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MINISTERIO DE COMERCIO INDUSTRIA Y TURISMO 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

DIRECCIÓN DE NUEVAS CREACIONES 

E.                  S. D. 

 

 

REFERENCIA : RESPUESTA OFICIO DE FONDO 19378 DE 22 DE 

NOVIEMBRE DE 2023 - SOLICITUD DE REGISTRO DE 

PATENTE PCT FASE NACIONAL TITULADA “VACUNA 
CONTRA EL VIRUS DE LA PESTE PORCINA 
AFRICANA”.- EXPEDIENTE No. NC2021/0004188. 

SOLICITANTE :    STICHTING WAGENINGEN RESEARCH. 
 

 

 
ELIANA ISAURA MORENO BOHÓRQUEZ mayor de edad, domiciliada en la ciudad de 

Bogotá D.C, República de Colombia, abogada titulada e identificada como aparece al pie de mi 

firma, en mi calidad de apoderada de la sociedad STICHTING WAGENINGEN RESEARCH., 
atentamente manifiesto que estando dentro del término de ley y por orden expresa de mi 

representada, como resultado del examen de forma realizado con fundamento al artículo 45 de la 

Decisión 486 de la Comisión de la Comunidad Andina, me permito presentar respuesta al Oficio 

de la referencia, bajo los siguientes. 
 

1. SOBRE EL TITULO. 
 

1.1 La Sra. examinadora se refiere a que el actual título no se relaciona con el objeto de la 

solicitud contenido en la descripción y las reivindicaciones, por lo cual se presenta en 

respuesta el título siguiente:  

 

“VACUNA BASADA EN UNA MOLÉCULA DE ÁCIDO NUCLEICO 
RECOMBINANTE CON UN CASETE QUE CODIFICA UN POLIEPÍTOPO 
QUE COMPRENDE TANTO ANTÍGENOS PROTEICOS DE CÉLULAS T Y 

CÉLULAS B DEL VIRUS DE LA PESTE PORCINA AFRICANA (VPPA)” 
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2. REIVINDICACIONES  RELATIVAS  A  UN  USO  Y    MATERIA NO 
PATENTABLE 

 
2.1 La Sra. examinadora se refiere a que las reivindicaciones 15 y 16 no se consideran 

patentables, teniendo en cuenta que, aunque en su preámbulo se refieran a un conjunto 

de partículas virales y a un kit de partes. En ese sentido se presenta un nuevo pliego 

que ha sido modificado corriendo la referencia al USO. 

2.2 Esa oficina informa que el objeto de las reivindicaciones 8 a 11 no es patentable, toda 

vez que, se refiere a un método para estimular una respuesta inmune en un cerdo, el 

cual comprende administrar la molécula recombinante de cualquiera de las 

reivindicaciones 1-5, y/o la partícula viral de la reivindicación 6 o 7, en combinación 

con una partícula viral que comprende antígenos de células B del virus de la peste 

porcina africana, preferiblemente seleccionado de proteínas p30, p54, p72, EP402R, 

A104R y/o B602L de virus de la peste porcina africana, al cerdo en una cantidad eficaz 

para inducir una respuesta inmunitaria. Asimismo, esa oficina define que el objeto de 

la reivindicación 12 no es patentable, en razón que, se refiere a un método para prevenir 

o mejorar la infección y/o propagación del virus de la peste porcina africana en cerdos, 

que comprende administrar la molécula recombinante de cualquiera de las 

reivindicaciones 1-5 y/o la partícula viral de la reivindicación 6 o 7 a al menos un 

cerdo, en donde dicha administración de la molécula recombinante y/o la partícula 

viral se combina con la administración de una partícula viral que comprende antígenos 

de células B del virus de la peste porcina africana, preferiblemente seleccionados entre 

proteínas p30, p54, p72, EP402R, A104R y/o B602L de virus de la peste porcina 

africana. En respuesta, el nuevo pliego reivindicatorio ha sido corregido conforme lo 

indicado. 

 
3. SOBRE LA SOLICITUD DE PATENTE. 

 
3.1 La Sra. examinadora se refiere a que la reivindicación 1 no es clara ni presenta sustento 

en la descripción y sugiere definir la molécula a partir de sus características técnicas 

estructurales incluyendo las secuencias de ácidos nucleicos con su respectivo SEQ ID 

NO. Agrega que las reivindicaciones 2 y 3 no son claras y no presentan sustento en la 
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descripción por lo cual, sugiere realizar las aclaraciones necesarias y limitar el objeto 

reclamado a una razonable generalización de la longitud del péptido reclamado de 

acuerdo con lo soportado en el capítulo descriptivo. Define que las reivindicaciones 1 

y 3 no son claras y no presentan sustento en la descripción porque, se refieren a 

espaciadores de "1-10 residuos de aminoácidos", "1-5 residuos de aminoácidos" y 

"secuencias de espaciadores 1-11 como se muestra en la Tabla 2" y como se evidencia 

en la descripción, dicha secuencia espaciadora comprende 1 a 5 residuos de 

aminoácidos Tabla 2, por lo cual, se le sugiere al solicitante realizar las aclaraciones 

necesarias. Esa oficina también advierte que las reivindicaciones 3 y 5 hacen referencia 

a la descripción o a los dibujos, según la expresión "como se muestra en la Tabla 1", 

"como se muestra en la Tabla 2" y "la secuencia de nucleótidos representada en la 

Figura 1B" y sugiere eliminar la referencia a la descripción, a los dibujos o a las tablas, 

e incluir en las reivindicaciones señaladas las secuencias por su SEQ ID NO. Por 

último define que las reivindicaciones 1, 3, 5, 13 y 14 no son claras porque, incluyen 

el término "preferiblemente" y sugiere sustituirlo por un término preciso o concreto. 

En respuesta, el nuevo pliego reivindicatorio ha sido corregido conforme lo indicado. 

Particularmente, en respuesta a las objeciones recibidas, el pliego reivindicatorio 

original ha sido enmendado para referir a las reivindicaciones 1 a 13 (reivindicaciones 

1 a 6 anteriores) a una vacuna que comprende una cantidad inmunizante eficaz de una 

molécula de ácido nucleico recombinante o una partícula viral que comprende dicha 

molécula, que comprende además una partícula viral que comprende antígenos de 

células B del Virus de la Peste Porcina Africana y un excipiente veterinario aceptable. 

El sustento para esta enmienda se encuentra en la página 19, líneas 9-13, de la solicitud 

PCT publicada como WO2020/060403. Además, han sido eliminadas las realizaciones 

preferidas de las reivindicaciones 1, 5 y 9 (reivindicaciones anteriores 1, 3 y 5) e 

incorporadas en las reivindicaciones 2, 3, 6, 7, 10 y 11. Por otra parte, han sido 

incorporadas las expresiones "seleccionados de" y "comprende" nonapeptidos en las 

reivindicaciones 5 y 6 respectivamente. El sustento para estas enmiendas se encuentra 

en el Ejemplo 2 de la página 23 del documento WO2020/060403.  Adicionalmente, 

han sido eliminadas las referencias a Tablas y/o Figuras de las reivindicaciones 6, 7 y 
9 (reivindicaciones 3 y 5 anteriores). En particular, estas referencias han sido 

sustituidas por SEQ ID NO: 2-14 y 16-21, 22- 28 y 33 y las secuencias de aminoácidos 

"ARY, NQF, RRW y AQW".  El sustento para estas enmiendas se encuentra en la Tabla 

1 y en la Figura 1B. Ha sido incluida la reivindicación 12, en donde además se definen 

los antígenos de células B.  El sustento para esta enmienda se encuentra en la 



 

 Carrera 1a Nº 11-130 - Torre 2 - Oficina 227 – Chía - Cundinamarca. 
Carrera 58 Nº 134-57 - Torre 2 - Oficina 601 - Bogotá - PBX: (601) 8 62 25 04 

E-mail: negocios@optimum-co.com -  www.optimum-co.com 
Bogotá Colombia 

reivindicación 8 del documento WO2020/060403. Finalmente, las reivindicaciones 7-

12, 15 y 16 anteriores han sido eliminadas Esperamos la oportuna aceptación de estas 

enmiendas en tanto no implican el agregado de materia adicional a la presente solicitud 

tal como fue originalmente presentada. 

3.2 Esa oficina informa que el capítulo descriptivo de la solicitud no divulga la invención 

de manera suficientemente clara y completa, para que una persona capacitada en la 

materia pueda ejecutarla. Respecto a las consideraciones de la Sra. Examinadora en 

relación con el sustento en la descripción de las reivindicaciones  y la suficiencia de la 

descripción, nos permitimos respetuosamente señalar que la presente invención se 

refiere a un formato de vacuna anti-ASFV novedoso y no obvio, no a secuencias 

específicas con una actividad particular. Describe la vacuna reivindicada de forma 

clara y completa de modo que permite a un experto medio en la materia generar una 

vacuna dentro del formato reivindicado, independientemente de sus secuencias 

específicas. No obstante lo anterior, dejamos constancia de nuestra absoluta 

disposición a presentar toda aquella enmienda y/o argumento técnico adicional que la 

Sra. Examinadora pudiera llegar a considerar necesarios una vez analizada la presente 

respuesta. 

3.3 Con relación "Listado de secuencias", se adjunta el “Listado de secuencias” de acuerdo 

con el estándar ST. 25 en forma separada de la descripción, para dar cumplimiento a 

lo establecido en el Artículo 28 de la Decisión 486 de 2000 de la Comisión de la 

Comunidad Andina. 

3.4 En consecuencia, el pliego reivindicatorio actual ha sido estrictamente limitado con el 

objeto de subsanar cada una de las objeciones recibidas. Esperamos la oportuna 

aceptación de estas enmiendas en tanto no implican el agregado de materia adicional 

a la presente solicitud tal como fue originalmente presentada.  

 
 

4. ANÁLISIS DE PATENTABILIDAD. 
 

4.1 Respecto al examen de patentabilidad, el señor examinador hace referencia a los 

siguientes documentos del estado de la técnica:  
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4.2 La Sra. examinadora se refiere a que los requisitos de Patentabilidad de la presente 

solicitud están afectados así: 

 

 
 

En consecuencia, presenta una tabla argumentando las características de 

patentabilidad.  

4.3 En relación con la objeción a la actividad inventiva de la presente invención, nos 

permitimos señalar que D1 se refiere en la introducción a varios estudios realizados 

previamente que utilizan vacunas de ADN de ASFV (ver D1, página 13323, columna 

izquierda). En particular, D1 se refiere a la referencia 17 (es decir, Argilaguet et al., 

2011. Vaccine 29: 5379-5385; adjunto), en la que la inmunización con pCMV-sHAPQ, 

que codifica una proteína de fusión de p54, p30, y el dominio extracelular de la 

hemaglutinina soluble viral (sHA), indujo fuertes respuestas celulares y de anticuerpos 

específicos, pero no protegió a los cerdos de una prueba de provocación letal con el 

ASFV. A continuación, D1 se refiere a la referencia 18 (Argilaguet et al., 2012. PLoS 

One 7:e40942; adjunto), en la que una construcción de plásmido que codifica una 

fusión de ubiquitina de los mismos antígenos (pCMV-UbsHAPQ), induciendo así una 

respuesta mediada por células T, protegió al 33 % de los cerdos inmunizados. Es 

interesante señalar que se determinó que la protección observada se correlaciona con 

las respuestas de las células T CD8+ inducidas por la vacuna. 

4.4 Sobre la base de estas divulgaciones, una persona del oficio de nivel medio que 

pretenda mejorar una vacuna contra el ASFV no se vería motivada a incluir antígenos 

de células B en la vacuna, ya que la referencia 17 no obtuvo protección mediante la 

inducción de una respuesta de anticuerpos específicos. En cambio, la referencia 18 
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enseña que sólo se requiere una respuesta adecuada de las células T para obtener 

protección contra el ASFV. 

