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I. RECURSO ViA GUBERNATIVA

Yo, Luz Clemencia DE PAEZ, en mi condicion de apoderada de la sociedad
MERIAL LIMITED solicitante de la patente de la referencia, por el presente escrito
atentamente manifiesto a usted que debidamente notificada de la Resolucién No. 28810
del 29 de Mayo de 2015, interpongo en su contra el recurso de REPOSICION, para que
sea revocada y en consecuencia se conceda el privilegio de patente de invencion para
“COMPOSICION INMUNOLOGICA DE ACEITE EN AGUA” a favor de MERIAL
LIMITED.

Il. OPORTUNIDAD DE LA IMPUGNACION

La Resolucion No. 28810 del 29 de Mayo de 2015, con fecha de publicacion
listado del 02 de Junio de 2015, fecha de vencimiento del 02 de Julio de 2015, y fecha del
término legal el 09 de Julio de 2015.

ll. LA DECISION RECURRIDA

31 Mediante la Resolucion objeto de la presente impugnacion, el Superintendente de
Industria y Comercio decidio:
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3.1.1 Denegar la patente de invencién a la creacién titulada: “COMPOSICION
INMUNOLOGICA DE ACEITE EN AGUA”

32 En la parte motiva de la providencia, se mencionaron los siguientes fundamentos:

3.2.1  Las caracteristicas esenciales de la invencion de la reivindicacién 1 habian sido
derivadas de manera evidente previamente en los documentos D1 y D2, los
cuales dan a conocer una composicion farmacéutica de emulsiéon de aceite en
agua vacunal.

3.2.1  "“En referencia al argumento de la solicitante, segun el cual D1 no ensefia 0.7
mg/dosis a 2,7 mg/dosis de saponina, ni 0.065% p/v de hidroxido de aluminio ni
una composicion inmunologica estable por 24 meses, se aclara que en el
documento D1 si se encuentra divulgacion para seleccionar a la saponina (Pag.
6) y el hidroxido de aluminio (Pag. 11) como adyuvante en una composicion
inmunolégica. Adicionalmente, la dosis de la saponina y la proporcion del
hidroxido de aluminio que la solicitante aporta, no brinda un efecto técnico
sorprendente a la luz de las ensefanzas del documento D2 que divulga una
dosis menor (10pg/dosis) en una composicion inmunoldgica con estabilidad
incrementada (Pag. 14 linea 23). Por lo anterior y teniendo en cuenta que la
seleccion de adyuvantes como la saponina y el hidréxido de aluminio para
incluirlas como ingredientes en una composicion farmacéutica corresponde a
una practica conocida por el experto normalmente versado en la materia, este
Despacho considera que las reivindicaciones 1 a 12 no tienen nivel inventivo.”

3.2.2 "Respecto al argumento segun el cual no existe indicacion alguna para combinar
la solucion del documento D2 con la invencion del documento D1, este Despacho
aclara que el nivel inventivo del objeto reclamado en las reivindicaciones 1 — 12
es afectado por la combinacion de las ensefianzas de las anterioridades D1 y D2
para lo cual el documento D1 divulga una composicién farmacéutica de emulsion
de aceite - agua (Pag. 2,) que comprende: una solucidén con inmunégeno (Pag.
2), (saponina), 0.42% de hidréxido de aluminio (Pag. 11), 20 % - 40% de aceite
mineral (Pag.11), 0.1% - 2.5 % de surfactante lipofilico no idnico como
monoesteres de acido graso de sorbitan (Pag.9 ), 0.1% - 1.5 % de surfactante
hidrofilico no iénico como acidos grasos (Pag.8 , linea 15 ). El documento D1
también divulga un inmunégeno seleccionado del grupo de patégenos y virus
atenuados (Pag. 15 linea 32), de tipo circovirus 2 porcino (Pag. 16 linea 34) y el
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documento D2 ensefa una composicion vacunal que comprende (Pag. 1 linea
24), un inmundgeno, (Pag. 1 lineas 25 -27), 10ug/dosis de saponina QS21 (Pag.
14 linea 23), esterol (Pag. 1 linea 25). Por lo tanto una persona normalmente
versada en la materia incluiria la saponina del documento D2 en la composicidn
vacunal del documento D2 anticipando de esta manera las caracteristicas
técnicas esenciales del objeto reclamado en la presente solicitud.”

IV. OBJETO DEL RECURSO

De acuerdo con los argumentos que expongo a continuacion, salicito atentamente
a su Despacho lo siguiente:

1 Revocar la Resolucion No. 28810 del 29 de Mayo de 2015.

2. Conceder el privilegio de patente de invencion para “COMPOSICION
INMUNOLOGICA DE ACEITE EN AGUA” a favor de MERIAL LIMITED.

V. MODIFICACION DE UNA SOLICITUD EN TRAMITE

En virtud del Articulo 34 de la Decisién 486 de la Comision de la Comunidad
Andina, donde se establece que la modificacion de una solicitud es posible en cualquier
momento del tramite mientras no implique una ampliacién de la solicitud inicial, me
permito presentar un nuevo pliego reivindicatorio conformado por 10 reivindicaciones.

A este respecto, amablemente ponemos de presente ante su Despacho que las
reivindicaciones han sido modificadas para reemplazar “una composicion inmunoldgica
estable, caracterizada porque comprende una emulsion de aceite en agua (O/W)
inyectable” por “una emulsion de aceite en agua (O/W) inyectable inmunoldgica estable,
segura y eficaz". Asi mismo, se han eliminado las reivindicaciones 2 y 6. Finalmente, las
reivindicaciones 1 a 4 han sido modificadas para limitar las proporciones de cada uno de
los componentes de la emulsion objeto de la presente invencion.

Por lo tanto, los argumentos esgrimidos a continuacion con respecto a la
patentabilidad de la invencion, en los términos del capitulo reivindicatorio modificado,
resultan plenamente predicables del capitulo reivindicatorio sobre el cual la patente fue
negada. En efecto, la no ampliacion de la materia en el nuevo pliego es evidencia
suficiente de que el presente recurso controvierte el analisis de patentabilidad efectuado
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por su Despacho, de tal manera que el presente recurso cumple con los requisitos de ley
para su aceptacion y tramite.

VI. FUNDAMENTOS DEL RECURSO

Respetuosamente me permito disentir de lo expuesto por ese Despacho en la
Resolucion objeto del presente recurso, toda vez que la presente solicitud si cumple con
los requerimientos de novedad y nivel inventivo exigidos en la Decisién 486, como se
demostrara a continuacion:

6.1 La presente solicitud si tiene nivel inventivo

El articulo 18 de la Decision 486 sefala lo siguiente:

“Articulo 18.- Se considerard que una invencién tiene nivel inventivo, si para una
persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no hubiese resultado obvia ni se hubiese derivado de manera evidente del

estado de la téenica.”

Consecuentemente, una invencion se considerara inventiva si la misma no hubiese
resultado obvia a partir del arte previo, para una persona del oficio normalmente versada
en la materia. Esto a su vez implica que el Examinador a cargo de esta evaluacion debe
colocarse en el momento exacto en el que el inventor buscaba resolver el problema
técnico contemplado en la solicitud y para el cual poseia la literatura y el conocimiento
disponibles en dicho momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacién de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencién reivindicada. Adicionalmente se considera que una mejora
sustancial, un efecto inesperado o una ventaja con respecto al arte previo es un indicio de
nivel inventivo, por cuanto aporta un salto tecnologico en la regla técnica.
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Respecto a lo anterior, el Tribunal de Justicia de la Comunidad Andina ha
expuesto en la Interpretacion Prejudicial del proceso 13-IP-2010:

‘En este orden de ideas, se puede concluir que una invencién goza de nivel
inventiva cuando a los ojos de un experto medio en el asunto de que se trate, se
necesita algo mas que la simple aplicacién de los conocimientos técnicos en la
materia para llegar a ella, es decir, que de conformidad con el estado de la técnica
el invento no es consecuencia clara y directa de dicho estado”

[senalado fuera del texto]

Por lo anterior, se entiende que para que una persona medianamente versada en
la materia pudiera derivar de manera obvia una invencion, requeriria simplemente aplicar
sus conocimientos técnicos. En contraste, todo aquello que va mas alla de la simple
aplicacion de los conocimientos técnicos y que no ha sido revelado en el estado de la
técnica, debe ser considerado inventivo.

A este respecto, respetuosamente manifestamos nuestro desacuerdo con el
analisis llevado a cabo por el Examinador y con las conclusiones del mismo y solicitamos
atentamente la reconsideracion de las razones por las cuales se decidié negar la patente,
con base en la siguiente informacion:

En vista de las objeciones elevadas por su Despacho, nos permitimos sefalar
que la presente invencion reivindicada es novedosa y no es obvia, ya que proporciona,
por primera vez, una emulsion de aceite en agua altamente segura, inmunogénica y
sumamente estable, que contiene un antigeno, un aceite no metabolizable, y rangos
especificos de las cantidades de saponina y Al(OH)s.

Asi las cosas, es muy importante tener en cuenta que antes de la invencion
reivindicada, la persona del oficio normalmente versada en la materia habria esperado
una combinacion de un aceite no metabolizable y saponina para dar lugar a una emulsion
de muy corta duracion. Por ejemplo, en D2 en la pagina 7, se describe, en parte, que la
reduccion del efecto litico de QS21 "requiere una proporcién minima de 0,5:1 colesterol:
QS21 (p/p)."

‘De la misma forma es vélido el uso de liposomas fluorescentes para medir la
actividad litica. En el siquiente gréfico, la actividad litica de 4ug de QS21 tratada
con liposomas que carecen de colesterol (1 mg lecitina de yema de huevo por ml)
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Los datos muestran que QS21 asociada en una manera especifica con el
colesterol en una membrana, lo que provoca la lisis (de células o liposomas
fluorescentes). Si los QS21 se asocian en primer lugar con colesterol en los
liposomas ya no es litico hacia células u otros liposomas. Esto requiere una
proporcion minima de 0,5:1 colesterol: QS21 (p/p).

El colesterol es insoluble en soluciones acuosas y no forma una suspension
estable. En presencia de fosfolipidos el colesterol reside dentro de la bicapa
fosfolipidica que puede formar una suspension estable de vesiculas llamadas
liposomas. Se probé un derivado soluble para evitar la exigencia de afiadir
fosfolipidos. El sebacato de polioxietanil-colesterol es soluble en agua a 60 mg/ml,
sin embargo, incluso en un exceso de plegado de 2000 (p/p) sobre QS21, no se
detecté ninguna reduccion en la actividad litica de QS21.”

Como tal, D2 no le ensefa al experto en la técnica a usar saponina sin un esterol
atenuado como el colesterol. En contraste, la emulsion estable actualmente reivindicada
requiere aceite de parafina, un aceite no metabolizable. Por otra parte, el resultado de la
invencion reivindicada es una composicidn inmunogénica que permanece estable y es
capaz de provocar una respuesta inmune significativamente mejorada en un animal al
menos aproximadamente 24 meses después de que se produce la emulsion. Asi, la
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persona experta sabria que la cantidad de antigeno esta limitada por el volumen de los
componentes de la emulsion no antigénicos. Por lo tanto, la invencion reivindicada no sélo
proporciona una estabilidad inesperada de la emulsion, sino que también proporciona
inmunidad mejorada de la dosis economizada.

Por otro lado, es importante poner de presente que la invencion reivindicada no
es ni obvia ni hubo una expectativa razonable de éxito de la invencién reivindicada.

A este respecto, sefialamos que D2 no describe o sugiere que la emulsion es
estable tres afios, como las emulsiones de la presente descripcion. Por otra parte, como
se menciono6 anteriormente, las emulsiones de D2 contienen QS21 (una saponina) y un
aceite metabolizable (por ejemplo, colesterol), mientras que la emulsion reivindicada
contiene saponina y un aceite no metabolizable. Suponiendo sin conceder que la
saponina y la emulsiéon de aceite en agua metabolizable de D2 se mantuvieron estables

durante el tiempo afirmado, tal ensefianza no proporcionaria al experto en la materia
cualquier orientacion en cuanto a la duracién en el que una emulsion que contiene
saponina y un aceite no metabolizable podria seguir siendo suficientemente estable para
todavia ser capaz de provocar una respuesta inmune protectora. De hecho, D2 ensefia
que el componente de QS21 se degradara en ausencia del colesterol metabolizable
(continuacion, D2 pagina 8, y D2 como un todo).

"1.4 Aumento de la estabilidad de QS21 por liposomas que contienen colesterol

Q821 es muy susceptible a la hidrélisis a un pH superior a 7. Esta hidrélisis se
puede monitorizar midiendo la disminucion en el pico correspondiente a QS21 en
HPLC de fase inversa. Por ejemplo, el siguiente grafico muestra que a pH 9 y a
una temperatura de 37°C, 90% de QS21 se hidroliza dentro de 16 horas. Si se
anaden los liposomas que contienen colesterol a la QS21 en una proporcién de 2:1
(colesterol: QS21 p/p) no se detecta hidrélisis de QS21 en las mismas condiciones.
Sila relacion es 1:1 el 10% de la QS21 se degrada.
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Se concluye que cuando QS21 se asocia con liposomas que contienen colesterol
se vuelve mucho menos susceptible a la hidrélisis mediada por base. El producto
de hidrolisis se describe como que no tiene actividad adyuvante cuando se
administra parenteralmente, por lo tanto, las vacunas que contienen QS21 tienen
que ser formuladas a pH &cido y se mantiene a 4°C para mantener la composicion
adyuvante. El uso de liposomas puede superar este requisito.”

Debido a que la emulsién reivindicada tiene ningun aceite metabolizable, que
posiblemente podria caracterizarse como una dilucion infinita de aceite metabolizable de
emulsion de D2, es casi seguro que el experto en la técnica esperaria que toda la
saponina seria degradada de la emulsion reivindicada, dentro de un periodo muy corto de
tiempo (por ejemplo, dias). En lugar de ello, y bastante sorprendente en vista de D1y D2,
las emulsiones reivindicadas son estables durante casi 3 afios.

En cuanto a D1, lo poco que esta referencia menciona acerca de saponina no
guiaria a la persona versada en la materia a incluir saponina como parte de un
almacenamiento estable de una emulsién de aceite en agua no metabolizable. Por
ejemplo, D1 indica que las emulsiones pueden contener tensioactivos que pueden incluir
un tensioactivo ionico tal como lecitina o saponina (D1 en la pagina 1, parte inferior). El
documento D1 también recita saponina como parte de una extensa lista de adyuvantes de
vacunas conocidos (D1 en la pagina 6, abajo). Por lo tanto, en un sentido muy amplio y
general, la saponina podria afiadirse a las formulaciones descritas por D1, como podia
casi cualquier otro tensioactivo o adyuvante posible. Sin embargo, D1 ensefia que los
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tensioactivos ionicos, como saponina, no son los preferidos (D1 en la pagina 10, abajo,
recitando en parte, "emulsiones como las descritas en el presente documento no
contienen cualquier tensioactivo iénico o cualquier compuesto conocido por tener
propiedades surfactantes ionicos, tales como lecitina o saponina"). Por lo tanto, en
ninguna parte de D1 se ensefia ni sugiere que el aceite no metabolizable estabiliza
composiciones que contienen saponina.

En consecuencia, si uno realmente se posiciona a uno mismo en la posicion de la
persona versada en la materia con la lectura de D1 y D2 -en el momento de la presente
invencion- uno entenderia que la omision de un aceite metabolizable como escualeno
resultaria en la degradacion del adyuvante y el tensioactivo, saponina. El experto también
habria entendido que si la saponina degradada, y la saponina funcionaba tanto como
surfactante y adyuvante, a continuacion, la emulsién no habria sido estable, y su potencial
inmunogenico se habria perdido. Como tal, una persona versada en la materia, en el
momento de la invencion, que busca conseguir el resultado obtenido por la presente
invencion no habria incluido saponina sin también incluir un aceite metabolizable.
Ademas, la presente memoria descriptiva describe que mientras que las emulsiones que
contienen cantidades mas altas de antigeno mas (o menos) de saponina se volverian
inestables en tan poco como 6 meses, la inclusion de hidroxido de aluminio es capaz de
eliminar este problema de estabilidad de la emulsién. Como tal, ya sea la cantidad de
hidréxido de aluminio, o la combinacion de hidréxido de aluminio y saponina se podrian
caracterizar adecuadamente como ‘"variables de resultado-eficaz", dependiendo del
resultado en cuestion (es decir, la fuerza de la respuesta inmune, estabilidad de la
emulsion con el tiempo, y el como.)

