was selected for the remaining Hty experiments as it was '

one of the most discriminatory volumes for establishing these categories.

b)Effect of the bacterial concentration used in Hty assays on Hty :
estimates. The effect of bacterial concentration on Hty estimates was g
assayed on 12 strains It is illustrated in Fig 2, using 5 strains for
simplicity of the graphic Bacterial concentrations increasing from 4x108
to 1.25x10° bacteria per ml, were associated with a decrease in the .
estimated Hty, Ho strains (C16, C123) showing a more pronounced'_-_
siope than Hi strains (C94, C143) The reverse situation was found at -
higher concentrations (>125x10%). Lower concentrations (<4x108) gave
rise to unreliable results in several cases (e g, strain C143). The"
encapsulated strain A was almost insensitive to changes in bacterial :
concentration. The concentration of 109 bacteria/m] was selected for the

remaining experiments since it is one of the most discriminatory..

concentrations for establishing Hty categories
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Slime production. a) Christensen's method. Bacterial cells
(one loopful) were cultured in 5 ml m110, CB or tryptic soy broth (TSB)
supplemented with glucose (2% w/v; TSB-G) and incubated for 18 to 24
h at 37°C. Twenty microliters were transferred to 5 ml of the same
medium and incubated for 18 h at 37°C. After 24 h, tubes were emptied
again_ Slime producing strains formed a visible film lining the walls of the
tube which was evidenced by adding 0.5 m! cristal violet (0.4% w/v in
PBS) and vortexing carefully. A ring formation in the air-liquid interface
was not considered indicative of slime production, To clarify some of the
results, further empty-refill cycles were neccesary; b) Congo red
method. Bacteria were grown (18 h, 37°C) in NB, m110, CB or TSB-
G. Subsequently, they were cultured in Congo red agar as described by
Freeman et al. {(13). Also, m110 and CB agar (1% w/v) media
supplemented with Congo red (0.8 gr/l) were assayed. In all cases, a
positive result (slime production) was indicated by the presence of black
or pink colonies with a dry cristalline surface.

Diffuse colony morphology. The presence of exopolysaccharide
was determined by the production of DCM in SSA, according to the
method described by Opdebeeck et al. (28), with the addition of 1% rabbit
normal serum to 0.15% agar in m110

To induce a DCM, bacteria were passaged 10 times through bovine
whey every 24 h. The DCM formation was evaluated in each passage
after a 6 to 10 h incubation period at 37°C under agitation, as described by
Jonsson et al. (18).

Passage of bacteria through the mouse mammary gland.
After growth overnight (16-20 h) in NB (37°C), bacteria were washed
once and resuspended in PBS; 0.025 ml of a bacterial suspension (5x108-
109 CFU per ml) were inoculated using 28G needles into the left fourth
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mammary gland of a 4 to 6 day post-parturition female mouse Offspring
were semoved at the time of inoculation Twenty four hours later, the
mouse was killed with chloroform The mammary gland was washed
with ethanol (70%), sectioned under sterile conditions, immersed in NB
and disrupted by strong vortexing with glass beads. The resulting
bacierial suspension, considered at this moment as "refreshed” was
directly cultured in SSA and Congo red agar 0 determine the DCM and

the slime production

Statistical analysis. Data were analysed by Chi-square for

ovine/bovine and fresh/old comparisons and paired t-lests for effect of
growth media, and old/refreshed comparisons.

RESULTS

Effect of the growth phase selected for Hty assays on
Hty estimates. The effect of growth on Hty estimates was assayed
using 6 strains. The growth curve was studied for each of them in relation
to Hty. Figure 3 illustrates the Hty curves of all six strains and, for
simplicity, the growth curve of one strain (C143) Hty increased during
the logarithmic phase, until reaching the stationary growth-phase.
Thereafter, Hi strains (C94, C143) became less hydrophilic,
simultaneously decreasing the culture OD. This decrease was not related
to aggregate formation (none of the six strains tested formed aggregates).
The encapsulated strain A did not suffer any change in Hty during the

growth-phase period studied

Effect of bacterial ageing on Hty. Forty-five fresh and
eighteen old bovine strains were used to compare the effect of bacterial
ageing on Hty. Fresh bovine strains were more Ho than old strains
(P<0.01; Table 1). After a passage, through the mouse mammary gland,
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of 7 of the old bovine strains, showing Hi and Int Hty, they became more
Ho (P<0.01) No effect on Hty was observed when the passage was
done with fresh bovine strains (10). However, when the strains were of
ovine origin, the passage of old strains through the mouse mammary
gland had no significant effect on their cell surface Hty.

Ovine-bovine comparisons on bacterial Hty. Since no
statistically significant difference was found on the proportion of Ho, Hi
and Int between fresh (8) and "refreshed" (14) ovine strains, both
categories were grouped to compare ovine strains with bovine fresh
strains (45). Under the conditions of this experience, bovine strains
showed a higher Hty than ovine strains (P<0.01).

Slime production in Congo red agar and in TSB-2%
glucose. With regard to classification into slime-producing and non
slime-producing strains, there was a total agreement between the resuits
obtained from the Congo red and from the Christensen's tests for slime
production. However, the Congo red method yielded reliable results upon
retests whereas the Christensen's method required several passages for
some strains for clear evaluation. Only 15 among 125 strains showed a
capacity to produce slime according to these methods. Studying 31 fresh
bovine strains, it was observed that the growth medium used (NB, m110
or CB) before culturing in Congo red agar or in TSB-G had no effect on
slime production. None of the bacterial strains (33) passaged through the
mouse mammary gland became slime producer, according to both
methods

Effect of exopolysaccharide inducing media (m110 and
Columbia broth) on Hty. Thirty-three strains were used 10 compare
the effect of the growth media on Hty (Table 3). Bacterial Hty was lower
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after growth in CB or m110 rather than in NB (P<0.001). No significant
differences for this decrease were found between CB or ml1i0, the
decrease was frequently less patent among the Ho strains (P<0.001) with

some exceptions (strains C114, C141 and C193). Standard deviations - f

corresponding to CB or m110 culture data were frequently higher when
compared with those of NB culture data. Hty estimates obtained after
growth in NBBW were unreliable upon retest, ranging the means from
Ho to Hi for some strains. The encapsulated strain A was Hi in all media.

All Congo red positive strains were Ho (Hty= 90.616.3) after

growth in NB. This Hty was not significantly altered when growing
bacteria in CB or m110 (Table 3).

Diffuse colony morphology. The encapsulated control strain A

always showed a DCM after growth in all media, including NB, but none
of the 31 fresh strains showed a DCM after growth in any of the media

used (three EIM and NB), or after one passage through the mouse
mammary gland. Similarly, a DCM was not detected in 15 strains upon |

10 passages through bovine whey

DISCUSSION

Our results indicate that using the water-xylene procedure for §. aureus
Hty estimation requires an adequate selection of the xylene:aqueous phase -
ratio and a careful monitoring of the bacterial concentration Also, ageing ._

of bacteria must be considered In fact, repeated bacterial subcultures in

laboratory media may alter the S. aureus cell wall proteins (8), the -
exopolysaccharide envelopes (31) and consequently, the cell surface Hty.
Aged bacteria may however be “refreshed" by an "in vivo" passage

through the mouse mammary gland, as also shown by Anderson (4)
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On the other hand, our results show that bacterial growth phase
should also be carefully monitored and selected for Hty estimations, since
S. aureus Hty increases during the logarithmic growth-phase until
reaching the stationary phase. Beck et al (6), using one strain, obtained
similar results. Furthermore, they found that at the stationary phase, Hty
rernained constant. We have observed a similar phenomenon in Ho and
Int strains, in contrast with Hi strains, which show a definite Hty
decrease after bacteria reach this phase.

In any case, and considering that ruminant milk is a very tich
natural broth (13), which is frequently renewed under natural conditions
and may allow an exponential type of bacterial growth, a medium-late
logarithmic growth phase was selected for the remaining Hty estimations
of this study using broth media. Ljungh et al (21) using 12 §. aureus
strains did not find any difference in Hty after 6, 18, 24 and 48 h of
bacterial incubation at 37°C under agitation Likely, under these
conditions bacteria reach the stationary growth-phase by 6 h

The growth phase-Hty relationship may be related to the fact that
surface proteins, specifically protein A and fibronectin binding protein,
are apparently related with Hty (16, 17). The amount of bacterial cell
surface protein A and fibronectin binding protein increases along the
growth curve during the logarithmic phase (11, 20), most likely resulting
in an increase of Hty. The stable values observed for both proteins at the
bacterial stationary growth phase (11, 20) may explain the constant Hty
values observed by different authors in this phase (6, 21)

Another factor to consider when estimating Hty is the medium used

for bacterial growth Although several workers (18, 22, 23) have found
that the majority of S. aureus bovine mastitis bacteria are highly Ho
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(autoaggregating) after growth (18 h, 37°C) in blood agar, patent
differences in Hty have been found in relation to the type of growth
medium used and to its physical state (solid vs. liquid; 21). Specifically,

Cheung and Fischetti (8) showed that the cell wall proteins of §. aureus

varied, qualitatively and quantitatively according to the type of medium
used and its physical state (solid vs. liquid). This may help to explain the
strong Hty variation found in this study, whereby most bacterial strains
were more Hi after growth in EIM (CB or m110) rather than in NB, a
regular broth medium (P<0.001; this would be expected given that
bacterial capsules imply a Hi surface in S. aureus and other staphylococci;
14, 16, 24). These observations are similar to those of Mamo et al
(22,24) who found that the proportion of Hi bacteria after growth in
m110 was higher than after growth in regular solid media (blood agar).
However, in their experiment the effect due to the different physical state
of media (broth vs. solid) was not separated from the effect caused by the
composition of the medium

On the other hand, as suggested by Karakawa et al. (19), the
majority of S. aureus strains present capsular antigens ("capsule”) after
growth in particular media (Columbia) It is therefore likely that in our
experiments a decrease in Hty is also associated with an increase in the
amount of capsular antigens. In fact, Hty has been suggested as a method
to determine S. aureus exopolysaccharide production (16).

Concerning ovine-bovine comparisons, we have found that a
majority (58%) of bovine, and a minority of ovine (18%) strains are Ho
in NB (P<0.001), but, we have not observed any autoaggregation (data
not shown), a phenomenon which would occur in highly Ho strains, as
described by other authors (21, 22, 23). This lack of autoaggregation was
also observed by Ljungh et al. (21) after growing human strains in NB.
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Whether the differences between bovine and ovine strains are related to
differences in bacterial growth-aggfegating capacity in the presence of
ruminant whey (5) or to pathogenicity (more severe mastitis was found in
the ovine hosts involved; 2) is unknown.