4.5 Además, en los experimentos mostrados en D1, se utiliza una vacuna de ADN que 

codifica diferentes epítopos de células T del ASFV. La inmunización de cerdos con la 

vacuna de ADN descrita produjo una protección parcial. Lo interesante es que los 

autores del D1 se sorprendieron incluso por la protección parcial que obtuvieron, ya 

que estudios anteriores no lograron inducir ninguna protección. D1 también afirma 

claramente que la protección parcial obtenida mediante el uso de su vacuna de ADN 

fue independiente de la presencia de anticuerpos específicos antes de la prueba de 

provocación con ASFV, y no se observó ningún aumento de la respuesta de 

anticuerpos después de la prueba de provocación con ASFV, lo que coincide con la 

ausencia de variaciones significativas en el número de células B periféricas entre los 

cerdos que sobrevivieron y los cerdos que no sobrevivieron (ver página 13329, 

columna izquierda, segundo párrafo, de D1). En cambio, se observó una expansión de 

varias células T en los cerdos que sobrevivieron, en comparación con los cerdos que 

no sobrevivieron (ver página 13329, columna derecha, primer párrafo, de D1). 

4.6 Por otra parte, D2 describe construcciones de poliepítopos inmunogénicos que 

contienen epítopos de linfocitos T citotóxicos (CTL) y/o de células T cooperadoras 

(Th) y secuencias de espaciadores optimizadas que mejoran el procesamiento y la 

presentación de los epítopos, lo que conduce a la inducción de respuestas de células T 

tanto CD4+ como CD8+. 

4.7 Una persona del oficio de nivel medio que pretenda mejorar la vacuna contra el ASFV 

de D1 con el conocimiento descrito en D2, sobre la base de los experimentos de D1 y 

D2 y las referencias 17 y 18 citadas en la introducción de D1, no se vería motivado a 

añadir una partícula viral que comprenda antígenos de células B del ASFV a esta 

vacuna para inducir una respuesta de células B. En cambio, la persona del oficio de 

nivel medio buscaría otros epítopos de células T del ASFV para añadir a la vacuna de 

D1, ya sea en combinación con los espaciadores descritos en D2 o no, como indican 

los propios autores (ver página 13327, columna derecha, segundo párrafo de D1). 

“En cuanto a la optimización de nuestras genotecas ELI, creemos firmemente que 

hay margen de mejora si se tiene en cuenta que grandes proporciones del genoma 

de ASFV se representaron incorrectamente o no se representaron en absoluto (…)” 

y,  
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“Los experimentos de inmunización comparativos que utilizan tanto ASFVUblib 

como la genoteca generada recientemente (que codifica exclusivamente ORF de 

ASFV dentro del marco) deberían permitirnos confirmar (o descartar) la presencia 

de determinantes de CTL dentro de regiones no codificantes del genoma de ASFV 

(38) y su posible potencial protector (…)”. 

4.8 Por lo tanto, también por este motivo la invención tal como se reivindica no es obvia 

en comparación con D1 y D2. 

4.9 En respuesta, se presenta bajo pago de tasa por modificación voluntaria, un nuevo 

pliego de reivindicaciones presentado bajo el número NC2024/0002212 y que ahora 

se ha reducido a 15 cláusulas que definen precisamente la invención y la apartan aún 

más del arte anterior.  

4.10 Habiendo salvado los reparos observados, el solicitante sostiene que la invención tal 

como se reivindica en el nuevo pliego limitado es novedosa, tiene nivel inventivo y 

cumple con el requisito de aplicación industrial, de acuerdo con lo dispuesto por la 

Decisión 486 de la Comisión de la Comunidad Andina. 

4.11 En consecuencia, a la luz de todo lo anterior, me permito solicitar a ese despacho, esta 

solicitud sea concedida bajo el tenor de las nuevas reivindicaciones, conforme el 

artículo 45 de la Decisión 486 de la Comisión de la Comunidad Andina. Sin embargo, 

incluso si la Sra. examinadora lo considera insuficiente en conjunto con las nuevas 

reivindicaciones que aquí se presenta, la solicitante ruega respetuosamente que se le 

ofrezca una nueva oportunidad, a través un nuevo Oficio para expresarse sobre 

cualquier tema en controversia.  

 

5. FUNDAMENTO DE DERECHO 
 

Fundamento esta remisión en las normas legales siguientes: 

 

5.1 Artículo 45 de la Decisión 486 de la Comisión del Acuerdo de Cartagena. 

5.2 En las demás normas concordantes. 

 
 

6. ANEXOS 
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Para mejor entendimiento de la Sra. examinadora, presentamos un nuevo pliego reivindicatorio 

con pago por modificación voluntaria. 
 

En ese sentido presentamos: 
 
 

6.1 Memorial por modificación voluntaria. 

6.2 Nuevo Capítulo Reivindicatorio. 
6.3 Pago de tasa por modificación voluntaria. 

6.4 Listado de secuencias en español y con el formato estándar ST.25. 
6.5 Artículo 1. Argilaguet 2011. 
6.6 Artículo 2. Argilaguet 2012. 

 
7. NOTIFICACIONES 

 
 
Para efectos de notificaciones que por disposición debe hacer su Despacho, informo que mi 

representada y la suscrita recibiremos notificaciones en la Secretaría de su Despacho o en mis 

oficinas de abogado situadas en la Carrera 1a Nº 11-130 - Torre 2 - Oficina 227 – Chía - 

Cundinamarca. 

 

Señora Directora, 

 

 

 

 

ELIANA ISAURA MORENO BOHÓRQUEZ       
C.C. 51.975.664 de Bogotá      

T.P. 83823 del C.S.J     
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MINISTERIO DE COMERCIO INDUSTRIA Y TURISMO 
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIRECCIÓN DE NUEVAS CREACIONES 
E.                  S. D. 
 
 

REFERENCIA : MODIFICACION VOLUNTARIA RESPUESTA OFICIO DE 
FONDO 19378 DE 22 DE NOVIEMBRE DE 2023 - 
SOLICITUD DE REGISTRO DE PATENTE PCT FASE 
NACIONAL TITULADA “VACUNA CONTRA EL VIRUS 
DE LA PESTE PORCINA AFRICANA”.- EXPEDIENTE No. 
NC2021/0004188. 

SOLICITANTE :    STICHTING WAGENINGEN RESEARCH. 
 
 
Yo, ELIANA ISAURA MORENO BOHÓRQUEZ, abogada, mayor de edad, identificada con 
cédula de ciudadanía número 51.975.664 de Bogotá y tarjeta profesional número 83.823 del 
Consejo Superior de la Judicatura, en mi condición de apoderada, en representación de la sociedad 
ENVIROEYE LLC., atentamente manifiesto que con base en el artículo 34 de la Decisión 486 
de la CAN y por orden expresa de mi representada, me permito lo siguiente. 
 
 
 

1. LIMITACIÓN PLIEGO DE REIVINDICACIONES. 
 

1.1 En respuesta al oficio de fondo 19378 de 22 de noviembre de 2023, se presenta bajo 
pago de tasa por modificación voluntaria, un nuevo pliego de reivindicaciones y que 
ahora comprende 15 cláusulas que definen precisamente la invención y la apartan aún 
más del arte anterior.  
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2. FUNDAMENTO DE DERECHO 

 
 
Fundamento esta remisión en las normas legales siguientes: 
 

2.1 Artículo 34 de la Decisión 486 de la Comisión del Acuerdo de Cartagena. 
2.2 En las demás normas concordantes. 

 
3. ANEXOS. 

 
3.1 Memorial por modificación voluntaria. 
3.2 Nuevo Capítulo Reivindicatorio. 
3.3 Pago de tasa por modificación voluntaria. 
3.4 Listado de secuencias en español y con el formato estándar ST.25. 
3.5 Artículo 1. Argilaguet 2011. 
3.6 Artículo 2. Argilaguet 2012. 

 
4. NOTIFICACIONES 

 
Para efectos de notificaciones que por disposición debe hacer su Despacho, informo que mi 
representada y la suscrita recibiremos notificaciones en la Secretaría de su Despacho o en mis 
oficinas de abogado situadas en la Carrera 58 Nº 134-57 - Torre 2 - Oficina 601 de esta ciudad de 
Bogotá. 
 
Señora Directora, 
 
 
 
 
 
ELIANA ISAURA MORENO BOHÓRQUEZ       
C.C. 51.975.664 de Bogotá      
T.P. 83823 del C.S.J    
 
 



 
REIVINDICACIONES 

 
1. Una vacuna que comprende una cantidad inmunizante eficaz de una molécula de ácido 
nucleico recombinante, que comprende un casete de expresión que codifica un poliepítopo que 
comprende antígenos de células T de proteínas del Virus de la Peste Porcina Africana, en donde 
los antígenos de las células T están separados por espaciadores que contienen señales para la 
escisión del proteasoma, o una partícula viral que comprende dicha molécula de ácido nucleico 
recombinante, en donde dicha vacuna además comprende una partícula viral que comprende 
antígenos de células B del Virus de la Peste Porcina Africana y un excipiente veterinario 
aceptable.  
 
2. La vacuna de la reivindicación 1, en donde dicha molécula de ácido nucleico 
recombinante es una molécula de ADN recombinante. 
 
3. La vacuna de la reivindicación 1 o 2, en donde dichos espaciadores son espaciadores de 
1-5 residuos de aminoácidos. 
 
4. La vacuna de una cualquiera de las reivindicaciones 1-3, en donde el poliepítopo 
codificado comprende de 2 a 50 péptidos como antígenos de células T.  
 
5.  La vacuna de una cualquiera de las reivindicaciones 1-4, en donde el poliepítopo 
codificado comprende 2-50 nonapéptidos como antígenos de células T, seleccionados de SEQ ID 
NO: 2-14 y 16-21, que están separados por espaciadores de aproximadamente 1-5 residuos de 
aminoácidos.  
 
6.  La vacuna de la reivindicación 5, en donde el poliepítopo codificado comprende las 
secuencias de aminoácidos de SEQ ID NO: 2-14 y 16-21. 
 
7-  La vacuna de las reivindicaciones 1-6, en donde las secuencias de espaciadores se 
seleccionan de ARY, NQF, RRW, AQW y SEQ ID NO: 22-28. 
 
8-  La vacuna de cualquiera de las reivindicaciones 1-7, en donde molécula recombinante 
además codifica un epítopo universal de células T.  
 
9.  La vacuna de una cualquiera de las reivindicaciones 1-8, en donde la molécula 
recombinante además comprende una secuencia de nucleótidos para ubiquitina. 
 
10- La vacuna de la reivindicación 9, que comprende una secuencia de nucleótidos para 
ubiquitina en el extremo 5'-terminal del poliepítopo. 
 
11- La vacuna de la reivindicación 9 o 10, en donde la molécula recombinante comprende la 
secuencia de nucleótido de SEQ ID NO: 33. 
 
12- La vacuna de una cualquiera de las reivindicaciones 1-11, en donde los antígenos de 
células B se seleccionan de proteínas p30, p54, p72, EP402R, A104R y/o B602L del Virus de la 
Peste Porcina Africana. 
 
13- La vacuna de una cualquiera de las reivindicaciones 1-12, en donde la partícula viral 
comprende la molécula de ácido nucleico recombinante y además comprende una proteína 
marcadora. 
 
14-  Un conjunto de partículas virales que comprenden una partícula viral, que comprende la 
molécula recombinante de una cualquiera de las reivindicaciones 1-11 o reivindicación 13, y una 
o más partículas virales que comprenden antígenos de células B del Virus de la Peste Porcina 



Africana, como se definen en la reivindicación 1 o en la reivindicación 12.  
 
15- Un kit de partes, que comprende una partícula viral, que comprende la molécula 
recombinante de una cualquiera de las reivindicaciones 1-11 o reivindicación 13, y una o más 
partículas virales que comprenden antígenos de células B del Virus de la Peste Porcina Africana, 
como se definen en la reivindicación 1 o en la reivindicación 12. 
 