En consecuencia, ademas de no guiar a la persona experta hacia el uso de
saponina sin un aceite metabolizable como el colesterol, las ensefianzas combinadas de
D1y D2 fracasan en ensefiar o sugerir que las cantidades especificas de hidréxido de
aluminio (como las cantidades actualmente reivindicadas) puede estabilizar emulsiones
que contienen saponina basadas en aceite no metabolizable.

Ademas, la presente descripcion proporciona emulsiones inmunogénicas gue
tienen una mayor estabilidad de almacenamiento (por ejemplo, aproximadamente 36
meses) y inmunogenicidad aumentada. Como se indic6 anteriormente, la saponina por si
misma no estabiliza emulsiones que contienen la mayor cantidad de carga Uutil de
antigeno. En cuanto a la estabilidad, la variable de resultado eficaz es la cantidad de
Al(OH)s. En cuanto al aumento de la inmunogenicidad, la variable de resultado eficaz son

(8]
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las cantidades combinadas de saponina y Al(OH);. Ninguna de estas variables se dan a
conocer o son sugeridas por D1 y D2 como una variable de resultado-eficaz para la
estabilizacion o adyuvante de las emulsiones de aceite en agua no metabolizables
reivindicadas. Como tal, la optimizacion de estas variables no se puede caracterizar
adecuadamente como “pruebas de rutina." Por lo tanto, la invencién reivindicada es
novedosa e inventiva en vista de D1 y D2.

Por otro lado, es importante tener en cuenta la Tabla 2 de |a descripcion:

o
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La tabla 2 proporciona asi quizas la indicacién mas clara del nivel inventivo de la
invencion reivindicada. La adicién de hidréxido de aluminio a formulaciones gue contienen
saponina + 60 g/dosis de antigeno (es decir, emulsiones 9, 11 y 13) supera la
inestabilidad observada para las emulsiones que no contienen hidréxido de aluminio (es
decir, emulsiones 3, 5y 7). Y contrariamente a lo que afirma su Despacho, los solicitantes
amablemente sefialan que la descripcion es clara en cuanto a las cantidades de otros
componentes presentes en las emulsiones referenciadas en la Tabla 2. Por ejemplo, el
parrafo [0177] de la solicitud de Estados Unidos publicada recita, en parte:

[0176] Esta tabla indica la estabilidad (es decir, el tiempo en meses las
formulaciones permanecen como emulsiones de aceite en agua) de formulaciones
vacunales preparadas de acuerdo con el método descrito en el Ejemplo 1.

En consecuencia, la Tabla 2 muestra una estabilizaciéon de la emulsion
Impredecible lograda por la adicién de la cantidad reclamada de hidréxido de aluminio.
Este efecto no se podria haber predicho, porque no hay ninguna ensefianza o sugerencia

—
—
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en la combinacion de D1 y D2 que demuestre que el hidroxido de aluminio estabiliza
emulsiones vacunales de aceite en agua que contienen saponina pero que no contienen
un aceite metabolizable, como escualeno o colesterol.

Los solicitantes respetuosamente afirman que la reivindicacion 1 previamente
presentada tampoco es obvia en vista de las ensefanzas combinadas de D1y D2 porque
todavia era capaz de preservar suficientemente el potencial inmunogénico de los 60 pg
del virus completo PCV2 inactivado.

Por lo tanto, un técnico con conocimientos medios en la materia no estaba en
condiciones de plantearse el problema, tampoco de resolverlo en la forma en que se
reivindica y tampoco de prever el resultado, por lo que la presente solicitud posee la altura
inventiva para que se le conceda el privilegio solicitado.

En consecuencia de lo anterior, la invencion de la presente invencién tiene nivel
inventivo en vista de los documentos D1 y D2 del estado de la técnica citados por el
Examinador.

Conclusion

El documento D1, el documento D2, o su combinacion no resulta anterioridad
valida capaz de afectar el nivel inventivo de la invencion de la presente solicitud.

En consecuencia, el meérito investigativo de la presente invencidn ha sido
reconocido por otras oficinas de patentes del mundo, las cuales han otorgado patentes
para invenciones equivalentes. Tal es el caso de Estados Unidos de América.

A este respecto, deseamos poner de presente que si bien cada pais es auténomo
de conceder o negar una solicitud luego de la realizacion del estudio de fondo, es claro
que el hecho de que la novedad y el nivel inventivo de una invencién hayan sido
reconocidos por varias oficinas a nivel mundial, es un indicio de la patentabilidad de la
misma toda vez que (i) el estudio de novedad y nivel inventivo en todas las Oficinas de
Patentes del mundo es realizado por personas con conocimientos técnicos en el area de
interés que son consideradas personas idoneas para emitir conceptos sobre la
patentabilidad de una invencion y que (i) los resultados de los examenes de novedad o
de patentabilidad efectuados respecto a solicitudes extranjeras pueden ser reconocidos

1
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como suficientes para acreditar el cumplimiento de las condiciones de patentabilidad de la
invencidn, tal como se sefala en el articulo 46 de |la Decision 486:

“Articulo 46.- La oficina nacional competente podra requerir el informe de expertos
o de organismos cientificos o tecnoldgicos que se consideren idoneos, para que emitan
opinion sobre la patentabilidad de la invencién. Asimismo, cuando lo estime conveniente,
podra requerir informes de otras oficinas de propiedad industrial.
De ser necesario, a efectos del examen de patentabilidad y a requerimiento de la oficina
nacional competente, el solicitante proporcionara, en un plazo que no excedera de 3
meses, uno o mas de los siguientes documentos relativos a una o mas de las solicitudes
extranjeras referidas total o parcialmente a la misma invencion que se examina:
a) copia de la solicitud extranjera;
b) copia de los resultados de examenes de novedad o de patentabilidad efectuados
respecto a esa solicitud extranjera;
()
La oficina nacional competente podra reconocer los resultados de los examenes
referidos en el literal b) como suficientes para acreditar el cumplimiento de las
condiciones de patentabilidad de la invencion” (Negrilla fuera del texto).

Por todo lo anterior, consideramos que la presente solicitud cumple a cabalidad
con los requerimientos de patentabilidad exigidos por la legislacion actual, por lo que
atentamente solicitamos en consideracion lo siguiente:

VII. PETICION
Por todo lo anterior, solicito a ese Despacho lo siguiente:
7.1 Que al considerar las razones precedentes se revogue la decisiéon contenida en la
Resolucion No. 28810 del 29 de Mayo de 2015, en cuanto resuelve negar el privilegio de

patente de invencion.

7.2. Que se acepte el nuevo pliego reivindicatorio presentado con este escrito,
conformado por 10 reivindicaciones.

7.3. Que se otorgue el privilegio de patente de invencion para “COMPOSICION
INMUNOLOGICA DE ACEITE EN AGUA” a favor de MERIAL LIMITED.
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CAVELIER

ABOBADEDOS

Vill. NOMBRE Y DIRECCION
El nombre y la direccion del solicitante recurrente son los siguientes:

MERIAL LIMITED

3239 Satellite Blvd.,

Duluth, Georgia 30096,
Estados Unidos de Ameérica

IX. ANEXOS

 Formulario de modificaciones en solicitud pendiente

e Recibo por concepto de presentacion de maodificaciones a las reivindicaciones por
un valor de $132.000

e Nuevo pliego reivindicatorio conformado por 10 reivindicaciones

o Copia de la patente de Estados Unidos concedida

X. NOTIFICACIONES

Atentamente manifiesto a usted que recibiré notificaciones en la Secretaria de su
Despacho o en mi oficina de abogada situada en la Carrera 42. No. 72-35, piso 4°, de esta
ciudad de Bogota, D.C.

Senor Superintendente,

LD DEnE1d ke
LUZ CLEMENCIA DE PAEZ
C.C. 35.456.344 de Usaquén

T.P.A. No. 23.555

& cOLO-14306-0841-0021-4
N SGD\SGDVD-281346\WPC 14306
No. M-2015-281346\SGD
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‘ Espacio reservado para el adhesivo de radicacién

Industria y Comercio ‘
SUPERINTENDENCIA

|
DIRECCION DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

' 1. Identificacion del Tramite

D Error material IE Modificacion a una Solicitud en tramite

EI Patente de Invencion
D Patente de Modelo de Utilidad
D Registro de Disefio Industrial

D Esquema de Trazado de Circuitos Integrados

2. Datos del solicitante

Persona Natural D Persana Juridica

MERIAL LIMITED

Nombre o denominacién / Nombre o razén social completa

Nombre representante legal

| Tipo de empresa Micro D Pequefia D Mediana D Otra D
Documento de identificacion:  LJC.C. O ce  Ownr O otonumero
Nacionalidad/Pais de constitucion Direccién y domicilio del titular Ciudad
Estado de Delaware, 3239 Satellite Blvd.,Duluth, Georgia 30096, Estados Duluth
! Estados Unidos de América Unidos de América
Direccién elel::tlrﬁnica No. Fax Numero telefénico
clientes@cavelier.com 2 11 86 50 347 36 11

D Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las comunicaciones sean enviadas a

través de la direccion de correo electronico

I Datos del apoderado: ;
l

Apellidos y Nombre Documento de identificacion Tarjeta profesional

De Paez Luz Clemencia C.C. 35.456.344 T.P.A 23555

FJireccic’m y domicilio [Ciudad

indicar el nimero de su radicacion o protocolo de poder general

e |
Carrera 42 No. 72 -35 | Bogota
Direccion electrénica [ No. Fax Nuamero telefonico
cavelier@cavelier.com 211 86 50 [347 36 11 ‘
En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial, sirvase

PI02-F17 vrl (2012-04-19)

N
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4. Datos del tramite

Correccion:

Expediente No 12.058.153

Aparece

Debe ser

Modificacion:

E Modificacion al capitulo reivindicatorio.
Presento nuevo capitulo reivindicatorio compuesto por 10 reivindicaciones y pido respetuosamente
que el examen de patentabilidad sea realizado sobre estas nuevas reivindicaciones presentadas.
Respetuosamente manifiesto que a pesar de eliminar materia del pliego reivindicatorio originalmente
presentado, mi representada no renuncia a la proteccion que pueda obtener sobre dicha materia y
ademas se reserva el derecho de presentar una solicitud divisional que la contenga durante el tramite
de la presente solicitud, beneficiandose de la fecha de prioridad inicialmente reivindicada.

' 5. Anexos

|Z| Comprobante de pago de la tasa para la presentacion de la correccion y/o modificacion por $132.000.

El Documento que contiene las medificaciones o correcciones.

6. Firma

Nombre y apellidos Firma

LUZ CLEMENCIA DE PAEZ A 43
EENEN e @W&a@@é/{qgg_

C.C. 35.456.344 DE Usaquén Tarjeta Profesional 23.555

“\”\ac{\SGD\SG D\SDCMD-AF281343\WPC 14306

PIOZ-F17 vl (2012-04-149)
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EIVINDICACIONES

Una emulsiéon de aceite en agua (OMW) inyectable

inmunologica estable, segura y eficaz, que comprende:

(i)

(i)

una solucién acuosa que comprende por lo menos un
inmunogeno seleccionado del grupo que consiste de virus

inactivados y atenuados, y bacteria;

una solucion acuosa que comprende saponina en la cantidad

de 0.7 mg/dosis a 1.3 mg/dosis;

(iii) una solucion acuosa que comprende hidréxido de aluminio en la

(Vi)

cantidad de 0.37% p/v a 0.42% p/v;

aceite de parafina no metabolizable presente en la cantidad de

20% a 40% de la emulsion;

un surfactante lipofilico no idnico, presente en la cantidad de
01% a 2.5% p/v de la emulsion, y seleccionado de
monoésteres de acido graso de sorbitan, ésteres de acido
graso de manuro, ésteres de acido graso etoxilados de

manuro, y combinaciones de los mismos;

un surfactante hidrofilico no i6nico, presente en la cantidad de
0.1% a 1.5% p/v de la emulsion, y seleccionado de
monoésteres de acido graso etoxilado de sorbitan, acidos

grasos etoxilados, y combinaciones de los mismos; y

(vii) un surfactante hidrofilico no i6nico, presente en la cantidad de

1% a 8% p/v de la emulsidn, y seleccionado de triésteres de
acido graso etoxilados de sorbitan, diésteres de acido graso
etoxilados de sorbitan, monoésteres de acido graso etoxilados
de sorbitan, acidos grasos etoxilados, aceite de ricino

etoxilado y combinaciones de los mismos.



2. La emulsion de conformidad con la reivindicacion 1, en donde
el surfactante hidrofilico no ionico de la parte (vi) esta presente en una
concentracion de 0.4 a 1.2% expresado como un peso por volumen de emulsion

(p/v), y en donde el porcentaje de los surfactantes es de 4% a 8% peso/volumen.

3: La emulsion de conformidad con la reivindicacion 1, en donde
el surfactante hidrofilico no idénico de la parte (vii) esta presente en una
concentracion de 2.5% a 4% expresada como un peso por volumen de emulsion

(W/v).

4. La emulsion de conformidad con la reivindicacion 1, en donde
el surfactante lipofilico no iénico de la parte (v) esta presente en una concentracion

de 0.2% a 1.2% expresada como un peso por volumen de emulsion (w/v).

5. La emulsién de conformidad con la reivindicacion 1, en donde
el surfactante hidrofilico no idnico de la parte (vii) es seleccionado del grupo que
consiste de triésteres de acido graso etoxilados de sorbitan, y en donde el éster de
dicho éster de acido graso etoxilado es seleccionado del grupo que consiste de

oleato, palmitato, estearato, isostearato, laurato y combinaciones de los mismos.

6. La emulsién de conformidad con la reivindicacion 1, en donde
el surfactante lipofilico no i6nico es seleccionado del grupo que consiste de
monoésteres de acido graso de sorbitan, y en donde el éster de los ésteres de
acido graso es seleccionado del grupo que consiste de oleato, palmitato,

estearato, isostearato, laurato y combinaciones de los mismos.

T La emulsiéon de conformidad con la reivindicacién 1, en donde
el surfactante hidrofilico no iénico de la parte (vi) es seleccionado del grupo que
consiste de monoésteres de acido graso etoxilado de sorbitan, y en donde el
monoéster etoxilado de sorbitan es seleccionado del grupo que consiste de
monolaurato etoxilado de sorbitdn, monopalmitato etoxilado de sorbitan,
monoestearato etoxilado de sorbitan, monoleato etoxilado de sorbitan, vy

combinaciones de los mismos.

8. La emulsion de conformidad con la reivindicacion 1, en donde



el aceite mineral es seleccionado del grupo que consiste de aceite de parafina,
escualano, pristano, aceite de poliisobuteno, aceite de poliisobuteno hidrogenado,
aceite de polideceno, aceite de poliisopreno, aceite de poliisopropeno y

combinaciones de los mismos.

9. La emulsion de conformidad con la reivindicacion 1, en donde

el inmunogeno es un virus inactivado.

10. La emulsion de conformidad con la reivindicacion 14,

caracterizada porque:

el surfactante lipofilico no ionico de la parte (v) es un monoéster de acido

graso de sorbitan;

el surfactante hidrofilico no iénico de la parte (vi) es un monogéster de acido

graso etoxilado de sorbitan;

el surfactante hidrofilico no ionico de la parte (vii) es un triéster de acido

graso etoxilados de sorbitan; y

en donde el inmundgeno es un virus inactivado de la enfermedad de Pata y

Boca (FMD) o un virus inactivado de circovirus tipo 2 porcino (PCV-2).

