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7 | CONDICIONES PARA ACCEDER A ESTE PROCESO:

7.1. DATOS DE PRIORIDAD XISl [INO
(33) PAIS DE ORIGEN CODIGO PAIiS (31) NUMERO (32) FECHA (AAAA/MM/DD)
1. CHILE CL 2013-02829 01/10/2013
2.
3.

7.2. DATOS SOLICITUD INTERNACIONAL PCT [XISI []NO

Solicitud Internacional No. PCT/IB2014/064963 Fecha 30/09/2014
Publicacién Internacional No. WO 2015/049633 Fecha 09/04/2015

*El solicitante presenta una copia de la(s) reivindicacidn(es) patentable(s) u otorgable(s) de la solicitud de la Oficina de
Primera Presentacion que profirid el examen de patentabilidad, junto con una traduccion al castellano. X SI  [] NO
*El solicitante presenta los resultados de busqueda de la Oficina de Examen Anterior, junto con una traduccion al
castellano XIsl [NO

REQUISITOS PARA EL RECONOCIMIENTO DE LOS RESULTADOS DE EXAMENES DE PATENTABILIDAD
EFECTUADOS A SOLICITUDES EXTRANJERAS

Para que la Superintendencia de Industria y Comercio pueda reconocer los resultados de examenes de patentabilidad
producidos por otras Oficinas de Propiedad Industrial se debe cumplir con las siguientes condiciones:

(a) Al momento de solicitar el examen de patentabilidad, si el solicitante pide que se reconozcan examenes de patentabilidad
de otras oficinas extranjeras, debera aportar junto con el pago de la tasa correspondiente, los siguientes anexos:

(i) Copia de las resoluciones, fallos o decisiones que han sido relevantes para la determinacion de la patentabilidad de la(s)
solicitud(es) en la Oficina que haya proferido el examen de patentabilidad que contienen reivindicaciones patentables u

otorgables que son la base de la peticion, y si es del caso, su traduccion al castellano. XIsl [INO
(ii) Copia de todas las reivindicaciones determinadas como patentables u otorgables en la Oficina que profirid el examen de
patentabilidad y, si es del caso, su traduccion al castellano. XIslI [JNO

(iii) Copia de los antecedentes, informacion o documentos citados por el examinador de la Oficina de Primera Presentacion
del examen de patentabilidad, en las resoluciones, fallos o decisiones correspondientes, incluyendo la literatura no patente.
Los documentos de patente deberan presentarse siempre y cuando no estén disponibles para la Superintendencia de Industria

y Comercio mediante el simple acceso a bases de datos gratuitas. Xsl [INO
(iv) Una tabla de correspondencias de las reivindicaciones que han sido determinadas como patentables u otorgables en la
solicitud de la Oficina que haya proferido el examen de patentabilidad. . XsI [INO

FIRMA DEL SOLICITANTE, DEL APODERADO O DEL REPRESENTANTE LEGAL
Junto a cada firma, indicar el nombre del firmante y su calidad (si tal calidad no es obvia al leer el petitorio)
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' ' SOLICITUD NUMERO:
INFORME PERICIAL
2829-2013
.1.- SOLICITANTE: PCNTIFICIA UNIVERSIDAD CATOLICA DE CHILE FECHA SOLICITUD:
(Representante: Estudio Clarke Modet Co Limitada) 01/10/2013

2- TITULO: (NO MAYOR DE 330 CARACTERES) FORMULACION INMUNOGENICA QUE CONTIENE BCG VIVAS
RECOMBINANTES QUE EXPRESAN ANTIGENOS DE METAPNEUMOVIRUS (hMPV) EN UNA SUSPENSION QUE SE
PREPARA A PARTIR DE UN LIOFILIZADO SIN LA NECESIDAD DE ADJUNTAR SU USO FARMACEUTICO; VACUNA CONTRA
hMPV

3.- PERITO: Andrés A. Toro Contreras N° de Expediente

4.- RESULTADO DEL EXAMEN PERICIAL:

D SE RECOMIENDA LA CONCESION DE LA PATENTE

LA SOLICITUD NG CUMPLE CON LOS REQUISITOS ESTABLECIDOS POR LA LEY Y EL REGLAMENTO

D CON OBSERVACIONES

5.- ESTE INFORME SE BASA EN LA SIGUIENTE DOCUMENTACION PRESENTADA :

HOJA TECNICA PRESENTADA ORIGINALMENTE CON FECHA 01/10/2013

HOJA TECNICA PRESENTADA CON FECHA :

MEMORIA DESCRIPTIVA, PAGINAS © .21 PRESENTADAS ORIGINALMENTE CON FECHA. (01/40/2013
MEMORIA DESCRIPTIVA, PAGINAS PRESENTADAS CON FECHA

MEMORIA DESCRIPTIVA, PAGINAS : PRESENTADAS CON FECHA

REIVINDICACIONES  1-14 PRESENTADAS EN LA SOLICITUD CONFECHA.  01/10/2013
REIVINDICACIONES . PRESENTADAS CON FECHA

REIVINDICACIONES - PRESENTADAS CON FECHA

RENINDICACIONES - ; PRESENTADAS CON FECHA

DIBUJOS, LAMINAS 15 55 PRESENTADAS EN LA SOLICITUD CON FECHA.  01/10/2013
SECUENCIAS: 1-4 PRESENTADAS GON FECHA 01/10/2013
DIBUJOS, LAMINAS PRESENTADAS CON FECHA

DIBUJOS, LAMINAS PRESENTADAS CON FECHA

OMOOOO

6.- PRONUNCIAMIENTO SOBRE LA PRIORIDAD (ARTICULO 34 DE LA LEY Y ARTICULOS 59 A 62 DEL REGLAMENTOY):

LA(S) COPIA(S) DE PRIORIDAD{ES) HA(N) SIDO PRESENTADA(S) DENTRO DEL PLAZQ (Al 34 Ley y 60 Reg) Y CORRESPONDE(N) A LA SOLICITUD
CHILENA

LA(S} COPIA(S} DE PRIORIDAD(ES) HA(N) SIDO PRESENTADA(S) DENTRO DEL PLAZO (Art 34 Ley y 60 Reg), PERO SUSTENTA(N) LO REVINDICADO
EN LA SOLICITUD

LA(S) COPIA(S) DE PRIORIDAD(ES} HA(N) SIDO PRESENTADA(S) DENTRO DEL PLAZO (At 34 Ley y 60 Reg), PERO NO SUSTENTA(N} LO
REWVINDICADO EN LA SOLICITUD. NO SERA(N) CONSIDERADA(S).

LA(S) COPIA(S) DE PRIORIDAD HA(N} SIDO PRESENTADA(S) FUERA DE PLAZO (Art 34 Ley y 50 Reg), NO SERA(N) CONSIDERADA(S).

NO DECLARA PRIORIDAD

RECEPCION:
OTRO TiPO DE OBSERVACION, VER ITEM 15

5107
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7.- CLASIFICACION INTERNACIONAL DE PATENTES (CIP 7
AG1K39/385

SOLICITUD NUMERO:
2829-2013

8.- CAMPO DE LA BUSQUEDA:
ABTK

9.- RESULTADO DE BUSQUEDA DEL ESTADO DE LA TECNICA;

CATEGORIA CITA DEL DOCUMENTO CON INDICACION DE LAS PARTES RELEVANTES

REIVINDICACIONES AFECTADAS

BUSOUEDA NACIONAL:

No se enconlraron documentos relevanies para las materias de la memoaria
descriptiva, asi como los contenidos declarados en el pliego de la solicitud de
autos, y relacionados a una formulacion inmunogénica que confiere proleccion
confra fa infeccion por el metapneumovitus (hMPV) yio atenda Ia
patogenicidad causada por hMPV, donde la formulacidn comprende una o mas
cepas atenuadas de Mycobacterium recombinante, donde cada cepa expresa
la proteina P de hMPV, o un fragmento inmunogénico de ella

BUSQUEDA INTERNACIONAL:

A D1 ES2393468 (VIRONOVATIVE BV [NL]} (21M2/2042); A VIRUS CAUSING
RESPIRATORY TRACT ILLNESS IN SUSCEPTIBLE MAMMALS

A D2 Pham QN et al: “Chimenc recombinant human metapneumoviruses with the

nucleoprotein or phosphoprotein open reading frame replaced by that of avian
metapneumovirus exhibit improved growth in vilro and attenuation in vive”. J Virol. 2005
Dec;79(24).15114-22.

D3 WO2008137981 (US GOV HEALTH & HUMAN SERV [US]) (13/11/2008); HUMAN
A PARAINFLUENZA VIRUSES HAVING SEPARATED P AND € GENES

A D4 WO2007120120 (US GOV HEALTH & HUMAN SERV [US]) (25/10/2007):
ATTENUATED HUMAN PARAINFLUENZA VIRUS, METHODS AND USES THEREOF

BUSQUEDA INTERNACIONAL ADICIONAL.

W P DS Palavecing CE et al: *lmmunization with a recombinant bacilus Calmette-Guerin
! strain confers protective Th1 immunity against the human metapneumovirus.” J immunol,
2014 Jan 1;192(1):214-23. Doi: 10.4049/immurol, 1300118, Epub 2013 Dec 6.

W, P D& Christian Palavecino et al: “Devetopment of a recombinant BCG based vaccine that
prevenls the infeclion with the human metapneumovirus stimulating Th1 immunity
(VAC7P.975)". The Journal of Immunology May 1, 2014 vol.192 (1 Supplement)

A D7 Bueno SM et al: "Proleclive T cell immunity against respiratory syncylial virus is
efficiently induced by recombinant BCG". Proc Natl Acad Sci U § A 2008 Dec
30;105(52):20822-7. doi: 10.1073/pnas.0806244105. Epub 2008 Dec 15.

DB Lévy C et al: “Virus-like particle vaccine induces cross-protection against human
metapneumovirus infections in mice”. Vaccine. 2013 Jun 7;31(25):2778-85. doi:
10.10164j.vaccine.2013.03.051. Epub 2013 Apr 11.

D9 Bastien N et al: “Sequence analysis of the N, P, M and F genes of Canadian human
metapneumovirys strains”. Virus Res. 2003 May;93(1):51-62

D10 Deffrasnes, C. et al “Inhibition of human metapneumovirus replication by smali
A interfering RNA". Antivic Ther. 2008;13(6):821-32,

Ninguna

Ninguna

Ninguna

Ninguna

Ninguna

Ninguna

Ninguna

Ninguna

DOCUMENTO RELEVANTE EN COMBINACION CON OTRO DE LA MISMA | DESPUES QUE LA SOLICITUD

- ESTADO DE LA TECNICA. O DOCUMENTOC DE OPOSICION.
DOCUMENTO CITADO EN LA SOLICITUD D' DOBLE PROTECCION
DOCUMENTO PUBLICADO ENTRE LA FECHA DE PRESENTACION YDE | Z ' EN ESPERA DE MAYOR INFORMACION
RIORIDAD DE LA SOLITUD. W - VER iTEM 15

OPr <X

oo

DOCUMENTO RELEVANTE POR SI50LO E ' ANTERIOR A LA PRIORIDAD DE LA SOLICITUD, PERO PUBLICADO
CATEGORIA. M : DOCUMENTC MIEMBRO DE LA MISMA FAMILIA DE PATENTES.
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10.- EVALUACION DEL CONTENIDO DE LAS REIVINDICACIONES: SOLICITUD NUMERO:
{VER ARGUMENTACION EN {TEM 15)
NO sl
HAY OBSERVACIONES A LA PRESENTACION DE LAS REIVINDICACIONES: D 2829-2013

NUMERO DE REWINDICACIONES PRESENTADAS: 14

TIPO DE OBSERVACION: REIVINDICACIONES AFECTADAS
NO TIENE APLICACION iINDUSTRIAL {Articulo 36 LEY)
FALTA NOVEDAD {Adiculo 33 LEY)
FALTA NIVEL INVENTIVO (Articuio 35 LEY)
NO DEFINE CLARAMENTE LA INVENCION (Atticulos 41 y 44 REGLAMENTO) [1.3. 4.5 6.7.8.9.13. 14
FALTAN CARACTERISTICAS ESENCIALES (Articulos 41 y 43 REGLAMENTO)
FALTA SUSTENTO EN MEMORIA (Adiculo 41 REGLAMENTO)
CONTENIDO NQ AUTOSUFICIENTE {Articuio 41 REGLAMENTO)
NO HAY UNIDAD DE INVENCION {Articulos 40 y 44 REGLAMENTO)
PREAMBULO Y CARACTERIZACION {Articulo 43 REGLAMENTO)
FALTA LA PALABRA “CARACTERIZADG" {Ariculo 42 Y 43 REGLAMENTO)
NO HAY ENLACE APROPIADO {Articulos 40 y 44 REGLAMENTO)
EXCLUSION DE PATENTABILIDAD {Atticulo 37 LEY, LETRA d ) 10, 11
OTRAS: (VER ARGUMENTACION EN ITEM 15)

11.- EVALUACION DEL CONTENIDO DE LA HOJA TECNICA:
(VER ARGUMENTACION EN [TEM 15)

HAY OBSERVACIONES A LA PRESENTACION DE LA HOJA TECNICA. NO D s

[C] FALTA CAMPO DE APLICACION (Si procede)

[_] NOMENCIONA PROBLEMA TECNICO QUE RESUELVE

[C] NOHAY RESUMEN DE ETAPAS Y/O ELEMENTOS BASICOS
MODIFICAR EL TITULO

12.- EVALUACION DEL CONTENIDO DE LA MEMORIA DESCRIPTIVA:
(VER ARGUMENTACION EN [TEM 15)

HAY OBSERVACIONES A LA PRESENTACION DE LA MEMORIA DESCRIPTIVA:  NO I:I ]

] NOMENCIONA EL CAMPO DE APLICACION DE LA INVENGION {Articulo 39 REGLAMENTO)
[ 1 NOCITA EL PROBLEMA TECNICO QUE LA INVENCION ABORDA {Articulo 39 REGLAMENTO)
{_] NOHACE REFERENCIA AL ESTADO DEL ARTE {Atticulo 39 REGLAMENTO)
[ ] NOCITA DOCUMENTOS CON SU NUMERO DE PUBLICACION (Si procede) (Articulo 38 REGLAMENTO)
[] LA DESCRIPCION DE LA INVENCION NO ES CLARA (Articulo 39 REGLAMENTO)
] LADESCRIPCION DE LA INVENCION NO PERMITE REPRODUCIR LA {Arliculo 39 REGLAMENTO)
[] NOHAY INDICACION DE DEPGSITO DE MATERIAL BIOLOGICO (Si procede) {Atticulo 39 REGLAMENTO)
[C] tAMEMORIA NO INCLUYE, AL MENOS, UN EJEMPLO DE APLICACION {Atticulo 39 REGLAMENTO)
[] EL/LOS EJEMPLO(S) NO ESTAN DETALLADOS {Articulo 39 REGLAMENTO)
[] LOS EJEMPLOS NO CORRESPONDEN A LA MISMA UNIDAD DE INVENCION (Articulo 39 y 40 REGLAMENTO)
[] NODESCRIBE LOS DIBUJOS (Si procede) {Articulo 39 REGLAMENTO)
[C] LASUNIDADES NO ESTAN EXPRESADAS EN SISTEMA METRICO DECIMAL {Articulos 35 REGLAMENTO)
[X] OTRAS:(VER ITEM 15)

13.- EVALUACION DE LOS DIBUJOS;
(VER ARGUMENTACION EN ITEM 15)

HAY OBSERVACIONES A LA PRESENTACION DE LOS DIBUJOS Ne |:I o

LOS DIBUJOS CONTIENEN TEXTOS EXPLICATIVOS
FALTA CLARIDAD EN LAS LAMINAS / FIGURAS

MO0

OTRAS. (VER {TEM 15)

LOS DIBLIIOS TIENEN COTAS O FALTA PROPORCIONALIDAD ENTRE LAS PARTES

14.- AMPLIACION DEL CONTENIDO ORIGINAL {Articulo 49 REGLAMENTO):
(VER ARGUMENTACION EN iTEM 15}

o [X] [ o]
»  AMPLIACION CONTENIDO ORIGINAL MEMORIA DESCRIPTIVA

o [X] [ o]
= AMPLIACION CONTENIDO ORIGINAL DE LAS REIVINDICACIONES
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15.- ARGUMENTACION ANALISIS PERICIAL SOLICITUD NUMERD:
(Articulo 83 REGLAMENTO):
2829-2013
TEM CITAS Y EXPLICACIONES
6-. |6-. PRONUNCIAMIENTO SOBRE LA PRIORIDAD

10-.