With regard to the method for exopolysaccharide detection, the
presence of a DCM has been linked to the production of this extracapsular
layer in 8. aureus (15, 26, 28). Opdebeeck et al. (28) succeeded in
inducing the DCM in "old" strains after growth in m110 and bovine milk,
but this morphology required keeping bacteria in a logarithmic growth
phase and in very low numbers. "In vivo", Opdebeeck et al. (29)
reinduced this morphology after a passage through the bovine mammary
gland, but not through the sheep mammary gland or peritoneal cavity.
This species specific phenomenon may explain our failure to induce the
DCM in the mouse mammary gland.

Jonsson (18) showed that bacteria with DCM after growth in bovine
whey were more Hi than before this growth (DCM-negative). Heat labile
factors in whey are responsible for the "in vitro" induction of this
morphology (28). However, Mamo et al (23) found that bovine §.
aureus became more Hi after growth in autoclaved milk containing-
medium rather than after growth in blood agar or even in m110 broth We
have used filter-sterilized bovine whey and fresh strains, but we neither
succeeded in inducing a DCM, (even after 10 passages through bovine
whey), nor in obtaining a Hi response after two o three passages in
NBBW under the conditions indicated by Watson for induction of
pseudocapsule (30). This response was not consistent upon retests.
Furthermore, in our hands, the Hi response of bacteria to CB or m110
was independent from the induction of a DCM
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Costerton et al (10) proposed that the attachment of coagulase
negative staphylococci to inanimate surfaces involves two steps: firstly, -
bacteria attach to the surface in a weak and inespecific manner, including’

hydrophobic interaction, and later, bacteria bind strongly to this surface
after producing a fibrous exopolysaccharide matrix (slime; 11) within
which bacteria grow. The formation of §. aureus microcolonies
surrounded by an exopolysaccharide matrix has been described "in vivo®
by Mayberry-Carson et al. (25).

With this in mind, it is tempting to hypothesize that Congo red
positive §. aureus strains also develop this strategy, requiring a Ho

surface for the first attachment step  The fact that these Congo red positive

strains (also forming biofilms on glass tube walls, as detected by the

Christensen's method) did not show a Hi response after growth in CB or

m110 may have two alternative explanations, both suggesting that the
nature of the slime production mechanism in Congo red would be
different from that in CB or m110: a) these strains did not produce slime
in CB or m110; and b) these strains lost the slime produced in CB or
m110 more easily than other strains which behave as Hi in these media
The latter explanation is in agreement with findings in coagulase negative
staphylococci, where slime, detected by the Christensen's method, isa
very loose structure which is lost during washing (14).
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Table 1. Eff . . . Table 3. Effect of the growth medium on Hty and in fresh
abte 1_ E ‘:'Ct ,Of bacterial ageing of -bovme strains. Strain strains and the encapsulated strain A and slime production
proportions indicating the hydrophobicity types - Slime
Strain ' Hty in different growth media production
NB CB m110
Strain age Hydrophobic
& R L X type —— C108 96.,7+£3.4 953437 84,0+£5,7 +
Hydrophobic Intermediate Hydrophylic C113 94,5:2.7 96,442,6 85,5:+2,5 +
(Hty>70%)  (Hty>40%;<70% Hty<40%) CIT1 923413 852156 89,4+43 +
) (Hty ) c172 92.0+1.3 93,2133 91,7+1,5 +
Clé 90,7+4,0 88.7+2.4 82,7437 -
Fresh 26/45 14/45 5/45 C104 88,7+4,9 83,249.9 85,418.5 +
C193* 85,0429 54 9+5.8 21,5448 -
Old‘ 0/18 16/18 2118 C26 86,6153 63,7108 67,748,0 -
Refreshed 57 217 0/7 C167 83,742,6 82.245,6 70,9+8,6 -
Ci64 83,7449 67,078 78,0+5,4 -
" - Ci63 83,0162 74,0+1,6 84,2497 -
Old strains after passage through the mouse mammary gland. C141 83,0:43 0,0+0,0 280124 -
Cil4 81,7+2.5 16, 7+21.3 1521160 -
C123 80,0+6,0 67.2+8.8 63,7+4.,6 -
C175 79,716,1 58,0453 72,3+5,0 -
C144* 78,5152 37,7469 26,5497 -
. . . C160 72,047 10.8+16.3 1,61£10,2 -
Table 2. Effect of the host (bovine/ovine) used as bacterial Ci62 67.7+7.0 21‘717‘4 29;114,3 N
source on the strain proportion obtained with regard to 8137 65-,5712‘0 382-%9-0 g;ﬂ*m’g -
. 159 64.7+2,1 6+14.5 £10, .
hydrophobicity types Ci58 61,559 64.7+14.7 30.1+18.8 i
C225* 57,5432 19,0+7,0 27.0:4.6 R
. } . . C139 57,2+5,2 59,0+9,1 373+7,6 -
Strain source Hydrophobic type C195* 47360 60.219.9 493273 )
and age C142 46,5£5.6 23.0+11,9 19,7+14,2 -
; . ; Cl61 462+7.2 4.4+6,1 280+114 -
Hydrophobic Intermediate Hydrophylic: C224* 452153 47440 317108 ;
(Hty>70%)  (Hty>40%;:<70%) (Hty<40%) C143 39,5434 0,0:0,0 0,0:0,0 -
C176 354+29 0,0+£0,0 0,0+0,0
Co4 30,0+54 14,5£14,5 T76+12.7 -
Bovine Fresh 26/45 14/45 '5/45 Cl194% 30,0x1,6 19,0+8,7 29,7x2.9 R
Ovine Fresh 218 518 118 A 3.0+3.1 0.0:0.0 0.0:0,0 -
Refreshed 3/14 9/14 2/14
Total 5/22 14/22 : 3/22 * QOvine strains (the remaining strains are of ‘bovine origin, with the
exception of the human strain A).
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" ABSTRACT

~ Slime was detected in 21 out of 144 ruminant mastitis
~ Staphylococcus aureus strains applying the methods commonly used for
- coagulase negative staphylococci (i.e , tube biofilm formation and Congo
~red agar). The 21 slime producing (SP) strains showed an
exopolysaccharide matrix condensed around the bacterial cells, as
observed by electron microscopy and immunofluorescence. Upon
repeated subcultures in Congo red agar, eight non slime producing
variants (4 ovine and 4 bovine) were obtained from the SP strains, and
two SP variants (ovine) were obtained from their corresponding non
slime producing strains. '

Among the 92 bovine and 52 ovine strains tested, 26.6% and 7 5%,
respectively, had the capsular serotype 5. Only one SP strain had this
exopolysaccharide type. Partially purified slime from SP strains and
capsular material from a heavily encapsulated strain were used for
immunizations. The antibodies produced were immunologically distintc,
suggesting that slime and capsule are different structures
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INTRODUCTION

Bacterial capsules are present in a low percentage of mastitis_
Staphylococcus aureus strains, according to the classical negative staining
capsulation criterion (31). However, the majority of S. aureus strains
produce an exopolysaccharide layer when immunological detection
methods are applied. Serotypes 5 and 8 are the most frequent among the
majority of strains, including ruminant mastitis strains (18, 27). The
production of this layer (slime) by coagulase negative staphylococci
(CNS) has been related to "in vivo" colonization of surgery materials (28)
and has been detected "in vitro" either by the type of colony morphology
produced in Congo red agar (CRA; 13) or by the capacity of bacteria to

form biofilms on the walls of a tube (9). Furthermore, slime producing
(SP) and non slime producing (NSP) CNS variants have been obtained
"in vitro" (9). In this work, the tube biofilm formation and the CRA

techniques were used to detect slime in ruminant mastitis . aureus
strains S. aureus SP and NSP variants were also obtained in vitro.

Immunological differences were found between S. aureus slime and -

capsules exopolysaccharides layers.
MATERIAL AND METHODS

Bacteria. Ninety-two bovine and 52 ovine §. qureus mastitis strains

were isolated and identified as S. aureus by their colony morphology, -
Gram staining, haemolytic activity, DNase, and coagulase activity. SP.
strains were further identified as S. aureus by the API-Staph system

(Biomérieux, France).

Slime production. Slime production was determined by the -
capacity of bacteria to form biofilms on tube culture walls, as described
by Christensen et al. (9), and by the colonial morphology in CRA, as -
described by Freeman et al. (13). Both techniques showed a complete :

agreement in S. aureus strains. Although in the tube biofilm formation
assay, reproducibility was only obtained after several refill cycles.

3

Production of variants. Nineteen bovine and 20 ovine S. gureus
strains were used to obtain variants. Nineteen (9 bovine and 10 ovine) of
these strains were SP and 20 (10 bovine and 10 ovine) were NSP.

After several passages (10-20) of the 19 SP strains through CRA,
variants with a colony morphology characteristic of NSP strains were
obtained. A similar procedure to that described by Christensen et al. (8)
was used to obtain SP from NSP strains Briefly, to encourage the
growth of SP strains (able to grow in biofilms on tube walls), the 20 NSP
strains were seeded in TSB containing 2% glucose (TSB-G) and
incubated without agitation at 37°C. Daily, for one month, tubes were
washed once with sterile PBS after discarding culture medium to eliminate
non-adherent bacteria, and refilled with TSB-G. SP variants were
detected by seeding adherent bacteria in CRA.

To insure that variants were not contaminant bacterial strains, all
strains and their variants were biotyped with the API-Staph system and
API 20E (BioMérieux) and with a panel of 14 antibiotics. The intensity of
color and inhibition diameter were scored. All variants which did not
resemble the original strain in all tests were discarded

Serotyping of type 5 capsular polysaccharide. Before
testing, bacteria were grown overnight in m110 agar and prepared as
described by Opdebeeck et al. (26). Type 5 capsular polysaccharide was
serotyped using the anti-type 5 monoclonal antibodies, kindly donated by
Drs P. Rainard, P. Sarradin and B. Poutrel (INRA, Nduzilly, France)
and according to the enzyme linked immunosorbent assay (ELISA)
described by P. Sarradin (personal communication). Briefly, a flat-botiom
microplate (Nunc MaxiSorp, Roskilde, Denmark) was coated (100 p per
well) with a bacterial suspension in PBS (A600=0.2) After overnight
incubation at 4°C, plates were washed with PBS-0.1% Tween 20,
blocked with 0.5% gelatin (150 pl) at 37°C for 45 min, and washed four
times with PBS-0.1% Tween 20 The anti-serotype 5 monoclonal
antibody was diluted 1:50 in PBS-0.1% Tween 20 plus gelatin (0.5%)
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and 1003 aliquotes were added to the wells Following an incubation of

60 min at 37°C, wells were washed with PBS-0.1% Tween 20 four times -

and 100 pl of a sheep anti-mouse peroxidase conjugated immunoglobulin
G (Pel-Freez; USA) were added to the wells and incubated at 37°C for 60
min. One hundred u! of enzyme substrate [2,2"-azinobis (3-ethylbenzthi-
azoline sulfonic acid), 0.11 mg/ml; Sigma, USA)] were added in citrate
buffer (pH 4.2) with 0.001% hydrogen peroxide. After 20 min under
agitation at room temperature, the reaction was stopped by the addition of
1N HF (100 pl per well). The optical density was read at A414. All
strains were tested at least twice on different dates.

