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BIENVENIDA 
 
 

En nombre del Comité Organizador, tengo el honor y la satisfacción de presentar el XIV 
Congreso Nacional de Virología que tendrá lugar en Cádiz del 11 al 14 de junio de 2017. La 
Sociedad Española de Virología ha depositado su confianza en nosotros, junto al Comité 
Científico, para diseñar y desarrollar un programa atractivo en el que tengan cabida los avances 
más sobresalientes de la Virología. Este congreso supone un lugar de intercambio de 
conocimientos de los virólogos, pero también estará abierto a la Sociedad, cada vez más 
interesada en conocer, con rigor y amenidad, la importancia de los virus y sus consecuencias 
en nuestra vida diaria. 

Queremos agradecer el esfuerzo de la Junta Directiva de la SEV y al Comité Científico en la 
elaboración del programa, en el que participan virólogos de reconocido prestigio en todo el 
mundo, incluyendo la participación especialmente bienvenida de virólogos latinoamericanos. 
Hemos buscado el equilibrio temático necesario para que las distintas áreas de la Virología se 
vean representadas.  

También agradecemos la implicación e interés de las instituciones en la difusión del congreso 
y la importante participación de las empresas colaboradoras como patrocinadores, ya que sin 
su apoyo hubiera sido imposible realizar un evento de esta magnitud.  

El Palacio de Congresos de Cádiz recibirá durante unos días a expertos nacionales e  
internacionales que aportarán sus conocimientos en un ambiente que facilitará el contacto y 
las relaciones entre los participantes. Se desarrollarán actividades en diferentes formatos, 
como sesiones plenarias, mesas redondas y sesiones de comunicaciones, en formato 
convencional y flash-talks. 

La imagen acogedora de Cádiz se manifestará con toda su luz y permitirá disfrutar de la 
Virología en un entorno singular. Queremos animaros a participar en este Congreso, con 
vuestras experiencias e interés por aprender lo que, sin duda, hará que el éxito esté asegurado. 

Bienvenidos a Cádiz. 

 

Manuel A Rodríguez-Iglesias 
Presidente del Comité Organizador 
XIV Congreso Nacional de Virología 
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WELCOME 
 
 

On behalf of the Organizing Committee, are pleased to present the XIV National Congress of 
Virology to be held in Cadiz from 11th to 14th June, 2017. The Spanish Virology Society has 
placed its trust in us, together with the Scientific Committe, to design and develop an attractive 
programme that accommodates the most outstanding advances in Virology. This congress is a 
place for exchange knowledge among virologists, but will also be open to the contemporary 
society, very interested in knowing, with scientific precision and pleasantness, the importance 
of viruses and their consequences in our daily lives. 

We would like to thank the SEV Executive Board and the Scientific Committee for their efforts 
in the design of the programme, which includes leading virologists from around the world and 
the participation of virologists from Latin America, that will be especially welcom. We have 
tried the balance necessary in the topics and the different areas of virology will be represented. 

We also appreciate the involvement and interest of the institutions in the dissemination of the 
congress and the important participation of the collaborating companies as sponsorship: the 
magnitude of this event would have not been posible without their support. 

The Palacio de Congresos of Cadiz will receive for a few days national and international 
experts in a warm atmosphere that will facilitate the relationship with participating delegates. 
Scientific activities will be developed in different formats, such as plenary sessions, parallel 
sesiones, and oral, in conventional format or flash-talks. 

The friendly image of Cadiz will show in full light and will allow you to enjoy Virology in a 
amazing environment. We want to encourage you to participate in this Congress, with your 
experiences and interest in learning what and the success will be assured. 

Welcome to Cadiz. 

 

Manuel A Rodríguez-Iglesias 
President of the Organizing Committe 
XIV Spanish Congress of Virology 
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PROGRAMME AT A GLANCE 
 

Sunday, 11 June 2017 
17:00-18:00 REGISTRATION 
18:00-19:00 OPENING LECTURE (ROOM 1) 
21:00-23:00 WELCOME COCKTAIL (PARADOR DE CÁDIZ) 
Monday, 12 June 2017 
08:00-08:30 REGISTRATION 
08:30-10:30 PLENARY SYMPOSIUM 1 (ROOM 1) 
10:30-11:00 WELCOME CEREMONY (AUDITORIUM) 
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION (P001-P061) 
11:30-13:30 PLENARY SYMPOSIUM 2 (AUDITORIUM) (OPEN SESSION) 
13:30-15:00 LUNCH 
15:00-17:00 PARALLEL SYMPOSIUM 1 (ROOM 1) 

PARALLEL SYMPOSIUM 2 (ROOM 2) 
PARALLEL SYMPOSIUM 3 (ROOM 3) 

17:00-17:30 COFFEE BREAK / POSTERS DISCUSSION (P062-P097) 
17:30-19:30 PARALLEL SYMPOSIUM 4 (ROOM 1) 
17:30-18:30 ORAL SESSION 1 (ROOM 2) 

ORAL SESSION 2 (ROOM 3) 
18:30-19:30 ORAL SESSION 3 (ROOM 2) 

ORAL SESSION 4 (ROOM 3) 
19:30-20:30 FLASH TALKS (ROOM 1) 
Tuesday, 13 June 2017 
09:00-11:00 PLENARY SYMPOSIUM 3 (ROOM 1) 
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION (P098-P130) 
11:30-13:30 PLENARY SYMPOSIUM 4 (ROOM 1) 
13:30-15:00 LUNCH 
15:00-17:00 PARALLEL SYMPOSIUM 5 (ROOM 1)  

PARALLEL SYMPOSIUM 6 (ROOM 2)  
PARALLEL SYMPOSIUM 7 (ROOM 3) 

17:00-17:30 COFFEE BREAK / POSTERS DISCUSSION (P131-180) 
17:30-18:30 ORAL SESSION 5 (ROOM 1) 

ORAL SESSION 6 (ROOM 2) 
ORAL SESSION 7 (ROOM 3) 

18:30-19:30 SEV GENERAL MEETING (ROOM 1) 
21:30-23:30 CONGRESS DINNER (BALUARTE DE LOS MÁRTIRES) 
Wednesday, 14 June 2017 
09:00-11:00 PLENARY SYMPOSIUM 5 (ROOM 1) 
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION 
11:30-12:30 YOUNG VIROLOGIST AWARD 
12:30-13:30 CLOSING LECTURE (ROOM 1) 
13:30-13:45 CLOSING CEREMONY (ROOM 1) 
13:45-14:00 ANNOUNCEMENT OF THE UPCOMING CONGRESS (ROOM 1) 
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PALACIO DE CONGRESOS 
MAP 
 
 
 

AUDITORIUM LUNCH 

  

ROOM 1 ROOM 2 

  
ROOM 3 POSTERS 1 

  
EXHIBITION POSTERS 2 
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PROGRAMME 
 
 
Sunday, 11 June 2017 
 
 
17:00-18:00 REGISTRATION 
 
  
18:00-19:00 OPENING LECTURE (ROOM 1) 
 
SENIOR VIROLOGIST AWARD 
  
Chairperson: 
Albert Bosch 
Presidente de la Sociedad Española de Virología 
  
Fernando García-Arenal 
Centro de Biotecnología y Genómica de Plantas. Universidad Politécnica de Madrid. 
Host range evolution, resistance breaking, and the control of viral diseases in crops 
 
  
21:00-22:30 WELCOME COCKTAIL (PARADOR DE CÁDIZ) 
 
 
 
 
 
 
Monday, 12 June 2017 
 
 
08:00-08:30 REGISTRATION 
 
 
08:30-10:30 PLENARY SYMPOSIUM 1 (ROOM 1) 
 
VIRUS-HOST INTERACTION 
  
Chairpersons:  
Antonio Alcamí 
Centro de Biología Molecular Severo Ochoa, UAM, Madrid 
José María Almendral 
Centro de Biología Molecular Severo Ochoa, UAM, Madrid 
 
Ana Fernández-Sesma 
Icahn School of Medicine at Mount Sinai, New York, USA 
Modulation of Immune Responses by Dengue Virus 
  
Covadonga Alonso 
Departamento de Biotecnología, Instituto Nacional de Investigación y Tecnología Agraria y 
Alimentaria, Madrid 
Virus-Host Interaction in African swine fever virus infection 
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John Sinclair 
Department of Medicine, Cambridge University, UK 
Human Citomegalovirus: latency and immune modulation 
  
Gloria González Aseguinolaza  
Departamento de Terapia Génica y regulación de la expresión génica. Centro de Investigación Médica 
Aplicada (CIMA), Universidad de Navarra,  
A new Hepatitis delta virus mouse model showing important features of human infection and 
identifying MAVS as a key player in IFN-B induction 
  
 
10:30-11:00 WELCOME CEREMONY (AUDITORIUM) 
 
  
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION(P001-P061) 
 
  
11:30-13:30 PLENARY SYMPOSIUM 2 (AUDITORIUM) (OPEN SESSION) 
 
EMERGENCIAS VIRALES EN LOS MEDIOS DE COMUNICACIÓN: ¿INFORMAR O 
ALARMAR? 
  
Chairpersons:  
José Antonio López-Guerrero 
Departamento de Biología Molecular, Universidad Autónoma de Madrid. Director de Cultura 
Científica del Centro de Biología Molecular Severo Ochoa. 
Manuel Seara 
RTVE Corporación, Madrid 
  
Tomás Pumarola Suñé 
Hospital Universitari Vall d'Hebron, Universitat de Barcelona 
La comunicación durante el brote de enterovirus en Cataluña 
  
Fernando Simón  
Centro de Coordinación de Alertas y Emergencias Sanitarias, Ministerio de Sanidad, Servicios 
Sociales e Igualdad, Madrid 
Comunicación de alertas de salud pública: la importancia de entender la información 
  
Margarita del Val 
Centro de Biología Molecular Severo Ochoa, UAM, Madrid 
Vacunación: ¿un tema médico y social? 
  
Manuel Seara  
RTVE Corporación, Madrid 
La información en radio de una emergencia viral 
  
 
13:30-15:00 LUNCH 
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15:00-17:00 PARALLEL SYMPOSIUM 1 (ROOM 1) 
  
DIAGNOSTIC IN CLINICAL VIROLOGY 
  
Chairpersons: 
Inmaculada Casas 
Centro Nacional de Microbiología, Instituto de Salud Carlos III, Madrid 
José María Navarro 
Hospital Universitario Virgen de las Nieves, Granada 
  
Gustavo Palacios 
Center of Genome, US Army Medical Research Institute of Infectious Diseases (USAMRIID), Fort 
Detrick, Frederick, USA 
How Genomic Tools could improve our Biopreparedness?: Pathogen Discovery, Near Real-
Time Advanced characterization and Immunomics 
  
Oliver Donoso Mantke 
Quality Control for Molecular Diagnostics (QCMD), Glasgow, UK 
Importance of Quality Assurance in Virus Diagnostics 
  
Iván Sanz Muñoz 
Centro Nacional de Gripe, Valladolid 
Utility of a multiplex PCR in the rapid diagnostic of viral respiratory infections 
  
Cristina Calvo Rey 
Servicio de Pediatría Hospitalaria, Enfermedades Infecciosas y Tropicales. Hospital Infantil La Paz. 
Madrid 
Respiratory viral infections. Epidemiological or clinical interest? 
  
  
15:00-17:00 PARALLEL SYMPOSIUM 2 (ROOM 2) 
 
GENE EXPRESSION AND VIRAL REPLICATION 
  
Chairpersons: 
Amelia Nieto 
Departamento de Biología Molecular y Celular, Centro Nacional de Biotecnología, Madrid 
Fernando Almazán 
Departamento de Biología Molecular y Celular, Centro Nacional de Biotecnología, Madrid 
  
Miguel A. Aranda 
Centro de Edafología y Biología aplicada del Segura (CEBAS-CSIC), Murcia 
RNA elements regulating host range and cap-independent translation of plant virus mRNAs 
  
Ana Falcón 
Centro Nacional de Biotecnologia -CSIC, Madrid 
What makes an influenza virus lethal? 
  
Miguel A. Martín-Acebes 
Departamento de Biotecnología, Instituto Nacional de Investigación y Tecnología Agraria y 
Alimentaria (INIA) 
Uncovering the roles of cellular lipids in West Nile virus replication 
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Patricia Muñoz 
Hospital General Universitario Gregorio Marañón, Madrid 
Viral infections from a tertiary hospital 
  
   
15:00-17:00 PARALLEL SYMPOSIUM 3 (ROOM 3) 
  
VIRUSES & INDUSTRY 
  
Chairpersons: 
José M Escribano 
Dpto. de Biotecnología, Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, 
Madrid 
Juan José Infante 
Bionaturis 
  
Manon Cox 
Protein Sciences Corp. 
The B.E.S.T. Platform for the manufacturing of vaccines for emerging diseases 
  
Romy Dalton 
Algenex, Madrid. 
A plug & play bioreactor-free platform to produce subunit vaccines 
  
Manuel Cascalló 
VCN Biosciences, Barcelona. 
Development of the conditional replicating adenovirus VCN-01: from academia to its clinical 
development 
  
Primitivo Caballero 
Departamento de Producción Agraria, Universidad Pública de Navarra. Bioinsectis SL. 
A new philosophy in the design and production of baculovirus-based bioinsecticides 
 
  
17:00-17:30 COFFEE BREAK / POSTERS DISCUSSION (P062-P097) 
 
  
17:30-19:30 PARALLEL SYMPOSIUM 4 (ROOM 1) 
  
ENTRY, (DIS)ASSEMBLY AND EXIT OF VIRUSES 
  
Chairperson: 
José Antonio Melero 
Centro Nacional de Microbiología and Ciber de Enfermedades Respiratorias, Instituto de Salud Carlos 
III, Madrid 
  
Jason McLellan 
Department of Biochemistry and Cell Biology, Geisel School of Medicine at Dartmouth, USA 
Structural insights into coronavirus entry  
  
José L. Nieva 
Biofisika Institute, CSIC, UPV/EHU, Bilbao 
Structural basis of HIV entry and its inhibition by neutralizing antibodies against the fusogenic 
glycoprotein subunit 41  
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Rosa M Pintó 
Departament de Microbiologia, Universitat de Barcelona 
Reassessing the Hepatitis A Virus enterohepatic cycle: the role of ALIX and pseudoenveloped 
particles 
  
Mauricio G Mateu 
Centro de Biología Molecular “Severo Ochoa”, CSIC-UAM, Madrid 
Use of atomic force microscopy to unveil equilibrium and kinetic aspects and pathways of virus 
capsid self-assembly and disassembly   
  
  
17:30-18:30 ORAL SESSION 1 (ROOM 2) 
 
EMERGENT VIRUSES (C01-C05) 
 
Chairpersons: 
Miguel Angel Jiménez Clavero 
Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, Centro de Investigación en 
Sanidad Animal, Madrid 
Jordi Figuerola 
Estación Biológica de Doñana 
 
 
17:30-18:30 ORAL SESSION 2 (ROOM 3) 
 
VIRAL PATHOGENESIS (C06-C10) 
 
Chairpersons: 
Carles Martínez-Romero 
Icahn School of Medicine at Mount Sinai, New York, USA 
Pablo Gastaminza 
Centro Nacional de Biotecnología, Madrid 
 
  
18:30-19:30 ORAL SESSION 3 (ROOM 2) 
 
VIRAL EPIDEMIOLOGY (C11-C15) 
 
Chairpersons: 
José María Eiros 
Hospital Universitario “Rio Hortega”, Universidad de Valladolid 
Francisco Rodríguez-Frías 
Hospital Universitari Vall d’Hebron, Universitat Autónoma de Barcelona (UAB); 
 
 
18:30-19:30 ORAL SESSION 4 (ROOM 3) 
 
IMMUNE RESPONSE (C16-C20) 
 
Chairpersons: 
Noemí Sevilla 
Centro de Investigación en Sanidad Animal (CISA)-INIA, Madrid 
Margarita del Val 
Centro de Biología Molecular Severo Ochoa, UAM, Madrid 
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19:30-20:30 FLASH-TALKS (ROOM 1) 
 
POSTERS SELECTION (006, 013,015, 017, 018, 037, 039, 045, 097, 102, 104, and 0151)  
 
Chairperson: 
José María Almendral 
Centro de Biología Molecular Severo Ochoa, UAM, Madrid 
 
 
 
 
 
 
  
Tuesday, 13 June 2017 
 
 
09:00-11:00 PLENARY SYMPOSIUM 3 (ROOM 1) 
  
EMERGING ARBOVIRUSES 
  
Chairpersons: 
Ana Doménech 
Departamento de Sanidad Animal, Universidad Complutense de Madrid 
Fernando de Ory 
Centro Nacional de Microbiología, Instituto de Salud Carlos III, Madrid 
 
Miguel Angel Jiménez Clavero 
Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria, Centro de Investigación en 
Sanidad Animal, Madrid 
Arboviruses of concern for animal health in Spain: West Nile, Usutu and Bagaza viruses 
  
Mercedes Pérez Ruiz 
Servicio de Microbiología, Hospital Universitario Virgen de las Nieves, Granada 
Virological surveillance of human arbovirus infections in Andalusia 
  
María Paz Sánchez-Seco Fariñas 
Centro Nacional de Microbiología, Instituto de Salud Carlos III, Madrid 
Crimean-Congo hemorrhagic fever virus in Spain  
 
  
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION (P098-P130) 
 
  
11:30-13:30 PLENARY SYMPOSIUM 4 (ROOM 1) 
  
VIRAL HEPATITIS 
  
Chairpersons: 
Federico Garcia 
Complejo Hospitalario Universitario Granada, Universidad de Granada 
Josep Quer 
Vall d'Hebron Institut de Recerca, Barcelona 
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Antonio Aguilera 
Complejo Hospitalario Universitario de Santiago, Santiago de Compostela 
Lessons from the GEHEP 005 study 
  
Vincenza Calvaruso 
Biomedical Department of Internal and Specialized Medicine, University of Palermo. Italia 
Interest of HCV testing by PCR from finger prick and experience with the Xpert HCV assay 
  
Josep Gregori 
Vall d'Hebron Institut de Recerca, Barcelona 
Viral quasispecies characterization by NGS 
 
  
13:30-15:00 LUNCH 
 
 
15:00-17:00 PARALLEL SYMPOSIUM 5 (ROOM 1)  
 
ADVANCES IN VACCINES 
  
Chairpersons: 
Raúl Ortiz de Lejarazu 
Hospital Clínico Universitario, Valladolid 
María Ángeles Muñoz-Fernández 
Hospital General Universitario Gregorio Marañón, Madrid 
  
Jason McLellan 
Department of Biochemistry and Cell Biology, Geisel School of Medicine at Dartmouth, USA 
Recent advances in the design of pneumovirus vaccine antigens 
  
Adolfo García-Sastre 
Icahn School of Medicine at Mount Sinai, New York, USA 
Toward a universal influenza virus vaccine 
  
Fernando Rodríguez 
IRTA-CReSA, Universitat Autonoma de Barcelona 
Developing a vaccine against African Swine Fever Virus (ASFV): a worthy challenge 
  
David Navarro 
Hospital Clínico Universitario, Universitat de València 
Protective immune responses from cytomegalovirus infection in the allogeneic stem cell 
transplantation setting: implications for vaccine design  
  
  
 
15:00-17:00 PARALLEL SYMPOSIUM 6 (ROOM 2)  
 
NEW ADVANCES IN ENTERIC VIRUS PATHOGENESIS AND EPIDEMIOLOGY 
  
Chairpersons: 
Albert Bosch 
Departament de Microbiologia, Universitat de Barcelona 
Javier Buesa 
Departament de Microbiologia, Universitat de València 
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Soizick Le Guyader 
Institut Français de Recherche pour l'Exploitation de la Mer (IFREMER), Nantes, France 
Detecting Infectious Viruses in Oyster Digestive Tissues 
  
Miren Iturriza Gómara 
Institute of Infection and Global Health, Liverpool University, UK 
Rotavirus disease and epidemiology: Impact of a decade of vaccines 
  
Susana Guix 
Departament de Microbiologia, Universitat de Barcelona 
Lessons learnt from a norovirus outbreak caused by bottled mineral water 
  
Maria Cabrerizo Sanz 
Centro Nacional de Microbiología, Instituto de Salud Carlos III, Madrid 
Molecular epidemiology of enterovirus infections in Spain. EV-A71 outbreak during 2016 
  
Jesús Rodríguez Díaz 
Departament de Microbiologia, Universitat de València 
Enteric virus infection and the gut microbiome 
  
  
15:00-17:00 PARALLEL SYMPOSIUM 7 (ROOM 3) 
   
EMERGING PLANT VIRUSES 
  
Chairpersons: 
Vicente Pallás 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), Valencia 
Jesús Navas-Castillo 
IHSM “La Mayora”, UMA-CSIC, Algarrobo-Costa, Málaga 
  
Santiago F. Elena 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), Valencia 
Host variability in resistance genes conditions the evolutionary fate of an emerging plant RNA 
virus 
  
Jesús Navas-Castillo 
IHSM “La Mayora”, UMA-CSIC, Algarrobo-Costa, Málaga 
Begomovirus, the largest genus in the virosphere, within a family that does not stop growing 
  
Shu-Sheng Liu 
Zhejiang University, Hangzhou, China 
Mechanisms of begomovirus transmission by whiteflies 
 
 
Martin Verbeek 
Wageningen University and Research, Wageningen, The Netherlands 
Torradovirus, an enigmatic plant virus genus 
 
  
17:00-17:30 COFFEE BREAK / POSTERS DISCUSSION (P131-180) 
 
  
17:30-18:30 ORAL SESSION 5 (ROOM 1) 
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VACCINES (C21-C25) 
 
Chairpersons: 
Fernando Rodríguez 
IRTA-CReSA, Universitat Autonoma de Barcelona 
Francisco Sobrino 
Centro de Biología Molecular “Severo Ochoa”, Madrid 
 
 
17:30-18:30 ORAL SESSION 6 (ROOM 2) 
 
GENOME REPLICATION AND REGULATION OR VIRAL GENE EXPRESSION (C26-C30) 
 
Chairpersons 
Ester Lázaro 
Centro de Astrobiología (CSIC-INTA, Associated to NASA Astrobiology), Torrejón de Ardoz   
Rafael Blasco 
Departamento de Biotecnología, Instituto Nacional de Investigación y Tecnología Agraria y 
Alimentaria, Madrid 
 
 
 
17:30-18:30 ORAL SESSION 7 (ROOM 3) 
 
PLANT VIRUSES (C31-C35) 
 
Chairpersons: 
Carmen Hernández 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), Valencia 
Juan José López-Moya 
Centre for Research in Agricultural Genomics CRAG, CSIC-IRTA-UAB-UB, Cerdanyola del Vallès, 
Barcelona 
 
 
18:30-20:00 SEV GENERAL MEETING (ROOM 1) 
  
 
21:30-23:30 CONGRESS DINNER (BALUARTE DE LOS MÁRTIRES)  
 
 
  
 
 
 
Wednesday, 14 June 2017 
 
 
09:00-11:00 PLENARY SYMPOSIUM 5 (ROOM 1)  
 
TRENDS IN VIROLOGY 
  
Chairpersons:  
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Javier Aznar Martín 
Hospital Universitario Virgen del Rocío, Universidad de Sevilla 
Carlos Briones 
Centro de Astrobiología (CSIC-INTA, Associated to NASA Astrobiology), Torrejón de Ardoz   
 
Andrés Antón 
Respiratory Viruses Unit - Microbiology Department, Hospital Universitari Vall d'Hebron, Barcelona. 
Point-of-care (POC) testing in Clinical Virology 
  
David Reguera 
Departament de Física de la Matèria Condensada, Universitat de Barcelona 
Physical Virology: How physics can help us understand viruses 
  
José Antonio Darós 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), Valencia 
Biotechnological tools derived from plant viruses 
 
  
11:00-11:30 COFFEE BREAK / POSTERS DISCUSSION 
 
  
11:30-12:30 KEYNOTE LECTURE(ROOM 1) 
  
YOUNG VIROLOGIST AWARD 
 
Chairperson:  
Esperanza Gómez-Lucía 
Departamento de Sanidad Animal, Universidad Complutense de Madrid 
  
Miguel A. MartÍn-Acebes 
Departamento de Biotecnología, Instituto Nacional de Investigación y Tecnología Agraria y 
Alimentaria (INIA) 
Deciphering virus-host dell interactions during foot-and mouth disease virus and West Nile 
virus infection: from basic knowledge to vaccine improvemente and antiviral deveopment  
  
12:30-13:30 CLOSING LECTURE (ROOM 1) 
  
Chairperson:  
Albert Bosch 
Presidente de la Sociedad Española de Virología 
  
Jonas Schmidt-Chanasit 
Bernhardt Nocht Institute for Tropical Medicine, Hamburg 
Emerging viral diseases: Lessons learned from recent arbovirus outbreaks 
  
 
13:30-13:45 CLOSING CEREMONY(ROOM 1) 
  
 
13:45-14:00 ANNOUNCEMENT OF THE UPCOMING “XV CONGRESO NACIONAL  

DE VIROLOGÍA” (ROOM 1) 
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ABSTRACTS 
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SENIOR VIROLOGIST AWARD 
CONFERENCE 
 
PL01 
HOST RANGE EVOLUTION, 
RESISTANCE BREAKING, AND THE 
CONTROL OF VIRAL DISEASES IN 
CROPS 
 
Fernando García-Arenal 
Centro de Biotecnología y Genómica de Plantas UPM-INIA & E. T. S. 
de Ingeniería Agronómica, Agroambiental y de Biosistemas 
(ETSIAAB), Universidad Politécnica de Madrid. Spain. 
 
Plant pathogens may cause epidemics in crops with effects in 
human health and welfare comparable to those caused by 
human pathogens. Viruses are the second group of plant 
pathogens according to the number and relevance of the 
diseases they cause, which often decrease plant production by 
80% at the local or regional scales.  A major reason of the 
importance of viral diseases of crops is that available control 
strategies are few, being limited to reducing the amount and 
dispersion of inocula and to the use of genetically resistant 
crop varieties.  Particularly harmful are crop diseases caused 
by emergent pathogens and, as is the case for humans and 
domestic or wild animals, viruses make the largest fraction of 
emergent pathogens of plants, accounting for about 47% of 
emergence events.  
Virus emergence in the population of a new host is a complex 
process. Among the ecological and evolutionary factors 
favouring emergence ecosystem simplification and host range 
have been underscored. Indeed, the host range of a pathogen is 
central to predicting disease risk, which is not independent of 
ecosystem simplification. Current hypotheses for disease risk 
– host diversity relationships are contradictory, with high host 
diversity predicting both increases and decreases in disease 
risk, and focus on specialist associations despite the 
widespread phenomenon of generalism. Our analyses of multi-
host – multi-pathogen systems demonstrate how plant viruses 
with broad host ranges respond to host diversity in different 
communities within agricultural landscapes in a scale-
dependent manner, and show habitat-specific host 
specialisation, i.e. facultative generalism. Host specialisation 
may involve adaptation to different hosts, which may be 
hindered by across-host fitness trade-offs. Across-hosts trade-
offs have been well documented, and the underlying 
mechanisms have been identified, in experimental systems. 
However, information on the role that across-host fitness 
trade-offs play in host-range evolution in nature, and on how 
this role is modulated by ecology, is scant.  
We have analysed the role of across-host fitness trade-offs in 
host range evolution in a specific case of emergence: the 
appearance and fixation in virus populations of genotypes 
overcoming the genetic resistance of host plants. Resistance 
breaking is a serious problem affecting the sustainability of 
plant disease control. Our studies have focussed on the 
tobamoviruses that infect pepper crops, usually controlled by 
resistance alleles at the L locus of Capsicum spp., bred into 
pepper cultivars. The tobamovirus-pepper interaction is 
according to a gene-for-gene model, so that resistance-
breaking results in the expansion of the virus host range. Long 
term epidemiological studies, and experiments with field 
isolates, showed that L-gene resistance-breaking may be 
hindered by penalties in within-host virus multiplication. 
Analyses of resistance-breaking mutants derived from 
infectious cDNA clones showed pleiotropic effects of 

resistance-breaking mutations on virus multiplication. The 
magnitude and sign of such pleiotropìc effects was modulated 
by external factors, e.g., the specific genotype of susceptible 
hosts and the type, single or mixed with other virus genotypes, 
of the infection. Resistance-breaking mutations had also 
pleiotropic effects on virus particle stability and survival in the 
environment, a life-history trait independent of the virus-host 
interaction that is not often considered in the study of host 
range evolution.  
Predicting emergence under such complex scenarios is quite a 
challenge, which we have approached by the development of 
spatially-explicit epidemiological models with realistic, 
experimentally determined parameters. 
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PLENARY SESSION 
VIRUS-HOST INTERACTION 
 
 
 

PL02 
MECHANISMS OF INNATE IMMUNE 
MODULATION BY DENGUE VIRUS 
(DENV) 
 
Ana Fernandez-Sesma1, PhD 
Department of Microbiology1, Icahn School, of Medicine at Mount 
Sinai. New York, NY, USA. 
 
Dengue virus (DENV is a Flavivirus that causes annual 
epidemics in tropical and subtropical areas of the world. Our 
group and others have shown that DENV can  efficiently block 
both the production and signaling of type I interferons (IFN) 
in susceptible cells, such as human dendritic cells (DCs), 
which are one of the main targets for DENV infection in vivo.  
We found that DENV utilize a novel mechanism of innate 
immune evasion mediated by the viral protease NS2B3 and its 
individual components. These viral proteins target and induce 
the degradation of different innate immune factors, including 
cGAS and STING, resulting in the inhibition of type I IFN 
production in infected cells. We found that the NS2B protein 
induces the degradation of cGAS in DEMV infected cells 
through an autophagy/lysosomal pathway. The efficient 
inhibition of type I IFN responses in the infected cells 
facilitates the establishment of productive infection in the host. 
The induction of this DNA sensing pathway of type I IFN 
production is triggered by mitochondria DNA that leaks into 
the cytoplasm in DENV infected cells. This mechanism of 
immune induction is triggered by danger signals rather than 
viral RNA and may be shared by different viruses. 
Funding:  
NIH/NIAID: 1R01AI07345, R21AI116022, 1U19AI118610. 
DoD/DARPA: HR0011-11-C-0094 
 
 
 

PL03 
VIRUS-HOST INTERACTION IN 
AFRICAN SWINE FEVER VIRUS 
INFECTION 
 
Miguel Ángel Cuesta-Geijo 1,2 , Lucía Barrado-Gil 1 , 
Inmaculada Galindo 1 , Raquel Muñoz-Moreno 3  and 
Covadonga Alonso 1. 
1 Department of Biotechnology, Instituto Nacional de Investigación y 
Tecnología Agraria y Alimentaria, INIA, Madrid, Spain; 2 
Department of Infectious Diseases, King’s College London School of 
Medicine, Guy’s Hospital, London SE1 9RT, UK; 3 Department of 
Microbiology and Global Health and Emerging Pathogens Institute, 
Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA. 
email: calonso@inia.es 
 
Interactions of viruses with their host cells are the result of a 
long-term adaptation finely tuned to optimize the cellular 
resources required by a given virus to infect its host cell 
successfully. On the other hand, the cellular responses to the 
invading agent would arm the innate and adaptive immunity 
and reorganize diverse signaling pathways including unfolded 

protein response, ER stress, autophagy and apoptosis that in 
turn would determine the fate of the infection. 
African swine fever (ASF) is a highly contagious viral disease 
of swine, which causes high mortality in domestic pigs and 
wild boars. ASF is caused by a large, double stranded DNA 
virus, ASFV, which replicates predominantly in the cytoplasm 
of host macrophages. The disease was mostly confined to 
Africa since it was eradicated from Europe at the middle of the 
last century. However, the disease spread in 2007 into 
Caucasus and reached the eastern territory of the European 
Union. Latest reports include an increasing list of EU countries 
and poses a high risk at the border of east Asian countries. Due 
to the absence of vaccines with protective efficacy, ASF 
represents a serious threat worldwide.  
We studied several host factors relevant for a productive 
infection. Starting from the molecules that are necessary for 
cell entry, we have followed the sequential steps and the 
molecular signatures required for ASFV uncoating at the 
endosomal pathway and the start of replication. In fact, ASFV 
trafficking through the endosomal pathway is the most 
consistent requirement for infection. 
We found that ASFV infection causes endosomal 
reorganization. ASFV remodels endosomal traffic and 
redistributes endosomal membranes to the viral replication site 
in order to build a compact viral replication organelle. 
Endosomal membranes could act as platforms providing lipids 
necessary for ASFV replication. We have analyzed using 
RNAseq, several molecules potentially implicated in these 
virus-host interactions. 
 
 
 

PL04 
A NEW MOUSE MODEL OF HEPATITIS 
DELTA VIRUS INFECTION SHOWING 
IMPORTANT FEATURES OF HUMAN 
PATHOLOGY AND IDENTIFYING MAVS 
AS A KEY PLAYER IN IFN-B INDUCTION 
 
Carla Usai*1,2, Lester Suarez-Amaran*1,2, Marianna Di 
Scala1,2, Cristina Godoy3,4, Yi Ni5, Mirja Hommel1,2, 
Laura Palomo1,2, Victor Segura2,6, Cristina Olagüe1,2, 
Africa Vales1,2, Eduardo Salido7, Maria Buti3,4,11, Jesús 
Prieto1,8,9, Stephan Urban10, Francisco Rodriguez-Frias 
3,4,11, Rafael Aldabe1,2, Gloria Gonzalez-Aseguinolaza1, 2 
1Gene therapy and regulation of gene expression, FIMA , 2Instituto 
de Investigación Sanitaria de Navarra (IdiSNA), Pamplona, 
3Departments of Biochemistry and Microbiology, Hospital Vall 
d'Hebron, 4Centro de investigación biomédica en red: enfermedades 
hepáticas y digestivas (CIBERehd), Instituto de Salud Carlos III, 
Barcelona, Spain, 5Department of Infectious Diseases, University 
Hospital Heidelberg, Heidelberg, Germany, 6Bioinformatics Unit, 
FIMA, Pamplona, 7Department of Pathology, Centre for Biomedical 
Research on Rare Diseases (CIBERER), La Laguna, 8Instituto de 
Investigación Sanitaria de Navarra, Pamplona, 9Centro de 
investigación biomédica en red: enfermedades hepáticas y digestivas 
(CIBERehd), Instituto de Salud Carlos III, Paplona, Spain, 
10Department of Infectious Diseases, University Hospital Heidelberg, 
Heidelberg, Germany, 11Departments of Biochemistry and 
Microbiology, Hospital Vall d'Hebron, Universitat Autònoma de 
Barcelona, Barcelona, Spain  
 
Background and Aims: Studying hepatitis delta virus (HDV) 
and developing new treatments is hampered by the absence of 
small animal models. Here we describe a robust mouse model 
of HDV infection that mimics several important characteristics 
of the human disease.  
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Methods: HDV- and HBV-replication competent genomes 
were delivered to the mouse liver using adeno-associated 
viruses (AAV). Viral load, antigen expression and genomes 
were quantified at different time points after injection. Liver 
pathology, genome editing, and the activation of the innate 
immune response were evaluated. 
Results: AAVHDV infection initiated HDV replication in 
mouse hepatocytes. Genome-editing was confirmed by the 
presence of small and large-HDV antigens and sequencing. 
Viral replication was detected for 45 days, even after the 
AAVHDV vector had almost disappeared. In the presence of 
HBV, HDV infectious particles were detected in serum. 
Furthermore, coinfection was associated with the reduction of 
HBV antigen expression and the onset of liver damage that 
included the up-regulation of genes involved in the 
development of liver pathologies. HDV replication induced a 
sustained type-I IFN response, which was significantly 
ameliorated in immunodeficient mice and almost absent in 
MAVS-deficient mice.  
Conclusions: The animal model described here reproduces 
important characteristics of human HDV infection and 
provides a valuable tool for characterizing the viral infection 
and for developing new treatments. Furthermore, MAVS was 
identified as a main player in HDV detection and adaptive 
immunity was found to be involved in the amplification of the 
innate immune response. 
 