6.1-. Prioridad.

La soficitud 2829-2013 fue ingresada a la Oficina Chilena el 01/10/2013 y no declara prioridad. Por ello, la fecha de
prioridad de las clausuias 1-10, 12, 13 (ver andlisis de Unidad de Invencidn) de fecha 01/10/2013, corresponde a la
fecha de presentacion de la salicitud en fa Oficina Chilena: 01/10/2013.

6.2-. Presentacion internacional PCT y validacion de busqueda internacional.

El perito que subscribe reviso via internet, el documenlo internacional WO2015049633 de fecha 08/04/2015, que
corresponde al N® de publicacion de la aplicacion internacional PCTNB2014/054963 de jecha 30/09/2014, el cual
incluye el informe de busqueda intemacional PCT/IB2014/064963, finalizado con fecha 1 710212015, y que se encuentra
disponible en el link virtual de la base de dalos de Palenscope de la OMPI.

En relacion al documento W02015049633 y la solicitud de autos, la materia presente en la memoria descriptiva de la
solicitud nacional 2829-2013 se encuentra divulgada y se corresponden a la del documento WO2015049633.

La solicitud 2829-2013 presenta ios ejemplos 1-6, los cuales se corresponden a los ejemplos 1-6 del documento
WO2015049633.

La solicitud posee 6 figuras, las cuales se corresponden a las figs. 1-6 del documento W02015049633.

La solicitud en estudio posee las cldusulas 1-10, 12, 13 {ver andlists de Unidad de Invencion), ias cuales se
corresponden a las clausulas 1-10, 12, 13 del documento WO2015049633. Por ello no exisle ampliacion del campo de
la invencion, al comparar la presentacion internacional y la soficitud en estudio.

Como se menciond, el documento WO2015049633 generd un informe de busqueda PCT/IB2014/064963, el cual tiene
fecha de término: 17/02/2015, mientras que la solicitud nacional tiene fecha de ingreso el 01/10/2013, y fecha de
presentacion internacional el 30/09/2014.

Los documentos incluidos en la busqueda irternacional Si fueron aportados a la Oficina Chilena con fecha
06/08/2015, y los mismos tienen relacion con los elementos técnicos reivindicados en las clausulas independientes de
la solicitud nacional. Estos elementos validan la bisqueda internacional realizada para la presentacion
PCT/HB2014/064963,

En resumen, la blisqueda internacional relacionada con la solicitud WO2015049633 es valida para la presente solicitud
nacicnal.

10.- EVALUACION DEL CONTENIDO DE LAS REIVINDICACIONES:
RESUMEN DE LAS REIVINDICACIONES:

El pliego consta de 14 reivindicaciones, estas son:

La clausula 1 describe a una formulacion inmunogénica que confiere proteccion contra la infeccidn por el
metapneumovirus (hMPV) y/o atenua la patogenicidad causada por hMPV, caracterizada porgue la formulacion
comprende una ¢ mas cepas atenuadas de Mycobacterium recombinante en una canlidad que va de 10° a 10°
bacterias (CFU/dosis) por cepa, donde cada cepa expresa la proteina P o un fragmento inmunogénico de la proteina P
de hMPV, en un tampon salino farmacolégicamente aceptable.

Las clausulas 2-9 estdn ligadas a la clausula 1, y corresponden a especificaciones de ella.

La clausula 10 describe a un método para la proteccion contra la infeccion por hMPV o palologia provocada por hMPV,
caraclerizada porque comprende administrar al sujeto la composicién inmunogénica de Ia clausula 1.

La clausula 11 esta ligada a la clausula 10, y comesponde a una especificacion de ella.

La clausula 12 describe a una vacuna contra hMPV, caraclerizada porque comprende una formulacion inmunogénica
de la clausula 1.

Las clausulas 13-14 eslan ligadas a la clausula 12 y corresponden a especificaciones de ella.

EXCLUSION DE PATENTABILIDAD {Articulo 37 LEY, LETRA d):

La clausula 10 describe a un método de tratamiento lerapéutico del cuerpo humano/animal, lo cual se encuentra
excluido de patentabilidad de acuerdo al articulo 37, letra d, de la LPI. No obstante, esta clausula podra superar la
objecion por exclusion, si se readecia a clausula de uso médico de acuerdo al eslilo Suizo (uso de un
agente/compuesto X caracterizado porque sirve para preparar un medicamento Util para ef tratamiento de una(s)
patologia(s)), y se elimina de ella toda palabra relativa a método de {ratamiento terapéutico, tal como “administrar”.

Por otro lado, la materia de la clausula 11, ligada a la reivindicacién 10, no podra superar fa objecién por exclusion,
ya que reivindica las vias de administracién empleadas, lo cual corresponden a elementos propios a un método de
tratamienlo terapéutico, y no al uso de un compuesto/agente para preparar un medicamento. Por ello, la ¢clausula 11
debera ser eliminada del pliego.

NO DEFINE CLARAMENTE LA INVENCION {Articulos 41 y 44 REGLAMENTO):

Las clausulas 1-10, 12-14 seran somelidas a analisis de esta seccion. Para ella se considerard el comentario descrito
para |a clausula 10 en ia seccion EXCLUSION DE PATENTABILIDAD. Por otro lado, la clausula 11 debera ser
eliminada de! pliego, segun fue descrilo en ia seccion EXCLUSION DE PATENTABILIDAD.

La clausuia 1 debera poner “cada cepa expresa la proteina P de hMPV, o un fragmento inmunogénico de elia,”.
En la clausula 3 debera ponerse “comprende el sublipo” en vez de “comprende es del sublipo”.




15.- ARGUMENTACION ANALISIS PERICIAL SOLICITUD
{Articulo B3 REGLAMENTO): NUMERO:
2829-2013

ITEM

CITAS Y EXPLICACIONES

En fa clausula 4 debera poner “para la proteina P de hMPY, o un fragmento inmunogénico de ella,”, al inicio de fa
caraclerizacion. Asimismo, se debera poner “de 1al manera que la proteina viral P de hMPV, o fragmento inmunogénico
de ella”, en vez de “proleina viral o fragmento iNmunogeénico”,

En la clausula 5 se debera poner “para la proleina P de hMPV, o un fragmento inmunogénico de ella,”. Por otro lado, el
texto “porque la formulacion comprende dos o mas cepas atenuadas recombinanies de Mycobacterium, y en donde
cada una comprende dos o mas cepas de Myecobaclerium atenuada recombinante,” no es claro. Leido de manera
literal, se indicaria que cada cepa a su vez comprende & dos 0 mas cepas, lo cual es confuso. El perito que suscribe
entiende que se desea declarar que la formulacion comprende dos o mas cepas alenuadas recombinantes de
Mycobacterium, y en donde cada cepa una de las cepas expresa una proteina P de hMPV o fragmento inmunogénico
de ella, en una ubicacién diferente, y asi sera analizado.

La clausula 6 debera poner “en el que las proteinas P de hMPV, o fragmentos inmunogénicos de ellas,”.

La clausula 7 debera poner “para la proteina P de hMPV, ¢ un fragmento inmunogénicos de ellas,”.

La clausula B debera poner “porque la formulacion esta estabilizada por congelacion...”, a fin de dejar debidamente
claro que no se esla describiendo a una producio (en este caso una formulacion inmunogénica), por su proceso de
oblencicn. Por la misma razén descrita, se debera readecuar la redaccion con respeclo a “el uso de una solucion salina
tamponada para la conservacion antes de sut uso”.

La clausula 9 debera poner “porque la proteina P de hMPV, o un fragmento inmunogénico de ella,”.

En fa clausula 13 el texto “porque se formula para administracion” corresponderia a la descripcion de un producto por
su proceso de oblencion, lo cual no define claramente a una clausula de produclo. Se solicita revisar y adecuar
redaccion,

La clausuta 14 indica que “porque las proteinas o fragmentos inmunogénicos de la proteina expresada es P de hMPV".
En relacion a eslo, la clausula 14 es dependiente de la clausula 12, 1a cual a su vez esta tigada de fondo a la clausula
1. Y esta ultima reivindicacion establece que “cada cepa expresa a la proteina P de hMPV, o un fragmento
inmunogeénico de ella,”. Y en relacion a esto, se debera recordar mantener un pliego con reivindicaciones claras y
concisas (Articulo 43 bis de la Ley, Articule 2 del Regfamento). Por eflo, la clausula 14 debera ser eliminada del
pliego.

Finalmente, si el Solicitante desea realizar modificaciones y presentar un nuevo pliego de reivindicaciones, se le inviia a
generar una tabla donde se muesira cada clausula nueva y donde se encontraria el sustento de dichas malerias (e.g.,
clausulas anliguas, y/o parrafo de la de memoria descriptiva y/o dibujos).

UNIDAD DE INVENCION (Articulos 40 y 44 REGLAMENTO)

Las clausulas 1-10, 12, 13 seran sometidas a andlisis de Unidad de Invencién. Para ellas se consideraran los
comemtarios descritos para las clausulas 1, 3, 4, 5, 6, 7, 8, 9, 13 en ia seccion NO DEFINE CLARAMENTE LA
INVENCION, y para la clausula 10 en la seccion EXCLUSION DE PATENTABILIDAD. Finaimente, la clausula 11
debera ser eliminada segdn fue descrito en la seccion EXCLUSION DE PATENTABILIDAD, vy la clausula 14 debera

ser eliminada segln fue descrilo en la seccion NO DEFINE CLARAMENTE LA INVENCION.

Analisis a priori:

La solicitud 2829-2013 si posee Unidad de Invencion. En este senlido, la clausula 1 describe a una formulacion
inmunogénica que confiere proteccion conira fa infeccion por el melapneumovirus (hMPV) y/o atenua la patogenicidad
causada por hMPV, donde la formulacidon comprende una o mas cepas atenuadas de Mycobacterium recombinante en
una cantidad que va de 10 a 10° bacterias (CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogénico de ella, en un tampén satino farmacologicamente aceptable.

Por otro lado, las clausulas 2-9 estan ligadas a la clausula 1 ¥y corresponden a especificaciones de ella,
Asimismo, la clausula 10 {(uso médico de dicha formulacion inmunogénica) y clausulas 12-13 (vacuna que comprende
a dicha formulacion inmunogénica), estan ligadas de fondo a Ia clausula 1.

ANALISIS DE NOVEDAD (Articulo 33 LEY):

Las cldusulas 1-10, 12, 13 de la solicilud seran sometidas a andlisis de Novedad, Nivel Inventivo y Aplicacion
industrial. Elfas estan relacionadas a una formulacion inmunagénica que confiere proleccion contra la infeccion por el
metapneumovirus (hMPV) y/o alenla la patogenicidad causada por hMPV, donde Ia formulacién comprende una o mas
cepas atenuadas de Mycobacterium recombinante en una cantidad que va de 10 a 10° bacterias (CFU/dosis) por cepa,
donde cada cepa expresa la proteina P de hMPV, o un fragmento inmunogénico de ella, en un tampén safino
farmacologicamenle aceptable;

asi como al uso médico de dicha formulacién inmunogénica, y a la vacuna que comprende a dicha formulacion
inmunogénica.

Para las clausulas 1-10, 12, 13 se consideraran los comentarios descritos para las clausulas 1, 3, 4, 5, 6, 7, 8, 9 13
en la seccion NO DEFINE CLARAMENTE LA INVENCION, y para la clausula 10 en la seccion EXCLUSION DE
PATENTABILIDAD. Finalmente, fa clausula 11 debera ser eliminada segun fue descrito en la seccion EXCLUSION DE
PATENTABILIDAD, v la clausula 14 debera ser eliminada seglin fue descrito en la seccién NOQ DEFINE
CLARAMENTE LA INVENCION.
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Finalmente, la fecha de prioridad de las clausulas 1-10, 12, 13 es el 01/10/2013.

Los documentos D5 y D6 corresponden a articulos cientificos publicados con fecha epub 06/12/2013 (D5) y 01/05/2014
(D8), respectivamente, posleriores a la fecha de prioridad de las clausulas 1-10, 12, 13 (01/10/2013) de la solicitud.
Por elio, los documentos D5 y DE no son estado del arte para dichas clausulas.

D1 ES2393468 (VIRONOVATIVE BV [NL)) (21/12/2012): A VIRUS CAUSING RESPIRATORY TRACT ILLNESS IN
SUSCEPTIBLE MAMMALS, Este documento describe un virus de ARN monocatenario de sentido negativo
esencialmente de mamifero aislado (MPV) que pertenece a la subfamilia Pneumovirinae de la famiia Paramyxoviridae,
e identificable como correspondiente filogenéticamente al género Metapneumovirus. De igual forma se describe el uso
del virus, asi como a acidos nucleicos codificantes o proteinas o fragmentos de ellas, de anligenos o anticuerpos de
acuerdo a D1, para la produccion de una composicién farmacéulica para el tratamiento y/o prevencion de infecciones
producidas por metapneumovirus.