SGD\SGDVD-408237\WPC 14306
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VACCINE FORMULATIONS COMPRISING
SAPONIN-CONTAINING ADJUVANTS

INCORPORATION BY REFERENCE

[0001] This application claims priority to U8, provisional
patent application No. 61/241.171. filed on Sep. 10, 2009, and
[urther makes reference to the following patent applications:
1S, patent application Ser. No. 12/027.776, filed on Feb. 7.
2008, 1.8, patent application Ser. No. 10/899.181, filed on
Jul, 26, 2004, now granted as U.S, Pat. No. 7.371.395. and
U.S. provisional patent application No. 60/490.345, filed on
Jul. 24, 2003, The loregoing apphcations, and all documents
cited therein or during their prosecution (“applicant cited
documents™) and all documents cited or referenced in the
applicant cited documents, and all documents cited or refer-
enced herein (“herein cited documents™), and all documents
cited or referenced in herein cited documents, together with
any manufacturer’s instructions, descriptions, product speci-
fications, and product sheets for any preducts mentioned
herein or in any document incorporated by reference herein,
are hereby incorporated herein by reference, and may be
emploved in the practice of the invention.

FIELD OF THE INVENTION

[0002] The present invention relates to oil-in-water emul-
sions, their use as adjuvants, and pharmaceutical. immuno-
logic. or vaceine compositions comprising the same.

BACKGROUND

[0003]  The use of adjuvants in vaceines is well known. An
adjuvant is a compound that, when combined with 1 vaccine
antigen, increases the immune response to the vaccine anti-
gen as compared o the response induced by the vaccine
antigen alone. Among strategics that promete antigen immu-
nogenicity are those that render vaceine antigens particulate.
those that polymerize or emulsify vaceine antigens. methods
of encapsulating vaccine antigens. ways of increasing host
innate cytokine responses. and methods that target vaccine
antigens to antigen presenting cells (Nossal. 1899, In: Jur-
damental hmmunology. Paul (Ed.), Lippincott-Raven Pub-
lishers. Philadelphia. Pa.; Vogel and Powell. 1995, In: Fae-
cine Degign. The Subunit and Adjuvant Approach. Powell
and Newman (Eds.), Plenum Press. NY, NY. p. 141).
Because of the essential role adjuvants play in improving the
immunogenicity of vaccine antigens, the use of adjuvants in
the formulation of vaccines has been virtually ubiquitous
(Nossal, 1999, supra; Vogel and Powell. 1995, supras see also
PCT publication WO 97/18837. the teachings of which are
incarporated herein by reference). Conventional adjuvants,
well-known in the art, are diverse in nature. They may, for
example. consist of water-insoluble inorganic salts, lipo-
somes, micelles or emulsions, Le. Freund's adjuvant. Other
adjuvants may be found in Vogel and Powell, 1995, men-
tioned supra. Although there is no single mechanism of adju-
vant action, an essential characteristic is their ability to sig-
nificantly increase the immune response Lo a vaccine anligen
as compared to the response induced by the vaccine antigen
alone (Nossal, 1999, supra: Vogel and Powell, 1995, supra).
In this regard, some adjuvants are more eflective at augment-
ing humoral immune responses: other adjuvants are more
effective at inereasing cell-mediated immune responses (Vo-
gel and Pewell, 1995, supra): and yet another group of adju-

Jun. 2, 2011

vants increase both humoral and cell-mediated immune
responses against vaceine antigens {Vogel and Powell, 1995,
supra).

[0004] Generally, emulsions vsed in vaccine formulation
comprise a mixture ol ail, aqueous solution and surfactants.
Spme emulsions incorporate a lipophilic surfactant such as
SPAN 80® and a hydrophilic surfactant such as TWEEN
SOR.

[0005] However, problems of stability can be observed
with emulsions used as vaccine adjuvants, in particular dur-
ing storage or transport. This is particularly true when these
compositions contain concentrated ummunogens, especially
non-purified concentrated immunagens. Typically. this is the
case with adjuvants used in inactivated (killed) vaceines. This
problem is even more significant with multivalent vaccine
compositions because the immunogens are more concen-
trated n the same volume of diluent.

[0006] Another problem with adjuvant use is linked to a
risk of adverse events such as toxicity or local inflammatian at
the site of injection. For example. a local inflammatory
response and/or granulomae may result afler injection. In
order to limit such an adverse reaction. surfactants and other
components in the emulsion may be reduced: however, the
reduction may then result in a decrcase in the stability of the
vaccine composilion. There is. therefore, u need for novel
adjuvants and vaccine compesitions containing such adju-
vants with increased salfety and stability.

SUMMARY OF THE INVENTION

[0007] Inafirst embodiment the present invention provides
[or a novel oil-in-water (O/W) emulsion, with increased sta-
bility in the presence of bacterial or viral suspensions, espe-
cially those concentrated and non-purified or weakly purified.
[0008]  Another embodiment of the present invention pro-
vides for a stable, safe and casily administrable. in particular
injectable, O/W emulsion acting as a vehicle for the delivery
ol a pharmaceutical composition comprising at least one
active ingredient that may be, more particularly. an immuno-
aen.

[0009] Yet another embodiment of the present invention
provides fora stable, safe and injectable O/W emulsion acting
as an adjuvant to increase the immune response induced by an
immunogen. In particular, the present invention provides a
novel adjuvant which, when used in a vaccine composition
containing an immunogen increases the vaccinate’s cellular
immune response, humoral immune response or. preferably,
hath to the immunogen.

[0010] Yet another embodiment of the present invention
provides a stable, sale and immunogenic composition or vac-
cine comprising an O/W emulsion.

[0011] A further embodiment of the present invention pro-
vides for a method of making a vaceine composition using the
adjuvant of the instant invention: the vaceine composition so
obtained; and methods of using thereof,

[0012] Still another embodiment of the present invention
provides for a kit comprising one or more vials. In ane
embaodiment. the kit comprises one vial containing the adju-
vant of the present invention and an immunogen or other
pharmaceutical product. In yet another embodiment. the kit
comprises an immunogen or other pharmacentical product in
a first vial, and an adjuvant made according to the present
invention in a second vial. with the adjuvant designed 1o be
mixed with the immunogen or other vaceine produet helore
use.
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[0013] In one embodiment, the present invention provides
for an injectable oil-in-water (O/W) emulsion comprising:

[0014] (1) an agueous solution comprising an immunao-
gent

[0015] (2)an aqueous solution comprising a hydrophilic
ionic surfactant such as saponin

[0016] (3) an optional aqueous solution comprising alu-
minum hydroxide

[0017] (4) a mineral oil

[0018] (5) a non-ionic lipophilic surfactant:

[0019] (6} a non-ionic hydrophilic surfactant having a
low HILI value which comprises ethoxylated fatty acid
diesters ol sorbitan (generally having HILB value
between 11 and 13).

[0020] In another embodiment. the present invention pro-
vides for an injectable oil-in-water (O/'W) emulsion compris-
ing:

[0021] (1) an aqueous solution comprising an immuno-
gen;

[0022] (2)an aqueous solution comprising a hvdrophilic
ionic surfactant such as saponin

[0023]  (3) a mineral oil;

[0024] (4) a non-ionic lipophilic surfactant:

[0025] (5) a non-ionic hydrophilic surfactant having a
low LB value which comprises ethoxylated faity acid
diesters of sorbitan (generally having TILB value
between 11 and 13).

[0026] Tn another embodiment. the present invention pro-
vides for an injectable oil-in-water (O/W) emulsion COMprIS-
ing:

[0027] (1) an aqueous solution comprising an immuno-
gen;

[0028] (2) an aqueous solution comprising a hvdrophilic
ionic surfactant such as saponin

[0029]  (3) an optional agueous solution comprising alu-
minum hvdroxide

[0030] (4) a non-1onic hydrophilic surfactant having a
high hvdrophilic-lipophilic balance (HLB) value greater
than 13 and less than 40, in particular HL.B=13.5, and
prefernbly HLB=14;

[0031] (5} a mineral oil:

[0032] (6) a non-ionic lipophilic surlactant:

[0033] (7) a non-ionic hydrophilic surfactant having a
low HLB value (HLB value ol about Y to about 13).

[0034]  In another embodiment. the present invention pro-
vides for an injectable oil-in-water (/W) emulsion compris-
ing:

[0035] (1) an agqueous solution comprising an immuno-
gen;

[0036]  (2)an agueous solution comprising 4 hydrophilic
ionic surfactant such as saponin

[0037] (3} a non-ionic hydrophilic surfactant having a
high hydrophilic-lipophilic balance (HLB) value greater
than 13 and less than 40, in particular ITLB=13.5. and
prelerably HLDB=14;

[0038] (4) 2 mineral oil:

[0039] (%) a non-ionic lipophilic surfactant;

[0040] (6) a non-ionic hydrophilic surfactant having a
low HIB value (HLB value of ahout 9 to about 13).

[0041] In vet another embodiment, the present invention
provides for a vaccine composition comprising a novel emul-
sion containing at least one immunogen suitable for eliciting
an immunologic response in a vaccinate. The invention lur-
ther provides such compositions wherein the emulsion acts as

(]
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an adjuvant to increase the immune response induced by the
immunogen, in particular. 1o increase the cellular response,
the humoral response or preferably hoth.

[0042] In another embodiment the present invention pro-
vides for a method of making a vaccine composition wherein
an immunogen, especially an immunogen in dry form. which
can be obtained. for example, by lvophilization or by vitrifi-
cation, or in an aqueous solution, especially wherein said dry
form orsaid agueous solution additionally comprises an jonic
surfactant. for example saponin, and optionally additionally
comprises aluminum hydroxide, is mixed with the adjuvant
according to the instant invention. The immunogen may be
selected from the group consisting of: inactivated pathogens,
attenuated pathogens. sub-unit antigens, purified antigens,
unpurified antigens. or antigens produced recombinantly
using hacterial, veast. plant. insect. or animal cells, expres-
sion vectors including plasmids. and the like. The antigens
may be purified by means well-known in the art including, but
not limited 1o, ultrafiltration, ultracentrifugation. size-exclu-
sion gel-filtration. fon-exchange chromatography, and PEG-
purification. The pathogen may be bacterial. viral, protozoal.
or fungal in origin or the immunogen may constitute an anti-
foxin.

[0043] In another embodiment. the present invention pro-
vides for a method of inducing an immune response in a
viiceinate against a pathogen comprising administering the
vaceine composition of the present invention to the vaccinate.
[0044] In another embodiment. the present invention pro-
vides for kits comprising a single vial containing purified
immunogens and the emulsion accarding to the instantinven-
tion. In one such embodiment, the immunogens contained
within the single vial comprise purified FMD virus antigens.
[0045] In another embodiment. the present invention pro-
vides for kits comprising at least two vials, in a first vial an
immunogen, especially an immunogen in dry form or in
solution in an aqueous medium, especially wherein said dry
form or said aqueous solution additionally comprises an jonic
surfactant, advantageously saponin, and optionally addition-
ally comprises aluminum hydroxide, and in a second vial an
adjuvant or emulsion according to the present invention. The
use of kits that comprise at least two vials is particularly
effective in cases where the combination of the discrete com-

ponents (i.e. the mixture inta a single vial of the contents of
the at least two vials) would result in a vaceine formulation of

reduced stability.
[0046] Tt is noted that in this disclosure and particularly in

the claims, terms such as “comprises”, “comprised™, “com-
prising” and the like can have the meaning attributed to such
terms in U.S. Patent law; e.g., they can mean “includes™.
“included™, “including”. and the like: and that terms such as
“consisting essentially ol and “consists essentially oThave the
meaning ascribed 1o them by U.S, Patent law, e.g., they allow
for elements net explicitly recited, but exclude elements that
are found in the prior art or that aflect 2 basic or novel
characteristic of the invention.

[0047] These and other embodiments are disclosed or are
ohvious [rom and encompassed by, the following Detailed
Dieseription,

RBRIEF DESCRIPTION OF DRAWINGS

[0048] A full and enabling disclosure of the present mven-
tion, including the best made thereof, 1o one of ordinary skill
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in the art, is set forth more particularly in the remainder of' the
specification, including reference to the accompanying fig-
ures, wherein:

[0049]  FIG. L provides graphs ol the Phase Inversion Tem-
perature (PIT) determination (measured by conductivity) for
the vaccine formulations of trials 1 & 2ondays 7.22.121.and
330 (one vear stability study). The PIT determination is one
measure of vaceine formulation stability.

[0050] TIG, 2 provides graphs of the PIT determination for
the vaccine formulations of trials 3 & 4 on multiple days after
production (one year stability study )

[0051] FIG. 3 provides graphs of the PIT determination for
the vaccine formulations of trals 5 & 6 on multiple days alter
production (one year stability study):

[0052] FIG. 4 provides graphs of the PIT determination for
the vaccine formulations of trials 7 & 8 on multiple days after
production (one year stability study):

[0053]  FIG. 5 provides a graph of the PIT determination for
the vaccine formulations of trial 9 on multiple days after
production (one year stability study):

[0054] FIG. 6 provides graphs of the PIT determination for
the vaceine formulations (of trials 1-9) produced according to
the instant invention. and stored for 36 months:

[0055] [IG. 7 pravides a graph that indicates the time-
dependent changes in the rectal lemperature of pigs treated
according to the materials and methods disclosed in Iixample
62

[0056] IFIG. 8 provides a graph that indicates the maximum
temperature change observed for pigs treated according to the
materials and methods disclosed in Example 6;

[00587) TIG. 9 provides a graph that indicates vaccine
potency (PDS0) versus payload (ug) for pigs treated accord-
ing to the materials and methods disclosed in Iixample 7.

DETAILED DESCRIPTION OF THE INVENTION

[0058]  Other objects, features and aspects of the present
invention are disclosed in. or are obvious from. the following
Detailed Deseription. Itis to be understood by one of ordinary

skill in the art that the present discussion is a deseription of

exemplary embodiments only and is not intended as limiting
the broader aspects of the present invention. which broader
aspects are embodied in the exemplary construction. In fact.
it will be apparent to thase skilled in the art that various
medifications and variations can be made in the present
invention without departing from the scope or spirit al the
invention. For instance, features illustrated or described as
part of one embodiment ean be used in another embodiment
to yicld a still further embodiment. It is intended than the
present invention cover such modifications and variations as
come within the scope of the appended claims and their
equivalents, The contents ol all references, published patents.
and patents cited throughout the present application are
hereby incorporated by reference in their entirety.

[0059]  For convenience, certain terms employed in the
Specification, xamples, and appended Claims are collected
here.

[0060]  As uscd herein, the term “animal™ includes all ver-
tehrate animals including humans. 1t also includes an indi-
vidual animal in all stages of development, including embry-
onic and fetal stages. In particular, the term “vertebrate
animal” includes. but not Hmited to, humans. canines (e.g..
dogs), felines (e.g., cats): equines (e.g., horses), bovines{e.g..
cow. cattle). poreine (e.g. pigs). as well as inavians. As used
herein. the term “cow™ or “cattle” is used generally to referto
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an animal of bovine origin of any age. Interchangeable terms
include “bovine™, “calf”. “steer”, “bull™. “heifer”, “cow” and
the like. Interchangeable terms include “piglet”, “sow" and
the like. The term “avian™ as used herein refers to any species
or subspecics of the taxonomic class ava, such as, but not
limited 1o, chickens (breeders, broilers and layers). wrkeys,
ducks, a goose, a quail. pheasants, parrats, finches. hawks,
crows and ratites including ostrich, emu and cassowary. The
term “pig’” or “piglet” means an animal of porcine arigin,
while “sow™ refers to a female of reproductive age and capa-
bility.

[0061]  As used herein., the term “virulent™ means an isolate
that retains its ability to be infectious in an animal host.
[0062] As used herein, the term “inactivated vaccine”
means 4 vaceine composilion contining an infectious organ-
jsm or pathogen that is no longer capable of replication ar
growth. The pathogen may be bacterial, viral, protozoal or
fungal in origin. Inactivation may be accomplished by a vari-
ety ol methods including freeze-thawing. chemical treatment
(for example, treatment with formalin). sonication, radiation.
heat or any other convention means sullicient 1o prevent rep-
lication or growth of the organism while maintaining its
immunogenicity.

[0063] As used herein, the term “immunogenicity” means
capable of producing an immune response in a host animal
against an antigen or antigens. This immune response forms
the basis of the protective immunity elicited by a vaccine
against u speeific infectious organism.