 
 

PL05 
LATENT HUMAN CYTOMEGALOVIRUS 
INFECTION - CHANGES IN THE 
LATENTLY INFECTED CELL WHICH 
OPTIMISE LATENT CARRIAGE AND 
REACTIVATION 
 
John Sinclair 
Department of Medicine, Cambridge University, UK 
 
Primary infection of the immunocompetent with the 
herpesvirus human cytomegalovirus (HCMV) is generally 
asymptomatic. However, in individuals with compromised or 
immature immune systems it can be life threatening. After 
primary infection, HCMV persists for the lifetime of the host 
which, at least in part, is due to the ability of HCMV to avoid 
immunesurveillance during lytic infection but also due to the 
ability of the virus to undergo a latent infection. Cellular 
latency is defined as genome carriage with viral transcription 
limited to a few latency-associated genes and no infectious 
virus production and it is now clear that viral reactivation from 
latency is also a major cause of disease in e.g. immune 
suppressed transplant patients. Furthermore, there is 
increasing evidence associating HCMV persistence with long-
term diseases (i.e. atherosclerosis, chronic graft rejection and 
neoplasias) and reactivation of latent HCMV is likely to be a 
major source of virus during persistence of this pathogen.  
Over the last 10 years or so, we and others have identified viral 
genes expressed during latent infection which result in 
multiple changes in cell functions associated with latent virus 
carriage. 
I will describe models of HCMV latency in the myeloid 
lineage; the profound effects on latently infected cells resulting 
directly from viral latent gene expression gene expression as 
well as latency-directed changes in cellular gene expression 

and how these result in phenotypic changes in the latently 
infected cell which optimise latent carriage. 
Such analyses will allow a more comprehensive understanding 
of how this human pathogen persists for the lifetime of the host 
and also identify changes in the latently infected cell  which 
could be exploited for chemotherapeutic targets with an aim to 
eliminating latent virus. 
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PLENARY SESSION 
EMERGING ARBOVIRUSES 
 

PL10 
ARBOVIRUSES OF CONCERN FOR 
ANIMAL HEALTH IN SPAIN: WEST NILE, 
USUTU AND BAGAZA VIRUSES 
 
Miguel Ángel Jiménez Clavero  
INIA-CISA, Valdeolmos, Spain 
 
In the recent years, the World is witnessing an outstanding 
upsurge of arthropod-borne viral (arboviral) diseases. Old-
known arboviruses geographically restricted to tropical and 
subtropical areas in the past, now have reached unprecedented 
geographic ranges, emerging in temperate regions far beyond 
their usual distribution. That is the case of West Nile virus 
(WNV), which has undergone an extraordinary territorial 
expansion in the last two decades from its restricted endemic 
range in tropical parts of Africa, Asia and Oceania, now 
reaching the Americas, from Canada to Argentina, as well as 
Southern and Eastern Europe, the Middle East and Northern 
Africa. In parallel, another African arbovirus, Usutu virus 
(USUV), has also undergone an outstanding territorial 
expansion, from its first detection outside Africa in 2001 in 
Vienna, Austria, to its current expansion to most Central and 
Western Europe, North of Africa and the Middle East.  WNV 
and USUV share many features: both belong to the Japanese 
encephalitis serogroup within the flavivirus genus, 
Flaviviridae family; both are transmitted by mosquito bites, 
mainly those belonging to the Culex genus, and are maintained 
in nature by wild birds, which act epidemiologically as 
reservoir hosts, as well as likely vehicles for their spread. Also, 
both are zoonotic, that is, they affect humans and therefore 
represent a public health threat. A third mosquito-borne 
flavivirus emerged  recently in Spain: Bagaza virus (BAGV), 
which was first detected in 2010 in Cádiz province, Andalusia, 
causing severe neurological disease outbreaks in wild bird 
populations, in particular in game birds like red-legged 
partridges and common pheasants. This virus is synonymous 
to Israel turkey meningoencephalitis virus (ITV), which 
affects turkey farms in Israel since it was discovered in the 
1950’s. In addition to Israel, ITV/BAGV has been detected in 
Sub-Saharan Africa (mosquitoes), South Africa (turkeys) and 
India (mosquitoes). Indirect evidence obtained in this last 
country suggests that BAGV could be zoonotic, though this 
issue needs further assessment. 
The emergence of several mosquito-borne, avian-hosted 
flaviviruses in the same territory challenges our current 
knowledge, inquiring on new questions relevant to animal and 
public health, diagnostic procedures, prevention measures and 
surveillance plans. WNV and USUV have reached a wide 
distribution in Europe and the Mediterranean basin, and are 
now co-circulating in many locations around these areas. In 
addition, BAGV has joined WNV and USUV in some of these 
areas like Spain and the Middle East. This “flavivirus tern” 
deserves special attention, particularly in Spain, where only 15 
years ago none of these three viruses had ever been reported.  
Firstly, laboratory diagnosis is hampered as a consequence of 
extensive cross-reactions due to molecular and antigenic 
similarities between flaviviruses. Hence, the development of 
new methods capable of distinguishing between these 
infections so as to allow their differential diagnosis is 
mandatory. Secondly, thorough studies are still needed to 
accurately define, at local levels, the vertebrate hosts and 

invertebrate vector species actually involved in the 
transmission cycles, and the species involved in spillover 
events. Furthermore, the existence of overlaps in their host and 
vector ranges is particularly relevant, since it may suggest 
potential crossed influences by either consecutive infections or 
even co-infections. In the vector, natural defence mechanisms 
may potentially prevent or at least interfere with the infection 
of a flavivirus occurring consecutive or simultaneously with 
that of another heterologous flavivirus. In the vertebrate host, 
infection with a flavivirus may affect a subsequent  infection 
with a second, different flavivirus, which, as a result, may 
either diminish or exacerbate its pathogenicity, through 
crossed immunity leading to protection or to adverse reactions 
(e.g. antibody-dependent enhancement), respectively.  
Research addressing some of these challenges has been 
developed in the last years by our group at INIA-CISA. The 
first WNV and BAGV isolations in Spain were carried out in 
our laboratory. In-depth characterization studies of these and 
many other flavivirus isolates shared by different collaborating 
laboratories, including Spanish Usutu virus obtained by our 
collaborators at ISCIII, have been undertaken. These studies 
included molecular sequencing and phylogenetic analysis, 
pathogenicity evaluation in mouse models, in vitro cross-
neutralization and in vivo cross-protection studies, as well as 
virulence and transmission (competence) studies in newly 
identified bird hosts. While this work is still in development, 
yet some interesting results can be outlined: the course of the 
infection with WNV, USUV and BAGV strains has been 
followed in experimentally inoculated wild birds such as 
partridges, pheasants, sparrows and coots. The phasianids 
(partridges, pheasants) studied resulted susceptible to infection 
by all flaviviruses tested, and highly susceptible to disease by 
infection with some of them. Host competence for virus 
transmission was shown strain-dependent, and contact 
transmission was verified in one case (BAGV in partridges).  
Also, a new set of first-line diagnostic tests has been 
developed, along with advances on sample selection with the 
aim to improving surveillance protocols. 
 
 

PL11 
VIROLOGICAL SURVEILLANCE OF 
HUMAN ARBOVIRUS INFECTIONS IN 
ANDALUSIA 
 
Mercedes Pérez Ruiz, José María Navarro-Marí 
Servicio de Microbiología, Hospital Universitario Virgen de las 
Nieves, Instituto de Investigación Biosanitaria, Granada, Spain 
 
Arbovirus infections are emergent in Spain. In the last two 
decades, alerts on West Nile, Chikungunya or Zika viruses in 
our geographical area have led to the development of national 
surveillance programs to manage cases and outbreaks. History 
of human arbovirus infections and arboviral surveillance 
programs implemented in Andalusia, summarised below, will 
be discussed. 
The first arbovirus described in Spain was Toscana virus 
(TOSV, Phlebovirus genus). The virus is endemic in 
Mediterranean countries and is transmitted by phlebotomine 
sandflies, being Phlebotomus perniciosus and P. perfiliewi 
their main vectors. 
In 1988, the first human cases of neurological infection by 
TOSV were identified in Granada province. Since then, cases 
have been yearly reported. Further research on phleboviruses 
in Granada province has been accomplished since 2003, 
focused on the following fields: seroprevalence studies, vector 
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surveillance, description of clinical manifestations of human 
infection, development of improved diagnostic tools for 
neurological cases and searching for animal reservoirs of the 
virus. 
Surveillance studies revealed an overall TOSV seroprevalence 
rate of 25%, which increased with age, up to 60% observed in 
people over 65 years old. This showed that TOSV is 
circulating in our area for a long period and that humans are 
exposed to the virus throughout the life. The clinical entity 
most frequently associated with TOSV infection is aseptic 
meningitis, which presents as benign and self-limited. TOSV 
is the second cause of aseptic meningitis in our area, only 
preceded by human enteroviruses. TOSV cases mainly appear 
within the warm months of the year, when the vector is 
circulating, and reaches its peak in August. Optimal diagnostic 
molecular methods developed by our team in collaboration 
with ISCIII may have contributed, in part, to the increased 
detection of TOSV cases. No vertebrate reservoir for TOSV 
was observed as no PCR-positive result was obtained among 
1186 serum samples from goats, sheep, dogs, cats, pigs and 
horses. 
In search of transmission vectors of TOSV within Granada 
province, other phleboviruses were found in phlebotomines. 
Subsequent characterisation of one of these viruses led to the 
description of a new phlebovirus, which was named Granada 
virus (GRV). Investigation of this virus in clinical samples 
demonstrated that 15.8% and 6.6% of the study population had 
serum IgG and IgM antibodies against GRV, although it was 
not associated with neurological disease. 
West Nile virus (WNV, Flavivirus genus) is transmitted to 
humans and other vertebrate animals by mosquito bites. In 
Spain, it was first isolated from wild birds in 2007, affecting 
horses and two humans in 2010. Since then, protocols have 
been updated for the control and management of this disease 
and now there is coordination between the Andalusian 
Department of Agriculture, Fisheries and Rural Development 
and the Department of Health. The surveillance from 2011 to 
2015 has also detected virus activity in horses in the region. In 
2016, a new WNV outbreak affected 68 horses from four 
Andalusian provinces, and three human cases of WNV 
infection were detected in these areas. 
Most of WNV infections in humans (approximately 80%) are 
asymptomatic and less than 1% develops severe disease such 
as meningitis, encephalitis, flaccid paralysis, myocarditis, 
pancreatitis or fulminant hepatitis. Current surveillance 
programs are focused on the detection of WNV neurological 
disease in humans, i.e. meningitis and encephalitis. It is worth 
noting that within the context of WNV surveillance in 2010 
and 2013, TOSV was the most frequent virus involved in 
meningitis cases in places where it had not been previously 
detected. 
Finally, sporadic human cases of other two arboviruses, 
Chikungunya virus (CHIKV) and Zika virus (ZIKV) have also 
been reported in Andalusia in the recent years. Unlike WNV 
and TOSV, all infections were imported. Only in one case, 
sexual transmission of ZIKV was confirmed. Although some 
clinical characteristics may differ between the infections 
caused by CHIKV and ZIKV, both are included in the 
differential diagnosis of suspected human cases returning from 
endemic areas, together with dengue virus. 
Antigen detection, serologic and molecular methods are tools 
to confirm human infection. Frequent cross-reactivity in 
serologic assays has been found among arboviruses of the 
same genus (ej. DENV and ZIKV); thus, neutralisation tests 
are required to confirm cases by serology in the absence of a 
positive PCR result. This limits laboratory diagnosis to 
reference centres equipped with the infrastructure for carrying 
out such techniques. 

In conclusion, autochthonous cases of WNV and TOSV have 
already been reported in Andalusia. Other arboviruses, such as 
CHIKV, DENV and ZIKV have demonstrated human 
infection although all cases have been imported from other 
endemic countries. Continuous surveillance of arboviruses is 
crucial in order to control and manage outbreaks by 
autochthonous and imported cases. 
 
 
 

PL12 
CRIMEAN-CONGO HEMORRHAGIC 
FEVER VIRUS IN SPAIN  
 
María Paz Sánchez-Seco Fariñas, Ana Isabel Negredo Antón 
Centro Nacional de Microbiología, Instituto de Salud Carlos III, 
Majadahonda, Spain 
 
Crimean-Congo hemorrhagic fever virus (CCHFV) is a 
zoonotic virus that causes outbreaks of hemorrhagic fever in 
human with a fatality rate up to 30%. The viral cycle is 
maintained by ticks of Hyalomma spp., serving as vectors and 
reservoirs of the virus and responsible for the worldwide 
distribution of the CCHFV. Viremia or antibody production 
has been demonstrated in vertebrate animals that suffer an 
asymptomatic infection. Transmission of CCHFV in human 
occurs through tick bites, direct contact with blood or tissues 
of infected livestock, person to person contact or by 
nosocomial infection. It is considered a biological high risk 
virus without available therapeutic tools.  
CCHFV belongs to the Nairovirus genus, family 
Bunyaviridae. It is a negative-stranded, enveloped RNA virus 
having a tripartite genome consisting of S, M and L segments, 
which encode the viral nucleocapsid, glycoprotein precursor 
and polymerase proteins, respectively. Unlike other viruses 
with a unique ecological niche, this virus has evolved 
separately in different geographical areas, giving rise to 20%, 
31% and 22% of nucleotide variability among virus S, M and 
L genome segments, respectively. The segment phylogenetic 
trees topologies documents seven distinct lineages, usually 
coherent between the three segments, although segment re-
assortment and recombination events also occur. 
In Spain, CCHFV genome was detected in ticks collected from 
red deer in Cáceres in 2010. The finding was confirmed using 
a different target at the S segment, and the analysis of the 
amplified fragment suggested the presence of an African 
related strain included in Genotype III.   
The National Center of Microbiology (Instituto de Salud 
Carlos III), as the National Reference Laboratory for zoonoses, 
is in charge of the diagnosis of this infection in humans and 
has been   working in the detection of the virus in ticks from 
2011.  
We have performed the diagnostic of CCHFV in 25 human 
suspected cases from 2010 (2 in 2012, 1 in 2013, 6 in 2014, 1 
in 2015, 12 in 2012 and 3 in 2017). A positive result was 
obtained by PCR in the serum of two patients on the 31 of 
August of 2016. They were the first and only, until now, 
autochthonous cases in our country.  The index case, bitten by 
an infected tick died, but fortunately the secondary case, a 
nurse infected while taking care of the index case survived. 
Some parameters regarding viral load or presence of the virus 
in fluids was performed in the laboratory. The sequence 
obtained in these cases is included in the Genotype III (the 
same found in ticks). 
From 2011 to 2015 we have also studied ticks mainly in 
Cáceres and we have obtained confirmed positive results in 
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2011, 2013 and 2015. The sequence obtained is, as previously 
said, from the Genotype III. 
Finally, from September 2016 to March 2017, a study 
coordinated by the Spanish Ministry of Health and including 
four Autonomous Communities (Castilla-León, Castilla-La 
Mancha, Madrid and Extremadura) was performed to search 
for the virus in ticks collected in wild or domestic animals. 
3,959 pools of ticks were studied and the virus was detected in 
128 of them (3.2%). Infected ticks were detected in each of the 
Autonomous Communities studied. 
All these results show that CCHFV is endemic in Spain. Since 
the distribution of the virus affects at least four Autonomous 
Communities, deeper studies to try to find out if the virus is 
present in other regions, how long the virus has been in the 
country before 2010, or the level of antibodies in animals and 
humans by seroprevalence studies are needed in order to better 
understand the real impact of the presence of the virus in 
Public Health. The strain circulating is pathogenic and can 
cause severe illness and death if no proper care is provided. 
However, since the virus has been in the country at least since 
2010 and only one case of CCHFV infection caused by the bite 
of a tick has been described, the risk for human infection is 
possible but it is considered as low.   
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PLENARY SESSION 
HEPATITIS C VIRUS 
 

PL13 
LESSONS FROM THE GEHEP 005 STUDY 
 
Antonio Aguilera on behalf of the GEHEP 005 study group 
Complejo Hospitalario Universitario de Santiago, Santiago de 
Compostela 
 
Hepatitis C virus (HCV) infection is a global public health 
problem that affects about 130-150 million persons 
worldwide. Given its wide genetic variability, HCV has been 
classified into seven main genotypes and many subtypes. The 
different genotypes and subtypes show complex geographical 
distribution patterns, which reflect the differences in their 
epidemiology, including routes of transmission, as well as 
historic and current trends of human migrations. The HCV 
infection epidemic continues to develop, and its 
epidemiological parameters have substantially changed over 
the last 15 years. Indeed, until preliminary data of this study 
were presented at the first GEHEP Conference in September 
2015, no up-to-date data on the prevalence and distribution of 
HCV genotypes and subtypes were available in Spain. Before 
this conference, the most recent epidemiological data available 
on HCV prevalence and distribution in Spain were established 
in 2012 using data from 1996-2004 period with a series of 
modifications based on expert opinion. In this context, bearing 
in mind that duration of treatment and the need to include 
ribavirin with new direct acting antivirals still partly depend 
on the HCV genotype and subtype, the GEHEP 005 study 
aimed, based on real patient data from different hospital 
centres all over Spain, to analyse the prevalence and 
distribution of HCV genotypes and the main subtypes in Spain, 
and their association with other epidemiological, clinical and 
virological factors. 
The GEHEP 005 study was designed as a national multicentre 
retrospective study that covered the 2000-2015 period and was 
initially open to all the Microbiology and Infectious Diseases 
Units that take part in SEIMC (the Spanish Microbiology and 
Infectious Diseases Society) and wished to participate. 
Twenty-nine hospitals from 10 Spanish Autonomous 
Communities (SCAs) enrolled and collected data from 48 595 
patients. GEHEP 005 is an anonymous epidemiological study 
which has been conducted in line with data confidentiality and 
anonymizing criteria according to the Ethics Committee’s 
indications and requirements which approved the study. 
Finally, this study was conducted by using a simple Excel-
folding database with demographic, clinical and virological 
data, which was partly or completely filled in with available 
HCV genotype/subtype data, and with data on gender, date of 
birth, geographical origin, the genotyping method used, route 
of transmission or risk group, coinfection with hepatitis B 
(HBV) and/or human immunodeficiency (HIV) viruses, 
response to different treatment regimens and cure rates. Data 
were obtained from microbiological and/or medical records, 
which corresponded to nonselected patients chronically 
infected with HCV that had been genotyped for this virus in a 
given centre during the study period. 
Chi-squared and Fisher’s exact tests were used for qualitative 
variables. For quantitative variables, Student’s t-test or the 
Mann-Whitney U-test were used according to normal or non-
normal distribution, respectively, as determined by the 
Kolmogorov-Smirnov test. Statistical significance was 
considered for P<.05. The SPSS v20.0 statistical package 
(Armonk, North Castle, New York, USA) was used to analyse 

data. The diversity of the HCV genotypes present in Spain in 
all the SACs and other geographical areas was calculated using 
the Shannon Index as previously reported. This numerical 
score is representative of the number and relative frequency of 
the genotypes for a given region. 
We report the largest study on the prevalence and distribution 
of HCV genotypes in Spain (2000-2015), and we relate them 
with clinical, epidemiological and virological factors. Patients 
from 29 hospitals in 10 autonomous communities (Andalusia, 
Aragon, Castilla-Leon, Catalonia, Galicia, Canary Islands, 
Madrid Community, Valencian Community, Murcia Region 
and Basque Country) have been studied. Annual distribution 
of HCV genotypes and subtypes, as well as gender, age, 
transmission route, HIV and/or HBV coinfection, and 
treatment details were recorded.  
The results correspond to the 2000-2015 period and belong to 
48595, nonselected patients with chronic HCV infection with 
the following characteristics: median age 51 years (IQR, 44-
58), 67.9% male, 19.1% HIV-coinfected, 23.5% HBV-
coinfected. Parenteral transmission route was the most 
frequent (58.7%). Genotype distribution was 66.9% GT1 
(24.9% subtype 1a and 37.9% subtype 1b), 2.8% GT2, 17.3% 
GT3, 11.4% GT4 and 0.1% GT5 and 0.02% GT6. LiPA was 
the most widely HCV genotyping test used (52.4%). HCV 
subtype 1a and genotypes 3 and 4 were closely associated with 
male gender, parenteral route of infection and HIV and HBV 
coinfection; in contrast, subtype 1b and genotype 2 were 
associated with female gender, nonparenteral route and mono-
infection. Age was related to genotype distribution, and 
different patterns of distribution and biodiversity index were 
observed between different geographical areas. Finally, we 
describe how treatment and changes in transmission routes 
may have affected HCV genotype prevalence and distribution 
patterns. We present the most recent data on molecular 
epidemiology of hepatitis C virus in Spain. This study 
confirms that genotype distributions vary with age, sex, HIV 
and HBV coinfection and within geographical areas and 
epidemiological groups. 
GEHEP 005 accurately describes the current situation of HCV 
epidemiology in Spain and contains the most recent data on 
genotype prevalence and distribution. The present study 
confirms that such distribution also varies slowly, but 
constantly, with time and does so for age, gender, and 
coinfections with other viruses that share the same 
transmission routes (HIV and HBV), given the treatment 
response effect, and also in different geographical regions and 
epidemiological groups. The data presented herein represent 
the most complete study to date that estimates the relative 
contribution of each HCV genotype to the epidemic of this 
virus in Spain. These data should be very helpful for the design 
and implementation of evidence-based measures and policies 
for the control of HCV infection in Spain. 
 
 
 

PL15 
VIRAL QUASISPECIES 
CHARACTERIZATION BY NGS 
 
Josep Gregori, PhD 
Roche Diagnostics S, Sant Cugat del Vallès, Barcelona, Spain 
Liver Unit, Lab 06, VHIR, Barcelona, Spain  
Ciberehd, Instituto Carlos III, Madrid, Spain+ 
 
The characterization of a viral quasispecies through diversity 
indices poses multiple challenges, with still open questions. 
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The lesser of these questions is computation. Just an alignment 
of haplotypes with their respective abundances is required to 
compute whatever diversity/complexity index. 
With up to 1012 virions generated daily in a single HCV 
patient, and a replication error rate of 10-4-10-3, the number 
of haplotypes generated might be over 106, with abundances 
ranging from a single to thousands of millions of molecules 
per haplotype. The most basic and essential of these open 
questions is quasispecies sampling. By classical cloning the 
affordable number of clones is too limited. By NGS we are still 
far from sampling a significant fraction of this huge 
population, with the additional limitation caused by the 
exclusion of rare haplotypes by a required abundance filtering 
step.  
Beyond the statistical issues behind some diversity indices, a 
bigger concern is how a quasispecies can be characterized with 
clinical value. Is there any haplotype abundance threshold 
setting the border to obtain this value? Are low 
fitness/defective variants contributing worth data or just noise?  
What could be the expected weight of all rare haplotypes 
respect to the whole quasispecies? Providing a limiting or 
approximate answer to these questions is essential to obtain 
value from our NGS experiments. 
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PLENARY SESSION 
TRENDS IN VIROLOGY 
 

PL16 
POINT-OF-CARE (POC) TESTING IN 
CLINICAL VIROLOGY 
 
Andrés Antón Pagarolas 
Respiratory Viruses Unit, Microbiology Department, Hospital 
Universitari Vall d’Hebron, Vall d’Hebron Institut de Recerca, 
Barcelona 
 
Point-of-care tests (POCT) involve those analytical or 
diagnostic tests performed in a setting distinct from a 
laboratory-based hospital by non-laboratory staff, but also, 
those performed at the laboratory emergency room as a rapid 
alternative to conventional tests. Some key features distinguish 
POCT. Unlike conventional tests, they do not need significant 
laboratory infrastructures, specialized equipment or training in 
order to be performed, since they are designed to be easy to 
use and interpret. These characteristics have made them very 
useful in developing countries. In the field of clinical 
microbiology in developed countries, the most important 
issues are often the early identification of a contagious disease 
that requires patient isolation, as well as, the precise diagnosis 
of infection to identify the need for immediate appropriate 
treatment or hospitalisation. POCT reduce the time between 
sample collection and diagnosis, thus optimizing medical 
decisions regarding the patient management to improve the 
clinical outcome. However, this is only true if the delivered 
result is accurate and reliable. Indeed, POCT should not be a 
replacement for conventional laboratory testing but rather a 
supplement to it. In addition, the network connectivity of the 
different POCT to the laboratoy information system of a 
centralized reference hospital allows the real-time analysis of 
the data, and therefore, enables local epidemiological 
surveillance. However, their cost-effectiveness depends on 
their sensitivity, specificity, predictive values, turnaround time 
and cost. The future improvement in these aspects will make 
POCT even more cost-effective, and will enable health 
interventions to promote its use for improving patient care, 
either at the hospital or at the Primary and Community Care 
settings. The wide use of POCT might be one of the main 
changes, and challenges, in diagnostic clinical virology during 
the 21st century. 
 
 
 

PL18 
BIOTECHNOLOGICAL TOOLS DERIVED 
FROM PLANT VIRUSES 
 
José Antonio Darós 
Instituto de Biología Molecular y Celular de Plantas (CSIC-
Universidad Politécnica de Valencia), Valencia 
 
Higher plants host a large variety of viruses, representing 
many families and genera, and including almost all kind of 
viral genomes and genome replication and gene expression 
strategies found in nature. However, all plant viruses share a 
common property; they have small genomes. Plant viroids can 
be considered the ultimate step in this sense, since they 
exclusively consist of a small (246-401 nt) circular non-

protein-coding RNA. Despite the limited coding capacity of 
these small genomes, plant viruses are able to quickly 
complete a complex infectious cycle when transmitted to the 
appropriate host, producing a large progeny and, in some 
cases, the remarkable accumulation of some of the viral 
proteins. Due to genome simplicity, easy transmission, 
outstanding biological properties, production of interesting 
nanoparticles and facility to scale-up host cultivation, plant 
viruses have been long envisioned as potential tools in plant 
biotechnology. 
 
Potyviruses are a prominent group of plant viruses whose 
genome consists of an about 10 000 nt plus-strand RNA with 
a single main open reading frame that is translated in a 
polyprotein, which is processed by three viral-encoded 
proteases. Chief between them is NIaPro that performs most 
cleavages in the potyviral polyprotein with exquisite 
specificity. Starting from an infectious clone of Tobacco etch 
virus (TEV), we could simultaneously express three 
heterologous proteins in equimolar amounts in the same 
subcellular location in plants. For this, we inserted the cDNAs 
corresponding to the three proteins between two viral cistrons 
in a way that, after translation, heterologous proteins were 
flanked by native and synthetic NIaPro cleavage sites. We 
thought of applying this principle to plant metabolic 
engineering. Plants are endowed with a rich secondary 
metabolism and produce and extraordinary variety of 
compounds of pharmaceutical, nutritional and industrial 
interest. However, most approaches to engineer plant 
metabolism rely on tedious and unpredictable stable 
transformation of plants. First, we showed that the TEV-
mediated co-expression of two transcription factors, 
Antirrhinum majus Rosea1 and Delila, induced the expression 
of a series of biosynthetic genes that culminate in a vast 
accumulation of anthocyanins in infected tissues. 
Anthocyanins are a class of plant pigments responsible of 
many of the vivid colors of fruits and flowers. Dietary 
anthocyanins are antioxidant compounds that have attracted 
attention due to their health-promoting properties. Using a 
Potato virus Y (genus Potyvirus)-derived vector that expresses 
Rosea1, we have recently demonstrated that, in as little as 12 
days, infected leaves accumulate anthocyanins to levels above 
those present in fruits and vegetables well known and 
appreciated for their high anthocyanin content, like 
blackberries, red cabbage or blueberries. Using TEV as a 
vector to coexpress three carotenogenic enzymes from 
bacterial (Pantoea ananatis) origin, we have also demonstrated 
the rewiring of the plant carotenoid biosynthetic pathway to 
the cytosol with the production of lycopene crystals. Again, 
lycopene is an appreciated antioxidant compound with health 
promoting properties. 
 
As a collateral result of our research, we found that the sole 
expressions of the A. majus transcription factor Rosea1 and the 
P. ananatis phytoene synthase (crtB), in the context of different 
plant virus infectious clones, is sufficient to induce red and 
yellow pigmentation, respectively, of infected tissues to levels 
that are readily visible to the naked eye. We observed that 
pigmentation is cell-autonomous, only occurs in those tissues 
invaded by the labelled viruses, and the color intensity 
correlates with viral load. This observation has allowed us to 
develop a system to visually track the infection dynamics of 
plant viruses. While Rosea1 and crtB are similar in size to 
other classic markers like the green fluorescent protein, they 
do not require any kind of instrumentation to detect the 
infected tissue. 
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Our recent work also shows that, similarly to viruses, plant 
viroids can also be engineered into biotechnological tools, not 
to produce proteins or metabolites but to produce recombinant 
RNAs. While we researched the ligation of Eggplant latent 
viroid (ELVd, family Avsunviroidae) replication 
intermediates by the chloroplastic isoform of eggplant tRNA 
ligase in Escherichia coli, we noticed that the mature viroid 
circular forms accumulated to extraordinary amounts in the 
bacterial cells. Although the absence of replication 
intermediates discards viroid replication in E. coli, viroid 
transcripts are efficiently processed by the embedded 
hammerhead ribozymes and the monomeric intermediates 
circularized by the co-expressed tRNA ligase. Our results 
suggest that both molecules form a ribonucleoprotein complex 
that transitorily accumulates to vast amounts in E. coli. By 
grafting RNAs of interest into a particular position in the 
ELVd molecule, we have shown that they are produced and 
accumulated along the viroid in the same vast amounts. This 
way, using viroids as vectors, we can easily produce milligram 
amounts of aptamers, such as the fluorescent Spinach, 
extended hairpins like those inducing RNA silencing in many 
systems or the structured RNAs that guide nucleases in the 
CRISPR systems. 
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YOUNG VIROLOGIST AWARD 
CONFERENCE 
 
PL19 
DECIPHERING VIRUS-HOST CELL 
INTERACTIONS DURING FOOT-AND 
MOUTH DISEASE VIRUS AND WEST 
NILE VIRUS INFECTION: FROM BASIC 
KNOWLEDGE TO VACCINE 
IMPROVEMENT AND ANTIVIRAL 
DEVELOPMENT 
 
Miguel A. Martín-Acebes 

Dpto. Biotecnología, INIA, Madrid Ctra. Coruña Km. 7,5, Madrid, 
28040 
 
As obligate intracellular pathogens viruses co-opt multiple 
host cell factors to complete their life cycle. My research 
career has been mainly focused on the characterization of the 
interactions between RNA viruses and the host cell during 
viral infections by using two major models: the picornavirus 
foot-and-mouth disease virus (FMDV) and the flavivirus West 
Nile virus (WNV). FMDV is a non-enveloped small RNA 
virus responsible for a highly contagious disease that affect 
important livestock species with devastating consequences. 
Our results have provided a detailed view of the mechanism of 
entry and uncoating of this pathogen, including the 
involvement of host factors such as clathrin, dynamin, and Rab 
GTPases. In addition, we have centered our efforts on the 
characterization of the mechanistic of FMDV uncoating, 
which is triggered by the mildly acidic pH inside cellular 
endosomes where FMDV particles are internalized. Through a 
genetic approach based on the isolation and characterization of 
FMDV mutants, the regions of the viral capsid that control the 
pH stability of the particle have been characterized. 
Interestingly, some of these mutants displayed highly stable 
capsids, and thus constitute improved vaccine candidates that 
could cope with the actual problems of antigen stability of 
inactivated FMDV vaccines. My other major research line has 
pursued the identification of host factors involved in flavivirus 
infection, mainly using WNV as a model, but also extending 
our investigations to Usutu virus and, more recently, to Zika 
virus. WNV is a re-emerging mosquito-borne pathogen 
responsible for worldwide outbreaks of meningitis and 
encephalitis affecting humans and horses. We have 
characterized some of the cellular requirements for the 
replication of WNV and related flaviviruses, with especial 
focus in the role of autophagy and the identification of the 
cellular lipid metabolism as a key player during flavivirus 
infection. Our results have provided evidence for the 
requirement of a broad panel of lipids to complete the 
flavivirus life cycle. The identification of cellular enzymes 
regulating the metabolism of these lipids (acetyl-coenzyme A 
carboxylase, fatty acid synthase, acid and neutral 
sphingomyelinases, and sphingomyelin synthase) has 
provided novel targets for antiviral intervention. 
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PARALLEL SESSION 
DIAGNOSTIC IN CLINICAL 
VIROLOGY 
 

PA01 
HOW GENOMIC TOOLS COULD 
IMPROVE OUR BIOPREPAREDNESS?: 
PATHOGEN DISCOVERY, NEAR REAL-
TIME ADVANCED CHARACTERIZATION 
AND IMMUNOMICS 
 
Gustavo Palacios 
Center of Genome, US Army Medical Research Institute of Infectious 
Diseases (USAMRIID), Fort Detrick, Frederick, USA 
 
Whole  genome  sequencing  has  been  extensively  used  in  
the  past  to  characterize disease outbreaks. However, these 
activities have been typically performed after the threat has 
subsided, mainly due to the difficulties of first-responders to 
engage in “research”  activities  not  considered  crucial  to  the  
public  health  response.  Next- generation sequencing (NGS) 
has revolutionized the field allowing the generation of whole  
viral  genome  sequences  in  “near  real-time”  and  providing  
information relevant for the reconstruction of transmission 
chains, for understanding the spatial movement of the virus, 
and for dating introduction events. In my presentation, I will 
go over recent advances in Genomics that have an impact on 
outbreak management and could potentially translate in a 
shortened path for R&D for medical countermeasures. 
 
 
 

PA02 
IMPORTANCE OF QUALITY 
ASSURANCE IN VIRUS DIAGNOSTICS 
 
Oliver Donoso Mantke 
Quality Control for Molecular Diagnostics (QCMD), Glasgow, UK 
 
Evaluación externa de la calidad (EEC); diagnóstico 
molecular; virología 
Molecular technologies provide the foundation to the 
diagnostic virology laboratory and are routinely used to 
support clinical decisions based on when and how to treat 
patients as well as monitor the effectiveness of a therapeutic 
regime and identify any potential drug resistant strains that 
may impact on the long-term patient treatment. Therefore, 
having confidence in the reliability of the result provided by 
the laboratory to the clinician is essential for patient treatment. 
Quality assurance measures are fundamentally important to 
ensuring that the laboratory meets the necessary regulatory 
requirements, and in many countries participation within an 
External Quality Assessment (EQA) scheme is becoming a 
mandatory requirement if a laboratory is to be eligible for state 
reimbursement of a specific molecular based diagnostic assay. 
Advances in nucleic acid detection, quantification, and 
sequence analysis have led to considerable improvements in 
the diagnosis, management and monitoring of viral diseases. 
However, with many different molecular assays available from 
commercial manufacturers or laboratory development (in-
house assays) in use by clinical and molecular microbiology 

laboratories worldwide, monitoring performance across 
method / technology types through EQA and peer-group 
comparison is essential for ensuring the appropriateness and 
clinical effectiveness of the molecular virology diagnostic 
service. 
Quality Control for Molecular Diagnostics (QCMD) is an 
independent International External Quality Assessment (EQA) 
/ Proficiency Testing (PT) organisation, which provides a 
wide-ranging quality assessment service primarily focused on 
molecular diagnostics of infectious diseases with over 9000 
participant registrations from over 100 countries. 
The aim of EQA schemes is to help monitor and improve 
quality within the clinical laboratory by assessing a 
laboratory's ability to use molecular diagnostic techniques and 
technologies within the routine clinical setting. The QCMD 
EQA programmes support the clinical laboratory's regulatory 
requirements (ISO15189 or equivalent) and are also 
educational in application. QCMD provides reports and 
practical feedback to the participants which allows them to 
identify and resolve potential problems whilst monitoring the 
effectiveness of their laboratory quality assurance processes. 
The modern clinical and molecular microbiology laboratory 
faces multiple clinical and regulatory challenges. The format 
of an EQA scheme must meet these challenges. It should be in 
line with regional regulatory requirements, but importantly it 
should be “state-of-art” with current clinical relevance and 
practice as well as technological developments. The QCMD 
EQA programmes consist of basic / regulatory (CORE) and 
educational panel members. Thus, a participating laboratory is 
assessed according to the regulatory requirements through the 
core proficiency samples in order to show an acceptable level 
of performance and also has the comfort to know that the 
proficiency programme is educational and informative by 
comprising analytical aspects such as sensitivity or specificity 
regarding other clinically important pathogens and types. The 
panel size of each QCMD EQA programme allows the 
laboratory to get the greatest benefit from the EQA results in 
order to evaluate the own laboratory / method performance. 
QCMD EQA programmes are important and challenging while 
assuring the quality in laboratory diagnostics. 
 
 
 

PA03 
UTILITY OF A MULTIPLEX PCR IN THE 
RAPID DIAGNOSTIC OF VIRAL 
RESPIRATORY INFECTIONS 
 
Iván Sanz Muñoz 
Centro Nacional de Gripe, Valladolid 
 
Acute respiratory infections and pneumonia causes in Spain 
around 10,000 annual deaths, which represents over 2.5% of 
total deaths registered in this country. This number have been 
increasing continuously in the last years, being the respiratory 
viruses one of the most representative pathogens causing this 
type of syndromes, mainly due to their seasonality. 
One of the main problems for the diagnosis of viral respiratory 
infections is the great variability of viruses from different 
families that can be responsible of these respiratory 
syndromes. In fact, even respiratory infections caused by 
bacterial pathogens as M. pneumoniae, C. pneumoniae or B. 
pertussis can induce clinical pictures that are similar to those 
induced by respiratory viruses. Some of these syndromes drive 
with unspecific symptoms as fever, malaise, rhinorrhea, or 
cough, which can be caused by respiratory viruses, atypical 
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bacteria, or even by other non-infectious syndromes, as 
allergic reactions or some autoimmune or hematologic 
diseases. This issue greatly hinders the performance of an 
accurate clinical diagnostic and also for the care and the 
specific actions that must be taken for the treatment of each 
patient. Because of that, it is indispensable the collaboration of 
the clinical units and the microbiology services to take a proper 
care of individuals affected by respiratory viruses. 
The diagnostic of respiratory infections has been traditionally 
performed using culture, biochemical test and also immune-
chromatographic techniques, both for bacteria and viruses. 
However, these methods have at this moment a low cost-
effective value because are laborious techniques that consume 
a great amount of material and human resources, and also large 
lapses of time. Also these techniques offer a limited sensitivity 
value. In fact, the viral culture shows a sensitivity value over 
50% and consume between 48 and 72 hours from the 
beginning of this technique till the obtaining of a valid result. 
This issue is increasing because respiratory infections caused 
by more than one virus have been increasing constantly since 
the emergence of influenza pandemic virus in 2009, so this 
type of classical methods can be underreporting these 
respiratory infections. The appearance of new molecular 
diagnostic methodologies since more than one decade has 
revolutionized the microbiology diagnostic, above all in the 
case of the viruses which have fewer classical alternatives for 
their identification. The evolution of the molecular techniques 
have allowed the simplification of these procedures, the 
increasing of the number of different pathogens that can be 
detected in the same reaction, and also the reduction of the 
amount of the necessary reagents and the cost of them.  
Most of the currently used protocols for molecular diagnostic 
are useful for the routine diagnostic of biological samples from 
patients that require a microbiologic diagnostic during their 
hospitalization. However, the next generation of molecular 
diagnostic test has the aim of focus on the urgent clinical 
needs. Currently it exist several fast PCR platforms (Point-of-
care type molecular diagnostic) that allow performing an 
accurate and quick molecular diagnostic in approximately 45 
minutes - 1 hour. This fact allow that in a short lapse of time 
can be administered, changed or even eliminated a specific 
antibiotic therapy, isolate an infected patient, or even 
discharge him if the infection is self-limited and can be self-
treated at home. The use of these type of rapid diagnostic 
protocols is specially designed for the cases in those the time 
is vital for a diagnostic, as in Urgency units, in case of hospital 
outbreaks, sepsis code, etc., and above all in pediatric and adult 
patients than suffer chronic underlying diseases and those that 
present risk factors. 
 
 
 

PA04 
RESPIRATORY VIRAL INFECTIONS. 
EPIDEMIOLOGICAL OR CLINICAL 
INTEREST? 
 
Cristina Calvo 
Servicio de Pediatría, Enfermedades Infecciosas y Tropicales. 
Hospital Infantil La Paz. 
 