Slime isolation. The technique described by Fournier et al. (12)
with modifications was used. Briefly, strain SP C104+ was grown in
TSB-G overnight at 37°C. Two mililiter aliquotes were inoculated into 1.5

liter volumes of TSB-G and the suspensions were incubated for 7.5 h at '

37°C with agitation (120 rpm) using two liter bottles, until bacteria
reached the end of the exponential growth phase (a total of 16.5 TSB-G

liters were used). Bacteria were sedimented by two centrifugations of 30,

min (5500 x g) and discarded High-weight soluble components were
recovered in approximately 500 ml using a 10,000 dalton Pellicon cassette
(Millipore Corp., Bedford, Mass.). The supernatant was supplemented

with sodium azide, to prevent bacterial growth, and incubated overnight at X
37°C with 50 mg of DNase (Boehringer), and 10 mg of RNase

(Boehringer). Both enzymes were added again, in the same proportions,

the following morning. After 6 h, an overnight treatment with 50mgof
pronase (Boehringer) digestion at 37°C was applied. Pronase was added
again the following morning After a 6 hour incubation at 37°C, the -
remaining proteins were removed by phenol extraction
(phenol:chloroform:iso- -amilic alcohol; 25:25:1). The sample was -
exahustively washed with distilled water, using a 10, 000 dalton Pellicon

cassette, and subsequently lyophilized. Slime was purified by this
procedure to give a final yield of 1258 g of polysaccharide containing

less than 1% protein, as determined by Bradford's method (4) and less .

than 0.5% nucleic acid, as determined by absorbance at 260 nm.

)

Obtainment of capsule-enriched suspensions. The
encapsulated strain A (kindly supplied by Dr. K. Yoshida) was grown
overnight at 37°C in Columbia broth supplemented with 4% sodium
chloride. After seeding 200 1 of this culture in 40 ml of the same
medium, bacteria were incubated with agitation at 37°C for 6h, until
reaching the end of the exponential growth phase. Subsequently, bacteria
were washed twice in PBS, resuspended to a final concentration of 3.5 x
109 bacteria/ml. To obtain capsular antigens, bacteria were autoclaved for
60 min at 121°C (12). After centrifugation, supernatants containing
capsular material were stored at -20°C.

Immunizations. Two rabbits were subcutaneously immunized with
10 mg of slime (from strains SP C104+), which had been resuspended in
0.75 ml of PBS and emulsified with 0.25 ml of Freund's incomplete
adjuvant. Injections were administered 5 times at two weeks intervals
Serum samples were tested 12 days after each injection and the presence
of antibodies against slime was determined by double immunodiffusion
against a slime suspension (15 mg/ml PBS). Only the strongest of the
rabbit antisera obtained was used for further experiments.

The strain variant NSP C104- was used to absorb the anti-slime sera
obtained according to the procedure applied by Karakawa et al. (19).
Briefly, strain C104- was grown in TSB for 18 h at 37°C. Two ml of this
suspension were seeded in 1 liter of TSB and incubated with agitation
(120 rpm) during 7 h at 37°C, until bacteria reached the end of the
exponential growth phase. Subsequently, bacteria were heat-inactivated at
80°C for 4 h and washed twice with PBS. Rabbit antisera were absorbed
adding 8 volumes of serum to 1 volume of packed cells, stirring and
incubating overnight at 4°C. Cells were removed by centrifugation and the
supernatant (absorbed serum) was stored at -20°C.

Anti-capsule sera were obtained according to the procedure of
Norcross and Opdebeeck (26) by inoculating strain A in two rabbits. The
strongest of these sera was used for further experiments.
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Immunofluorescence. After growth in TSB-G or CRA, bacteria
were resuspended to 5x108 bacteria/m! in PBS and a drop of this
suspension was allowed to dry on a slide at 37°C. After fixation with
acetone (20 min at -20°C), slides were washed and dried. A 15 pl amount
of the undiluted rabbit anti-slime serum absorbed with strain C104- was
added After a 45 min incubation in a humid chamber, the slide was

gently rinsed with PBS-0.1% Tween 20 (10 min, with agitation) and -

dried; 20 y1 of FITC sheep anti-rabbit serum (kindly supplied by Dr. JM.
Blasco, Dept. of Animal Production, SIA, Zaragoza, Spain) were added

Incubation and washing were carried out as described for the primary

antibody. After drying at 37°C the samples were observed under a
fluorescence microscope (Nikon Optiphot, Japan).

Immunodiffusion. Double diffusion tests were done using 0.8%

agar. Reactions were evaluated at 24h Rabbit anti-slime and rabbit anti~

capsule sera were tested against the partially purified slime and capsule-

enriched suspensions obtained, as described, from strains SP C104+ and -
A respectively. Capsule-negative and slime-negative preparations were .
obtained from a non encapsulated NSP strain (C16), according to the -
procedures applied to obtain capsule and slime preparations, respectively. -

Electron microscopy. After an overnight growth on CRA,

bacteria were scraped off the plates and placed in 2.5% buffered

glutaraldehyde for 90 min, washed twice by centrifugation (180 x g for -
10 min), resuspended in Milloning buffer and centrifuged at (180 x g for -
10 min) to obtain a solid pellet The pellet was fixed for 30 min in -

osmium tetroxide. After a final wash in buffer and dehydration in ethanol;
the fixed pellet was cleared in propylene oxide and embedded in Epan-

Araldite (1:1). Ultrathin (400 to 600 A) sections were made, using an.

LKB-8800 ultramicrotome, and stained with uranyl acetate and lead
citrate. Ultrathin sections were studied by transmission electron

microscopy.

RESULTS

Slime production. A total agreement was observed when the
results obtained with the two techniques used (tube biofilm formation and
CRA) were compared Only 11 of the 92 bovine strains (12%) and 10 of
the 52 ovine strains tested (19%) were SP (Table 1).

Production of variants. Eight NSP variants (4 bovine and 4
ovine) were obtained from the SP strains, and 2 SP variants from ovine
NSP strains. Three other putative variants were discarded because some
of the properties analysed were different from those of the original strain,

Electron microscopy. A condensed extracellular layer was
observed in the 5 SP strains which were examined by electron
microscopy (Fig 1a), but this layer was not present in any of their NSP
variants or in any other NSP strains (Fig. 1b).

Immunofluorescence. In the immunofluorescence assays with
slime-specific antibodies, fluorescence was observed in SP strains after
growth in TSB-G or in CRA, but not in NSP strains.

Immunodiffusion. As shown in Fig. 2, the capsule-enriched
antigen preparation (well I, Fig. 2a; wells I and II, Fig 2b) reacts
specifically with one of the antibody populations of the "anticapsular”
antiserum (line 1, Figs 2a and 2b). Similarly, the slime antigen
preparation (well 11, Fig 2a; wells III, IV and V, Fig 2b) reacts with one
of the antibody populations of either the "anti-slime" or the "anti-capsular”
antiserum in a specific manner (line 2, Fig 2a; lines 2 and 3, Fig. 2b).
Other precipitation lines are also observed, indicating that the "anti-slime”
and "anti-capsular" antiserum are polyspecific and that the "slime" and
"capsular” preparations have various molecular species. -

Capsular serotype 5. Twenty five among 94 bovine strains
(26 6%) and only 4 among 52 ovine strains (7.5%) were of serotype 5.



Among the 21 SP strains present, only one bovine SP strain belonged to .

serotype 5.

DISCUSSION

In this work, S. aureus slime production has been shown "in vitro*
using the tube biofilm production (9) and CRA (13) methods, commonly
applied for slime detection in CNS species. The SP §. aureus strains:
formed a condensed matrix surrounding the bacterial cells, as observed by
electron microscopy and immunofluorescence. NSP variants were:
obtained from SP strains and viceversa The NSP variants and other NSP.
strains did not show a matrix after growth in CRA or in TSB-G. As’

observed in these bacteria, the condensed morphology of the slime in SP

strains was likely due to the fact that fixation was carried out in the:
absence of fixative antibodies (5). This slime was most likely a-_.
polysaccharide since it was extracted according to the exopolysaccharide

isolation methods applied for other bacteria (12), contained less than 1%
protein and 0.5% nucleic acids and had a low immunopotency. The

colonies of SP strains in CRA were compact and required an intense

sonication to separate bacteria. This compacity was likely attributable to
the strong binding of bacteria by the exopolysaccharide matrix. '

Bacterial hydrophilicity has also been proposed as a criterion to detect

capsular exopolysaccharide production (17). We have shown that strains,
classified as SP (according to the described tube film production and CRA

colony morphology criteria) remain hydrophobic when grown in

exopolysaccharide-inducing liquid media (e g m110) rather than in
regular media (e.g. TSB) In these special media, however, encapsulated

strains maintained their hydrophilicity (unpublished data). These results

indicate that SP strains behaviour is different from that of encapsulated
strains, suggesting that SP strains S. aureus slime is different from
capsule. In line with this observation is the fact that at least in CNS (15)
or in human S, aureus strains (32), slime is a loosely bound structure,

easily removable by washing and centrifugation This removal renders:
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bacterial surface more hydrophobic. In contrast, encapsulated CNS keep
their hydrophilicity after washing (15).

Differences between capsule and slime were also evidenced by
immunodiffusion. Furthermore, Caputy and Costerton (5,6),
demonstrated by immunological methods and by electron microscopy that
S. aureus may produce slime in addition to capsule "in vivo" and after
growth in a exopolysaccharide-inducing media (m110). In this work, two
strains were able to produce slime in addition to capsule: one strain (V30)
had capsular type 5 after growth in m110 and was SP in CRA; also, the
encapsulated strain A was able to trigger the production of anti-slime
antibodies after growth in m110, although it was NSP in CRA. The fact
that strain A produced exopolysaccharide in m110 but was NSP in CRA
could be explained if different mechanisms affecting either the quality or
quantity of slime are involved when comparing the exopolysaccharide

induction capacity of m110 and CRA.