 
 
-/- 
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a  b  s  t  r  a  c  t

One  of the  main  criticisms  to DNA  vaccines  is the  poor  immunogenicity  that  they confer  on  occasions,
at  least  in  large  animals.  Confirming  this  theory,  immunization  with  plasmid  DNA  encoding  two  African
swine  fever  virus  genes  in  frame  (pCMV-PQ),  failed  in  inducing  detectable  immune  responses  in pigs,
while  it was  successful  in mice.  Aiming  to  improve  the  immune  responses  induced  in  swine,  a new  plasmid
was constructed,  encoding  the  viral  genes  fused  in  frame  with  a single  chain  variable  fragment  of  an
antibody  specific  for  a swine  leukocyte  antigen  II  (pCMV-APCH1PQ).  Our results  clearly  demonstrate  that
targeting  antigens  to antigen  professional  cells  exponentially  enhanced  the  immune  response  induced  in
pigs, albeit  that  the  DNA  vaccine  was not  able  to confer  protection  against  lethal  viral  challenge.  Indeed,
a viremia  exacerbation  was  observed  in  each  of the  pigs  that  received  the pCMV-APCH1PQ  plasmid,  this
correlating  with  the  presence  of non-neutralizing  antibodies  and  antigen-specific  SLA II-restricted  T-cells.
The implications  of  our  discoveries  for the  development  of future  vaccines  against  African  swine  fever
virus  and other  swine  pathogens  are  discussed.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

DNA immunization is an extremely simple approach first
described in the early nineties [1,2] that has become the technol-
ogy of choice to obtain vaccines against cancer, infectious diseases
and autoimmune disorders, many of them currently under clinical
trial. There are three veterinary licensed DNA vaccines and many
others will be commercialized in the coming years [3–7].

In spite of the success against several pathogens, one of the lim-
itations on occasions associated with DNA vaccines is the induction
of lower immune responses when compared to other methods,
especially when immunizing large animals (including humans).
Thus, although DNA immunization works, there is still room for

∗ Corresponding author. Tel.: +34 93 581 45 62; fax: +34 93 581 44 90.
E-mail address: fernando.rodriguez@cresa.uab.cat (F. Rodríguez).

1 These authors contributed equally to this work.
2 Address: Department of Experimental and Health Sciences, Universitat Pompeu

Fabra, 08003 Barcelona, Spain.
3 Address: Plum Island Animal Disease Center, Agricultural Research Service, U.S.

Department of Agriculture, Greenport, New York.
4 Address: Veterinary Laboratories Agency, Weybridge, United Kingdom.
5 Address: Consejo Nacional de Investigaciones Científicas y Técnicas, Buenos

Aires, Argentina.

improvement. Aiming to enhance the immune responses induced
by DNA vaccination, several approaches have been tested in recent
years [8–11]. One of the most successfully strategies employed to
date is based on targeting the encoded antigens to the sites of the
immune induction [12–14],  including the use of single-chain vari-
able fragments (scFv) of antibodies [15] that specifically recognize
antigens on the surface of antigen presenting cells (APCs) [16,17].
This strategy has been demonstrated to be very efficient in improv-
ing the immune responses induced against many different antigens,
either using recombinant subunit proteins or DNA vaccination
[18–20]. We  have recently demonstrated that targeting antigens
with a single chain antibody recognizing an invariant epitope of the
MHC  Class II DR molecule (named APCH1) potentiates the immune
response to subunit vaccines, both in mice and rabbits [21]. Here
we extend these studies to the field of DNA vaccination in swine.
The targeting potential of APCH1 was  first demonstrated in vitro
by transfecting Vero cells with pCMV-APCH1GFP, a plasmid that
encodes the scFv fused to the green florescent protein (GFP). Upon
transfection, the secreted fusion protein was capable to specifically
bind to swine macrophages, while the GFP alone did not. Next,
the utility of APCH1 as a genetic adjuvant in vivo was definitively
demonstrated by immunizing pigs with the pCMV-APCH1PQ plas-
mid, encoding the APCH1 as a fusion with a chimerical open reading
frame (ORF) encoding two immunodominant African swine fever
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Table  1
Primers used for PCR amplification. Each one of the primers used contains a specific
restriction site at its 5′-end (underlined and in italic) to facilitate the cloning of the
resulting PCR-amplicons in the corresponding plasmids (see Section 2).

ORF Sense Primer sequence

APCH1 NotI Forward 5′-GCGGCCGCCATGGACTTCGGGTTGAGCTTGG-3′

APCH1 EagI Reverse 5′-CGGCCGAGATCTCTCGAGCCGTTTGATCTCCACC-3′

PQ BamHI Forward 5′-GGATCCATGGATTCTGAATTTTTTCAACCGG-3′

PQ BglII Reverse 5′-AGATCTTACAAGGAGTTTTCTAGGTC-3′

PQ NotI Forward 5′-GCGGCCGCATGGATTCTGAATTTTTTCAACCGG-3′

PQ NotI Reverse 5′-GCGGCCGCTACAAGGAGTTTTCTAGGTC-3′

GFP BamHI Forward 5′-GGATCCATGGTGAGCAAGGGCGAGG-3′

GFP BglII Reverse 5′-AGATCTACTTGTACAGCTCGTCCATG-3′

GFP NotI Forward 5′-GCGGCCGCATGGTGAGCAAGGGCGAGG-3′

GFP NotI Reverse 5′-GCGGCCGCACTTGTACAGCTCGTCCATG-3′

virus (ASFV) antigens: p54 and p30, in tandem (PQ) [22]. DNA vac-
cines encoding PQ alone induced very good immune responses in
mice but failed in pigs, while pCMV-APCH1PQ induced both specific
antibody responses and SLA II-restricted T-cells in pigs, therefore
demonstrating the adjuvant effect of the APCH1 molecule. Intrigu-
ingly, our DNA vaccine was incapable to protect against the ASFV
lethal challenge. In contrast with previously described subunit vac-
cines based on the same ASFV antigens [22,23],  the antibodies
induced by pCMV-APCH1PQ were incapable of neutralizing the
virus. The implications of these discoveries will be further dis-
cussed.

2. Materials and methods

2.1. Plasmid construction

The ORF encoding APCH1 [21,24],  originally obtained from an
antibody which recognizes the Swine Leukocyte Antigen Class
II DR molecule [24], was PCR amplified using specific forward
and reverse primers containing the NotI and EagI restriction sites,
respectively (underlined in Table 1), for direct cloning within the
unique NotI cloning site of the pCMV plasmid (Clontech). The result-
ing plasmid, pCMV-APCH1, contained a unique BglII site (Table 1;
written in italics in the APCH1 EagI reverse primer), for in frame
cloning of the GFP or PQ ORFs. The ORF encoding PQ [22] and
the ORF encoding GFP (Clontech) were PCR amplified using spe-
cific primers including the BamHI (sense) and BglII (antisense)
restriction sites (Table 1), to facilitate their cloning in frame with
APCH1, therefore obtaining the plasmids pCMV-APCH1PQ and
pCMV-APCH1GFP. In order to clone either GFP or PQ alone (with no
carrier) within pCMV (Clontech), their ORFs were amplified using
specific primers (sense and antisense) including the NotI restriction
site (Table 1) to obtain pCMV-PQ and pCMV-GFP.

2.2. In vitro plasmid expression and GFP binding experiments

In vitro expression of the encoded proteins in Vero cells (ATCC)
was demonstrated by transient transfection using the plasmids:
pCMV-GFP, pCMV-APCH1GFP, pCMV-PQ and pCMV-APCH1PQ. For
the transfections, lipofectamine-Plus reagent was used following
the manufacturer’s instructions (GIBCO-BRL). GFP expression was
directly followed by fluorescence microscopy, while the expression
of the PQ construct was confirmed by indirect immunofluorescence
using a mouse monoclonal antibody against p30 [25] or a rabbit
polyclonal antibody against p54 [26], both 1:1000 diluted, followed
by incubation with a R-Phycoerythrin (PE) conjugated anti-mouse
antibody (SIGMA; P-9287) at 1:200 dilution or a fluorescein isoth-
iocyanate (FITC) conjugated anti-rabbit antibody (SIGMA; P-9887)
at 1:500 dilution, respectively.

Vero cells transfected with either pCMV-GFP or pCMV-
APCH1GFP were incubated in plates with 3 !m pore size

polycarbonate membrane inserts (Nunc) to avoid direct con-
tact with co-cultured porcine alveolar macrophages (PAMs).
After 24 h of incubation, swine macrophages were fixed with
4% of paraformaldehide for 20 min  and observed by fluorescent
microscopy to detect GFP attached to the macrophages surface. To
confirm the specificity of the assay, macrophages were also stained
with the anti-SLAII monoclonal antibody 1F12 [24], followed by
incubation with a R-Phycoerythrin-conjugated anti-mouse anti-
body (Sigma).

2.3. Immunization of animals

Plasmid DNA was purified using the Endo-Free Mega plasmid
preparation kit (Qiagen).

Six week old Swiss outbreed mice (Swiss ICR-CD1 from Har-
lan Laboratories, four animals each group) were intramuscularly
immunized three times at 2 week intervals. Each vaccine dose
(100 !g of DNA in 100 !l) was  injected in the right and the left
anterior tibial muscle (50 !g each).

Eight week old Landrace X Large White pigs (four animals per
group) were immunized with three doses of 600 !g of DNA (1.5 ml
each), administered at 2 week intervals. One third of each vaccine
dose was  intramuscularly injected in the femoral quadriceps, one-
third in the tabloid neck and the last third was  subcutaneously
injected in the ear.

2.4. Detection of specific antibody responses

ASFV specific antibodies in mouse and pig sera were detected, as
previously described, by conventional ELISA assay to detect specific
antibodies against the p30 structural protein, and by western blot
assay to confirm the positive results using crude protein extracts
from ASFV infected monkey stable cells (MS) [27,28].

The detection of neutralizing antibodies was  performed as pre-
viously described [29]. Briefly, 10 fold serial dilutions of the E75
ASFV strain (starting with 105 HAU50), were mixed (1:2) with acti-
vated or inactivated serum obtained before ASFV challenge from
each immunized pig in a 96-well plate. After a 1 h incubation at
37 ◦C, 4 × 105 PAMs were cultured to each well, and 24 h later
porcine erythrocytes (1/100 diluted) were added. After 12 h and
every 24 h the plates were observed to follow the appearance of
hemadsorption. As a control for the assay, hyperimmune serum
from a pig that had recovered from an ASFV infection was  used.

2.5. IFN!-ELISPOT

Peripheral Blood Mononuclear Cells (PBMCs) were sepa-
rated from whole blood by density-gradient centrifugation with
Histopaque 1077 (Sigma). Trypan blue was  used to assess viability.

Frequencies of ASFV-specific IFN"-secreting cells in PBMC
were analysed by an ELISPOT assay using commercial mono-
clonal antibodies (mAbs) (Swine IFN" Cytoset; Biosource Europe)
according to a previously reported method [30]. Briefly, 96-
well plates (Costar 3590; Corning) were coated overnight with
8.3 !g/ml of IFN" capture antibody and 5 × 105 PBMC were dis-
pensed per well to be specifically stimulated in triplicate with
6 !g/ml of baculovirus-derived p30 or p54 recombinant pro-
teins, produced in Trichoplusia ni larvae [31], or with the whole
virus (105 HAU50 E75/ml). After a 20 h incubation, cells were
removed, plates were incubated with an anti-IFN" biotinylated
antibody (2.5 !g/ml) followed by streptavidin-peroxidase labelling
and finally, the reaction was  developed by adding insoluble TMB
blue (Calbiochem). As a negative control, triplicates of cells were
incubated with the same amount of an irrelevant protein also pro-
duced in baculovirus-infected T. ni larvae. Phytohaemagglutinin
(PHA; 10 !g/ml)-stimulated cells were also included as controls
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in the assay. The specific frequencies of IFN"-secreting cells per
million PBMCs were obtained after subtracting the spot-counts
obtained with unstimulated cells.