The epidemiological interest in knowing the etiology of viral 
infections is beyond doubt. For this reason, epidemiological 
surveillance is maintained for such transcendental infections 
as influenza, which allows us not only to take preventive 
measures, but also to allocate resources at the right time, in the 

annual epidemics of respiratory syncytial virus (RSV) or 
influenza. Confirmation of influenza virus infection also 
allows appropriate treatment with oseltamivir in cases of risk, 
mainly in hospitalized patients or with underlying diseases. 
But with the exception of influenza, the remaining respiratory 
infections associated with respiratory viruses are not usually 
treated with antivirals. It is therefore not uncommon to hear 
that the usefulness of knowing the etiology of viral infections 
is merely epidemiological or that it is only important to 
establish hospital cohorts of patients in order to avoid 
nosocomial infection. But is this true?  
Respiratory infections are the leading cause of hospitalization 
in the pediatric population, with the majority of them being of 
viral etiology. However, a very important percentage of 
children who require hospitalization receive antibiotic 
treatment, without any bacteriological confirmation, due to the 
fact of having a fever or a radiological infiltrate. The 
unjustified use of antibiotics is not free, and leads to the 
emergence of multiresistant bacterial strains, for which we do 
not have adequate treatments. Although this is more frequent 
in adults1, we are already witnessing the presence of 
multiresistant infections also in the paediatric setting2. 
In addition to respiratory infections in the upper airways, 
respiratory viruses are associated with infections of lower 
respiratory tract with wheezing and bronchospasm, usually 
preceded by common cold, with or without fever. This has 
been clearly demonstrated with the introduction of molecular 
diagnostic techniques, and so up to 70% of wheezing cases in 
childhood will be associated with a viral infection3. But some 
of the viruses that are associated with episodes of wheezing 
frequently cause high fever, such as adenovirus (HAdV)4, 
human bocavirus (HBoV)5, or metapneumovirus (hMPV)6, 
misleading the Paediatrician into believing he is faced with a 
bacterial infection. For hMPV infections, we generally find a 
young infant less than 6 months, with  bronchiolitis or 
bronchospasm, hypoxia, often with high fever and after the 
RSV season has passed. Ignorance of the causative agent will 
in many cases lead to the use of empirical antibiotic therapy. 
Infections with HAdV, HBoV and influenza are often 
associated with fever and, in analytical terms, usually lead to 
leukocytosis and an initial rise in phase reactants, which 
undoubtedly contributes to the possibility of being a bacterial 
infection. If to all the above, we add the presence of an 
infiltrate in X-ray, difficulty in making decisions is even 
greater. Although we know that the presence of wheezing 
associated with an infiltrate is the most reliable data with the 
viral etiology7, it is not surprising that these patients receive 
antibiotics, given the low yield of available bacteriological 
studies. 
It seems clear, then, the usefulness of knowing in clinical 
practice, if we have a viral infection, is at least as important as 
its epidemiological value. It can help us to avoid unnecessary 
antibiotics in viral processes and in the worst case, to remove 
them and to de-escalate in those cases where they were initially 
used and in which a respiratory virus is reasonably 
demonstrated to be involved. Obviously, we need reliable 
techniques, with good sensitivity and specificity, in a 
reasonable time that supports us in the daily clinic to make 
appropriate decisions. 
Going back to the beginning. When can a virological test help 
us in clinical practice? Always.  
1.Ríos E, López MC, Rodríguez-Avial I, Culebras E, Picazo 
JJ. Detection of Escherichia coli ST131 clonal complex 
(ST705) and Klebsiella pneumoniae ST15 among faecal 
carriage of extended-spectrum β-lactamase- and 
carbapenemase-producing Enterobacteriaceae. J Med 
Microbiol. 2017 Feb;66(2):169-174.  
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2.Zerr DM, Weissman SJ, Zhou C, Kronman MP, Adler AL, 
Berry JE, Rayar J, Myers J, Haaland WL, Burnham CD, 
Elward A, Newland J, Selvarangan R, Sullivan KV, Zaoutis T, 
Qin X. The Molecular and Clinical Epidemiology of 
Extended-Spectrum Cephalosporin- and Carbapenem-
Resistant Enterobacteriaceae at 4 US Pediatric Hospitals. J 
Pediatric Infect Dis Soc. 2017 Jan 19. doi: 
10.1093/jpids/piw076. [Epub ahead of print] 
3.García-García ML, Calvo C, Falcón A, Pozo F, Pérez-Breña 
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4.Calvo C, García-García ML, Sanchez-Dehesa R, Tabares A, 
Roman C, Pozo F, Casas I. Eight year prospective study of 
adenoviruses infections in hospitalized children. Comparison 
with other respiratory viruses. PLoS One. 2015 Jul 
6;10(7):e0132162. 
5.Calvo C, García-García ML, Pozo F, Carballo D, Martínez-
Monteserín E, Casas I. Infections and coinfections by 
respiratory human bocavirus during eight seasons in 
hospitalized children. J Med Virol. 2016 Dec;88(12):2052-
2058. 
6.García-García ML, Calvo C, Rey C, Díaz B, Molinero M, 
Pozo F, Casas I. Human metapneumovirus infections in 
hospitalized children and comparison wiht other respiratory 
viruses. 2005-2014 Prospective study. PLoS One. 2017 Mar 
16;12(3):e0173504.  
7.García García ML; Calvo C, Ambrona P, Pérez-Breña P, 
Pozo F, Casas I. Spectrum of respiratory viruses in children 
with community acquired pneumonia. Ped Infect Dis J. 2012; 
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PA05 
RNA ELEMENTS REGULATING HOST 
RANGE AND CAP-INDEPENDENT 
TRANSLATION OF PLANT VIRUS mRNAs 
 
Manuel Miras, Verónica Truniger and Miguel A. Aranda 
Centro de Edafología y Biología Aplicada del Segura (CEBAS-CSIC), 
apdo. correos 164, 30100 Espinardo, Murcia  
 
Viral protein synthesis is completely dependent upon the host 
cell’s translational machinery. Canonical translation of host 
mRNAs depends on structural elements such as the 5’ cap 
structure and/or the 3’ poly(A) tail of the mRNAs. Although 
many viral mRNAs are devoid of one or both of these 
structures, they can still translate efficiently using non-
canonical mechanisms. Internal ribosome entry sites (IRES) at 
the 5´-untranslated regions (UTRs) are the most frequently 
found non-canonical translation control elements in animal 
virus mRNAs. Unlike animal viruses, plant viruses belonging 
to the families Tombusviridae and Luteoviridae contain cap-
independent translation enhancer elements (CITEs) at their 3´-
UTRs. Most 3’-CITEs have in common their ability to bind 
translation initiation factors of the eukaryotic translation 
initiation factor (eIF) 4E or eIF4G families, as well as the 
presence of small sequence stretches within or near the 3’-
CITE capable of base-pairing to sequences in the 5’-UTR of 
the mRNA to establish long-distance RNA:RNA interactions. 
They recruit translation initiation factors leading to ribosome 
entry at or near the 5’ terminus followed by ribosome scanning 
to the initiation codon; therefore, in contrast to IRESes, 3’-
CITEs do not promote internal ribosome entry. Through our 
work, we have shown that translation initiation of Melon 
necrotic spot virus (MNSV) (genus Carmovirus, family 
Tombusviridae) mRNAs is controlled by 3´-CITEs (Truniger 
et al., 2008; Miras et al., 2014). By exploring the natural 
diversity of MNSV, we have identified three different 3´-
CITEs in different isolates, showing that at least two of them 
have been acquired by interfamilial recombination (Díaz et al., 
2004; Miras et al., 2014). The MNSV-Mα5 3´-CITE controls 
translational efficiency of viral mRNAs in an eIF4E-dependent 
manner. Minimal MNSV-Mα5 3´-CITE (Ma5TE) maps to a 
45-nucleotide sequence, and consists of a stem-loop structure 
with two internal loops, similar to other I-shaped 3´-CITEs. 
UV-crosslinking followed by gel retardation assays indicated 
that Ma5TE interacts in vitro with the complex formed by 
eIF4E+eIF4G980-1159, but not with each subunit alone or 
with eIF4E+eIF4G1003-1092, suggesting binding either 
through interaction with eIF4E following a conformational 
change induced by its binding to eIF4G980-1159, or through a 
double interaction with eIF4E and eIF4G980-1159. 
Footprinting experiments revealed critical residues for this 
interaction, which reside in an internal bulge of Ma5TE, so that 
their mutation abolished binding to eIF4E+eIF4G980-1159 
and cap-independent translation. Mutations in eIF4E were 
tested to asses Ma5TE-driven cap-independent translation 
using an in vivo experimental system, showing that conserved 
eIF4E amino acids (i) in a positively charged RNA-binding 
motif around amino acid position 228, (ii) implicated in eIF4E-
eIF4G binding or (iii) belonging to the cap-recognition pocket, 
are essential for cap-independent translation controlled by 
Ma5TE and thus for multiplication of MNSV (Miras et al., 

2016; Miras et al., unpublished). On the other hand, the also I-
shaped 3´-CITE of MNSV-264 confers this virus the ability to 
infect melon plants otherwise resistant to MNSV, as well as 
non-host species like N. benthamiana and Gomphrena globosa, 
functioning in a eIF4E-independent manner (Díaz et al., 2004). 
Finally, the recently characterized MNSV-N isolate contains 
two 3´-CITEs in its 3´-UTR, one which is structural and 
functionally identical to Ma5TE, and the other which belongs 
to a newly identified structural class consisting of two small 
stem loops radiating from a central bulge. This new 3´-CITE 
was acquired from Cucurbit aphid-borne yellows virus (genus 
Polerovirus, family Luteoviridae) by interfamilial 
recombination, is responsible for the MNSV ability to infect 
resistant melons but not N. benthamiana or Gomphrena 
globosa, and is eIF4E-independent (Miras et al., 2014). In 
conclusion, our results and those of other authors suggest that 
the underlying mechanisms controlling host susceptibility to 
RNA viruses include subtle and very specific interactions 
between viral 3´-CITEs and host translation initiation factors, 
and point toward molecular targets for breeding new crop 
virus-resistant varieties.  
References 
Díaz J.A., Nieto C., Moriones E., Truniger V., Aranda M.A. 
(2004). Molecular characterization of a Melon necrotic spot 
virus strain that overcomes the resistance in melon and non-
host plants. Molecular Plant-Microbe Interactions, 17: 668-
675. 
Truniger V., Nieto C., González-Ibeas D., Aranda M.A. 
(2008). Mechanism of plant eIF4E-mediated resistance against 
a Carmovirus (Tombusviridae): cap-independent translation of 
a viral RNA controlled in cis by an (a)virulence determinant. 
Plant Journal, 56: 716-727. 
Miras M., Sempere R.N., Kraft J.J., Allen Miller W., Aranda 
M.A., Truniger V. (2014). Interfamilial recombination 
between viruses led to acquisition of a novel translation 
enhancing RNA element that allows resistance breaking. New 
Phytologist, 202:233-246. 
Miras M., Truniger V., Querol-Audi J., Aranda M.A. (2016). 
Analysis of the interacting partners eIF4F and 3 -́CITE 
required for MNSV cap-independent translation. Molecular 
Plant Pathology DOI: 10.1111/mpp.12422 
 
 
 

PA06 
WHAT MAKES AN INFLUENZA VIRUS 
LETHAL? 
 
Ana Falcón1, 2 
1Centro Nacional de Biotecnología (CNB-CSIC). 2CIBER de 
enfermedades respiratorias  (CIBERES). Madrid, Spain. 
 
Acute respiratory infections are the main cause of acute illness 
and death worldwide; and influenza A virus (IAV) is a major 
contributor. The global burden of seasonal influenza is 
>600 million cases, with 3 million cases of severe illness and 
250,000-500,000 deaths per year worldwide. During the last 
century it caused several pandemic outbreaks with severe 
public health and economic impact (http://who.int). 
Influenza A virus (IAV) infection can be severe or even lethal 
in toddlers, the elderly and patients with certain medical 
conditions. Infection of apparently healthy individuals 
nonetheless accounts for many severe disease cases and 
deaths, suggesting that viruses with increased pathogenicity 
co-circulate with pandemic or epidemic viruses. Looking for 
potential virulence factors , we have identified a polymerase 
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mutation (PA D529N) detected in a fatal IAV case, whose 
introduction into two different recombinant virus backbones, 
led to reduced defective viral genomes (DGs) production. This 
mutation conferred low induction of antiviral response in 
infected cells and increased pathogenesis in mice. To analyze 
the association between low DGs production and pathogenesis 
in humans, we performed a genomic analysis of viruses 
isolated from a cohort of previously healthy individuals who 
suffered highly severe IAV infection requiring admission to 
Intensive Care Unit and patients with fatal outcome who 
additionally showed underlying medical conditions. These 
viruses were compared with those isolated from a cohort of 
mild IAV patients. Viruses with fewer DGs accumulation were 
observed in patients with highly severe/fatal outcome than 
those present in patients with mild disease, suggesting that low 
DGs abundance constitutes a new virulence pathogenic marker 
in humans. 
Besides respiratory disease, pandemic 2009 H1N1 
(H1N1pdm09) IAV infection  has been associated with 
important cardiovascular complications such as myocarditis, 
heart failure or acute myocardial infarction. In the animal 
model, we observed that the recombinant virus bearing PA 
529N (PA mut), which accumulates reduced amount of DGs, 
showed great potential of viral spread to the heart compared to 
other recombinant viruses carrying different mutation in the 
viral polymerase. We corroborated that beside the presence of 
infectious particles and intracellular nucleoprotein (NP), viral 
spliced mRNAs encoding nuclear export protein (NEP), only 
present in cells with ongoing infection, were present in heart 
tissue of animals infected with PA mut virus. In addition, 
putative cardiac physiological damage was evaluated. 
Monitoring and analysis of electrocardiograms (ECG) of PA 
mut, and other pandemic recombinant virus-infected mice 
showed alterations in the ECGs compared to mock-infected 
mice. Cardiac conduction defects were predominantly 
observed in mice infected with the PA mut virus. 
These findings give us an insight into the complex 
pathogenesis of influenza A viruses infections and indicate 
that different organs and processes may contribute to the final 
outcome  of  the  infection.  These  data  could  contribute  
substantially  to  the  prediction  of influenza disease severity 
and enable the development of risk-based prevention strategies 
and policies. 
 
 
 

PA07 
UNCOVERING THE ROLES OF 
CELLULAR LIPIDS IN WEST NILE VIRUS 
REPLICATION  
 
Miguel A. Martín-Acebes 
Dpto. Biotecnología, INIA, Madrid Ctra. Coruña Km. 7,5, 
Madrid, 28040 
 
Flaviviruses are small enveloped plus strand RNA viruses that 
cause life threatening diseases such as yellow fever, dengue, 
Zika disease or West Nile encephalitis. We have focused our 
recent studies on West Nile virus (WNV), a neurotropic 
flavivirus transmitted by the bite of mosquitoes that is 
responsible for outbreaks of encephalitis among humans and 
horses all over the world. The replication of flaviviruses, 
including that of WNV, is intimately associated with host cell 
membranes. WNV rearranges the membranes of the 
endoplasmic reticulum to develop the replication complex and 
also to hijack portions of this membrane for particle 

envelopment. Thus, the flavivirus life cycle is highly 
dependent on cellular lipids for replication and particle 
biogenesis. Even more, WNV infection not only hijacks lipids 
from the cell, but also orchestrated a profound remodeling of 
cellular lipid metabolism and stimulates lipid biogenesis 
within infected cells, thus, resulting on an increase in the 
cellular content of several glycerophospholipids and 
sphingolipids. Among the lipids co-opted by WNV, we have 
focused on sphingolipids with special attention to 
sphingomyelin, an important component of cellular 
membranes particularly enriched in the nervous system, the 
most important target tissue for WNV replication. To analyze 
the importance of sphingomyelin on WNV replication we 
infected mice deficient in acid sphingomyelinase (ASM), 
which accumulate high levels of SM in their tissues. WNV 
replication was exacerbated in this mouse model confirming 
the in vivo role for sphingomyelin during WNV infection. In 
addition, WNV multiplication was enhanced in cells derived 
from human patients with Niemann-Pick type A, a disease 
caused by ASM deficiency that provokes SM accumulation. 
Exogenous addition of SM also increased replication of WNV 
whereas pharmacological inhibitors of sphingomyelin 
synthesis reduced viral replication. In addition, confocal 
analyses revealed an accumulation of sphingomyelin within 
the sites of viral replication. These results uncover a role of 
sphingomyelin on WNV replication and open a new research 
line for antiviral development to combat WNV and related 
pathogens that we are currently exploring. 
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PA09 
The B.E.S.T Platform for the manufacturing of 
vaccines for emerging diseases. 
Manon MJ Cox 
President and CEO, Protein Sciences Corporation 
 
During the past decade we have seen a myriad of disease 
outbreaks caused by infectious agents including but not limited 
to a variety of influenza viruses with pandemic potential, 
SARS Coronavirus (CoV), MERS, EBOLA, and most recently 
the ZIKA virus just to name a few. Vaccines are essential tools 
to stop or reduce the impact of a disease or infection.  
Traditional vaccine manufacturing is based on decades old 
technology: i.e., growing the pathogen or a weakened version 
of the virus followed by inactivation. Clear disadvantages 
associated with traditional vaccine manufacturing include the 
requirement for biological containment, and the unnecessary 
impurities that result from the manufacturing process. Our 
improved understanding of various infectious diseases has 
enabled us to identify those antigens that can induce virus 
specific neutralizing antibodies. Recombinant DNA 
technology enables us to make these antigens in alternative 
production systems. 
The baculovirus expression system technology (B.E.S.T.) is an 
established tool for the production of complex proteins. The 
key advantage of this recombinant protein manufacturing 
platform is that a universal “plug and play” process is used for 
producing a broad range of protein-based prophylactic and 
therapeutic vaccines for both human and veterinary use while 
offering the potential for low manufacturing costs. The same 
cells are used for any vaccine production process and only the 
baculovirus backbone in which the protective antigen of 
interest is inserted is adjusted. The feasibility of large scale 
manufacturing has been clearly demonstrated; for example, in 
Japan Unigen built 2x21,000-L capacity specifically for 
B.E.S.T. manufacturing.  
Flublok is a recombinant hemagglutinin influenza vaccine 
produced in this production platform and provides an attractive 
alternative to the current egg-based influenza vaccine (TIV) 
manufacturing process. Protein Sciences Corporation was 
awarded a contract in June 2009 from the U.S. Department of 
Health and Human Services to further develop this technology 
for the production of recombinant influenza vaccines for 
pandemic preparedness.  FDA has approved Flublok for the 
prevention of influenza in adults 18 and older.  
The development of Flublok taught us three important lessons: 
1) Use of proven platform technology may lead to new, 
potentially better products but with the inherent uncertainty it 
will delay product availability; 2) Allow the regulatory process 
to focus on safety and evidence of protection in animals, with 
confirmatory efficacy evidence to be gathered post 
introduction; and 3) Ensure that adequate funds are available 
for development. 
The speaker will review how this technology can be applied to 
produce a multitude of vaccine candidates as platform 

technology offers some clear advantages that need to be further 
explored to modernize the vaccine industry. 

 
 
PA10 
A plug & play bioreactor-free platform to 
produce subunit vaccines 
 
Romy Dalton   
ALGENEX, Madrid 

 
Dramatic changes in farm animal production, market 
globalization, climate changes, increased human and animal 
traffic among countries and intense deforestation, among 
others, aggravate the situation of infectious pathogens 
dissemination and highlight the importance of the 
development of effective and cost-efficient preventive tools, 
the vaccines. The concept of “One Health” implies to put equal 
attention to infectious diseases affecting animal and human 
populations (around 60% of human infectious pathogens are 
transmitted from animals by vectors or direct contact). The 
EFSA (European Food Safety Authority) reportsevery year 
more than 300,000 cases of human infectious through 
food.Vaccines currently under development, especially 
against virus infections, are based on pathogen´s subunits, 
which consist inproteins contained in the natural virus 
particlesthat may be recognized by the immune system when 
formulated as a vaccine, being able to mount a protective 
immune response in vaccinated individuals. These proteins are 
extremely difficult to produce and require sophisticated and 
expensive bioreactors that keep alive cultured cells isolated 
from animal or human organs. Biologists and engineers have 
worked very hard in the last decades to improve the 
bioreactors-based production systems and,without any doubt, 
they have successfully optimized them in productivity. 
However, the current technologies are still very complex, 
weak and expensive and industry needs new technologies 
more simple, robust, productive, scalable, successful and cost-
efficient. Many of the future vaccines, specially those apply in 
animal health and in developing countries for the human 
population will have to be marketed at prices that rarely exceed 
of 1€/dose, giving small margins for huge investments in 
production factories and elevated cost of goods that could do 
commercially non-viable high-tech vaccines. Algenex has 
been learning lessons from nature, developing the 
CrisBioTMtechnology. In this sense, insects are amazing 
organisms that evolved for hundred of million years to 
optimize many interesting biological processes, including 
protein production in their cells. CrisBioTM technology is based 
on a natural biocapsule, the Trichoplusianichrysalises (pupae) 
to produce any recombinant subunit vaccine. The 
chrysalisescontain millions of cells in perfect physiological 
conditions, ready to produce any biotechnology vaccine in 
combination with genetically-modified baculovirus vectors 
expressing the desired protein. These biocapsules (insect 
pupae) are placed in trays compatible with robots that may 
inoculate them at a rate of more than 10,000 pupae per hour. 
Later, these inoculated trays, with the capacity to produce up 
to 25,000 vaccine doses each, are incubated without any 
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manipulation for around 5 days. Then, the vaccine antigenis 
ready to be purified from the pupae biomass by conventional 
means before its formulation. A 1,000L conventional 
bioreactor is transformed in a simple incubation chamber of 
the size of a home refrigerator. Anyone may produce by this 
technology the most sophisticated and complex protein-based 
vaccine, making the next generation of human and veterinary 
vaccines globally accessible. 
 
 
 
PA11 
DEVELOPMENT OF THE CONDITIONAL 
REPLICATING ADENOVIRUS VCN-01: 
FROM ACADEMIA TO ITS CLINICAL 
DEVELOPMENT. 
 
M. Cascalló1 
1VCN Biosciences SL. Sant Cugat del Vallès. Barcelona, Spain. 
www.vcnbiosciences.com 
 
VCN-01 is a tumor-selective replication-competent 
adenovirus expressing PH20 hyaluronidase, which decreases 
intratumoral fluid pressure to enhance intratumoral virus 
spread and chemotherapy uptake. VCN-01 capsid has also 
been genetically modified to allow the virus to partially evade 
liver tropism and target selectively the tumor after intravenous 
administration. This product is currently being developed by 
VCN Biosciences, a biotech company that has conducted a 
number of Phase I dose escalation studies by different routes 
of administration. VCN Biosciences uses a technological 
platform based on oncolytic adenoviruses to generate 
virotherapeutic candidates and was initially founded as a 
privately-owned company by three scientists from Institut 
Català d’Oncologia (ICO) at Barcelona. Currently the 
company is part of Grifols group and is advancing towards the 
clinical development of its candidates with a highly qualified 
team of professionals that have gained relevant expertise in the 
regulatory management, development of the manufacturing 
process and the clinical use of this specific type of product. 
Lessons learnt from this process will be discussed from an 
entrepreneurial point of view, covering from technological 
transfer from academia to the generation of clinical evidence. 
 
 
 

PA12 
BIOINSECTIS: PIONEERING THE 
DEVELOPMENT OF AN INNOVATIVE 
GENERATION OF BACULOVIRUS-BASED 
INSECTICIDES. 
 
Javier Caballero and Primitivo Caballero 
BIOINSECTIS S.L, Instituto de Agrobiotecnología (centro mixto 
UPNA-CSIC), Avda Pamplona 123, 31192 Mutilva, Navarra, Spain 
 
Baculoviruses are biotic mortality factors that specifically 
affect the natural populations of phytophagous insects and that 
contribute to regulating their population density. Although 
they are obligate pathogens, at the end of their biological cycle, 
virions remain occluded inside a proteinaceous matrix, the 
occlusion body (OB), which allows these viruses to retain their 

infectivity even when outside of the host. This characteristic, 
along with others such as the biological safety, high 
pathogenicity and virulence, mass production, formulation, 
and application of these viruses, have facilitated their 
development as commercial bioinsecticides. There are 
presently around 50 baculovirus-based products, but only three 
of them (Cydia pomonella granulovirus, Anticarsia 
gemmatalis nucleopolyhedrovirus and Helicoverpa armigera 
nucleopolyhedrovirus), have been commercialized on a large 
scale. This has been mainly due to their extreme specificity, 
difficulties in mass production and long term stability in 
storage.  
For the last 25 years the Microbial Bioinsecticides research 
group of the Universidad Pública de Navarra (UPNA) has been 
immersed in the development and application of baculoviruses 
as biological control agents. Most of the contributions from the 
research group are the results of more than 25 doctoral theses, 
which have given rise to more than 100 scientific articles in 
high-impact international journals, the edition of books and 
book chapters and the transfer of patents to multinational 
companies in the field of biological insecticides. The ‘’Know-
How’’ generated during this period of time has resulted in the 
creation of Bioinsectis as a ‘’spin-off’’ company of the 
Universidad Pública de Navarra (UPNA) with the aim of 
strengthening the technology transfer capacity of the research 
group with the industrial sector. In addition, Bioinsectis has 
adopted new strategies in order to develop technological 
advances that are capable of overcoming some of the current 
limitations of baculovirus-based products and their 
commercialization. 
The general approach of Bioinsectis involves the development, 
design and commercialization of a new generation of 
baculovirus-based bioinsecticides. These products will be 
characterized by technological developments that overcome 
the main disadvantages of current products by developing: (1) 
a novel methodology for the design of completely new active 
ingredients with a broader host range than commercially 
available baculovirus-based products, (2) a high quality 
product with the absence or near-absence of contaminants, and 
(3) novel formulation and packaging technologies that 
stabilize the product during extended periods in storage 
without the need for refrigeration. The intellectual and 
industrial property related to these technologies is currently 
being considered by patent offices in Europe and elsewhere. 
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ENTRY, (DIS)ASSEMBLY AND 
EXIT OF VIRUSES 
 

PA13 
STRUCTURAL INSIGHTS INTO 
CORONAVIRUS ENTRY 
 
Jason McLellan 
Department of Biochemistry and Cell Biology, Geisel School of 
Medicine at Dartmouth, USA 
 
Coronaviruses have the largest genomes among known RNA 
viruses and are phylogenetically divided into four genera. 
Some betacoronaviruses, such as HKU1, circulate annually in 
humans and cause mild yet prevalent respiratory disease 
whereas others, such as SARS-CoV and the recently emerged 
MERS-CoV, have caused pandemics with high case-fatality 
rates. Coronavirus cell tropism and host range are in large part 
determined by the viral surface spike (S) glycoprotein, which 
is the largest known class I fusion protein. After binding to 
host receptors and activation by host proteases, the S proteins 
undergo large conformational rearrangements that result in 
fusion of the viral and host-cell membranes. However, until 
recently, structural studies of the S proteins have been 
primarily limited to small protein fragments. Together with Dr. 
Andrew Ward and Dr. Barney Graham, we have initiated 
studies to provide a molecular understanding of the structure, 
function and antigenicity of intact, trimeric S proteins, which 
we believe will identify sites of vulnerability that could be 
targeted by vaccines, therapeutic antibodies and small-
molecule antivirals. In this talk, our recent structures of the 
HKU1 and MERS-CoV S proteins in their prefusion 
conformations will be presented, along with the insights that 
these structures provide for the molecular mechanisms of 
coronavirus entry and fusion. 
 
 
 

PA14 
STRUCTURAL BASIS OF HIV ENTRY 
AND ITS INHIBITION BY 
NEUTRALIZING ANTIBODIES AGAINST 
THE FUSOGENIC GLYCOPROTEIN 
SUBUNIT 41 
 
José L. Nieva1, Edurne Rujas1, Jose M. M. Caaveiro2, Sara 
Insausti1, Beatriz Apellániz1, M. Ángeles Jiménez3, and 
Jean-Philippe Julien4 
1Biofisika Institute (CSIC, UPV/EHU) and Department of 
Biochemistry and Molecular Biology, University of the Basque 
Country, P.O. Box 644, 48080 Bilbao, Spain. 2Department of 
Bioengineering, Graduate School of Engineering, The University of 
Tokyo, Bunkyo-ku, Tokyo, Japan. 3Institute of Physical Chemistry 
“Rocasolano” (IQFR-CSIC), Serrano 119, E-28006 Madrid, 
Spain.4The Hospital for Sick Children Research Institute, 686 Bay St., 
Toronto ON Canada, M5G 0A4 
 
Host cell infection by the Human immunodeficiency virus 
(HIV) begins with the fusion of virus and cell membranes [1]. 
This event is promoted by the Env product, a Class I viral 
fusion glycoprotein which folds into metastable oligomeric 
structures consisting of trimers of non-covalently associated 

heterodimers. Furin-like proteases cleave the gp160 precursor 
to generate the subunits gp120 (surface) and gp41 
(transmembrane). The subunit gp120 binds to cell receptors 
and co-receptors on host cells, typically CD4+ T cells and cells 
of the monocyte/macrophage lineage, generating a 
conformational change in the Env complex that leads to the 
formation of an intermediate known as the “pre-hairpin”. In 
the pre-hairpin state the transmembrane subunit gp41 inserts 
into the target cell membrane through the N-terminal fusion 
peptide (FP), while still anchored to the viral membrane by the 
transmembrane domain (TMD) region. The pre-hairpin fiber 
subsequently folds back onto itself giving rise to a bundle of 6 
helices (6-HB, also envisioned as a trimer of hairpins), where 
the three C-terminal helices (CHR) of the gp41 subunitis, are 
packed in an opposite direction into the hydrophobic grooves 
formed at contacts between the three inter-coiled N-terminal 
helices (NHR). Thus, when the 6-HB is formed, the NHR and 
CHR helices zip together, whereby the virus and cell 
membranes can approach and merge [1]. 
Crystallographic studies of SOSIP.664 gp140 constructs, 
stabilized in a pre-fusion state and lacking the membrane-
interacting Membrane-Proximal External Region (MPER) and 
TMD sequences, have shed light on the structural grounds 
sustaining pre-fusion gp41 metastability [2]. These structures 
display NHR and CHR each split into two pre-formed helical 
sections connected by loops. At the core of the complex sits a 
trimeric coiled-coil formed by the C-terminal sections of the 
NHRs. This element embodies the nucleation site for the 
formation of the highly stable 6-HB. The CHRs and 
connecting loops organize at the periphery and encircle the 
base of the trimeric coiled-coil structure. Two structural 
switches retain the ectodomain in this metastable arrangement. 
First, insertion of Met-530 into a Trp sandwich integrated by 
residues 623, 628 and 631 results in the formation of a clasp 
that retains the N-terminal section of the NHR helix including 
the FP in close association with the N-terminal segment of 
CHR. Second, wrapping of the peripheral helices and 
connecting loops around the extended N and C termini of 
gp120 prevents interactions between CHRs and the pre-formed 
NHR coiled-coil section.  
Remarkably, this metastable arrangement is preserved in the 
absence of the MPER-TMD sequence, which appears to 
contribute only modestly to the overall stability of the trimeric 
Env complex. However, MPER comprises the major 
vulnerability site on the gp41 subunit [3]. Broadly neutralizing 
antibodies (bNAbs), such as 4E10 and 10E8, bind to MPER 
resulting in one of the broadest neutralization levels reported 
to date (98% of viruses blocked in customary infectivity tests). 
This fact, together with its high degree of sequence 
conservation, strongly suggests that MPER-TMD plays a 
crucial role in membrane fusion upon activation of the process.  
In recent work, we have determined the organization of the 
MPER-TMD (residues 664-704) in the membrane milieu and 
inferred the implications of the solved structures for the 
structure-function and immunogenicity of gp41 [4, 5]. The 
MPER-TMD is an articulated element comprising 3 helical 
segments connected through flexible joints at positions 
(671NWFD674) and (690GGLV693). Most importantly our 
work identifies a robust, highly conserved helix between these 
elbows, MPER-N-TMD, that combines a fully hydrophobic-
at-interface MPER block containing 4E10/10E8 epitopes with 
the N-terminal hydrophobic section of the TMD. We infer that 
confinement of the helix between two hinge segments might 
support alternating angles of insertion into membranes, a 
property required to connect during fusion the gp41 
ectodomain with the membrane-embedded regions. Moreover, 
4E10/10E8 binding to this conserved motif might freeze the 
MPER-N-TMD helix into a particular membrane 
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configuration thereby preventing the adoption of functional 
forms required to sustain the fusion process. Finally, the 
existence of this continuous helix stuck into the viral 
membrane might have also implications for the definition of 
the neutralization-competent MPER structure and, 
consequently, for the design of surrogates with the capacity of 
generating effective humoral responses against gp41. 
References: 
1. Melikyan GB. (2008) Common principles and intermediates 
of viral protein-mediated fusion: the HIV-1 paradigm. 
Retrovirology 5:111 
2. Ward AB, and Wilson IA (2015). Insights into the trimeric 
HIV-1 envelope glycoprotein structure. Trends Biochem Sci. 
40, 101-107. 
3. Montero, M., et al. (2008) The membrane-proximal external 
region of the human immunodeficiency virus type 1 envelope: 
dominant site of antibody neutralization and target for vaccine 
design. Microbiol Mol Biol Rev 72, 54-84 
4. Apellaniz, B. et al. (2015) The Atomic Structure of the HIV-
1 gp41 Transmembrane Domain and Its Connection to the 
Immunogenic Membrane-proximal External Region. J Biol 
Chem 290, 12999-13015. 
5. Rujas, E., et al. (2016) Structural basis for broad 
neutralization of HIV-1 through the molecular recognition of 
10E8 helical epitope at the membrane interface. Sci Rep 6, 
38177 
 
 
 

PA15 
REASSESSING THE HEPATITIS A VIRUS 
ENTEROHEPATIC CYCLE: THE ROLE 
OF ALIX AND QUASI-ENVELOPED 
PARTICLES 
 
Rosa M. Pintó, Montserrat De Castellarnau, Anna Altisent, 
Cristina Balcell, Susana Guix & Albert Bosch 
Enteric Virus Laboratory, Department of Genetics, Microbiology and 
Statistics, and Institute of Nutrition and Food Safety, University of 
Barcelona, Barcelona, Spain 
 
Hepatitis A is the most common acute hepatitis worldwide and 
is a fecal–orally transmitted infection. Its prevalence decreases 
worldwide thanks to improvements in hygienic conditions and 
vaccination campaigns, but in contrast, its severity increases 
due to a higher infection rate in adults.  
Hepatitis A virus (HAV) is a unique picornavirus with very 
special molecular features. Among these features, an 
unexpected exit pathway through its envelopment into 
exosomes has been recently described. The mechanism of 
HAV sorting into the exosome-containing multi-vesicular 
bodies (MVBs) seems to involve the interaction with the ALIX 
protein. However, although it has been proposed that this 
interaction is mediated through two late domains present in the 
VP2 capsid protein, the role of these domains has not yet been 
clearly proven. 
The occurrence of two different phenotypes, i.e. naked and 
quasi-enveloped particles, has completely changed the view of 
the HAV replicative cycle. Previous to the quasi-enveloped 
particles knowledge, we believed that HAV naked particles 
were only released to the biliary canaliculus. The enterohepatic 
cycle was used to explain the progress of infection from an 
infected hepatocyte to their neighbors. However, the 
description of the quasi-enveloped particles has opened the 
possibility of two release pathways. One pathway would be 

through the basolateral membrane into the space of Disse, 
allowing the infection of neighboring cells, and subsequently 
entering the hepatic sinusoid and hence reaching the blood. 
Another pathway would be through the apical membrane, into 
the biliary canaliculus and thus reaching the feces.  
In the present work using two mutants of HAV which 
potentially change the surface accessibility of the late domains, 
and consequently their interaction with ALIX, we show that 
indeed ALIX plays a role in the formation of HAV quasi-
enveloped particles and how this interaction may impact the 
infection of human polarized hepatocytes. 
 
 
 

PA16 
USE OF ATOMIC FORCE MICROSCOPY 
TO UNVEIL EQUILIBRIUM AND 
KINETIC ASPECTS AND PATHWAYS OF 
VIRUS CAPSID SELF-ASSEMBLY AND 
DISASSEMBLY  
 
Mauricio G. Mateu 
Centro de Biologia Molecular "Severo Ochoa" (CSIC-UAM), 
Universidad Autonoma de Madrid, Campus de Cantoblanco, 28049 
Madrid, Spain 
 
One major goal of our group is the study of the dynamics of 
virus particles, including their self-assembly and disassembly. 
In this presentation I will provide a summary of our recent and 
ongoing results on this subject using atomic force microscopy 
and a combination of other biophysical, biochemical and 
virological techniques: i) experimental analysis of the 
reversible self-assembly pathway in solution of the capsid of a 
structurally simple icosahedral virus, the minute virus of mice, 
and quantitation of a succession of transient intermediates. ii) 
equilibrium and kinetic analysis of self-assembly of the capsid 
lattice of the human immunodeficiency virus onto a negatively 
charged substrate (as a mimic of the nucleocapsid surface). 
These and other studies are leading to a better and more 
quantitative understanding of different aspects of virus 
morphogenesis and uncoating, two comparatively poorly 
known stages of the infectious virus cycle; they may contribute 
also to the development of novel antiviral agents aimed at 
inhibiting capsid assembly and/or disassembly. 
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PA17 
RECENT ADVANCES IN THE DESIGN OF 
PNEUMOVIRUS VACCINE ANTIGENS 
 
Jason McLellan 
Department of Biochemistry and Cell Biology, Geisel School of 
Medicine at Dartmouth, USA 
 
Respiratory syncytial virus (RSV) and metapneumovirus 
(MPV) are the two human pathogens in the recently created 
Pneumoviridae family of the order Mononegavirales. Both 
viruses are major causes of severe lower respiratory tract 
infections, particularly in young children, and effective 
vaccines for these viruses have not yet been developed. 
However, our structural studies on the fusion glycoproteins of 
both viruses have allowed for the development of promising 
new vaccine candidates. Some of these vaccine antigens have 
also provided insights into humoral immune responses and 
facilitated the isolation of potent antibodies and nanobodies 
that are being developed for passive vaccination. This talk will 
summarize these recent advances in the field, while also 
highlighting opportunities for future vaccine development. 
 
 
 

PA19 
DEVELOPING A VACCINE AGAINST 
AFRICAN SWINE FEVER VIRUS (ASFV): 
A WORTHY CHALLENGE 
 
Paula L. Monteagudo1, Anna Lacasta1, Elisabet Lopez1, 
Sonia Pina1, Javier Collado1, Florencia Correa-Fiz1, Laia 
Bosch1, Maria Jesus Navas1, Francesc Accensi2,3, Maria 
Jose Bustos4, Javier Maria Rodriguez5, Andreas Gallei6, 
Veljko Nikolin6, Maria Luisa Salas4*, Fernando Rodriguez1*  
1 IRTA, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), 
Campus de la Universitat Autònoma de Barcelona, 08193 Bellaterra, 
Spain  
2UAB, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), 
Campus de la Universitat  Autònoma de Barcelona, 08193 Bellaterra, 
Spain  
3Departament de Sanitat i Anatomia Animals, Facultat de 
Veterinària, UAB, 08193 Bellaterra, Barcelona, Spain. 
4Centro Nacional de Microbiología (ISCIII), Majadahonda, Madrid, 
Spain 
5Boehringer Ingelheim Veterinary Research Center GmbH & Co. KG, 
Hannover, Germany 
6Centro de Biología Molecular Severo Ochoa, Consejo Superior de 
Investigaciones Científicas and Universidad Autónoma de Madrid, 
Madrid, Spain 
*MLS and FR contributed equally to this work  
 
African swine fever (ASF) is a pig disease of obliged 
declaration to the world animal health organization (formerly 
OIE) and one of the most relevant diseases of swine due to its 
socio-economic impact. Thus, the causative agent of the 
disease, African swine fever virus (ASFV), is today the 
number-one threat for an, otherwise, incipient and promising 
swine industry being developed in the Sub-Saharan Africa. 