Christensen et al. (9) obtained "in vitro™ SP and NSP varnants in
CNS and suggested a mechanism of "phase variation” to explain the
biological processes involved. According to these authors, the expression
of the genes under concern varies in a reversible manner from generation
to generation at a relatively rapid rate. Our results are compatible with this
hypothesis since variants were easily obtained. This observation suggests
that small numbers of NSP may arise out of a given SP bacterial
population, giving rise thereafter to a large NSP population by fixing the
NSP bacterial cells in place Likely, "in vitro" NSP variants may have a
faster growth-rate. In fact, it is known that although, the
exopolysaccharide layer is produced by most S. aureus strains isolated
from bovine mastitis milk (16, 26, 30), bacteria rapidly loose this layer by
"in vitro" subculture The opposite events would likely occur when
changing from the "in vitro" to the "in vivo" situation

It has been observed that in infectious processes the majority of
bacteria form microcolonies Hence, bacterial adherence to epithelial
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surfaces appears to proceed in two phases: in the first, microorganisms
adhere losely to tissues (or other surfaces) and in the second, adherence -
becomes irreversible by the formation of microcolonies embedded in an s_f_
exopolysaccharide matrix (10). However, it is not yet clear whether'_-f’
extracellular slime functions as a "glue" in the initial adhesion phase, or
whether it is produced only after bacteria have adhered to other cells or.:
surfaces and have been subjected to metabolic stress (29). Furthermore, it
is known that antibody against slime inhibits the "in vitro" and "in vivo" -
the adherence of SP CNS to silicon elastomer catheters (20). Thi
observation suggests the possibility that "slime" may act as an adhesin to -
epithelial cells (16).

An "in vivo" mechanism of adherence to the intestinal epithelium
for Escherichia coli has been proposed whereby adhesins (fimbriae) are -
responsible for the initial adhesion and "capsular” exopolysaccharides are
responsible for the formation of microcolonies in which bacteria multiply.
thereafter (7). A similar mechanism could be proposed for §. aureus,
considering the facts that S. aureus may adhere to the mammary g}and_"_'
ducts and alveoli via basal membrane proteins (23) or to epithelial cells (1) -
via specific receptors (22) and that this bacterial species may grow not.
only "in vitro" but also "in vivo" forming microcolonies enclosed withina.
fibrous exopolysaccharide matrix (24).
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Fig. 1. Electron micrographs of thin sections of S.aureus cells grown in
CRA. (a) Stime producing strain C104+; and (b) slime non producing
strain C104-. Arrows show slime.

Fig. 2. Two-dimensional immunodifusion. Capsule enriched antigenic
preparation of strain A (well I, Fig 2a and wells I, II and liI, Fig 2b)
Slime purified material (well I1; Fig 2a and wells IV, V and VI, Fig 2b).
Slime negative material (wells III, IV, V and VI, Fig 2a). Capsule
negative material (wells VII and VIH) Antiserum against complete cells of
the encapsulated strain A (well IX, Fig 2a and well VII, Fig 2b) Slime
purified antiserum (well X, Fig 2a and well VIII, Fig 2b).



Tabla 1. Slime and serotype § detection among the ruminant
strains and the variants produced.

- SP Obtainment of variants
NSP SP
No of Tota No of Serovar No of No.of No of No of
strains No,of strains 5 original NSP  original Sp
tested  serovar SpP variants NSP  vanants
5 strains obtained strains obtained
used used
Bovine 92 25 11 1 9 4 10 0

Ovine 52 4 10 0 10 4 10 2
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Staphyloceccus aureus capsule and slime as
virulence factors in mastitis

R. Baselga, and B. Amorena

E.E.A.D. (C.8.1.C.); Department of Animal Production, S.I.A.
(D.G.A.), Ap. 727, 50080 Zaragoza (Spain)

Review article

ABSTRACT

Baselga, R. and Amorena, B. 1991.Staphylococcus aureus capsule and
slime as virulence factors in mastitis. Vet. Microbiol.,

Staphylococcus aureus is one of the most prevalent bacterial species
in bovine mastitis. The interaction of this microorganism with the host is
strongly dependent on its cell surface properties, specially concerning the
presence of exopolysaccharide-containing outer layers (glycocalyx).
Although there is controversial literature on the denomination (capsule,
microcapsule, pseudocapsule, slime), nature and role of these outer
layers, they appear to play an important virulence role against host defence
mechanisms. In this article, literature is reviewed in an attempt to clarify
discrepancies and to underline the multiple effects of these layers on
various phenomena involved in mastitis, concerning the interaction
between host and bacteria (phagocytosis, adhesion to cells, bacterial
aggregation, complement fixation, microcolony formation, etc.).
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1. INTRODUCTION

Mastitis, a mammary gland disease commonly attributed to infections
by microorganisms, constitutes a serious problem, affecting milk
production in ruminants (quantity and quality of products) One of the
most prevalent and pathogenic bacterial agents involved in this disease is
Staphylococcus aureus, the species under concern in this s‘tudy‘. To elicit
an infection, S. aureus must reach the gland cistern, after overcoming the
physical barrier of the teat, generated by the action of the teat sphincter
and by the presence of keratin on the epithelium, covering or occluding
the teat duct It must thereafter avoid or overcome the different host
defence mechanisms (phagocytosis, elimination by milking, etc.), in order
to reach and colonize the ductular and alveolar mammary gland regions.

Many §. aureus strains are able to produce an extracellular layer(s)
(capsule, slime, etc.), surrounding the cell wall. This structure has been
associated with virulence against host defence mechanisms. In this article,
the methods of identification of §. aureus extracellular envelopes, the
biological role of these envelopes and their possible implication in the
development of mastitis are reviewed.

2. PROPERTIES OF TRULY ENCAPSULATED (E) AND
SLIME PRODUCING STRAINS

According to Wilkinson (1983), S. aureus capsule is a well defined
structure that surrounds the cell wall and is maintained through cell
subcultures "in vitro", independently of the medium used. It is evidenced
by negative staining (for example, with Indian ink), because the stain does
not penetrate into the capsular gel Yoshida and Minegishi (1976), besides
carrying out immunizations and subsequent serological absorptions to
distinguish encapsulated from non-encapsulated strains, postulated that
the truly encapsulated (E) S. aureus strains cannot be phagotyped, do not
react in the slide coagulase test and produce a diffuse colony morphology
(DCM), with the shape of a comet in serum-soft agar (SSA; Fig. 1). On
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the contrary, non truly encapsulated (NE) strains can be phagotyped, reacf
positively in the slide coagulase test and produce a compact colony
morphology (CCM) in SSA (Fig. 1).

Let us consider now the slime of . aureus. According to Wilkinson
(1983), this slime is a mucus type of extracellular structure produced "in
vitro” by the majority of strains (E and NE strains; Yoshida and Ekstedt,
1968; Caputy and Costerton, 1982) in response to specific nutritional
conditions: for example, during growth in modified Staphylococcus 110
medium (m110). It is loosely bound to the cell wall and can easily be
eliminated during washing (Caputy and Costerton, 1982; Wilkinson,
1983; Watson, 1989a). However, in some strains with great capacity to
produce mucoid material in media such as m110-agar, the presence of
slime can be evidenced using the criteria already mentioned for the
detection of capsule in E strains (Yoshida and Ekstedt, 1968), provided
that they are carefully handled in order to avoid the loss of this layer.

According to Caputy and Costerton (1982, 1984), §. aureus:
exopolysaccharide matrix, also called glycocalyx, may include both the
true capsule and/or the slime layer. Thus, the freshly isolated and the .
m110 cultured Smith strain (E) contains both layers, whereas the Wiliey_"_."-
strain (NE) only contains slime 5

3. INTERPRETATION OF E STRAINS BEHAVIOUR
3.a. E strains in slide coagulase and phagotyping assays

Boden and FlocK (1989) have corroborated the identity between free
extracellular coagulase and coagulase bound to S. aureus cell surface, and -
have shown that this enzyme is able to bind fibrin (a fibrinogen.
degradation product), exerting with this the function of bacterial
aggregation factor or clumping factor. These authors, have suggested that:
bound coagulase causes first fibrinogen degradation and later bacterial
aggregation. For this reason, the resulting fibrin fibers trap staphylococci -

S

forming large aggregates. This hypotesis is consolidated by the results of
Umeda et al. (1980), showing by electron microscopy that staphylococci
are bound togheter by fibrin fibers in these aggregates.

Wilkinson (1983) proposed that degradation products produced by
the action of clumping factor remain immersed within the capsular gel,
thus impeding the formation of a net between cells and of the consequent
aggregates (Table 1; Fig 1). This would explain why the E strains behave
as clumping factor-negative strains, whereas NE strains of §. aureus form
big aggregates in the presence of plasma or fibrinogen (Smith et al.,
1971)

An analogous explanation could be applied to the fact that, according
to some authors, E strains are not phagotypable. Considering that phage
receptors are located on the bacterial cell surface (Umeda et al., 1980),
phages may be too large to traverse capsules, thus remaining excluded
from bacteria (Wilkinson, 1983).

3.b. Formation of diffuse/compact colonies

All S. aureus strains form DCM colonies in soft agar (semi-solid
medium). However, only NE strains may show a CCM if this medium is
supplemented with regular serum (SSA), fribrinogen or fibronectin (Usui
et al., 1984). E strains show a DCM under similar conditions, but they
may however show a CCM if SSA is supplemented with antisera against
capsular antigens (Yoshida, 1971; Chomarat et al., 1989).

Forsum et al. (see Wilkinson, 1983) showed that due to the reaction
between the cell wall protein A and the Fc region of IgG, bacterial
daugther cells bind to each other during the development of the colony,
giving rise to CCM in SSA. This agglutination reaction can easily be
understood when the 1gG involved is directed against S. aureus, or when
protein A interacts with immunoglobulins via the Fab region (Forsgren et
al., 1983). Wilkinson (1983) proposes that the inagglutinability (i.e, the
formation of DCM) of E strains can be attributed to the fact that



immunoglobulins traverse the capsule and react with protein A of thy
bacterial cell wall, but they remain trapped within this capsule and ar
therefore unable to promote adherence between daughter cells (Fig, 1
Table 1). :

As it occurs with fibrinogen, fibronectin is able to agglutinate NE §
aureus strains given its dimeric nature (Proctor et al , 1984). For thi
reason, both proteins can induce the formation of CCM. The presence
capsule will abrogate agglutination, resulting in the formation of a DCM
as it occurred in the case of immunoglobulins. Other agglutinins o
aureus (type 1V collagen, laminin, etc) can also induce aggregatio
(Vercellotti et al., 1985) and presumably CCM formation in NE strains. -

CAPSULAR ANTIGENS FIRST DESCRIBED BY
YOSHIDA

4.