De acuerdo a lo descrito anteriormente, los contenidos de D1 no anticipan la novedad de una formulacién
inmunogénica que confiere proteccion contra la infeccion por el metapneumovirus (hMPV) y/o atenda la patogenicidad
causada por hMPV, donde la formulacion comprende una o mas cepas atenuadas de Mycobacterium recombinante en
una cantidad que va de 10* a 10? bacterias (CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogénico de ella, en un tampén salino farmacologicamente aceptable, declarada en la clausula 1 de
la solicitud. Por ello,

A la vista del estado de la técnica citado, las reivindicaciones 1-10, 12, 13 son nuevas y, por tanto, cumplen con
los requerimientos dei Articulo 33 de la Ley 19.039.

D2 Pham QN et al: “Chimeric recombinant human metapneumoviruses with the nucleoprotein or phosphoprolein open
reading frame replaced by that of avian metapneumovirus exhibit improved growth in vifro and attenuation in vivo™, J
Virol. 2005 Dec;79(24):15114-22. Este documenlo describe la generacion de versiones quiméricas de hMPV mediante
el reemplazo los ORF de la nucleoproteina (N) o fosfoproleina (P) con su contraparie det virus estrechamente
relacionado metapneumovirus aviar (AMPV), subgrupo C.

Se indica que los virus quiméricos N y P indujeron un alto nivel de suero de anlicuerpos neutralizantes, y eficacia
protectora contra HMPV.Y se indica que ambas quimeras fueron comparables a HMPVwt en inmunogenicidad y eficacia
protecliva,

Y se indica que la quimera P es un candidato de vacuna HMPV viva prometedora, gue combina un crecimiento
mejorado in vitro con atenuacion in vivo.

Be acuverdo a lo descrilo anteriormente, los contenidos de D2 no anticipan la novedad de wna formulacion
inmunogénica que confiere proleccion contra la infeccién por el metapneumovirus (hMPV) y/o atenda la patogenicidad
causada por hMPV, donde la formutacion comprende una o mas cepas atenuadas de Mycobaclerium recombinante en
una cantidad que va de 10 a 10° bacterias (CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogénico de ella, en un tampén salino farmacologicamente aceplable, declarada en la clausula 1 de
la solicitud. Por ello,

A la vista del estado de la técnica citado, las reivindicaciones 1-1 0, 12, 13 son nuevas y, por tanto, cumpien con
los requerimientos del Articulo 33 de la Ley 19.039.

D7 Bueno SM, et al: “Protective T cell immunity against respiratory syncytial virus is efficiently induced by recombinant
BCG". Proc Natl Acad Sci U S A. 2008 Dec 30;105(52):20822-7. doi: 10.1073/pnas.0806244105. Epub 2008 Dec 15. En
este documento participan algunos de los inventores de la solicitud de especie (S. Bueno, A. Kalergis). Este documento
describe que es pensado que una eliminacion del virus respiratorio sincicial (RSV) efectiva requiere de la induccion de
una inmunidad tipo Th1 balanceada, que envuelve la activacion de células T citoloxicas secretadoras de INF-gamma.
Por ofro lado, D7 indica que un inductor reconocido de la inmunidad Th1 es la Mycobacterium BCG, Ja cual ha sido
usada en recién nacidos por décadas en varios paises come una vacuna para la tubercuiosis.

Los autores describe que ia inmunizacion con una cepa BCG recombinante que expresan antigeno de RSV (cepas
BCG-M2 (expresa proteina M2 de RSV) y BCG-N (expresa proteina N de R3V)), promueve una inmunidad lipo Thi
protectiva conira RSV en ratones.

Se indica que la activacion de células T especificas para RSV produjeron INFgamma e IL2, fue eficientemente obtenida
luego de inmunizacion con BCG recombinante. Y que este tipo de inmunidad de célula T fue protectiva contra desafio
RSV, y causéd una reduccion significativa de Ja infiltracion de células inflamatorias en las vias respiratorias.
Adicionalmente, D7 describe que los ratones inmunizados con BCG recombinante no mostraron pérdida de peso y
tuvieron una carga viral pulmonar reducida.

En base a sus resuliados, los autores concluyen que BCG recombinante seria una vacuna eficiente contra RVS dado a
su capacidad para promover una inmunidad Th1 protectiva.

De acuerdo a fo descrito anteriormente, los contenidos de D7 no anticipan la novedad de una formulacién
inmunogénica que confiere proteccion conira ta infeccion por el metapneumovirus (hMPV) y/o atenua la patogenicidad
causada por hMPV, donde la formulacion comprende una o mas cepas atenuadas de Mycobaclerium recombinante en
una cantidad que va de 10* a 10° baclerias {(CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogénico de ella, en un tampan salino farmacolagicamente aceptable, declarada en la clausula 1 de
la solicitud. Por ello,

A la vista del estado de la técnica citado, las reivindicaciones 1-1 0, 12, 13 son nuevas y, por tanto, cumplen con
los requerimientos del Articulo 33 de la Ley 19.039.
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D8 Lévy C et al: “Virus-like particle vaccine induces cross-protection against human metapneumovirus infections in
mice”. Vaccine. 2013 Jun 7;31{25):2778-85. doi: 10.1016.vaccine.2013.03.051. Epub 2013 Apr 11. Esle documento
describe el disefio de pariculas tipo virales (VLPs) de HMPV (HMPV-VLPs) derivadas de parliculas retrovirales que
imitan ia superficie viral de dos virus HMPV de ambos finajes Ay B.

D8 indica que estas VLPs exhiben funcionalmente a las glicoproteinas de superiicie F y G de HMPV.

D8 indica que cuando estas HMPV-VLPs fueron inyectadas en ratones, indujeron una respuesta inmune humoral fuerte
contra cepas homologas o heterdlogas. Ademas, los anticuerpos neutralizantes inducidos previnieron la mortalidad
luego de una infeccién subsecuenle de los pulmones con ambos virus homologos y heterdlogos.

De acuerdo a lo descrito anleriormente, los contenidos de D8 no anticipan la novedad de una formulacion
inmunogenica que confiere proteccién contra la infeccion por el meiapneumavirus (hMPV) y/o alenta la patogenicidad
causada por hMPV, donde la formulacion comprende una o mas cepas alenuadas de Mycobaclerium recombinante en
una cantidad que va de 10* a 10° bacterias {CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogenico de ella, en un {ampodn salino farmacolégicamenle aceptable, declarada en la clausula 1 de
la solicitud. Por ello,

A ia vista del estado de la técnica citado, ias reivindicaciones 1-10, 12, 13 son nuevas y, por tante, cumplen con
los requerimientos det Articulo 33 de la Ley 19.039.

D10 Deffrasnes, C. et al: “Inhibition of human melapneumovirus replication by small interfering RNA". Antivir Ther.
2008;13(6):821-32. Esle documento describe una estrategia terapéutica para hMPV basada en RNAI. Especificamente,
se divulga la identificacion de dos siRNAs altamente eficientes conira hMPV que tienen como blanco a componentes
esenciales del complejo de replicacion de hMPV: el siRNA45 el cual tiene como blanco al ARNm de la Nucleopoteina, y
siRNAGO, ef cual tiesne como blanco al RNAm de la Fosfoproteina.

De acuerdo a lo descrito anteriormente, los contenidos de D10 no anlicipan ia novedad de una formulacion
inmunogénica que confiere proteccion contra la infeccion por el metapneumovirus (hMPV) y/o atenia la patogenicidad
causada por hMPV, donde Ja formulacion comprende una o mas cepas atenuadas de Mycobactenium recombinante en
una cantidad que va de 10" a 10° bacterias {CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o
un fragmento inmunogénico de ella, en un tampén salino farmacolégicamente aceptable, declarada en la clausula 1 de
ta solicitud. Por ello,

A la vista del estado de Ia técnica citado, las reivindicaciones 1-1 0, 12, 13 son nuevas y, por tanto, cumplen con
los requerimientos del Articulo 33 de la Ley 19.039.

ANALISIS DE NIVEL INVENTIVO (Articulo 35 de la Ley):

Los documenios D2, D8, y D10 pueden ser considerados, cada uno por separado, como el estado de la técnica mas
cercano. Ellos describen distinlas estrategias para generar formulaciones inmunogénicas y/o vacunas contra hMPV,
que incluyen a metapneumovirus humanos recombinantes quiméricos a los cuales se les ha reemplazado una proteina
por la de AMPV (D2), a hMPV-VLPs que comprende a las glicoproteinas de superficie F y G de HMPV (D8), o el empleo
de siRNA anti Nucleopoteina o Fosfoproteina para inhibir la replicacion de hMPV.

Asi, en relacion al documento mas cercanos del estado del arte, la materia de la clausula 1 se diferencia tan solo en
que corresponden a “una formulacién inmunogénica que confiere proteccion contra la infeccion por el metapneumovirus
(hMPV) y/o atentia la patogenicidad causada por hMPV, donde la formulacion comprende una o mas cepas alenuadas
de Mycobacterium recombinante en una cantidad que va de 10 a 10° baclerias (CFU/dosis) por cepa, donde cada cepa
expresa la proteina P de hMPV, o un fragmento inmunogénico de ella, en un tampdn salino farmacolagicamente
aceplable™.

En relacion al eslado del arte, el problema a resolver por Ia presenle invencion se puede considerar por tanto, en como
generar y proveer una formulacion inmunogénica alternativa que olorgue proreccion contra la infeccion por hMPYV,

La solucion seria la formulacién descrita en fa clausulas 1.
Esta solucién Si puede considerarse que lenga nivel inventivo por las siguientes razones:

St bien el documento D7 describe la misma estralegia empleada en a solictud de aulos {uso de una cepa
recombinante de Mycobacterium BCG) para presentar anligenos del virus RSV, el familiar cercano de hMPV, la
solicitud de autos muesira evidencia que no cualquier proteina de hMPV escogida y presentada en rBCaG,
efectivamente confiere inmunidad y proteccion. En efeclo, en la fig. 3 la solicitud muesira los estudios de inmunizacién
con rBCG-P-hMPV y rBCG-M2.1-hMPV, pudiendo observarse gue la inmunizacién de ratones Balb/c con rBCG-P-
hMPV, previno la infiltracion de linfocitos en la via aérea, obleniéndose una infiltracion similar al animal sin infectar (fig.
3B), pero que los animales inmunizados con rBCG-M2.1-hMPV, sufrieron infiltracion de células inmunes en sus vias
aéreas posterior a la infeccion. Y en las dltimas lineas del 2do parrafo de la pag. 16, ia solicitud sefala que *La
vacunacion con rBCG-M2 confirio una proteccion incompleta para la infiltracion de células inmunes en las vias aéreas
del animal”.

De iguat forma en la {ig. 3D se muestra el analisis de numero de copias de RNA del gen N-hMPV en las células de
pulmoén de los animales, y se sefiala que la inmunizacion con rBCG-M2 otorgé una proteccion no completa {Ultimo
parrafo de la pag. 16), pero que fos animales infectados inmunizados con la vacuna de la invencion rBCG-P
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11-.

précticamente no se encuentra el virus, con resultados similares al grupo de animales no infectados.

Finalmente, en la fig. 4 se muestran también resultados de gue la inmunizacion con rBCG-P-hMPV protege contra la
inflamacion después del desafio con hMPV. En el ultimo panel de la fig. 4, se puede apreciar que la inmunizacion con
rBCG-P tuvo una calificacion histopatoldgica similar a los animales sin infectar, pero los animales inmunizados con
rBCG-M2.1 tuvieron una alta calificacion histopatologica, al igual que los animales tratados con BCG-wt,

En resumen, la solicilud muesira evidencia de que no es equivalente escoger cualquier proteina de hMPV para ser
expresada recombinantemente en una cepa BCG, y que la eficacia protectora de dicha proteina de hMPV requiere de
evaluacion experimental. Por elfo, la persona normalmente versada en la materia, no hubiese podido derivar de manera
légica la formulacién inmunogénica declarada en la clausula 1, sin contar con la evidencia aportada por la solicitud de
especie. De esta forma, la clausula 1 posee Nivel Inventive por sobre los contenidos de cada uno de los documentos
D2, D8, y D10 por separados, o de la combinacion de dos de ellos {e.9., D2 + D8), o de uno de ellos con otro
documento del estado del arte citado (e.g., D2 + D7).

Por olro lado, fas cldusulas 2-9 también tendrian Nivel Inventivo por sobre los contenidos de cada uno de los
documentos D2, D8, y D10 por separados, o de la combinacion de dos de ellos {e.g., D2 + DB), o de uno de ellos con
otro documenio del estado del arte citado (e.g., D2 + D7), ya que estan ligadas a la clausula 1, la cual cumplié con
dicho requisito de palentabilidad.

Asimismo, la clausula 10 (uso médico de dicha formulacion inmunogeénica) y cladusulas 12-13 (vacuna que comprende
a dicha formulacion inmunogénica), también tendrian Nivel Inventivo por sobre los contenidos de cada uno de los
documentos D2, D8, y D10 por separados, o de la combinacién de dos de ellos (e.g., D2 + D8}, o de uno de ellos con
otro documento del estado del arte citado (e.g., D2 + D7), ya que estan ligadas de fondo a la clausula 1, 1a cual
cumplid con dicho requisito de patentabilidad.

Segun lo descrito,

En vista de lo anteriormente dicho la presente solicitud cumple con los requisitos del Articulo 35 de la Ley
19.039 porque las reivindicaciones 1-10, 12, 13 tendrian nivel inventive.

ANALISIS DE LA APLICACION INDUSTRIAL {Articulo 36 de la Ley)

Las clausulas 1-10, 12, 13 de la solicitud estan relacionadas a una formulacion inmunogénica que configre proteccion
contra la infeccion por el metapneumovirus (hWMPV) y/o atenta la palogenicidad causada por hMPV, donde la
formulacion comprende una o mas cepas atenuadas de Mycobacleriurmn recombinante en una cantidad que va de 10° a
10° bacterias (CFU/dosis) por cepa, donde cada cepa expresa la proleina P de hMPV, o un fragmento inmunogénico de
elia, en un tampén salino farmacologicamente aceptable;

asi como al uso médico de dicha formulacion inmunogénica, y a la vacuna que comprende a dicha formulacion
inmunogeénica.

Las evidencias experimentales divulgadas en los ejemplos de realizacion preferidos, sumadas al suslento tedrico que
estas clausulas poseen en la memoria descriptiva, permiten sugerir que ellas podrian generar un quehacer/actividad
industrial, el cual sea factible de poner en practica y que goce de reproducibilidad.