From its origin, ASFV has remained endemic in the area 
without any help from the international community, reaching 
today to the worst and more complex epidemiological situation 
that we could have expected with at least 23 genotypes 
described and many different viruses concomitantly 
circulating in some areas. The lack of available vaccines 
against ASFV leaves early diagnostics and massive culling as 
the only efficient-control measures against ASF, difficult 
recommendations to implement in less favored areas from 
Africa and, today also, from East Europe. Exactly 50 years 
after the last recorded incursion of ASFV from West Africa 
into the Continental Europe through the Iberian Peninsula in 
1957, the virus arrived again in the year 2007, this time to the 
European Republic of Georgia and using almost identical trick 
(food contaminant). Since then, the virus has expanded to 
neighboring countries, reaching the East border of the 
European Union (EU) in 2014.  The new ASFV entry found us 
unprepared, only 10 years after Iberian Peninsula (Continental 
Europe) was officially-declared free of ASFV after 40 years 
struggling with its many negative socio-economic impacts. We 
are really convinced that developing a vaccine against ASFV 
could contribute to control the disease or at least to reduce the 
current burden in severely affected areas, thus helping also to 
reduce the risk of future ASFV exportations. The complexity 
of the virus, with more than 150 proteins encoded, together 
with its immune targeting, complicates our task. On one hand, 
we do know that classically inactivated vaccines do not work 
and subunit vaccines vaccines, albeit safe, have not conferred 
so far very solid protection. Conversely, live attenuated viruses 
(LAV) have induced solid protection against experimental 
challenges using the parental virulent strains and, in few 
occasions, against heterologous challenges. Here, we describe 
the collaborative efforts made in the last years (thanks to the 
support of the Spanish Government and to BI), while trying to 
obtain a vaccine against ASF. On one hand, DNA 
immunization experiments have allowed to identify potential 
protective candidates within the ASFV proteome and confirm 
the key role that specific CD8+ T-cells play in protection. On 
the other hand, ASFV genome manipulation has allowed 
obtaining recombinant viruses with a clear vaccine potential. 
These technologies have allowed obtaining a recombinant 
LAV, capable for the first time, to cross-protect against virus 
strains from genotype I and genotype II, including Georgia07, 
the virus strain currently circulating in East Europe. Despite 
these impressive results, there is still room for improvement, 
mainly from the DIVA-point of view and trying to reduce their 
residual virulence. The incapability to reproduce, so far, any 
protective ability without observing some in vivo replication, 
guarantee difficult times for the short-term in vivo 
implementation of ASFV attenuated vaccines in ASF-free 
areas. The potential application of some of these candidates in 
the near future in endemic areas suffering severe ASF impacts 
will be also discussed.  Obtaining safe and efficient vaccines 
against ASF will be possible. It is just a matter of investment, 
willingness and the incorporation of more scientists to the 
field. Contrary to the general perception, and when compared 
with almost any other virus, investment on ASFV vaccine 
development has been almost neglected, with few groups 
devoted to the task along the history. We really think that 
changing this dynamic would be a worthy challenge. 
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PA20 
PROTECTIVE IMMUNE RESPONSES 
FROM CYTOMEGALOVIRUS INFECTION 
IN THE ALLOGENEIC STEM CELL 
TRANSPLANTATION SETTING: 
IMPLICATIONS FOR VACCINE DESIGN 
 
David Navarro, MD, PhD  
Microbiology Service. University Clinic Hospital, Department of 
Microbiology, School of Medicine,Valencia, Spain  
 
 Cytomegalovirus (CMV) is a prototypic β-herpesvirus which 
infects humans causing a life-long persistent infection. 
Following primary infection the virus establishes a 
latent/persistent infection in CD14+ peripheral blood 
mononuclear cells and CD34+ and CD33+ myeloid precursors 
in the bone marrow, and in several organ and mucosal sites, 
possibly in different cell types including macrophages, 
epithelial and endothelial cells (i.e salivary glands, lungs, 
kidney), from which the virus is shed intermittently.  In order 
to persist in the infected host, CMV devotes no less than one 
third of its genome to encode for the so-called immune evasion 
genes, whose expression during either the lytic or the latent 
infective cycle permits the virus to scape from innate (NK 
cells) and adaptive effector immune mechanisms (CMV-
specific CD8+ and CD4+ T cells and neutralizing antibodies). 
CMV infection continues to cause significant morbidity and 
mortality in allogeneic stem cell (Allo-SCT) transplant 
recipients, despite the development of highly sensitive 
molecular methods for surveillance of CMV replication, major 
progresses in immunosuppressive regimens and the 
availability of antiviral agents with high intrinsic activity 
against the virus. It has long been known that functional 
effector CMV-specific CD8+ and CD4+ T cells are crucial for 
the prevention and resolution of CMV replication episodes in 
Allo-SCT. Upon activation, CMV-specific CD8+ T cells 
produce and secrete cytokines with antiviral activity and 
become fully competent for lysing CMV-infected cells. 
Expansion of functional CMV-specific CD4+ T cells is 
imperative for maintenance of functional CMV-specific CD8+ 
T cells. In addition they appear to be capable of mediating 
cytolysis of infected cells in a human leukocyte antigen 
(HLA)-II background. In this context, there is evidence 
suggesting that CD8+ and CD4+ T cells displaying multiple 
effector functions (polyfunctional) are more relevant than 
monofunctional T cells in controlling CMV infection. 
Although a wide spectrum of viral proteins are targets of 
functional CMV-specific CD8+ and CD4+ T-cells, IE-1 
(UL123), a regulator of viral gene expression, and pp65 
(UL83) a matrix protein, are known to be immunodominant in 
most individual and elicit robust T-cell responses. Multiple 
studies have demonstrated that increased levels of IE1- and 
pp65-specific T cells correlate with the control of virus 
replication in the absence of antiviral therapy. A major role of 
natural killer (NK) cells in the early control of CMV infection 
has been suggested in allo-SCT. It has been shown that CMV 
viremia resolution in allo-SCT recipients is associated with an 
expansion of NKG2C+ NK cells. In addition, accumulating 
evidence indicates that killing immunoglobulin receptor 
(KIR)/HLA genotype and expression of NKG2C and NKG2D 
might play a significant part in regulating NK cell function and 
anti-CMV immunity after transplant. CMV induces a robust γδ 
T cell responses in allo-SCT. Expansion of γδ T cells in 
transplant recipients is associated with infection resolution. 
The role of regulatory T cells (Tregs: CD4+CD25+FoxP3+), 
which primarily function through the release of inhibitory 

cytokines such as interleukin (IL)-10 and transforming growth 
factor (TGF)-b, in modulating CMV-specific CD4+ and CD8+ 
T cell functions is being increasingly recognized, although 
remains poorly characterized. The role of CMV-specific 
antibodies displaying antiviral activity (i.e. neutralizing free 
virions or preventing virus cell-to-cell spread) in preventing 
primary infection has been clearly demonstrated. Specifically, 
antibodies against neutralization epitopes of the pentameric 
complex gH-gL-pUL131A-pUL130-pUL128, which has been 
shown to be required for infection of endothelial, epithelial and 
myeloid cells, have been shown to correlate with virus control 
in immunocompetent individuals and protection from fetal 
CMV transmission. Nevertheless, in the allo-SCT setting 
baseline and peak neutralizing titers against the pentameric 
complex were not predictive of the dynamics of CMV 
replication within episodes, and did not appear to provide 
protection against the development of viremia. Thus, the role 
of CMV-specific neutralizing antibodies in the prevention of 
CMV reactivation or in the control of CMV viremia in the allo-
SCT setting remains to be firmly established. A prophylactic 
CMV vaccine capable of preventing either de novo acquisition 
of CMV infection or CMV reinfection by heterotypic strains is 
highly desirable. CMV-seronegative donor and recipients 
would be the natural targets of such a vaccine. The ability of a 
whole virus vaccine employing the attenuated Towne strain 
(which lack the pentameric complex) to prevent primary CMV 
infection was carried out in the 1980s. Vaccination did not 
result in a significant reduction in infection rates compared to 
placebo. A second vaccine based on recombinant gB 
formulated with the adjuvant MF59 also failed to prevent 
CMV infection in CMV-seronegative solid organ transplant 
transplant recipients. Future vaccine candidates must include 
the pentameric glycoprotein complex to have any chance to be 
effective to that purpose. An immunotherapeutic use of a CMV 
vaccine has been advocated in the allo-SCT setting. The 
success of such a vaccine could nevertheless be minimized in 
highly immunosuppresseed patients, such as those being 
treated with high-dose corticosteroids for severe acute graft 
versus host disease. An immunotherapeutic vaccine consisting 
of  plasmid DNA encoding the two viral antigens gB and pp65, 
based on the idea that gB-specific antibodies could be effective 
in neutralizing viral infection, whereas a cell-mediated 
response might be effective in suppressing viral replication is 
currently under phase III clinical trial. The ability of this 
vaccine to decrease viral replication episodes in seropositive 
allo-SCT recipients during the first year after transplantation 
was shown in a phase II clinical trial. The results of the study 
demonstrated that vaccinated patients experienced fewer and 
shorter replication episodes, and that viremia-free periods 
were significantly longer compared with the placebo group. 
Newer CMV vaccine candidates are under development or 
clinical evaluation and will be also discussed. 
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PA23 
LESSONS LEARNT FROM A NOROVIRUS 
OUTBREAK CAUSED BY BOTTLED 
MINERAL WATER 
 
Guix Susana1,2,, Rosa Maria Pintó1,2 Albert Blanco1,2, 
Noemí Fuster1,2, Cristina Fuentes1,2, Virginia Rodríguez 
Garrido3, Rosa Bartolomé3, Thais Cornejo3, Tomàs 
Pumarola3, Albert Bosch1,2 
1. Enteric Virus Laboratory, Department of Genetics, Microbiology 
and Statistics, University of Barcelona, Barcelona, Spain 
2. Institute of Nutrition and Food Safety, University of Barcelona, 
Barcelona, Spain 
3. Microbiology Department, Hospital Universitari Vall d'Hebron, 
Barcelona, Spain 
 
A norovirus outbreak affecting a total of 4,136 individuals was 
reported to the official health authorities in the Barcelona and 
Tarragona provinces of Catalonia (Spain) in April 2016. 
Affected individuals showed acute gastrointestinal symptoms 
including nausea, vomiting, diarrhea and mild fever. The 
Catalonian Public Health Agency pointed towards an 
association of the outbreak with drinking bottled spring water 
from office water coolers, bottled at source in Andorra. The 
company producing the bottled water recalled as a 
precautionary measure more than 6,150 water containers 
corresponding to batches of suspected quality that had been 
distributed to 925 companies. The water complied with all 
requirements of the European Commission directive on the 
exploitation and marketing of natural mineral waters. Several 
genotypes (GI.2, GII.2, GII.4 and GII.17) were identified in 
stools from cases related with the outbreak, suggesting a 
sewage pollution of the spring aquifer.  
In order to estimate the risk of infection in conditions of natural 
exposure, we quantified the level of noroviruses in water 
samples from selected coolers associated to the outbreak, 
characterized the secretor status of exposed individuals, and 
gathered information regarding water consume. Water 
analysis was performed by quantitative RTqPCR following 
ISO/TS 15216-1:2013, and treatment with a viability dye prior 
to RTqPCR was included to provide a better estimation of the 
infectious viral titer. A questionnaire on water consumption, 
occurrence of gastroenteritis symptoms was performed on 27 
individuals who had consumed the contaminated water. Saliva 
samples were collected to determine norovirus susceptibility 
(secretor and non-secretor status). 
High levels of genome copies per liter of both norovirus 
genogroup I (1.1x103) and II (5.8x103) were detected in the 
office water-cooler associated with the outbreak. Intact 
virions, estimated through a viability-RTqPCR assay, 
represented between 4.6% and 5.6% of the total number of 
physical particles, which were enough to cause gastrointestinal 
illness.  
Among symptomatic individuals, 75% were secretors and 25% 
were non-secretors, while in asymptomatic individuals, 64% 
of were secretors and 36% non-secretors. While 3 out of 4 GI 
cases occurred in non-secretor individuals, GII cases and 
GI+GII cases occurred in 2 and 7 secretor individuals, 

respectively. Data on the dose-response analysis for GI and 
GII will be discussed. 
The present study is the first report on virus detection in bottled 
water. Management of microbial risks of commercially 
produced mineral waters, universally solely based on bacterial 
parameters, could benefit from additional analysis for relevant 
viral pathogens such as norovirus. 
 
 
 
PA24 
MOLECULAR EPIDEMIOLOGY OF 
ENTEROVIRUS INFECTIONS IN SPAIN. 
EV-A71 OUTBREAK DURING 2016 
 
María Cabrerizo Sanz* and the Spanish study group of 
“Enterovirus and parechovirus infections in children”  
*Enterovirus and Viral Gastroenteritis Unit 
Reference and Research Laboratory for Immunopreventable Viral 
Diseases 
National Centre for Microbiology  
Instituto de Salud Carlos III, Madrid 
 
Enteroviruses (EVs) comprise a large group of non-enveloped 
RNA viruses within the Enterovirus genus (which also 
includes the rhinoviruses), in the Picornaviridae family. The 
currently known 116 EVs identified from humans are 
classified into 4 EV species, EV-A (25 serotypes), -B (63), -C 
(23) and –D (5). EVs are among the most common of human 
viruses, estimating that only in the United States infect 50 
million people annually with more than 50,000 
hospitalizations. 
Clinically, EVs can cause a wide variety of diseases in 
humans, ranging from non-specific febrile illness, respiratory 
diseases, exanthema or hand, foot and mouth disease (HFMD), 
to myocarditis, neurologic pathologies, including meningitis, 
encephalitis, and acute flaccid paralysis (AFP), systematic 
infection in immunocompromised patients and perinatal 
infections. In general, there is no a relationship between 
serotype and illness, that is, a serotype can lead different 
clinical symptoms and a disease can be caused by distinct 
serotypes, but some entities have historically been associated 
with specific EV types, e.g., meningitis and echoviruses, 
HFMD and coxsackievirus (CV)-A16, myocarditis and CV-B, 
and AFP and poliovirus. 
Although EVs are ubiquitous and circulate worldwide every 
year, there are two major patterns of prevalence, the epidemic 
circulation pattern, characterized by sharp peaks in numbers of 
isolations followed by periods with no isolation, and the 
endemic, typified by other types that are isolated in about the 
same numbers every year. As a result, several EV serotypes 
have been associated with the emergence of specific diseases 
and specific serotypes have emerged to cause outbreaks of 
major public health concern. Acute hemorrhagic conjunctivitis 
was a newly described disease in the 1970s associated with 
emergence of EV-A70 and CV-A24 variant. EV-A71 is a 
recognized cause of large epidemic outbreaks of HFMD in 
Southeast Asia since the late 1990s, with many cases of severe 
central nervous system disease mainly in children. EV-D68 
has recently emerged as an important cause of severe 
respiratory disease worldwide, and it was also associated with 
subsequent AFP. Then, an important concept in understanding 
the epidemiology of the EVs is variation: by serotype, by time, 
by geographic location, and by disease. Surveillance studies 
are important not only for monitoring the changing 
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epidemiology of these infections but also for the rapid 
identification of spread of emerging EV types or variants.  
In Spain, a national EV surveillance system is implemented 
since 1998 within the National Plan for Polio Eradication. The 
Enterovirus Unit of the CNM (ISCIII) is in charge of confirm 
and characterize all the EVs isolated or detected in clinical 
samples from patients with EV infections by different Spanish 
hospitals that participated in the surveillance program. In 
addition, different projects about “the enterovirus and 
parechovirus infections causing neurological and systemic 
pathologies in pediatric population” have been developed in 
the Enterovirus Unit since 2012. In this way, we have 
information about what EV serotypes are circulating in our 
country during the last 28 years, their prevalence and the 
clinical disease associated. For example, the emergence of new 
CV-A types, mainly CV-A6, has contributed to the increased 
incidence of HFMD and atypical exanthema cases in Spain 
since 2010. In the other hand, EV-D68 that until mid-2014 had 
been considered as a low-level circulation serotype, has been 
the second most prevalent EV in our country during 2016, 
mainly associated with mild/severe respiratory diseases but it 
also was the only etiological agent detected in 3 APF cases, 
that support the putative association between EV-D68 
infection and severe neurological disease. Finally, in spring 
2016, an unusual high incidence of severe neurologic cases 
was identified in Catalonia. Most of the patients were children 
between 1 and 4 years-old and the clinical diagnosis presented 
were brainstem encephalitis, encephalomyelitis or ataxia. The 
laboratory screening confirmed that they were caused by EV 
and the serotype identified was EV-A71. Overall data obtained 
in the CNM indicated that EV-A71 was the most frequent 
serotype detected in Spain during that year accounting for 23% 
of the total typed EV. This incidence was very high 
considering that until 2015 the prevalence of this EV supposed 
less than 2% of the total typed EV. The first and greater 
number of EV-A71 infections occurred in Catalonia but the 
virus spread to other regions of Spain, detecting little 
outbreaks and sporadic cases of severe encephalitis in the 
Mediterranean area and also in the northern and central regions 
of the country. The outbreak has been probably the result of 
the emergence of a new recombinant variant of EV-A71 
subgenogroup C1, which was first reported in Germany during 
2015.  
 In summary, it necessary to maintain and reinforce the 
vigilance towards the EV infections, not only at national level 
but also creating a European network will help to improve our 
knowledge of viral epidemiology and to put in force proper 
control and preventive measures. 
 
 
 

PA25 
ENTERIC VIRUS INFECTION AND THE 
GUT MICROBIOME 
 
Jesús Rodríguez-Díaz1, Izaskun García-Mantrana2, Susana 
Vila-Vicent1, Roberto Gozalbo-Rovira1, Javier Buesa1, 
Vicente Monedero2 And Mª Carmen Collado2 
1Departamento de Microbiología y Ecología, Facultad de Medicina, 
Universidad de Valencia, Valencia, Spain 2. Laboratorio de Bacterias 
Lácticas y Probióticos, Departamento de Biotecnología de Alimentos, 
IATA-CSIC, Valencia, Spain 
 
Objectives. Host genetic factors, such as the histo-blood group 
antigens (HBGAs), have been shown to be associated with 
susceptibility to infection with norovirus (NoV) and rotavirus 

(RV). Recent advances also point out host intestinal 
microbiota as a key player necessary for the viral pathogen to 
develop infection. Thus, in vitro NoV attachment to host cells 
and infection has been linked to the interaction with certain 
bacterial types from the gut microbiota. The accumulated 
evidences showing RV and NoV HBGAs infectivity 
dependency and that the gut microbiota plays a key function in 
the viral infection raises the question of the role of HBGA 
genotype as possible modulators of microbiota in healthy 
humans, providing a link between the host genetics, the 
microbiota and the susceptibility to RV and NoV infections in 
humans. 
Material and methods. To prove this hypothesis we analyzed 
the secretor status (FUT2 genotype), the gut microbiota 
composition by 16S gene sequencing and the susceptibility to 
RV and NoV infections, measured as salivary IgA titer to RV 
and NoV, in a Spanish cohort of 35 healthy individuals.  
Results. Our results show that exists a link between the 
secretor status and the susceptibility to RV and NoV. They also 
show that the microbiota is influenced by the secretor status. 
The multiple variable analyses show that the trinomial factors 
(secretor status, microbiota and viral susceptibility) are 
mediating for norovirus and rotavirus infections. Finally, we 
identified specific correlations between certain bacterial 
groups and the risk to the viral infections showing that key 
healthy biomarkers as Faecalibacterium and Ruminococcus 
are linked to lower risk of NoV and RV infections. 
Conclusions. We can conclude that there is a potential link 
between host genetics, gut microbiota, and susceptibility to 
intestinal viral infections in humans. 
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EMERGING PLANT VIRUSES 
 
 

PA27 
BEGOMOVIRUS, THE LARGEST GENUS 
IN THE VIROSPHERE, WITHIN A 
FAMILY THAT DOES NOT STOP 
GROWING 
 
Jesús Navas-Castillo 
Instituto de Hortofruticultura Subtropical y Mediterránea "La 
Mayora", Universidad de Málaga - Consejo Superior de 
Investigaciones Científicas (IHSM-UMA-CSIC), Estación 
Experimental "La Mayora", 29750 Algarrobo-Costa, Málaga, Spain. 
 
Geminiviruses are plant-infecting single-stranded DNA 
viruses that occur in most parts of the world. Until recently, 
there were seven genera within the family Geminiviridae 
(Becurtovirus, Begomovirus, Curtovirus, Eragrovirus, 
Mastrevirus, Topocuvirus and Turncurtovirus). The rate of 
discovery of new geminiviruses has increased significantly 
over the last decade as a result of new molecular tools and 
approaches (rolling-circle amplification and deep sequencing) 
that allow for high-throughput workflows. The genus 
Begomovirus is the largest genus of geminiviruses, of plant 
viruses, and of the entire virosphere, with respect to the 
number of species that it includes. Begomoviruses are typical 
emergent viruses, transmitted by the whiteflies of the Bemisia 
tabaci complex, that cause huge economical losses to 
important vegetable and fiber crops worldwide. Recently, two 
more genera have been established: Capulavirus, with four 
new species, and Grablovirus, with one new species. Aphids 
and treehoppers have been shown to be vectors for the new 
geminivirus species. In addition, two highly divergent groups 
of viruses found infecting citrus and mulberry plants have been 
recently assigned to two new geminivirus species, that have 
been left unassigned to a genus because their particle 
morphology and insect vectors are unknown. Here, an 
overview of the taxonomy and phytopathological importance 
of the family Geminiviridae, with emphasis on the genus 
Begomovirus, will be presented. 
 
 
 

PA28 
MECHANISMS OF BEGOMOVIRUS 
TRANSMISSION BY WHITEFLIES  
 
Shu-Sheng Liu 
Institute of Insect Sciences, Zhejiang University, Hangzhou 310058, 
China. 
 
Begomovirus (family Geminiviridae) is the largest genus of 
plant viruses consisting of >300 species. Begomoviruses are 
exclusively transmitted, generally known in a persistent, 
circulative, non-propagative manner, by whiteflies of the 
Bemisia tabaci species complex, which are currently known to 
have >36 putative cryptic species. The data available indicate 
that various species of viruses are specifically transmitted by 
one to several species of whiteflies in the B. tabaci complex. 
The genetic structure of the coat proteins of the viruses 
determines the specificity from the side of the viruses. From 

the side of the insect vectors, putative receptors on the gut 
membranes, salivary glands and reproductive organs have 
been assumed to control the specificity. In addition, 
haematocytes in the haemolymph are also likely to play a role 
in this process. Comparative studies with B. tabaci whiteflies 
and the greenhouse whitefly indicate that receptors on the gut 
membranes may allow only certain viruses to enter the 
haemolymph in each species of whiteflies. Our studies with the 
two notorious species of the whiteflies, Middle-East Asia-
Minor 1 and Mediterranean, illustrate that the cells along the 
secretory duct of the salivary glands play a critical role in 
determining the specificity. A more recent study from our 
laboratory demonstrates that the tomato yellow leaf curl virus, 
a begomovirus has spread from the Mediterranean region to all 
continents of the globe in the past 30 years and caused 
enormous losses to many crops worldwide, can enter the 
reproductive organ of its vectors and be transmitted to their 
offspring via ova. The efficiency of the transovarial 
transmission depends on the developmental stage of whitefly 
ovary and increases as adults age. The specific interaction 
between virus coat protein and whitefly vitellogenin is vital for 
virus entry into whitefly ovary. In addition, we found that the 
infectivity of the virus can be maintained for at least two 
generations in the absence of virus-infected plants. In future, 
more case studies with ecological, cellular and molecular 
approaches are required to search for any patterns of the virus 
transmission specificity and unravel the underlying 
mechanisms. 
 
 
 

PA29 
TORRADOVIRUS, AN ENIGMATIC 
PLANT VIRUS GENUS 
 
Martin Verbeek 
Wageningen University and Research, Wageningen, The 
Netherlands. 
 
In the early 2000s a new disease struck tomato cultivation in 
the area around Murcia, Spain. This disease, locally called 
‘Torrado’ or ‘Torrao’, which means burnt or roasted, caused a 
devastating necrosis in leaves and fruits of tomato plants. The 
causal agent turned out to be a new bi-partite ss(+)RNA virus, 
with spherical particles of approximately 30 nm, belonging to 
a to that point unknown plant virus genus. The virus was 
named after the Spanish name of the disease: Tomato torrado 
virus (ToTV). When the causal agent was identified, and 
molecular tools became available for the detection of the virus 
in plant material, ToTV was found in several countries. It also 
became evident that this virus did not emerge suddenly, but it 
had already been around for many years as ToTV-positive 
samples in collections trace back to the 1980s. Research 
conducted on tomato diseases causing symptoms similar to 
those of ToTV identified viruses related to ToTV. One of them 
is Tomato marchitez virus (ToMarV), found in Mexico and 
recognized as the second species of the newly formed plant 
virus genus Torradovirus (family Secoviridae). Two other 
viruses causing similar disease symptoms in tomato are 
Tomato chocolate spot virus (ToChSV) and Tomato chocolàte 
virus (ToChV), both found in Guatemala. 
 The development of generic primer sets for the 
detection of torradoviruses was helpful in surveys for the 
tomato-infection torradoviruses, but assisted also in the 
detection of new torradoviruses and torradovirus-like viruses 
in other crops than tomato. Recently, other possible members 
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of the genus Torradovirus were detected by means of next 
generation sequencing (NGS). Today we recognize, apart from 
ToTV, ToMarV, ToChSV and ToChV, Lettuce necrotic leaf 
curl virus (LNLCV, the third ICTV-accepted species in the 
genus Torradovirus) Tomato necrotic dwarf virus (ToNDV), 
Cassava torrado-like virus (CsTLV), Motherwort yellow 
mottle virus (MYMoV), Carrot torrado virus (CaTV), Squash 
chlorotic leaf spot virus (SCLSV) and Red clover torradovirus 
1 (RCTV-1). 
 It was demonstrated that the natural vectors of the 
tomato-infecting torradoviruses are whiteflies. At least three 
species were identified which can transmit ToTV, ToMarV, 
ToChV and TNDV: Bemisia tabaci, Trialeurodes 
vaporariorum and T. abutilonea. Torradoviruses are the first 
spherical viruses to be transmitted by whiteflies. Moreover, 
torradoviruses are transmitted in a semi-persistent manner 
while the retention site of the virions was found to be located 
in the tip of the whiteflies’ stylet. However, several species of 
whiteflies were unable to transmit LNLCV and CaTV. 
Surprisingly, it was shown that these two torradoviruses are 
transmitted by aphids (Nasonovia ribisnigri for LNLCV, and 
Myzus persicae and Cavariella aegopodii for CaTV). The 
current genus demarcation criteria for Secoviridae do not 
encompass vector transmission and therefore do not facilitate 
the formation of a new genus for the aphid-transmitted 
torradoviruses, which are now considered as members of a 
tentative new subgroup within the genus. 
 As more and more torradoviruses are found, 
sequenced and characterized, we are still gaining insight in this 
new and emerging group of viruses. However, there are still a 
lot of puzzles to be solved. Some examples are the functions 
of the unusually long 3’-untranslated regions of the 
torradovirus genomes and the first Open Reading Frame 
(ORF1) found in RNA2. Also the precise mechanisms of 
transmission of the whitefly-transmitted and aphid-transmitted 
torradoviruses remain to be elucidated. The presentation will 
give an overview of the state-of-art in torradovirus research 
and research questions still to be addressed. 
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C01 
DEVELOPMENT OF ANIMAL MODELS 
FOR MIDDLE EAST RESPIRATORY 
SYNDROME CORONAVIRUS (MERS-CoV) 
INFECTION 
 
Vergara-Alert J.1, van den Brandt J.M.A.2, Widagdo W.2, 
Muñoz M.1, Raj V.S.2, Schipper D.2, Solanes D.1, Cordón 
I.1, Bensaid A.1, Haagmans B.L.2, Segalés J.1,3 
1Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), Campus 
de la Universitat Autònoma de Barcelona, 08193 Bellaterra, 
Spain;2Department of Viroscience, Erasmus Medical Center, 3000 
CA Rotterdam, Netherlands;3Departament de Sanitat i Anatomia 
Animals, Facultat de Veterinària, UAB, 08193 Bellaterra, Spain. 
 
Background and Objectives. Middle East respiratory 
syndrome coronavirus (MERS-CoV) emerged in 2012, and 
human cases continue to risein Saudi Arabia and, occasionally, 
in other countries. Dromedaries are the main reservoir, but 
other animal species might be susceptible to MERS-CoV and 
act as hosts.The present work aimed to study the susceptibility 
of four different livestock species (llamas, pigs, horses, sheep) 
for MERS-CoV infection, and their potential role as hosts 
and/or animal models. The selection of these four species was 
based on their epidemiologic interest, and on sequence 
similarities in the virus receptor binding domain of dipeptidyl 
peptidase-4 (DPP4) compared to human and/or dromedary 
camel DPP4. 
Material and Methods. To assess the susceptibility for MERS-
CoV, a first study used a total of 8 llamas, 14 pigs, 8 horses 
(ponies), and 14 sheepwhich were intranasally inoculated with 
107 TCID50/animal. Animals were euthanized on days 2, 4 
and 24 post-inoculation (PI) for pigs and sheep, and days 4 and 
24 for llamas and horses.In a second experiment, fifteenpigs 
were used to assess MERS-CoV transmission in this species. 
Pigs were divided into three groups: infected (n=5), direct 
contact (n=5) or indirect contact (n=5). For both experiments, 
RT-PCR and viral titration to detect MERS-CoV was 
performed on nasal swabs from several days PI (1, 2, 3, 4, 7, 
10, 14 and 24). Sera were obtained before challenge and at 7, 
14 and 24 days PI to detect specific MERS-CoV antibodies. 
Animals were euthanized at different timespost-inoculation 
(PI), and a complete necropsy was performed. 
Histopathological and immunohistochemistry assessments 
were done on the respiratory tract of the animals in the first 
study. 
Results. Only llamas showed clinical signs (moderate nostril 
mucous secretion), but both pigs and llamas showed positive 
RT-PCR results in nasal swabs variably from days 1 to 10 PI. 
Inflammation and necrosis was seen in the nasal respiratory 
epithelium of llamas and pigs at 2 and/or 4 days PI, and several 
tissues (mainly from the respiratory tract) were positive by RT-
PCR in those days PI. Antibodies towards the S1 protein were 
detected by ELISA in all llamas and 4 pigs from 14 days PI 
onwards.For the transmission study, viral RNA was detected 
in all infected animals and in 3 out of 5 direct-contact animals, 
but infectious virus was only detected in infected pigs. All 
infected pigs sero-converted. Positive RT-PCR results were 
detected in nasal swabs from days 1 to 10 PI, and in direct 
contact animals from day 1 to 4 after contact. No evidence of 
infection was detected in indirect contact pigs. 
Discussion and Conclusion. Pigs and llamas are susceptible to 
infection with MERS-CoV, and limitedpig-to-pig transmission 

was demonstrated. Llamasshould probablybe included in 
MERS surveillance programs, and might be used as potential 
models of subclinical infection with this virus. The role of pigs 
as reservoir is probably negligible. 
Acknowledgments:ZAPI project [Innovative Medicines 
initiative (IMI) grant 115760] with the assistance and financial 
support from IMI and the European Commission and 
contributions from EFPIA partners. The funding from CERCA 
Programme/Generalitat de Catalunya to IRTA 
andfromNederlandseOrganisatievoorWetenschappelijkOnder
zoek [Grant 91213066] is also acknowledged. 
 
 
 
C02 
VECTOR COMPETENCE OF TWOAEDES 
MOSQUITO SPECIES FROM SPAIN TO 
ZIKA VIRUS: ON THE ROLE OF 
INVASIVE AND NATIVE SPECIES. 
 
Rafael Gutiérrez-López1, Sean Bialosuknia2, Alexander T. 
Ciota2, Tomás Montalvo3, 4, Josué Martínez-De La Puente1, 
4, Laura Gangoso1, Jordi Figuerola1, 4, Laura D. Kramer2. 
1) Estación Biológica de Doñana (EBD-CSIC), Seville, Spain. 
2) Wadsworth Center for Laboratories and Research, New York State 
Department of Health, Albany, New York. United States of America 
3) Servei de Vigilància i Control de Plagues Urbanes, Agència de 
Salut Pública de Barcelona, Barcelona, Spain. 
4) Centro de Investigacion Biomedica en Red de Epidemiologia y 
Salud Pública (CIBERESP), Spain 
 
Introduction / Objectives. Zika virus is an emerging arbovirus 
that has spread throughout the Americas since 2015. Although 
ZIKV disease in humans wasinitially associated with recurrent 
fever, it has been subsequently associated with microcephaly, 
thusbecoming a health issue of global concern.In America, 
ZIKV is mainly transmitted by Aedes aegypti. In Europe, 
invasive and native mosquito species could create novel 
epidemiological scenarios affecting the transmission of ZIKV, 
yet the competence of most European mosquitoes for ZIKV is 
currently unknown. Recent studiessuggest Ae. albopictus, an 
invasive mosquito, as competent vector for ZIKV, but 
competence may vary geographically. Moreover, the 
competence of Ochlerotatus(Aedes) caspius, a native 
mosquito, has not been evaluated previously. For these 
reasons, we assessed experimentally i) the vector competence 
for ZIKV of Ae. caspius and Ae. albopictuscollected in Spain 
and ii) the vector competence of Ae. aegypti and Ae. 
albopictus for two ZIKV strains, Puerto Rico and Cambodia. 
In addition, we assessed the ability of Ae.albopictus to transmit 
virus vertically from females to progeny. 
Material and Methods. Mosquitoes were orally infected with 
fresh ZIKV using aHemotek feeder andengorged individuals 
were maintained in environmental chamber at 27º C. The 
body, legs and saliva of mosquitoes were analysed by 
quantitative reverse transcription PCR (qRT-PCR)to evaluate 
viral infection, dissemination and transmission rates at7, 14 
and 21 days post infection (dpi). Moreover, 200 engorged 
mosquitoes were allowed to lay eggs until the second 
gonotrophic cycleand pools of larvae were analysed by qRT-
PCR to evaluate vertical transmission rate. 
Results. Aedes albopictusshowedsimilartransmission ratesfor 
ZIKV thanAe. aegypti. However, ZIKV was unable to 
disseminate in Ae. caspius, and thus was not transmitted by 
this mosquito. The Puerto Rico and Cambodiastrains 
showedsimilartransmission rates in Ae. albopictus and Ae. 
aegypti. However, the Cambodia strain was observed in saliva 
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before than Puerto Rico, which was not observed until 14 dpi. 
In addition, ZIKV was found inlarvae of Ae. 
albopictussupporting the maintenance of the virus in nature. 
Conclusions. This study highlighted the potential of Ae. 
albopictus to transmit two different strains of ZIKV. During 
2015-16, 308 imported cases of ZIKV were reported in Spain. 
This fact, together with the distribution of the competent 
Ae.albopictus, suggest the possibility that ZIKV could be 
transmitted locally in Spain. This is not the case of the non-
competent vectorfor ZIKVAe. caspius. 
 
 
 

C03 
ZIKA VIRUS INFECTION CONFERS 
PROTECTION AGAINST WEST NILE 
VIRUS CHALLENGE IN MICE 
 
Ana-Belén Blázquez,  Ángela Vázquez-Calvo, Estela 
Escribano-Romero, Teresa Merino-Ramos, Juan-Carlos Saiz, 
Miguel A. Martín-Acebes, Nereida Jiménez De Oya 
Dpto. Biotecnología, INIA, Madrid Ctra. Coruña Km. 7,5, Madrid, 
28040 
 
Objective. The recent emergence of Zika virus (ZIKV), a 
mosquito-borne flavivirus, in the Americas resulted in millions 
of infected people. Even more, ZIKV has been associated with 
serious neurological diseases and birth defects (Guillain-Barrè 
syndrome and microcephaly) causing social and sanitary 
concerns; however, information about ZIKV immunity is still 
scarce. In this regard, antibody mediated immunity is 
considered a major player for protection against flavivirus 
infections. Antibodies are often cross-reactive among related 
flaviviruses but, while sometimes they confer cross-protection, 
in other cases harmful consequences are observed due to an 
antibody dependent enhancement (ADE) effect. These facts, 
together with the high reported antibody prevalence in ZIKV 
infected populations, may have special relevance in areas 
where different flaviviruses co-circulate. Indeed, the 
relationships between the immune response after ZIKV and 
subsequent or previous Dengue virus (DENV) infection seems 
now to be clear. In this study, facing the potential colonization 
by ZIKV of new territories where other medically relevant 
flavivirus are circulating, we have explored the capability of 
this new invader to induce protection against West Nile virus 
(WNV). 
Materials and Methods. Eight week-old immunocompetent 
swiss albino CD1 male mice were intraperitoneally (i.p.) 
inoculated with 5x105 plaque forming units (pfu)/mouse of 
African, American, and Asian ZIKV strains, or with vehicle. 
Mice were i.p. challenged with 104 pfu/mouse of a 
neurovirulent WNV NY-99 strain 14 days after primary ZIKV 
infection. Total humoral immune response was analyzed by 
enzyme-linked immunosorbent assay (ELISA) using heat-
inactivated viruses (WNV or ZIKV) produced in Vero cells as 
antigens. Neutralizing antibodies were assayed by plaque 
reduction neutralization tests (PRNT). 
Results. All mice survived to ZIKV infection, independently 
of the origin of the infecting strain (African, Asian, or 
American), and none of them showed signs of disease. ZIKV 
elicited a specific neutralizing antibody response in all infected 
mice. Remarkably, ZIKV infected mice were protected against 
challenge with WNV, as survival rates were significantly 
higher in them than in control mice. Moreover, previous ZIKV 
infection enhanced the induction of specific antibodies against 
WNV. 

Conclusion. ZIKV infection induces protection against WNV 
challenge in immunocompetent mice. These findings may be 
relevant in geographical areas where both ZIKV and WNV co-
circulate, as well as to the future development of broad-
spectrum flavivirus vaccines. 
 
 
 

C04 
PREVIOUS INFECTION 
WITHBAGAZA/ISRAEL TURKEY 
MENINGOENCEPHALOMYELITISVIRUS 
INDUCES CLINICAL AND VIROLOGICAL 
PROTECTION AFTER CHALLENGE 
WITH PATHOGENIC WEST NILE VIRUS 
IN THE RED-LEGGED PARTRIDGE.  
 
Francisco Llorente1, Elisa Pérez-Ramírez1, Cristina Cano-
Gómez1, Maria Del Carmen Barbero1, Pilar Aguilera1, Irit 
Davidson2, Eitan Kin3, Ramón Soriguer4,6, Mathieu 
Sarasa5, Miguel Ángel Jiménez-Clavero1,6 
1INIA-CISA, Spain; 2Kimron VeterinaryInstitute, Israel; 3Phibro 
Ltd., Israel; 4Fédération Nationale  des Chasseurs, France; 
5Estación Biológica de Doñana (CSIC), Spain, 6CIBERESP, Spain. 
 