2.6. Lymphoproliferation assay

PBMCs were used to test the specific proliferative responses to
ASFV p30 and p54 proteins. Briefly, 2.5 × 105 live PBMCs/well were
plated in 96-well round-bottomed microtiter plates in RPMI–10%
FCS. Triplicate wells of cells were stimulated with baculovirus-
derived recombinant p30 or p54, produced in T. ni larvae (at
6 !g/ml) for 4 days at 37 ◦C in 5% CO2.

As a negative control, triplicates of cells were incubated with
6 !g/ml of a baculovirus-derived and T. ni produced irrelevant pro-
tein. Cells were also incubated with Concanavalin A (2.5 !g/well)
as positive control for the assay. Four days after stimulation, each
well was pulsed for 18 h with 0.5 !Ci of [methyl-3H] thymidine, and
the radioactivity incorporated in harvested cells was  measured by
liquid scintillation in a Mycrobeta counter (Pharmacia). The stim-
ulation index (SI) was calculated as the mean counts per minute
(cpm) of wells containing antigen-stimulated cells to the average
cpm of wells containing cells cultured with medium alone.

In order to determine the main pathway of antigen presenta-
tion inducing the lymphoproliferative responses, assays were also
performed in the presence of optimal inhibitory concentrations of
mAbs 4B7 and 1F12 that respectively blocked porcine MHC  (SLA)
class I or class II presentation [24,32].

2.7. Virus and challenge

All pigs were challenged intramuscularly with a lethal dose of
104 hemadsorbing units (HAU50) of the E75 virulent ASFV isolate.

Clinical signs of ASF (fever, anorexia, lethargy, shivering, skin
cyanosis and recumbency) were monitored daily. Blood samples
were collected before and at different times after virus challenge
for determination of viremia. The virus was titrated in PAMs
by a hemadsorption assay. Briefly, serial dilutions of sera were
incubated with 5 × 105 PAMs/well. After 24 h porcine erythrocytes
(1/100 diluted) were added to each well. After 12 h and every 24 h
the plates were observed to follow the appearance of hemadsorp-
tion. Titres were calculated by the Reed and Muench method [33]
and expressed as HAU50/ml.

3. Results

3.1. DNA immunization with pCMV-PQ works in mice but fails in
pigs.

Transient expression experiments in Vero cells with pCMV-PQ
allowed the optimal detection of both p30 and p54 ASFV deter-
minants at 48 h post-transfection by indirect immunofluorescence
using specific antibodies against either p54 or p30 (Fig. 1A, left and
right panels, respectively). Once in vitro expression had been con-
firmed, non-syngenic mice were immunized with either pCMV-PQ
or pCMV as a negative control group. As expected, control ani-
mals did not develop specific responses, while all four animals
immunized with pCMV-PQ developed specific antibodies against
p30, detectable by ELISA after the first boost (data not shown)
and reaching their maximum titre after the third immunization
(Fig. 1B). Surprisingly, a similar immunization schedule totally
failed at inducing detectable antibody responses when immunizing
pigs (Fig. 1C).

3.2. In vitro targeting of GFP to APCs using the APCH1 molecule

Aiming to improve the immune responses induced by our DNA
vaccine, a new plasmid was  generated encoding PQ fused to the
APCH1 molecule (pCMV-APCH1PQ). To first confirm the poten-
tial of the APCH1 molecule to target antigens to APCs, Vero cells
were transfected in vitro either with pCMV-GFP or with pCMV-
APCH1GFP, encoding the GFP alone or fused to APCH1 molecule,
respectively and 24 h later, PAMs were added to the trans-well
plate, therefore facilitating the transfer of secreted proteins but
avoiding direct contact between both cell types. No specific GFP-
fluorescence was  detectable in SLAII+ macrophages co-incubated
with pCMV-GFP transfected cells, while specific signal was  found in
those incubated with Vero cells transfected with pCMV-APCH1GFP
(Fig. 2), thus demonstrating the capability for APCH1 to target
GFP to SLA II-bearing cells in vitro and confirming previous results
obtained with the soluble APCH1-2L21 protein, a fusion of APCH1
with a linear antigenic peptide derived from theVP2 capsid protein
of canine parvovirus [21].

3.3. APCH1 fusion enhances the humoral response induced in pigs
after DNA immunization

Once the in vitro targeting potential of APCH1 had been demon-
strated, an in vivo immunization experiment was performed to
characterize the immune responses induced by pCMV-APCH1PQ
both in mice and pigs. As controls for the assay, groups of four
animals were either immunized with pCMV-PQ or with pCMV. In
contrast with the lack of responses obtained in pCMV and pCMV-PQ
immunized mice after a single shot, three of the four mice immu-
nized with pCMV-APCH1PQ showed detectable antibody responses
after the first vaccine dose (Fig. 3A). However, the level of specific-
antibodies reached after DNA boosting with either pCMV-PQ or
pCMV-APCH1PQ was  very similar (Fig. 3A).

A very different picture was observed after pig immuniza-
tion. Every single pig immunized with pCMV-APCH1PQ showed
detectable antibody titres against p30 after three DNA injections, in
clear contrast to the absence of detectable responses in pigs immu-
nized with the pCMV-PQ vaccine (Fig. 3B). Confirming the ELISA
results, only sera from pCMV-APCH1PQ immunized pigs showed
the presence of both p30- and p54-specific antibodies in a western
blot assay (Fig. 3C). As expected, the anti-p54 antibodies detected
a multiple band pattern ranging from 24 to 30 kDa of molecular
weight, corresponding to the diverse viral subpopulations differ-
ing in the highly immunogenic protein p54 [34,35],  present in the
cell culture propagated-ASFV used to develop the assay [27].

Finally, the sera from pCMV-APCH1PQ pigs were used to test
their capacity to inhibit the ASFV infection in PAMs. In our assay,
none of the DNA-immunized pigs showed any detectable inhibitory
capability, while a very clear dose-dependent reduction of virus
infection was observed when using a hyperimmune serum as a pos-
itive control. Conversely, sera from pCMV-APCH1PQ immunized
animals seemed to exacerbate the in vitro infection when using a
very low multiplicity of ASFV. A clear hemadsorption effect was
observed in the presence of these sera even when using 10 HAU50
per well, below the detection limit of our assay in the absence of
sera (data not shown).

3.4. pCMV-APCH1PQ also induces specific cellular response in
pigs

In order to characterize the cellular response induced by the
DNA vaccines in pigs, PBMCs collected 15 days after the last immu-
nization were used to analyse both the specific secretion of IFN"
by ELISPOT (Fig. 4A) and the proliferative response (Fig. 4B) after
in vitro stimulation with the recombinant proteins p30 and p54.
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Fig. 1. Detection of p54 and p30 expression in Vero cells transfected with pCMV-PQ by indirect immunofluorescence using rabbit monsospecific serum against p54 and an
anti-p30 monoclonal antibody (A). Detection of specific antibodies against p30 by ELISA in sera from pCMV (average of four animals) and pCMV-PQ immunized mice (B) and
pigs  (C). ELISA OD-values correspond to two-fold serial dilutions of individual sera obtained 15 days after the third immunization. Baculovirus-derived recombinant p30 was
used  to coat the ELISA plates.

Animals inoculated with pCMV-PQ showed neither specific pro-
liferation nor specific IFN"-secreting cells, confirming the failure
of this construct to induce an immune response in pigs. In clear
contrast, all animals inoculated with the pCMV-APCH1PQ showed
specific IFN"-secreting T-cells upon PBMC stimulation with both
p30 and p54 proteins (Fig. 4A), also recognizing the whole virus
(data not shown). Furthermore, most of the T-cell proliferation
corresponded to Class II restricted CD4+ T-cells, since a signifi-
cant proliferation inhibition was observed when the assay was
carried out in the presence of the anti-SLAII antibody (Fig. 4B).
Taken together, our data clearly demonstrate that pCMV-APCH1PQ
is capable of inducing a broad immunological response in pigs,
therefore overcoming the lack of response obtained with pCMV-PQ.

3.5. Immunization with pCMV-APCH1PQ does not protect against
ASFV lethal challenge

To determine the protective potential of pCMV-APCH1PQ, all
pigs were challenged with a lethal dose of the homologous virulent

ASFV strain, E75. As expected, animals inoculated with pCMV-PQ
developed ASF clinical signs similar to control pigs immunized
with the empty plasmid pCMV. Despite the broad immunological
response induced by the vaccine, the pCMV-APCH1PQ immunized
animals succumbed to infection with no delay compared to control
pigs (Fig. 5A), showing clinical signs and post-mortem macroscopic
and microscopic findings similar to the pigs from the other two
groups (data not shown). More strikingly, virus titres found in sera
from these animals at all times tested were between one and two
logs higher on average than those observed in the control group
(Fig. 5B), showing statistically significant differences (p < 0.05 in a
Student t-test) by day 3 post-infection.

4. Discussion

Due to its many advantages, DNA immunization is currently
being used not only to dissect basic mechanisms of the immune
response in research laboratories but also as a promising strat-
egy in many clinical trials against several human diseases. One of

Fig. 2. GFP binding to APCs was  tested in SLAII stained macrophages co-cultured with Vero cells transfected with either pCMV-APCH1GFP (A) or pCMV-GFP (B) and separated
by  polycarbonate membranes in transwell plates.
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Fig. 3. (A) Time course of anti-p30 antibodies induction in mice after DNA vaccination (ELISA values obtained with sera at 1:40 dilution). (B) Induction of anti-p30 antibodies
in  pigs after DNA immunization (left panel). Time course of anti-p30 antibody induction (left panel, sera at 1:40 dilution) and antibody titters using sera obtained 15 days
after  the last immunization (right panel). Inset shows the detection of p30 (arrow) and p54 isoforms [34,35] (arrow heads) by Western-blot using sera (1:40 dilution) from
pigs  vaccinated three times either with pCMV (a), pCMV-PQ (b), or pCMV-APCH1PQ (c). Data shown corresponds to one representative animal per each group. As controls
for  the assay an anti-p30 monoclonal antibody (d) and a rabbit monsospecific serum against p54 (e) were used.

the main criticisms originally applied to DNA vaccines, namely the
low immune responses they induce on occasions in large animals,
including humans, is disappearing mainly thanks to the new strate-
gies developed to increase their efficacy. In this study, our effort
was focussed on characterizing the adjuvant effect of a single chain

Fig. 4. Cellular responses induced in vaccinated pigs against p30 and p54 proteins.
(A) Detection of specific IFN" secreting cells by ELISPOT after PBMC stimulation with
p30  or p54. Results are expressed as the number of IFN" secreting cells (mean and
standard deviation obtained from each group) per million of PBMC. (B) Detection
of specific proliferation in pCMV-APCH1PQ immunized pigs after PBMC stimulation
with p30 and p54 proteins, in the absence or presence of anti-SLAI or anti-SLAII
monoclonal antibodies.

variable fragment of an antibody specific for a swine leukocyte anti-
gen II (APCH1) in DNA immunization protocols in pigs. As a result
of these efforts, here we  present the capability of APCH1 to target
the DNA encoded fused antigens to the SLA-II bearing cells, and its

Fig. 5. (A) Percentage of survivors in control (pCMV-immunized) and pCMV-
APCH1PQ vaccinated pigs after ASFV lethal challenge (104 HAU50 of the E75 ASFV
virulent strain). (B) Viremia detected in sera from immunized pigs at different days
after  infection with 104 HAU50 of the E75 ASFV virulent strain. Results are repre-
sented as the logarithm of the HAU50/ml serum (mean and standard deviation from
each group are shown). (*) The increase on the viremia titre found at day 3 post-ASFV
challenge was  statistically significant for pigs immunized with pCMV-APCH1PQ.
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potential to improve the specific humoral and cellular responses
induced in pigs.