Paor tal motivo,
Las reivindicaciones 1-10, 12, 13 de la presente solicitud son susceptibles de aplicacién industrial, por tanto,
cumple cen el Articulo 36 de la Ley 19039,

11-. EVALUACION DE LA HOJA TECNICA
Si bien mientras no se superen las observaciones del pliego, no es necesario solicitar modificaciones a la hoja técnica,

al momento de delerminarse el pliego de reivindicaciones definitivo de la presente solicitud, el solicitante debera
modificar el titulo y resumen de la hoja técnica de acuerdo al contenido de dicho pliego.

12.- EVALUACION DEL CONTENIDO DE LA MEMORIA DESCRIPTIVA: OTRAS:

1) En la memoria descripliva se aprecian errores de redaccion y tipograficos.
A continuacion se dan los errores encontrados:

A) En la pag. 8 dice “7D" y debiera decir “6D" (marcade con lapiz grafito).
ih) Analisis de Suficiencia Técnica:
Las clausulas 1-10, 12, 13 de la solicitud estan relacionadas a una formulacién inmunogénica que confiere proteccion

contia la infeccion por el melapneumovirus (hMPV) ylo alenta la patogenicidad causada por hMPV, donde la
formulacidn comprende una o mas cepas alenuadas de Mycobacterium recombinante en una cantidad que va de 10° a
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i 10” baclerias (CFU/dosis) por cepa, donde cada cepa expresa la proteina P de hMPV, o un fragmento inmunogénico de
ella, en un tampon salino farmacolégicamente aceptable:
asi como al uso medico de dicha formulacion inmunogénica, y a la vacuna que comprende a dicha formulacion
inmunogénica.
La solicitud describe los ejemplos 1-6. Luego de haber leido el contenido de dichos ejemplos, y las evidencias
experimentales divuigados en ellos, a juicio de perito que subscribe la solicitud cumpliria con el requisito de Suficiencia
Técnica para el conjunto de cldusulas 1-10, 12, 13.
13-. | 13.- EVALUACION DE LOS DIBUJOS: OTRAS:
I} La fig. 6 presenta graficos con tilulos (marcados con lapiz grafito), que deberan eliminarse y reemplazarse, por
ejemplo, por una letra entre parénlesis, e incorporar dichos textos en ta seccién “Descrpcion de las figuras™ presente en
las pags. 5-9 de la memoria descriptiva (MD). En relacion a esto, se desea sefialar que en los dibujos debera eliminarse
todo tipo de enmarcados y rétulos {(Articulo 46 del reglamento), y los dibujos y figuras no deberan incluir textos
explicalives (Articulo 48 del reglamento).
i} Las figs. 3, 6 poseen texto en inglés que debera ser traducido at idioma espafiol {marcado con lapiz grafito).
14-. | 14-. AMPLIACION DEL CONTENIDO ORIGINAL:

La solicitud nacional no presentd, previo a ser emitido el informe pericial respeclivo, una modificacién de su contenido
o reivindicaciones, segln el material entregado en la Oficina. Por ello, la solicitud NO presenta ampliacion de la
divulgacion original.

PRONUNCIAMIENTO FINAL: De acuerdo con los antecedentes que obran a la fecha en la solicitud N° 2829-2013
y sin perjuicio de la resolucién definitiva del Instituto Nacional de Propiedad Industrial, el perito que suscribe
recomienda rechazar el derecho solicitado, toda vez que la materia cuya proteccion se solicita no se considera
invencidon quedando exciuida de proteccién por patente conforme lo dispone el articulo 37 letra d de la Ley
19.039.

AN

Vé%///ﬁ/

Andrés A, Toro Contreras
Bioguimico
Perito
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Chimeric Recombinant Human Metapneumoviruses with the
Nucleoprotein or Phosphoprotein Open Reading Frame
Replaced by That of Avian Metapneumovirus Exhibit
Improved Growth In Vitro and Attenuation In Vivo

Quynh N. Pham,f Stéphane Biacchesi, Mario H. Skiadopoulos, Brian R. Murphy,
Peter L. Collins, and Ursula J. Buchholz*

Laboratory of Infectious Diseases, National Institute of Allergy and Infectious Diseases,
Bethesda, Maryland 20892-8007

Received 21 July 2005/Accepted 20 September 2005

Chimeric versions of recombinant human metapneumovirus (HMPV) were generated by replacing the
nucleoprotein (N) or phosphoprotein (P) open reading frame with its counterpart from the closely related
avian metapneumovirus (AMPV) subgroup C. In Vero cells, AMPYV replicated to an approximately 100-fold-
higher titer than HMPV. Surprisingly, the N and P chimeric viruses replicated to a peak titer that was 11- and
25-fold higher, respectively, than that of parental HMPV. The basis for this effect is not known but was not due
to obvious changes in the efficiency of gene expression. AMPV and the N and P chimeras were evaluated for
replication, immunogenicity, and protective efficacy in hamsters. AMPV was attenuated compared to HMPV in
this mammalian host on day 5 postinfection, but not on day 3, and only in the nasal turbinates. In contrast,
the N and P chimeras were reduced approximately 100-fold in both the upper and lower respiratory tract on
day 3 postinfection, although there was little difference by day 5. The N and P chimeras induced a high level
of neutralizing serum antibodies and protective efficacy against HMPV; AMPYV was only weakly immunogenic
and protective against HMPYV challenge, reflecting antigenic differences. In African green monkeys immunized
intranasally and intratracheally, the mean peak titer of the P chimera was reduced 100- and 1,000-fold in the
upper and lower respiratory tracts, whereas the N chimera was reduced only 10-fold in the lower respiratory
tract. Both chimeras were comparable to wild-type HMPYV in immunogenicity and protective efficacy. Thus, the
P chimera is a promising live HMPV vaccine candidate that paradoxically combines improved growth in vitro

with attenuation in vivo.

Human metapneumovirus (HMPV) is an enveloped RNA
virus of the genus Metapneumovirus, subfamily Pneumovirinae,
family Paramyxoviridae, order Mononegavirales. HMPV was
first described in 2001 (34) and is now regarded as an impor-
tant viral respiratory pathogen of worldwide distribution (9, 20,
35). Its clinical impact warrants the development of a vaccine,
particularly for the pediatric population. Avian metapneumo-
virus (AMPV) is a closely related virus that causes respiratory
disease in turkeys, chickens, and other birds (24).

HMPYV has a nonsegmented negative-strand RNA genome
of approximately 13.3 kb that contains eight genes in the order
3'-N-P-M-F-M2-SH-G-L-5" (5, 33). As is the case for other
members of Mononegavirales, the nucleoprotein N, the phos-
phoprotein P, the RNA-dependent RNA polymerase L, and
the viral genomic RNA form the ribonucleoprotein complex,
which is the minimal replication/transcription unit. The other
genes encode matrix protein M, fusion protein F, M2 mRNA,
small hydrophobic glycoprotein SH of unknown function, and
putative attachment glycoprotein G. The genomic RNA and its
positive-sense replicative intermediate, the antigenomic RNA,
are tightly encapsidated by the N protein. The N and L pro-
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teins are among the more highly conserved proteins between
different Paramyxoviridae species, whereas P is somewhat more
variable. These proteins often exhibit functional interchange-
ability, albeit with reduced efficiency, between closely related
species (19, 26, 27, 36). HMPV also encodes M2-1 (product of
the first open reading frame [ORF] in the M2 mRNA) and
M2-2 (product of the second ORF in the M2 mRNA) proteins
that appear to have roles in RNA synthesis (10).

An innovative method for creating live attenuated vaccines
is to genetically modify the virus of interest such that its major
neutralization and protective antigen genes are left undis-
turbed while replacing one or more of the other genes or open
reading frames with the counterpart(s) from a closely related
virus that has a different natural host. This is based on the
premise that a given virus has evolved to operate optimally in
its respective natural host. Thus, replacing one or more genes
with the corresponding gene(s) from a related virus with a
different natural host can result in a restriction of replication in
vivo due to host incompatibility. Success with this strategy
requires that the introduced gene(s) functions sufficiently well
in the heterologous background for efficient growth in vitro,
which is necessary for vaccine manufacture. There have been
several reports of vaccine candidates made in this way. For
example, chimeric vaccine candidates for human rotavirus were
made using reassortment to place the human rotavirus VP7 gene
into the genetic background of rhesus or bovine rotavirus (15). In
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the case of mononegaviruses, reverse genetics has been used to
generate host-range-restricted vaccine candidates based on
chimeras between rinderpest and peste-de-petits-ruminants vi-
ruses, between human and bovine parainfluenza type 3 viruses,
and between human and bovine respiratory syncytial viruses (1,
12, 16, 28, 31).

HMPV was a candidate for this approach because it has a
closely related animal counterpart, AMPV. One aspect that
makes this approach attractive is that both viruses replicate
reasonably well in Vero cells, which is a suitable substrate for
preparing vaccines for human use. Thus, it was possible that
substituting one or more genes or ORFs from AMPV into
HMPV would yield recombinants that retain competence for
replication in Vero cells but might be satisfactorily attenuated
in vivo. Such recombinants would bear the major protective
surface antigens of HMPV in an attenuated backbone and
would be suitable for evaluation as a live vaccine.

In the present work, we have generated chimeras in which
the N or P ORF of HMPV was replaced with that of AMPV
subtype C, which is the subtype most closely related to HMPV.
At the amino acid level, the AMPV N and P proteins share 89
and 68% identity with their HMPV counterparts, and the
lengths of these proteins (394 amino acids for N and 294 amino
acids for P) are identical between AMPV and HMPV. At the
nucleotide level, the N and P genes are 75% and 68% identical
between AMPV and HMPV (5, 33). For both viruses, the N
and P mRNAs do not contain additional significant ORFs.
Surprisingly, the resulting chimeras replicated more efficiently
in vitro than their HMPV parent; nonetheless, they were at-
tenuated in hamsters. Further evaluation in African green
monkeys (AGMs) identified the P chimera as an attractive
vaccine candidate suitable for clinical evaluation.

MATERIALS AND METHODS

Cells and viruses. Vero cells (ATCC CCL-81) were grown in OptiProSFM
(Invitrogen) supplemented with 4 mM L-glutamine. BSR T7/5 cells are baby
hamster kidney 21 (BHK-21) cells that constitutively express T7 RNA polymer-
ase (11). They were maintained in Glasgow minimal essential medium supple-
mented with glutamine, amino acids (Invitrogen), and 10% fetal bovine serum.
The Canadian HMPV clinical isolate CAN97-83 (5) and its recombinant deriv-
atives were propagated in Vero cells at 32°C in the absence of serum and the
presence of 5 pg/ml of trypsin. Trypsin was replenished every second day as
previously described (6). AMPV subtype C, strain Colorado (17), was a generous
gift from Siba Samal, University of Maryland, and was propagated on Vero cells
in the presence of 3% fetal bovine serum without trypsin.

Construction and recovery of recombinant HMPV containing the N or P ORF
of AMPV. A reverse genetic system for HMPV based on HMPV CAN97-83
(GenBank accession number AY297749) was described previously (6). Com-
pared to the clinical isolate, wild-type recombinant HMPV differs by only four
nucleotide substitutions that create an Nhel restriction site in the M-F intergenic
region as a marker (Fig. 1C). In the present study, we used a wild-type derivative
in which the naturally occurring SH gene was replaced with a modified version
called “stabilized SH.” The stabilized SH gene was created by modifying a
number of naturally occurring A and T homo-oligomer tracts in the SH ORF so
that selected A or T residues were replaced by C or G without changing amino
acid coding (not shown). This was done because we recently realized that some
virus preparations appear to contain subpopulations with one or more small
insertions in these tracts within the SH gene, perhaps due to stuttering by the
viral polymerase. This phenomenon is being studied and will be reported in detail
in the future. Recombinant HMPV bearing the stabilized SH gene (rHMPV)
replicated with the same efficiency as unmodified recombinant HMPV in vitro
and in the respiratory tracts of hamsters and AGMs (not shown). Thus, recom-
binant HMPV with the stabilized SH gene has the phenotype of a wild-type virus,
as might be expected. It was used as the parent to create the N and P chimeras
in the present study (rtHMPV-N, and rHMPV-P,).

HMPV/AMPV CHIMERAS 15115

Antigenome ¢cDNAs encoding rHMPV-N, and rHMPV-P, were constructed
as outlined in Fig. 1. PCR fragments were prepared containing either the HMPV
or AMPV N ORF (1,182 nucleotides [nt] in length) and including the naturally
occurring upstream Mlul site (HMPV nt 12) preceding the N-gene start signal as
well as a newly added Bbsl or BsmBI site, respectively, in the downstream end
of the fragment (Fig. 1A). To introduce the BbsI or BsmBI site, the sequence
corresponding to positions 1242 to 1248 in the antigenome, 5'-AAAAAAG-3',
was changed to contain a BbsI site (5'-AGTCTTC-3" [changes underlined]) or a
BsmBI site (5'-GAGACGG [changes underlined]), using PCR primers bearing
these changes.

PCR fragments containing either the HMPV or AMPV P ORF (882 nt) were
designed so that the upstream end contained a BfuAl site (the sequence corre-
sponding to positions 1227 to 1232 in the antigenome, 5'-TGATTA-3’, was
changed to 5'-ACCTGC [substitutions underlined]), HMPV N-gene end signal,
N/P intergenic region, and P-gene start signal, while the downstream end was
modified to contain another BfuAl site (the sequence corresponding to positions
2152 to 2157 in the antigenome, 5'-ATAAAA, was changed to 5'-GCAGGT
[substitutions underlined]; Fig. 1B). A PCR fragment containing the HMPV M
ORF was designed so that the upstream end contained a BbsI site (the sequence
corresponding to positions 2136 to 2141 in the antigenome, 5'-TTAATT, was
changed to 5'-GAAGAC [substitutions underlined]), P-gene end, intergenic
region, and M-gene start signal, while the downstream end contained the
already-existing Nhel site (Fig. 1C).

Assembly of the chimeric viruses is shown in Fig. 1D. Cleavage of the Bbsl or
BsmBI site at the downstream ends of the N fragments would remove the
recognition sequences and yield 5'-TAAT overhangs, which were designed to be
compatible with the 3'-ATTA overhangs left by cleavage with BfuAl at the
upstream end of the P fragment (Fig. 1D). The BfuAlI site at the downstream end
of the P fragments was designed to leave a 5'-GTAG overhang, which could be
compatible with the 3'-CATC overhang left by BbsI cleavage at the upstream end
of the M OREF (Fig. 1D). Note that the cleavage sites for BbsI, BsmBI, and BfuAI
are located apart from their respective recognition sites and are not sequence
specific, permitting the overhangs to be designed as needed. Also, these restric-
tion enzyme recognition sites, with all of the substitutions, are removed from the
DNA fragments by digestion with the restriction enzymes, leaving the sequence
and nucleotide length of the genes unaffected. The N, P, and M PCR fragments
were individually cloned in pBluescript, sequenced, and then excised by digestion
with the restriction enzymes noted above. To assemble each full-length anti-
genome plasmid, the 3-kb Mlul-Nhel fragment containing the N, P, and M genes
was excised from the complete rHMPV-SHs antigenomic cDNA, and this Mlul-
Nhel window was used to accept the N, P, and M fragments in a four-fragment
ligation (Fig. 1D). The antigenome cDNAs were cloned, and correct structures
were confirmed by restriction enzyme digestion and sequencing.