OBJECTIVE:In Europeseveralmosquito-borne, bird-hosted 
flaviviruses,differing in virulence, may concern animal and 
public health.West Nile virus (WNV), Usutu virus (USUV) 
and Bagaza (BAGV,synonymous to Israel turkey 
meningoencephalomyelitis virus, ITV) co-circulate in 
different areas of the Mediterranean basin, including Cádiz, 
(Southern Spain), in their avian reservoirs (1). 
Cross-protection can be an important factor to understand 
andmanage transmission riskin areas whereflaviviruses co-
circulate. Pre-existing exposure to one flavivirus in avian 
reservoir populations could induce protection against other 
pathogenic flaviviruses preventing their spread. To test this 
hypothesis we performed a cross-protection assaybetween 
BAGV and WNV in red-legged partridges. 
MATERIALS AND METHODS:A “test” group (n=9)of five-
month old red-legged partridge showing high levels of BAGV-
specific antibodies after inoculation with an attenuated 
ITV/BAGV virus (ITV vaccine 
strain)werechallengedsubcutaneously with an infectious dose 
(104pfu) of a pathogenic WNV strain (Italy-2008) in 0.1 mL 
of PBS/0.2% albumin. Another group (“naïve”, n=9) received 
the same WNVdose, and a third group (“sham”, n=5) was 
sham-inoculated with diluent. Clinical signs were recorded 
daily. Body weight, viral load in blood, feathers and oral swabs 
(by real-time RT-PCR) and neutralizing antibodies (by VNT) 
were monitored for up to 15 days post-challenge(dpc). 
RESULTS: The “naïve” group developed infectionshowing 
high viremia and viral load in feathers and swabs. One bird 
died at 6 dpi and the rest were all clinically affected suffering 
a significant body weight loss between 7 and 9 dpcas 
compared to the “sham” group. On the other hand the“test” 
group remained healthy anddidn’t show any weight loss, and 
viral load in blood, feathers and oral swabs were drastically 
reduced compared to the “naïve” group. Both challenged 
groups developed WNV-specific neutralizing antibodies. 
CONCLUSION: Previous infectionwith BAGV/ITVin red-
legged partridges induced a complete clinical protection after 
challenge with WNV, andan incomplete virological 
protection, as viremia was detectable, although with much 
lower titres, under the experimental conditions 
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adopted.Consequently, in areas with co-circulation of these 
two flaviviruses, animals surviving to BAGV could be 
protected against WNV infection, affecting flavivirus 
transmission rate in susceptible species. Such cross-
protections might potentially guide complementary strategies 
for managing disease risks in captive and wild bird populations 
in the future. 
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C05 
MOSQUITO COMMUNITY INFLUENCES 
WEST NILE VIRUS SEROPREVALENCE 
IN SOUTHERN SPAIN 
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The West Nile virus (WNV; Flaviviridae) is a member of the 
Japanese encephalitis virus serogroup that naturally circulates 
in wild birds and occasionally affects humans and livestock. 
The vector community may determine the transmission of 
vector-borne pathogens, including WNV. However, the 
ecological characteristics affecting the epidemiology of WNV 
under natural conditions are poorly understood. Here, we 
evaluated the relationship between mosquito abundance 
(measured as captured numbers) and mosquito species 
richness on the seroprevalence of WNV in wild house 
sparrows (Passer domesticus) from Southern Spain. 
During 2013, 2544 house sparrows were captured in 45 
localities from the provinces of Cádiz, Huelva and Seville 
(Southern Spain), an area with active WNV circulation since, 
at least, 2010. The prevalence of WNV antibodies in birds first 
was assessed using the epitope-blocking ELISA Kit Ingezim 
West Nile Compac (Ingenasa, Madrid, Spain). Specific WNV 
antibodies were confirmed by micro virus-neutralization tests 
(VNT). At the same time, BG sentinel traps were used to trap 
mosquitoes in the study areas. Mosquitoes were identified to 
the species level based on their morphology. The number of 
captured mosquito species and the species richness were 
quantified.  
Overall, 1.96% and 4.44% of bird sera provided positive and 
doubtful results according to ELISA, respectively. In addition, 
neutralizing antibodies against WNV as confirmed by VNT 
were found in 0.67% of the birds. Mosquito species richness 
and the numbers of Cx. perexiguus captured correlated 
positively to the seroprevalence detected by ELISA, while the 
number of Ochlerotatus caspius and Culex theileri captured 
were negatively correlated to WNV seroprevalence. Similarly, 
the prevalence of neutralizing antibodies against WNV 
correlated positively to the abundance of Culex perexiguus but 

it was negatively associated with the numbers of both Oc. 
caspius and Anopheles atroparvus. 
These results provide strong evidence of the influence of 
mosquito community on the epidemiology of WNV in wild 
bird populations and for the central role of Cx. perexiguus in 
the enzootic circulation of WNV in Southern Spain. Thus, 
these results support the relevance of mosquito surveillance to 
deeply understand the natural cycles of WNV and other 
flaviviruses. 
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ORAL SESSION 2 
VIRAL PATHOGENESIS 
 
C06 
LOSS OF FITNESS IN MAMMALIAN 
CELLS IMPOSED BY THE NS1 PROTEIN 
FROM BAT INFLUENZA A-LIKE 
VIRUSES 
 
TERESA AYDILLO1, JUAN AYLLON1, MINDAUGAS 
JUOZAPAITIS2, HANNA L. TURKINGTON3, BEN HALE3, 
MARTIN SCHWEMMLE2 AND ADOLFO GARCÍA-
SASTRE1,4.  
1 Department of Microbiology, Global Health and Emerging 
Pathogens Institute, Icahn School of Medicine at Mount Sinai, New 
York, New York. 2 Institute of Virology, University of Freiburg, 
Germany. 3Institute of Medical Virology, University of Zurich, 
Switzerland.  
 
Objectives: Recently, two new influenza A-like viruses have 
been discovered in bats, HL17NL10 and HL18NL11. The 
ability to outrun innate immunity before adaptive immune 
responses are mounted is crucial for the survival of virtually 
all mammalian viruses, regardless of their genome type and 
complexity. Likewise, influenza viruses have evolved 
mechanisms to evade host immune responses and the NS1 of 
conventional influenza A viruses acts as the main virulence 
factor by inhibiting host immune responses through inhibition 
of the type I IFN system. The objective of this work was to test 
whether the NS1 proteins of HL17NL10 and HL18NL11 are 
able to functionally substitute the NS1 protein of conventional 
influenza A virus. 
Methods: Using standard reverse genetics techniques, 
recombinant influenza PR8 (A/PR8/34 (H1N1)) viruses 
containing the NS1 protein of PR8 WT, HL17NL10 and 
HL18NL11 were generated. These viruses (NS1PR8, 
NS1HL17, NS1HL18) were tested for replication in bat and 
non-bat mammalian cells. These viruses were also tested in a 
mouse model for replication in lungs and for the ability to 
cause disease. 
Results: In vitro and in vivo studies showed that NS1HL17 and 
NS1HL18 viruses were attenuated in bat and non-bat 
mammalian cells and in the mouse model. However, bat NS1 
recombinant viruses showed similar phenotypes than NS1PR8 
virus in human A549 cells and in mice unable to respond to 
type I IFN because of disruption of the STAT1 gene. 
Interestingly, multiple mouse passages of NS1HL17 and 
NS1HL18 viruses resulted in selected PB2 viral protein single 
mutations that compensate for the loss of fitness of the original 
bat recombinant viruses and enhance IFN antagonism through 
inhibition of IRF3 phosphorylation.  
Conclusions: Our results demonstrate that NS1HL17 and 
NS1HL18 recombinant viruses are attenuated in vitro and in 
vivo studies due to an impaired efficiency of the NS1 protein 
of influenza A-like bat viruses in inhibiting the IFN response. 
Besides, the selective advantage conferred by PB2 adaptations 
can exert a compensatory effect for this defect by enhancing 
IFN antagonism in mice. 
 
 
 
 
 
 

C07 
HERPES SIMPLEX VIRUS TYPE 1 CAN 
ENTER INTO OLIGODENDROCYTES 
THROUGH AN ENDOCYTIC PATHWAY 
 
Praena García Beatriz, Bello Morales Raquel And López 
Guerrero José Antonio 
Departamento de Biología Molecular. Facultad de 
CienciasUniversidad Autónoma , Madrid 

 
OBJETIVE: Herpes simplex virus type 1 (HSV-1) is a 
neurotropic human pathogen belonging to the 
alphaherpesviruses that infects several cell types such as 
neural and epithelial cells. Multiple cellular targets/receptors 
and entry pathways have been described to date, some of them, 
depending on the cell type – e.g. through membrane fusion in 
neurons or endocytosis in Hela cells-. Our objective aim at the 
study of both clathrin or caveolin-mediated endocytosis as a 
possible HSV-1 entry pathway in human oligodendrocytic 
(Ols) cells. 
MATERIAL AND METHODS: Herein we present our model 
of infection of the human oligodendrocytic HOG cell line by 
HSV-1 after inhibition of both clathrin and caveolin- 
dependent entry pathways by chemical inhibitors. For this 
goal, cytotoxicity and infection assays, immunoblotting, 
immunofluorescence and electromicroscopy techniches were 
used. 
RESULT: Clathrin and caveolin are present in Ols cells and 
were inhibited chemically without cytotoxicity. The decrease 
of the infection was observed by immunoblotting and infection 
assays in Ols cells. Electromicroscopy showed colocalization 
of caveolin and clathrin molecules with viral HSV-1 particles 
entering the cell through endocytosis. 
CONCLUSION: Previous studies carried out in our laboratory 
have demonstrated that glial oligodendrocytic cells are highly 
susceptible to HSV-1 infection. At least in our system, 
endocytic and fusion mechanisms, in addition to receptor-
ligand entry pathways, have been suggested. From our results, 
we suggest that, though not the only one, the endocytic 
pathway is mainly used by HSV-1 to reach the cytoplasm in 
HOG cultures. In addition, our work points out the relevant 
role of clathrin and caveolin in HSV-1 endocytosis. 
 
 
 

C08 
POSITION EFFECTS INFLUENCE HIV 
LATENCY REVERSAL 
 
Heng-Chang C1, Martinez Jp2, Zorita E1, Meyerhans A2,3, 
And Filion Jg1 
1Genome Architecture, Center for Genomic Regulation 
(CRG), Barcelona Institute of Science and Technology, Barcelona, 
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2Infection Biology Laboratory, Universitat Pompeu Fabra, 
Barcelona, Spain (javier.martinez@upf.edu);  
3Institució Catalana de Recerca i Estudis Avançats (ICREA), 
Barcelona, Spain;  
 
Introduction. One of the main obstacles to cure HIV is the 
existence of transcriptionally silent but replication-competent 
HIV reservoirs in resting CD4+ T lymphocytes. “Shock & 
Kill” therapies use latency-reversing agents (LRAs) to 
reactivate HIV so that cytolytic T lymphocytes (CTLs) 
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responses can detect and clear infected cells. So far, however, 
only a small minority of latent HIV proviruses can be induced 
by this strategy. Provirus expression is known to be influenced 
by the host chromatin but the potential role of the insertion site 
(known as position effects) in reactivation therapies has not 
been investigated mainly due to the lack of technologies that 
recognize the LRA response of individual latent proviruses in 
a cell population.  
Objective. Todefine whether the chromosomal location of a 
provirusinfluences the effectiveness of any given LRA.  
Materials and Methods. We have developed a method called 
Barcoded HIV Ensembles (B-HIVE) (See: Heng-Chang C, et 
al. Nature Structural & Molecular Biology 24.1 (2017): 47-
54). B-HIVE allows us to generate thousands of HIV genomes, 
each tagged with a unique barcode of 20 nucleotides, which 
are pseudotyped to produce virions, named HIVBCD, and to 
infect target cells. A founder pool of 20,000 infected cells is 
established and clonally expanded. The barcodes are used as 
universal identifiers to generate genome-wide dual maps that 
capture the transcriptional status of any individual provirus in 
the infected cell population. 
Results.We show for the first time that the HIV insertion site 
influences the outcome of latency reversal. Following a simple 
model of latency in Jurkat cells we were able to quantify the 
reactivation response of individual proviruses to 
phytohemagglutinin (PHA) and the HDAC inhibitor 
Vorinostat (VOR).We show that PHA and VOR reactivate 
different subsets of proviruses. In the genomic map, the top 
VOR responders are found more frequently near enhancers 
than those responding to PHA.  
Conclusions. Our study highlights the influence of the 
surrounding genomic context on HIV expression and pioneer 
the role of the integration site in “Shock & Kill” strategies. 
 
 
 

C09 
A NOVEL INFLUENZA A BARCODED-
LIBRARY REVEALS NS1 ADAPTATIONS 
TO THE HOST 
 
Raquel Muñoz-Moreno1, Asiel Arturo Benitez1, Carles 
Martínez-Romero1, Lisa Miorin1, Maryline Panis1, David 
Sachs4, Ignacio Mena1, Juan Ayllón1, Benjamin R. 
Tenoever1, 2 And Adolfo García-Sastre 1,2,3 
Department of Microbiology, Icahn School of Medicine at Mount 
Sinai, New York, NY, 10029, USA1, Institute of Global Health and 
Emerging Pathogens2, Mount Sinai School of Medicine, New York, 
NY,USA3, Department of Genetics and Genomic Sciences4 
 
Background: The NS1 protein, a non-structural protein of 
Influenza A virus is a key virulence factor that plays an 
essential role in inhibiting the type I interferon (IFN) response, 
thus allowing the virus to replicate efficiently in host cells. In 
the present work, a PR8 backbone has been used to generate a 
library of recombinant viruses, each expressing a different 
NS1. This approach allowed us to obtain a representative 
library of recombinant PR8 viruses containing NS1 sequences 
encompassing the known NS1 evolutionary landscape from 
different viral strains, countries, years and hosts.  
Methods: The different NS1 sequences were collected from 
the Influenza Research Database (IRD) based on different 
structural and functional Sequence Feature Variant Types 
(SFVT). The NS1 library was designed by using a modified 
split NS segment where we inserted a 22-nucleotide barcode 
(BC) in an intergenic region between NS1 and NEP. 

Furthermore, as an internal control, each selected NS1 
sequence was duplicated and associated with two different BC. 
This BC insertion allows for the monitoring and quantitation 
of the different recombinant NS1 viruses through the Illumina 
Miseq deep sequencing platform after passage of the library in 
different systems. The selected NS1 were synthesized in vitro 
and cloned into specific restriction sites of the PR8-backbone 
bi-directional pDZ plasmid containing the modified NS1 
segment. The rescue of each PR8 NS1-barcoded mutant virus 
was performed in 293T cells, followed by propagation in 
MDCK cells and subsequent plaque purification. Viral stocks 
were titrated through plaque assay to ascertain the titers 
(pfu/ml) for each of the recombinant viruses. Finally, 
equivalent levels of each unique virus were combined to obtain 
the NS1-barcoded library.  
Results: Multicycle growth curves performed in MDCK 
revealed that the BC insertion is neutral as the growth of 
barcoded-recombinant viruses was similar to a virus 
containing the wild type (WT) NS segment. Egg allantoic 
fluid, MDCK supernatants and lungs collected from mice 
previously infected with the NS1 library were processed and 
analyzed. The study revealed the emerging groups of NS1s 
that are best adapted to these specific culture systems and hosts 
and also the ones that are not and therefore tend to disappear 
as the infection progresses.  
Conclusions: By using this robust and high reproducible novel 
approach, ongoing and future studies in immune deficient 
systems such as STAT1-/- or RAG1-/- mice will reveal the 
impact of host antiviral pathways in determining the fitness of 
influenza A viruses according to their specific NS1 sequences. 
 
 
 

C10 
DIFFERENCES IN OPTIMIZATION 
DYNAMICS DETERMINE THE RELATIVE 
ADVANTAGE OF PARTICULAR 
MUTANTS IN AN RNA VIRUS 
 
Ester Lázaro1, María Arribas1, Jacobo Aguirre2, Susanna 
Manrubia2 
1Department of Molecular Evolution. Centro de Astrobiología (INTA-
CSIC). 2Systems Biology  Programme. Centro Nacional de 
Biotecnología (CSIC) 
 
Objectives. Virus fitness is determined by different traits, such 
as the intracellular growth rate, the adsorption rate, or the 
virion extracellular stability. In addition, since most mutations 
have deleterious effects, another factor influencing fitness, 
mainly when the error rate is very high, as it happens in RNA 
viruses, is the tolerance of   genotypes to bear additional 
mutations. It has been demonstrated that virus clones 
propagated at large population sizes experience fitness gains, 
which is usually associated with an increase in the population 
heterogeneity. The optimization process follows a dynamics 
that may vary among viruses, as a consequence of differences 
in the initial fitness, the error rate, the average effect of 
mutations on fitness, or the height of the more accessible 
fitness peaks in the fitness landscape. When different mutants 
spread together, these differences may determine the fate of 
each particular variant. In this work we try to get a deeper 
insight on this issue through the analysis of the competition 
dynamics between two mutants of the RNA bacteriophage Qβ 
that co-propagate with the wild type virus. Our main goal is to 
disentangle the effect of different levels of diversity of the 
initial populations in the evolutionary outcome. 
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Methods. We carried out competition experiments between 
virus populations which were either clonal or had experienced 
a certain number of generations from their clonal origin. The 
consensus sequence of the populations obtained at the end of 
each competition allowed us to identify the dominant virus. 
We also implemented a theoretical population dynamics 
model, aimed at describing the evolution of a heterogeneous 
population of individuals, each characterized by a fitness 
value, subjected to subsequent cycles of replication and 
mutation.  
Results. When competitions were carried out using clonal 
viruses, mutants rapidly outcompeted the wild type. However, 
the outcome of competitions performed with partially 
optimized virus populations depended on the distance of both 
competitors to their clonal origin. While some results were 
expected, others were counterintuitive. Nevertheless, they 
could be well explained on the framework of our theoretical 
model under two different, non-excluding assumptions: i) The 
relative advantage of both competitors change as populations 
approach mutation-selection equilibrium, and ii) one of the 
competitors is more robust to mutations than the other. 
Conclusion. The proximity of an RNA virus population to 
mutation-selection equilibrium is a key factor determining the 
fate of particular mutants arising during replication. 
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ORAL SESSION 3 
VIRAL EPIDEMIOLOGY 
 
C11 
EMERGENCE OF THE NOVEL ATYPICAL 
PORCINE PESTIVIRUS IN SPAIN, 1997-
2016 
 
Sara Muñoz González1, Albert Canturri2, Marta Pérez-
Simó1, José AlejandroBohórquez1, Rosa Rosell1, 3, Oscar 
Cabezón1, 2, Joaquim Segalés1, 2, Mariano Domingo1, 2 
and Llilianne Ganges1 
1IRTA, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), 
Campus de la UniversitatAutònoma de Barcelona, 08193 Barcelona, 
Spain. 2Departament de Sanitat i Anatomia Animals, 
UniversitatAutònoma de Barcelona, 08193 Barcelona, Spain. 
3Departament d'Agricultura, Ramaderia i Pesca (DARP), Generalitat 
de Catalunya, Spain 
 
A novel Pestivirus named atypical porcine pestivirus (APPV), 
was discovered in the USA in 2015, being also identified in 
Germany, The Netherlands and Austria. APPV has been linked 
with the development of congenital tremor (CT)in newborn 
piglets, which increasespre-weaning mortality. This study 
aimed to determine the circulation of APPV in Spain from 
1997 to 2016 and provide new information regarding viral 
pathogenesis, epidemiology, and the molecular 
epidemiological link with recently reported APPV strains 
Two-dayold piglets (n=5) with moderate-severe CT from a 
Spanish farm were received. Sera, nasal and rectal swabs and 
tissue samples were collected. qRT-PCR was performed and a 
retrospective study to detect APPV RNA was carried out using 
a serum collection that included samples of 642 pigs, from 
1997 to 2016, with their anamnesis data. Furthermore, a 
phylogenetic analysis was conducted in the positive samples 
amplifying a fragment of the NS2-3. The phylogenetic tree 
was constructed using the Maximum Likelihood method 
implemented in Mega 6 software. 
APPV genome was identified with high and moderate RNA 
loads in different tissues. On the other hand, 89 out of the 642 
analyzed samples (13.9%) were positive by the specific qRT-
PCR. The first APPV positive serum was dated in 1997 and 
the last in 2016. Fifty-four out of 161 (33.5%) piglets in the 
first week of age were APPV positive. However, viremic pigs 
at older ages were also detected.Phylogenetic analysis from 
1615 NS2-3 nucleotides showed at least three well defined 
APPV clades, grouping high genetic diversity strains from 
Spanish, Germany and USA  
APPV has been circulating in Spain at least since 1997, being 
the earliest date of detection of this virus worldwide and 
suggesting that APPV may be widespread. Data support that 
CTwas related to the presence of APPV in viremic piglets 
below 1 week of age, in which the viral RNA load was the 
highest. A high APPV RNA load was detected in lymphoid 
organs, suggesting that these constitute a target for APPV 
replication. Thus, a potential immunosuppressive capacity of 
APPV cannot be underrated. A considerable number of 
animals between 4 and 14 weeks of age and some one-week 
old piglets were viremic in the absence of CT, which can act 
as carriers of the virus. Our results suggest a close 
epidemiological relationship of APPV strains in Europe, The 
mutation rate of Spanish strains suggests the possible 
evolution from 2001 to 2016. 
 
 

 

C12 
MOLECULAR EPIDEMIOLOGY OF 
ENTEROVIRUS A71 STRAINS 
ASSOCIATED WITH SEVERE 
NEUROLOGIC DISEASES IN SPAIN, 2016 
 
Rubén González-Sanz1, Cristian Launes2*, Ana Valero-
Rello2,Margarita Del Cuerpo3,Cristina Calvo4, Carmen 
Muñoz-Almagro2*, Águeda Hernandez5, Ana Martínez-
Sapiña6, Antonio Moreno-Docón7, Elisenda Moliner3, 
María P. Romero4, Ana Navascués8, Sonia Rey-Cao9, 
Gregoria Megias10, Maitane Aranzamendi11, Almudena 
Otero1, María Cabrerizo1 
1Unidad de Enterovirus, Centro Nacional de Microbiología,Instituto 
de Salud Carlos III, Madrid. 2Hospital San Joan de Déu, Barcelona. 
*CIBER de epidemiología y Salud Pública, CIBERESP. 3Hospital 
Santa Creu i Sant Pau, Barcelona.4Hospital La Paz, 
Madrid.5Hospital GermansTrias i Pujol, Barcelona. 6Hospital 
Miguel Servet, Zaragoza.7Hospital Virgen de la Arrixaca, 
Murcia.8Hospital de Navarra, Pamplona. 9Complejo Hospitalario 
Universitario de Vigo, Vigo.10Complejo Hospitalario de Burgos, 
Burgos. 11Hospital Universitario de Cruces, Bilbao 
 
Background. Enterovirus A71 (EV-A71) belongs to EV 
species A in genus Enterovirus, family Picornaviridae. EV-
A71 is a common etiological agent ofmild, self-
limitedinfections as febrile illness or hand, foot and mouth 
disease (HFMD) but it also can be responsible of severe and 
sometimes fatal neurological diseasesranged frommeningitisto 
encephalitis or acute flaccid paralysis (AFP). 
Based on viral protein VP1 sequences, EV-A71 has been 
classified into six genogroups (A-F), including different 
subgenogroups (B0-B5, C1-C5).In the last 15 years, 
subgenogroupsC2 and C4have been associated with large 
HFMD epidemics in Asia-Pacific regioncharacterized by cases 
in children with severe neurologic and pulmonary 
complications, while C1 and C2 strains have circulated in 
Europe predominantly. 
In Spain, EV-A71 had been rarely detected until 2015. 
However,in spring 2016 a large outbreak associated with 
severe neurologic complicationswas reported in Catalonia. In 
addition, some cases occurred in other Spanish regions. 
Objective. To investigate the molecular epidemiology and 
geographic spread of EV-A71 detected in 2016 comparing 
with strains circulating in Spainand other countries during last 
years. 
Patients and methods. 72EV-A71-positive samples detected in 
2016 were included. Samples were from children <15 years 
admitted in10hospitalswhich are participating in anon-going 
project (PI15CIII-00020).80% of the samples were from 
Catalonia. Clinical manifestations were encephalitis/ 
romboencephalitis or meningoencephalitis (71%),fever (11%), 
AFP (7%),and HMFD (4%). 
Phylogenetic analyses in the 3’-VP1 and 3Dpol regions with 
all Spanish strains and a representative set of EV-A71 from 
other countries were performed. Trees were constructed by 
neighbor joining from 1,000 bootstrap re-samplings of 
maximum composite likelihood distances method using the 
MEGA 6.0 
Results. All but 5 EV-A71 strains were classified as 
subgenogroup C1, highly related to recently described strains 
from Germany2015 and France 2016. The remaining 5viruses 
were C2such as most of Spanish strains detected until 2015. 
The analysis of the 3Dpol sequences revealed a possible 
recombination event because all Spanish C1 strains grouped in 
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a single clade together with German strains and separate from 
other C1 sequences. 
Conclusion. Our results show that EV-A71 strainsresponsible 
for the large outbreak occurred in 2016had not been previously 
detected in Spain and would have its origin in strains from 
northern Europefrom where they would have spread. These 
findings highlight the importance of EV surveillance in order 
to identify new variants with increased pathogenicityas well as 
their routes of dissemination. 
 
 
 

C13 
HEPATITIS DELTA VIRUS IN SPAIN: 
MOLECULAR EPIDEMIOLOGY 
 
Laura Broto; Oscar Crespo; Silvia Rubio; Sergio Sánchez; 
Lucía Morago; Sandra Arroyo; Ana Avellón 
Centro Nacional de Microbiología (Instituto de Salud Carlos III) 
 
Introduction: Hepatitis Delta Virus (HDV) is the smallest 
knownanimal virus and a defective virus that co-infects with 
Hepatitis B Virus (HBV). Its genome molecular structure in 
not completely known, but a similarity to plant viroid has been 
described. Eight different HDV genotypes (I-VIII) have been 
described. Molecular epidemiology studies are scarce both in 
Europe or Spain.One of the reasons may be the technical 
difficulties to achieve good results due to the 
complexsecondary structures. 
Objectives: This study proposes firstlythe phylogenetic 
analysisof HDV detected in Spain from 2008-2016, describing 
genotype distribution and monophyletic clusters. Secondly 
molecular analysis of HDV complete sequences will be 
performed, including oligomerization domain and NLS 
mutation pattern. 
Materials and Methods: From 3401 serum samples arriving to 
the Viral Hepatitis Reference and Research Laboratory of the 
National Center of Microbiology for HDV RNA detection, 636 
were HDV RNA positive, corresponding to 371 different 
patients from all except twoSpanish Autonomous 
Communities. A total of 84 sequences of individual patients 
were obtained from residual RNA extracts (till March 2017) 
corresponding to years 2008 to 2016.  
Nested-PCR systems designed in the laboratory were used for 
~500nt fragmentamplification comprising part of HDAg. 
Sequence analysis and tree reconstruction was made by means 
of MEGA 7.0. Preliminary tree was built with NJ 1000 
bootstrap including both all 84 sequences and sequences from 
GenBankfrom the eight different described genotypes and 
from different countries. 
Results and Discussion: 83 from 84 (98.8%) of the sequences 
corresponded to genotype I. The remaining one was genotype 
V. Genotype I Spanish sequences grouped in at least 8 
monophyletic groups (Group 1 to 8) (bootstrap values ranging 
from 89 to 99). Three of the groups, with more than 15 
sequences each,included sequences corresponding to all 
studied years. Group 1 included sequences from Italy; group 5 
contained sequences from France, Iran, Taiwan, China, Japan 
and Romania; and group 7 from Romania, Italy, Spain, France 
an USA. Thus, data suggest that different lineages of HDV 
genotype I, are responsible of infections in Spain, being these 
lineages stablished in the country at least since 2008. The same 
lineages seem to be related to infections in other European 
countries. Phylogenetic analysis of additional sequences, as 
well as molecular analysis of complete sequences will be 
shown. 

C14 
MOLECULAR CHARACTERIZATION OF 
HEPATITIS C VIRUS RESISTANCE-
ASSOCIATED SUBSTITUTIONS AFTER 
INTERFERON-FREE TREATMENT 
FAILURE BY MASSIVE PARALLEL 
SEQUENCING   
 
Qian Chen, Celia Perales, Javier Crespo, Maria Buti, José 
Luis Calleja, Josep Gregori, Francisco Rodríguez-Frías, 
Leonardo Nieto, Juan Ignacio Esteban, Josep Quer Y Grupo 
Ras-Peahc-Ciberehd.  
Grupo Ras-Peahc-Ciberehd (Resistance-Associated Substitutions – 
Plan Estratégico Abordaje Hepatitis C- Ciberehd): Jordi Niubó, 
Manuel Rodríguez, Martin Prieto, Maria Luisa García Buey, 
Inmaculada Fernández, Javier Torras, Rosa Morillas, Moisés Diago, 
Federico Sáez-Royuela, Montserrat Forné, Juan Tunes, Javier García 
Samaniego, José Antonio Carrión, Juan Ignacio Arenas, Xavier 
Forns, Zoe Mariño, Raúl Andrade, Silvia Montoliu, Miguel Ángel 
Simón, Gloria Sánchez Antolín, Juan José Sánchez-Ruano, Juan 
Manuel Pascasio, 
 
Introduction: At present, more than 60.000 chronically 
Hepatitis C infected patients have started Direct-Acting 
Antiviral (DAA) Interferon-free treatments in Spain. It has 
been estimated that around 2% will fail and viral resistant-
associated substitutions (RASs) are usually selected, thus 
conditioning future therapeutic options due to the cross-
resistance with inhibitors of the same family. In this scenario, 
the best accurate retreatment strategy depends on the type, 
frequency and how RASs are combined in the same genome. 
The aim of the study is to detect RASs among treatment failure 
patients, the frequency at which they are found and their 
combination in the same genome using massive parallel 
sequencing. 
Methods: More than 160 treatment failure patients were 
recruited from 29 Spanish hospitals included in the National 
HCV Strategic Plan with collaboration of CIBER of Liver and 
Digestive Diseases (Ciberehd). All serum samples were 
genotyped and RASs were analyzed by Next Generation 
Sequencing (NGS). 
Results: The vast majority of patients got a relapse of viral 
infection once several weeks after stopping DAA treatment. 
90% of the patients show RASs in at least one analyzed regions 
(NS3, NS5A and/or NS5B). The subtype distribution among 
all treatment failure samples was 53% G1b, 16% G1a, 17% 
G3a, 9% G4d, 1% G2j, 1% G2c, 1% G4a and 2% mixed 
infections. The most prevalent RAS were detected in positions 
80, 122, 155 and 168 in NS3 region, positions 28, 30, 58 and 
93 in NS5A region, positions 159 and 316 in NS5B region. 
Moreover, resistance substitution S282T, which has been 
directly associated with resistance to Sofosbuvir (SOF), 
despite causing a dramatic viral fitness decay in cell culture 
experiments, has been detected in 4% of SOF treated patients. 
The combination Q80R + D168E and L31M + Y93H, have 
been shown in 6.3% and 16.3% of G1b patients, respectively. 
Among all analyzed samples, 18% of patients did not show 
any RAS despite relapse of viral load in plasma. 
Conclusion: The extensive characterization of the spectrum of 
substitutions by massive parallel sequencing is an essential 
tool to identify resistance-associated substitutions, 
combination of variants in the same sequence and their 
frequency during direct-acting antiviral based treatment 
failures. This information will help design the most accurate 
retreatment option for these patients. 
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C15 
IDENTIFICATION OF A NOVEL HUMAN 
RESPIRATORY CIRCULAR DNA VIRUS 
IN RESPIRATORY SPECIMENS FROM AN 
UNEXPLAINED CASE OF SEVERE 
PNEUMONIA BY SEQUENCE-
INDEPENDENT AMPLIFICATION AND 
HIGH-THROUGHPUT SEQUENCING 
ANALYSIS 
 
Unai Perez-Sautua,B, Michael Wileyb, María Iglesias-
Caballeroa, Karla Prietob, Sean Lovettb, Francisco Pozoa, 
Miguel Angel Romerac, Rosario Millanc, María Luz García-
Garcíad, Cristina Calvod, Gustavo Palaciosb, Inmaculada 
Casas. 
 
Respiratory Virus and Influenza Unit, National Center for 
Microbiology, Instituto de Salud Carlos III (ISCIII), Majadahonda, 
Madrid, Spaina; Center for Genome Sciences, United States Army 
Medical Research Institute of Infectious Diseases (USAMRIID), Fort 
Detrick, Frederick, Maryland, USAb;Puerta de Hierro-Majadahonda 
University Hospital, Majadahonda, Madrid, Spainc;Severo Ochoa 
University Hospital, Leganés, Madrid, Spaind. 
 
Objective. The etiology of asevere case of respiratory 
infectionthat required admission of the patient to the intensive 
care unit, remained unexplained after using all available 
conventional diagnostic tools. Given the failure of the routine 
approaches, a pathogen discovery strategy based on sequence-
independent amplification and high-throughput sequencing 
(HTS)was adopted with the objective to identify a 
possiblecausal agent. 
Material and Methods. Respiratory specimens were serially 
taken from the patient from the beginning and through the 
whole period of disease and included 7 samples from the lower 
respiratory tract. All of themwere subjected to a viral 
enrichment procedure. RNA and DNA were amplified by 
twoseparate sequence-independent amplification techniques. 
Metagenomic libraries were constructed and analyzed in two 
MiSeq runs. Data was analyzed usinga bioinformatic pipeline 
designed for the identification of both known and novel viral 
genomes.Genomic characteristics, phylogeny and prevalence 
of the novel virus were studied with specific PCR assays 
developed from the sequence data obtained from the HTS. To 
study the prevalence, additionalrespiratory specimens taken 
from unrelated cases of respiratory infection and from healthy 
controls were analyzed.  
Results. A novel circular Rep-encoding single-stranded DNA 
virus (CRESS-DNA) was detected in half of the specimens 
taken from the patient by HTS and confirmed by specific PCR 
assays. Additional phylogenetically related novel viruses were 
detected in the specimens taken from unrelated cases of 
respiratory infection, but not in those taken from the healthy 
control group.The novel virus presents a genomic organization 
similar to that of the cycloviruses (family 
Circoviridae).However,the phylogenetic analysis clusterthe 
novel viruses in a separate groupclearly differentiated from the 
known representative animal and human circoviruses and 
cycloviruses.  
Conclusions. A novel CRESS-DNA virus was detected by 
HTS in respiratory specimens taken from a case of severe 
respiratory infection that was negative for common respiratory 
viruses and bacteria. This novel virus shows a very limited 
homology to the currently known CRESS-DNA viruses which 
suggests that they might represent novel genera or species.The 
novel virusdoes not belong to the human commensal viral flora 

and could have an active role on the human respiratory 
infection and disease.The present work expands the 
knowledge about the viral community of the human 
respiratory tract and contributes to the understanding of its role 
in the human respiratory disease. 
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IMMUNE RESPONSE 
 
C16 
SARS-COV-ENCODED SMALL RNAS 
CONTRIBUTE TO INFECTION-
ASSOCIATED LUNG PATHOLOGY 
 
Lucía Morales1, Juan Carlos Oliveros2, Raúl Fernández-
Delgado1, Benjamin Robert Tenoever3, Luis Enjuanes1 And 
Isabel Sola1 
1Department of Molecular and Cell Biology, National Center of 
Biotechnology (CNB-CSIC), Madrid, 28049, Spain; 2Computational 
Genomics Service, National Center of Biotechnology (CNB-CSIC), 
Madrid, 28049, Spain; 3Department of Microbiology, Icahn School of 
Medicine at Mount Sinai, New York, NY 10029, USA.   
 
Severe acute respiratory syndrome coronavirus (SARS-CoV) 
causes lethal disease in humans, which is characterized by 
exacerbated inflammatory response and extensive lung 
pathology. In addition to protein components, viral genomes 
can also encode non-coding RNAs (ncRNAs) differing in size, 
biogenesis, and function, which are not necessarily 
comparable to those produced by host cells. To address the 
relevance of small non-coding RNAs in SARS-CoV 
pathology, we deep sequenced RNAs from the lungs of 
infected mice, which reproduce the pulmonary pathology 
observed in humans. 
Bioinformatics analysis of RNAs sequencesrevealed small 
RNAs generated from the SARS-CoV genome 
(svRNAs).Three abundant 18-22 ntsvRNAs derived from the 
nsp3 (svRNA-nsp3.1 and nsp3.2) and N (svRNA-N) genomic 
regions of SARS-CoV, which represented 18% outof 
thetotalsmallviral sequences, were selected for further study. 
The generation of these svRNAs was confirmed by RT-
qPCRin different cell types infectedeither by WT or E gene-
mutant SARS-CoV.Production of SARS-CoV svRNAs was 
cell type and host species independent, but it was dependent 
on the extent of viral replication. Biogenesis of svRNAs was 
evaluated in cells defective in Drosha and Dicer enzymes, 
which are responsible for miRNA canonical 
processing.svRNAgeneration resulted to be independent of 
these host RNase IIInucleases,suggesting that svRNA 
synthesis was mainly dependent on alternative mechanisms 
involving viral proteins or cellular factors induced during 
infection. The production of svRNAs during cell culture 
infection had a positive, although modest effect, on SARS-
CoV growth. svRNAs specifically repressed the expression of 
reporter mRNA targets with complementary 3’ UTR 
sequences, suggesting a post-transcriptional silencing effect of 
similar character to cellular miRNAs. To assess the 
contributionof svRNAs in pulmonary pathogenesis, svRNA-N 
antisense oligonucleotides or antagomirs were intranasally 
inoculated prior to SARS-CoV infection in mice. Inhibition of 
svRNA-N in vivo significantly reduced inflammatory cell 
infiltration and edema observed in the lung of SARS-CoV 
infected mice in the absence of inhibitors. Accordingly, a 
significant decrease in the expression of pro-inflammatory 
cytokines CCL2, IL-6 and CXCL10, associated with SARS-
CoV pathology, was also observed. Viral titers in the lungs 
were not affected by svRNA-N Inhibition, indicating that the 
reduced inflammation should not be attributed to decreased 
viral growth, but to the contribution of svRNAs to the 
inflammatory lung pathology induced by SARS-CoV. 

Together, these results indicate that svRNAs generated from 
SARS-CoV genome contribute to pathogenesis and highlight 
the potential of svRNA-N antagomirsin antiviral therapy. 
 
 
 

C17 
MACROPHAGE DEATH FOLLOWING 
INFLUENZA VACCINATION PROMOTES 
IL-1α-DEPENDENT DENDRITIC CELL 
ACTIVATION AND ANTIGEN 
PRESENTATION IN DRAINING LYMPH 
NODES. 
 
Chatziandreou N.1*, Farsakoglu Y.1*, D’antuono R.1, 
Palomino-Segura M.1, Pizzagalli D.U.1,2, Sallusto F.1, 
Lukacs-Kornek V.3, Turley S.J.4, Lanzavecchia A.1,5, 
Carroll M.C.6, Gonzalez S.F.1 
1Institute for Research in Biomedicine, Università della Svizzera 
Italiana, via Vincenzo Vela 6, CH-6500 Bellinzona, Switzerland. 
2Institute of Computational Science, Università della Svizzera Italiana, 
via G. Buffi 13, Lugano, Switzerland. 
3Department of Internal Medicine II, Saarland University Medial 
Centre, Homburg, Germany. 
4Genentech, Cancer Immunology and Stromal Biology, San Francisco, 
California, USA. 
5Institute forMicrobiology, ETH Zurich, Wolfgang-Pauli-Strasse 10, 
8093 Zurich, Switzerland. 
6Department of Pediatrics, Harvard Medical School, Boston, 
Massachusetts, USA. 
 