[0064]  As used herein. the term “immune response” refers
to a response elicited in an animal. An immune response miy
refer 1o cellular immunity (CM1): humoral immunity or may
invalve both. The present invention alse contemplates a
response limited 1o a part ol the immune system, For example,
a vaccine composition of the present invention may specifi-
cally induce an increased gamma interferon response.
[0065]  Asused herein, the term “antigen™ ar “immunogen”
means a substance that induces a specific immune response in
a host animal. The antigen may comprise a whole organism,
killed. attenuated or live: a subunit or portion of an organism.
a recomhinant veelor containing an insert with immunogenic
properties; a piece or fragment of DNA capable of inducing
an immune respanse upon presentation 1o a host animal: a
protein. a polypeptide, a peptide, an epitope. a hapten, or any
combination thereol. Alternately, the immunogen or antigen
may comprisc a toxin or antitoxin.

[0066]  As used herein, the term “multivalent™ means a vac-
cine conlaining more than one antigen whether from the same
species (1.e.. different isolates of 'MD virus serotvpes). from
a different species (i.c., isolates from both Pasteurella
hemolvtica and Pasteurefla multocida), or a vaccine contain-
ing a combination of antigens from different genera (for
example. a vaccine comprising antigens from Pastenrella
multocida, Satmonella, Escherichia coli, Haemophilus som-
nus and Clostridiun),

[0067] As used herein. the term “adjuvant”™ means a sub-
stance added to a vaccine o increase a vaceine’s immunoge-
nicity. The mechamsm of how an adjuvant operates 1s not
entirely known. Some adjuvants are believed 1o enhance the
immune response by slowly releasing the antigen, while other
adjuvants are strongly immunogenic in their own right and
are believed to function synergistically. Known vaccine adju-
vants include. but are not limited 1. oil and water emulsions
{for example, complete Freund's adjuvant and incomplete
Freund’s adjuvant), Corynebacteriin parvian, Bacillus Cal-
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mette Guerin, aluminum hydroxide. glucan, dextran sulfate,
iron oxide, sodium alginate, Bacto-Adjuvant, cerlain syn-
thetic polvmers such as poly amino acids and co-polymers of
amino acids. saponin, "“REGRESSIN™ (Vetrepharm, Athens.
Ga.), “AVRIDINT" (N.N-dioctadecyl-N'N'"-bis(2-hydroxy-
ethyl)-propanediamine), paraflin oil, muramy! dipeptide and
the like.

[0068] As used herein, the term “emulsion” refers to a
combination of at least two substances. wherein a first sub-
stance is dispersed in a second substance in which the first
substance is insoluble. One example of an emulsion of the
present invention is an oil phase dispersed in an aqueous
phase.

[0069] As used herein, the term “incomplete emulsion™
refers to a composition to which at least one additional com-
ponent must be added to make the “complete emulsion”. As
used herein, the term “complete emulsion™ can be considered
equivalent to the “ready-to-use” immunological composition
of the present invention. An example of a complete emulsion
is an immunological composition according to the present
invention that is ready to be administered to an animal accord-
ing to the methods of the present invention.

[0070]  Asused herein, the terms “pharmaceutically accept-
able carrier” and “pharmaceutically acceptahle vehicle™ are
interchangenble and refer o a Muid vehicle for containing
vaceine antigens that can be injected into o host without
adverse effects. Suitable pharmaceutically acceptable carri-
ers known in the art include, but are not limited to, sterile
water, saline. glucose, dextrose, or bulTered solutions. Carri-
ers may include auxiliary agents including, but not limited to,
diluents. stabilizers (i.c.. sugars and amino acids). preserva-
tives, welting agents. cmulsifying agents, pH buffering
agents. viscosity enhancing additives, colors and the like.
[0071]  As used herein, the term “vaccine composition”
includes at least one antigen or immunogen in a pharmaceu-
tically acceptable vehicle vselul for inducing an immune
response in a host. Vaceine compositions can be administered
in dosages and by techniques well known to those skilled in
the medical or veterinary arts. laking inlo consideration such
fuctors as the age, sex. weight, species and condition of the
recipient animal. and the route of administration. The route of
administration can be percutaneous, via mucosal administra-
tion (... oral, nasal, anal, vaginal) or via a parenteral route
(intradermal, intramuscular. subcutancous. intravenous. or
intraperitoneal). Vaccine compositions can be administered
alone, or can be co-administered or sequentially administered
with other treatments or therapies. Forms ol administration
muy include suspensions, syrups or elixirs, and preparations
for parenteral, subcutancous, intradermal, intramuscular or
intravenous administration (e.g., injectable administration)
such as sterile suspensions or emulsions. Vaceine composi-
tions may be administered as a spray or mixed in food and/or
water or delivered in admixture with a suitable carrier, dilu-
ent, or excipient such as sterile water. physiological saline.
glucose, or the like. The compositions can contain auxiliary
substances such as wetting or emulsifying agents, pH bufler-
ing agents, adjuvants, gelling or viscosity enhancing addi-
tives. preservatives, flavoring agents, colors, and the like.
depending upon the route of administration and the prepara-
tion desired. Standard pharmaceutical texts, such as “Rem-
ington’s Pharmaceutical Sciences.” 1990 may be consulted to
prepare suitable prepartions. without undue experimenta-
tion.
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[0072] The term “purified” as used herein does not require
absolute purity: rather, it is intended as a relative termt. Thus,
for example, a purified immunogen preparation, such as pro-
tein or inactivated virus, is one in which the immunogen is
more enriched than the immunogen is in its natural environ-
ment. An immunogen preparation is herein broadly relerred
to as “purified” such that the immunogen represents at Jeast
60%, at least 70%, at least 80%, at least 90%, at least 95%. or
at least 98%, of the 1otal immunogen content of the prepara-
tion. A “crude preparation”, which represents the lowest
degree of purification, may contain as little as less than 60%,
lest than 20%. less than 10%, less than 5%, or less than 1% of
immunogenic components.

[0073] The term “highly purified” as used herein is
intended to suggest a “higher degree of purity” as compared
to the term “moderately purified”. This “higher degree of
purity” can include, but is in no way hmited to, reduced
percentages of contaminants, in an immunological prepara-
tion that has been “highly purified™ versus an immunclogical
preparation that has been “moderately purified”. As discussed
herein, “highly purified” immunological preparations will
have the lowest to undetectable percentages of contaminants
{hat can cause: reduced desired immune response, increased
undesired immune response (c.g. hypersensitivity reaction,
arreduced formulation stability. Similarly, an immunological
preparation that has heen “maderately purified” contains rela-
tively reduced percentages of contaminants versus an immu-
nological preparation that has been “minimally purified”,
which likewise, has reduced percentages of contaminants
versus a preparation designated a “crude preparation™.
[0074]  Comaminants in an immunological preparation can
include. but are in no way limited 1o, substances that contrib-
ute negatively to an immunological composition according to
the present invention. One of several examples of a contami-
nant contributing negatively would be a contaminant that
reduces the ability of an immunological composition of the
present invention to elicit an immune response in animals.
[0075] Varving levels of purity (e.g. “highly purified”,
“moderately purified”, and the like) can be achicved using
various methods, For example. a combination of chromatog-
raphy and size exclusion gel filtration can resultin a “highly
purified” or “moderately purified” immunological prepara-
tions, Differences in source/type of immunogens, as well as
slight variations in purification procedures can significantly
affeet the final degree of immunogen purity. In general. as
used herein, immunalogical preparations having the lowestto
highest percentage of contaminants will be described as 1)
“highly purified. 2) “moderately purified™. 3) “minimally
purificd”. 4) “crude preparation”, respectively. A “highly
purified” preparation will have the lowest level across all
tvpes of contaminants. A “moderately purified” preparation
will have relatively law levels of most types of contaminants,
but may have one type of contaminant in higher abundance
than would be vhserved [or a comparuble “highly purfied”
preparation. Likewise. a “minimally purified preparation”
will have relatively low levels of some types of contaminants,
but may have more than one type of contaminant in higher
abundance than a comparable “moderately purified” prepa-
ration, As expected. a “crude preparation™ has the highest
level of contaminants, across all contaminant types, as com-
pared to the other types of preparations discussed herein.



US 2011/0129494 Al

[0076] The present invention provides a novel oil-in-water
{O/AW) emulsion comprising:

[0077] (1) an agueous solution comprising a vaccine
antigen or immunogen capable of inducing an immune
response in a host;

[0078] (2) an aqueous solution comprising an onic sur-
factant,

[0079]  (3) a non-ionic hvdrophilic surfactant:

[0080] () a mincral ail:

[0081) Tn one embodiment. the novel oil-in-water (O/W)
emulsion comprises:

[0082] (1) an aqueous solution comprising a vaccine
anligen or immunogen capable of indueing an immune
response in a host:

[0083] (2) an agueous solution comprising an ionic sur-
factant such as saponin;

[0084] (3) a non-ionic hydrophilic surfactant having a
hydrophilic-lipophilic balance (HLB) value of greater
than 13 and less than 40 (11LB=>13. in particular
HLB=13.5, and preferably HLB=14);

[0085] (4)a mineral oil;

[0086] (3) a non-ionic lipophilic surfactant: and

[0087] () a non-ionic hydrophilic surfactant having a
low T1LI value (1TLDB value between 9 and 13).

[0088] In another embodiment the present invention pro-
vides a novel oil-in-water (/W) emulsion comprising:

[0089] (1) an aqueous solution comprising a vaccine
antigen or immunogen capable of inducing an immunc
response in a host:

[0090] (2} an aqueous salution comprising an ionic sur-
factant such as saponin

[0091] (3)an optional agueous solution comprising alu-
minum hydroxide

[0092]  (4) a non-lonie hydrophilic surfictant having a
hydrophilic-lipophilic balance (1ILI3) value ol greater
than 13 and less than 40 (HLB>13. in particular
1LB=13.5, and preferably HLB=14),

[0093]  (5) a mineral ml:

[0094]  (6) a non-ionic lipophilic surfactant; and

[0095]  (7) a non-ionic hydrophilic surfactant having a
low HLB value (HLB value between 9 and 13).

[0096] Some emulsions made according fo the present
invention are based on a combination of at least Tour (4)
surfactants chosen among the members of four differem
groups of surfactants, and it is possible 1o use one or more
surfactant pertaining to cach group. Three (3) of these groups
camprise non-ionic surfactants and one (1) of these groups
comprises ionic surlactants, for example saponins.

[0097]  Inoneofseveral embodiments, the concentration of
the ionic surfactant (2) in the emulsion (in the present speci-
fication this means the final emulsion comprising all ingredi-
ents nnless otherwise indicated) is fram about 0.01% ta about
10%,

[0098] Inoneofseveral embodiments, the concentration of
non-ionic hydrophilic surfactant (7) in the emulsion (in the
present specification this means the final emulsion compris-
ing all ingredients unless otherwise indicated) is from 1% 10
8%, in particular from 1.5% to 6%, preferably from 2% ta 5%,
more preferably from 2.5% to 4%, expressed as a percentage
in weight by volume of emulsion (w/v).

[0099] This group of surfactants comprises non-ionic
hydrophilic surfactants having a low HLB value (L1 value
hetween 9 and 13), This group includes but is not limited to
cthoxylated fatty acid monoester of sorbitun (in particular 3

N

Jun. 2, 2011

cthoxyl groups) (e.g. ethoxylated sarbitan monooleate such
as TWEEN 81®, ethoxylated fatty acid diesters of sorbitan.
cthoxylated fauty acid triesters of’ sorbitan (in particular 20
ethoxyl groups) (¢.g. cthoxylated sorbitan trioleate such as
TWEEN 85%), ethoxylated sorbitan tristearate such as
TWEEN 65%, ethoxylated fatty alcohols (in particular 5-10
ethoxyl groups) (e.g. BRIJ 767, BRI1J 36®, BRI 96®),
ethoxylated faity acids {in particular 5-10 ethoxyl groups)
(e.g. Simulsol 2599 %, MYRJ 45®), cthoxylated castor oil (in
particular 25-35 cthoxyl groups) {e.g. ARLATONL 650W.
ARLATONE G®), and combinations thereof.

[0100]  Ethoxylated fatty acid diesters ol sorbitan and
ethoxylated fatty acid triesters of sorbitan are preferred, as
well combinations of hoth species. The fatty acid is prefer-
ably selected from the group consisting of oleate, palmitate,
stearate, isostearate, Taurate and the combinations thereofl
Preferred ethoxylated fatty acid triester of sorhitan comprise
ethoxylated sorbitan trioleate such as TWEEN 85®). or
ethoxvlated sorbitan tristearate such as TWEEN 65®,
[0101] Inoneof several embodiments, the concentration of
non-ionic hydrophilic surfuctant (4)is generally [rom 0.1% to
1.5%. in particular from 0.2% to 1.4%, preferably from 0.3%
to 1.3%. more preferably from 0.4% to 1.2%. expressed as a
percentage in weight by volume of emulsion (w/v).

[0102] This second group of surfactants comprises non-
wnic hydrophilic surfactants having a high hydrophilic-lipo-
philic balance (HLB) value (HLB=13. in particular
HLBZ13.5, and preferably [LBZ14). This group comprises
ethoxylated fatty acid monoesters ol sorbitan (in particular 20
ethoxyl groups) (e.g. ethoxylated sorbitan monolaurate such
as TWEEN 208, cthoxylated sorbitan monopalmitate such as
TWLELN 40®, ethoxylated sorbitan monostearate (such as
TWEEN 60, ethoxylated sorbitan monooleate such as
TWEEN 80®, cthoxylated fatty alcohols (in particular 13-30
ethoxyl groups) (c.g. BRIT 78%. BRI 98®, BRI 72100).
cthoxylated fatty acids (in particular 15-30 cthoxyl groups)
{e.g. MYRJ 49%, MYRJ 51®, MYRJ 521, MYRJ 53®),
non-ionic block-copolymers (e.g. polvoxyvethylene/polyox-
vpropylene copolymer (POE-POP). such as LUTROL
1127®, LUTROL Fa8®), and combinations thereol.

[0103] For the non-ionic block-copolymers, the percent-
ages may be lower and be in particular from 0.1% 10 0.5%.
more particularly from 0.2% to 0.4% (weight by volume of
emulsion (w/v)).

[0104) Preferred surfactants (4) comprise cthoxylated fatty
acid monoesters of sorbitan, such as those described above.
[0105] Inoneofseveral embodiments, the concentration of
non-ionic lipophilic surfactant (6) is from 0.1% o 2.5%. in
particular from 0.2% to 2%. preferably [rom 0.2% to 1.5%,
mare preferably from 0.2% to 1.2%. expressed as a pereent-
age in weight by volume of emulsion (w/v).

[0106] This group of surfactants comprises fatty acid esters
of sorhitan (e.g. sorbitan monolaurate, like SPAN 20®:. sor-
bitan monopalmitate, such as SPAN 40T, sorbitan
monostearate, such as SPAN 608, sorbitan tristearate, suchas
SPAN 65®, sorbitan monooleate. like SPAN 80R®, sorbitan
trinlente. like SPAN 85R. sarbilan monoisastearate, such as
ARLACEL 987®. sorbitan isostearate, such as CRILL 6®),
fatty acid esters of mannide (e.g. MONTANIDE 80R, man-
nidle monooleate (such as ARLACEL AR, mannide dioleate.
mannide trioleate, mannide tetracleate). ethoxylated fatty
acid esters ol mannide (2, 3 or 4 cthoxy! groups) (e.g. MON-
TANIDE 888&. MONTANIDE 103®. cthoxylated mannide
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moncoleate, ethoxylated mannide dioleate. ethoxvlated man-
nide trioleate, ethoxylated mannide tetrmoleate), and combi-
nations thereof.

[0107]  The fatty acid is prelerably selected from the group
consisting of oleate, palmitate, stearate, isosiearate, laurate
and combinations thereol.

[0108] Preferred surfactants (6) comprise the fatty acid
esters ol sorbitan, in particular those described above, and
combinations thereof.