The HMPV/AMPV chimeric viruses were recovered from transfected BSR
T7/5 cells. Confluent BSR T7/5 cells in six-well dishes were transfected with 5 pg
of an individual antigenome plasmid, 2 pg each of the support plasmids pT7-N
and pT7-P, and 1 wg each of pT7-M2-1 and pT7-L per well. Transfections were
done with Lipofectamine 2000 (Invitrogen) in OptiMEM without trypsin or
serum and maintained overnight at 32°C. The transfection medium was removed
1 day later and replaced with Glasgow minimal essential medium without trypsin
or serum. Trypsin was added on day 3 to a final concentration of 5 pg/ml, and
cell-medium mixtures were passaged onto fresh Vero cells on day 6.

The genome of each recovered virus was analyzed by reverse transcriptase
PCR (RT-PCR) performed on total RNA from infected Vero cells. Two regions
were amplified: nt 1 to 2287, containing the leader, N, P, and upstream end of M;
and nt 4656 to 7499, containing the M2, SH, G, and upstream end of L. Parallel
reaction mixtures that lacked RT enzyme did not yield detectable product,
indicating that the template was RNA and not contaminating DNA. Each am-
plified product was sequenced in its entirety from uncloned material, showing
that each virus contained the designed sequence free of adventitious mutations.

Evaluation in hamsters. Groups of 6-week-old Golden Syrian hamsters (18
animals per group) were infected intranasally, under light methoxyflurane anes-
thesia, with 0.1 ml of L15 medium containing 10>7 PFU of rHMPV, rHMPV-N,,
rHMPV-P4, or AMPV. On days 3 and 5 postinfection, six animals from each
group were sacrificed, and the lungs and nasal turbinates were harvested. Virus
titers were determined by plaque assay of tissue homogenates on Vero cells
under methylcellulose overlay containing 5 wg/ml trypsin. The cultures were
incubated at 32°C for 6 days, and plaques were visualized by immunostaining
with a rabbit antiserum raised against gradient-purified CAN97-83 (6). The
remaining six animals in each group were used to measure immunogenicity and
protective efficacy. Sera were collected 2 days prior to infection and 27 days
postinfection. The titers of HMPV-neutralizing antibodies were determined by
an endpoint dilution neutralization assay on Vero cells as described previously
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FIG. 1. Structures of the engineered N (A), P (B), and M (C) genes

and flanking sequences and strategy for constructing HMPV/AMPV

chimeras (D). The N and P genes and flanking sequences in panels A and B are shown with the HMPV construct on top and the HMPV/AMPV
chimeric construct underneath. The Bbsl, BsmBI, and BfuAl sites in panels A to C were introduced by PCR adapters to facilitate assembly; the
Mlul site (panel A) occurred naturally and the Nhel site (panel C) had been introduced previously. Restriction sites are in italic type and
underlined; the 4-nt compatible cohesive ends generated by cleavage with the respective enzymes are shown in bold italic type and underlined. The
sequences of gene start (GS) and gene end (GE) signals are boxed. Panel D illustrates assembly of the N, P, and M fragments and shows the

genomes of the resulting recombinants. HMPV genes are shown in white,

is gray.

(8). On day 28 postinfection, hamsters were challenged by the intranasal adminis-
tration of 10>7 PFU of HMPV CAN97-83 in a 0.1-ml inoculum under light
methoxyflurane anesthesia. Nasal turbinates and lungs were harvested 3 days
later, and the virus titer in each tissue homogenate was determined by plaque
assay as described above.

Evaluation in AGMs. Young adult AGMs (Chlorocebus aethiops, imported
from St. Kitts in the Caribbean; average weight, 4.4 = 0.6 kg) were determined
to be negative for serum-neutralizing antibodies to HMPV. The animals were
inoculated simultaneously by the intranasal and intratracheal routes with a 1-ml
inoculum per site containing 10°° PFU of rHMPV, rHMPV-N, or tHMPV-P
in L15 medium (Invitrogen). A mock-infected control group received L15 me-
dium alone. Each group included four animals except for the mock-infected
group, which contained two animals. Clinical observations were made on days 0
to 12 following inoculation. Nasopharyngeal (NP) swabs were collected daily for
10 days following inoculation and on day 12. Tracheal lavage (TL) samples were
collected on days 2, 4, 6, 8, 10, and 12 postinfection. The amount of virus present
in NP and TL samples was quantified by plaque assay as described above. On day
28 each monkey was challenged by the intranasal and intratracheal routes with
10%° PFU of CAN97-83 in a 1.0-ml volume per site. Virus shedding was exam-
ined in NP and TL samples collected on days 2, 4, 6, and 8 postchallenge. Serum

and AMPYV genes are shown in black. The synthetic SH gene (SHs)

samples were collected on days 0, 28, and 56, and the titers of HMPV-neutral-
izing antibodies were determined by the endpoint dilution assay noted above (8).

RESULTS

Recovery of recombinant HMPV bearing the AMPV N or P
ORF. Reverse genetics was used to design HMPV mutants in
which the N or P ORF was replaced by its counterpart from
AMPYV subtype C, the subtype that is most closely related to
HMPV. The cloning strategy was designed to place each
AMPYV OREF under the control of the existing set of HMPV
gene start and gene end signals. The PCR adapters used for
cloning of the N and P ORFs contained nonpalindromic BbsI,
BsmBI, and BfuAl restriction sites that yielded compatible
overhangs, while excising the recognition sites; this facilitated
the construction and did not introduce any mutations into the
final antigenomic cDNAs (Materials and Methods and Fig. 1).
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FIG. 2. Comparison of the multistep growth kinetics of rtHMPYV,
rHMPV-N, rtHMPV-P,, and AMPV. Vero cells were infected at a
MOI of 0.01 PFU per cell. At 24-h intervals, medium samples (0.5 ml
of the 2-ml overlay) were taken and replaced by an equivalent volume
of fresh medium containing 5 pg/ml of trypsin; in this case, the AMPV
cultures also contained trypsin. The samples were analyzed by plaque
assay on Vero cells. Each time point was represented by two wells, and
each virus titration was done in duplicate. Means are shown. The
detection limit was 5 PFU per ml.

log,, PFU per mi

Thus, each ORF was swapped without introducing any changes
to the gene start and gene end signals, noncoding regions, or
the flanking intergenic regions (Fig. 1).

To recover the recombinant viruses, the individual anti-
genomic plasmids were transfected, together with a set of four
support plasmids encoding the HMPV N, P, M2-1, and L
proteins into BHK21 cells that constitutively expresses T7
RNA polymerase (11). The recovered viruses were amplified
on Vero cells. Correct structures for the recovered viral ge-
nomes were verified by direct sequencing of RT-PCR products
covering the leader region, N, P, and upstream end of the M
gene (nt 1 to 2287) and M2, SH, G, and the upstream end of
the L gene (nt 4656 to 7499). This confirmed that these ge-
nome regions were as designed and lacked adventitious mu-
tations.

Multicycle growth of the N and P chimeric viruses in vitro.
To evaluate the ability of the chimeric viruses to grow in vitro,
replicate cultures of Vero cells were infected with the N and P
chimeras in parallel with their tHMPV and AMPV parents at
a multiplicity of infection (MOI) of 0.01 PFU/cell. At 24-h
intervals, medium supernatant samples were harvested, frozen,
and analyzed later in parallel by plaque titration (Fig. 2).
AMPV grew to a peak titer of 107> PFU per ml on day 5
postinfection, which was approximately 100-fold higher than
the peak titer for rHMPV. The N and P chimeric viruses grew
more efficiently than rHMPV: the replication of rHMPV-P
was 25-fold higher than that of rHMPV and was almost as high
as that of AMPV, whereas the peak titer of tHMPV-N, was
11-fold higher than that of rHMPV.

Viral protein synthesis in infected cells. The viral proteins
produced in virus-infected cells were analyzed in order to con-
firm the expression of the AMPV N and P proteins by the N
and P chimeras, as well as to evaluate the overall level of gene
expression. Vero cells were infected at a MOI of 1 PFU per

HMPV/AMPV CHIMERAS 15117
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FIG. 3. Western blot analysis of viral proteins expressed in Vero
cells infected at an input MOI of 1 PFU per cell with tHMPV (lane 1),
rHMPV-N, (lane 2), THMPV-P, (lane 3), or AMPV (lane 4) or mock
infected (lane 5). The cells were harvested 72 h after infection, and
lysates were prepared and subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis under reducing and denaturing condi-
tions using a 10% gel (NuPAGE; Invitrogen). After Western blot
transfer to nitrocellulose, the membrane was incubated with a rabbit
hyperimmune serum against purified HMPV followed by goat anti-
rabbit antibodies conjugated with horseradish peroxidase, and the
bound antibodies were visualized by chemiluminescence. The positions
of the N, P, M, and M2-1 proteins are shown to the left of the gel. The
positions of molecular mass markers (in kDa) are indicated to the right
of the gel.

cell with the N and P chimeric viruses or their rHMPV and
AMPYV parents. After 72 h of incubation, cell lysates were
prepared and subjected to Western blot analysis using a poly-
clonal serum raised against gradient-purified HMPV (6).

In the rtHMPV sample (Fig. 3, lane 1), the HMPV-specific
antiserum detected bands that we previously identified as N, P,
and M2-1 on the basis of analysis of proteins expressed from
transfected cDNAs and virus with the M, gene deleted; in addi-
tion, another band was detected of the appropriate size to be
the M protein (10). The HMPV glycoproteins were not de-
tected in this Western blot, which probably is a consequence of
the highly denaturing conditions as previously noted (10). The
HMPV-specific serum was also cross-reactive with AMPV
(Fig. 3, lane 4), detecting bands of approximately 42, 41, and 30
kDa, which are of the appropriate sizes to be the N, P, and M
proteins, respectively. The AMPV N and P proteins migrated
more slowly than their HMPV counterparts despite their
nearly identical calculated molecular weights: the difference
was slight in the case of N and was more considerable in the
case of P. In the samples from cells infected with the N and P
chimeric viruses (Fig. 3, lanes 2 and 3), bands corresponding to
the AMPV N and P proteins could be distinguished in the
appropriate lanes by this difference in electrophoretic mobility,
confirming expression of the correct AMPV proteins by the
appropriate viruses.

The Western blot analysis in Fig. 3 also provided a rough
comparison of the level of gene expression by the chimeric
viruses compared to rHMPV. This was of particular interest
given the more efficient in vitro growth of the chimeric viruses,
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TABLE 1. Level of replication of the HMPV/AMPYV chimeras in the upper and lower respiratory tracts of hamsters

Nasal turbinate Lung
Virus? Day of % with Mean titer Reduction of mean % with Mean titer Reduction of mean
harvest detectable (log,o PFU/g of titer® (log,, PFU/g detectable (log;, PFU/g of titer (log,, PFU/g
virus tissue = ME)? of tissue) virus tissue = ME) of tissue)
rHMPV 3 100 54+02 100 3.7x0.3
rHMPV-N, 3 83 3.1 +03¢ 2.3 66 1.7 = 0.0¢ 2.0
rHMPV-P, 3 100 3.6 0.3 1.8 33 1.8 £0.1 1.9
AMPV 3 100 53+0.1 0.1 83 4304
rHMPV 5 100 6.5 0.1 17 1.7+ 0.0
rHMPV-N, 5 100 5.8*0.2 0.7 50 1.7 0.0
rHMPV-P, 5 100 51%+03 1.4 50 2102
AMPV 5 83 34+03 3.1 67 1.9 £0.1

@ Hamsters in groups of 12 were infected intranasally with 10>7 PFU of the indicated virus on day 0.
® Six animals from each group were sacrificed on days 3 and 5. Nasal turbinates and lungs were harvested, and virus titers were determined by plaque assay. ME,

mean error.
¢ Reduction of mean log,, titer compared to that of rHMPV.

4 The value of 50 PFU per g of tissue (the lower limit of virus detection) was assigned to animals lacking detectable virus in order to calculate the mean titer.

in particular rHMPV-P . Because the serum used in the blot
was HMPV specific, it presumably would react less efficiently
with AMPYV proteins due to antigenic differences. Nonetheless,
comparison of the level of expression of a given protein be-
tween different viruses would be valid as long as the protein in
each case had the same species origin, i.e., HMPV or AMPV.
For example, comparison could be made between rHMPV and
rHMPV-N, with regard to the P, M, and M2-1 proteins, since
these proteins are HMPV specific in each virus. Similarly,
comparison could be made between rHMPV and rtHMPV-P ,
for the HMPV-specific N, M, and M2-1 proteins. Also, the
AMPV N and P proteins expressed by rHMPV-N, and
rHMPV-P,, respectively, could be compared to those ex-
pressed by AMPV, since these are all AMPYV specific. In gen-
eral, the levels of accumulation of the various viral proteins
were similar for the various viruses. This suggests that the in-
creased efficiency of replication by the N and P chimeras in vitro
was not due to substantial increases in intracellular viral gene
expression as assayed by intracellular protein accumulation.
Replication, immunogenicity, and protective efficacy of the
N and P chimeric viruses in hamsters. To assay the ability of
the chimeras to replicate in vivo, hamsters in groups of 18 were

infected intranasally with the N and P chimeric viruses in
parallel with rtHMPV and AMPV. Six animals from each group
were sacrificed on days 3 and 5 following inoculation, and the
lungs and nasal turbinates were harvested and analyzed for
infectious virus. rHMPYV replicated to mean titers of 10°>* and
10%° PFU per g of tissue in the upper respiratory tract on days
3 and 5 and to 10*7 and 10"” PFU in the lower respiratory tract
on days 3 and 5, respectively (Table 1). The level of replication
of AMPV in the nasal turbinates and lungs on day 3 was
essentially the same as for rtHMPV, and on day 5 its titer in the
lungs was also comparable to that of rHMPV, whereas in the
nasal turbinates it was reduced by 3.1 log,,. Thus, there was
evidence of host range restriction, but on only one of the two
days sampled and only in the nasal turbinates. The titers of the
N and P chimeric viruses on day 3 were reduced approximately
100-fold in both the upper and lower respiratory tract com-
pared to rHMPV, with rtHMPV-N, being slightly more re-
duced than the P chimera. On day 5, only the P chimera was
substantially lower (1.4 log;,) than rHMPV and only in the
nasal turbinates.