The inflammatory response that follows influenza vaccination 
has an important role in immunity against the virus. However, 
the mechanism by which it influences the adaptive response is 
not fully understood. In this work we characterised the role of 
lymph node (LN) subcapsular sinus macrophages (SSM)as 
inducers of the inflammatory mechanismthat is initiated 
following vaccination with inactivated influenza virus.  
To examine macrophage responses to UV-inactivated 
influenza virus vaccine (UV-PR8)in the popliteal lymph node 
(LN) we employed different imaging techniques including 2-
photon (2PM), scanning electron (EM), and confocal 
microscopy. 
We found that, in response to vaccination, SSM undergo 
inflammasome-independent necrosis-like death that is reliant 
on MyD88 and TLR7expression. Activated SSM produced 
IFN- that induced the secretion of IL-1 byLN-resident 
dendritic cells (LNDC). We found that IL-1activates DC 
and induces the expression of IL-6, which in turn promotes the 
expression of the secreted form of IL-1R antagonist that limits 
the duration and intensity of the effect of IL-1. Importantly, 
macrophage depletion affected the capacity of LNDC to 
capture virus and limited their ability to present antigen to 
CD4+ T cells. We also observed that upon SSM death, 
germinal centre DC migrated to the subcapsular sinus, in a 
mechanism that involved the upregulation of the CCR2 
receptor in this cells and the secretion of the chemokine MCP-
1. 
In summary, in this study we confirmed the role of 
macrophages as initiators of the inflammatory response that 
follows influenza vaccination, through the release of IFN-
and prestored IL-1.Understanding the role that SSM play 
in the mechanism of LNDC activation may contribute to the 
design of novel cytokine-vaccine formulations that can 
enhance B cell protective responses against influenza in the 
immunocompromised. 
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C17b 
ISG15 GOVERNS MITOCHONDRIAL 
FUNCTION IN MACROPHAGES FOLLO-
WING VACCINIA VIRUS INFECTION 
 
Sara Baldanta1#, Mercedes Fernández-Escobar1#, Rebeca 
Acín-Perez2,3, Manuel Albert1, José Antonio  Enríquez2 and 
Susana Guerra 1,* 
1 Department of Preventive Medicine, Public Health and 
Microbiology, Universidad Autónoma, E-28029 Madrid, Spain, 2 
Functional Genetics of the Oxidative Phosphorylation System, Centro 
Nacional de Investigaciones Cardiovasculares Carlos III; Madrid 
(SPAIN), 3Department of Biochemistry and Molecular and Cellular 
Biology. Universidad de Zaragoza. Zaragoza (SPAIN), #These 
authors contributed equally. 
 
The interferon (IFN)-stimulated gene 15 (ISG15) encodes one 
of the most abundant proteins induced by interferon, and its 
expression is associated with antiviral immunity. To identify 
protein components implicated in IFN and ISG15 signaling, 
we compared the proteomes of ISG15-/- and ISG15+/+ bone 
marrow derived macrophages (BMDM) after vaccinia virus 
(VACV) infection. The results of this analysis revealed that 
oxidative phosphorylation (OXPHOS) and mitophagy were 
pathways altered in ISG15-/- BMDM treated with IFN. 
Mitochondrial respiration, ATP and reactive oxygen species 
(ROS) production was higher in ISG15+/+ BMDM than in 
ISG15-/- BMDM following IFN treatment, indicating the 
involvement of ISG15-dependent mechanisms. An additional 
consequence of ISG15 depletion was a significant change in 
macrophage polarization. Although infected ISG15-/- 
macrophages showed a robust proinflammatory cytokine 
expression pattern typical of an M1 phenotype, a clear 
blockade of NO production and arginase-1 activation was 
detected. Accordingly, following IFN treatment, NO release 
was higher in ISG15+/+ macrophages than in ISG15-/- 
macrophages concomitant with a decrease in viral titer. Thus, 
ISG15-/- macrophages were permissive for VACV replication 
following IFN treatment. In conclusion, our results 
demonstrate that ISG15 governs the dynamic functionality of 
mitochondria, specifically, OXPHOS and mitophagy, 
broadening its physiological role as an antiviral agent. 
These work is supported by the grant   SAF2014-54623-R to 
SG 
 
 
 

C18 
CYTOMEGALOVIRUS-SPECIFIC 
CELLULAR IMMUNE RESPONSE AND 
VIRAL REACTIVATION AFTER LIVER 
TRANSPLANTATION FOR CHRONIC 
HEPATITIS C. 
 
Carmina Pallarés 1,2, Ângela Carvalho-Gomes 1,2, Victoria 
Aguilera 1,2, Marina Berenguer 1,2,3, F. Xavier López-
Labrador 4,5.  
1. Hepatología y Trasplante hepático, Instituto Investigación Sanitaria 
La Fe, Hospital U. y P. La Fe, Valencia, Spain; 2. CIBER-EHD, 
Instituto de Salud Carlos III, Madrid, Spain; 3.  Departamento de 
Medicina, Universitat de Valencia, Spain. 4. Laboratorio de Virología, 
Area de Genómica y Salud, Centro Superior de Investigación en Salud 
Pública (FISABIO-Salud Pública), Conselleria de Sanitat, Valencia, 
Spain; 5. CIBER-ESP, Instituto de Salud Carlos III, Madrid, Spain. 
 

Introduction. Hepatitis C virus (HCV)-related cirrhosis is the 
main indication for liver transplantation (LT). There are 
several factors associated with the severity of recurrent 
hepatitis C, including CMV reactivation. It is not clear if 
alterations in the cytomegalovirus (CMV)-specific cell-
mediated immune response (CMI) could result in an 
inadequate control of HCV replication post-transplantation. 
CMV-specific CMI is known to induce a modification in the 
pool of T lymphocytes and may indirectly result in an 
inadequate control of other infections. We hypothetisized that 
an altered CMV-specific CMI could be immunopathogenic 
and result in an inadequate control of viral replication. Our 
aims were to evaluate (i) if the CMV-specific CMI can predict 
which patients will control CMV replication spontaneously, 
and (ii) if CMI is a cost-effective approach to the management 
of HCV and CMV infection in the LT setting. 
Methods. Whole-blood samples were obtained prospectively 
from 25 patients who underwent liver transplantation for end-
stage HCV infection to evaluate T-cell specific responses. 
Patients included 16 HCV-positive at LT, and nine of them 
with treatment-induced resolved HCV infection before LT. 
Samples were collected just before LT and at several time 
points after transplantation. PBMCs were isolated and 
cryopreserved. CMV-specific CMI (T-cells) was assessed by 
intracellular cytokine staining (ICS). Cells were thawed and 
stimulated with CMV peptide pools: pp65, IE-1 and IE-2 and 
a positive control (SEB) for 6hr. An 8-color flow panel was 
developed for the BD FacsCanto-II including the intracellular 
staining with CD107a-APC, TNFa-PE and IFNg-FITC, a 
live/dead stain and the cell surface antibody mix (CD3-BV510, 
CD4-PE-Cy7, CD8-PerCPCy5.5, CD69-BV421). All possible 
combinations of functional T-cell subpopulations were 
analyzed using boolean gates with the FlowJo (V10.2) 
software.  
Results. CMV reactivation after LT occurred in 12/25 patients 
(10 D+/R+ and 2 D+/R-). From them, 9/16 patients with active 
HCV infection at LT reactivated CMV and 8 also showed 
severe HCV recurrence. In baseline/pretransplantation 
samples, polyfunctional pp65 and IE-1, but not IE-2, specific 
CD8+ T-cell responses were higher in those patients who did 
not reactivate CMV after transplantation.  
Conclusion. CMI ICS assays are very useful for the evaluation 
of CMV-specific T-cell responses and their role in the control 
of CMV reactivation and in the outcome of the graft after liver 
transplantation. Studies increasing the sample size are 
warranted. 
This work is Supported by Fondo de Investigación Sanitaria, 
Instituto de Salud Carlos III, Spanish Ministry of Economy 
Directorate of Science (Project PI13/01770), CIBER-EHD and 
CIBER-ESP and co-financed with Fondos Feder - Una manera 
de hacer Europa. 
 
 

C19 
SIGMA-1 RECEPTOR MODULATES 
INNATE IMMUNE RESPONSES AGAINST 
RNA VIRUSES. 
 
C. Vasallo1, Gema Calvo1,3, M. F. Friesland1*, S. Pérez-
Del Pulgar2,3, X. Forns2,3and P. Gastaminza1,3 
1Departmentof Molecular and CellularBiology; Centro Nacional de 
Biotecnología-Consejo Superior de Investigaciones Científicas. Calle 
Darwin, 3- 28049 Madrid (SP). 2Liver Unit, Hospital Clínic, 
IDIBAPS, Universitat de Barcelona, Barcelona, Spain. 3CIBER de 
Enfermedades Hepáticas y Digestivas (CIBERehd).*Current address: 
Twincore. Centre for Experimental and Clinical Infection Research 
GmbH Feodor-Lynen-Str. 730625 Hannover(GE) 
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Sigma-1 receptor (SIGMAR1) is an ER membrane protein 
specifically enriched in mitochondria-associated membranes 
(MAMs), a cellular hub for cellular signaling in basal 
metabolism and in response to stress, including virus infection. 
Loss of function of SIGMAR1 gene has been linked to 
neurodegenerative diseases, such as amyotrophic lateral 
sclerosis (ALS), Parkinson´s or Alzheimer´s disease, whereas 
the severity of some types of cancer positively correlates with 
SIGMAR1 expression. The involvement of SIGMAR1 in 
these human pathologies is likely related with a putative role 
in cellular proteostasis, response to cellular stress and cell 
survival, mechanisms for which molecular details are scarce. 
Our group recently identified SIGMAR1 as a host gene that 
regulates the rate of hepatitis C virus infection initiation, at a 
step downstream of primary viral protein translation leading to 
progeny viral RNA accumulation. Intriguingly, SIGMAR1 
dependence was less evident in cells expressing a mutant, 
inactive form of the cytoplasmic dsRNA sensor retinoic acid-
inducible protein 1 (RIG-I), suggesting that SIGMAR1 
silencing may lead to enhanced innate responses against RNA 
viruses, thus limiting early aspects of HCV infection.  
Using RNAi against SIGMAR1, we have shown that innate 
response to RNA virus infection by SIGMAR1-deficient cells 
is faster and stronger than that in control cells, as verified IFN-
beta promoter activation profile in response to Sendai (SenV) 
virus infection. Differential response is regulated at a level 
downstream of MAVS activation and upstream of IRF3 
phosphorylation, as shown by overexpression of constitutively 
active forms of different proteins involved in the RIG-I 
signaling pathway.Downregulation of SIGMAR1 in cells 
competent for type I IFN production results in limited 
vesicular stomatitis virus (VSV) replication, as compared with 
control cells, underscoring the notion that an exacerbated 
innate response takes places in SIGMAR1-deficient cells. At 
this point, we asked if HCV replication is limited by enhanced 
innate responses in SIGMAR1-deficient cells. To tackle this 
issue, IRF3-dependent innate responses were abrogated in 
human hepatoma Huh-7 cells by overexpression of bovine 
diarrhea virus Npro, which effectively cleaves host IRF3. 
Double IRF3/SIGMAR1-deficient cells display reduced 
susceptibility to HCV infection to levels comparable to innate 
response-competent SIGMAR1-deficient cell lines, indicating 
that enhanced responses against HCV are not responsible for 
the reduced susceptibility to HCV infection.  
Overall, this study reveals SIGMAR1 as new player in the 
regulation of innate responses against RNA virus infection 
through a mechanism that HCV is able to evade. 
 
 
 

C20 
CONTRIBUTION TO POXVIRUS 
PATHOGENESIS OF THE CELLULAR 
GLYCOSAMINOGLYCAN BINDING 
PROPERTIES OF THE VIRAL TYPE-I 
INTERFERON BINDING PROTEIN. 
 
Bruno Hernaez, Inmaculada Montanuy, Juan Alonso-Lobo 
And Antonio Alcami. 
Centro de Biología Molecular Severo Ochoa (CBMSO)  
Consejo Superior de InvesigacionesCientíficas (CSIC) - Universidad 
Autónoma de Madrid (UAM).Nicolás Cabrera, 1, 28049 Madrid. 
 

One of the most efficient viral strategies to counteract the 
interferon (IFN)-mediated antiviral immunity is the production 
of soluble IFN binding proteins (IFNBPs) encoded by 
poxviruses. These viral IFNBPs are secreted from the infected 
cell early after infection, bind IFN with high affinity and 
function as decoy receptors, preventing the interaction of IFN 
with its cellular receptor. 
The IFNα/β-binding protein (IFNα/βBP) expressed by diverse 
poxviruses, including vaccinia virus (VACV), variola virus or 
monkeypox virus, prevents the potent antiviral host response 
elicited by type I IFN. Once secreted from the infected cell, the 
IFNα/βBP can exert its function either in its soluble form or 
anchored to the cell surface through glycosaminoglycans 
(GAGs). The contribution of the IFNα/βBP to poxvirus 
pathogenesis has been previously demonstrated using the 
VACV and the ectromelia virus (ECTV) models of infection 
in mice, where its absence caused a strong virus attenuation. 
However, the specific contribution of the IFNα/βBP GAG 
binding properties to poxvirus pathogenesis has not yet been 
determined. 
In the present study, we have addressed this question using the 
mousepox model, a surrogate model of smallpox, and 
compared it to the VACV model. To this effect, we first 
generated mutant versions of the VACV and ECTV 
IFNα/βBPs (encoded by B18R and EVN184 genes, 
respectively), which are no longer able to bind GAGs on the 
cell surface while retaining the ability to bind type I IFN with 
the same affinity than the wild type version. Then, we 
monitored the infection of susceptible BALB/c mice with the 
corresponding VACV or ECTV expressing the IFNα/βBP 
GAGs binding mutant.. The results showed similar survival 
rates for mice infected with these mutant viruses compared to 
the IFNα/βBP deletion mutant viruses. Nevertheles, in the 
mousepox model we clearly detected interesting differences in 
the course of the disease and virus spreading, supporting the 
idea that binding of the poxvirus IFNα/βBP to GAGs at the 
cellular surface within the infected area is critical to efficiently 
exert its immunodulatory function to evade the IFN based host 
response. 
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C21 
HIV ENV – ANTI HIGH-MANNOSE 
PATCH NEUTRALIZING ANTIBODIES 
CO-EVOLUTION STUDIES ON IAVI 
PROTOCOL C COHORT.  
 
Lorena S. Ver1, Nancy Carrico1, Sasha Murrell2, Ben 
Murrel3, Bryan Briney4, Terri Wrin5, Dennis Burton1,4, Ian 
Wilson1,2,4, Elise Landais1, Pascal Poignard1,6 ,The IAVI 
Protocol C Investigators &  The Iavi African HIV Research 
Network. 
1International AIDS Vaccine Initiative Neutralizing Antibody Center; 
2Department of Integrative Structural and Computational Biology, 
4Center for HIV/AIDS Vaccine Immunology and Immunogen 
Discovery, The Scripps Research Institute, La Jolla, CA, USA; 3 
University of California San Diego La Jolla CA, USA,5Monogram 
Biosciences Inc., San Francisco CA, USA; 6Institut de 
BiologieStructurale, Université Grenoble Alpes, CEA, CNRS, 38044 
Grenoble, France 
 
Main Goal. The N332 glycan region of the HIV Env is a 
favored target of broadly neutralizing antibodies (bNAbs). It is 
most frequently targeted (~40%) in the top neutralizing donors 
on IAVI Protocol C, a longitudinal sub-saharanHIV primary 
infection cohort. To understand the development of N332 
glycan-dependent bNAbs we isolated neutralizing antibodies 
from donor PC39. By characterizing the antibodies and 
autologous virus we aim to study how the virus and antibodies 
co-evolve, and use this information to guide future vaccine 
design efforts that target the N332 glycan region.  
Material and Methods. Recombinant gp120 probes were used 
to sort single antigen-specific B-cells from 6 time points 
between 18 and 60 months post infection (mpi). Longitudinal 
serum samples collected between 0 and 66 mpi were used to 
generate autologous Env clones. Memory B-cell and full-
lengthenv next generation sequencing were also performed to 
retrace the bnAb lineage maturation and complete Env 
evolution in this donor. Longitudinal structural studies where 
done to understand this co-evolution process. Autologous 
neutralization was assessed by TZMbl cells-pseudovirus assay 
to study escape. Tropism assays were used to determine co-
receptor usage of this HIV virus population.  
Results. We isolated 36 monoclonal antibodies, identifying an 
N332-specific lineage that segregates into five clades with 
distinct insertions in the CDRH1. Autologous neutralization 
experiments revealed escape through mutation of the V3 loop, 
directly and indirectly affecting the co-receptor binding site 
(GDIR motif). Env sequence analysis also revealed initial 
transmission of multiple variants followed by extensive 
recombination, finally resulting in two viral populations that 
apparently evolved independently. Interestingly, appearance 
of the two viral populations was concomitant with escape from 
the bnAb lineage. The link between viral escape and change of 
tropism observed in this donor was characterized. 
Longitudinal structural elucidatedfeatures associated with 
breadth acquisition.  
Conclusion. Characterizing and comparing the longitudinal 
samples of different N332 specific Protocol C donors shows 
shared but also distinct developmental pathways of the Ab 
lineages.These studies will help the design of immunogens and 
immunization strategies aiming at eliciting anti-HIV N332-site 
bnAbs. 

Funding: NIH/NIAID grant AI-09097002 and USAID award 
to IAVI. 
 
 
 
C22 
CHIMERIC FUSION PROTEINS INDUCE 
CROSS-NEUTRALIZING ANTIBODY 
RESPONSES AND SET THE WAY FOR A 
UNIVERSAL PNEUMOVIRIDAE VACCINE 
 
Eduardo Olmedillas1, Olga Cano1, Jason S. Mclellan2, 
Isidoro Martinez1, Jose A. Melero1& Vicente Mas1 
1Centro Nacional de Microbiología and CIBER de 
EnfermedadesRespiratorias, Instituto de Salud Carlos III, Madrid, 
Spain and 2Department of Biochemistry and Cell Biology, Geisel 
School of Medicine at Dartmouth, Hanover, New Hampshire, USA 
 
Human respiratory syncytial virus (hRSV) and human 
metapneumovirus (hMPV) are members of the new 
Pneumoviridae family of viruses, recently removed from the 
Paramyxoviridae. Both viruses, but particularly hRSV, 
account for the vast majority of bronchiolitis and severe lower 
respiratory tract infections worldwide in infants and very 
young children and they are also a frequent cause of morbidity 
and mortality in the elderly and immunocompromised adults. 
High levels of neutralizing antibodies, mostly directly against 
the viral fusion (F) glycoprotein, correlate with protection 
against either hRSV or hMPV. However, no cross-
neutralization is observed in polyclonal antibody responses 
raised after virus infection or after immunization with purified 
viral proteins, despite sporadic reports of cross-neutralizing 
monoclonal antibodies (mAbs). The recently determined 
atomic structures of hRSV F and hMPV F in the postfusion 
conformation have revealed a high degree of similarity, 
including known antigenic sites. This prompted us to design 
chimeric F proteins in which certain antigenic sites of one 
virus were replaced by the equivalent antigenic site of the other 
virus. Inoculation of mice with these chimeras induced 
polyclonal cross-reactive and cross-neutralizing antibody 
responses and mice were even protected against a challenge 
with the virus used for grafting of the heterologous antigenic 
site. These results set the path for the generation of “universal 
vaccines” that could protect against infections by the 
Pneumoviridae. 
 
 
 

C23 
IMPROVING YIELDS OF VIRUS 
ANTIGENUSING THE EXOSOME EXIT 
PATHWAY: HEPATITIS A VIRUS AS A 
MODEL 
 
Montserrat de Castellarnau1,2, Anna Altisent1,2, Aurora 
Sabrià1,2, Susana Guix1,2, Albert Bosch1,2& Rosa M 
Pintó1,2 
1Enteric Virus Laboratory, Department of Genetics, Microbiology 
and Statistics and 2Institute of Nutrition and Food Safety, University 
of Barcelona, Barcelona, Spain 
 
Hepatitis A virus (HAV) is a prominent cause of fecal-orally 
transmitted acute viral hepatitis in spite of an efficient vaccine 
and improvements in hygienic conditions. HAV is one of the 
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most important causes of large-scale outbreaks of foodborne 
infection; patient age at the time of infection is the most 
important factor influencing disease severity.The most 
effective way of preventing hepatitis A outbreaks is through 
vaccination of children, risky adult groups and people 
traveling to endemic regions. However, presently 
commercialized vaccines are very expensive due to technical 
difficulties of the manufacturing process. These difficulties are 
the consequence of the very poor growth of HAV in tissue 
culture combined with the highly concentrated viral 
preparations required for inactivated shots.  
Objectives. The aim of this study was to improve virus yields 
in cell culture supernatants to reach the high virus titers 
requiredfor theantigen manufacture sectorincluding the 
production of serological diagnostic kitsand vaccines. 
Material and methods. Several strategies to improve HAV 
release into supernatants of FRhk-4 infected cells have been 
assayed using both the standard HM175 population, and the 
fast growing HM175-HPpopulation. These strategies were 
based on the selection of drugs potentially interfering with the 
intracellular membrane trafficking to increase the release of 
HAV-containing exosomes. 
Additionally, several procedures to chemically extract HAV 
capsids from released exosomes have been tested to raise 
antigenic titers. 
Results. A procedure combining a cell biology-derived 
method, to increase exosome release into cell culture 
supernatants, and a chemically-derivedmethod, to extract viral 
particles from the released exomes, has been developed. 
Overall significant increases of HAV antigen yields have been 
accomplished for both populations. While 
theproceduredeveloped is particularly useful for the fast 
growing HM175-HP population,since it helps to increase its 
antigen yield, it is a must for the standard HM175 population; 
otherwise its antigen yield is extremely low. 
Conclusions. A method to improve the HAV antigen yield for 
the biotechnological industry has been developed based on the 
basic knowledge of the cell cycle of HAV. 
 
 
 

C24 
LONG-TERM IMMUNE RESPONSES 
INDUCED BY THE PROPHYLACTIC 
MVA-B HIV/AIDS VACCINE. 
 
Carmen Elena Gómez1, Beatriz Perdiguero1, Juan García-
Arriaza1, Carlos Oscar Sánchez-Sorzano1, Alberto C. 
Guardo2, Vicens Díaz-Brito3, Judit Pich3, Joan Albert 
Arnaiz3, José Luis Jiménez4, María Ángeles Muñoz-
Fernández4, José M Gatell3, Juan Carlos López Bernaldo de 
Quirós4, Felipe García3, Montserrat Plana2 and Mariano 
Esteban1. 
1 Centro Nacional de Biotecnología, CSIC, Madrid, Spain. 2 
Immunopathology and Cellular Immunology, AIDS Research Group, 
IDIBAPS, Hospital Clínic, University of Barcelona, Barcelona, Spain. 
3 Infectious Diseases Unit, Hospital Clínic, IDIBAPS, University of 
Barcelona, Spain.  4 Sección Inmunología. Laboratorio 
InmunoBiología Molecular, Hospital General Universitario Gregorio 
Marañón, Instituto de Investigación Sanitaria Gregorio Marañón, 
Spanish HIV HGM Biobank, Networking Research Center on 
Bioengineering, Biomaterials & Nanomedicine (CIBERBBN), Madrid, 
Spain  
 
Background: Attenuated poxvirus vectors expressing human 
immunodeficiency virus type 1 (HIV-1) antigens are 
considered promising HIV/AIDS vaccine candidates. We have 

previously shown that the intramuscular administration of 
three doses of the MVA-B expressing monomeric gp120 and 
the fused Gag-Pol-Nef (GPN) polyprotein of HIV-1 from 
clade B to healthy volunteers was safe and elicited moderate 
and durable (1 year) T-cell and antibody responses in 75% and 
95% of vaccinees (n=24), respectively. Here, we describe the 
long-term durability of vaccine-induced responses and the 
safety and immunogenicity induced by a late MVA-B boost. 
Methods: 13 volunteers from RISVAC02 trial were recruited 
to receive a fourth dose of MVA-B at 4 years after the last 
immunization. End-points were safety, cellular and humoral 
immune responses assessed by ELISPOT, intracellular 
staining (ICS) and ELISA performed before and 2, 4 and 12 
weeks after receiving the boost.  
Results: Volunteers reported 64 adverse events (AEs), 
although none was a vaccine-related serious AE. After 4 years 
from the 1st dose of the vaccine, only 2 volunteers maintained 
low HIV-specific T-cell responses. After the late MVA-B 
boost, a modest increase in IFN-γ T-cell responses, mainly 
directed against Env peptide pools, was detected by ELISPOT 
in 5/13 (38%) individuals. ICS confirmed these results 
showing that CD4+ T-cell responses were mainly directed 
against Env, whereas CD8+ T cell-responses were similarly 
distributed against Env, Gag and GPN. In terms of antibody 
responses, 23.1% of the vaccinees had detectable Env-specific 
binding antibodies at 4 years after the last MVA-B with a mean 
titer of 96.5. The late MVA-B boost significantly improved 
both the response rate (92.3%) and the magnitude of the 
systemic binding antibodies to gp120 Bx08 (mean titer of 
11460). 
Conclusions: One boost of MVA-B four years after receiving 
3 doses of the same vaccine was safe, induced moderate 
increases in HIV-specific T cell responses but boosted the 
antibody responses to HIV-1 Env protein in 100% volunteers. 
 
 
 

C25 
PRESERVED IMMUNOGENICITY OF AN 
INACTIVATED VACCINE BASED ON 
FOOT-AND-MOUTH DISEASE VIRUS 
PARTICLES WITH IMPROVED 
STABILITY 
 
Flavia Caridia, Ángela Vázquez-Calvoa, Belén Borregob, 
Kenneth McCulloughc, Artur Summerfieldc, Francisco 
Sobrinoa, Miguel A. Martín-Acebesd 
aDepartment of Virology and Microbiology, Centro de Biología 
Molecular “Severo Ochoa” (CSIC-UAM), 28049 Madrid, Spain; 
bCentro de Investigación en Sanidad Animal, Instituto Nacional de 
Investigación y Tecnología Agraria y Alimentaria (INIA), Valdeolmos, 
28130 Madrid, Spain; cInstitute of Virology and Inmunology, 3147 
Mittelhausern, Switzerland; dDepartment of Biotechnology, INIA, 
28040 Madrid, Spain 
 
Foot-and-mouth disease virus (FMDV) is the etiological agent 
of a highly contagious disease that affects important livestock 
species. Vaccines based on inactivated FMDV virions provide 
a useful tool for the control of this pathogen. However, long 
term storage at 4 °C (the temperature for vaccine storage) or 
ruptures of the coldchain, provoke the dissociation of virions, 
reducing the immunogenicity of the vaccine. An FMDV 
mutant carrying amino acid replacements VP1 N17D and VP2 
H145Y isolated previously rendered virions with increased 
resistance to dissociation at 4 °C. We have evaluated the 
immunogenicity in swine (a natural FMDV host) of a 
chemically inactivated vaccine based on this mutant. The 
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presence of these amino acid substitutions did not 
compromisethe immunological potential, including its ability 
to elicit neutralizing antibodies. These results supportthe 
feasibility of this kind of mutants with increased capsid 
stability as suitable viruses for producing improved FMDV 
vaccines. 
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ORAL SESSION 6 
GENOME REPLICATION AND 
REGULATION OF VIRAL GENE 
EXPRESSION 
 
C26 
SAMHD1 ACTIVITY MODULATES 
EFFICACY OF NUCLEOSIDE 
ANALOGUES IN CYCLING AND NON-
CYCLING CELLS 
 
Roger Badia, Maria Pujantell, Bonaventura Clotet, Edurne 
García-Vidal, Eva Riveira-Muñoz, José A. Esté, Ester 
Ballana 
1 AIDS Research Institute – IrsiCaixa and Health Research, Institute 
Germans TriasiPujol (IGTP),Hospital Germans TriasiPujol, 
UniversitatAutònoma de Barcelona, Badalona, Spain 
 
BACKGROUND:SAMHD1 is a viral restriction factor that 
acts by depleting deoxynucleoside triphosphates (dNTPs) 
availability for HIV reverse transcriptase (RT), via 
hydrolization of dNTPs. SAMHD1 restriction is counteracted 
by the HIV-2 accessory protein Vpx, which targets SAMHD1 
for proteosomal degradation, resulting in an increased 
availability of dNTPs and consequently enhanced viral 
replication. Nucleoside analogues are the most commonly 
agents used in antiretroviral therapy, but also are as 
chemotherapeutic agents. Consequently, SAMHD1 activity 
has been reported to influence NRTI efficacy in inhibiting viral 
replication. Here, a panel of different nucleotide/nucleoside 
analogs used as antiviral or anti-cancer/leukemic agents were 
analysed in views of their different efficacy depending on 
SAMHD1.  
METHODOLOGY: Antiviral activities of the different 
nucleoside and non-nucleoside analogues were assessed in 
primary cells (MDM and PBMCs) and cell lines (MT-4, Jurkat 
and TZM-bl) expressing or not SAMHD1. Knock-out (KO) of 
SAMHD1 was achieved though CRISPR-Cas9 genome-
editing of SAMHD1 TZM cells. Cells were infected either 
with a VSV-pseudotyped HIV-1 GFP-expressing virus or 
alternatively with GFP-expressing HIV-2 virus with or 
without Vpx. For HIV-1 infections, Vpx expression was 
achieved by cell transduction with viral like particles 
containing Vpx (VLP-Vpx).Replication levels were measured 
by flow cytometry and 50% effective concentrations (EC50) 
were determined.  
RESULTS:Modulation of SAMHD1 cellular levels either with 
VLP-Vpx or by HIV-2 infection resulted in a significant 
reduction of SAMHD1 protein expression in MDM and 
PBMCs that was accompanied of an increase in viral infection 
(5 and 2 fold increase for MDM and PBMCs, respectively). 
Contrary, no effect on HIV-1 susceptibility was observed in 
cell lines expressing different levels of SAMHD1 or in 
SAMHD1 KO TZM-bl cells.Evaluation of antiviral efficacy 
showed no changes in sensitivity to NNRTIs, but in the case 
of NRTIs, sensitivity significantly changed being the most 
dramatic change with thymidine analogs (10 and 9 fold 
difference in EC50 for AZT and d4T, respectively). 
Accordingly, sensitivity to AZT was also reduced in PBMCs 
infected with HIV-2 compared to infection with HIV-2 
Vpxstrain. Similarly, SAMHD1 KO cells showed increased 
replicative capacity in the presence of AZT. Re-expression of 
wild type SAMHD1 reduced virus replication in the presence 

of AZT but sensitivity to a non-nucleoside inhibitors was not 
affected. 
CONCLUSIONS: Reduction of SAMHD1 levels significantly 
decreases HIV sensitivity to nucleoside analogsin myeloid and 
lymphoid cells. In addition, our results demonstrate that 
SAMHD1 is active in apparently HIV-1 permissive cells, by 
strongly affecting sensitivity to nucleoside inhibitors. 
 
 
 
C27 
ENDOGENOUS SSDNA PARVOVIRUS 
ELEMENTS COLONIZED THE GERM 
LINE OF SOME PRIMATE FAMILIES 
 
Nooshin Bayat, Carlos Gallego, Aroa Tato, Virginia Sandonís, 
David Abia, and José M. Almendral* 
Centro de Biología Molecular "Severo Ochoa" (Consejo Superior de 
Investigaciones Científicas-Universidad Autónoma de Madrid), 28049 
Cantoblanco, Madrid, Spain. 
 
Multiple DNA viruses have evolutionary colonized the germ 
line (endogenization) of their hosts, yet their mechanism(s) of 
insertion and biological functions remain largely unclear. 
Objectives: We report here the first comprehensive screening 
for Endogenous ssDNA Virus Elements (ESVEs) in humans 
and all the non-human primates genomes currently available 
in databases.  
Materials and Methods: In silico evidences were 
systematically supported by molecular amplification and 
sequencing of the ESVEs and their flanking regions at 
insertion sites.  
Results: Most ESVEs originated from viruses highly 
homologous to members of the Dependoparvovirus genus of 
the Parvoviridae, that were named Simian Dependoparvovirus 
Elements (SDEs). Several independent SDE insertion events 
could be traced along deca-million years in primate phylogeny. 
Old world monkeys of the Cercopithecidae family (as papio, 
mandrill, or african green monkey) harboured single, or 
exceptionally double, SDEs homologous to the the Rep or the 
Capsid gene of the AAV2. The SDEs endogenization 
mechanism(s) seem to had occurred by recombination of the 
viral DNA with host homologous flanking short direct repeats, 
at sites unrelated to AAV2 insertion hotspots used in cultured 
human cells.  
Conclusions: These data firstly recognize the species-
distribution, and insertional mechanism of parvovirus genetic 
elements that stably colonized the genome of some African 
primates. Some possible biological implications will be 
discussed. 
 
 
 

C28 
REGULATION OF THE EBOLAVIRUS 
VP24 PROTEIN BY SUMO 
 
Santiago Vidal1, Ahmed El-Motiam1, Paula Ruibal2,3, Rocío 
Seoane1, Manuel S Rodríguez4,5, César Muñoz-Fontela2,3,6 
and Carmen Rivas1,7. 
1Centro de Investigación en Medicina Molecular (CIMUS), 
Universidade de Santiago de Compostela, Instituto de Investigaciones 
Sanitarias (IDIS), Santiago de Compostela, E15706, Spain. 
2Bernhard Nocht Institute for Tropical Medicine, Bernhard-Nocht Str 
74, D20359, Hamburg, Germany. 3German Center for Infection 
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Research (DZIF), Partner Site Hamburg. 4Advanced Technology 
Institute in Life Sciences (ITAV) CNRS-USR3505, 31106 Toulouse, 
France. 5University of Toulouse III-Paul Sabatier, 31077, Toulouse, 
France 6Heinrich Pette Institute, Leibniz Institute for Experimental 
Virology, Martinistraβe 52, D20251, Hamburg, Germany. 7Molecular  
and Cellular Biology, Centro Nacional de Biotecnología, CSIC, 
Darwin 3, 28049 Madrid 
 
Objective. Ebola virus (EBOV) genome encodes for seven 
structural proteins. The EBOV VP24 is a secondary matrix 
protein with affinity for the plasma membrane, and associated 
with the envelope of the virion. VP24 protein also modulates 
the innate immune response, although the mechanisms 
involved in immune modulation is not clearly understood. 
Here we evaluated the covalent and non-covalent interaction 
of the EBOV VP24 protein with SUMO. We also studied how 
SUMO affects VP24 functions. 
Material and Methods. SUMOylation of the VP24 protein has 
been evaluated using in vitro and in vivo SUMOylation assays 
in the presence of SUMO1 or SUMO2. Non-covalent 
interaction between VP24 and SUMO1 was evaluated using 
GST-SUMO1 pull down assays. In order to identify the lysine 
residues involved in SUMO conjugation as well as the SIM 
domains in the VP24 protein, the mutants of VP24 in specific 
amino acid residues were generated using site directed 
mutagenesis. Then, SUMOylation and the non-covalent 
interaction with SUMO of the mutant proteins were evaluated 
using SUMOylation assays and GST-pull down assays, 
respectively. Consequences of SUMO conjugation on the 
VP24 capability to work as an IFN antagonist were determined 
by evaluation of the interferon-induced transcriptional 
activation of ISG54 genes. 
Results. Here we show that the EBOV VP24 protein is 
modified by SUMO in vitro and in vivo. In addition, we also 
show that VP24 interacts with SUMO in a non-covalent 
manner through a SIM domain. Finally, our results indicate 
that SUMO, by interaction with VP24, regulates the 
immunomodulation activity of the EBOV protein. 
Conclusions. We have identified SUMO molecules as new 
interactors of EBOV VP24 protein. This interaction affects the 
immunomodulation activity of the EBOV protein. Targeting 
of the VP24-SUMO interaction may be a mechanism to control 
the IFN antagonist activity of this viral protein. 
 
 
 

C29 
IDENTIFICATION OF NEW HOST 
RESTRICTION FACTORS 
AFFECTINGINFLUENZA A VIRUS 
REPLICATIONIN PRIMARY HUMAN 
RESPIRATORY EPITHELIAL CELLS 
 
Ariel Rodriguez-Frandsen1, Laura Martin-Sancho1, Paul De 
Jesus1, Stephen Soonthornvacharin1, Numana Bhat1, Randy 
Albrecht2, Adolfo Garcia-Sastre3, Sumit Chanda1 
1Sanford-Burnham-Prebys Medical Discovery Institute, Infectious 
and Inflammatory Disease Center, 10901 North Torrey Pines Road, 
La Jolla, CA 92037.  
2 Department of Microbiology, Icahn School of Medicine at Mount 
Sinai, New York, NY 10029, USA; Global Health and Emerging 
Pathogens Institute, Icahn School of Medicine at Mount Sinai, New 
York, NY 10029, USA. 
3 Department of Microbiology, Icahn School of Medicine at Mount 
Sinai, New York, NY 10029, USA; Global Health and Emerging 
Pathogens Institute, Icahn School of Medicine at Mount Sinai, New 
York, NY 10029, USA; Department of Medicine, Division of Infectious 

Diseases, Icahn School of Medicine at Mount Sinai, New York, NY 
10029, USA 
 
Influenza virus infections are a major cause of respiratory 
disease in humans. Influenza A viruses (IAV) are responsible 
for annual epidemics and occasional pandemics with 
potentially fatal outcome. The differences in the severity of the 
disease among individuals infected by IAV could be due to 
pre-existing health conditions, genetic factors, differences in 
the virulence of the circulating viruses or a combination of 
these elements.Thus, a comprehensive understanding of viral-
host interactions, host innate immune responses and viral 
evasion strategies is pivotal to understand viral pathogenesis. 
In recent years, genome-wide loss-of-function screens have 
identified several host factors required for IAVreplication. 
However, these screens did not attempt to identify restriction 
factors or to investigate the presence of conserved and strain-
specific host factors. In order to identify key early genes 
involved in the restriction of IAV infection, we have 
performed functional genomiccDNA overexpression as well 
as siRNA knockdownscreenswith a set of around 1000 
interferon-stimulated genes (ISGs) in primary human 
respiratory epithelial HTBE cells. Furthermore, we 
hypothesize that strains of IAV with different levels of 
virulence interact with the host in a strain-specific fashion. 
Therefore, we infected the HTBE cells with two IAV strains 
of different pathogenicity (a seasonal H3N2 and the highly 
pathogenic H5N1) with the aim to identify cellular factors that 
influence viral replication and are common to or exclusive of 
these IAV strains. The screens were performed in the 
presenceand absence of Type I IFN with the objective to 
pinpoint proteins involved in the IFN-mediated immune 
response or with restriction activity per se, respectively. We 
have identified several proteins that restrict H5N1 replication, 
whereas for the H3N2 virus we identified factors that restrict 
replication as well as proteins that increase its replication. We 
have selected some of these hits for further characterization 
and we are currentlyperforming functional studies in order to 
identify the step in the viral life cycle affected as well as the 
mechanism of action for these IAV restriction factors. 
 