The starting point of our work was based on the lack of induction
of an immune response in pigs after pCMV-PQ vaccination. The fail-
ure of the plasmid in inducing detectable immune responses was
not due to defects in the antigen presentation of the PQ chimera,
since immunization with the individual plasmids (pCMV-p30 and
pCMV-p54) yielded the same results as pCMV-PQ, working nicely
in mice and failing in pigs (not shown). The almost identical pat-
tern of detection observed by IF with the non-crossreactive and
specific anti-p30 and anti-p54 antibodies reflects the integrity of
the chimerical proteins in cells transfected with either pCMV-PQ
or pCMV-APCH1PQ, also confirmed by western-blot (not shown).
Therefore, the exponential improvement observed in the immune
responses induced in pigs after vaccination with pCMV-APCH1PQ
could be totally ascribed to the adjuvant effect of the APCH1
molecule. Such an effect was not that evident in mice after three
injections, most probably due to the optimal responses induced by
both plasmids when following this immunization schedule (three
shots). However, in accordance with this hypothesis, clear differ-
ences in the immune responses induced by both plasmids were
observed in mice after a single shot. These results confirm and
amplify previous results obtained in our laboratory using subunit
vaccines in mice and rabbits [21], thus demonstrating the utility
of APCH1 as an adjuvant for different vaccination methodologies.
Moreover, the promiscuous potential of the 1F12 antibody (from
which the APCH1 sequence was obtained) to bind to different
animal species apart from swine was previously described [24],
opening new avenues for this molecule to become broadly used
as an adjuvant, even in humans.

Despite the success of pCMV-APCH1PQ in overcoming the fail-
ure of DNA vaccination in pigs, immunized animals were not
protected against an ASFV virulent challenge. Little is known
about the mechanisms involved in ASF protection. Transfer exper-
iments demonstrated the partially protective potential of specific
immunoglobulins [30,36], but controversy still exists about the role
of neutralizing antibodies and ASFV protection [37–41],  even after
immunization with p30 and p54 [23,42,43].  Concerning the cellu-
lar response, an extra-set of in vivo depletion experiments clearly
showed the relevance of CD8+-T cells in protection [44], and results
recently obtained in our laboratory demonstrate the potential of
DNA vaccines to confer partial protection against ASFV lethal chal-
lenge in the absence of detectable antibody responses, confirming
the potential that T-cell responses can play in protection (unpub-
lished results).

Contrary to the antibody responses obtained in pCMV-APCH1PQ
vaccinated mice, readily reaching their maximum titre after the
second shot, pigs seemed not to reach a plateau, even after the third
boost, leaving room for the improvement by consecutive DNA shots
or even by boosting with an heterologous system to optimize the
specific induction of antibodies [45]. A prime-boost strategy is cur-
rently being pursued in our laboratory aiming not only to increase
antibody titres but also to improve their quality. Indeed, lack of
neutralizing activity in sera from pigs immunized with our DNA
vaccines might explain the lack of protection afforded by them.
Supporting this theory, exactly the same chimera (PQ) adminis-
tered as a baculovirus-expressed recombinant protein, induced
strong neutralizing antibody responses and partially protected pigs
from lethal challenge [22,30]. Moreover, the fact that the pres-
ence of sera from pigs immunized with pCMV-APCH1PQ enhances
the in vitro infection of ASFV in alveolar macrophages, when the
infection takes place at a very low multiplicity, might explain the
higher virus titres in sera from vaccinated pigs. Antibody-mediated
exacerbation has been described already for other experimental
vaccines and viral infections, especially in virus with macrophage
tropism, such as ASFV [46–50].

The inhibitory effect of IFN" on in vitro ASFV replication has
been previously described, albeit its relevance in in vivo protec-
tion has not been completely elucidated [51]. The analysis of the
pCMV-APCH1PQ induced specific T-cells demonstrated their capa-
bility to specifically proliferate and produce IFN", thus indicating
that induction of IFN" specific T-cells is not a sufficient indicator of
protection against ASFV. Moreover, the class II restriction showed
in most of proliferating cells indicated a main CD4+ T-cells pheno-
type, perhaps pointing to an intrinsic limitation of APCH1 adjuvant
to induce a CTL response, thus limiting the potential capability of
the vaccine to protect the animals against the virus. However, due
to the lack of known ASFV immunogenic peptides, the specificity
of the cellular response could be confirmed by PBMCs stimulation
with recombinant proteins or in occasions, with live virus (data
not shown), therefore most probably limiting the detection of spe-
cific CD8+ T-cells. We  are currently developing new CTL assays to
in vivo characterize the potential induction of CTL responses by our
DNA vaccines, which would help to clarify the role of the different
cellular phenotypes in the immunity against ASFV.

In summary, here we  have clearly demonstrated the adjuvant
effect of APCH1 in DNA vaccination protocols. pCMV-APCH1PQ
exponentially improved the humoral and cellular responses
induced after DNA vaccination, contrasting with the lack of immune
response induced previously by pCMV-PQ, thus demonstrating
again that DNA immunization limitations in large animals can be
overcome when using the appropriate strategy. These results have
been recently confirmed by using the foot and mouth disease virus
(FMDV) model. A DNA vaccine encoding FMDV minigenes fused to
the APCH1 molecule, dramatically improved the immune responses
induced, both in mice and pigs and more importantly, was capa-
ble to partially protect against FMDV challenge in swine (Borrego
et al., submitted). These results, in contrast with the lack of pro-
tection afforded against ASFV using the same adjuvant, highlight
the importance in vaccine development not only of the strategy
used, but also of the mechanisms implied in protection against a
particular pathogen. In this sense, the capability of DNA vaccina-
tion to be adapted to different strategies and thus potentiating a
desired immune response, make this methodology a valuable tool
not only for the development of successful vaccines, but also to bet-
ter understand the role of different immune components in relation
to a particular virus.
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Abstract 
The lack of available vaccines against African swine fever virus (ASFV) means that the evaluation of new immunization 
strategies is required. Here we show that fusion of the extracellular domain of the ASFV Hemagglutinin (sHA) to p54 and 
p30, two immunodominant structural viral antigens, exponentially improved both the humoral and the cellular responses 
induced in pigs after DNA immunization. However, immunization with the resulting plasmid (pCMV-sHAPQ) did not confer 
protection against lethal challenge with the virulent E75 ASFV strain. Due to the fact that CD8 T cell responses are 
emerging as key components for ASFV protection, we designed a new plasmid construct, pCMV-UbsHAPQ, encoding the 
three viral determinants above mentioned (sHA, p54 and p30) fused to ubiquitin, aiming to improve Class I antigen 
presentation and to enhance the CTL responses induced. As expected, immunization with pCMV-UbsHAPQ induced specific 
T-cell responses in the absence of antibodies and, more important, protected a proportion of immunized-pigs from lethal 
challenge with ASFV. In contrast with control pigs, survivor animals showed a peak of CD8 T-cells at day 3 post-infection, 
coinciding with the absence of viremia at this time point. Finally, an in silico prediction of CTL peptides has allowed the 
identification of two SLA I-restricted 9-iner peptides within the heinagglutinin of the virus, capable of in vitro stimulating 
the specific secretion of IFN7 when using Pl3MCs from survivor pigs. Our results confirm the relevance of I-cell responses in 
protection against ASF and open new expectations for the future development of more efficient recombinant vaccine 

„against this disease.
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Introduction 

African Swine Fever (ASF) is a fatal hemorrhagic disease of 
domestic pigs caused by African Swine Fever Virus (ASFV), the only 
member of the family Ayfarviridae, a large enveloped virus that 
contains a linear double-stranded DNA of 170-190 kbp encoding 
more than 150 proteins, many of them involved in virus-host 
interactions [1]. The fact that the disease is endemic in many Sub-
Saharan Africa countries and Sardinia, makes this disease a threat 
for disease-free countries, as has been demonstrated with the recent 
outbreaks declared in Georgia, Russia, Armenia, and Iran [2 4]. 

Unfortunately, there is no vaccine available for ASFV. 
Historical attempts to protect animals with inactivated vaccines 

either failed or gave controversial results [5-7]. Studies using 
attenuated vaccines demonstrated their potential to protect pigs 
against experimental infection with homologous virulent virus but 
rarely, against heterologous viruses [8-11]. The main problem 
with these attenuated viral strains is due to biosafety issues, since 
they retained some virulence and produced sub-clinical infections 
in pigs, occasionally becoming chronically infected [12,13]. 

Little is known about the mechanisms involved in ASF 
protection, and most of the experimental evidence dates from 
more than a decade ago. Thus, passive transfer experiments have 
clearly demonstrated the potential that ASFV antibodies can play 
in protection against experimental challenge [14,15]. In conso-
nance with these results, neutralizing antibodies against the 
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structural proteins p30, p54 and p72 have been described [16-18]. 
However, pig immunization experiments using these antigens in 
the form of baculovirus-expressed recombinant proteins, yielded 
controversial results in terms of the protection afforded against the 
ASFV challenge [19,20], most probably due to differences in the 
viral strains used. 

Together with the protective potential that humoral responses 
can afford, new evidence has also demonstrated the role that T-cell 
responses can play in protection. Thus, in vivo depletion 
experiments, have demonstrated the key role of CD8+-T cells in 
the protection afforded by attenuated ASFV strains [21]. The 
presence of ASFV-specific cytotoxic T cells during ASFV infection 
had been previously demonstrated [22], also identifying p30 and 
p73 as potential CTL targets [23,24]. Albeit no records exist about 
the protection capability of these specific CTLs in vivo, their 
induction might help to explain the partial protection afforded 
against ASFV after immunization with baculovirus-expressed 
recombinant p54 and p30 proteins [19] and overall, with the 
ASFV Hemagglutinin (HA) of ASFV, a protein that conferred 
protection in the absence of detectable neutralizing antibodies 
[25]. Total baculovirus-infected cell extracts were used as 
immunogens in all these experiments, thus increasing the chances 
of inducing strong CTL responses, as has been clearly stated for 
other viral antigens in the presence of insect-cell debris [26]. 

In the work presented here we add new evidence about the 
relevance of CD8±-T cell responses in protection against ASFV 
and demonstrate the potential of DNA immunization to design 
safe and efficient future vaccines against ASF. Recent evidence 
from our laboratory has demonstrated that DNA vaccines 
encoding p30 and p54 fused together (pCMV-PQ induced good 
antibody responses in mice but not in pigs, where they were 
undetectable [27]. Here we have extended these studies demon-
strating first, that DNA immunization in pigs could be exponen-
tially improved by adding the extracellular domain of HA (sHA) to 
the vaccine-encoded antigens. Pigs immunized with pCMV-
sHAPQ induced strong humoral and cellular responses, even 
though no protection was afforded against the lethal ASFV-
challenge. And second that 33% of the pigs (2/6) immunized with 
pCMV-UbsHAPQ encoding the same three ASFV antigens fused 
to ubiquitin, survived the lethal challenge. Protection was afforded 
in the absence of vaccine-induced antibodies and more impor-
tantly, correlated with the proliferation of antigen specific CD8+
T-cells recognizing two previously undescribed 9-mer epitopes, 
both mapping within the sHA. The implications of our results for 
the future development of ASFV recombinant vaccines will be 
profoundly discussed throughout our manuscript. 

Results 

Immunoadjuvant potential of the extracellular domain of 
the ASF hemagglutinin (sHA) in DNA vaccination 
protocols 

Aiming to correct the lack of protection afforded by pCMV-PQ a 
DNA vaccine encoding the ASFV p54 and p30 antigens (4), the 
extracellular domain of the viral hemagglutinin (sHA) was fused to 
the N-terminal end of the p30p54 fusion construct (PQ), thus 
obtaining the pCMV-sHAPQ plasmid (Fig. 1). Theoretically, 
incorporating sHA should augment the antigenic coverage of our 
DNA vaccine formulation [25]. Immunofluorescence experiments 
allowed the detection of both p54 and p30 determinants in Vero cells 
transfected with pCMV-sHAPQ showing similar levels and cellular 
distribution to those transfected with pCMV-P0 (data not shown). 