[0109]  The surfuctants of the invention may have fatty acids
from animal or vegetal origin. The change of one origin for
the other (for example animal TWEEN RO® to vegetal
TWELEN 801) could be done simply with only minor adjust-
ment in the formulation of the emulsion,

[0110]  Anemulsion according 1o the invention may have an

overall concentration of surfactants, by weight per volume of

emulsion, from 1.2% to 10%. in particular from 2% to 8%,
preferably from 3% to 7%, more preferibly from 4% to 6%.

[0111] Generally. the emulsion according (o the invention
may have a phase inversion temperature (P1T) which is =337
., in particular ranges from 33° C. to 65° C.. more particu-
larly from 36° C. to 60° C., preferably from 37" C. 10 35° C.,
and more preferably from 38° C. 1o 50° C.

[0112] The PIT is the temperature at which a water-ip-oil
emulsion changes to an oil-in-water emulsion or de-phases
(breaks ol the emulsion and separation of the 2 phases). The
PIT value may be measured by various means, like for
example by visual appeurunce (e.g. see example 2) or by
conductivity. The emulsion is placed at a temperature below
the PIT of the emulsion, for example of about 25° C. in a
water-bath. The temperature is progressively increased. The
change of the visual aspect of the emulsion is observed in
comparison with a control emulsion, notably the fuidity. the
viscosity, the separation in two phases. the change of the
surface aspect due 1o the migration of the oily phase to the
surface. The temperature, for which this change of visual
aspect was observed, is the PIT value of the emulsion. Aller-
natively, the PIT is determined by the quick passage from a
conductivity value of about 53-8 milliSiemens/centimetre
(mS’em) (oil-in-water emulsion) to a value ol about 0 mS/cm
{water-in-oil emulsion) measured by a probe placed into the
emulsion, near its surface. The temperature, for which the
transition was observed. is the PIT value of the emulsion. One
of ordinary skill n the art will be able 1o determine combina-
tions of surfactants and oil, including their respective concen-
trations, inorder to produce emulsions according to the inven-
tion, and in particular emulsions having a PIT value within the
ranges defined above without undue experimentation.
[0113]  Generallv, emulsions according to the present
invention may contain, by volume per volume of emulsion.
from 3% 1o 55% ol oil. in particular from 5% to 50% of oil,
prefenthly [rom 10% to 40% ol oil and. more prelerably, from
20% to 40% of oil. By definition. ranges of values in the
present specification include always the limit of the range.
unless otherwise indicated.

[0114]  The oil used may be a mineral oil including. but not
limited o, paraffin oil such as isoparafiinic a1l and/or naph-
tenic oil. squalane. pristane. polyisobutene oil, hvdrogenated
polvisobutene oil, polydecene oil, polyisoprene oil, polyviso-
propene oil and the like. One advantageous mineral vil useful
i the present imvention may inelude an oil comprising o linear
or ramified carbon chain having a number of carbon atoms
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greater than 15, preferably from 13 t0 32, and [rec of aromatic
compounds. Such oils may, for example, be those marketed
under the name “MARCOL 32R" or “MARCOL 82R™ [pro-
duced by Lsso, France] or “DRAKEOL 6VRR™ or
“DRAKEOL SR “DRAKEOL 7®7 (produced by Penreco,
USA)L“CLEAROL®R” (produced by Sonnchorn, USA). “Par-
allin Ol Codex AABZR™ (produced by Aiglon, France).
BLANDOL (produced by Sonneborn. TUSA), ONDINA 9135
(produced by Shell, UK).

[0115] The oil may also be a mixture of vils comprising at
least 2 ails selected among the oils described herein, and in
any proportion. The mixture of oils may also comprise at Jeast
one ail selected among the oils deseribed above and at least
one vegelable oil. and this vegetable oil represents fromabout
(1.1% to ahout 33% of the oily phase, preferably lrom about
10% to about 253% v/v. These vegetable oils are unsaturated
ails rich in oleic acid that are biodegradable and preferably
liquid at the storage temperature (about +4° C.) or at least
make it possible to give emulsions that are liquid at this
temperature. For example the vegetable oil may be groundnut
oil, nut oil. sunflower oil, safflower oil, soya oil, onager oil
and the like.

[0116] In one of several embodiments, hydrophilic surfac-
tants (4) and (7) preferably include surfactants having the
same hydraphilic part of the molecules. For instance. use is
made of ethoxylated fatty acid esters of sorbitan for each of
hydrophilic surfactants (4) and (7). For example il TWEEN
85® is chosen as non-ionic hydrophilic surfactants having a
low HLI value. the non-ionic hydrophilic surfactant having a
high HILB value will advantageously have a hydrophilic part
constituted with an ethoxylated sorbitan. such as TWEEN
BO®,

[0117]  Generally, the present invention envisions using an
agueous solution comprising a suitable veterinary or pharma-
ceutically acceptable vehicle, excipient, or diluent including,
but not limited to, sterile water. phvsiological saline, glucase,
builer and the like. The vehicle, exeipient or diluent may also
include polyols. glucids or pH buffering agents. The vehicle,
excipient or diluent may, for example. also comprise amino
acids, peptides, antioxidants. bactericide, and bacterioslatic
compounds. The aqueous solution is added to the oil and the
surlactants in quantity to obtain 100% ol the volume of the
emulsion according to the invention.

[0118] The hvdrophilic-lipophilic balance (HLB) of an
emulsion allows for the estimation of the hydrophilic or lipo-
philic force of a surfactant. The HLB of an amphiphilic mol-
ecule is generally calculated as follow:

[20x weight of the hydrophlic

ik =

tweight of the amphiphilic molecule;

[0119]  The HLR may have a valve ranging {rom 0 (for the
mast lipophilic moelecule) 1o 20 (for the most hydrophilic
molecule). According to the chemical composition of the
surfactant (notably for example the addition of cthoxyl
groups or of alkene oxides). this estimation may change and
the domain of HLB value may increasc (for example, the
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LUTROL I'68% has a [TLB of 29). With a mixture of surfac-
tants. the HLD of the mixture is the addition of the HL.D of
each surfactant, balanced by its weight ratio:

[ HLR surfactant X » l { HIA surlactant ¥ x

| weight surfactant X weight swfactam ¥/

Hifi =

(weight surfactant X +weight surfactant 1

[0120] Inone embodiment of an emulsion made accarding
to the present invention, the (inal HELB ofthe emulsionis from
about 9 to about 12, preferably from about 9.5 to about 11.5
and more preferably from about 10 to about 11.5.
[0121] The present invention contemplates an emulsion
comprising a paraffin oil (in particular at a concentration of
from about 10% to about 40% and preferably from about 20%
1o about 40%, expressed as a volume per volume of emulsion
(v/v)); asorbitan fatty acid monoester (as non-ionie lipephilic
surfactant), an ethoxylated fatty acid triester of sorbitan (as
nen-ionic hvdrophilic surfactant having a low HLB value):
and an ethoxylated fatty acid monoester of sorbitan (as non-
ionic hydrophilic surfactant having a high HLB value). In
particular the sorbitan faity acid monoester is a sorbitan
monooleate (in particular at the coneentration from 0.2% 1o
1.5%. preferably from 0.2% to 1.2% expressed as a weight
per volume of emulsion (w/v)), the ethoxvlated fatty acid
triester of sorbitan is an cthoxylated trioleate of sorbitan (in
particular at the concentration from 2% to 5%. prelerably
from 2.5% to 4% w/v)) and the cthoxylated fatty acid
monoester ol sorbitan is an ethoxylated sorbitan monooleate
(in particular at the coneentration from 0.3% to 1.3%. pref-
erably from 0.4% to 1.2% w/v). For example the emulsion
comprises the paraffin oil at about 29.3% by volume per
volume of emulsion, the sorbitan monooleate at 0.6% by
weight per volume of emulsion, the ethoxylated trioleate af
sorbitan at 3.4% by weight per volume of emulsion. and the
ethoxylated sorbitan monooleate at 0.75% by weight per
volume of emulsion.
10122] In a second embodiment according to the present
invention. the emulsion comprises a paraffin oil (in particular
at a concentration from 10% to 40%, preferably from 209 to
40% v/v). a sorbitan fatty acid monoester (as non-ionic lipo-
philic surfactant). an ethoxylated futly acid triester of'sorbitan
(as non-ionic hvdrophilic surfactant having a low HLB
value), and a non-ionic block-copolymer (as non-ionic hvdro-
philic surfactant having a high TILB value). In particular the
sorbitan fatty acid monoester is a sorbitan monooleate (in
particular at the concentration from 0.2% to 1.5%, preferably
from 0.2% ta 1.2% wiv), the ethoxylated fatty acid iriester of
sorbitan is an ethoxylated trioleate of sorbitan (in particular at
the concentration from 2% to 5%, preferably from 2.5% 1o
4% w/v) and the non-ienic block-copolymer is a polyoxyeth-
vlene/polvoxypropylene polymer (POE-POP) (in particular
at the concentration from 0.1% 10 0.5%, preferably Irom
0.2% to 0.4% w/v). For example the emulsion comprises the
paraflin oil at about 29.3% v/v, the sorbitan monooleate at
0.6% w/v, the ethoxylated trioleate of sorbitan at 3.4% wiv,
and the ethoxylated sorbitan monooleate at 0.25% w/iv.
[0123] Ina particular embodiment, the invention conlem-
plates an injectable oil-in-water (O/W) emulsion comprising:
[0124] (1) an agueous solution comprising an active
ingredient such as a drug or an immunogen. preferahly
an immunogen:
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[0125] (2) an aqueous solution comprising saponin

[0126] (3)a mineral oil;

[0127] (4} a non-ionie lipophilic surfactant; and

[0128] (5) a non-ionic hydrophilic surfactant having a
low HIB value which comprises olan ethoxylated fatty
acid diester of sorbitan (which may have a HLB value
between 11 and 13),

[0129] In another particular embodiment, the invention
contemplates an injectable oil-in-water (O/W) emulsion
comprising:

[0130] (1) an aqueous solution comprising an active
ingredient such as a drug or an immunogen. preferably
an immunaogen:

[0131] (2} an aqueous solution comprising saponin

[0132] (3) an aqueous solution comprising aluminum
hydroxide

[0133] (4) amineral oil;

[0134]  (5) a non-ionic lipophilic surlactant: and

[0135] (6) a non-ionic hydrophilic surfactant having o
low LI value which comprises of an ethoxylated faty
acid diester of sorhitan (which may have a LB value
hetween 11 and 13).

[0136] An emulsion according 10 this embediment com-
prises ethoxvlated fatty acid diesters of sorhitan that may
contain up to 20 ethoxy groups. The fatty acids may be from
animal or vegetable origin and may be selected from the
araup consisling of oleate. palmitate. stearale, isoslearale,
laurate and combinations thercoll In one embodiment the
ethoxvlated fatly acid is preferably oleate. The other ingredi-
ents. as well as the general properties of the emulsion such as
the PI'l. may have the same characteristics than those
described above.

[0137] Preferably. surfactant (6) comprises ethoxylated
fatty acid diesters of sorbitan, such as ethoxylated sorhitan
dioleate, ethoxylated sarbitan distearate or ethoxylated sor-
bitan diisostearate. ethoxylated sorbitan dipalmilate, ethoxy-
lated sorbitan dilaurate, and combinations thereof’

[0138] Optionally other compounds may be added as co-
adjuvants to the emulsion. including, but net limited to. alum:
CpG oligonucleotides (ODN), in particular ODN 2006. 2007,
2059, or 2135 (Pontarollo R. AL et al., Fet. Immunol, fmmu-
nopath, 2002. 84: 43-39; Wemnette C. M. etal.. Fet, Immunaol.
Innnunapath, 2002, 84: 223-236; Muwiri G. et al. Ter
Immunol. Immunopath, 2003, 91: 89-103): polyA-polylJ
(“Vaccine Design The Subunit and Adjuvant Approach™,
edited by Michael F. Powell and Mark 1, Newman. Pharna-
centical Biotechnolagy, 6: 03); dimethyldioctadecylammo-
nium bromide (DDA) (“Vaccine Design: The Subunit and
Adjuvant Approach”™, edited by Michael I Powell and Mark
J. Newman, Pharmaceutical Biotechnology, volume 6: 157),
N.N-dioctadecyl-N'.N'-bis(2-hydroxyethyl}propanediamine
(such as AVRIDINER) (Thid. p. 148). carbomer, chitosan (see
118, Pat, No, 5,980,912 for example).

[0139] The present invention also provides a method of
making a vaccine composition or immunologic composition
comprising al least one antigen or immunegen composition
and an adjuvant or emulsion made according to the present
invention. The antigen or immunogen composition may be
incorporated during emulsion formation ar. in an alternate
embodiment. the antigen or immunogen composition, pref-
erably additionally comprising saponin and optionally addi-
tionally comprising aluminum hydroxide, may be added to
the emulsion later as, for example, just before use.
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[0140] The entire amount of the aqueous solution used may
be present in the emulsion first produced. Or it may he that
only a part of this aqueous solution is vsed to form the emul-
siott. and the remaining quantity of aqueous solution is added
after incorporation of the immunogen. The immunogen or
antigen may be in a dry form or present in some other appro-
priate solid form and then mixed with the emulsion or. alter-
nately, the antigen may be in solution. in particular in an
aqueous salution, and this solution mixed with the emulsion.
[0141]  Surlactants are preferably added 1o either the oil or
the aqueous solution according to their selubility. Fer
example, the non-ionic lipaphilic surfactants are added to the
oil according to the invention while non-ionic hydrophilic
surfactants having a high HLB value are added to the aqueous
solution.

[0142] The emulsification can he prepared according o
conventional methods known to one of ordinary skill in the
art, For example, in one embodiment of the present invention,
the emulsion can be prepared at a lemperature below the PIT
of the emulsion. in particular at room temperature, e.g. al
about 25° C. The aqueous phase and the oily phase are mixed
together by a mechanical agitation, e.g. with a turbine
equipped with a rotor-stator able to create a high shearing
force. Preferably the agitation starts at a low rotation speed
and slowly increases in relation to the progressive addition
gencrally of the agueous solution in the oil. Preferably the
aqueous solutionis progressively added o the oil, The ratioof
oilfaqueous solution may be adapted to obtain a water-in oil
(W/O) emulsion. for example. at a concentration of aboul
0% w ahout 55% of il (v/v). When the agitation is stopped.
the emulsion changes progressively 1o an O/W emulsion
(phase inversion). After inversion and if needed, the emulsion
is diluted by addition of an aqueous solution to obtain the
desired concentration of il into the final emulsion. The emul-
sion may be stored at about 57 C.

[0143]  In another embodiment. the emulsion can be pre-
pared at a temperature higher than the PIT of the emulsion. In
a first step, the aqueous phase and the oily phase are mixed
together at a temperature higher than the PIT of the emulsion.
Preferably the aqueous solution is progressively added 1o the
oil, The ratio of oil/aqueous solution may be adapted to obtain
awater-in 01l (W/O) emulsion, for example atu concentration
of about 40% to about 55% of oil (¥/v}. The emulsification
may be dane by an agitation with low or no shearing force,
c.g. with a static mixer or a marine helix or with a turbine at
a very low rotation speed. The emulsion obtained is a water-
in-0il (W/0) emulsion. In a second step. the emulsion is
cooled progressively below the PIT. During this step. the
emulsion changes to an O/W emulsion (phase inversion).
Afler inversion and if needed, the emulsion is diluted by
addition of an aqueous solution to obtain the desired concen-
tration of oil into the final emulsion. The emulsion may be
stored at about 5° C,

[0144]  The size of the droplets in the emulsion may be from
about 100 nm 1o about S00 nm. The emulsion may be used. for
example, as an adjuvant o formulate a vaceine composition
or u pharmaceutical composition. The emulsion may alse be
uscd as a solvent to dissolve a dried product. especially a dry
produet containing, for example, atlenuated microorganisms
or live recombinant vectors.