4.a. Detection of capsular antigens using antibodies

As we have already mentioned, the addition of anticapsular serum
SA induces in E strains the formation of CCM (Yoshida 1971; Chomarat :
et al., 1989). With this technique, Yoshida and his group have detecte'df;
four capsular serotypes (A, B, C and D), being antigens A (rich in teichoic:
acids), and B (lacking them) the most frequent types (Yoshida et al.,.
1979). They also found that the majority of human strains only belong to
one antigenic type, that is, they are univalent (Yoshida and Minegishi;
1976; Yoshida et al., 1979). Also in bovines, E strains, A and B antigens
are the most frequent, but the proportion of polivalent strains is much
higher than in humans (50%; Yokomizo et al., 1977). :

After observing the bacterial surface at the electron microscope :
Norcross and Opdebeeck (1983) concluded that the presence of specific
antibodies against capsular antigens in SSA, inhibits the formation of :
capsules. However, it is not clear whether the bacteria used in this study{
were E or simply slime producers.

7

4.b. Presence of capsular in

encapsulated (NE) strains.

antigens non-truly

Immunization of mice with human NE strains may result in resistance
to E strains (Yoshida and Minegishi, 1976), and specific antibodies
against capsular antigens may protect mice against infection with human
NE strains (Y oshida et al., 1987). These findings are eas:ly understood
keeping in mind that the majority (77.6%) of human §. aureus NE strains
show detectable quantities of capsular antigens on their cell surfaces, as
can be shown using fluorescein labelled antibodies (Yoshidaet al., 1979).
Furthermore, according to the suggestions of Chomarat et al. (1989), the
majority of §. aureus strains do not produce large capsules, but
microcapsules or small quantities of capsular substance. Yoshida and
Minegishi (1976) have estimated that these NE strains possess capsular
antigens in proportions ranging from 1/7 to 1/20 of the amount produced
by the Smith-diffuse E prototype strain, revealing by electron miCIoSCopy
a partial capsule surrounding the cells (Table 2). These findings may
suggest that the possibility to determine the presence of capsule following
the criteria described by Yoshida depends on the amount of capsular
substance (exopolysaccharide) produced. Yoshida and co-workers (1979)
proposed that "in vivo" the majority of bacteria are partially encapsulated,
that is, they possess these microcapsules. In agreement with this
hypothesis is the fact that the majority of human sera present anticapsular
antibodies, suggesting that a broad distribution of staphylococci is able to
trigger the production of capsular antigens "in vivo" (Yoshida and
Ichiman, 1984b; Yoshida et al., 1987). "

It is possible that a hostile environment favours the expression of the
genes responsible for the production of "capsules”, an effect which is not
produced by the majority of culture media commonly used in ‘the
laboratory. In fact, Lee et al (1985) were able to obtain from an E strain
(SA1) an NE variant and re-induce "in vivo" the presence of a capsule in
this variant.



8

The regulation of S. aureus exopolysaccharide production has been
well established (Hamill et al., 1986, Recsei et al., 1986) and extensive

work has been done in Gram negative bacteria and Streptococci (Foster,
1991) on the genetic control of exopolysaccharide expression. However,

there is only one piece of evidence for the existence of exopolysaccchande -

expression control in . aureus, whereby a transposon insertion mutation
is shown to affect the biosynthesis of capsules (Lee etal,, 1987).

5. FREQUENCY OF E STRAINS

With the capsulation criteria established by Yoshida, truly |
encapsulated strains (Table 2) have only exceptionally been found -

(Wilkinson, 1983). In bovine mastitis, Yoshida and co-workers (1977)

isolated only 19 E strains among 1598 strains (0.92%), maintained

through "in vitro" subcultures during several months, and 5 among 79
fresh strains (6.32%); the exact meaning of the term "fresh" was not

described in this study. When bacieria are inoculated directly from the
mastitic bovine milk in SSA, 85 to 100 per cent of the S. aureus strains

may show DCM (Norcross and Opdebeeck, 1983; Opdebeeck and
Norcross, 1983; Rather et al., 1986; Opdebeeck et al., 1988a), but this
morphology is rapidly lost during "in vitro” culture. In human strains,
Yoshida and his group (102) obtained similar percentages (83% E

strains). However, Opdebeeck and co-workers (1985a) found that only 31
per cent of the fresh human S. aureus strains show DCM. In any case, it

is clear that for many strains, the ability to form a DCM can be lost
through subcultures. These strains cannot be considered as E and
consequently, as pointed out by several authors (Anderson, 1984;
Jonsson et al., 1989; Rather et al., 1986), a DCM is not necessarily
associated with true encapsulation (Fig 1; Table 2).

The formation of DCM appears to be advantageous for bacteria in :

staphylococcal mastitis (Table 1), but it is reasonable to expect that once
bacteria have been isolated, the selective pressures that induce the DCM

formation disappear in the majority of "in vitro" culture media and thus the

G

strains that produce DCM revert rapidly to CCM producers. Lam et al.
(1980) suggested that the reversion of bacteria to non slime producers
implies the raise and selection of non-mucoid variants with a faster growth
rate. According to these authors, the opposite phenomenon could be
applied for "in vivo" conditions. In fact, significantly increased §. aureus
glycoclayx production is observed "in vivo" as compared with the "in
vitro" situation in streptococci (Dall and Herndon, 1989).

6. OTHER CAPSULATION CRITERIA: FROM
MICROCAPSULES TO LARGE CAPSULES

6.a. Serologic criteria for capsulation first applied by
Karakawa

With respect to the concept of capsule and determination of antigenic
types, different criteria from those of Yoshida and co-workers have been
postulated. Whereas Yoshida and his group only classify as truly
encapsulated (E) those bacteria that produce capsules independently from
the culture media used, Karakawa and his group determine as
encapsulated those strains that exhibit capsular antigens within either a
large or a small "capsule" (microcapsule) in some culture media
(Columbia). These antigenic structures are constituted by
exopolysaccharides, their appearance varies according to the culture
conditions and they can be visualized by electron microscopy (Karakawa
et al., 1985; Hockeppel et al., 1987; Table 2)

The presence of teichoic acids is considered by Karakawa and co-
workers as a characteristic of the bacterial wall and not of the capsular
antigens. Hence, these authors propose that teichoic acids remain "hidden"
by the "capsule" or the microcapsule For this reason, and using highly
diluted anticapsular antibodies of high titers, these authors established two
"capsulation" criteria: the bacterial inagglutinability in the presence of
antibodies against teichoic acids and the detectability of the capsular
antigen(s) (serotype) implied in each case. The reverse criteria were
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therefore used to determine the absence of "capsule" (Karakawa et al., . -
1985). The existence of these capsular antigens "in vivo™ has been shown
in natural diseases (Albus et al., 1988; Boutonnier et al., 1989) and in
experimental infections (Arbeit and Dunn,1987; Arbeit and Nelles,1987).

Karakawa and Young (1979) have suggested that in the strains with '-
microcapsule, the antibodies directed against the bacterial wall can
opsonize bacteria. These data suggest that microcapsules may not hide
completely the bacterial cell wall, and thus they may allow the interaction -
of the different agglutinogens to produce CCM in SSA. "

Huycke and collaborators (1983) have identified an
exopolysaccharide in S. aureus which mediates the binding to fibronectin. -
Some epitopes of this protein present cross-reactivity with the capsular
type 8 antigen described by Karakawa's group. Yoshida et al., (1980)
also detected the presence of an exopolysaccharide that, as the clumping
factor, has coagulase activity and binds fibrin 1f these exopolysaccharide_' '
belonged to the microcapsule, they could, as described by Huycke and his
group (1983), facilitate bacterial aggregation and, consequently, the
formation of CCM Furthermore, this microcapsule would not impede the
adhesin (fibronectin, fibrin, etc) mediated adherence of bacteria to .

epithelia
6.b. "Capsular" antigen types

Following the mentioned "capsulation" criteria described by -
Karakawa and co-workers, 11 different antigenic types have been
serotyped. So far, none of the strains has been found polyvalent. Two of
the described antigens, serotypes 5 and 8, represent around 70% of all
human clinical isolates (Sompolinsky et al., 1985; Hockeppel et al, .
1987). No relationship has been found between the distribution of these 2
capsular types and the origin of the isolates, clinical or not, (Sompolinsky
et al., 1985; Albus et al., 1988) the intensity of the disease (Arbeit et al.,
1984) and the geografic origin (Hockeppel et al., 1987). On the other

[

hand, the isolates of different provenance within a human being,
frequently belong to more than one capsular type (Albus et al., 1988).

When directly serotyping only for types 5 and 8, the majority of
strains isolated from mastitis-affected cattle, sheep and goats are found
"encapsulated” (69.4%, 71,5% and 78.8%, respectively; Poutrel et al.,
1988). In bovine strains, in contrast to human, sheep and goat strains,
type S antigen is more frequent than type 8 antigen. However, the
existence of encapsulated strains non-agglutinating with antibodies against
teichoic acids, and at the same time non-typable (lacking known
serotypes), suggests that there are "capsular” antigens yet unidentified in
these strains.

6.c. Discrepancies between findings using different
capsulation criteria

With respect to the capsulation criteria of Yoshida and Minegishi
(1976; criteria Y) and Karakawa and co-workers (1985; criteria K), there
are obvious discrepancies (Table 2). As already mentioned, the frequency
of E strains applying criteria Y is low, but "encapsulated” strains are
highly frequent according to criteria K. Furthermore, E strains are non
phagotypable using criteria Y, but many of the strains considered as
*encapsulated" when using criteria K are phagotypable. These facts could
be interpreted if we assumed that a) strains that Yoshida and co-workers
classified as E, are a minority whereas strains with a microcapsule seem to
be a majority "in vivo" and contain, as the E strains, capéular antigens
although in smaller amounts; b) strains that Karakawa and co-workers
classified as "encapsulated", correspond to both, E strains and
microcapsule containing strains (these microcapsules are maintained or
enlarged through "in vitrto" subcultures when growing bacteria in especial
media like Columbia); and ¢) the capsule of E strains does not allow the
interaction of the phage with the bacteria, whereas the microcapsule does
allow this interaction.
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Concerning the capsular serotypes identified according K and Y
criteria there are also some discrepancies. For example, the majoritary
serotype (A) according to criteria Y (Yoshida and Minegishi, 1976),
corresponds immunologically 1o serotype 2, according to criteria K, but_:
the latter is rare (Karakawa and Vann, 1982; Arbeit et al., 1984). Also,
Yoshida and Ohtomo (1984a) detected antigenic changes produced during
storage of bacteria and found strains with three or even the four antigenic
types that they were able to identify (Yoshida et al., 1976). On the
contrary, Karakawa and collaborators (1985) did not find changes in the
antigenic types and only found cross-reactivity between scrotypes 4 and 5.