Once the in vitro expression of both plasmids was confirmed, an 
initial in vivo experiment was performed in pigs. Six Landrace X 

Large white pigs were immunized with pCMV-sHAPQ while for 
comparative analysis a group of 4 pigs were immunized with 
pCMV-PQ An additional group of 4 animals received pCMV as 
negative controls for the assay. Four animals from each group 
received three DNA-shots at 15-day intervals, and two additional 
pigs from the pCMV-sHAPQ group received one extra dose of 
DNA (a total of four doses). All fourteen pigs were bled 15-days 
after each injection to analyze the specific antibodies induced by 
ELISA and/or western-blotting. In contrast with the lack of 
response induced by pCMV and pCMV-PQ, every single pig 
immunized with pCMV-sHAPQ showed detectable specific 
antibody responses against p30, reaching a plateau after the third 
injection (Fig. 2A). An additional boost (fourth DNA injection) did 
not seem to improve the level of antibodies induced (Fig. 2B). 
Specific antibodies against p54 were also detectable in the serum 
of each pig immunized with pCMV-sHAPQ following exactly the 
same kinetics as the anti-p30 antibodies and reaching their 
maximum level after the third immunization, as shown by 
western-blotting using ASFV extracts (Fig. 2C). No responses 
were detectable against HA (data not shown). 

Immunization with pCMV-sHAPQ also induced specific T-cell 
responses in every single pig, detectable by IFNy-ELISPOT after 
in vitro stimulation with either live-ASFV or with the specific 
recombinant proteins. PBMCs obtained 15 days after each 
immunization with pCMV-sHAPQ showed detectable IFN),-
secretory T-cells after in vitro stimulation with ASFV (Fig. 3). As 
occurred for the antibody responses, no responses were detectable 
against HA, the specificity of the T-cell responses being limited to 
p30 and p54 (Fig. 3). As with the humoral responses, no boosting 
effect was observed for the T-cell responses induced between the 
third and the fourth vaccine dose (Fig. 3). The lack of responses 
observed with pCMV-PQ confirmed recent results obtained in our 
laboratory [27], demonstrating the potential adjuvant properties of 
the ASFV sHA. 

pCMV-sHAPQ does not protect pigs from ASFV lethal 
challenge 

To evaluate the protective potential of pCMV-sHAPQ the four 
pigs immunized with three doses of this plasmid (pig numbers 9 to 
12), were infected with 104 UHA50 of the E75 virulent strain. The 
groups of pigs immunized with either pCMV or pCMV-PQ were 
used as controls for the assay. Clinical signs of ASF were monitored 
daily and pigs were bled every other day to follow viremia. 

Despite the good humoral and cellular responses induced after 
vaccination with pCMV-sHAPQ, immunized animals showed 
similar ASF clinical signs to pCMV and pCMV-P0 pigs, all dying 
between days 6 and 8 post-infection (p.i.) (Fig. TN, showing post-
mortem lesions typical of acute ASFV infections indistinguishable 
from the other groups. In agreement with these findings, the three 
groups of pigs showed similar viremia kinetics and almost identical 
virus titres at each time-point p.i. tested (Fig. 4B) in two separate 
experiments. Lack of protection correlated with the inability of the 
sera from the pCMV-sHAPQ immunized pigs to neutralize ASFV 
infection (data not shown). 

DNA vaccination "a la carte": avoiding the humoral 
response 

To avoid the induction of antibody responses, we decided to 
design a new plasmid, encoding the three ASFV antigens: p54, 
p30 and sHA, fused to ubiquitin (pCMV-UbsHAPQ_; Fig. 1); a 
strategy designed to enhance the CTT, responses while avoiding 
the induction of antibodies. In contrast to the correct in vitro 
expression of the antigens encoded by either pCMV-PQ or 
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Figure 2. pCMV-sHAPQ induces specific antibody responses in pigs. 14 pigs were divided into three groups receiving either: the pCMV-
sHAPQ plasmid (6 pigs), the pCMV-PQ plasmid (4 pigs) or the pCMV empty plasmid as controls for the assay (4 pigs). Four pigs from each group were 
immunized three times and two extra pigs from the pCMV-sHAPQ immunized-group received a fourth dose of this same plasmid. (A) Sera collected 
15 days after each DNA vaccine administration were used to follow by ELISA the kinetics of the specific anti-p30 antibodies induced after DNA 
immunization. (B) Sera collected 15 days after the last DNA vaccination was used to ELISA-titrate the anti-p30 antibodies induced. Data shown 
correspond to average 0.D values and standard deviations obtained per each immunization group. (C) Confirmatory Western-blot using ASFV 
infected cell extracts as antigen. Immunoreactive bands correspond to the specific recognition of the immunodominant p30 protein (arrow) and to 
the diverse p54 isoforms (arrow head) found in these extracts, ranging the last ones between 22 and 27 KD [65,661. Figure shown corresponds to the 
results obtained with a representative serum (1:100 dilution) obtained 15 days after the third immunization with pCMV (a), pCMV-PQ (b) or pCMV-
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doi:10.1371/journal.pone.0040942.g 002 
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Figure 4. pCMV-sHAPQ does not protect against lethal ASFV 
challenge. (A) Surviving kinetics of pCMV, pCMV-pCMV-PQ and pCMV-
sHAPQ immunized pigs after lethal challenge with ASFV (104 UHA of the 
E75 isolate). (B) Viremia kinetics of these same individuals after ASFV 
challenge (days 3, 5 and 7 post infection). Results are represented as the 
logarithm of HAU50/m1 serum (mean and standard deviation from each 
group are shown). 
doi:10.1371/journal.pone.0040942.g 004 

pCMV-sHAPQ no expression was detected after transfection with 
pCMV-UbsHAPQ unless cells were treated with the MG132 
proteasome inhibitor (data not shown). Once the in vitro targeting 
of the ubiquitinated construct to the proteasome and its efficient 
degradation were demonstrated, a second set of in vivo 
experiments was performed. On this occasion, twelve Landrace 
X Large white pigs were immunized with pCMV-UbsHAPQ and 
four extra-pigs were immunized with the empty plasmid (pCMV) 
as controls for the assay. Half of the animals of each group (six pigs 
with pCMV-UbsHAPQ and two with pCMV) were immunized 
twice while the other half were immunized four times with the 
corresponding plasmids. 

As expected, pigs immunized with pCMV-UbsHAPQ showed 
no detectable antibody responses against either p30 or p54 (data 
not shown). The lack of antibody induction might represent the in 
vivo reflection of the successful degradation of the ubiquitinated 
ASFV proteins, as has previously been described for other antigens 
[28]. 

Albeit qualitatively similar, the magnitude of the IFNyrespon-
sesinduced by pCMV-UbsHAPQ seemed to be lower by ELI-
SPOT than those obtained with pCMV-sHAPQ This was 
particularly evident after in vitro stimulation with a mixture of 
the recombinant proteins or individually with the specific p30 and 
p54 proteins (compare figures 3 and 5A). As described for the 
pCMV-sHAPQ immunized animals, no specific stimulation was 
found in response to the recombinant HA protein (Fig. 5A). 
However, all pigs showed relatively high levels of specific T-cells 
capable of secreting IFNyin response to in vitro stimulation with 
ASFV (Fig. 5A). As had occurred with pCMV-sHAPQ, no 
boosting effect was evident. 

pCMV-UbsHAPQ confers partial protection against ASFV 
challenge 

In contrast to the rest of the DNA-constructs tested to date in 
our laboratory, a proportion of the pigs immunized with pCMV-
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UbsHAPQ survived the lethal challenge with ASFV. A total of 
three pigs survived the lethal challenge: 2 out of 6 (33%) 
immunized twice with pCMV-UbsHAPO and 1 out of 6 in the 
group receiving four plasmid doses (Fig. 5B). As expected, control 
animals (pCMV group) died between days 7 and 8 post-challenge, 
following the typical ASF course, while in clear contrast, only 2 out 
of 12 pigs, immunized with pCMV-UbsHAPQ (one per group) 
died at day Opi. By day 10 p.i. more than 50% of the pigs 
immunized with pCMV-UbsHAPQ were still alive (a fact never 
observed in naïve pigs challenged with this viral dose) and by 
day 12, the general body condition of surviving pigs had rapidly 
improved, including fever (data not shown). By the end of the 
experiment, at day 25 p.i. survivor pigs were totally recovered, not 
showing clinical signs of ASF, nor viremia. Confirming these 
results, no virus was detectable in any of the tissues tested, 
including spleen, tonsils and retropharingeal lymplmodes. As 
expected, high viral loads (ranging between 106 and 108 HAU50/ 
gr of tissue) were found in those same organs in control animals at 
the time of necropsy. Interestingly, surviving pigs showed no virus 
at day 3 p.i., a time at which the rest of the animals showed high 

viremia titres (Fig. 6). The in vivo significance of the survival 
results was statistically confirmed. Thus, both groups immunized 
with pCMV-UbsHAPQ showed statistically significant differences 
when compared with the control group (p = 0.0068), while no 
significant differences were found between the groups receiving 
two or four doses of the pCMV-UbsHAPQ plasmid (p = 0.7418). 

Confirming the absence of specific B-cell priming, pCMV-
UbsHAPQ-immunized pigs did not show any detectable boosting 
effect on the specific antibody responses induced after ASFV 
challenge, showing indistinguishable antibody-kinetics from con-
trol animals after ASFV infection (not shown). 

Protection correlates with the expansion of ASFV-specific 
CD8+ T-cells: identification of two immunodominant 
epitopes within the ASFV HA 

As represented in Figure 7A, control animals showed the 
characteristic ASFV-leukopenia as soon as three days after 
challenge, with the number of cells in blood dropping below 106
cells/ml from day 5 after infection, they were incapable of 
recovery and finally died between days 7 and 8 p.i. In contrast, 
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Figure 6. Surviving pigs show a delay in the viremia onset and 
clear the virus by day 25 post-infection. Pigs immunized with 
pCMV-UbsHAPQ, either twice (A) or four times (B) were infected with 
104 UHA of the E75 isolate and blood samples were taken serially at 
days 3, 5, 7, 9, 12, 15, 20 and 25 to follow the viremia kinetics. Individual 
results are represented as the logarithm of HAU50/m1 serum, while 
mean and standard deviation values are represented in both panels for 
the pCMV-immunized control group. 
doi:10.1371/journal.pone.0040942.g 006 

surviving pigs showed a clear delay in the appearance of 
leukopenia, even showing a higher number of cells in blood by 
day 3 p.i. (Fig. 7A), coinciding with the lack of virus at this time 
point (Fig. 6). Surviving pigs, however, suffered a dramatic drop in 
the total number of cells by day 5 p.i., initiating their recovery and 
finally stabilizing cell counts (Fig. 7A). Cell surface staining showed 
almost identical kinetics for the CD8+ T-cell subset (Fig. 7B). None 
of the rest of the cell subsets analysed (CD4+ T-cells, SW172a+
cells or CD163+ cell) showed such significant variations in their cell 
numbers during the ASFV infection (data not shown), therefore 
allowing us to focus our work on identifying the specificity of the 
expanded CD8+ T-cells. 