[0145] In a particular embodiment. a pre-emulsion is pro-
duced with only a part of the aquecus solution. This pre-
emulsion may be diluted by addition of a suspension ol an
active ingredient such as a drug or an immunogen, preferably
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animmunogen. to obtain the final composition. Alternatively,
the pre-emulsion may be diluted withan aqueous solutionand
used to dissolve a dried produet such as a dry product.
[0146] The immunogen or antigen suitable for use in the
present invention may be selected from the group consisting
of inactivated pathogens. attenuated pathogens. immuno-
genic sub-units (e.g. proteins, polypeptides, peptides.
epitopes, haptens). or recombinant expression  vectors,
including plasmids having immunogenic inserts. In one
embodiment of the present invention, the immunogen is an
inactivated or killed microorganism. In another embodiment
of the invention. the vaccine composition comprises an
immunogen selected from the group of avian pathogens
including, but not limited to. Salmonella tephinirium. Sal-
monella enteritidis, Infectious Bronchitis virus (1BV), New-
castle Disease virus (NDV), ega drop syndrome virus (EDS).
or Infectious Bursal Disease virus (IBDV), avian influenza
virus, and the like, and combinations thercof.

[0147]  Alernately, the vaccine composition comprises an
immunogen selected from a feline pathogen such as, but not
limited to. feline herpesvirus (FHY). feline calicivirus (FCV).
feline leukemia virus (Fel V), feline immunodelficiency virus
(FIV). rabies virus, and the like. and combinations thereol.
[0148] In vet another embodiment. a vaccine composition
of the present invention comprises an immunogen selected
from a canine pathogen including. but not limited to, rabies
virus, canine herpesvirns (CHV), canine parvovirus (CPV),
canine coronavirus, Leptospira canicola, Leptospira ictero-
haemorragiae, Leptospira grippotyphosa. Borrelia burgdor-

feri, Bardetella bronchiseptica und the like. and combinations

thereof.

[0149] Inyetanother embodiment of the invention the com-
position comprises an immunogen selected from an equine
pathogen, such as equine herpesvirus (type 1 or tvpe 4]
equine influenza virus, tetanus. west nile virus, and the like or
combinations thereof.

[0150] In yet another emhbodiment of the invention, the
composition comprises an immunogen sclected from an
bovine pathogen, such as foot and mouth disease virus
(F'MDV), rabies virus, bovine rotavirus, bovine parainfluenza
virus type 3 (hPTV-3), bovine coronavirus. hovine viral diar-
thea virus (BVDV). bovine respiratory syneytial virus
(BRSV), Infectious Bovine Rhinotracheitis virus (IBR).
Escherichia  coli,  Pasteurefla  multocida,  Pasteurella
haemolytica and the like and combinations thereof.

10151  Instillanother embodiment of the present invention,
the composition comprises an immunogen selected from an
porcine pathogen such as, but not limited to, swine influenza
virus (SIV), poreine eircovirus type 2 (PCV-2), porcine repro-
ductive respiratory syndrome virus (PRRS), pseudorabies
virus (PRV), porcine parvovirus (PPV), FMDV. Mycoplasma
Ivopreumaniae, Erysipelothriv rhusiopathiae, Pasteurella
multocida, Bordetella bronchiseptica, Fscherichia coli and
the like, and combinations thereof.

[0152] Another embodiment of the invention provides for
vaceine compositions comprising at least one immunogen
and an emulsion in a pharmacentically acceptable vehicle,
Immunogens camprising viruses, hacteria, fungi and the like
may be produced by in vitro culture methods using appropri-
ate culture medium or hast cells lines and conventional meth-
ods well known 1o those of ordinary skill in the art. TFor
example, PRRS may be cultured in an appropriate cell line,
such as MA-104 cell line (see U.S. Pal. Nos. 5.587,164:
3.866,401: 5,840.563: 6,251,404 among others). In a similar
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manner, PCV-2 may be cultured using PK-135 cells line {see
U.S. Pat. No. 6.391,314); SIV may be cultured on eggs (U.S.
Pat. No, 6,048.537): and Mveoplasma lvopneumoniae may
be cultured in a appropriate culture medium (U.S. Pat. No.
5,968,525 UJ.S. Pat. No, 5,338,543: Ross R. % et al.. dnr. L
Ver. Res., 1984, 45: 1899-1505).

[0153] In order to obtain an inactivated immunologic, or
vaccine composition. the pathogen is preferably inactivated
after harvesting and. optionally, subjected to clarification by
means of 2 chemical treatment using, for example. lormalin
or formaldehvde. beta-propiolactone, ethvlencimine, hinary
cthyleneimine (BEI). and/or a physical treatment (e.g. a heat
treatment or sonication). Methods for inactivation are well
known to those of skill in the art. For example. the FMD virus
may be inactivated by ethyleneimine (Cunlille. 11 R, Applied
Microhiology, 1973, p. 747-750) or by high pressure (Ishi-
maru et al., Vaceine 22 (2004) 2334-2339), the PRRS virus
may be inactivated by beta-propiolactone treatment (Plana-
Duran et al.. Y¥et. Microbiol., 1997, 55: 361-370) or by BEI
treatment (U8, Pat, No, 5,587,164); inactivation of PCV-2
virus may be accomplished using ethyleneimine treatment or
by beta-propiolactone treatment (LS. Pat. No. 6.391.314);
swine influenza virus may be inactivated using a detergent
like Triton. or with formaldehyde treatment (U.S. Pal. No.
6.048,537): Myeoplasma hyopreumoniae bacterium may be
inactivated by formaldehvde treatment (Ross R. I, supra). by
ethvlenimine or BEI treatment (see WO 91/18627).

[0154] The inactivated pathogen can be concentrated by
conventional concentration techniques, in particular by ultra-
filtration, and/or purified by conventiona| purification means.
in particular using chromatography techniques including. but
not limited 1o, gel-filtration. ultracentrifugation on a sucrose
gradient. or selective precipitations. in particular in the pres-
ence of polyethylene glyeol (PEG).

[0155] Immunogens useful in vaccine compositions
according to the present invention also include expression
vectors. Such vectors include. but are not limited to. in vivo
recombinant expression vectors such as a polynucleotide vee-
tor or a plasmid (EP-A2-1001025: Chaudhuri P. Res. Fet. Sci.
2001, 70: 255-6), virus vectors such as. but not limited 10,
adenovirus vectors, poxvirus vectors such as fowlpox (U.S.
Pat. Nos. 5,174,993: 5,505,941 and 5.766,599) or canarypox
vectors (U.S. Pat. No. 5.756,103) or bacterial vectors (Es-
cherichia coli or Salmonella sp.)

[0156] The present invention also encompasses the formu-
lation of multivalent immunological compositions or combi-
nation vaccine compositions. For example, antigens useful in
acombination bovine bacterin made according 1o the present
invention nelude, but are nat limited to. Myeaplasma bovis,
Pastewrella sp.. particularly P multocida and P haemalytica,
Haemophilus sp., particularly Il somnus, Clostridium sp..
Salmonella. Corvrebacterivm, Streptococeus, Staphylococ-
cus, Moraxvella, E. coli and the like.

[0157] The present invention [urther provides for methods
for inducing an immune response in a host, e.g.. an animal,
comprising administering to the host an immunalogical com-
position or a vaccine composition according to the invention.
The immune responses elicited in this manner are notably
antibody andfor cellular immune responses, and in particular,
a pamma-interferon response.

[0158] In particular. the present invention provides for
methods 0 immunize against, or to prevent or Lo reduce the
symptoms caused by, infecion of an animal with a patho-
genie organism ({or example, infection by a virus. bacteria,
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fungus. or protozoan parasite). The method of the present
invention is useful in vertebrate animals including, but not
limited to. humans. canines (e.g.. dogs). felines (e.g., cats)
cquines (e.g.. horses), bavines (e.g., cattle) and porcine ani-
mals (c.g.. pigs). as well as in avians including, but not limited
to. chickens. turkevs. ducks, geese. a quail. a pheasant. par-
rots. finches. hawks. crows and ratites (ostrich. emu, cas-
sowary. and the like).

[0159] Tnaparticular aspectofthe invention, these methods
consist of the vaccination of pregnant females before partu-
rition by administering a vaccine composition made accord-
ing to the invention, These methods further include the induc-
tion ol protective antibodies clicited by the vaccination
protocol and the transfer of these protective antibodies from
vaceinated pregnant females to theirofTspring. The transfer of
such maternal antibodies subsequently protects the ofTspring
from disease.

[0160] The dosage of the vaccine composition made
according to the present invention will depend on the species,
breed, age, size, vaccination history, and health status of the
animal 1o be vaccinated. Other factors like antigen concen-
tration. additional vaccine components, and route el admin-
istration (i.e.. subcutanecus, intradermal. oral. intramuscular
or intravenous administration) will also impact the eftective
dosage. The dosage of vaccine 1 administer is casily deter-
minuble based on the antigen concentration ol the vaceine,
the route of administration. and the age and condition of the
animal 1o be vaccinated. Each batch of antigen may be indi-
vidually calibrated. Alternatively, methedical immunogenic-
ity trials of difTerent dosages. as well as LDg, studics and
other sereening procedures can be used to determine effective
dosage for a vaccine compesition in accordance with the
present invention without undue experimentation. From the
cxamples presented below, it will be readily apparent what
approximate dosage and what approximate volume would be
appropriate for using the vaccine composition deseribed
herein. The critical factor is that the dosage provides at least
a partial protective effect against natural infection, as cvi-
denced by a reduction in the mortality and morbidity associ-
ated with natural infection. The appropriate volume is like-
wise easily ascertained by one of ordinary skill in the art. For
example, in avian species the volume of a dose may be from
ahout 0.1 ml to about 0.5 ml and. advantageously, from about
0.3 ml to ahout 0.5 ml. For feline, canine and equine species.
the volume of a dose may be from about 0.2 ml 10 about 3.0
ml, advantageously from about 0.3 ml to about 2.0 ml, and
more advantageously, from about 0.5 ml to about 1.0 ml. For
bovine and porcine species. the volume of dose may be from
about 0.2 ml to about 5.0 ml, advantageously from about 0.3
ml to about 3.0 ml, and more advantageously from 0.5 ml o
about 2.0 mL

[0161] Repeated vaccinations may be preferable at periodic
time intervals to enhance the immune response initially or
when a long period ol time has elapsed since the last dose. In
one embodiment of the present invention, the vaccine com-
position is administered as a parenteral injection (i.e., subcu-
taneously. intradermally. or intramuscularly). The composi-
tion may be administered as one dose or in alternate
embadiments, administered in repeated doses of from about
two to about five doses given at intervals of about two 10 about
six weeks, preferably from about two to about five weeks.
Towever, ane of skill in the art will recognize that the number
ol doses and the time interval between vaccinations depends
on anumber of factors including, but not limited to. the ageof
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the animal vaccinated: the condition of the animal: the route
of immunization: amount of antigen available per dose: and
the like. Far initial vaccination. the period will generally be
langer than o week and preferably will be between about two
to about five weeks. For previously vaccinated animals, a
booster vaccination, before or during pregnancy. at about an
annual interval may be performed.

[0162] Thepresent invention also contemplates administer-
ing a vaccine composition using a needlefree injector such as
PIGIET®, AVIIET®E, DERMOJETE or BIOJECTOR®
(Bioject. Oregon, USA), An person of ordinary skill in the art
is able to adjust the specifications of the injector as required
with regard to factors such as the species of the animal to be
vaccinated: the age and weight of the animal. and the like
without undue experimentation.

[0163] In one embodiment ol the present invention, the
method comprises a single administration of a vaccine com-
position formulated with an emulsion according to the inven-
tion. For example. in one embodiment, the vaccine composi-
tion is an inactivated TMD virus composition, while an
alternate embodiment provides [or a vaceine comprising an
inactivated PCV2 virns composition. Other immunological
compositions or vaceines are suitable for use in a single dose
regimen including, but not limited 1o, inactivated Myco-
plasma hvepnewmoniae, PRRS and SIV.

[0164] The invention [urther relates to methods o treat a
host, e.g.. an animal, comprising administering to the host a
pharmaceutical composition made according to the invention
and comprising at least one immunogen selected from the
group consisting of proteins or peplides, nactivated or
attenuated virus, antibodies, allergens. CpG ODN, growth
factors, cytokines, or antibiotics, and in particular Cpli ODN
ar cytokines These pharmaceutical compositions can be used
to improve growth performances in an animal such as
chicken, a pig, a cow or cattle,

[0165] The present invention further relates 1o a kit com-
prising a single vial containing an ingredient such as a puri-
fied immunogen combined with an emulsion made according
to the present invention. The kit can altematively comprise a
(irst vial containing an ingredient such as an immunogen or
pharmaceutical composition, combined with saponin and
aluminum hydroxide, and a second vial containing an emul-
sion made according to the present invention. The immuno-
gen may be ina dry form, a dried form or in aqueous solution
as deseribed herein.

[0166]  The invention will now be further deseribed by way
of the following non-limiting examples.

EXAMPLE 1
Iimulsion Manulacturing Method

[0167] The emulsionwas prepared by Inversion method. [n
a first step. the agqueous phase and the oily phase were mixed
together al +40° C. In a second step, the emulsion was cocled
progressively below the PIT at +5° C. in order to obtain an
O/W emulsion. After inversion. the final emulsion (i.c. vac-
cine formulation) was mixed and subsequently stored at +5°
C. (summarized in Table 1).
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TABLE 1

Percent
Total (viv)

Percem for
Each Phase

Ineomplete Emulsion - Oily phase (120 mL; i3

Serbitan monaoleate [SEAN 0

Sarbitan trioleate (20 OF] (TWEEN 85 ®)
Paraffin oil {IMARCOL 82 ®)

Incomplete Emulsion - Aqueous phase #1
{1207 4

wa

2 wiv) solution of sorbitan monooleate
(20 OF) (TWEEN 8D ®)
phate disodic and menopotassic 0.02M
tomic huffer {pll 7.8}
Ineomplete Emulsion = Oily + Aqueous #1
a Incomplete Emulsion/Tinal Emulsion (e, i
1e Fonnulation)
Add Aqueous phase #2 (120 mL):
[Phosphate disodic and monopatassic (0,026
isotonic buffer pH 7.8, sapown, aluminum
livdroxide, antigens, M102]*
Incemplete Emulsion (Oily + Agl) + Ayl =
Final Emulsion (i.e. Vaccine Formuilation)

L

1o

*Concentmation Amount Ranges

Alunimm hydroxide - from about 0.0% to about [0% (wivh, with respect % the vacaine
fornmikation volume

Sapomn - from about 0,1 mg te abeit 2 mg per ml vaccine formulalion

Amtigers - fromatsout 011 ng o about 200 ue per L vaceine formulation M1D

10 volume

[0168] Sarbitan monooleate (SPAN 80®) and sorbitan tri-
oleate (20 OL) (TWEEN 85®1} were introduced in the oily
phase, The sorbitan monooleate (20 OF) (TWELEN 80%) was
not miscible in the paraffin oil. A 20% (w/v) solution of
TWELEN 808 was prepared in the same bufler as the vaccine,
for example. in phosphate disodic and monopotassic 0.02M
isotonic buffer (pIT 7.8). When the agitation stopped, the
emulsion changed 10 an oil-in-water emulsion. The emulsion
was placed in a cold chamber at 57 C. for at least 4 hours. At
this stage. the emulsion was a pre-cmulsion containing 50%
ol oily phase.

[0169] Second Step: The aqueous phase 112 was prepared
with 120 ml of phosphate disodic and monopotassic 0.02M
isotonic buffer pl1 7.8 with immunogens (inactivated FMDV,
Myveoplasma Ivopneumoniae immunogen, or PCV-2 immu-
nogen, as deseribed infra), saponin. and aluminunm hydrox-
ide, The pre-emulsion as prepared in the [irst step was cooled
to about 5° C.. diluted by adding half the volume of the
aqueous phase #2 at the same temperature, and mixed by the
rotation of a magnetic bar for 1 minute. Final surfactant
concentration in the TSAP emulsion was 4.73% (w/v).
[0170]  In general, the components of the vaccine formula-
tions disclosed herein were added in the following order: 1)
Media 102 at 5 C., 2) Saponin. 3) Alumine hydroxide, 4)
Antigens, und 5) Incamplete emulsion (i.e. the combination
of the Oily Phase plus the Aqueous Phase #1). As prepared
herein. the TSAP vaceines are stable forup to 36 months at 5°
G
[0171] Using the same preparation method. other emul-
sions can be obtained as described in the prophetic examples
helow:

TSAP-2 Emulsion

[0172] The TSADP-2 emulsion is an O/W emulsion contain-
ing 33% of an aily phase. The oilv phase (120 ml) contains
MARCOL 82® 88% v/v, SPAN 80® |.8% w/v and TWEEN
851 10.2% wiv. The aqueous phase #1 (120 ml) containg
phosphate disodic and menopotassic 0.02M isotonic buffer
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(pI17.8)97.75% viv, and LUTROL F127® 0.75% wiv. The
aqueous phase #2 (120 ml) is constituted with the phosphate
disodic and monopotassic 0.02M isotonic buffer (pIl 7.8).
saponin. aluminum hvdroxide. and optionally containing
immunogens. Iinal surfactant concentration in the TSAP-2
emulsion is about 4.25% wiv.