With respect to the fact that E strains are not phagotypable, Yoshida
and Minegishi (1976) did not {ind any relationship between Yoshida's
capsular antigens and NE strain phagotypes. On the contrar"y',':-'_:
Sompolinsky and his group (1985) and Arbeit and co-workers (1984) .
found in human strains a close association between the Karakawa's. -
capsular antigens and the phagotype. In ruminant mastitis S. aureus.
strains, this type of correlation (though only partial) was observed (Sutra
et al., 1988), but the proportion of strains susceptible to the human set of
phages was much lower when compared to human isolates. i

Some of these discrepancies between both research groups. .
(Yoshida/Karakawa) referring to capsular serotyping might have an.
immunological explanation, likely attributable to the criteria applied to -
prepare antisera and to identify antigens While Karakawa and his group
(1985) in order to purify polyclonal antisera against every serotypé':'i
systematically absorb these sera with "non-encapsulated” strains, which_'.-'_:_
expose teichoic acids on the cell wall, Yoshida and Mineguishi (1976) do -
not do this type of absorption and in fact they observe that at least one of
the antigens which they describe (A) is very rich in teichoic acids
Whether cell wall teichoic acids were present in the A antigenic preparation’
is unknown. Furthermore, it is possible that the absorptions carried out by
Karakawas' group in order to purify antisera may be responsible for the .
elimination of antibody populations. This may explain the fact that the-
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strains which he studies are majoritarily univalent. On the other hand,
some of the discrepancies could be attributed to additional differences with
regard to the chemical composition of these outer layers (some of these
differences are illustrated in Table 3).

7. INDUCTION OF DCM

According to Opdebeeck and collaborators, passage through the
bovine mammary gland of strains isolated from bovine mastitis that have
lost their DCM, reinduces in bacteria the ability to form DCM However,
this reinduction is not possible when passaging these same strains through
the ovine mammary gland (or peritoneal cavity). Hence, a species specific
phenomenon appears to be involved (Opdebeeck et al., 1988b). In any
case, these authors observed that the DCM was not maintained through "in
vitro" subcultures. Using strains maintained in the laboratory for over 3
years, Opdebeeck and his group (1987) succeeded in inducing the DCM in
75 per cent of the strains, after three passages through m110 or BHI
supplemented with 30 per cent bovine blood serum, but only in 7 among
192 strains grown in BHI supplemented with 30 per cent bovine milk.
Similarly, and using the same method, Sutra et al. (1990) found that about
85 per cent of type 5 and 8 S. aureus isolates {from cow, goat and ewe
milk produced DCM in SSA after growth in m110. This induction
required maintaining bacteria in very low numbers and in the logarithmic
phase of growth. Jonsson and collaborators (1989) were also able to
induce the DCM, after growing the strains in bovine milk whey for six to
ten hours, but not in m110 broth or agar (Mamo et al., 1991a). Similarly,
Yoshida and co-workers (1969) were able to recover the DCM (in an
originally E strain which had lost the ability to form a DCM in SSA) upon
prolonged cultures in SSA. On the other hand, Anderson (1984) found
that the majority (75 out of 104) of bovine mastitis strains maintained in
the laboratory from 18 months to three years, showed a diffuse or
intermediate (compact + diffuse) morphology in SSA after growth in
Mueller Hinton broth, while the remaining CCM strains, recovered their
DCM after passage through the mouse mammary gland Bacterial



14

hydrophilicity has been considered as an indirect encapsulation criteria’
(Jonsson and Wadstrom, 1983). In our labortatory, we have observed that
most strains (23 out of 26 ruminant mastitis strains) become hydrophjlic"'
after growth in an exopolysaccharide inducing media; however, none of
them showed a DCM at that stage, or after the passage through mouse
mammary gland (Baselga et al. 1990b).

8. PSEUDOCAPSULE AND SLIME

In bovines, Watson (1989a) named pseudocapsule a structure that
appears in about 80 per cent of bacteria, either freshly isolated from
bovine mastitis milk or after growth in media supplemented with
ruminants' milk whey. This structure only appeared in 10 to 20 per cent of
the bacteria after growth in conventional regular media (Watson, 1989a).
To visualize it by electron microscopy, an previous fixation with specific
antibodies is required.

Watson (1989a) considers that pseudocapsules are not true capsules, -
since they do not show a negative staining with Indian ink. He also
proposes that this structure is different from slime, because the latter -
presents the following properties: a) it appears abundantly after bacterial |
growth in m110 (an observation not illustrated in the mentioned study),
but not in medium supplemented with milk whey nor "in vivo"; b) it does®
not react with antibodies directed against the pseudocapsular antigens in
immunodiffusion tests; and c) after being produced during growth in
m110, the corresponding bacteria do not react in an agglutination test; on -
the contrary, bacteria do agglutinate in this test after culture in media
supplemented with milk whey, which induces pseudocapsulation
(Watson, 1989a). Furthermore, slime seems 10 be a more unstable
structure when compared with pseudocapsules, since the latter appears to
be maintained during washings (Watson, 1982; 198%) whereas the
former is lost (Wilkinson, 1983). Whether the differences between slime
and pseudocapsule are quantitative or qualitative is not clear. In fact, other
authors (Johne et al , 1984) also using electron microscopy and carefully
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isolating bacteria from bovine mastitis milk, found that these bacteria
formed DCM in SSA and detected an extracellular material, surrounding
the 5. aureus cell surface, which they named slime. A similar picture was
obtained after growing bacteria in m110 (Table 2).

Some of the differences between the findings of Watsen and those of
Johne's group could be attributed to the procedure applied for bacterial
isolation, since Johne and co-workers used a very mild method to isolate
bacteria from milk whey (immunomagnetism), whereas Watson carried
out repeated washings, which may have led to the elimination of slime
(Wilkinson, 1983).

In any case, it can be concluded that the formation of slime and not of
a true capsule after growth in m110 has been widely shown. In
experimental infections of the rabbit lung and after growing bacteria in
ml110 (Caputy and Costerton, 1982) , found an extensive matrix
surrounding the Smith-diffuse (E) and the Willey (NE) strains, using
electron microscopy. This slime grouped bacteria into microcolonies. It
was extracapsular in the case of the Smith-diffuse strain and could not be
identified by negative staining. Furthermore, this slime differed
immunologically from the true capsule but not from the slime produced by
the Willey strain (Caputy and Costerton, 1984). Also Yoshida and Ekstedt
(1968) concluded that certain exopolysaccharides different from those of
the E capsule can be produced by some S§. aureus strains in response to
specific nutritional conditions (m110; Table 2). Whether the slime and the
pseudocapsules besides presentig different aspects at the electron
microscopy are in fact immunologically different is unknown

Some of the problems to establish immunological differences are
inherent to the antibodies and others to the antigens. With regard to the
nature of the anticapsular antibodies used in different studies, Loeffler and
Norcross (1987) observed that 75 per cent of the DCM strains isolated
from mastitis milk change to CCM after the addition of anticapsular type A
sera obtained against the E Smith-diffuse strain after growth in m110. It
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might be possible that these sera contain not only antibodies against
capsules but also antibodies against slime. Furthermore, Caputy and-
Costerton (1984) considered that many studies (of electron microscopy -
and immunological) on identification of capsules and slime may have been
misinterpreted, since slime inducing media were used to grow bacteria in
both cases. However, the possibility that antigens similar to those of E -
strains (criteria Y) are also present in other strains with DCM isolated from -
mastitis milk should not be discarded. In fact, immunological cross-. -
reactivity between the slime of K93 strain and the capsule of the Smith :

diffuse strain has been shown (Karakawa and Kane, 1972).

The results of Sutra et al. (1990a; 1990b) suggest that the better

method for exopolysaccharide detection is the direct serotyping of the

capsular antigen. With their technique and using monoclonal antibodies
against types 5 and 8, the authors did not find any antigenic differences -
between bacteria growing in m110 agar, Columbia agar, skim-milk agar-
or BHI agar. However, when washing bacteria after growth in an
exopolysaccharide inducing medium (m110), capsular polysaccharide was -
detected in the washing supernatant of 83 per cent of type 8 strains, but in -
only 28 per cent of type 5 strains. There was therefore a removal of -

exopolysaccharide from the bacterial surface during washing but it was
imcomplete, since upon autoclaving of washed bacteria (sediment) a
substantial amount of exopolysaccharide was released (Sutra et al.,
1990b). The antigens of supernatant and those released by the autoclaved
bacteria were of the same type. These results suggest that the stable

exopolysaccharide layer (remaining on bacteria after washing) may be the -

~ capsule or pseudocapsule and that the labile layer (in the washing
supernatants) may be the slime.

9. PRODUCTION OF SLIME BY COAGULASE NEGATIVE -

STAPHYLOCOCCI

Coagulase negative staphylococci have acquired great importance in
human clinical medicine because of their capacity to adhere to different
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materials used in surgery (Quie and Belani, 1987). This capacity has also
been shown in some S. aqureus strains (Mayberry-Carson et al., 1986;
Barth et al., 1989; Vaudaux et al., 1989). Several studies suggest that
slime production facilitates this binding (Christensen et al., 1985) and
protects bacteria from phagocytosis and from antimicrobial agents,
including antibiotics (Quie and Belani, 1987). The slime production for
coagulase negative staphylococci can be estimated either by the procedure
developed by Christensen et al. (1985), in which the capacity of bacteria
to form biofilms on the walls of a tube is estimated, or by the colonial
morphology in Congo red agar (Freeman et al., 1989). Similarly,
morfology on mucoid maintenance agar can be applied to determine the
mucoid variants Pseudomona aeruginosa (Terry et al., 1991).

16. CONSEQUENCES OF CAPSULATION ON INFECTION
10.a. Resistance of S. aureus to phagocytosis

In ruminat mastitis, phagocytosis mediated by polymorphonuclear
neutrophils (PMN) is likely the most important defence mechanism of the
mammary gland. These PMN have opsonin receptors, specifically for the
C3b complement component and for the Fc portion of 1gG2 but not for
other immunoglobulin isotypes (Craven and Williams, 1985).