For the six animals remaining in each of the rHMPV-N,,
rHMPV-P,, tHMPV, and AMPV groups, serum samples were

TABLE 2. Immunogenicity and protective efficiency of the HMPV/AMPV chimeras in hamsters

Mean HMPV-neutralizing serum antibody titer
prior to challenge (reciprocal log, = SE)”

HMPYV replication 3 days following challenge on day 28

Immunizing Nasal turbinate Lung
virus® . s 27 days : B : B
Preimmunization . S % with Mean titer % with Mean titer
postimmunization detectable (log,o PFU/g of detectable (log,o PFU/g of

virus tissue = SE)° virus tissue = SE)

None (mock) =150 =15*0 100 6.2+0.1 83 2803
rHMPV =15%0 50=*=03 0 =15+ 0.0¢ 0 =1.5*=0.0
rHMPV-N, =15=*0 5.6 £0.6 0 =15+0.0 0 =1.5+0.0
rHMPV-P, =15%0 49 0.6 0 =1.5=*=0.0 0 =1.5*=0.0
AMPV =15=*0 31*+03 100 4.6 £0.2 17 1.6 = 0.1

@ Hamsters in groups of six were immunized by intranasal infection with 10°7 PFU of the indicated virus or mock infected with L15 medium.
® Sera were collected 2 days before and 27 days following immunization, and the neutralizing antibody titer against HMPV was determined.
€ On day 28, hamsters from each group were challenged intranasally with 10°7 PFU of HMPV CAN97-83. Nasal turbinates and lungs were harvested 3 days later,

and the virus titers present in tissue homogenates were determined by plaque assay.

4 The value of 50 PFU per g of tissue (the lower limit of virus detection) was assigned to animals lacking detectable virus in order to calculate the mean titer.
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TABLE 3. Level of replication of the rtHMPV/AMPYV chimeras in the upper and lower respiratory tracts of AGMs

Nasopharyngeal swab Tracheal lavage specimen

Virus?® Mean peak titer (log;, Reduction of Duration of Mean peak titer (logy, Reduction of Duration of

PFU/ml = SE)” and mean peak titer? shedding® PFU/ml = SE) and mean peak titer shedding

statistical grouping® (log,o PFU/ml) (day = SE) statistical grouping (log,o PFU/ml) (day = SE)
rHMPV 3.7=0.0A 11.0 £ 0.0 54+x02A 85=1.0
rHMPV-N, 33+x02A 0.4 11.0 £ 0.0 45*+02B 0.9 85*0.5
rHMPV-P 20*=0.1B 1.7 10.0 £ 0.0 27*x00C 2.7 5.0x08

“ HMPV-seronegative AGMs in groups of four were inoculated on day 0 by the combined intranasal and intratracheal routes with 10°° PFU of the indicated virus
in 1 ml per site. Nasopharyngeal swabs were collected daily on days 1 to 10 and 12, and tracheal lavage specimens were collected on days 2, 4, 6, 8, 10, and 12.

b Virus titers were determined by plaque assay on Vero cells (6). The level of virus replication is expressed as the geometric mean of the peak virus titers (logy,
PFU/ml = standard error) for the animals in each group irrespective of sampling day. The lower limit of detection was 0.7 log,, PFU/ml. A value of 0.7 log,, PFU/ml
was assigned to samples with no detectable virus in order to calculate means.

¢ Mean peak virus titers were assigned to statistically similar groups by the Tukey-Kramer post hoc test. Values within a column that share a common letter are not

significantly different, whereas those that do not are significantly different (P < 0.05).

4 Reduction of mean peak titer compared to that of rHMPV.

¢ The period of days from the first to the last day on which virus was recovered, including negative days (if any) in between.

taken on day —2 (i.e., 2 days before the immunizing infection)
and day 27 and assayed for the ability to neutralize HMPV in
vitro (Table 2). The titer of HMPV-neutralizing serum anti-
bodies induced by the N and P chimeric viruses was essentially
indistinguishable from that induced by rHMPV. In contrast,
the titer of HMPV-neutralizing serum antibodies induced by
AMPYV was substantially less than that induced by rHMPV and
the N and P chimeras even though AMPV had replicated
relatively efficiently: this presumably reflects antigenic differ-
ences between HMPV and AMPV.

The animals were challenged intranasally with HMPV
CAN97-83 on day 28 postimmunization and were sacrificed 3
days later, and the lungs and nasal turbinates were harvested
and assayed for infectious virus. All animals previously immu-
nized with tHMPYV or with the N or P chimera were completely
protected against HMPV challenge virus replication in both
the upper and lower respiratory tract, whereas the mock-in-
fected control group had mean peak challenge virus titers of
10%2 PFU per g of tissue in the nasal turbinates and 10** PFU
per g of tissue in the lungs (Table 2). The mean titers of
challenge virus replication in the animals previously immu-
nized with AMPV were reduced approximately 50-fold in the
upper respiratory tract and approximately 10-fold in the lower
respiratory tract compared to the mock-immunized group.
This indicated that infection with AMPV provided a modest
degree of cross-protection against HMPV, which is in accor-
dance with the moderate titer of HMPV-neutralizing serum
antibody titers induced by AMPYV as noted above.

Replication of the N and P chimeric viruses in the respira-
tory tracts of AGMs. Since the chimeric viruses were replica-
tion competent and protective in the rodent model, they were
chosen for further preclinical testing in AGMs, a primate host
in which HMPV replicates efficiently (30). AGMs that were
identified as being negative for HMPV-neutralizing serum an-
tibodies (=1.5 log,) (see Table 4) were inoculated intranasally
and intratracheally with 10°° PFU per site of rHMPV,
rHMPV-N,, and rHMPV-P, (Table 3). To monitor virus rep-
lication in the upper and lower respiratory tracts, respectively,
nasopharyngeal swabs and tracheal lavage samples were col-
lected at intervals over 12 days postinfection and were subse-
quently assayed for virus titer (Table 3). The AGMs were

monitored daily for clinical symptoms, of which there were
none.
rHMPV replicated over several consecutive days (Fig. 4) to
mean peak titers of 3.7 = 0.0 log,, PFU per ml in the upper
respiratory tract and 5.4 * 0.2 log,, PFU per ml in the lower
respiratory tract (Table 3). The chimeras replicated to mean
peak titers that were slightly (rHMPV-N,) or significantly
(60-fold for tHMPV-P ) reduced in the upper respiratory tract
compared to rHMPV. In the lower respiratory tract, replica-
tion of both chimeras was significantly reduced: 15-fold in the
case of THMPV-N, and 1,000-fold in the case of rHMPV-P,.
Also, the duration of shedding in the lower respiratory tract
was reduced for the latter virus (Table 3 and Fig. 4).
Immunogenicity and protective efficacy of the N and P
chimeric viruses in AGMs. Serum samples were taken from
the AGMs described above on day 0 prior to the initial immu-
nizing infection and on day 28 postimmunization. Each immu-
nized animal developed a high titer of HMPV-neutralizing
serum antibodies, ranging from 6.0 = 0.7 log, for rHMPV to
5.0 = 0.5 log, for rtHMPV-P, (Table 4). There was a trend
towards lower antibody titers for the more attenuated
rHMPV-P, virus, but the differences compared to rHMPV
and rHMPV-N,, were not statistically significant (Table 4).
To evaluate protective efficacy, the AGMs were challenged
on day 28 postimmunization by the combined intranasal and
intratracheal routes with 10°° PFU of CAN97-83 per site.
Challenge virus replication was monitored by collecting naso-
pharyngeal swabs and tracheal lavage samples on days 2, 4, 6,
and 8 postchallenge (Table 4). As expected, challenge virus
replication was highly restricted in the upper and lower respi-
ratory tracts of AGMs previously immunized with rHMPV,
with only trace amounts of shedding, just above the detection
limit, in the upper respiratory tracts of two of four rHMPV-
immunized animals. In the animals that had been infected with
the N and P chimeric viruses, shedding was not detected in the
upper or lower respiratory tract, showing that immunization
with an HMPV/AMPYV chimeric virus was highly protective.
Serum samples were collected 28 days following the chal-
lenge, and the titers of HMPV-neutralizing antibodies were
determined (Table 4). In the mock-infected control group, the
mean postchallenge titer of HMPV-neutralizing serum anti-
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FIG. 4. Kinetics of replication of rHMPV and AMPYV chimera mu-
tants in the upper and lower respiratory tracts of AGMs. Four animals
per group (except for the mock-infected control group, which was
composed of two animals) were inoculated by combined intranasal and
intratracheal routes by using a 1-ml inoculum per site containing 10%°
PFU of the indicated virus on day 0. The nasopharyngeal swab (A) and
tracheal lavage (B) specimens were taken on the indicated days, and
the titer of virus shed was quantified by plaque assay. The detection
limit was 0.7 log,, PFU/ml.

bodies was comparable to that induced by immunization with
rHMPYV during the initial immunization (6.8 = 0.3 log, for the
mock group on day 28 postchallenge versus 6.0 = 0.7 log, for
rHMPYV on day 28 postimmunization), as would be expected.
For animals that had been immunized with any of the viruses
on day 0, including the highly attenuated rtHMPV-P, virus,
there was no significant increase in the titers of HMPV-neu-
tralizing serum antibodies following the challenge. This prob-
ably indicates that the restriction of challenge virus replication
was so complete that there was insufficient generation of an-
tigen to induce a secondary response. Alternatively, the im-
mune response from the initial infection might have hit a
maximal level beyond which boosting was insignificant.

DISCUSSION

HMPYV is a recently discovered human respiratory pathogen
for which a vaccine is needed. In the present study, we inves-
tigated the strategy of creating chimeric viruses between
HMPV and AMPYV subtype C, a closely related virus of birds,

J. VIROL.

as potential live intranasal vaccine candidates. This would fol-
low the general strategy of using an animal virus as a live
vaccine against a closely related human pathogen virus, pio-
neered by Jenner’s use of cowpox as a vaccine against small-
pox, but with the use of reverse genetics to make swaps of
individual genes. We generated chimeric recombinant HMPV
in which the N or P ORF was derived from AMPV. Evaluation
of these in hamsters and nonhuman primates showed that the
P chimeric virus in particular is highly attenuated and immu-
nogenic and is a promising HMPYV vaccine candidate.

Since a primary goal was to develop vaccine viruses against
HMPV, it was preferable that each chimeric virus retain the
HMPV surface glycoprotein antigens and, in particular, the F
protein, since it appears to be the predominant HMPV neu-
tralization and protective antigen (25, 30). Among the remain-
ing HMPV genes, we chose N and P as the first genes to
evaluate for substitution, since a similar approach replacing
the N or P ORF of human parainfluenza type 3 virus with their
bovine parainfluenza virus counterparts resulted in generation
of a good vaccine candidate (1, 31). The chimeric tHMPV-N,
and rtHMPV-P, viruses were readily recovered. Surprisingly,
both viruses, and especially rtHMPV-P,, replicated substan-
tially more efficiently (11- to 25-fold better with regard to peak
titers) in Vero cells than did HMPV. Since wild-type AMPV
replicated 100-fold more efficiently than HMPV under these
conditions, the N and P chimeric viruses appeared to have
partially acquired this replicative capacity. We had assumed
that AMPV grows more efficiently than HMPYV in vitro be-
cause it does not require added trypsin for cleavage of its F
protein and activation of infectivity; however, the improved
growth of the N and P chimeric viruses suggests that the dif-
ference lies with internal proteins. In any event, efficient
growth in Vero cells is an important characteristic for a live
vaccine virus, since Vero cells are one of the few acceptable
cell substrates for the production of vaccines for human use.

It was surprising that the replacement of a viral protein with
a heterologous counterpart would result in improved growth,
exemplified here with two independent examples. Further-
more, the greater effect was observed for the P protein, which
is the more divergent of the two swapped proteins (68% amino
acid sequence identity between AMPV and HMPV compared
to 89% for N). It is possible that, for some unknown reason,
the AMPV N and P proteins function more efficiently in the
context of the other HMPV proteins than do HMPV N and P.
Alternatively, and perhaps more likely, the AMPV N and P
proteins somehow function more efficiently in the Vero cell
environment, perhaps involving interaction with cellular com-
ponents that remain to be identified. It is well-known that
cellular factors interact with the ribonucleoproteins of various
members of Mononegavirales; for example, RNA synthesis in a
test tube directed by human respiratory syncytial virus (HRSV)
nucleocapsids isolated from infected cells was highly depen-
dent on added cytoplasmic extract (2, 21). The improved
growth of the chimeras in the present study did not seem to be
due to a substantial increase in gene expression compared to
HMPV, as least as measured by Western blot analysis of the
total accumulation of viral proteins in cells infected with the
chimeric viruses. However, the effect might be subtle. Also, it
is possible that the effect operates at some other level, such as
virion morphogenesis, rather than genome encapsidation,
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TABLE 4. Immunogenicity and protective efficiency of rHMPV/AMPYV chimeras in AGMs
4 y p y
Mez tralizing antibody tit C .
can Si;‘ég;p?ggaﬁézgl:gidgé)f y titer HMPV replication following challenge on day 28
Imglilr’l?siging 28 days Nasopharyngeal swab Tracheal lavage specimen
i izati . No. of . No. of
Preimmunization  POStmmunization 28 days Mean peak Duration of . Mean peak Duration of .
and statistical  postchallenge jter (log,,  shedding® ‘";lmcrlfi?rlf titer (log, shedding ;“‘é‘:ﬁr‘f
grouping PFU/ml = SE) (day = SE) *"°°"'®  PFU/ml + SE)  (day = SE) 'S8
virus virus
None (mock) =15 =15 6.8 £0.3 29+ 0.6 6.0 = 1.0 2/2 3612 5.0=0.0 2/2
rHMPV =15 6.0 =0.7A 6.0 £0.7 0.8 05*=03 2/4 <0.7 0.0 £0.0 0/4
rHMPV-N, =15 54+x04A 5803 <0.7 0.0 =0.0 0/4 <0.7 0.0 0.0 0/4
rHMPV-P, =15 50+05A 6.7 0.4 <0.7 0.0 =0.0 0/4 <0.7 0.0 0.0 0/4

“ The groups of AGMs are identified by the virus used in the initial immunizing infection as described in Table 3, footnote a. The mock-infected group is an additional
group of two animals shown in Fig. 4 that had been mock infected in parallel with the other groups.

b Sera were collected on days 0 and 28 following the first infection and 28 days following the challenge, and the neutralizing antibody titer against HMPV was
determined using an endpoint dilution assay (8).

¢ Mean antibody titers were assigned to statistically similar groups by the Tukey-Kramer post hoc test. Values within a column that share a common letter are not
significantly different (P < 0.05).