These findings encouraged us to focus our efforts towards the 
theoretical prediction of CD8+ T-peptides within the vaccine-
encoded antigens. A panel of 53 9-mer peptides selected in silico 
from within the p54 (5), p30 (18) and sHA (30) protein sequences, 
according to their theoretical potential as CTL epitopes (details in 
Materials and Methods), were tested by IFN7-ELISPOT. From all 
the peptides tested, only two were capable of specifically 
stimulating PBMCs from survivor pigs to secrete IFN7, both 
belonging to the ASFV HA: the F3 peptide (SVDSPTITY; 
positions 116 to 124 of HA) and the A6 peptide (TNGD1LNYY; 
positions 155 to 163 of HA). An immunodominance hierarchy 
seemed to exist in the responses induced. Two of the three survivor 
pigs (pigs 6 and 9) mainly responded against the F3 peptide and 
more weakly against the A6 peptide, while the third survivor 
showed dominant responses against the A6 peptide and subdom-
inant responses against the F3 peptides (Fig. 8). Confirming their 
immunostimulatory capability, SEAr/SEAII— skin fibroblasts 
derived from surviving pigs were very efficient at presenting F3 
and A6 peptides to their autologous PBMCs (Fig. 8). 
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Figure 7. Surviving pigs show a rapid recovery from the ASFV-
provoked leukopenia and a dramatic expansion of CDS' T-
cells. (A) Total nucleated-cell counting using whole blood samples 
taken at different days after ASFV challenge. (B) Number of CD8+ T-cells 
found at different times post-infection from these same blood samples 
after PBMC separation and CD8+ surface specific staining using the 
specific anti-CD8 monoclonal antibody. Values represented in both 
panels correspond to the average number of cell per mm3 of pig blood. 
Standard deviation shown corresponds to those found within the 
pCMV-control group (dashed line) and those found for the three 
surviving pigs, pre-immunized pCMV-UbsHAPQ (solid line). No signif-
icant differences were observed in the cell counts (nor in the total, nor 
the specific CD8+ T-cell counts), between non-surviving pigs, indepen-
dent of the DNA plasmid used. 
doi:10.1371/journal.pone.0040942.g 007 

Discussion 

Fifty years after first entering the Iberian peninsula from 
Western Africa [29], ASFV has emerged again as real threat both 
for European and Asian countries, due to the ASFV outbreaks first 
declared in Georgia 2007 [2], this time imported from Eastern 
Africa [3,30,31]. In spite of the relatively profound knowledge that 
exists about some relevant aspects of ASFV biology, there is no 
vaccine available, and no effective treatment against ASF. 
Therefore, the control of ASF relies on its efficient diagnosis and 
the subsequent culling of infected animals, measures unadoptablc 
in poor endemic African countries. 

Little is known about the immunological mechanisms involved 
in protection against this complex virus, and even less about 
potential vaccine targets. Since original attempts of vaccination 
against ASFV, based on live attenuated and inactivated viruses 
were not very satisfactory [5,12], few vaccine prototypes have been 
experimentally tested in vivo. Targeted disruption of specific genes 
such as those encoding proteins involved in evading host defence 
might yield promising results for the future development of safer 
and efficient recombinant-live attenuated vaccines. Despite the 
fact that this technology has been successfully used to characterize 
relevant ASFV virulence factors in vivo [32 37], to date no further 
evidence has been presented about the use of recombinant viruses 
obtained for vaccine purposes, most probably due to the residual 
virulence they retain [12,13] . Besides these attempts, few 
approaches have been used to identify potential targets to develop 
subunit vaccines, most have been based on their antigenic 
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Figure 8. Identification of protective SLAI restricted 9-mer T-cell peptides. PBMCs from surviving pigs, pre-immunized with pCMV-
UbsHAPQ (obtained at day 25 after ASFV lethal challenge), were in vitro stimulated with 53 9-mer peptides predicted as potential CTL epitopes. Data 
represented in grey boxes corresponds to the specific responses found for the two individual sHA epitopes: F3, and A6. Data represented in open 
boxes corresponds to the values obtained after in vitro stimulation with peptide-coated autologous SLAI-VSLAII-  skin fibroblasts. 
doi:10.1371/journal.pone.0040942.g 008 

properties that have not however succeeded in inducing protection 
[38] or have induced partial protection against ASFV challenge 
[25,39]. Our first attempts to induce a protective immune 
response against ASFV with DNA vaccines encoding two of these 
antigens (p54 and p30) in the form of the chimeric protein (PQ) 
totally failed [27]. Here, we have extended these studies by 
incorporating the extracellular domain of the ASFV haemagluti-
nin (sHA) to our vaccine formulation, aiming to augment the 
antigenic coverage of our DNA vaccine [25]. Addition of sHA 
dramatically improved both the humoral and the cellular 
responses induced against the fused antigens: p54 and p30, 
reaching optimal results after three intramuscular injections. The 
sequence similarity between sHA and the CD2 leukocyte molecule 
[40,41] allowed speculation about its capability to target the 
antigens to cells expressing the CD2 receptors CD48 and CD58 
[12-44], such as Antigen Presenting Cells (APCs). Therefore, the 
improvement of the immune responses induced by the sHA fusion 
could be the result of antigens targeting to the APCs. Antigen 
targeting has proven to be successful in many other systems 
[45,46], and similar results were obtained by targeting these ASFV 
antigens with a single chain antibody (ScFv) recognizing the SLA 
II molecules [27]. Further work should be done to definitively 
demonstrate if fusion of sHA to antigens results in targeting to cells 
expressing the CD2 ligands, and the relevance of such targeting in 
the immune responses induced. The improvement of the immune 
responses induced by incorporating sHA might also be due to the 
potential presence of T-helper cell epitopes in this molecule. 
Unfortunately enough, in vitro stimulation with the full-length HA 
did not allow confirming this hypothesis. Further work should be 
done in the future on this direction. 

Despite the good immune response obtained after immuniza-
tion with pCMV-sHAPQ pigs were not protected from lethal 
challenge, showing undistinguishable ASF clinical signs and 
viremia kinetics from control animals. Lack of protection 
coincided with the induction of specific antibodies that, however, 
did not neutralize ASFV infection in vitro, an activity which had 
been previously associated with in rivo protection [19,47]. This 
data seems to confirm very recent results obtained in our 

laboratory, showing the inability of DNA vaccines to induce 
neutralizing antibodies against ASFV p30 and p54 proteins that 
conversely, might even exacerbate ASFV infection [27]. Besides 
the potential adjuvant effect of sHA, currently being explored to 
improve the immune responses induced against other antigens in 
pigs (PCT/ES2008/000264), the results obtained after immuni-
zation with pCMV-sHAPO were by itself extremely informative 
from the scientific point of view, as later demonstrated with the 
protection afforded with pCMV-UbsHAPQ, a new plasmid 
construct encoding exactly the same ASFV determinants. 

Aiming to avoid the induction of undesired antibodies and to 
improve the specific CD8-T cell responses, a new vaccine was 
designed, pCMV-UbsHAPQ, encoding exactly the same antigenic 
determinants: p54, p30 and sHA, fused to the cellular polypeptide 
ubiquitin. As expected [28], vaccination with pCMV-INHAPO 
did not induced antibody responses in pigs but conferred partial 
protection against ASFV challenge, confirming the relevance of T-
cell responses in protection against ASFV. Our approach, far from 
being obvious, allowed the dissection of the role that CD8± T-cell 
responses could play in the protection afforded by our DNA 
vaccine against ASFV in its domestic host, an almost neglected 
issue in the specialized literature. 1 he work done by Oura et al 
(41) is in our understanding, the only study clearly demonstrating 
the relevance of CD8± T-cells in the protection afforded by 
attenuated ASFV viruses, albeit the specificity of such CD8+ T-
cells has never been described. Our results not only confirm and 
extend these studies to the field of DNA vaccines but also identify 
for the first time, some of these potentially protective CD8± T-cell 
epitopes from within the sHA ASFV antigen. The protection 
afforded was not improved by increasing the number of DNA-
vaccine doses, probably reflecting the lack of boosting effect for the 
T-cell responses induced after one boost. Conversely, we found 
that 2 out of 6 pigs that received 2x doses of pCMV-UbsHAPQ 
survived (33%) while only 16% of the pigs that received 4x plasmid 
doses survived. Although not statistically significant, the same 
results were obtained in two separate experiments, indicating that 
multiple boosting could be somehow deleterious in terms of the 
protection afforded. Of the possible factors contributing to the 
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inconsistencies in the relatively low protection conferred by this 
vaccine, we hypothesize that immunization with 4x doses of 
pCMV-UbsHAPQ might be able to induce low levels of non-
neutralizing and exacerbating antibodies [27] that in turn, could 
counteract the protective effects of the specific CD8-T cells 
induced by the vaccine. Albeit undetectable by our methodology, 
we should not rule-out this possibility. Previous results obtained in 
the lab using the mouse model seemed to confirm this hypothesis 
since a few mice immunized with 4x dosed of pCMV-sHAPQ 
developed low, albeit significant specific antibody levels. Addi-
tionally, prime-boost regimes priming with 2x doses of pCMV-
CbsHAPQ and boosting with heterologous expression systems 
encoding the full length sHAPQ(without ubiquitin), did not confer 
protection against ASF-challenge, correlating with the induction of 
non-neutralizing antibodies (unpublished results). 

Despite the fact that pCMV-UbsHAPQ induced qualitatively 
similar T-cell responses 10 pCMV-sHAPQ after in vitro stimula-
tion with ASFV, p54 or p30 (no responses were ever detected after 
stimulation with HA), the magnitude of these responses seemed 
overall to be quantitatively lower for the former when using the 
recombinant proteins (compare figures 3 and 5 A), most probably 
reflecting an immunological bias of the immune responses induced 
by the ubiquitinated construct towards the induction of peptide-
specific CD8± T-cell responses. This theory was definitively 
confirmed by demonstrating the potential of the PBMCs from 
pigs that survived after pCMV-UbsHAPQ immunization, to 
efficiently secrete IFNy after in vitro stimulation either with the 
synthetic soluble peptides (F3 and A6) or with autologous peptide-
coated fibroblasts. Lack of available specific peptides at the time of 
performing the in vivo experiment 1 did not allow the 
performance of in vitro-peptide stimulation experiments with 
PBMCs from pCMV-sHAPQ pigs. However, today we know that 
the main source of IFNyexpressed by PBMCs from pigs 
immunized with pCMV-sHAPQ was a subset of specific CD4+
T-cells that specifically proliferated in response to 5-day-stimula-
tion with p30 and p54 protein but did not respond to the addition 
of the 9-mer sHA peptides. Conversely, a specific expansion of 
CD3± T-cells was observed when stimulating PBMCs from the 
pCMV-UbsHAPQ immunized pigs with the specific sHA 
peptides, confirming their SLAI restriction (manuscript in 
preparation). 

Interestingly, the two SLA I-restricted epitopes identified, from 
the 53 predicted in silico, mapped within the sHA. The fact that 
none of them mapped within the p54, nor the p30, a protein 
previously described as a potential CTI, target [24], might help to 
explain the lack of protection afforded by DNA vaccines encoding 
exclusively p54 and p30 [27]. Confirming this theory, the non-
protective pCMV-sHAPQ plasmid was only capable of inducing 
responses against p54 and p30, while no responses were detectable 
against HA, nor the sHA peptides (data not shown). 

Prediction of peptide-MHC I binding is the main basis for the 
anticipation of CTL epitopes [48,49]. However, polymorphism of 
pig MHC I molecules (SLA I) with few known SLA I restricted 
epitopes hinders the prediction of CTL epitopes by their binding 
to SLA I. Therefore, we used an alternative approach based on 
their binding affinity to the transporters associated with antigen 
processing (TAPs), molecules which shuttle the peptides from the 
cytosol to the endoplasmic reticulum to be presented by MHCI 
molecules. Although the TAP-binding affinity model used here 
was initially designed for human predictions [50,51], computa-
tional evidence suggests that the model could be applied to 
mammals in general. Lack of detectable specific IFNy-responses 
after PBMCs stimulation with any of the other 51 synthesized 
peptides might highlight: limitations in our theoretical predictions, 

technical limitations of our read-out assays, the establishment of 
immunodominance hierarchies masking subdominant responses 
or the absence of other CTL epitopes with protective potential 
within p54, p30 and sHA, at least to be presented in the SLA I 
context of the pigs used in this study. Peptide immunization 
experiments using either conventional pigs or specific pathogen 
free (SPF) pigs (manuscript in preparation), seems to confirm the 
protective potential of the F3 and A6 CTL peptides in a 
proportion of pigs that varied between 20-33% of the animals, 
pointing toward a SLA 1-restricted protection. We are currently 
haplotyping the surviving pigs from these and other experiments 
being performed with other viral determinants aiming to confirm 
this hypothesis; a long term objective, since haplotyping domestic 
pigs it is not an easy task, even for laboratories exclusively working 
on this issue. 