 
 

C30 
FAVIPIRAVIR INHIBITS WEST NILE 
VIRUS MULTIPLICATION THROUGH 
LETHAL MUTAGENESIS 
 
Estela Escribano Romeroa, Nereida Jimenez De Oyaa, 
Esteban Domingob, Juan Carlos Saiza. 
a Dpto. Biotecnología, INIA, Ctra. Coruña Km. 7.5, 28040 Madrid. b 
Dpto. Virology and Microbiology, Centro de Biología Molecular 
“Severo Ochoa” (CSIC-UAM), 28049 Madrid  
 
Objective. To determine the in vitro inhibitory activity against 
West Nile virus (WNV) of favipiravir, a nucleoside analogue 
effective against several RNA viruses. WNV is a re-emerging 
mosquito-borne flavivirus, which natural hosts are birds, 
although it can also infect other vertebrates, including humans, 
in which can cause neuroinvasive diseases. Currently, no 
available therapy has been licensed against WNV. 
Material and Methods. Vero cells were infected with WNV 
(MOI: 0.1 PFU per cell) in the presence of different 
concentrations of favipiravir (0.05-2 mM). Viral progeny was 
titrated 48 h later by plaque assay to determine the 50% 
inhibitory concentration (IC50) of the drug, relative to the 
infective progeny of vehicle treated controls. Drug toxicity 
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was analyzed in parallel by determining the cytotoxic 
concentration 50 (CC50) that resulted in the reduction of 50% 
of the amount of cellular ATP. Then, WNV was serially 
passaged 5 times in the absence or presence of the drug (0.5, 
1, and 2 m M). The infective progeny after each passage was 
titrated from the supernatants and the viral RNA was 
quantified by qRT-PCR. At the selected time point of the serial 
passages, a 950 bp fragment of the NS5 region of the viral 
genome was amplified using specific primers, cloned into 
pGEM-T vector, and bi-directionally sequenced. 
Results. The CC50 (9.66 mM) and IC50 (0.087 mM) of 
favipiravir on WNV infection in Vero cells was established, 
resulting in a selective index (CC50/IC50) of 111. Incubation 
with a drug concentration about 10 times lower than the CC50 
drove the virus to extinction after 3 passages, reducing over 
220 times the specific infectivity. Further sequencing analysis 
(over 45,000 nt) of the passaged viruses showed a 5.6-fold 
increase of the WNV-RNA mutation frequency between drug 
and vehicle treated virus (17.14 vs 3.07 mutations/104 nt, 
respectively), with an increase in G-to-A (21 vs 0) and A-to-G 
(26 vs 4) transitions in the drug treated viral progeny when 
compared with vehicle treated populations. 
Conclusions. Here we report the inhibition of WNV 
multiplication in cell culture by favipiravir. Our results point 
to a lethal mutagenesis mechanism of the drug. Since 
favipiravir is in advanced stages of testing for use in humans, 
it represents a promising antiviral agent against WNV and, 
more probably, against other emerging flavivirus, such as Zika 
virus. 
 
 
 

C30b 
A NOVEL TRANSLATIONAL CONTROL 
MECHANISM HIJACKED BY VIRUSES 
THAT INVOLVES RNA STRUCTURES 
WITHIN CODING SEQUENCES.  
 
Jennifer Jungfleisch1, Ivan Dotu2, Emanuele Raineri3, Pilar 
Navarro4, Markus T. Bohnsack5, Sebastian A. Leidel6, Juana 
Díez1 
1Molecular Virology group, Universitat Pompeu Fabra, Barcelona, 
Spain. 2Research Programme on Biomedical Informatics (GRIB), 
Barcelona, Spain. 3Centro Nacional de Analisis Genomica, Barcelona, 
Spain. 4Program of Cancer Research, Hospital del Mar Medical 
Research Institute, Barcelona, Spain. 5Institute for Molecular Biology, 
Goettingen University Medical Department, Goettingen, Germany. 
6Max Planck Institute for Molecular Biomedicine, Münster, Germany.  
 
Objective: Positive-strand viral RNA genomes and some 
cellular mRNAs contain highly structured coding sequences. 
However, the functional impact of these RNA structures is 
poorly understood. In this study we address this fundamental 
issue and uncover a novel and highly conserved translation 
control mechanism that involves the DEAD-box helicase 
Dhh1 (DDX6 in humans) and RNA structures within coding 
sequences. 
Material and Methods: Using the yeast - Brome Mosaic virus 
(BMV) model system we determine the impact of RNA 
structures in viral RNA translation control. Combining in vitro 
profiling of secondary structure data, genome-wide RNA-
protein crosslinking assays and ribosome profiling we 
demonstrate that this mechanism is conserved in yeast and 
human cellular mRNAs.      
Results: All Dhh1-dependent mRNAs, viral and cellular, share 
key common features. First, they contain long and highly 
structured CDSs, including a region located around 42 to 120 

nucleotides after the translation initiation site, second, they are 
directly bound by Dhh1 with a specific binding distribution, 
third, complementary experimental approaches suggest that 
they are activated by Dhh1 at the translation initiation step and 
fourth, they localize to the endoplasmic reticulum. 
Interestingly, some of the cellular mRNAs translationally 
controlled by Dhh1/DDX6 are key players in the development 
of pancreatic cancer.  
Conclusions: We identify a novel layer of translational control 
involving RNA structures within coding sequences and the 
DEAD-box helicase Dhh1. This highly conserved translation 
control mechanism applies to yeast and human cellular 
mRNAs and is hijacked by positive-strand RNA viruses. 
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ORAL SESSION 7 
PLANT VIRUSES 
 
C31 
HOW ONE SINGLE NUCLEOTIDE 
SUBSTITUTION IN A CHLOROPLAST-
REPLICATING VIROID TRIGGERS 
DISEASE IN ITS NATURAL HOST 
 
Delgado, S1, Navarro, B2, Serra, P1, Di Serio, F2, Flores, 
R.1 
1Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV), 
Valencia, Spain; 2Istituto per la ProtezioneSostenibiledelle Piante 
(CNR), Bari, Italy 
 
Introduction and Objective.While most isolates of peach latent 
mosaic viroid (PLMVd) (Hernández and Flores, PNAS USA 
1992) are latent in leaves, hence its name, some incite peach 
mosaic (PM) or albinism (peach calico, PC). PC-
inducingvariants have an insertion of 12-13 nucleotides and 
accumulate preferentially in symptomatic but not in 
surrounding green foliar sectors.We have shownthat two 21-nt 
small RNAs (PLMVd-sRNAs) containing the PC-associated 
insertion, guide cleavage of the mRNA encoding the 
chloroplastic heat-shock protein as predicted by RNA 
silencing (Navarro et al., Plant J. 2012), with this event likely 
representing the primaryalterationeventually resulting in 
symptoms. Here we have extended these studies to PM, an 
issue more complex because entails identification of the 
molecular determinant, which is not associated with any 
specific insertion, and because in contrast with the well-
defined PC phenotype PM differs in type and intensity of 
symptoms. 
Material and Methods.Deep sequencing ofsRNAs from 
PLMVd-infected leaves, RT-PCR to synthesize complete 
PLMVd-cDNAs, semi-quantitative RT-PCR to evaluate host 
mRNA levels, and RNA ligase-mediated rapid amplification 
of cDNA ends (RACE) to map cleavage sites in mRNAs. 
Results. We focused on one severe yellow mosaic (peach 
yellow mosaic, PYM) expressed in leaf sectors interspersed 
with others green. Full-length PLMVd-cDNAsfrom both 
sectors were cloned and sequenced. Two variants, differing in 
one nucleotide substitution, served to generate dimeric head-
to-tail inserts in plasmidsfrom whichin vitro transcripts were 
produced andbioassayed in GF-305 peach seedlings. Whereas 
one of the transcripts incited an intense yellow mosaic, the 
other caused only mild lesions, supporting the involvement of 
one specific PLMVd nucleotideinPYM. Additionally, the 
differential nucleotide substitution: i) was preserved in the 
progeny of symptomatic but not in that of adjacent green 
sectors, and ii) is absent in a set of PLMVd variants that 
replicate latently. Examination in silico of the PLMVd-
sRNAsand their potential mRNAs targets of peach, whose 
genome is completely sequenced, has shown that one PLMVd-
sRNAcontaining the PYM-associated substitutioncould guide 
cleavage of the mRNA coding for a thylakoid protein as 
predicted by RNA silencing. RACE experiments indicate that 
is indeed the case, and that accumulation of this mRNA is 
lower in symptomatic than in asymptomatic sectors. 
Moreover, mutants in the gene coding for this thylakoid 
protein exhibit yellow phenotypes. 
Conclusions. PLMVd variants with a single nucleotide 
substitution elicit a yellow mosaic by cleaving, via RNA 
silencing, the mRNA encoding a thylakoid protein. 
 

 
 

C32 
SWEET POTATO FEATHERY MOTTLE 
POTYVIRUS ENCONDES IN ITS GENOME 
AT LEAST TWO FUNCTIONAL RNA 
SILENCING SUPPRESSORS 
 
Bernardo Rodamilans1, Araiz Gallo1, Ares Mingot2, David 
San León1, Adrián Valli1, Juan José López-Moya2, Juan 
Antonio García1 
1 Centro Nacional de Biotecnología (CNB-CSIC), Campus 
Universidad Autónoma de Madrid, Darwin 3, 28049 Madrid, Spain.2 
Center for Research in Agricultural Genomics, CSIC-IRTA-UAB-UB, 
Cerdanyola del Vallés, Barcelona, Spain 
 
Plant viruses use RNA silencing suppressors (RSSs) as a 
common strategy to counteract plant antiviral defenses. 
Potyviridae is one of the largest families of plant viruses and 
members of the genus Potyvirus carry the well-characterized 
RSS HCPro, a multifunctional protein required also for aphid 
transmission and virion formation. Recently, a novel RSS was 
discovered among sweet potato-infecting potyviruses, 
produced by polymerase slippage at the P1 region. This trans-
frame product, described in Sweet potato feathery mottle virus 
(SPFMV), was termed P1N-PISO and presented weak 
silencing suppression activity in transient expression tests in 
Nicotianabenthamiana.  
In this work, we study SPFMV P1N-PISPO and HCPro in the 
viral context to assess their functionality as RSSs. For that we 
usepotyvirusPlum pox virus(PPV) as a viral vector engineered 
toreplaceHCProby the target proteins.  
In agreement with the previous data, we show that P1N-PISPO 
is able to replace HCPro, although with very low efficiency, in 
PPV during a viral infection in N. benthamiana. On the other 
hand, SPFMV HCProortholog supported strong chimeric PPV 
infection in Nicotiana plants, but interestingly showed no 
silencing suppression activity in a transient agroinfiltration 
system. Further studies on virion stability of this chimeric 
virus and its adaptation through serial infection passages 
supported the multifunctionality of SPFMV HCPro. 
This workshows that potyvirusesinfecting sweet potato 
presents two functional RSSs, P1N-PISPO and HCPro. 
Moreover, results also mark the importance of studying RSSs 
in the viral context considering that transient agroinfiltration 
assays might not be sufficient to address their multiple 
activities. The functional diversity and partial redundancy of 
RSSs supporting potyviral infections is highlighted. 
 
 
 

C33 
EFFECTS OF MIXED VIRAL INFECTIONS 
BYPOTYVIRUS AND CRINIVIRUS IN 
THEIR NATURAL VECTOR-MEDIATED 
DISSEMINATION 
 
Moreno, A.B.1, Domingo-Calap, M.L.1, Diaz-Pendon, J.A.2 
And Lopez-Moya, J.J.1 
1 Centre for Research in Agricultural Genomics CRAG, CSIC-IRTA-
UAB-UB, Cerdanyola del Vallès, Barcelona, Spain.2Institute for 
Mediterranean and Subtropical Horticulture "La Mayora" (IHSM-
UMA-CSIC), Algarrobo-Costa, Málaga, Spain 
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Viral diseases in plants can be caused by single infections or 
by combinations of viruses that might result in synergistic 
interactions. Although the presence of multiple viruses may be 
quite frequent, it can remain unnoticed due to the lack of 
specific symptoms. Mixed infections mostly occur following 
transmission by hemipteran vectors, which are able to carry 
multiple viruses. However,little attention has been devoted in 
many cases to the possible impact of mixed infections on the 
transmission of viruses by their natural vector organisms. 
To start exploring possible effects of mixed viral infections on 
virus-vector relationships,we chose the pathosystem of 
cucurbits infected by the aphid-transmitted 
potyvirusWatermelon mosaic virus (WMV)and the whitefly-
transmitted crinivirusCucurbit yellow stunting disorder virus 
(CYSDV). Susceptible melon plants (Cucumismelo, L., cv. 
"Piel de sapo") were co-infected with WMV and CYSDV 
using viruliferous vectors (Myzuspersicae,Sulzer; and 
Bemisiatabaci, Gennadius, respectively), and the viral loads 
for each virus were measured by qRT-PCR at different time 
points after inoculation. Using individually infected plants as 
controls, transmission experiments with the corresponding 
insect vectors were performed to determine the influence of 
the mixed infection in virus dispersal. Based on previous 
measurements of viral loads in infected host plants, the 
optimum moment of the infection was chosen for acquisition 
and inoculation by the vectors during the experiments. Also, 
to explore the putative effects on vector behaviour, we are 
performingfree-choice experiments,with and without visual 
cues, to compare preferences of vectors towards each type of 
plants: uninoculated controls, single and double infections. 
Finally, semi-field experiments with release of naif or 
viruliferous vectors are being performed to characterize the 
risks derivedfrom these combinations of viruses in their 
respective rates of dispersal, aiming to derive 
recommendations that can be useful to improve the control of 
viruses in crops. 
 
 
 

C34 
INSIGHTS INTO THE NUCLEOLAR 
LOCALIZATION OF A VIRAL PROTEIN 
THAT ACTS IN BOTH RNA PACKAGING 
AND RNA SILENCING SUPPRESSION: 
ROLE OF IMPORTINS-ALPHA AND 
POTENTIAL RELEVANCE FOR VIRAL 
ACCUMULATION 
 
Miryam Pérez-Cañamás, Carmen Hernández 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV). 
Universidad Politécnica de Valencia. Avenida del Ingeniero Fausto 
Elio s/n. 46011 Valencia 
 
Objective. In eukaryotic cells, entering of macromolecules to 
the nucleus is highly regulated and frequently follows a 
classical import pathway in which certain carrier proteins, 
known as importins alpha, facilitate interaction with transport 
receptors and subsequent passage through the nuclear pore 
complex.In some instances,importins alpha have been 
involved not only in nuclear but also in nucleolar targeting of 
proteins. Pelargonium line pattern virus (PLPV, family 
Tombusviridae), encodes a coat protein (p37) that also acts as 
a strong RNA silencing suppressor. Previously, we have 
shown that p37 localizes in the cytoplasm and the nucleus of 

plant cells, with high accumulation at the nucleolus, though the 
biological significance of the latter localization is unknown. 
Here, we have aimed to gain insights into the structural traits 
that mediate nucleolar targeting of p37 and, also, have assessed 
the potential importance of importins alpha for such targeting 
and for viral infection.  
Materials and Methods. Themodel plant species 
Nicotianabenthamiana was chosen for the distinct assays.  
Analysis of the subcellular localization of p37 was performed 
through subcellular fractionation coupled to Western blot 
analysis and through confocal microscopy visualization of 
GFP-tagged p37 molecules. Bimolecular fluorescence 
complementation (BiFC) was used to explore potential 
interaction between p37 and importins alpha. Knockdown of 
importinalpha expression was achieved through RNA 
interference (RNAi) approaches.Viral accumulation was 
estimated by real-time RT-PCR.  
Results.Analysis of the subcellular localization of a set of p37 
deletion mutants revealed that the first 45 residues of the 
protein contain a functional nucleolar localization signal 
(NoLS). Studies conducted to assess the role of importins 
alpha in p37 nucleolar targeting revealed, on one side, that p37 
is able to interact with representative members of the fourteen 
importins alpha encoded by N. benthamiana, and, on the other, 
that silencing of importin alpha genes precludes localization of 
p37 at the nucleolus. Silencing of importins alpha also reduced 
PLPV accumulation at early stages of infection though such 
effect was not evident at later stages. 
Conclusions. Localization of p37 to the nucleolus is directed 
by a NoLS present at the N-terminus of the protein and is 
mediated by distinct importins alpha. Impairment of such 
localization by reducingimportin alpha expression negatively 
affects virus accumulation, suggesting the nucleolar targeting 
of p37 facilitates, by yet unknown mechanisms, the progress 
of PLPV infection. 
 
 
 

C35 
NEAR-ATOMIC CRYOEM STRUCTURE 
OF THE POTYVIRUS Watermelon Mosaic 
VIRUS 
 
Miguel Zamora1, Eduardo Mendez-Lopez2, Xabier 
Agirrezabala1, Rebeca Cuesta1, M. Amelia Sanchez-Pina2, 
Miguel Aranda2, Mikel Valle1 
1 Center for Cooperative Research in Biosciences, CICbioGUNE, 
Derio, Spain. 2 Centro de Edafología y Biología Aplicada del Segura, 
CEBAS-CSIC, Murcia, Spain 
 
Viruses with flexuous filamentous particles include plant 
pathogens that cause large economic losses in crops. These 
viruses belong to the families Potyviridae, Alphaflexiviridae, 
Betaflexiviridae, and Closteroviridae, which are placed in 
distant super-families regarding genomic structure and 
sequence homology between proteins. Their viral particles 
contain several hundreds of coat protein (CP) copies arranged 
in helical fashion protecting a single stranded (ss) RNA of 
positive polarity and display a common overall design. It is 
thought that flexuous filamentous viruses share similar CP 
despite their evolutionary distance. This view, however, is not 
supported by evident sequence homology between CPs of 
viruses from different families. 
Our previous work with Pepino mosaic virus (PepMV; family 
Alphaflexiviridae, genus Potexvirus) provided an atomic 
model based on a cryoEM map at 3.9 Å resolution obtained by 
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single particle-based helical image processing [1]. Our study 
also revealed an unexpected similarity with nucleoproteins of 
phleboviruses, animal viruses with enveloped pseudo-
icosahedric capsids. 
Now, we present the study of another plant virus, the potyvirus 
Watermelon mosaic virus (WMV; family Potyviridae, genus 
Potyvirus). The cryoEM map for WMV at 4.3 Å resolution 
shows a conserved CP fold between potexviruses and 
potyviruses and confirms the suspected structural homology 
between flexuous plant viruses. The CP from WMV 
polymerizes through flexible N- and C-terminal arms, 
following the same overall arrangement of PepMV, but the N-
terminal region in WMV provides side-by-side and axial 
polymerization. 
Interestingly, CPs from WMV and PepMV show a highly 
conserved ssRNA binding pocket, with three amino acids 
surrounding one of the five nucleotides that interact with each 
CP subunit. Comparisons between the amino acid sequences 
of CPs from the different families of flexuous filamentous 
plant viruses clearly suggest the presence of this RNA binding 
pocket within a conserved overall fold. We will discuss the 
evolutionary implications of these findings.      
 1.Agirrezabala, X., et al., The near-atomic cryoEM structure 
of a flexible filamentous plant virus shows homology of its 
coat protein with nucleoproteins of animal viruses. Elife, 2015. 
10.7554/eLife.11795. 
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P001 
ONLINE COURSES: A FASCINATING 
TOOL FOR TEACHING VIROLOGY  
 
Esperanza Gómez-Lucía1, Ana Doménech1, Laura Benítez2, 
Sophie Lepoder3, Cinta Prieto1, Isabel Simarro1 
1Department of Animal Health. Veterinary Faculty. Complutense 
University of Madrid. 2Department of Microbiology III. Faculty of 
Biology. Complutense University of Madrid. 3Ecole Nationale 
Vétérinaire d'Alfort (France). 
 
Aim: The rapidly evolving society demands different systems 
for teaching, more dynamic, by which the learner is able to 
acquire the information at his or her own pace, combining 
different activities so that different areas of the brain are 
stimulated, adapted for different types of learners…and 
specially in a way that learners all around the world benefit 
from the courses. MOOCs (massive online open courses) 
combine all these requirements and are being increasingly 
developed. 
Material and Methods: We have developed a bilingual 
(English and Spanish) online course entitled “Animal viruses: 
their transmission and the diseases they produce” financially 
supported by UCM, which is hosted in the British platform 
FutureLearn. The course is divided into six weeks, which are 
connected by the common link of the viraltransmission. Each 
week is further subdivided into 5-7 activities, and each of these 
activities into 3-7 steps. The steps are a variety of videos, 
articles, audio, discussions and assignments. We have 
designed the course from the point of view of viral 
transmission, choosing four different transmission routes 
(faecal-oral, by breaches in the skin, by arthropod bites and 
airborne). We dedicate a different week to each of these routes. 
In addition, we also learn about viruses which produce 
persistent latent diseases. During the first week we review 
basic concepts of virology, which makes it easier to understand 
the contents of the following five weeks. 
Results: In the first run of the course (from January 16th to 
February 24th) there were a total of 2.135 learners enrolled 
from over 50 countries, of which about half of them (1.240) 
were active learners. A very important aspect of the course is 
the interaction between learners. All the 80 steps which 
integrate the course include a comment section in which 
learners discuss the assignments, what has called their 
attention, the difficulties they found, etc. There has been an 
average of 13 comments posted per student. We have benefited 
from the help of six mentors, students of the present 2016-17 
course of the Master in Virology UCM, who have supervised 
the discussions and comments, providing their feedback when 
needed. 
Conclusions: MOOCs in general, and the MOOC “Animal 
viruses” in particular, represent an excellent opportunity for 
disseminating virology to learners from all over the world, 
who can interact with each other at their own pace, research 
about the viral diseases in their region, and obtain a certificate 
for their participation in the course. 
 
 
 

P002 
VIROLOGY: AN INTERACTIVE GUIDE. 
AN ONLINE BOOK FOR ALL READERS. 
 
Esperanza Gómez-Lucía1, Laura Benítez2, Mª Mar Blanco1, 
Mª Teresa Cutuli1, Antonina Dolei3, Ana Doménech1, Rob 

Lavigne4, Sophie Lepoder5, Christopher Logue6, 
Dragaslava Radin7, Marek Szyndel8 
1Department of Animal Health. Veterinary Faculty. Complutense 
University of Madrid. 2Department of Microbiology III. Faculty of 
Biology. Complutense University of Madrid. 3Department of 
Biomedical Sciences, Università degli Studi di Sassari (Italy). 
4Katholieke Universiteit Leuven (Belgium). 5Ecole Nationale 
Vétérinaire d'Alfort (France). 6Public Health England, Porton Down 
(United Kingdom). 7Faculty of agriculture, Belgrade (Serbia). 
8Szkola Glowna Gospodarstwa Wiejskiego (Poland). 
 
Aim: When we want to know more about specific viruses or to 
further understand why certain diseases occur, reliable 
informative sources are hard to come by. The idea for the 
‘Interactive Guide’ is to provide an interactive overview of the 
field of Virology, provided by experienced virology teachers 
from across Europe and to ensure that this information reaches 
a broad audience, from high schools students and lay persons, 
to undergrad students who want to cover the basics.  
Material and Methods: We have written an online interactive 
book in English, which is freely available through our 
webpage (www.innovirology.com) to anyone who wants to 
read it. The book is divided into nine sections: General 
Virology, Diagnosis, Emerging Diseases, Clinical Virology, 
Animal Virology, Plant Virology, Food Virology, 
Bacteriophages, Viruses in Biotechnology. 
Results: The book, which is fully updated, practical and 
manageable, is better read in the computer screen. It is not 
necessary, although desirable, to have read the previous 
chapters before passing to the next one. Basic general concepts 
are expressed clearly and concisely and are supported on 
figures, carefully elaborated by artists belonging to the School 
of Fine Arts of the UCM. Each of the sections, identified by 
specific icons, is further divided into single-chart chapters, in 
which the information is distributed in two or three panels, 
usually expandable to make them easier to read and provide 
the information logically and gradually. The different chapters 
are easily accessible through a drop-down navigation menu. 
The book is enriched with a comprehensive glossary, 
constantly accessible and with questions, which are placed at 
the end of the book, but which may be reached at any time 
during reading the book or at the end. The work is under the 
protection of Creative Commons, which allows free use of the 
material for didactic purposes, as long as the work and the 
authors are credited and it is not used for commercial purposes. 
Acknowledgements: The authors are grateful to Erasmus+ for 
funding the book, Marta Aguilar and Rafael Menéndez (UCM) 
for the illustrations of the book, J. Manuel Velasco (UCM) for 
the technical assistance, and Katarzyna Kowalska (Warsaw 
University of Life Sciences) for her assistance. 
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EPITOPE MAPPING OF MONOCLONAL 
ANTIBODIES AGAINST RABBIT 
HEMORRHAGIC DISEASE VIRUS (RHDV) 
AND THE NEW VARIANT RHDVB 
 
A. Podadera1, K. P. Dalton1, I. Nicieza1, D. de Llano1, J. M. 
Martin Alonso1, J. R. de los Toyos2, M. García Ocaña3, F. 
Vázquez-Villa4, F. Parra1. 
1 Instituto Universitario de Biotecnología de Asturias, Departamento 
de Bioquímica y Biología Molecular, Edificio Santiago Gascón, 
Universidad de Oviedo. 2 Área de Inmunología, Facultad de 
Medicina, Universidad de Oviedo. 
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In 2011, a new variant of rabbit hemorrhagic disease virus 
(RHDVb) was identified. RHDVb is endemic in the Iberian 
Peninsula causing devastating losses in the commercial rabbit 
industry. RHDVb differs in important antigenic determinants 
from classic RHDV, whichcould explain why currently 
available vaccines against classic RHDV are at best partially 
effective against RHDVb. 
As caliciviruses RHDV and RHDVb express a major structural 
capsid protein termed VP1 (also known as VP60).In order to 
design new vaccines against RHDVbwe have set out to study 
which are the most important antigenic determinantsof VP1. 
In this study, the aim was to carry out an intensive screen of 
the antigenic sequences of VP1 employing monoclonal 
antibodies (MAbs) raised against different types of VLPs 
(virus-like particles), based on classic RHDV, RHDVa and 
RHDVb. 
In order to fulfill this objective, BALB/c mice were 
immunized with VLPs of different subtypes of RHDV. After 
two subcloning rounds, type-specific MAbs were identified 
and characterized usingan enzyme-linked immunosorbent 
assay (ELISA), dot and Western blotting. 
Two MAbs(3A10 and 8E10) recognized the three types of 
RHDV, MAb2D9recognizedonly RHDVb, andMAb 
82.28couldidentify the classic RHDV and RHDVa. In 
addition, the VP1 domains reacting with MAbs recognizing 
linear epitopes were identified by western blot. 
The use of the MAbs characterized in this study will facilitate 
the identification and differentiation of the different types of 
RHDV. 
This study was supported by grants AGL2013-48550-C2-1-R 
from the Spanish Ministerio de Economía y Competitividad 
and CUN2014-00007-00-00 of the Instituto Nacional de 
Investigación y TecnologíaAgraria (INIA), cofinanced by 
FEDER and GRUPIN14-099 from Principado de Asturias 
(Spain). A. Podadera was supported by a fellowship (Ref.: 
BES-2014-069044) from the Spanish Ministerio de Economía 
y Competitividad. 
 
 
 

P004 
FIRST DESCRIPTION OF FELINE 
ENDOGENOUS RETROVIRUSES IN 
SPANISH DOMESTIC SHORTHAIRED 
CATS 
 
Doménech, A(1).; Álvarez, A(1), Riveros(1), J.D., Ausín, 
L.(1), Martin, S. (2),  Toural, C(1)., Gómez-Lucía, E(1).  
(1)Dpto. Sanidad Animal, y (2)Dpto. Medicina y Cirugía Animal. 
Facultad de Veterinaria (Universidad Complutense de Madrid) 
 
Aim: In the genome of domestic cats there are numerous 
sequences of endogenous retroviruses, some of which are 
homologous to the Feline Leukemia Virus (FeLV),a major 
pathogen of cats. These endogenous sequences are called 
enFeLV and are not infectious, but they can readily recombine 
with FeLV-A viruses producing new viral variants with 
different tropism and pathogenicity (FeLV-B), which suggests 
the important role that enFeLV may play in diseases caused by 
FeLV. These endogenous sequences have been described by 
authors in other parts of the world, but have never been 
characterized in Spain. Thus, the aim of the present study was 

to sequence the gene pol, a very conserved region in feline 
exogenous and endogenous retroviruses, in FeLV-negative 
cats and to compare with other enFeLV and FeLV sequences 
previously described.  
Material and Methods: DNA was extracted from PBMC from 
five domestic shorthaired cats negative to FeLV infection, 
housed in catteries in the Community of Madrid (supplied by 
Dr. G. Miró, UCM). Proviral sequences of gene pol were 
obtained using primers designed by the authors, and 
phylogenetic analysis was carried out including study samples, 
FeLV and enFeLV sequences available in GenBank. 
Results and Discussion: The sequences of gene pol generated 
in this study (named as C-sequences and deposited in GenBank 
with Accession Numbers KY688109-KY688113) showed a 
high homology (99%) with other enFeLV sequences published 
in GenBank, and only 97% identity to FeLV-B (JF957363.2) 
and 95% with respect toFeLV-A (KP728112.1). Phylogenetic 
analysis revealed a clear difference between the FeLV 
sequences and the group of endogenous sequences (including 
C-sequences), which clustered tightly. Few point mutations 
were found in C-sequences with respect to other endogenous 
sequences, mainly in the region encoding reverse transcriptase 
(RT), that do not modify the open reading frames. If these 
ORFs could potentially generate functional proteins or modify 
the proteins produced after recombining with exogenous FeLV 
is unknown. 
Conclusions: The description of these feline endogenous 
sequences in domestic shorthaired cats in Spain, closely 
related to other enFeLV sequences described in cats of 
different breeds from other countries, suggests that they are all 
strongly related and probably derive from similar exogenous 
infections and from a common ancestor. If the high homology 
in gene pol and the maintenance of the ORFs may imply a 
greater role of this gene in the recombination with exogenous 
FeLV must be further analyzed. 
Funded by UCM- PR26/16-20306. 
 
 
 

P005 
CHARACTERIZATION OF INFLUENZA A 
POLYMERASE BOUND TO POSITIVE 
AND NEGATIVE PROMOTORS. 
 
D. Carlero, R. Coloma, J. Ortín, J. Martín-Benito. 
Structure of Macromolecules Department, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científicas, 
Cantoblanco, Madrid, Spain. 
 
The influenza A virus genome consists of eight segments of 
single-stranded, negative-sense RNA. Each viral RNA 
(vRNA) segment is associated to the polymerase, a complex 
composed of 3 subunits, and multiples copies of the 
nucleoprotein to form a macromolecular aggregate called 
ribonucleoprotein (vRNP). These vRNPs are the essential 
units for transcription and replication of the viral genome. 
When the virus infects the cell, the vRNPs migrate to the 
nucleus where the transcription and replication processes take 
place. Replication occurs through a minority intermediate 
complex of similar structure to the vRNPs but containing the 
positive sense, complementary copy, of the genomic vRNA 
called cRNP. Biochemical studies have shown that the major 
difference between v- and cRNP is the conformation of the 
polymerase, probably due to the different structure of the RNA 
promoter. Nevertheless, the study of the conformation of the 
polymerase bound to this positive sense promoter has so far 
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been hampered by the difficulty in the isolation of the cRNPs 
from the vRNPs. To overcome such problem we have designed 
the purification protocol described here. 
Our method is based on the high affinity binding of the 
Pseudomonas aeruginosa bacteriophage PP7 coat protein 
(PP7CP) to the translational operator RNA hairpin of PP7. We 
have reconstituted in vivo two different recombinant 
polymerase-RNA complexes by transfection of the 3 subunits 
of the polymerase and  two different short virus-like RNA 
fragments containing the common promoter to all the genomic 
RNAs (30 nt), a small unspecific sequence (26 nt) and the 
sequence of the PP7 translational operator hairpin whether in 
positive or negative sense.  
The recombinant polymerase-RNA complexes expressed in 
this manner were able to self-assemble and amplify themselves 
through replication, in a process strictly dependent on the 
polymerase activity like the natives full length RNPs. To 
separate the polymerase-RNA complexes that contain the c- 
promoter from the v- promoter, we use a purification step 
using a FLAG-tagged-cpPP7 protein that binds only the right 
sense of the translational operator RNA hairpin of PP7 in each 
of our two different constructions. Finally, and after 
purification, the structure of those complexes will be 
determined by cryo-electron microscopy to shed light in the 
different conformations of the polymerase and in the 
replication process. 
 
 
 
P006 FLASH-TALK 
SYNONYMOUS CHANGES IN THE 
CODON USAGE OF HIV-1 GP160 
STRONGLY REDUCE THE VIRUS 
REPLICATION CAPACITY 
 
Ana Jordan-Paiz, Maria Nevot, Sandra Franco, 
BonaventuraClotetand Miguel Angel Martinez 
IRSICAIXA (Institut de Recerca de la SIDA) 
 
Background:During HIV-1 replication, genes can be divided 
into two groups depending on its temporal expression. The 
envelope (Env) gene protein is expressed late in the virus life 
cycle, and its mRNAexportation to the cytoplasm and 
expression need an early virus expressed transinducer (Rev). 
Rev joins to a specific regionin the envelope of the 
incompletely spliced mRNA called Rev Responsive Element 
(RRE). 
The codon usage of HIV-1 Env transcripts is different from 
that of the host human cell. It has been suggested that when the 
codon usage of the SIV Env(gp160) is changed to the usage of 
another virus (i.e. herpesvirus), the junction of Rev to the RRE 
is lost, and no SIV gp160 expression is observed in vitro(Shin 
et al, PNAS 2015). 
Objective:The aim of this study was to exploreex vivohow 
synonymous changes in the codon usage of HIV-1Envgp160 
affects the virus replication capacity. Similarly, we also aimed 
to investigate whether these synonymous substitutions 
affected the function of Rev.  
Materials and methods:Six codons (AGG, GAG, CCT, ACT, 
CTC, and GGG) in HIV-1 gp160 were changed to CGT,GAA, 
CCG, ACG, TTA, and GGA, respectively. These changes 
supposed 39 mutations (1,5% of gp160). To obtain a 
replicative virus, a PCR cotransfectionmethod was used, that 
is, the different parts of HIV-1 genome were PCR amplified 
and transfected in MT-4 cells. Viral replication was quantified 
by measuring HIV‐1 capsid p24 antigen production in the 
culture supernatant. 

Results:After transfection, we observed that the modifiedEnv 
was highly deleterious (no syncitia and no p24 detection after 
three blind passages). To see which mutations where 
responsible for this phenotype, we designed two new mutants, 
either with wild-type (wt) gp120or wt gp41. Both mutant 
variants produced infectious virus when transfected, with a 
slightly delay in the wt gp41 variant. Remarkably, the number 
of synonymous mutations in the gp41 variant was much lower 
than in the gp120 mutant. 
Conclusions:Here we demonstrate that the codon usage of the 
HIV-1 Envis affecting the replication capacity of the virus. We 
also show that synonymous mutations in gp41 are crucial for 
the observed reduction in the virus replication capacity. It 
remains to be elucidated how the introduced substitutions 
affect the interaction of Env mRNA and Rev protein. Overall, 
our results emphasize the relevance of synonymous 
substitutions in shaping the virus phenotype. 
 
 
 

P007 
MODULATION OF HIV-1 REPLICATION 
CAPACITY BY SYNONYMOUS 
MUTATIONS INTRODUCED IN THE GAG 
REGION  
 
Nevot M., Jordan-Paiz A., Franco S., Forteza V., Clotet B 
and Martínez M.A. 
IRSICAIXA (Institut de Recerca de la SIDA) 
 
Background:There are increasing evidences showing that 
synonymous mutations are not as neutral as it was thoughteven 
when the protein sequence is preserved (Martínez et al. Trends 
in Microbiology 2016). 
 
Objective:The aim of this workwas to modify the virus 
replication capacity through the introduction of synonymous 
mutations in the gag region of HIV-1.In addition, the effects 
of these mutations in mRNA and protein production were 
explored. 
Material and Methods: The gagDNA sequences were 
producedby de novo synthesis (GeneArt)accordingtotheir 
codon usage, more common synonymous codons (MAX), the 
same(NEU) and the rare codons(MIN) in humans and 
preserving amino acid sequences. After its recombinationwith 
the protease by overlapping PCR, were co-transfected with a 
pHXB2Δgagprot plasmid into MT-4 cells. Viral replication 
kinetic assays were carried out in MT-4 cells and PBMCs. 
Virus production was monitored by measuring HIV-1 p24 
antigen in culture supernatants. Growth kinetic curves were 
analyzed by fitting a linear model to the log-transformed p24 
data during the exponential growth phase by maximum-
likelihood methods (Student t test).All constructs were also 
cloned in pNL4-3-deltaE-EGFP and transfected in 293T cells. 
Seventy twohours post-transfection, viral supernatants were 
filtered through a 0.22μm filter and stored at -80ºC. 
Transfected cells were used to obtain cellular RNA and protein 
lysates. Protein production was assessed by Western-Blot 
analysis. 
Results:No viral growth was recovered when different mutants 
where transfected in MT4. The reversion of introduced 
mutations in p17 and p6 towild-type,allowed the obtaining of 
viable viruses.No statistical differences were observed in the 
viral growth assaysin MT4 cells but differences in the viral 
fitness was observed in PBMCs. MAX viruses replicate 
similarly to WT virus, while NEU and MIN viruses showed a 
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lower replication capacity (p=0.0095 and p=0.0006 
respectively).Analysis of gag mRNA showed similar amounts 
of transcripts although the gag protein production differed. 
Western-blot analysis revealed a different gag-processing 
pattern according to the mutated region. 
Conclusions:The results obtained in this work disclosed two 
virus RNA regions that maybe important for viral 
replication,although the mechanism remains unknown. 
Furthermore, the effects of these mutations in those regions 
suggest that in addition totranslation,there are other processes 
by which the viral replication is affected. 
 