Different workers have shown that the bacterial cell wall
peptidoglycan exposed on bacterial surfaces activates the complement
alternative pathway (Peterson et al., 1978a; Verbrugh et al., 1980; Table
1). On the other hand, the majority of mammalian sera contain antibodies
directed against the S. aureus cell wall components (Beli et al., 1987,
Wergeland et al., 1989), resulting in the activating of the complement
classical pathway These antibodies are commonly directed against
peptidoglican. This high frequency is expected, considering the
immunological cross-reactivity between different Gram-positive bactenal
peptidoglicans.
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The fact that in E strains the bacterial cell wall remains "hidden" by -
the capsule, does not limit the binding of opsonins (immunoglobulins and - -
complement) to this wall (Peterson €t al , 1987b; Wilkinson et al., 1979b;

King and Wilkinson, 1981; Fig 1), but it may result in the inhibition of

the interaction between the bound opsonins and the corresponding

receptors located on phagocytes (Wilkinson et al., 1979a).

Some slime-associated effects could be similar to those attributed to_:
true capsules, since like capsules, abundant slime may mask the cell wall '-
antigens (Caputy and Costerton, 1982; Johne et al,, 1989) Fu:thermore,_'_' ;
immunologically, slime antigens have a low immunopotency when
compared to those of the cell wall (Caputy and Costerton, 1982), resulting -
in a poor opsonization and hindrance for phagocytosis (Table 1, Fig. n.

The mechanism of resistance t0 phagocytosis has been shown with
strains (Smith-diffuse and M) showing large capsules (criteria Y) but it
may not neccesarily be applicable 1o strains with microcapsules, as shown
by Albus and co-workers (1991). Lee and co-workers (1987b), showed -

that only strains provided with large capsules need specific antibodies

against these capsules for correct opsonization, whereas strains with :

microcapsules are efficiently phagocytized simply in the presence o'f';:j

complement (likely involved via the alternative pathway). It has also been
suggested that in the strains with microcapsules, antibodies directed -
against the bacterial cell wall may also play a role in opsonizatio'n :
(Karakawa and Young, 1979) Furthermore, the latter strains are also
opsonized with antibodies obtained against strains with large capsules.

(Lee et al., 1987b).

Keeping in mind that an extensive capsular exopolysaccharide layer

does not_allow the activation of complement alternative pathway, the
presence of specific antibodies against capsular antigens becomes:
necessary to activate the classical pathway, according 0 Verbrugh et al.

(1982) and Lee et al. (1987a; 1987b). These authors suggest that
complement may be crucial to eliminate "in vivo" the E strains of §.
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aureus. It would seem reasonable to pay attention to complement levels in
mamnlla:y secretions. These levels are high in colostrum and at the end of
lactaf‘.l.on (between 1 and 5 per cent of the serum concentration) In
mastitis, milk complement levels are also high (3 to 12 per cent of the
serum concentration; Craven and Williams, 1985)

However, it has been shown that even though E strains require high
normal bovine serum and whey concentrations for "in vitro" opsonization,
these. concr'entrations are still lower than those corrresponding to normal
physiological conditions (Peterson et al., 1978b; Anderson and Williams
1985.)‘. Furthermore, many serum components pass to milk as soon a;
mastlt.ls-associated inflammation begins, thus increasing the opsonizing
capacity of milk Anderson and Williams (1985) observed that difuted (50
per'. o;nt v/v) delipidized milk efficiently opsonized E strains in the
qma_;onty of animals (57 out of 62). These authors concluded that there is
little need to supply additional opsonins to milk by immunization against
capsular antigens However, Verbrugh and co-workers (1982) observed
that the encapsulated Smith-diffuse strain can be opsonized by human
normal serum, in contrast to the M strain, which is more heavily

encapsulated These observations are in agreement with those of
Lee
o o) etal

. Virtually all sera from healthy human donors possess
immunoglobulins against capsular exopolysaccharides (Wilkinson 1983).
Alt_ms et al {1988) found high antibody titers against microcapsular
anti gens (types 5 and 8, criteria K), either in healthy indi\'fiduals or in
cystic fibrosis patients. In cattle, milk antibodies against §. aureus
exopolysaccharides are frequently found (Norcross and Opdebeeck, 1983,
Watson and Colditz, 1983; Anderson and Williams, 1985; Opdebeeck and,
Norcross, 1985b; Loeffler et al., 1989; Watson, 1980b). These data
suggest that in humans, and likely in cattle, prolbnged exposures to
capsular antigens are taking place.

Given that the composition of S. aureus capsular polysaccharides is
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very similar to that of other Gram-positive and negative bacteria, it might_ -
be expected that these capsular antigens provide a natural cross-reactive .
immunity (Arbeit et al., 1984), 2

Altogether, these findings help understanding the fact that.upor; -
bacterial inoculations in mice S. aureus E strains are found more virulent
than NE strains (Yokomizo et al., 1977). This is obviously attributable to
the higher resistance of E strains to phagocytosis (Peterson et al., 19’78b_.
Wilkinson et al., 1979a; Verbrugh et al., 1982; Karakawa et al., 1?83)_;
Similarly, strains showing DCM after growth in whey also show_a hlghgr_ -
resistance to phagocytosis in comparison with these same strains aftg;::__.
growth in regular media (which do not induce DCM; Jonsson et al
1989). Mamo and co-workers (1991b) have reported that whey-grown S :
aureus strains were phagocytosed 1o a lower extent and bound le‘ss___:.
complement-factor C3 than their TSB-grown count.erpa:'.cs‘. Moreover, in
this study 5 out of 6 S. aureus strains grown 1n mxlk' whey we‘rg_ :
significantly more resistant to in vivo clearance from the pentonea_l cav1_ty:.:.
of mice than their homologous strains grown in TSB. Yoshlda and-:
Ekstedt (1968) found that S. aureus is more virulent for mice af tfar grow_th_.__;.
in m110 rather than growth in normal laboratory media ThlS. great_c._rl_:
virulence was also attributed to a greater fesistance to phagocytosns‘ due. to.

the slime production. Similarly, Brock and his group (1973}, carr?rmg out,
intradermal inoculation studies in cattle, also observed a greater v1ruler§<::e_:

when bacteria were previously grown inm110or in milk.
10.b. Resistance to intracellular killing by PMN

Buggy and co-workers (1984) suggested that Fhe continu(‘)us_x.S':
aureus peritoneal infections that appear in patients s.ubjec‘:tec_l to per1t0ne_q!:
dialysis, could be due o the survival of bacter?a within the PMN
Williams and his group (1984) also working with S. aureu‘s‘ strgl_ns,
observed that bovine PMN kill 90% of the phagocytized bactena aft_e_:

bation. Adam et al., (1971), found a greater resistance

hours of incu great
own "in vivo".It has beel

intracellular killing when the strains were gr
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suggested that staphylococci surviving within the cell are responsible for
the chronic inflammatory reactions (Anderson and Williams, 1985). Some
authors, however, propose that the presence of a capsule does not seem to
increment the intracellular survival, once the bacteria have been
phagocytized (Anderson and Williams, 1985).

10.c. "In vivo" antigenic types

For Mackie and co-workers (1979) the physiological consequence of
exopolysaccharide production is that bacteria pfesent a greater resistance to
phagocytosis and, a greater capacity to adhere to cell surfaces, properties
which may help to bacteria survive (Table 1) Thus, when the selection
pressures favoring these two properties disappear under certain (regular)
growth conditions, the presence of exopolysaccharides is not
advantageous and this extracellular layer disappears. Hence, growth in
regular culture media (BH!, THB, etc) implies that bacteria have different
virulence and immunologic properties and are potentially more vulnerable
to the immune system attack, when compared to those freshly obtained
after "in vivo" growth (Brown and Williams, 1985; Lorian, 1989). Thus,
some "in vivo" produced antigens may not be detectable after "in vitro”
growth in regular media (Watson, 1989b). Some of these antigens may
however be shared by strains grown in nutrient broth supplemented with
milk whey and, altough these antigenic structures do not constitute a true
capsule, they confer the bacteria some resistance to PMN mediated
phagocytosis, according to findings in sheep (Watson, 1982; 1989b).

In any case, it is easily understood why in general live attenuated
vaccines are mote efficient than inactivated vaccines, even in cases where
the bacteria used have been grown in media which resemble some of the
"in vivo" conditions (milk whey; Watson et al., 1978; Watson, 1982,
1989b).

Besides the antigenic differences between the strains grown "in vivo"
and "in vitro", there may be quantitative differences (Power et al , 1990).
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These may also influence the strains virulence. Thus, the. capsular size and_ 5
the amount of mucus vary among strains and they may likely be related o
virulence and/or invasiveness (Wiley, 1968; Y oshida and Ekstedt, 1968; :

Chomarat et al., 1989; Yoshida, 1987).

10.d. Resistance to agglutination

Kapral (1966) observed that after intraperitog.eal‘ inoculation i.n.mlce,;__ |
NE S. aureus strains rapidly agglutinate (due to fibrinogen, according to
the author) and later, the resulting aggregates arc suerfmded by PMN
These bacteria cannot freely multiply, nor liberate appreleable an_lounts of:
toxins to the medium and therefore the inoculatec.l mlc-e survive. In. E
strains this agglutination does not take place, bacterla.remst phagocytoslls__..
and, after the liberation of toxins, the infected mouse dies (Table 1).

Baselga and Amorena (1990a) showed that during bz‘lcteria‘ljrow-t?ﬁ.
aggregation of bacteria can be induced when supplementing media v:! h
ovine or bovine whey. In cattle, Gudding and co-workers (1984), v:gz.
hours after inoculation of S. aureus into the mammary. gland, &_)bs_ervt_ d':-"
aggregates of neutrophils and bacteria which could easily be eliminated

during milking. These aggregates, however, were not observed 18 hours:

. “-
after inoculation. It is possible that bactena become adapted to the "in.

vivo" conditions producing appreciable amounts of e.xopolysacch.ari.dgf.
impeeding with it the agglutination or the casy elimination during milking,
and thus favouring the bacterial survival within the mammary gland.

The strong migratory response of the PMN_ tox'vardsl the bovutli.e::_:-
mammary gland during inf ection suggests the p«’:.lrthlpatl()n of .chemotatc. c
mediators (Craven and Williams, 1985). This chf,mo?actlc attrac I:;;}
becomes inefficient in the luminal surfaces of the epithelium. Onc_e P 1 d
enter the gland, they are incapable to produce a'n active lgcgmouonha?n_h
depend on random collisions to contact bacte:na‘j anar this ‘reasox(1:, lin
PMN concentrations are necessary to produce an eff 1megt defence ( rave 1
and Williams, 1985). Obviously, the existence of small bacte;ua
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aggregates or the absence of agglutinability may difficult phagocytosis
since they difficult the contact PMN-bacteria (White et al., 1980). Other
authors (Lam, 1985) speculate that the presence of large aggregates
difficults their elimination by phagocytosis due to the large aggregate
volume. Both mechanisms (formation of large and small aggregates), are
not necessarily mutually exclusive, they can act simultaneously.