TSAP-3 Emulsion

[0173] The TSAP-3 emulsion is an O/W emulsion contain-
ing 30% of an oily phase. The oily phase (160 ml) contains
MARCOL 82% 92% v/v, SPAN 858 1 8% w/v and BRIT96E
6.2% wiv. The agueous phase #1 (160 ml) contains phosphate
disodic and monapotassic 0.02M isotonic bufler (pH 7.8)
98.5% v/v, and LUTROL F127% 0.5% w/v, saponin, alumi-
num hydroxide, and optionally containing immunogens.
Final surfactant concentration in the TSAP-3 emulsion is
about 4.25% wiv.

TSAP-4 Emulsion

[0174] The TSAP-4 emulsion is an O/W emulsion contain-
ing 10% of an aily phase. The oily phase (120 ml) contains
MARCOL 82 60% v/v. SPAN 401 17.2% wiv and ARLA-
TONI 650% 22.8% wiv. The aqueous phase #1 (120 ml}
contains phosphate disodic and monepotassic 0.02M isotonic
buffer (pl1 7.8) 97.5% v/v and TWEEN 20® 2.5% wiv. The
aqueons phase #2 was prepared with 400 ml of phosphate
disodic and monopotassic 0.02M isotonic bufter pH 7.8,
saponin. aluminum hydroxide, and optionally contuining
immunogens. 100 mlof the pre-emulsion was diluted with the
400 ml of the aqueous phase #2 to obtain the TSAP-3 emul-
sion. Final surfactant concentration in the TSAP-4 emulsion
is 4.25% wiv.
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36° C.-46° C.F1GS. 1-5 provide PIT determination graphs for
vaccine formulations made according to the present invention
(1 year stability study). FIG, 6 provides a PIT determination
graph lor vaceine formulations made aceording to the present
invention and stored for 36 months (3 year stability study),

EXAMPLE 3

Study #1: Stability of Vaceine Formulations Prepared
According to Ixample |

[0176] This table indicates the stability (i.e. the time in

menths the formulations remain as oil in water emulsions) of

vaccine formulations prepared according to the method

deseribed in Example 1. The formulations are comprised of

the indicared constituent ingredients (sce formulations 1-13),
and the antigens used for cach of these formulations com-
prised inactivated FMD virus isolates that were considered
moderately to highly purified.

[0177] As Table 2 indicates, the presence of Aluminum
hydroxide provides increased vaccine stability especially
when the highest concentration of antigen is used (compare
the enhanced slability of formulations 9. 11, and 13 1o the
relatively reduced stability at 12 months of formulations 3. 5,
and 7). On average, the presence of Aluminum hydroxide in
the higher antigen-cantaining formulations (i.e. formulations
9,11, and 13) increases the oil/water stability time from about
3-6 months (i.e. the oil/water stability observed for formula-
tions 3, 5. and 7) to about twelve (12) months (.e. the oil!
water stability observed for formulations 9. 11). or even 10
about twenty four (24) months (i.c. the cil/water stability
observed for formulation 13).

TABLE2
Trial

l 2 ¥ ' § 6 7 B 2 10 11 12 13
Antigen (ue/dose) 1] 15 60 18 L 15 6l 5@ 15 60 1y il
Sapenin (mgdese) 0 0 0 ns 03 1 1 i} ns 035 1 !
AlIOH )4 (% final [} " 0 0 il 0 1 [ 3 3 &3 3 3
Numbier doses 75 75 5 I8 75 5 15 75075 5 5 75 75
Tt Mos OW OW OW OW OW OWw oW oW OW oW ow oW oW
T3 Mos oW OW OW OW OW OW OW oW oW oW oW oW oW
Th Mos oW OW WO OW W0 OW OW OW OW OW 0w DW oW
TS Mos O DWW W0 OW WO OW WO oW oW oW oW oW Ow
T12:Mos aW oW WO DW W0 oW WO oW oW oW OW 0w oW
T24 Mos OW 0w WO OW WO oW W0 oW WO oW W0 ow Ow

EXAMPLE 2

Determination of the Phase Inversion Temperature
(PIT) of an Emulsion

[0175]  1Omlofthe TSAP emulsion was placed into a glass
tube in a water-bath at a temperature of about 25° C. The
TSAP emulsion was a white homogeneous emulsion, The
temperature in the water bath was progressively increased.
Changes in the emulsion were visually observed (the emul-
sion became two separated phases due to the migration of the
yellow-brown oily phase to the surlace). This change is char-
acteristic of the breakdown of the emulsion. The temperature
at which this change is observed is the PIT value ol the
emulsion, For the TSAP emulsion. the PIT ranges from ubout

EXAMPLE 4

Study #2: Stability of Vaceine Formulations Prepared
According to Example |

[0178] Vaccine formulations were prepared as described in
Fxample 1 and according to the component amounts indi-
cated in Table 3. As described previously. the order of addi-
tion of components was 1) media 102. 2) saponin, 3) alumine
hydroxide. 4) purified antigens. and 5) incomplete emulsion
(refer 1o Example 1 wherein the incomplete emulsion is
defined as the oily phase plus the aqueous phase #1). The
purified antigens were FMDV antigens O1 Campos, A24
Cruzeiro. and C3 Indaial. The total volume was adjusted
using Media 102 (M102. recipe indicated below),
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TABLE3
Trial Number
2 3 4 s ] R g 10
[ncemplete emulsion {ml) 400 &0 400 400 400 A
200 240 206 2061 2000 200
saponin 1] n 250 a 250 9570
AMILIRLAST (mp}
O1(ml) {about 1500 pg] 0 &8 1RB [8.8 188 (]
A24 {ml} [about 1500 pg] 0 GLET AT 167 187 16,7
C3(ml) [about 1500 pa] [ 15 15 13 15
Alumine hydroxide 0 0 0 130 150 1501
1.5% {mD)
Media 102 0l
Total vplwme () 600 600 600 &0 &0 G600 GO
Total valume (doses) 300 300 o0 300 200 300 300
TABLE 3-continued
Stock Lest Aceeptahility critena

Solution

Component Deseription

MpCly
K€l
Catly
CHCIy
Alanine
Glucose

Peptone

albumin hydrolysate

[0179] Vaccine stability was determined according to Table
5.

TABLE 5

Test Acceptability crilena

Droplet size antlysis** Made < 018 um:

SPAN <8

Phase inversion temperature L O

(PIT}

*Far the vaccines withowt alumine gel
**"ontrals performed at the end of the stability study

[0180] Tor each vaccine formulation. the phase inversion
temperature (P1T) was determined as described in Example 2.
The amount of antigen added is indicated by “hemaglutunin
units™ (UH) per vaccine dose, Table 6 summarizes the PIT
data and indicates that the PIT remained generally stable for
up to 36 months. FIG. 6 provides graphs of the PIT determi-
nation by conductivity for the vaceine formulations of Trials
1-10 (summarized in Table 6). The increase of the PIT that is
observed with the saponin-adjuvanted formulations (i.e. trials
3.4.6.7.9. and 1) constitutes by itself an improvement with
respect to stability over non-saponin-adjuvanted formula-
tions (1.e. trials 2, 5, and 8).

TABLE 6

Trinls
2 3 4 5 6 J ] Y 1
Davs 7 7 7 8 7 G 9 9 14 14
23 22 23 33 24 24 4 ] 3 41
121 121 121 1232 12 121 127 133 133
330 130 330 40 a0 1401 40 344 3401
(RRV1) 1148 110} 100 1L 11040 11000 11041 11ex)
Antigen - + + + + + + ne - +
Saponin 0 (Il 0.8 25 0 0.8 25 il 0% 1.8
{mg/dose)
Alumine zel 0 0 1 1} 0065 068 (1.065 039 ]
%)
RLT: 3y 19 G5 36 34 R 375 41
5 9 16.5 39 39,8 378 39.5
38 16.7(%) 395 7 ] A 32 a0
36.8 30 39 Fid £l 34 a8 4
385 4.5 40 39 40.5 41 4] ¥1.5
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[0181] The particle size distribution (Table 7) of the emul- route, Fach animal of the SC group was revaccinated with the
sions remained within the range set forth in the study criteria respective vaceine on days 56 and 84 by the subeutancous
over the 36 month time period. route,

TABLL 7

Alurmune

Diate of gl Made
Samples marmiacturing dosel (% final) (um) SPAN
[ncomplete e 0407705 0 0,158 (.64
2TN90S { n 146 0650
(4/12my 3 i i) 0,145 0661
14/12/089 + 0.8 0 .14%
(41209 4 3.5 0,154
04/12/09 + 0 1,144
4/ 2500 %, 1.8 7,144
+ 25 0144
+ 0 039 0146
Irial @ + 0.8 039 0.145
Trinl 10 i P 039 [.145
EXAMPLE 3 [0183] lable 8 summarizes the stability ol the vaceine [or-
mulations.
Serology Results After Administration of Multiple
Doses of a Foot-And-Mouth Disease (FMD) Virus TABLES
Vaceine Adjuvanted with TSAP Emulsion- Bovine -
Study =

Formulation 2 Tnvironment

[0182] Materials and Methods: 90 Cattle, 12 10 14 months

; : 5 : 5 Nurnher 1Week Wecks 30Days 1 Week 2Weeks 30 Days
old, never vaccmated. and without FMD antibodies were

selected, mndomized. and distributed among 10 groups of 9 :t: :; gg 3;‘ ﬁ: :,;é :J' ]11 :E
animals to be vaccinated. The animals were vaccinated with 9500 OK 0% OK. 0K OK 0K
the indicated vaccine formulations (9807-9814) at dav 1. 9810 0K Ox 0K 0K OK OK
Fach of the formulations listed in Tables 8. 9, 10, and 11 was 2:}2 ?,: t(;:‘ 8: {r_)“ﬁ :Z‘ ?:};
prepared according to Fxample 1 and comprises all the com- 9813 0K 0K 0K oK oK OK
ponents recited in Example 1 with the saponin and aluminum 9814 OXK OK  OK  OK OK OK
hydroxide amounts varying according 1o the [ollowing: the

amount of saponinis either 0, 0.7. 1.3, or 2.7 mg/dose. and the [0184] There was not any lesion after the first vaccination
amount of Algel aluminum hydroxide is either 0% or 0.37%. by the intramuseular route, There were some lesions after the
Light (8) groups were vaccinated by the intramuscular route second vaccination by the intramuscular route but all these
(the IM group) and two (2) groups were vaceinated by the lesions receded 28 days after the second vaceination by the

subcutaneous route (the SC group). Each animal of the IM
group was revaccinaled with the respective vaccine onday 56
by the intramuscular route and on day 84 by the subcutancous

intramuscular route. Table 9 summarizes the safety of the
vaccine lormulations, as indicated by animal body weight
measurement on the specified dates.

TABLE Y

Bodv Weight Measurement Date

17- §- 13- 15- 9- 12- 16- Q-
Expenment Nowve  Dee- Dee- ] Jap-  Feb- Feh- Feb- Mo
Identifier Statisues 08 08 N8 i} [ 0% 09 (#7]
EXP 9s07 Mezn We (kg) o4 303 ani i3 352 355 T2
StdDev 33 i 3 13 14 12 kX
EXP ORO8 Men: Wt kg 193 34 303 328 353 33 370
StdLev 34 if 3 41 42 41 4
EXP 9809 Menn Wi ikg) 293 3 30 325 45 4% 365
StdDev 33 33 3 33 a7 35 a7
EXP 981D Mean Wt (kg 303 305 30 ERIH 348 351 374
StdDev 33 32 3 Ei ] 34 34 40
EXPORILGL  Mean Wt ikp) 205 37 307 jde 352 364
Srilev ia 31 1] 35 40 39
EXPU81] G2 Mean Wi ikp) 203 304 305 132 345 64
StdDev 32 14 39 41 43
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TABLE 9-continued
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Body Weight Measurement Date

7- He 15- 12- 15- 9- 12- 1 fi- G-
Experiment “ov- Dec- Degs Jan-  Jan-  Teb- Feb-  Teb- Mar-
Tdentilier Statistics kS 08 HES [ 1 [E] (9 (g 09
EXPURIZGL  Mean Wt (kgl 4 307 T 352 3G 354 571
sdDev M3 M 3 36 3§ 32
EXPU812GY  Mean Wt (kg) 252 g S 352 344 355 359
StdDev a0 a2 3 35 32 37 i F
EXPOR13 Mean Wt (ke) 293 nd 3 387 354 360 37R
StdDev ] 27 3 k¥ 35
FXP 98L& Mean W (kg) 193 S 305 i 325 348 345 326 365
StdDev 30 1 29 31 i 37 35 k]| 29

[0183] Results: Table 10 summarizes the serological data
collected during the experimental trials, Ol Campos, A24
Cruzeiro, and C3 Indaial are three independent serotypes of
the FMD virus. and the presence o 0O1,A24. and C3 antibod-
ies is a positive indicator that the vaccine formulation clicited
an immune response in the vaceinates. “G17 indicates the
vaceine formulation was administered intramuscularly and
“(32" indicates the vaccine formulation was administered
subcutancously. For the present invention, particularly for the
FMD viral antigens, there is a strong. direct correlation
between antibody titer (i.e. serum levels of O1 Campos, A24
Cruzeiro. and C3 Indaial) and the [quivalent Population Pro-
tection (EPP) number. Simply stated. when theantibody tters
are high, the vaccinate animals are correspondingly highly
protected from viral infection.

use of the subcutancous route of administration is not known
at this time, but an effective embodiment of the current inven-
tion could include, but is in no way limited to, varying the
route of vaceine administration dependent upon current and
future efficacy (e.g. antibody titer) data.

[(0188] As compared 1o non-saponin-adjuvanted control
vaccine formulations (1.e. 9807 & 9808). the saponin-adju-
vanted vaceine formulations elicit in the study animals amore
rapid immune respense to all three FMD virus antigens. as
indicated by the higher average antibody titers for saponin-
adjuvanted formulations at Day 21. Taken together, the evi-
dence indicates that the present invention provides improved
stabilily and enables more rapid immune responses than non-
saponin adjuvanted formulations.

TABLE 10

Saponin Q1 CAMPOS A CRUZEIRO C3 INDAIAL MEANS
(mg! ALOL i 56 n M55 Nzl N6 D21 THA
dose () I e ] TIT EPP CTIT EPF TIT EPP TIT EPP TII EPP TIT EPP TIT TIT
Ml 0 QT L.47 84 2017 9.5 923 16%: 22
[ PR 1.64 { 551 Lee 305 FH3 R5R 8% 138
0.7 9809 1.66 R 613 1.9 528 7.4 R7.7 89 21
0.7 a1 1.91 fid 5 65.7 1.81 469 BR.7 &8 2 R
1.3 ! Q11 Gl 1.97 8.6 6.8 201 761 BR.G g2 Bl 2
1:3 4] 9811 G2 1,92 84 82 211 74 92 953" Xl 2
1.3 037 981241 1.81 673 74 1BR 492 88,3 7.4 206 2
1.3 037 9812G2 258 97 25 94,5 229 90 06,7 8.8 2560 25
13 l 9813 . Yas LB 75 223 BR6 B34 9650 2020 24
2.7 037 GBl14 214 0.2 234 95 196 3574 G6.4 QFF 236 Xl

G - vacane fommulation was pstered intramuseularly

(2 - vaccane formulation was 2

ered subzutanzously

[0186] Surprisingly. the presence of aluminum hydroxide
is associated with a significant difference i immune response
that depends upon the route of administration. When alumi-
num hvdroxide is present. as in formulations 9812G1 and
0812G2, there is a significant increase in the vaccinate
immune response. as measured by the antibody titers, when
the vaccine formulation is administered subcutaneously.
There is no similar significant difference in ellicacy due 1o
rotte of administration for the corresponding vaccine formu-
lations that do not contain aluminum hydroxide, namely
9811G1 and 9811G2.