4 On day 28, AGMs from each group were challenged intranasally and intratracheally with 10° PFU of CAN97-83 in 1 ml per site. Nasopharyngeal swabs and tracheal
lavage specimens were collected on days 2, 4, 6, and 8 postchallenge, and virus titers were determined by plaque assay. The level of virus replication is expressed as
the geometric mean of the peak virus titers (log,, PFU/ml =+ standard error) for the animals in each group irrespective of sampling day. The lower limit of detection

is 0.7 log,, PFU/ml. A value of 0.7 log,, PFU/ml was assigned to samples without detectable virus.
¢ The period of days from the first to the last day on which virus was recovered, including negative days (if any) in between.
/Number of animals from which virus was detected out of the total number of animals in that group.

RNA replication, or transcription. We are creating chimeras
involving additional “internal” AMPV genes, and we will ex-
amine the Vero cell phenotypes of AMPV and the AMPV/
HMPV chimeras in greater detail when these additional vi-
ruses are available. Also, the effects of mixtures of AMPV and
HMPV proteins on RNA synthesis and production of virus-like
particles will be analyzed in a metapneumovirus minireplicon
system.

While the N and P chimeric viruses exhibited increased
growth in Vero cells, they were attenuated in hamsters and,
especially, AGMs, a permissive primate host. The observation
that the N and P chimeric viruses replicated more efficiently
than HMPV in Vero cells—which are of AGM origin—but
replicated less efficiently than HMPV in AGMs themselves
illustrates the caution that must be taken in using a monolayer
cell line of a given tissue (in this case kidney) of a given species
to predict replication and host range effects in the correspond-
ing whole animal.

AMPV is a causative agent of respiratory disease in poul-
try—especially turkeys—that was first observed in 1978 in
South Africa (13, 14) and since has been reported throughout
much of the world. Subtype C, represented by the Colorado
strain used in the present study, is concentrated in the New
World, where it was first observed in 1996 (29). There are no
reports of humans being infected with AMPYV, although there
certainly would be exposure of humans to AMPV through
infected poultry. This suggests that AMPV has a limited host
range. This would be consistent with the experience with
HRSV and bovine RSV and human and bovine parainfluenza
type 3 virus, which are human/animal counterparts with
roughly comparable levels of sequence relatedness and for
which each animal counterpart exhibits a strong host range
restriction in primates (12, 23, 32). Conversely, the ability of
HMPV to infect birds was tested previously by experimental
inoculation of turkeys: during the subsequent 3-week period
there was no detectable virus shedding as assayed by RT-
PCR of nasal swabs (34). This is consistent with the expec-

tation that AMPV and HMPV have limited host ranges
commensurate with the observed level of sequence diver-
gence. We did not directly evaluate the ability of AMPV to
replicate in nonhuman primates in the present study, al-
though this will be done in the future; there is a limitation
to the number of viruses that can be studied at any one time
in nonhuman primates and a general difficulty in identifying
AGMs that are seronegative for HMPV as are necessary for
these studies.

The results of the AGM study indicated that the N and P
chimeric viruses are attenuated and immunogenic and that the
P chimeric virus in particular is a very promising vaccine can-
didate. The greater attenuation of HMPV-P, compared to
HMPV-N, is consistent with the greater divergence of P (32%
difference, involving a total of 95 residues) compared to N
(11% difference, total of 44 residues) between AMPV and
HMPV. This considerable level of sequence difference might
confer stability to the attenuation phenotype, although this
remains to be demonstrated.

Clinical experience with live intranasal vaccines for influenza
virus, human parainfluenza type 3 virus, and HRSV indicates
that a reduction in virus replication in the lower respiratory
tracts of primates of approximately 1,000-fold is a desirable
initial target (3, 18, 22). This is exactly what was achieved for
the P chimeric virus in AGMs. However, wild-type and atten-
uated HMPYV strains have not yet been administered experi-
mentally to humans, and the levels of virus dose and virus
replication that are associated with disease and protective im-
munity remain to be determined. We presently have three
promising attenuated versions of HMPYV as vaccine candidates,
namely, HMPV with deletion of the G gene (4, 7), HMPV with
deletion of the M2-2 ORF (4, 10), and the present rtHMPV-P
virus. The next step will be to evaluate these candidates in
clinical studies in parallel with their wild-type parent to estab-
lish benchmarks for infectivity, replication, safety, immuno-
genicity, and protective efficacy of HMPV vaccines.

1sanb Aq 2T0Z ‘6 Arenuer uo /610 wise’IAlj/:dny wody papeojumoq


http://jvi.asm.org/

15122 PHAM ET AL.

ACKNOWLEDGMENTS

We are grateful to Siba Samal, University of Maryland, for his generous
gift of AMPYV starting materials. We thank Guy Boivin of Centre Hospi-
talier Universitaire de Québec and Laval University and Dean Erdman,
Teresa Peret, and Larry Anderson of the Centers for Disease Control and
Prevention for providing initial stocks of CAN97-83. We also thank
Marisa St. Claire, Randy Elkins, Bradley Finneyfrock, and Vanessa Davis
for great contributions to the primate studies.

REFERENCES

1. Bailly, J. E., J. M. McAuliffe, A. P. Durbin, W. R. Elkins, P. L. Collins, and
B. R. Murphy. 2000. A recombinant human parainfluenza virus type 3
(PIV3) in which the nucleocapsid N protein has been replaced by that of
bovine PIV3 is attenuated in primates. J. Virol. 74:3188-3195.

2. Barik, S. 1992. Transcription of human respiratory syncytial virus genome
RNA in vitro: requirement of cellular factor(s). J. Virol. 66:6813-6818.

3. Belshe, R. B.,, F. K. Newman, T. F. Tsai, R. A. Karron, K. Reisinger, D.
Roberton, H. Marshall, R. Schwartz, J. King, F. W. Henderson, W.
Rodriguez, J. M. Severs, P. F. Wright, H. Keyserling, G. A. Weinberg, K.
Bromberg, R. Loh, P. Sly, P. McIntyre, J. B. Ziegler, J. Hackell, A. Deatly,
A. Georgiu, M. Paschalis, S. L. Wu, J. M. Tatem, B. Murphy, and E.
Anderson. 2004. Phase 2 evaluation of parainfluenza type 3 cold passage
mutant 45 live attenuated vaccine in healthy children 6-18 months old.
J. Infect. Dis. 189:462-470.

4. Biacchesi, S., Q. N. Pham, M. H. Skiadopoulos, B. R. Murphy, P. L. Collins,
and U. J. Buchholz. 2005. Infection of nonhuman primates with recombinant
human metapneumovirus lacking the SH, G, or M2-2 protein categorizes
each as a nonessential accessory protein and identifies vaccine candidates.
J. Virol. 79:12608-12613.

5. Biacchesi, S., M. H. Skiadopoulos, G. Boivin, C. T. Hanson, B. R. Murphy,
P. L. Collins, and U. J. Buchholz. 2003. Genetic diversity between human
metapneumovirus subgroups. Virology 315:1-9.

6. Biacchesi, S., M. H. Skiadopoulos, K. C. Tran, B. R. Murphy, P. L. Collins,
and U. J. Buchholz. 2004. Recovery of human metapneumovirus from
cDNA: optimization of growth in vitro and expression of additional genes.
Virology 321:247-259.

7. Biacchesi, S., M. H. Skiadopoulos, L. Yang, E. W. Lamirande, K. C. Tran,
B. R. Murphy, P. L. Collins, and U. J. Buchholz. 2004. Recombinant human
metapneumovirus lacking the small hydrophobic SH and/or attachment G
glycoprotein: deletion of G yields a promising vaccine candidate. J. Virol.
78:12877-12887.

8. Biacchesi, S., M. H. Skiadopoulos, L. Yang, B. R. Murphy, P. L. Collins, and
U. J. Buchholz. 2005. Rapid human metapneumovirus microneutralization
assay based on green fluorescent protein expression. J. Virol. Methods 128:
192-197.

9. Boivin, G., Y. Abed, G. Pelletier, L. Ruel, D. Moisan, S. Cote, T. C. Peret,
D. D. Erdman, and L. J. Anderson. 2002. Virological features and clinical
manifestations associated with human metapneumovirus: a new paramyxo-
virus responsible for acute respiratory-tract infections in all age groups.
J. Infect. Dis. 186:1330-1334.

10. Buchbholz, U. J., S. Biacchesi, Q. N. Pham, K. C. Tran, L. Yang, C. L. Luongo,
M. H. Skiadopoulos, B. R. Murphy, and P. L. Collins. 2005. Deletion of M2
gene open reading frames 1 and 2 of human metapneumovirus: effects on
RNA synthesis, attenuation, and immunogenicity. J. Virol. 79:6588-6597.

11. Buchholz, U. J., S. Finke, and K. K. Conzelmann. 1999. Generation of
bovine respiratory syncytial virus (BRSV) from cDNA: BRSV NS2 is not
essential for virus replication in tissue culture, and the human RSV leader
region acts as a functional BRSV genome promoter. J. Virol. 73:251-259.

12. Buchholz, U. J., H. Granzow, K. Schuldt, S. S. Whitehead, B. R. Murphy,
and P. L. Collins. 2000. Chimeric bovine respiratory syncytial virus with
glycoprotein gene substitutions from human respiratory syncytial virus
(HRSV): effects on host range and evaluation as a live-attenuated HRSV
vaccine. J. Virol. 74:1187-1199.

13. Buys, S. B., and J. H. Du Preez. 1980. A preliminary report on the isolation
of a virus causing sinusitis in turkeys in South Africa and attempts to atten-
uate the virus. Turkeys 36:46.

14. Buys, S. B., J. H. du Preez, and H. J. Els. 1989. The isolation and attenuation
of a virus causing rhinotracheitis in turkeys in South Africa. Onderstepoort
J. Vet. Res. 56:87-98.

15. Clements-Mann, M. L., R. Dudas, Y. Hoshino, P. Nehring, E. Sperber, M.
Wagner, L. Stephens, R. Karron, A. Deforest, and A. Z. Kapikian. 2001.
Safety and immunogenicity of live attenuated quadrivalent human-bovine
(UK) reassortant rotavirus vaccine administered with childhood vaccines to
infants. Vaccine 19:4676-4684.

16. Das, S. C., M. D. Baron, and T. Barrett. 2000. Recovery and characterization
of a chimeric rinderpest virus with the glycoproteins of peste-des-petits-
ruminants virus: homologous F and H proteins are required for virus viabil-
ity. J. Virol. 74:9039-9047.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

J. VIROL.

Govindarajan, D., A. S. Yunus, and S. K. Samal. 2004. Complete sequence
of the G glycoprotein gene of avian metapneumovirus subgroup C and
identification of a divergent domain in the predicted protein. J. Gen. Virol.
85:3671-3675.

Gruber, W. C., P. M. Darden, J. G. Still, J. Lohr, G. Reed, and P. F. Wright.
1997. Evaluation of bivalent live attenuated influenza A vaccines in children
2 months to 3 years of age: safety, immunogenicity and dose-response.
Vaccine 15:1379-1384.

Halpin, K., B. Bankamp, B. H. Harcourt, W. J. Bellini, and P. A. Rota. 2004.
Nipah virus conforms to the rule of six in a minigenome replication assay.
J. Gen. Virol. 85:701-707.

Hamelin, M. E., Y. Abed, and G. Boivin. 2004. Human metapneumovirus: a
new player among respiratory viruses. Clin. Infect. Dis. 38:983-990.
Huang, Y. T., R. R. Romito, B. P. De, and A. K. Banerjee. 1993. Character-
ization of the in vitro system for the synthesis of mRNA from human
respiratory syncytial virus. Virology 193:862-867.

Karron, R. A, P. F. Wright, R. B. Belshe, B. Thumar, R. Casey, F. Newman,
F. P. Polack, V. B. Randolph, A. Deatly, J. Hackell, W. Gruber, B. R.
Murphy, and P. L. Collins. 2005. Identification of a recombinant live atten-
uated respiratory syncytial virus vaccine candidate that is highly attenuated
in infants. J. Infect. Dis. 191:1093-1104.

Karron, R. A, P. F. Wright, S. L. Hall, M. Makhene, J. Thompson, B. A.
Burns, S. Tollefson, M. C. Steinhoff, M. H. Wilson, D. O. Harris, et al. 1995.
A live attenuated bovine parainfluenza virus type 3 vaccine is safe, infectious,
immunogenic, and phenotypically stable in infants and children. J. Infect.
Dis. 171:1107-1114.

Mackie, P. L. 2003. The classification of viruses infecting the respiratory
tract. Paediatr. Respir. Rev. 4:84-90.

MacPhail, M., J. H. Schickli, R. S. Tang, J. Kaur, C. Robinson, R. A.
Fouchier, A. D. Osterhaus, R. R. Spaete, and A. A. Haller. 2004. Identifica-
tion of small-animal and primate models for evaluation of vaccine candidates
for human metapneumovirus (hMPV) and implications for hMPV vaccine
design. J. Gen. Virol. 85:1655-1663.

Mubhlberger, E., M. Weik, V. E. Volchkov, H. D. Klenk, and S. Becker. 1999.
Comparison of the transcription and replication strategies of Marburg virus
and Ebola virus by using artificial replication systems. J. Virol. 73:2333-2342.
Newman, J. T., S. R. Surman, J. M. Riggs, C. T. Hansen, P. L. Collins, B. R.
Murphy, and M. H. Skiadopoules. 2002. Sequence analysis of the Washing-
ton/1964 strain of human parainfluenza virus type 1 (HPIV1) and recovery
and characterization of wild-type recombinant HPTV1 produced by reverse
genetics. Virus Genes 24:77-92.

Schmidt, A. C., J. M. McAuliffe, A. Huang, S. R. Surman, J. E. Bailly, W. R.
Elkins, P. L. Collins, B. R. Murphy, and M. H. Skiadopoulos. 2000. Bovine
parainfluenza virus type 3 (BPIV3) fusion and hemagglutinin-neuraminidase
glycoproteins make an important contribution to the restricted replication of
BPIV3 in primates. J. Virol. 74:8922-8929.

Seal, B. S. 1998. Matrix protein gene nucleotide and predicted amino acid
sequence demonstrate that the first US avian pneumovirus isolate is distinct
from European strains. Virus Res. 58:45-52.

Skiadopoulos, M. H., S. Biacchesi, U. J. Buchholz, J. M. Riggs, S. R. Surman,
E. Amaro-Carambot, J. M. McAuliffe, W. R. Elkins, M. St. Claire, P. L.
Collins, and B. R. Murphy. 2004. The two major human metapneumovirus
genetic lineages are highly related antigenically, and the fusion (F) protein is
a major contributor to this antigenic relatedness. J. Virol. 78:6927-6937.
Skiadopoulos, M. H., A. C. Schmidt, J. M. Riggs, S. R. Surman, W. R. Elkins,
M. St. Claire, P. L. Collins, and B. R. Murphy. 2003. Determinants of the
host range restriction of replication of bovine parainfluenza virus type 3 in
rhesus monkeys are polygenic. J. Virol. 77:1141-1148.