10.e. Microcolony formation

The observation of bacterial populations in infectious processes
shows that the majority of bacteria form microcolonies adherent to tissues.
Thus, after the initial adhesion of free bacteria to tiséues, bacterial celis
grow within an exopolysaccharide matrix, in microcolonies giving rise to
an irreversible binding (Mayberry-Carson et al., 1986, Costerton et al.,
1987). This mechanism could be present in the "in vivo" infection. Thus,
Chan and collaborators (1982) suggest for E. coli an "in vivo" mechanism
of adherence to the intestinal epithelium, whereby adhesins (fimbriac) are
responsible for the initial adhesion and "capsular” exopolysaccharides are
responsible for the formation of microcolonies in which bacteria multiply.
Compatible with this hypothesis are, on one hand, the findings of Ryden
et al. (1987; 1989), who found a specific bone sialoprotein, to which S,
aureus strains isolated from osteomyelitis patients bind selectively and, on
the other hand, the fact that S. awureus slime is involved in "in vivo"
bacterial adherence to cartilage and bone and in microcolony formation

(Mayberry-Carson et al., 1984; Speers and Nade, 1985; Power et al,
1990).

In §. aureus, the initial binding is favoured by the presence of plasma
and basal membrane proteins (Vaudaux et al., 1989). Concerning mastitis,
8. aureus could adhere to mammary gland ducts and alveoli via basal
membrane proteins (Mamo et al., 1988) or epithelial cells (Amorena et al.,
1990), to form microcolonies later on. Two proteins derived from the cell
wall of S. aureus, were able to bind to bovine lactiferus sinus and human
buccal epithelial cells One of them was identified as fibronectin-binding
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protein (Lindahl et al., 1990). Gudding and co-workers (1984) observed -
that "in vivo" S. aureus was bind to mammary gland epithelial cells but :
this binding is not mediated by fimbriae or similar structures. The authors -

suggest that exopolysaccharide molecules could be involved in this
binding.

It is not yet clear whether extracellular slime functions as a "glue" in
the initial adhesion of bacteria, or whether it is produced only after the
bacteria have adhered and have been subjected to metabolic stress -
(Karakawa and Kane, 1972; Terry et al , 1991). In fact, antibody obtained =
against slime inhibits the "in vitro” and "in vivo" adherence of slime
producer coagulase negative bacteria to silicon elastomer catheters (Kojima
y cols., 1990). Our results (Iturralde et al., 1991) suggest the possibility

that "slime" may act as an adhesin to epithelial cells.

Many chronic infections imply a bacterial growth in the form of
adherent colonies within a large exopolysaccharide matrix (Brown et al.,
1988). Thus, the resulting microcolonies are not susceptible to’

phagocytosis by macrophages and PMN because of their size (Lam et al.,
1080). These colonies form foci of humoral and celluiar inflammatory
reactions which are usually sufficent to eliminate individual bacterial cells
that are shed off the surface. However, the defence mechanisms may
sometimes fail, specially in the stressed or weak animals, where these
liberated cells can disseminate and exert a pathogenic role (Costerton et
al., 1983). These phenomena could explain some cases of S. aureus
chronic mastitis. :

The growth within microcolonies may also explain the great resistance of

chronic mastitis animals to antibiotic treatment, given the difficulty of
antibiotics to reach inhibitory concentrations within the colony (Marrie et
al., 1982; Brown et al., 1988) In fact, there is a correlation between the

"in vitro" exopolysaccharide production of Streplococcus, from heart

vegetations in rabbits with experimental aortic-valve endocarditis, and the

failure to erradicate the infection with antibiotics (Dall and Herndon,

25

1989). Davenport et al. (1986) also found that only 32% of infections
caused by slime producer coagulase-negative staphylococci, in patients
with a prosthetic device, in contrast to 100% of infections caused by
slime-non producer organisms were improved by treatment with
antibiotics.

The formation of an exopolysaccharide matrix "in vivo" may have
important metabolic implications, favoring the sequestration of bacterial
exoenzymes in these colonies nearby the bacteria which produce them
(Caputy and Costerton, 1982). These enzymes may thus facilitate the
access of degradation products of different milk components to bacteria
In this line of work, Mattila et al. (1988) found that strains with DCM
grew more rapidly than those with CCM in bovine milk whey. The
opposite situation was found when growth was taking place in milk whey
of mastitis affected animals. According to these authors, it is possible that
in these diseased animals there is an abundance of extra-nutrients existing
in milk whey (degradation products of caseins, hemo-products, etc),
meaning that these nutrients are not any more limiting factors for bacterial
growth and thus, in these cases the elaboration of exopolysaccharides
would be a load instead of an advantage for bacteria. How this suggestion
fits the hypothesis proposed by other authors on "in vivo" associated
slime production (Caputy and Costerton, 1982) in mastitis affected
animals is unknown. Both hypotheses are compatible if it is assumed that
bacterial cells may change the surface properties throughout the different
stages of the disease, according to the microenvironments created within
the mammary gland during these stages.

11. CONCLUSIONS

The conceptual differences between the terms capsule, microcapsule,
pseudocapsule and slime have not always been clear in the literature: they
have indistinctly been used on many occasions without immunologic
and/or biochemical characterizations that endorse these differences. In any
case, the implications of these layers on the enhacement of mastitis
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virulence are evident.

Further studies on identification and immunopotentiation of S. aureus

extra-cellular layers and on the way to monitor the exopoiysaccharic.le- o
dependent virulence mechanisms involved in mastitis, may help to clarify .

the possible molecular events underlying this disease (or other §. aureus

invasions) and design new approaches for prophylaxis and treatment of - -

the disease.
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Tabla 1. Major physiologycal implications associated with an

extensive exopolysaccharide matrix in S. aureus*

1. Hindered exposure of cell wall and coagulase molecules

2. Impaired aggregate formation mediated by adhesins (immunoglobulins,
{ibrinogen, fibronectin, etc.)

3. Reduced interaction of bacteria-bound opsonins (immunoglobulins,
complement.etc ) with the corresponding phagocyte receptors

4. Lack of activation of the complement alternative pathway by cell wall
peptidoglycan: Decreased bacterial opsonization

Greater success in bacterial multiplication within microcolonies
Greater resistance to phagocytosis (consequence of points 1 to 4)

Decreased access of antibiotics to bacteria

® N o W

Higher virulence (consequence of points 1 to 7)

* The mentioned properties correspond to cases in which the
exopolysaccharide matrix (capsule, microcapsule, pseudocapsule, slime,
etc.,) is abundant




Table 2. S. aureus envelopes according to the strain types

and culture media used: denominations applied by different

authors

Growth medium

Type of envelope

Truly encapsulated strains
)

Non-truly encapsulated strains

In vivo

Special media
{mi10, Columbia,
Bovine whey)

Regular media
(BHI, THB, eic.}

Capsule and slime (Caputy
and Costerton, 1982, 1984)

Capsule and slime (Caputy
and Costerton, 1982;
1984;Yoshida, 1971,
Y oshida and Ekstedt, 1968)

Capsule (Caputy and
Costerton, 1982; 1984,
Yoshida and Ekstedt, 1968)

Capsule or Microcapsule: -
Karakawa’s criteriz (Albus et
al.,1988; Arbeit and Dunn,
1987a; Boutonnier et al.,
1989) Yoshida and
Minegishi, 1976)

Pseudocapsule (Watson, 1989a)

Slime {Johne et al., 1989)

Capsule or Microcapsule.

K arakawa's criteria (Hockeppel
et al 1987; Karakawa and
Vann, 1982; Karakawact al,
1985)

-Yoshida’s criteria (Chomarat et
al. 1989;Norcross and
Opdebeeck, 1983; Yoshida et:
al, 1979)

Pseudocapsule (Watson, 1982,

1989a;)

Slime (Caputy and Costerton,

1982:1984; Johne et al ,
1989, Watson, 1989a)

Strain types:

-With capsular antigens
(Chomarat et al , 1989,
Yoshida and Minegishi, 1976)

-Without capsular antigens
(Y oshida and Minegishi,
1976)

Table 3. Chemical composition of capsule and slime layers from

some S. aureus strains

Strain

Composition

Capsule
M (Murthy et al, 1983)
(Type 1, critenia K)
SA) mucoid (Leeetal,
1987)
T (Williams et al., 1984)

Smith-diffuse (Hannessian
etal., 1964; Type A,
criteria Y)

Becker (Fournier et al.,
1984; Type 8, criteria K)

Reynolds, 840843 and
850052 (Fournier et al.,
1987; Type 5, criteria K)

Slime
K93 (Karakawa et al , 1972)

Several strains (Rozgonyi
et al , 1985)

2-acetamido-2-deoxy-D-galacturonic acid,
2-acetamido-2-deoxy-D-fucose, taurine

2-acetamido-2-deoxy-a-galacturonic acid,
2-acetamido-2-deoxy-a-fucose, taurine

2-acetamido-2-deoxy-D-mannuronic acid,
2-acetamido-2-deoxy-D-fucose

2-acetamido-2-deoxy-D-glucurcnic acid,
2-acetamido-2-deoxy-L-alanyl glucuronic acid

O-acetyl, N-acetylfucosamine groups and
aminuronic acids similar to N-
acetylgalactosaminuronic acid

N-acetylfucosamine,
N-acetylhexosaminuronic acid

Galacturonic acid, galactose, mannose,
phosphorus

D-galacturonic acid, D-glucuronic acid,
D-galactosamine, D-galactose,
D-mannose, D-xylose




Fig. 1. Barrier effects created in strains with an extensive exopolysaccharide
matrix (option A) in relation to strains with a low or null exopolysaccharide
content (option B). Two consecutive phases may be considered. In phase I,
different compounds (immunoglobulins, fibrinogen, fibronectin and
complement components) interact with the bacterial cell wall in both options,'
but thereafter they remain hidden when the mentioned matrix is present- :
(Option A). As a consequence, if these (option A) bacteria are grown in serum
soft agar, aggregates (CCM) can not be formed and a diffuse colony . -
morphology (DCM) is observed. On the other hand, if these bacteria:

encounter mammalian phagocytes (phase II) with C3 or Fc immunoglobulin
receptors, an inhibition of the normal interaction between bacteria and.

phagocytes is observed, favouring virulence

PTION

Bacterial
' cell wall
Capsule
Medium with
Ig’s, Fg, Fn, '
Complement
CCM in
SSA
_ (aggregate
DCM in SSA formation)
{(absence of
aggregates) /
Medium with - '
phagocytes )

Normal interaction
between components
reacting in phase 1 and
those reacting in phase 2

Inhibition of the interaction between
components reacting in phase 1
and those reacting in phase 2