In summary, the results presented in this work demonstrate not 
only the potential of DNA immunization as a strategy to design 
future ASFV vaccine candidates, but also confirm the importance 
of the vaccine-induced CD8-' T-cell responses against ASFV and 
identifies for the first time two SLA I-restricted CD8± T-cell 
epitopes with putative protective potential. We believe that the 
future development of an effective vaccine against such a complex 
virus will need the induction of both, broader CTL responses 
covering the SLA I-heterogeneous swine population and neutral-
izing antibodies. We are currently addressing these goals following 
two different approaches: on one hand, we are attempting to 
identify as many CTL epitopes as possible within the ASFV 
polypeptides by using ELI libraries [52] developed in the 
laboratory from the entire ASFV genome (manuscript in 
preparation) and on the other hand, we are attempting to obtain 
broader and optimal cellular and humoral responses concomi-
tantly by testing several strategies of proved efficacy also in 
Veterinary Medicine, including: electroporation to improve DNA 
vaccine delivery [53]; the use of co-stimulatory molecules such as 
Synthetic oligodeoxynucleotides (ODNs) containing unmethylated 
CpG motifs [54]; and "prime-boosting" strategies [55,56]. 

Materials and Methods 

Ethics Statement 
All experiments were performed in the Biosafety Level 3 

facilities of the Centre de Recerca en Sanitat Animal (CReSA-
Barcelona). Animal care and procedures were performed in 
accordance with the guidelines of the Good Experimental 
Practices (GEP) and under the supervision of the Ethical and 
Animal Welfare Committee of the Universitat Autenoma de 
Barcelona (UAB; Permit Number: DMAH-5796). Animals were 
observed daily according to a welfare schedule in order to monitor 
their health status, and check list (approved by the CRESA Animal 
Welfare Committee) to monitor the clinical aspects after the 
infection with ASFV. 

Plasmid construction 
The open reading frame (ORF) encoding the extracellular 

domain of the ASIN hemagglutinin (sHA) from the Spanish 
isolate E75 was obtained by PCR using the forward (5'-
GC GGC C GC CATGTGGAGTAC TTTAAATCAAAC- 3 ') and 
reverse (5 ' - C GGC C GAGATCTTGTGGATAAATAATTTTG-
3') primers and the pBakpak-HA plasmid [25] as template. The 
amplified fragment was cloned in the unique Nod cloning site of 
pCMV plasmid (Clontech) to obtain pCMV-sHA with a 13g111 
unique site at the 3'-end for further cloning purposes. 

The ORF encoding PQ a chimeric fusion of the ASFV p30 and 
p54, also from the Spanish isolate E75 was PCR amplified using 
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the forward (5'-GGATCCATGGATTCTGAATTTTTT-
CAACCGG-3 ') and reverse (5 '-AGATC TTACAAG-
GAGTTTTC TAGGTC- 3') primers and the pCMV-PQ plasmid 
[27], as template. The amplified fragment was digested with the 
BamHI and BglII restriction enzymes and cloned into the unique 
BglII cloning site of pCMV-sHA to obtain the pCMV-sHAPQ 
plasmid, encoding PQ in frame with the ASFV sHA polypeptide. 

Finally, the ORF encoding sHAPQ was PCR amplified using 
the forward (5 '-GGATC CATGTGGAGTAC TTTAAAT-
CAAAC- 3 ') and reverse (5'-AGATCTIACAAGGAGTTTTC-
TAGGTC-3') primers containing the BamHI and BglII restriction 
sites and the newly generated pCMV-sHAPQ plasmid as PCR-
template. The amplified fragment was cloned using the BglII site of 
pCMV F1/2 Ubiq plasmid [57], to obtain the plasmid pCMV-
CbsHAPQ, encoding sHAPQ fused to cellular ubiquitin. 

All the products were expressed under the control of the 
immediate early promoter of human cytomcgalovirus. 

A schematic representation of the plasmids used throughout this 
work is provided (Fig. 1). In order to facilitate the comprehension 
of the results obtained, the specific ASFV products encoded by 
each vaccine (if any) are also indicated. 

Immunization of animals and in vivo experimental design 
Experiments with 8-week-old Landrace X Large white pigs 

were always performed under the approval of the Ethical and 
Animal Welfare Committee of the Universitat AutOnoma de 
Barcelona and infections with ASFV were done under BioSecurity 
level 3 (BSL-3) conditions at CReSA. DNA immunization 
experiments (experiments 1 and 2) were performed using different 
numbers of doses (600 lig of DNA each) of the corresponding 
endotoxin-free DNA plasmid (Q_iagen), administered at 15 day 
intervals. One third of each vaccine dose was injected in the rectos 
femoris quadriceps muscle, one third in the trapezius muscle of the 
neck and the last third was subcutaneously injected in the ear. 
Experiments were repeated twice to ensure the reproducibility of 
the results. 

In vivo experiment 1. 14 pigs were divided into three groups 
receiving either: the pCMV-sHAPQplasmid (6 pigs), the pCMV-
PQ plasmid (4 pigs) or the pCMV empty plasmid as controls for 
the assay (4 pigs). 

In vivo experiment 2. 16 pigs were divided into three groups 
receiving either: the control pCMV plasmid (4 pigs), the pCMV-
UbsHAPQ plasmid twice (6 pigs) or the pCMV-UbsHAPQ 
plasmid four times (6 pigs). 

Antibody detection 
ASFV specific antibodies in pig sera were detected by 

conventional ELISA assay to detect specific antibodies against 
either whole ASFV or the p30 structural protein, as previously 
described [58]. To confirm the positive results, sera were tested by 
western blot assay using crude protein extracts obtained either 
from Thriclofinsia ni larvae infected with a recombinant baculovirus 
expressing the ASFV p54 protein [59], the ASFV HA [25] or from 
ASFV infected Vero cell supernatants processed as previously 
described [60]. Samples were run on 4-20% Tris-glycine SDS-
polyacrylamide gels (Novex) followed by transfer to nitrocellulose 
filters (Bio-Rad). Next, membranes were cut and divided into 
4 mm wide strips, blocked with 2% non-fat milk and then tested 
with individual sera diluted 1:100 in PBS-milk. Finally, the 
presence of immunocomplexes was detected using either a 
peroxidase-labeled goat anti-mouse IgG antibody or a peroxi-
dase-labeled mouse anti-pig IgG antibody (Sigma). Colorimetric 
detection was achieved by using 4-Chloronaphtol as substrate 
(Sigma). Albeit antibodies against p30 and p54 are detectable both 

by ELISA and by Western blotting, the sensitivity of the 
techniques change for each one of these ASFV antigens, the latter 
being ideal to specifically evaluate the induction of anti-p54 
antibodies [59]. 

The detection of neutralizing antibodies was performed as 
previously described [61]. Briefly, 10 fold serial dilutions of the 
E75 ASFV strain (starting with 105 hemadsorbing units (HAU50), 
were mixed (1:2) with the corresponding inactivated pig serum. 
After a 1 h incubation at 37°C in a 96-well plate, 4x105
pulmonary alveolar macrophages (PAMs) were added to each well 
and cultured for 24 hours, before adding porcine erythrocytes 
(diluted 1/100). To follow the appearance of hemadsorption, 
plates were observed every 12 hours. As a control for the assay, 
hyperimmune serum from a pig that had recovered from an ASFV 
infection was used. 

Theoretical prediction of CTL epitopes 
In silico prediction of CTL epitopes was based on their binding 

affinity to TAP using a support vector machine regression model 
[50] that was extended to account for the fact that MHCI-
restricted epitopes can often be transported by TAP as N-
terminally elongated peptide precursors [51]. Following this 
method, we designed 53 9-mer peptides from the antigens 
encoded within pCMV-UbsHAPQ corresponding with the ASFV 
proteins: p54, p30 and sHA. These peptides were individually used 
as stimulators in IFNy-ELISPOT assays. 

Swine IFNy-ELISPOT 
Peripheral blood mononuclear cells (PBMC) were separated 

from whole blood by density-gradient centrifugation with 
Histopaque 1077 (Sigma). For PBMC cultures, RPMI 1640 
medium supplemented with 10% foetal calf serum (Invitrogen), 
50,000I U penicillin/1 (Invitrogen) and 50 mg streptomycin/1 
(Invitrogcn) was used. Trypan blue was used to assess cell-viability. 
The frequency of ASFV-specific IFNy-secreting cells (IFNy-SC) in 
PBMC were analysed by an ELISPOT assay using commercial 
mAbs (Swine IFNy Cytoset; Biosource Europe) following a 
previously reported method [62]. Briefly, 96-well plates (Costar 
3590; Corning) were coated overnight with 8.3 µg/ml of IFNy 
capture antibody diluted in carbonate/bicarbonate buffer (pH9.6). 
Plates were then washed and blocked for 1 h at 37°C with 150 ld 
PBS with 0.5% BSA. Once the blocking solution was eliminated, 
5 x 105 PBMCs were dispensed per well and cultured with the 
appropriate stimulus: ASFV E75 isolate was used at 106 HAU50/ 
ml, baculovirus-expressed p30, p54 and HA proteins were used at 
6 µg/ml (a baculovirus expressing an irrelevant protein was used 
as control), and peptides from p30. p54 and HA proteins were 
used at 1 µg/ml. After a 20 h incubation at 37°C in a 5% CO, 
atmosphere, cells were removed and the biotinylated detection 
antibody was added at 2.5 µg/ml and incubated for 1 h at 37°C. 
The reaction was revealed by sequential incubation of plates with 
streptavidin—peroxidase (1 h) and insoluble 3,3',5,5'-Tetramethyl-
benzidine (TMB; Calbiochem). Unstimulated cells and phyto-
haemagglutinin (PHA)-stimulated controls (5 µg/ml) were also 
included. To calculate the ASFV-specific frequencies of IFNI-7-
secreting cells, counts of spots in unstimulated wells were 
subtracted from counts in virus-stimulated wells. The frequency 
of cytokine-producing cells was expressed as responding cells in 
106 PBMC. 
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Swine fibroblast isolation and characterization as antigen 
presenting cells 

Fibroblasts were obtained from the skin of survivor pigs 
following previously described protocols [63], with slight modifi-
cations. Briefly, 2 cm2 segments of skin were obtained from 
previously razed and chlorexidine-disinfected skin and immedi-
ately included in 0.5% Trypsin in PBS. After 0/N incubation at 
4°C, skin fragments were cultured in RPMI supplemented with 
10% FCS. Primary fibroblast maintained their viability after 
multiple serial passages, retaining their capacity to present the 
SLAI-restricted 9-mer ASFV peptides to their autologous PBMCs 
in an IFISTy - ELISPOT assay. Briefly, fibroblasts were incubated 
in vitro for 1 h at 37°C with or without the specific peptides and 
after several washes, they were added as stimulators of their 
autologous PBMCs at 1:10 ratio for 20 h and then the ELISPOT 
assay was continued as described above. 

Virus and challenge 
All pigs were challenged intramuscularly with 104 HAU50 of the 

highly virulent E75 ASFV isolate. Lethality was recorded as the 
gold standard marker of protection, since non-protected pigs 
should always succumb before day 9 post-infection due to the high 
lethal dose administered (>20 LD50s). Additionally, clinical signs 
of ASF (fever, anorexia, lethargy, shivering, cyanosis and 
recumbency) were monitored daily. 

Blood samples were collected before and at different times after 
virus challenge for detection of viremia. The virus was titrated in 
porcine alveolar macrophages by a hemoadsorption assay. Briefly, 
serial dilutions of sera were incubated with 4 x10' porcine alveolar 
macrophages in each well. After 24 h porcine erythrocytes (whole 
blood diluted 1:100 in PBS) were added to each well. After 12 h 
and every 24 h the plates were observed to follow the 
hemoadsorption effect. Titres were calculated and expressed as 
HAU50/ml. 

Leukopenia due to ASFV infection was followed by counting 
the number of cells/ml of blood (1/100 diluted blood mixed 1:1 
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