Skiadopoulos, M. H., S. R. Surman, J. M. Riggs, P. L. Collins, and B. R.
Murphy. 2001. A chimeric human-bovine parainfluenza virus type 3 express-
ing measles virus hemagglutinin is attenuated for replication but is still
immunogenic in rhesus monkeys. J. Virol. 75:10498-10504.

van den Hoogen, B. G., T. M. Bestebroer, A. D. Osterhaus, and R. A.
Fouchier. 2002. Analysis of the genomic sequence of a human metapneu-
movirus. Virology 295:119-132.

van den Hoogen, B. G., J. C. de Jong, J. Groen, T. Kuiken, R. de Groot, R. A.
Fouchier, and A. D. Osterhaus. 2001. A newly discovered human pneumo-
virus isolated from young children with respiratory tract disease. Nat. Med.
7:719-724.

Williams, J. V., P. A. Harris, S. J. Tollefson, L. L. Halburnt-Rush, J. M.
Pingsterhaus, K. M. Edwards, P. F. Wright, and J. E. Crowe, Jr. 2004.
Human metapneumovirus and lower respiratory tract disease in otherwise
healthy infants and children. N. Engl. J. Med. 350:443-450.

Yunus, A. S., S. Krishnamurthy, M. K. Pastey, Z. Huang, S. K. Khattar, P. L.
Collins, and S. K. Samal. 1999. Rescue of a bovine respiratory syncytial virus
genomic RNA analog by bovine, human and ovine respiratory syncytial
viruses confirms the “functional integrity” and “cross-recognition” of BRSV
cis-acting elements by HRSV and ORSV. Arch. Virol. 144:1977-1990.

1sanb Aq 2T0Z ‘6 Arenuer uo /610 wise’IAlj/:dny wody papeojumoq


http://jvi.asm.org/

Clarke, Modet &C°
CHILE

PAT 2895/2013

Solicitud de Patente N° 201302829

EN LO PRINCIPAL: CONTESTA NOTIFICACION INFORME PERICIAL, EN EL
OTROSI: ACOMPANA DOCUMENTOS QUE INDICA.

S.D.LN.AP.l

MARIA CAROLINA DEL RiO HERANE, abogado, en representacion de PONTIFICIA
UNIVERSIDAD CATOLICA DE CHILE, domiciliados para estos efectos en
Huérfanos 835, Piso 10, Santiago, Chile, en la solicitud de patente de invencion N°
201302829, a Ud. respetuosamente digo:

Que vengo en primer término en agradecer la gestion profesional del Perito Sr.
Andrés Toro Contreras. En segundo término procedo a contestar el informe pericial,

acompanando:

1. Nueva Hoja Técnica, en reemplazo de la hoja presentada con fecha 1 de
Octubre de 2013;

2. Nuevas paginas 7 y 8 de la Memoria Descriptiva, en reemplazo de las
mismas paginas presentadas con fecha 1 de Octubre de 2013;

3. Nuevo Pliego de Reivindicaciones que consta de 12 clausulas, paginas
22 a 24, en reemplazo del pliego presentado con fecha 1 de Octubre de
2013;y

4. Nuevas Figuras Reglamentarias 1 a 6, paginas 1/5 a 5/5, en reemplazo
de las mismas figuras presentadas con fecha 1 de Octubre de 2013.

En respuesta a la notificacion del Sr. Perito, nuestro representado agradece las
observaciones y ha realizado las siguientes modificaciones:

Se presenta una nueva hoja técnica que incluye titulo y resumen que incorporan la
uitima modificacion realizada al Pliego de Reivindicaciones.
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En relacién a la Memoria Descriptiva, en la descripcion de la figura 4 en la pagina 7,
se ha incorporado el texto eliminado de dicha figura (letras ‘a’ hasta la ‘f'). En la
pagina 8 se ha corregido “7D" por “6D".

Las figuras reglamentarias también han sido corregidas. Se ha eliminad el texto y se
ha traducido algunos términos en inglés.

Respecto al pliego de reivindicaciones, se han realizado todas las correcciones de
claridad indicadas por el Sr. Perito en su informe a las clausulas 1, 3, 4, 5, 6, 7, 8, 9,
13. Las anteriores clausulas 11 y 14 han sido eliminadas.

Finalmente, nuestro representado sefiala que en virtud gue la presente solicitud ha
cumplido a cabalidad con todos los requisitos exigidos en la Ley 19039, solicita
amablemente al sefior Director del Instituto Nacional de Propiedad Industrial, se
conceda el Derecho Industrial solicitado.

POR TANTO
A UD. RESPETUOSAMENTE DIGO Tener por contestado el informe pericial en
tiempo y forma.

EN EL OTROSI. SIRVASE S.D.LN.A.P., tener por acompaiiados los siguientes
documentos a fin de subsanar las observaciones formuladas:

1. Nueva Hoja Técnica;
2. Nuevas paginas 7 y 8 de la Memoria Descriptiva;

3. Nuevo Pliego de Reivindicaciones que consta de 12 clausulas, paginas
22a24;y

4. Nuevas Figuras Reglamentarias 1 a 6, paginas 1/5 a 5/5.
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CONTRA hMPV.
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en las vias aéreas del animal posterior a la infeccion, obteniéndose una infiltracién similar al
animal sin infectar. Por otra parte los animales sin inmunizar o inmunizados con BCG
silvestre, BCG-WT, Live-hMPV o UV-hMPYV sufrieron la infiltracién de células inmunes en
sus vias aéreas posterior a la infeccién. La vacunacién con rBCG-M2 confirié una proteccién
incompleta. En la Figura 3D se aprecia que el niimero de virus de hMPV expresados en copias
del gen N-hMPV por 5000 copias de B-actina, presentes en los pulmones de animales
infectados no inmunizados es similar al de animales infectados inmunizados con BCG-WT,
Live-hMPV o UV-hMPV, es decir, no otorgarian proteccidn, mientras que los animales
infectados inmunizados con rBCG-P-MPV pricticamente no se encuentra el virus, al igual
que en animales no infectados. La inmunizacién con rBCG-M2 otorgé una proteccién no

completa.

Figura 4 La inmunizacién con rBCG-P-hMPYV protege contra la inflamacién después del
desafio con h(MPV. Los pulmones de animales removidos 6 dias después del desafio con 1 x
10% UFP de hMPV, fueron fijados en paraformaldehido y e incluidos en parafina y cortes de 7
pm fueron tefiidos con hematoxilina y eosina. Se observa una significativa infiltracién de
células polimorfas nucleares en animales no inmunizados o inmunizados con rBCG-M2.1-
hMPV o BCG-WT. Sin embargo, no se observan signos de inflamacién en pulmones
obtenidos de animales inmunizados con rBCG-P-hMPV. Las imdgenes son representativas de
seis experimentos independientes. HSP representa la cuantificacién de una puntuacién de
inflamacién por grupo de animales (Histopathology Score). Se puede apreciar que la
inflamacidén en animales inmunizados con rBCG-P-MPV e infectados fue muy baja o
inexistentes, similar a lo apreciado en animales no infectados. (a} rBCG-M2.1; (b) rBCG-P;
(c) Sin inmunizar; (d) Sin infectar; (e) BCG- WT; (f) HSP.

Figura 5. La inmunizacién con rBCG-P-hMPV produce un perfil de citoquinas tipe Thl.
Para determinar cudl es el tipo de respuesta inmune responsable de la inmunidad por rBCG-P-
hMPV, se analizé el perfil de citoquinas de células de bazo de BALB / ¢j inmunizados con la
cepa BCG recombinante para proteina P de hMPV (tBCG-P-hMPV, en los grificos: tBCG-
P). Se recuperé el bazo de cuatro ratones BALB / cj inmunizados con rBCG-P-hMPV vy las
células de bazo se estimularon durante 7 dias por incubacién con 10 pg de proteina P-hMPV o
PBS (en los grificos U/S). Como control, las células de bazo de BALB / ¢j inmunizados con
BCG- WT se cultivaron en las mismas condiciones. El sobrenadante de las células de bazo de
tBCG-P-hMPV y BCG-WT estimuladas y no estimuladas se les determiné por ELISA los



niveles de (A) IFN-y, (B) IL-2, (C) IL-5 y (D) IL-4 a los dias 4 y 7 de cultivo. Las células de
bazo derivadas de rBCG-P-hMPV estimuladas con proteina P-hMPV (tBCG-P) secretan
cantidades significativamente mayores de IFN-y en comparacién con células provenientes de
animales inmunizados con BCG-WT o células no estimuladas (rBCG-P U/S) (*** p <0,001,
prueba ¢ de Student), Figura 5 A. Ademds, las cantidades de IFN-y aumentaron entre el dia 4 a
7 (* p <0,05, prueba t de Student), Figura 5 A. Las células de bazo estimuladas, de ratones
inmunizados con rBCG-P-hMPV (rBCG-P) producen cantidades significativamente mayores
de IL-2 al 4 dia respecto de células no estimuladas (rBCG-P U/S} y disminuy¢ al nivel basal
en el dia 7 (**, p <0,001; ns = no significativo prueba t de Student), Figura 5 B. Las células de
bazo secretaron cantidades bajas de IL-5 e IL-4 sin mostrar incremento respecto de células de
bazo provenientes de BCG-WT o no estimuladas (ns = prueba no significativa t de Student),
Figura 5 C.

Figura 6. Transferencia de Linfocitos T de ratones inmunizados con rBCG-P-hMPV
confieren resistencia a la infeccién por hMPYV en ratones naive. Se purificaron linfocitos T
CD4* y linfocitos T CD8* desde esplenocitos estimulados y no estimulados con proteinas
recombinantes virales. Se transfirié independientemente a través de la vena caudal de ratones
naive, dos millones de linfocitos T CD4* 0 CD8*, estimulados o sin estimular provenientes de
animales inmunizados con rBCG-P-MPV o BCG-WT. Veinticuatro horas después de la
transferencia, los ratones fueron infectados via intranasal con 1x10°% ufp de hMPV. En la
Figura 6A los ratones transferidos con linfocitos T CD4* y/o CD&* de ratones inmunizados
con rBCG-P-hMPV no muestran ninguna diferencia en el peso corporal en comparacién con
los ratones no infectados. Por el contrario se observa que los ratones transferidos con
linfocitos T CD4* yfo CD8* de ratones inmunizados con BCG-WT, perdieron
significativamente mds peso tras la infeccion, en comparacion con los animales no infectados
(p <0,0001) (Figura 6B). La figura 6C muestra que en el lavado bronco alveolar, BAL, de
ratones naive previamente transferidos con linfocitos T CDd4* yfo CDS8* de ratones
inmunizado con rBCG-P-hMPV (P-CDS, P-CD4, P-CD8/4), presentan una infiltracién
significativamente menor de granulocitos en comparacion a ratones transferidos con linfocitos
T de BCG-WT (Wt-CD8, Wi-CD4, Wt-CD8/4) (*** p <0,0001, prueba t de Student). La
infiltracion de granulocitos en BAL de ratones transferidos con linfocitos T de BCG-WT o no
inmunizados no muestran diferencias significativas con infiltracion de ratones que no

recibieron linfocitos T (NS = no significativo, prueba t de Student). La Figura 6D muestra que



REIVINDICACIONES

Una formulacion inmunogénica que confiere proteccion contra la infeccién por el
metapneumovirus (hMPV) y/o atenia la patologia causada por h(MPV, CARACTERIZADA
porque la formulacion comprende una o mds cepas atenuadas de Mycobacterium
recombinante en una cantidad que va de 10* a 10° bacterias (CFU/dosis) por cepa, donde
cada cepa expresa la proteina P de hMPV, o un fragmento inmunogénico de ella, en un

tampon salino farmacolégicamente aceptable.

La formulacién inmunogénica segun la clausula 1, CARACTERIZADA porque la cepa de
Mycobacterium recombinante atenuado se deriva de la cepa Bacillus Calmette-Guerin
(BCG).

La formulaciéon inmunogénica segin la cldusula 1, CARACTERIZADA porque el

metapneumovirus comprende el subtipo A, B o ambos subtipos.

La formulacién inmunogénica segin la cliusula 1, CARACTERIZADA porque las
secuencias de dcidos nucleicos que codifican para la proteina P de hMPV, o un fragmento
inmunogénico de ella, se inserta en el genoma de una cepa atenuada de Mycobacterium o se
inserta en un pldsmido extracromosomal, en una o mds copias, de tal manera que la proteina
viral P de hMPV, o fragmento inmunogénico de ella se expresa a partir de las secuencias de

dcidos nucleicos.

La formulacién inmunogénica segun la cliusula 1, CARACTERIZADA porque la
formulacién comprende dos o mds cepas atenuadas recombinantes de Mycobacterium, y en
donde cada una de las cepas expresa una proteina o fragmento inmunogénico de proteina P

de hMPV, o un fragmento inmunogénico de ella en una ubicacién diferente, ya sea como

22



una forma soluble, soluble-citoplasmdtica, como proteina extracelular secretada, o unida a

membrana.

6. La formulacién inmunogeénica segun la cldusula 1, CARACTERIZADA porque Ias proteinas
P de hMPV o fragmentos inmunogénicos de ellas derivan de la expresién de dcidos nucleicos
que estin bajo el control de promotores constitutivos o inducibles, endégenos o exégenos de

Mycobacterium BCG.

7. La formulacién inmunogénica de la cldusula 1, CARACTERIZADA porque dicha
formulacién comprende dos o mas cepas atenuadas recombinantes de Mycobacteritm, y en
el que las proteinas P de hMPV, o fragmentos inmunogénicos de ellas se expresan para
generar un nimero diferente de copias, se expresan constitutivamente o inducibles, y / o

estdn ubicados en diferentes localizaciones celulares.,

8. La formulacién inmunogénica de la cldusula 1, CARACTERIZADA porque la formulacién
estd estabilizada por congelacién, secado por congelacién o estd conservada antes de su uso

con el uso de una solucién salina tamponada.

9. La formulacién inmunogénica segiin la cldusula 1, CARACTERIZADA porque la proteina
P de hMPV, o fragmentos inmunogénicos de ellas se expresan como proteinas
citoplasmadticas solubles, se secretan extracelularmente, o estin unidos a la membrana

celular.

10.  Usode la formulacién inmunogénica de acuerdo con la cldusula 1, CARACTERIZADO
porque sirve para preparar un medicamento itil en la prevencidn de la enfermedad causada

por hMPV, o de la patologia provocada por hMPV.
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I1.  Una vacuna contra hMPV, CARACTERIZADA porque comprende una formulacion

inmunogénica de la clausula 1.

12.  La vacuna de la clausula 11, CARACTERIZADA porque se formula subcutdnea,

percutinea, o subdérmicamente.
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Figura 3
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Figura 4
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Figura 6
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