[0187] The reason for this enhanced immune response due
to the presence of aluminum hydroxide coineident with the

EXAMPLE 6

Serology Results after Administration of Two Doses
of a Foot-And-Mouth Disease (FMI) Virus Vaceine
Adjuvanted with TSAP Emulsion—Porcine Study

[018Y] Materials and Methods: 57 Pigs, never vaccinaled,
and without FMD antibodies were sclected, randomized. and
distributed among 9 groups of 6 animals 1o be vaccinated and
1 group of 3 animals not to be vaccinated (non-vaccinated
animals). The animals were vaccinated with either the indi-
cated vaccine formulations (A-1) on day 1. Fach ol the for-
mulations listed in lable 11 was prepared according to

{7
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Example | and comprises all the components recited in
Example 1 with the saponin and aluminum hydroxide varving
according to the following: the amount af saponin is either 0,

Jun. 2, 2011

TABLE 12-continued

Amtigen Saponin

0.7. 1.3. or 2.7 mg/dose and the amount of Algel aluminum Anmal - Vaceine (ng! g/ er Dar
¥ R S PO A0 Wineirii T ] sA Tty
hydroxide is either 0% ar 0.37%. Vaceine lormulation salety Group  Tomnultion  dose)  dose]  Algel Smtistic D21 D44
wits assessed via measurement of several parameters includ- . = - =_—
. ) e AL ; z 4 G5 i3 10 0.7 0,37 Mean 1.B7 320
ing rectal temperature and visual indicia of the animal’s reac- Sillev .69 045
tion to vaccination,
TABLE 11
Vaccine Fonoulaton
A B C b B I G H
Ay [udose) i n 1w 10 11 i Lo 10
Saponin ] 4] € u? 0.7 1.3 13 2t 2%
(mg'dose)
Algel (% linald 4] 0 0.37 il 037
Incomplete 333 333 333 313 333
Purified FMIV R P | 1.1 t 1l I 1.1 (rd
{mL)
Saponmin (L) il (¥ 0 248 24K 4496 4.96 992 9.92
Algel i) N 0 61.7 n G61.7 | 1.7 i AT
MI02a s C 166 1548 1524 908 1486 882 145 83.3
Tontal
Volume tatal 300 500 00 SO0 300 S0 R S 5001
250 28 350 250 230 50 150 50 250
[0190] Results: All vaccine formulations that contained
antigen (formulations B-1, deseribed in Table 11 induced in TABLE 12-continued
the test animals an antibody response that was significantly
greater than that induced by the no antigen control (formula- Kl Viickiie
tion 1. described in Table 11), Formulations that contained
saponin induced relatively greater antibody responses as Group  Formulation  dose)  dose]  Algel Smuste D11 D4s
compared to formulations that cantained no saponin. Table 12 6 r 10 13 ¢ Memn
summarizes the antibody Liter data, and restates the amounts StdDev
of antigen, saponin, and aluminum hydroxide for cach for- 67 G L 1.3 057 Mean
mulation, In particular. the antibody titer data indicates that s i @ S H i'[‘m”"
i - g4 e 25 >0
the presence in vaccine formulations of between about 0.7 S
mg/dase and about 2.7 mg/dose suponin increases the anti- G 1 10 27 037 Mem
body response, relative to vaccine formulations that do not ) StdDev
contain saponin. Gig: ot Mean
Vaccinated StdDev
TABLE 12
Antigen Sapenin EXAMPLE 7
Animal  Vieeine (g’ g
: Determination ol the Protective Dose 50% (PD3S0) of
jroup  Formulation {ose 56 Algel Statistic D21 D24 3 . A S ..
UGy Jommiam Y  daw aledfmme T O Three Experimental FMD Vaccines in Pigs
(€3} A fl 0 1 Mean .67 " 3 X
S1dbev 0.26 [0191]  Overview. The purpase ol the study was to test the
G2 i 1o 0 . Mean 317 efficacy against FMD virulent challenge in pigs of' 3 experi-
” & ; . i;dl-‘ﬂ' Dot mental FMD vaceine formulations according to the instant
3 H | 0 037 Mes 282 . - . . - 5 .
! ' gl ail invention. Four vaceines (A, B. C. and D) were prepared with
o ) 1 nt 0 117 respectively no Antigen (A). and variable doses of inactivated
0.4z purified FMD O1 Manisa antigen (vaceines B, C. and D)

formulated with adjuvant according to the instant invention,
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The vaccines were presented as 30 mL vials filled to 25 mL
and the doses were 2 mL per dose. The challenge strain was
FMD O1 Manisa. 449402 41:911, 20-07-1994 (which had
been originally isolated as O1 Manisa Turkey 1/78), and the
titer in secondary porcine kidney cells was 7.67 log 10
TCID50/mL. Diluent for the challenge strain was Hanks
MEM. 2% fetal bovine serum (FBS) with stundard antibiot-
ics.

[0192] Procedure. Porcines free from FMDV and not pre-
viously vaccinated against FMD were used for the study.
Each af 47 pigs aged 10 weeks (plus or minus 1 week) was
acclimatized for al least 24 hours prior lo experimental pro-
cedures. Pigs were housed 2 to 3 animals per roam, and were
fed standard pellet feed and watered ad libitum. At Day 1
(D1), the pigs (regardless of sex) were allocated to 15 groups
of three animals and one group ol two animals. Fach group
was housed in one particular room and in enach room. the
animals were individually separated by wooden planks
(1.5M) from challenge until completion of the study.

[0193] On DO, animals were vaccinated. intramuscularly
behind the ear on the left side. with individual syringes
according o Tables 13 and 4. Before vaccination, vaccine
vials were gently inverted about 10 times to ensure homoge-
neous suspension.

TABLE 13
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TABLE 14-continued

ARCCLIATION SLITLTary

vaccine ecmpesition

Vaceine {Tinal Emulsion) A B (i D
Ag ()p'dose) il n4 2 1o
Sapoenin (1 4] 1] ] 0.7
Algel (% 0 .42 .42 042
Incomplete Emulsion 33 333 333 333
(ml)
Aqueous phase 2 166 ml
FMD O-Manisa batch# 1] 066 129 16.45
OMAd-04-613 [ml)
Pure Saponin i 248 R 248
1R-0314-P (ml)
Alumine Gel 3% (ml) o 614 614 Gl
Media 102 166 Ln2.5 9.8 R6.7
Tetal
Volume total (mi) S0 300 S0 300
# 10tal (dases) 250 250 250 250
TABLE 14
VACCINALIOn SUmMmany
Volume of
Vaceine injected
CGroup Vacemne Dose (ml.} # Pigs
Bl B Dose 0 3
B B ¥ dose 1 3
B B Vi dose 03 3
B4 B 5 dose .25 3
Bs B L4 dose 0.13 ]
1 C Tose 0 3
£2 C A dose 1 3
3 o /4 dose .3 3
ca [2: . 35 3
5 ( 0.13 3
3]} D 2 3
i n i 3

Yohime of
Vaceine injected
Group Vaccine Dose fmL) # Pigs
R E] i3] Ya dosc 3
4 |8} s dose 3
15 D s dose 3
A {contral) A l 2

[0194] Challenge. On D28, FMD type O virus was diluted
to obtain 100.000 TCIDS0 per mL (the virus stock was diluted
2.67 log 10. or 468 times). On the same day, all animals were
anesthetized by administration of STRESSNIT (1 ml/20 kg)
and KETAMINE (2 mI./20 kg) by the IM route and chal-
lenged with 10,000 TCIDS0 of virus under 0.1 ml. by Intra-
dermal route. into the hulb of the heel of the outer claw of the
lelt hind foot. The general well being of the animals was
checked daily from DO to D28. Any clinical observations and
treatments were noted. After challenge, animals were
observed daily for 7 day (D29 to D35). Observations were
performed in the same order. starting by the rooms with the
animals vaccinated with the highest to dose to those with the
animals vaccinated with the lowest dose, and ending with the
controls (group A), The general well being was checked duily.
with particular attention paid to signs of FMD on the snoot
and the feet. Blood was collected from each animal before
vaceination (on D1 or DY, D14, and D28 before challenge
and at the end of the study. Samples were heat-inactivated
(56° C. for 30 minutes) and FMDV Ab type O titer was
determined in all sera by VN test (MERTAL Ré&D. Lelystad).
[0195] On D36 (end of the observation period). animals
were cuthanized (4 to 6 mL per 50 kg IV T61) and closely
inspected for signs of FMDV. Any lesions observed in the
groups vaccinated with a full dose of vaccine (groups B1. C1.
or D1) were samples and frozen a1 =70° C. for further virus
typing. Presence of lesions on the snoot. mouth and/er feet
(except on the major claw of the inoculated feet) were con-
sidered as an evidence of FMD, The test was considered valid
as it met the eriteria, which stated both control pigs must show
FMD clinical signs. The PDS0 of each vaccine was calculated
by Spearman Kerber method.

[0196] Results, The potency versus payload is presented in
FIG, 9, and the relevant study data is numerically summarized
in Tables 15 and 16 below.

TABLE 15

Volume
tml) B {3 D
33 2 33
X5 33 313
0,501 145 13 '
0.250 13 173 243
U135 3 '3 112
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TABLE 16
Calculation
of vaccine
palency using
logistic
regression
Vacewe Payload (1) PDAG ICu5- 195+
i 0.4 3.594 1.6045 2,885
¢ 2 45821 02 2.0879
D 10 18 9.533 5155

What is claimed is:

1. A vaccine composition comprising an injectable oil-in-
water (O/W) emulsion, comprising:

(i) an agueous solution comprising at least one immuno-

gen;

{ii) an aqueous solution comprising a hydrophilic ionic
surfactant

(i) an optional aqueous solution comprising aluminum
hydroxide

{iv) @ muneral oil;

{v) a non-ionic lipophilic surlactant:

(vi) a non-ionic hydrophilic surfactant having a high
hydrophilie-lipophilic balance (HT.B) value between 13
and 40; and

{(vii) a non-ionic hydrophilic surfactant having a low
hydrophilic-lipophilic balance (HLB) value between 9
and 13.

2. The composition of elaim 1. wherein the hydrophilic
jonic surfactant is saponin and wherein the concentration of
the saponin is between about 0.35 mg/dose and about 3.0
meg/dose and wherein the concentration of the aluminum
hydroxide is between ahout 0% and about 1.0% (w/v).

3. The composition of claim 2, wherein the high HLB
non-ionic hydrophilic surfactant is present at a concentration
of 0.1 to 1.53% cxpressed as a weight by volume of emulsion
(w/v), and wherein the percentage of the surfactants is from
about 4% 1o ubout 8% weight/volume.

4. The composition of claim 2. wherein the low HL.B non-
jonic hvdrophilic surfactant is present at a concentration of

9% 10 8% expressed as a weight by volume of emulsion (w/v).

5. The composilion of claim 2. wherein the non-ionic lipo-
philic surfactant is present at a concentration of 0.1% 10 2.5%
expressed as a weight by volume ol emulsion (w/v).

6. The composition of claim 2. wherein the mineral oil is
present at a concentration of 20% to 40% (v/v). and wherein
the emulsion has a phase inversion temperature (PIT) of
between about 33° C. to about 66° C.

7. The composition of claim 2. wherein the low HLB non-
ionic hydrophilic surfactant is selected from the group con-
sisting af cthoxylated fatty acid triesters of sorbitan, cthoxy-
lated fatty acid diesters of sorbitan, ethoxylated fatty acid
manoesters of sarbitan, ethoxylated fatty aleohols. ethoxy-
lated fatly acids ethoxylated castor oil and combinations
thereol, and wherein the ester of said ethoxylated fauy acid
ester is selected from the group consisting of aleate, palmi-
tate, stearale. isostearate, laurate and combinations thereof,

8. The composition of claim 2, wherein the non-ionic lipo-
philic surlactant is selected from the group consisting of fatty
acid esters of sorbitan, fatty acid esters of mannide,
di-cthoxylated fatty acid esters of mannide, tri-ethoxylated
fatty acid esters of mannide, tetra-ethoxylated fatly acid
esters of mannide and combinations thereol, and wherein the
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ester of the fatty acid esters is selected from the group con-
sisting ol oleate, palmitate, stearate. isostearate. laurate and
combinations thereof.

9. The composition of claim 2, wherein the high T1LB
non-ionic hydrophilic surfactant is selected from the group
consisting of ethoxylated fatty acid monoesters of sorbitan,
cthoxvlated fatty alcohols, ethoxylated fatty acids, non-ionic
black-copolymer. and combinations thereof, and wherein the
cthoxylated monoester of sorbitan is selected from the group
consisting of ethoxylated sorbitan monolaurate, ethoxylated
sorhitan monopalmitate, ethoxylated sorbitan monostedrate.
ethoxylated sorbitan monooleate. and combinations thereol,

10. The composition of claim 2. wherein the mineral oil is
selected [rom the group consisting of paraffin oil, syualane.
pristane. polyisobutene vil, hydrogenated polyisobutene oil,
polydecene oil, polyisoprene oil. polyisapropene oil and.,
combinations thereaf.

11. The composition of claim 2 which comprises a paraflin
vil. a sorbitan fatty acid monoester as a non-ionic lipophilic
surfactant, an ethoxylated fatty acid tricster of sorbitan as a
Jow 11113 non-ionic hvdraphilic surfactant and a non-ionic
hlock-copolymer as a high HLB non-ienic hydrophilie sur-
factant.

12. The composition of claim 9. wherein the sorbitan latty
acid monoester is a sorbitan monooleate. the ethoxylated fatty
acid triester of sorbitan is an cthoxylated trioleate of sorbitan
and the non-ionic block-capolvmer is a polyoxyethylene/
polyoxypropylene polymer (POL-POP).

13. The composition of ¢laim 12, wherein the paraflin oil is
present at a concentration of 10% to 40% viv, the sorbitan
monooleate is present at a concentration of 0.2% 1o 1.5% wiv,
the ethoxylated trioleate of sorbitan is present at a concentra-
tion of 2% to 5% wiv and the POE-POP is present at a
concentration of 0.1% to 0.5% wiv

14. The composition of claim 12, wherein the paraflin oilis
present at a concentration of 29.3% /v, the sorbitan
monoaleate is present at a concentration of 0.6% w/v, the
ethoxylated trioleate of sorbitan is present al a concentration
of’3.4% wiv and the POL-POP is present at a concentration of
0.25% wiv,

15. The compasition of claim 2. whereln the immunogen is
selected from the group consisting of'an inactivated pathogen.
an attenuated pathogen, a subunit, a recombinant expression
vector, and a plasmid or combinations thereol. and wherein
the inactivated pathogen is selected from the group consisting
ol a virus, a bacterium, a fungus. protozoal parasile or com-
binations thereof.

16. The composition of ¢laim 15. wherein the immunogen
is an inactivated Foot-and-Mouth disease (I'MD) virus. an
inactivated porcine circovirus type 2 (PCV-2) virus. or an
inactivated Mycoplasma hyopreumoniae bacterium.

17. A method for inducing an immunelogical response in
an animal against a pathogen comprising administering 10
said animal a vaccine composition according to claim 185,

18. A method according to claim 17, wherein the immuno-
gen is selected from the group consisting of an inactivated
pathogen, an atienuated pathogen, a subunit. a recombinant
expression vector, and a plasmid or combinations thereof.

19. A method according 1o ¢laim 17, wherein the immuno-
gen is selected [rom the group consisting ol an inactivated
Myveoplasma hyopneamoniae bacterium, an inactivated por-
cine eircovirus type 2 (PCV-2) virus or combinations thereof,

20, The method of claim 19, wherein the administration is
intramuscular (IM), intradermal (ID) or subcutancous {SC)
injection, ar wherein theadministration is done with a ncedle-
Jess injector.
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