 
 

P008 
INFLUENZA POLYMERASE CHANGES 
ITS CONFORMATION UPON BINDING OF 
CAPPED RNA PRIMER 
 
Alexander Pflug, Patricia Resa-Infante*, Stefan Reich and 
Stephen Cusack 
European Molecular Biology Laboratory, Grenoble Outstation, 71 
Avenue des Martyrs, CS 90181, 38042 Grenoble Cedex 9, France 
 
Influenza viruses cause a contagious and acute 
respiratorydisease responsible for worldwide morbidity and 
mortality inhumans. Since the evolution of the virus is rapid 
andunpredictable,new options for treatmentare indispensable. 
The heterotrimeric influenza polymerase, with subunits PA, 
PB1 and PB2, is a multi-functional RNA synthesis machine 
that performs both replication and transcription of the same 
negative sense genomic RNA template. The aim of our study 
is a detailed understanding at the structural level of the viral 
transcription mechanism to facilitate the development of new 
antiviral drugs. 
Transcription process involves a unique mechanism called 
cap-snatching, whereby host-cell nascent Pol II transcripts are 
bound via their 5’ cap to PB2 and cleaved at nucleotide 10 13 
by the endonucleolytic activity of PA. These capped oligomers 
then prime synthesis of viral mRNAs by the PB1 subunit. 
Upon release of the promoter, it progresses into elongation and 
terminates with polyadenylation. 
Here, we present structural data of both influenza A and B 
virusesshowing for the first time how a capped oligomer is 
bound to the heterotrimeric polymerase. Our structures 
illustrate thatcapped oligomer binding induces a 
conformational change in the context of the full 
heterotrimer.Thus, the cap-binding domain located in the PB2 
subunit has rotated 60° into the priming configuration 
compared to polymerase only bound to cap analogues or to 
viral RNA promoter. Moreover, we demonstratewhich 
residues interacting with the capped RNA are essential for 
efficient transcriptionby functional studies in vitro and in cells. 
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HEPATITIS C VIRUS ACTIVATES 
PI3K/AKT/MTOR PATHWAY IN A 
GENOTYPE-DEPENDENT MANNER IN 
VIVO AND IN VITRO AND MODIFIES 
MIRNAS EXPRESSION OF 
HEPATOCELLULAR CARCINOMA-
RELATED GENES 

 
Marta Garcia-Valdecasas1, Ángela Rojas1, Antonio Gil1, 
Javier Ampuero1, Rocío Gallego1, Helena Pastor1, Lourdes 
Grande2, Manuel Romero-Gomez1, José Antonio Del 
Campo2 
1 Unit for Clinical Management of Digestive Diseases and CIBERehd, 
Virgen del Rocío University Hospital, IBiS, Sevilla, Spain.. 2 Unit for 
Clinical Management of Digestive Diseases and CIBERehd, Valme 
University Hospital, Seville, Spain. 
 
AIM: To study the activation of the PI3K/AKT/mTOR 
pathway in HCV infection in vitro and in vivo and how the 
miRNAs expression profile is affected. To evaluate how these 
changes may contribute to hepatocellular carcinoma 
development.  
METHODS: Huh7.5 cells were infected with sera from HCV 
patients infected with genotypes 1a/b, 2a and 3a with high viral 
load or with JFH-1 particles. Metformin treatment (2mM) was 
added. Patients (n=16) infected with HCV genotype 1 and 
treated with PEG-interferon and ribavirin were classified 
according to sustained viral response achievement. Blood 
samples were collected and peripheral blood mononuclear 
cells (PBMC) were isolated. Gene expression was analyzed by 
quantitative polymerase chain reaction. The commercially 
available Kit RT2 miRNA PCR Array System was used for the 
relative quantification of the most expressed miRNAs in liver 
from Huh7.5 cells infected with HCV.  
RESULTS: Gene expression of the mTOR pathway in PBMC 
from non-responder patients infected with HCV genotype 1 
was significantly different compared to patients achieving 
sustained viral response (SVR): MTOR was increased 
(1.78±0.48 fold) in non-responder, whereas in SVR patients 
AKT, PTEN1 and TPT were increased (1.67±0.54, 3.03±1.70, 
2.90±1.80 fold respectively). In Huh7.5 cells infected with 
sera of patients with HCV genotypes 1, 2 or 3, PTP1B gene 
expression were modified in all genotypes (genotype 1a/b: 
2.78±0.77, genotype 2a: 2.42±0.38 , genotype 3a: 3.01±1.3). 
In addition, genotype 3a induced the expression of PTEN1 and 
TPT (1.83±0.57, 1.63±0.15 fold respectively). Metformin 
increased the gene expression of this pathway in non-infected 
Huh7.5 cells. In Huh7.5 cells infected with sera from HCV 
patients with HCV and treated with metformin, gene 
expression was further induced. Metformin and HCV infection 
had a synergic effect on PTP1B and PTEN gene expression 
compared to control cells treated with metformin alone.  Eight 
miRNAs were found induced by JFH1 infection and 27 
miRNAs were found inhibited.  miRNAs significantly induced 
were: miR-29a, miR-29b, miR-22, miR-32, miR-141,  miR-
130a, miR-186, miR-181b. Inhibited miRNAs were: miR-150, 
miR-125a-5p, miR-125b, miR-302c, miR-423-3p, let7-b, 
miR-92a, miR-376c. 
CONCLUSION: HCV may promote HCC by modifying the 
mTOR pathway through PTP1B and PTEN deregulation in 
vivo and in vitro. Metformin increased the expression of these 
genes. 
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THE ESSENTIAL CIS-ACTING 
REPLICATION ELEMENT OF THE HCV 
RNA GENOME RECRUITS THE 40S 
RIBOSOMAL SUBUNIT 
 
Alfredo Berzal-Herranz,Cristina Romero-López And Pablo 
Ríos-Marco 
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BACKGROUND: The information encoded in the hepatitis C 
virus RNA genome is deciphered as a single open reading 
frame, but also as highly conserved essential structural units 
that play critical roles for the progression of the viral cycle. 
One of these units, the CRE (cis-acting replication element) 
region, is located at the 3’ end of the viral genome and is 
required for HCV replication and for viral protein synthesis 
regulation. These functions depend on the establishment of 
long-distant RNA-RNA interactions in the HCV genome, but 
also on the recruitment of different viral and host factors.  
OBJECTIVES: The main goal of this work is the biochemical 
analysis of the interaction between the 40S ribosomal subunit 
and the CRE region.  
MATERIALS AND METHODS: Purified 40S ribosomal 
subunits from the hepatoma cell line Huh-7 were used to 
evaluate binding affinity and specificity to the CRE region. For 
the identification of the CRE residues involved in the 40S 
subunit recruitment, conventional SHAPE chemistry and 
HMX assays were performed. CRE-40S UV-mediated cross-
linking and MALDI-TOF/TOF allowed for the analysis of the 
interaction properties and the isolation of the responsible 
proteins within the ribosomal subunit.  
RESULTS: The CRE region recognizes and binds to the 40S 
ribosomal subunit with high affinity and specificity. This 
interaction is preserved in subgenomic RNA constructs and 
operates as an additional recruitment site besides 
ofthosegenomic RNA elements required for the ribosome 
binding during viral translation initiation, such as the IRES 
(internal ribosome entry site) and the 3’ untranslated region 
(3’UTR). Thecontact CRE-40S mainly involves the essential 
apical loops of domains 5BSL3.1 and 5BSL3.3 within the 
CRE, and the ribosomal proteins RPSA and RPS29. 
Interestingly, RPS29 was previously identified in HCV IRES-
bound complexes, while RPSA has been already detected 
bound to the CRE elementby pull-down assays.  
CONCLUSIONS: The specific interaction CRE-40S 
ribosomal subunit depends on conserved nucleotides and 
essential proteins, which suggests a relevant role of this 
contact for viral translation regulation. Further, the 
simultaneous binding of the CRE and the IRES regions to 
specific proteins can lead to the constitution of a 
macromolecular ribonucleoprotein complex involved in the 
regulation of the infective cycle. 
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STRUCTURAL ANALYSIS OF THE 
ESSENTIAL 3’X TERMINAL DOMAIN OF 
HEPATITIS C VIRUS GENOMIC RNA 
 
Ángel Cantero-Camacho1, Lixin Fan2, Yun-Xing Wang2 And 
José Gallego1 
1Facultad de Medicina, Universidad Católica de Valencia, 
C/Quevedo 2, 46001 Valencia. 2National Cancer Institute, NIH, 
Frederick, Maryland 21702, USA 
 
The genomic RNA of hepatitis C virus (HCV) comprises a 
single ORF flanked at either end by untranslated regions 
(UTRs) containing structured regions essential for the viral 
cycle. The 5’UTR includes an internal ribosome entry site 
involved in the initiation of viral protein synthesis, whose 
three-dimensional structure has been studied extensively. The 

3’UTR comprises a variable segment, a pyrimidine-rich tract 
and a strongly conserved 98-nt terminal domain called 3'X. 
Domain 3’X contains two absolutely conserved overlapping 
sequences, k and DLS (Dimer Linkage Site). The k sequence 
establishes a distal contact with an upstream 5BSL3.2 stem-
loop located in the ORF, whereas the palindromic DLS has 
been shown to promote viral RNA dimerization. Based on 
chemical modification techniques, it was concluded that the 
3’X domain formed three stem-loops, but alternative folds 
comprising two or four hairpins were also proposed. Since the 
alternative 3’X structures expose to different degrees the 
sequences involved in the distal contact with 5BSL3.2 and in 
genomic RNA dimerization, the domain has been suggested to 
act as a dynamic switch signaling the transition between 
replication, translation and possibly packaging processes of 
the virus.  
We have utilized nuclear magnetic resonance (NMR) 
spectroscopy1 and subsequently small-angle X-ray scattering2 
(SAXS) techniques to study the solution structure of domain 
3’X. The results of both analyses revealed that, in the 
monomeric state, the preferred structure of the domain 
contains two SL1’ and SL2’ stem-loops. The SAXS data 
indicated that both subdomains are coaxially stacked. 
According to the available functional evidence, this two-stem 
fold would facilitate primer-independent viral replication by 
exposing terminal unpaired nucleotides after the SL1’ stem. 
Likewise, the observed structure promotes viral RNA 
dimerization by uncovering a palindromic DLS segment in the 
apical loop of subdomain SL2’. In agreement with this 
observation, we show that at higher ionic strength the domain 
forms symmetric dimers comprising an extended 110-nt SL2’ 
duplex flanked on both sides by intramolecular SL1’ hairpins. 
The structure of the distal complex formed between domain 
3’X and stem-loop 5BSL3.2 is currently being studied by 
NMR spectroscopy. 
References 
1.Cantero-Camacho, Á. & Gallego, J. The conserved 3'X 
terminal domain of hepatitis C virus genomic RNA forms a 
two-stem structure that promotes viral RNA dimerization. 
Nucleic Acids Res 43, 8529-8539 (2015). 
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Three-dimensional structure of the full-length 3’X-tail of 
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NS5B PHOSPHORYLATION IS A 
MOLECULAR SWITCH DURING HCV 
REPLICATION. 
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1 Laboratorio de Virología Molecular, Centro Regional de 
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de Farmacia, Universidad de Castilla-La Mancha, Albacete 02008-
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Objetives. Previous studies from our laboratory had shown that 
NS5B polymerase from hepatitis C virus (HCV) could be 
phosphorylated in vitro by the cellular Ser/Thr kinase Akt. 
Furthermore, Akt activity regulates HCV infectivity because 
intracellular HCV RNA increased in the presence of increasing 
concentrations of an Akt inhibitor. With these antecedents, we 
addressed the following objectives: 
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1.To identify residues in the primary amino acid sequence of 
HCV NS5Bphosphorylated by Akt. 
2.To check the effect of such phosphorylation on the in 
vitropolymerase activity of NS5B. 
Material and Methods. Ser/Thr-phosphorylated residues were 
identified by phosphoproteomicsstudies. These residues were 
mutated to Ala or Glu by site-directed mutagenesis 
(Quickchange Multi Site directed mutagenesis kit). Proteins 
were purified by affinity chromatography and polymerase 
activity detected by using radiolabelled nucleotides. 
Results. Phosphoproteomic assays allowed us to identify 
NS5B peptides with Ser or Thramino acids phosphorylated by 
Akt:S29 (or less probable S27), T53, T267 (or less probable 
S269) and S282. All these residues, except T267, are totally 
conserved through different genotypes. Phosphoproteomic 
coverage was not complete and some amino acids could not be 
analyzed. Positions described above were mutated to Ala to 
prevent in vitro phosphorilation by AKT. Some of these 
positions (the most likely) were mutated. The protein was 
purified and tested in an in vitro phosphorylation assay using 
recombinant Akt. Even the NS5B mutant with these Ser/Thr 
residues mutated to Ala was still phosphorylated by Akt, 
indicating that residues not covered in the phosphoproteomic 
analysis are also substrate for Akt. To verify the effect of 
NS5B phosphorylation in the polymerase activity, we obtained 
several point mutants in which these residues (S27, S29, T53, 
S267, S269 and S282) were replaced by glutamic acid 
(phospho-mimetic) or by alanine. All these changes except 
T267E drastically decreased the polymerase activity of NS5B 
in vitro. 
Conclusions. NS5B is phosphorylated in vitro by Akt. Ser/Thr 
residues phosphorylated by Akt were at positions 27, 29, 53, 
267, 269, and 282. However, not-covered residues must also 
be phosphorylated as concluded from phosphorylation assays 
using mutants of these positions to Ala. Mutations mimicking 
phosphorylated residues were lethal for polymerase activity. 
This result was in accordance with those previously obtained 
in our laboratory using Akt inhibitors in cell culture in the 
context of HCV infection. In conclusion, Akt is a host factor 
involved in HCV replication. NS5B phosphorylation could be 
acting as a molecular switch that would indicate when the 
replicative machinery of the virus should stop. 
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Rev is an essential regulatory protein encoded by human 
immunodeficiency virus type-1 (HIV-1) that allows transport 
of unspliced or incompletely spliced viral RNA molecules to 
the cytoplasm of the infected cell in the late phase of the virus 
cycle. The chain of events leading to viral RNA transport is 
triggered by a high-affinity interaction between an arginine-
rich -helix of Rev and subdomain IIB of the Rev Response 
Element (RRE), a strongly conserved nucleotide structure 
formed by the RNA of the virus. Although Rev represents an 
alternative target for HIV-1 therapy, up to now there are no 
Rev-based inhibitors in clinical use. Here we report the 

identification of small molecules that interfere with HIV-1 
RNA biogenesis and Rev function. The compounds were 
detected by screening a small library of FDA-approved drugs 
with an assay based on measuring the displacement of Rev 
from its RNA subdomain IIB binding site. The antiretroviral 
activity of two of the hits, clomiphene and cyproheptadine, 
was based on interference with post-integration steps of the 
HIV-1 life cycle. Both compounds inhibited RRE-Rev 
complex formation in vitro, and blocked LTR-dependent gene 
expression and viral transcription in cellular assays. In 
addition, clomiphene altered the splicing pattern of HIV-1 
transcripts in a manner consistent with Rev inhibition. All 
screening hits bound to subdomain IIB, and clomiphene did so 
with substantial selectivity, allowing the identification of a 
new RNA-binding scaffold1. We are currently evaluating the 
RRE-Rev inhibition capacity of clomiphene analogues 
identified by means of cheminformatics methods. In addition, 
we have identified molecules with increased antiretroviral 
activity by screening a 10,000-compound library with the same 
subdomain IIB-Rev displacement assay. This research may be 
useful for developing novel anti-HIV drugs acting on an 
alternative target not exploited by current antiretroviral 
therapies. 
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Objectives: This study aimed at characterizing host-pathogen 
interaction by studying Small Ruminant Lentivirus (SRLV) 
Vif protein and ovine apolipoprotein B editing enzyme 
catalytic polypeptide-like 3 (APOBEC3, A3) protein family 
(A3Z1, Z2, Z3 and Z2-Z3) interplay.  
Materials and methods:A3 transcripts were amplified from 
ovine cDNA and cloned into EXN eukaryotic expression 
vector (pLNCX2 with an inserted HA-tag) for in vitro 
expression.Codon-optimized Vif fromSRLV was additionally 
cloned into pVR1012 (3xFlag) plasmid. Protein expression 
was revealed after transfection of human embryonic kidney 
(HEK)-293T cells by western blot using anti-HA or 3xFlag 
antibodies. Co-transfection experiments using 293T cellswere 
useful to evaluate Vif-mediated degradation of APOBEC3 and 
immunoprecipitationin vitro. 
Results:Lentiviral Vif protein was capable of inducing total 
degradation of A3Z2Z3, A3Z2 and A3Z3proteins, but the 
susceptibility to Vif was partial in the case of A3Z1. The 
degradation likelyoccurred at the protein level, since the 
mRNA levels were not affected.A3Z1Tr, a recently described 
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spliceoform lacking the cytidine deaminase motif, was 
completely resistant to Vif degradation.In spite of this, co-
immunoprecipitation experiments showed a 
directinteractionbetween the Vif protein and A3Z1 even in the 
absence of the cytidine deaminase motif (A3Z1Tr). Equivalent 
truncated isoformswere also present in human peripheral blood 
cells(A3ATr). 
Heterodimers of A3Z1Tr with the remaining A3 proteins were 
evidenced by co-immunoprecipitation,except for A3Z2, but 
Vif-mediated degradation was not affected.Here we 
hypothesize that A3Z1Tr may be a key regulator in the evasion 
of lentiviruses by decreasing the amount of available Vif. 
Conclusions: Ovine APOBEC3 family showed different 
pattern of susceptibility to Vif-mediated degradation. While 
most A3 proteins were susceptible to Vif degradation, A3Z1 
showed partial resistance that could be useful restricting SRLV 
in target cells expressing A3Z1, such as monocytes. 
The spliceoform A3Z1Tr co-immunoprecipitated other A3 full 
proteins as well as SRLV Vif without significant A3Z1Tr 
degradation, which in turn may regulate overall lentiviral 
restriction by docking Vif. 
The presence of A3ATr suggests a conserved alternative 
splicing regulation in humans and the possibility to avoid the 
HIV Vifmediated degradation. 
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VIRUS RESTRICTION AND SENSING AS 
THE MEANS TO CURE HIV INFECTION 
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Objectives: SAMHD1 is a triphosphohydrolase enzyme that 
controls the intracellular level of deoxyribonucleoside 
triphosphates (dNTPs). Here, we explore the role that 
SAMHD1 plays in controlling virus replication, innate 
immunesensing of pathogens and autoimmune disease.  
Methods: Lose and gain of function of host restriction factor(s) 
or associated proteins, through RNAi, CRISPR-Cas genome 
editing or over-expression of cellular proteins and evaluation 
through flow cytometry, WB and qPCR of the corresponding 
factors, in the absence or presence of DNA or RNA viruses 
and/or HIV-1Vpx or selected drugs. Evaluation of dNTP 
levels,  interferon (IFN) induced factors and IFN response in 
primary monocyte (macrophages and  dendritic  cells) and  
CD4+ T cells. 
Results:  SAMHD1 is identified as anintrinsic virus restriction 
factor, inactivated through degradation by HIV-2 Vpxor 
through a post-transcriptional regulatory mechanism, strongly 
associated to cell cycle control and cell proliferation. 
Phosphorylation ofSAMHD1 by cyclin-dependent kinases 
was strongly associated with inactivation of the virus 
restriction mechanism, providing an association betweenvirus 
replication and cell proliferation. Tight regulation of cell 
proliferationsuggests that viruses, particularly HIV-1 
replication, latency, and reactivation,may be similarly 
controlled by multiple checkpoint mechanisms that, in 
turn,regulate dNTP levels, affect nucleotide/nucleoside drug 
susceptibility,  pathogen recognition and IFN response. 

Conclusion: we show how SAMHD1 restricts virus infection 
(both DNA viruses such as HSV-1 and retroviruses), the 
mechanism associated with viral restriction, the pathway 
leadingto its inactivation in proliferating cells, and how 
strategies aimed at controllingvirus restriction could lead to a 
functional cure for HIV. 
 
 
 

P016 
INFLUENZA VIRUS REPLICATION IN 
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Pandemic 2009 H1N1 (H1N1pdm09) influenza A virus (IAV) 
infections have been associated with important cardiovascular 
complications such as myocarditis, heart failure or acute 
myocardial infarction. We previously characterized two 
H1N1pdm09 viruses, one isolated from a fatal case (F) and the 
other from a patient with mild symptoms (M) both were young 
patients without previously known comorbid conditions. In 
vitro and in vivo characterization showed that F virus was 
more pathogenic than M virus since F virus replicate earlier in 
cell culture, produced 50% mortality of the infected mice, 
actively replicated in cardiac tissue and produced lower 
quantity of defective viral genome RNAs carrying internal 
deletions (DGs). Sequence comparison showed that F virus 
presented two mutations in the PB2 and PA viral polymerase 
subunits, which could be responsible for the observed 
differences between F and M viruses. Examination of 
H1N1pdm09 recombinant viruses carrying the PB2 and PA 
mutations individually (PB2 mut, and PA mut, respectively) or 
in combination (PB2/PA mut) showed that the mutation in PA 
subunit was responsible for the increased pathogenicity of the 
F virus and its low DGs production. In addition, monitorization 
and analysis of electrocardiograms (ECG) of PA mut, and PB2 
mut-infected mice showed alterations in the ECGs compared 
to mock- infected mice. Cardiac conduction defects were 
predominantly observed in mice infected with the PA mut 
virus. 
The aim of this study is to determine the contribution of 
cardiac infection to the final outcome of the influenza virus 
infection. Differences in virulence of IAV strains of subtypes 
usually circulating in humans (H1N1 and H3N2) were 
determined in cells of cardiac origin. Murine cardiac cells 
(HL-1) were infected with H1N1pdm09 viruses (F, M, 
A/California/04/2009), a non-pandemic H1N1 virus 
(A/PR/8/34) and H3N2 virus (A/Victoria/3/75) at high and low 
multiplicity of infection. Both subtypes can replicate in cardiac 
cells, but H1N1 viruses reach higher titers and produce greater 
accumulation of viral proteins than H3N2 subtype. 
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Together, the data prove that influenza virus can replicate in 
heart and H1N1 viruses are more efficient than H3N2 subtype. 
Examination of defective genome (DGs) production in cardiac 
cells by F, M, PB2 mut and PA mut virus infection, will 
provide data regarding the contribution of DGs production to 
the influenza virus pathogenicity mediated by cardiac 
alterations. 
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Influenza A viruses (IAVs) harness the cellular endocytic 
machinery to enter the cell and traffic through the cytoplasm 
to reach the replication sites in the nucleus. The coordinated 
early activation of particular signalling pathwayshas been 
shown to be crucial for the entry process and the outcome of 
viral infection. However, the complexity of these signalling 
cascades, tightly connected with each other, requires a broader 
analysis to identify the main routes, key mediators and direct 
effectors involved in the early steps of viral replication. 
In order to obtain a comprehensive view of the signalling 
events induced during IAV entry, we have conducted a 
proteome-wide SILAC-based quantitative phosphoproteomic 
screen of A549 cells within minutes post-infection. We have 
quantified around 3000 phosphorylation sites from 1300 
different proteins and identified infection-induced changes in 
the phosphorylation of an important subset. 
Bioinformatic analysis has revealed that MAPK signalling is 
the main pathway activated early during IAV infection and itis 
accompanied by significant changes in the phosphorylation of 
key proteins of the cytoskeleton and the vesicle-mediated 
transport. Using an algorithm based on the differential 
phosphorylation of putative targets, we have identified the G 
protein-coupled receptor kinase 2 (GRK2) as one of the key 
kinases activated during IAV entry.Both silencing and 
chemical inhibition of GRK2 leads to drastic reduction in viral 
replication, which is related with a defect in the virus 
trafficking through the endosomal pathway. 
Altogether, our results indicate that GRK2 is involved in an 
early step of IAV replication andsuggest that targeting this 
kinase could be a promising strategy for future antiviral 
interventions. 
 
 
 

P018 FLASH-TALK 
ELUCIDATION OF THE CELLULAR 
INTERACTOME OF EBOLA VIRUS 
NUCLEOPROTEIN AND 
IDENTIFICATION OF THERAPEUTIC 
TARGETS  
 

Isabel Garcia Dorival 1, Weining Wu 1, Stuart D 1. 
Armstrong, John N. Barr 2, Milles W. Carroll 3, Roger 
Hewson 3 And Julian A. Hiscox 1. 
1 Institute of Infection and Global Health, University of Liverpool, 
Liverpool, L35RF, UK; 2 Barr School of Molecular and Cellular 
Biology, Faculty of Biological Science, University of leeds, Leeds; 3 
Carroll Public Health England, Porton Down, Salisbury SP4 0JG, 
UK. 
 
Ebola virus (EBOV) infection results in severe disease and in 
some cases lethal haemorrhagic fever. The infection is 
directed by seven viral genes that encode nine viral proteins. 
By definition, viruses are obligate intracellular parasites and 
require aspects of host cell biology to replicate their genetic 
material, assemble new virus particles, and subvert host cell 
antiviral responses. Currently licensed antivirals are targeted 
against viral proteins to inhibit their function. However, 
experience with treating HIV and influenza virus demonstrates 
that resistant viruses are soon selected.  
An emerging area in virology is to transiently target host cell 
proteins that play critical proviral roles in virus biology, 
especially for acute infections. Proteomics can aid in 
discovery biology and identify cellular proteins that may be 
utilized by the virus to facilitate infection. This work focused 
on defining the interactome of the EBOV nucleoprotein and 
identified that cellular chaperones, including HSP70, 
associated with this protein to promote stability. To further 
investigate the role of the interaction between HSP70 and 
EBOVnucleoprotein, and the effect on viral RNA synthesis, a 
small molecule inhibitor of HSP70, VER 155008, was used. 
Toachieve this, a mini-replicon system for EBOV (Makona 
strain) was developed,which demonstrated that disrupting the 
stability of NP had an adverse effect on viral RNA synthesis.  
(1) Munday, D. C.; Wu, W.; Smith, N.; Fix, J.; Noton, S. L.; 
Galloux, M.; Touzelet, O.; Armstrong, S. D.; Dawson, J. M.; 
Aljabr, W.; et al. Interactome Analysis of the Human 
Respiratory Syncytial Virus RNA Polymerase Complex 
Identifies Protein Chaperones as Important Cofactors That 
Promote L-Protein Stability and RNA Synthesis. J. Virol. 
2015, 89 (2), 917−930. 
(2) Garcı́a-Dorival, I.; Wu, W.; Dowall, S.; Armstrong, S.; 
Touzelet, O.; Wastling, J.; Barr, J. N.; Matthews, D.; Carroll, 
M.; Hewson, R.; et al. Elucidation of the Ebola Virus VP24 
Cellular Interactome and Disruption of Virus Biology through 
Targeted Inhibition of Host-Cell Protein Function. J. Proteome 
Res. 2014, 13 (11), 5120−5135. 
(3) Mühlberger, E. M.; Weik, M.; Volchkov, V. E.; Klenk, H.-
D.; Becker, S. Comparison of the Transcription and 
Replication Strategies of Marburg Virus and Ebola Virus by 
Using Artificial Replication Systems. J. Virol. 1999, 73 (3), 
2333−2342. 
(4) Garcı́a-Dorival, I.; Wu, W.; Dowall, S.; Armstrong, Barr, 
J. N.; Matthews, D.; Carroll, M.; Hewson, R.; et al. Elucidation 
of the Cellular Interactome of Ebola Virus Nucleoprotein and 
Identification of Therapeutic Targets.J. Proteome Res. 2016, 
15, 4290−4303. 
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Objective. Conjugation of small ubiquitin-like modifiers 
(SUMO) molecules to target proteins has an important role in 
modulation of a wide range of cellular processes by regulating 
different properties of cellular components, including their 
subcellular localization, stability or activity. Viruses have 
evolved to exploit the cellular SUMOylation system in order 
to improve their replication. In the case of Ebola virus, the 
VP35 protein induces the SUMOylation of IRF7 to disrupt 
antiviral responses. Moreover, the Ebola virus matrix protein, 
VP40, is modified by SUMO and this modifier is included into 
the viral like particles generated by VP40. Here we evaluated 
whether Ebola virus infection modulates overall SUMOylation 
levels and how this regulation benefits the pathogen.  
Materials and methods. Analysis of protein SUMOylation was 
carried out in cells stably expressing His6-SUMO1 or His6-
SUMO2 at different times after Ebola virus infection. 
Immunoprecipitated proteins using anti-SUMO antibodies and 
Histidine-tagged proteins purified using nickel columns under 
denaturing conditions were analyzed by Western-blot. In 
addition, in vitro and in vivo SUMOylation assays with 
SUMO1 or SUMO2 and in the presence of different Ebola 
virus proteins were carried out. 
Results. Here we show that, in addition to VP40, SUMO can 
be covalently conjugated to the structural proteins GP, NP, 
VP35, VP24, and VP30, and that VP24 can also interact with 
SUMO in a non-covalent manner through a SIM domain. 
Regulation of the Ebola virus proteins by SUMO is 
accompanied by an increase in the abundance of proteins 
modified by SUMO as well as an increase in unconjugated 
SUMO in the infected cells. Finally, we show that the VP40 
protein of the virus is a key contributor to this SUMO 
response.  
Conclusion. Our results indicate that Ebola virus interacts 
extensively with the cellular SUMOylation machinery 
suggesting that the SUMO pathway may be a promising target 
for therapeutic treatment of Ebola virus infections. 
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REGULATION OF THE ACTIVITY OF 
THE EBOLAVIRUS VP35 PROTEIN BY 
SUMO 
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Objective. Ebola virus (EBOV) causes frequently lethal viral 
hemorrhagic fever. In order to replicate EBOV suppresses host 
interferon activities. The EBOV VP35 protein is a 
multifunctional protein, acting as a component of the RNA 
polymerase complex, as a structural protein, and is a double-
stranded RNA binding inhibitor of host interferon (IFN)-
alpha/beta responses. Different mechanisms have been 
reported to mediate the suppression of the interferon response 
by VP35, including induction of IRF7 SUMOylation and the 
interaction of VP35 with dsRNA. Post-translational 
modifications of proteins with ubiquitin-like family members 
are common mechanisms for the regulation of host and virus 
multifunctional proteins. Thus far, no post-translational 
modification of EBOV VP35 has been described. Here we 
studied the regulation of the EBOV VP35 protein by SUMO. 
Material and Methods. SUMOylation of the VP35 protein has 
been evaluated using in vitro and in vivo SUMOylation assays 
in the presence of SUMO1 or SUMO2. In order to identify the 
lysine residues involved in SUMO conjugation, mutants of 
VP35 in selected lysine residues were generated using site 
directed mutagenesis. Then, SUMOylation of the mutant 
proteins was evaluated using SUMOylation assays. 
Consequences of SUMO conjugation on the VP35 capability 
to work as an IFN antagonist were determined by evaluation 
of the virus infection-induced transcriptional activation of 
IRF3-reponsive promoters as well as of the capability of the 
protein to interact with dsRNA 
Results. Here we show that VP35 is modified by SUMO2 but 
not by SUMO1 in vitro and in vivo. In addition, we also show 
that conjugation of SUMO to VP35 regulates the capability of 
the viral protein to interact with dsRNA and to block the IFN 
response. 
Conclusion. The activity of the EBOV VP35 protein can be 
modulated by its conjugation to SUMO. This is a new example 
of the exploitation of the cellular SUMOylation system by 
Ebola virus. 
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ONCOLYTIC ACTIVITY OF NEWCASTLE 
DISEASE VIRUS (NDV) IN PRIMARY 
HUMAN GLIOMA CANCER STEM CELLS. 
 
Susana Esteban-Rubio, Estanislao Nistal-Villan, Angel Ayuso-
Sacido. 
Faculty of Pharmacy, Universidad San Pablo CEU. Campus 
Montepríncipe. Madrid. 
 
BACKGROUND . Glioblastoma (GBM) is the most frequent 
and devastating primary brain tumor in adults, with a median 
overall survival of 15 months after diagnosis. The standard 
treatment consists of maximal surgical resection of the tumor 
followed by administration of chemotherapy and radiation; 
however tumor recurs in all patients. This poor prognosis 
might be partly attributed to a small population of tumor cells, 
Cancer Stem Cells (CSCs), which drive tumor initiation, 
maintenance and resistant to established therapies. Therefore, 
it is needed to focus on developing novel tumor-targeted 
treatments. One emerging strategy is the “oncolytic 
virotherapy” (OVT), which is basedon thepotential of some 
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virusesto kill tumors. Newcastle disease virus (NDV) is an 
avian paramyxovirus with proven oncolytic properties. It is 
known that NDV can replicate in tumor cells and induce 
apoptosis, whilst non-tumor cells are resistant to NDV 
replication. We have evaluated the infectivity, replication 
properties and antitumor effect of NDV in both human-derived 
CSCs andmouse glioma cell lines. 
MATERIAL AND METHODS. We have conducted our 
experiments in primary CSCs culturesderived from GBM 
patients, grown as neurospheres in the absence of serum and 
the CT2A and GL261mouse glioma cell lines. Tumor cells 
were infected with different MOI of recombinant NDV- 
LaSota F3AA-GFP and infectivity, replication and viability 
was quantified by TCID50, Immune-fluorescence and MTT 
assays. Gene expression was quantified by qRT-PCR. 
RESULTS. Our results show that NDV can infect and replicate 
into the mouse glioma cell lines tested causing a decrease of 
their viability. However, there are dramaticdifferences in NDV 
replication between CSCs derived from different patients, 
compromising their antitumor effect. These differences could 
be attributed to the capability of the different CSCs cultures to 
induce type-IIFN. 
CONCLUSION.NDV could be a good tool to treat human 
GBM.However, a preliminarystudy of the glioblastoma CSC 
immune-statuscould be used as a tool to predict the 
effectiveness of NDV oncolytic therapy. 
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EXPERIMENTAL DNA VACCINATION 
AGAINST SCHMALLENBERG VIRUS 
SUGGESTS TWO NOVEL TARGETS 
ENCODED BY GLYCOPROTEIN GC  IN 
IFNAR-/-MICE 
 
Hani Boshra1, Diego Charro1, Gema Lorenzo2, Beatriz 
Lazaro3, Alejandro Brun2, Nicola G. A. Abrescia1,4      
1  CICbioGUNE, CIBERehd, Derio, Spain,  48160. 2 CISA-INIA, 
Valdeolmos, Spain, 28130. 3 Vacunek SL, Derio, Spain, 48160. 4 
IKERBASQUE, Basque Foundation for Science, Bilbao, Spain, 48013 
 
Schmallenberg virus (SBV) is a pathogen that has been shown 
to infect both wild and livestock species of ruminants; and 
since its  discovery in 2011, has been implicated in multiple  
outbreaks throughout  Europe. An arbovirus of the 
Orthobunyaviridae genus, SBV has been associated with 
disease symptoms ranging from fever to foetal malformation. 
While inactivated and attenuated vaccine candidates have been 
shown to protect animals against SBV infection, little is known 
about the mode of immunity generated following vaccination; 
in particular, which components are responsible for conferring   
immunity against infection.   Here, we attempt to address this 
question through the evaluation of  multiple components of  
SBV through DNA vaccination. 
While previous DNA vaccination experiments on 
bunyaviruses have shown that glycoprotein and nucleoprotein 
components can confer protection against viral challenge, the 
efficacy of various DNA vaccine constructs were evaluated for 
their ability to induce immune protection in IFNAR -/- mice. 
These constructs encoded for the soluble domains of the 
glycoproteins GN and GC, as well as the ubiquitinated and 
non-ubiquitinated forms of the nucleoprotein (NP). Following 
intramuscular vaccinations, the mice were challenged with a 
virulent strain of SBV, and clinical signs were monitored    for 
two weeks. While both the ubiquitinated and non-

ubiquitinated groups produced elevated levels of antibodies, 
only the non-ubiquitinated form generated protection from 
viral challenge. Furthermore, a construct encoding for the N-
terminal ectodomain of glycoprotein GC also demonstrated 
significant protection from SV challenge. Viremia was also 
shown to be significantly decreased in both the NP and GC-
ectodomain groups. Finally, while no neutralizing antibodies 
were detected in either group, both groups demonstrated some 
degree of CD8+ T-cell proliferation.  These results suggest that 
SBV has at  least two protective immunological targets paving 
the way to novel vaccination strategies. The extent of their 
immunological protection, as well as their hypothesized 
mechanisms of immunity will be discussed. 
 
 
 

P023 
EMERGENCE OF MULTI-VIRION 
INFECTIOUS UNITS FROM FREE VIRAL 
PARTICLES IN AN ENVELOPED VIRUS 
 
José M. Cuevas1,2, María Durán-Moreno1, And Rafael 
Sanjuán1,2 
1Institute for Integrative Systems Biology (I2SysBio), Universitat de 
València.2Department of Genetics, Universitat de València. 
 
Background. Early electron microscopy studies indicated that 
viral particles could form aggregates in a variety of enveloped 
viruses including poxviruses, influenza virus, and vesicular 
stomatitis virus (VSV), but virion aggregation has been mainly 
viewed from a technical standpoint, and its molecular basis 
and implications have remained largely unexplored. Many 
viruses are enveloped in a lipid bilayer uptaken from cellular 
membranes. Since viruses attach to membranes to initiate 
infection, we posited that free virions may also bind to the 
envelopes of other virions extracellularly.  
Material and Methods: Following infection of baby hamster 
kidney (BHK-21) cells, we purified VSV virions by standard 
gradient ultracentrifugation and imaged the virion suspension 
by transmission electron microscopy.We used dynamic light 
scattering (DLS) to quantitatively assess virion aggregation 
after incubation at 37C.To test whether infectivity was 
increasingly associated to high-weight PFUs in virions 
incubated at 37C, we used low-speed centrifugation, which 
allowed to estimate the virion:pfu ratio. To assess whether 
aggregated virions can be co-transmitted to the same target 
cells, we used two purified stocks of VSV recombinants 
encoding mCherry and GFP, which were mixed and co-
incubated at 37C for 2 h prior to inoculation, and co-
infections were estimated by flow cytometry analysis at 6 h 
post inoculation. 
Results. We show that virion-virion binding can lead to the co-
transmission of multiple viral genomes to cells and determine 
phenotypes such as antibody sensitivity. Binding is mediated 
by protein-lipid interactions, probably between the VSV 
surface glycoprotein and phosphatidylserine. VSV is found in 
vivo in various body fluids but, since the oral cavity is a major 
site of infection (causing stomatitis in cow) we set out to test 
for virion aggregation in saliva (from human and cow). 
Whereas multi-virion complexes formed unfrequently in 
standard cell culture medium, they were abundant in these 
body fluids, a natural VSV shedding route. 
Conclusions. Our results contrast with the generally accepted 
view of virions as individual, passive carriers of viral genetic 
information, and reveal the ability of enveloped viruses to 
establish collective infectious units. These structures should 
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facilitate the evolution of virus-virus interactions and social-
like traits. 
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PARAMYXOVIRUS V PROTEINS INHIBIT 
RIG-I SIGNALING 
 
Maite Sanchez-Aparicio1,2, Leighland J. Feinman,1,2 Megan 
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Pathogens Institute,3 Department of Medicine, Division of 
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Sinai, New York, NY 10029, USA 
 
Nipah Virus (NiV), is a paramyxovirus bat-borne zoonotic 
virus capable of causing illness and death in domestic animals 
and humans. NiV has caused outbreaks in Malaysia and 
Bangladesh associated with mortality rates in humans ranging 
from 40 to 90%.Paramyxovirus V proteins are known 
antagonists of the RIG-I-like receptor (RLR)-mediated 
interferon induction pathway, interacting with and inhibiting 
the RLR MDA5. Different reports have suggested that RIG-I 
is an important sensor, but the mechanistic by which 
paramyxoviruses inhibit the activation of RIG-I remain 
unclear. 
We observed that V proteins can inhibit RIG-I activity 
specifically through the use of IFN-β promoter reporter assays. 
The V protein co-localizes with RIG-I and TRIM25 in 
Bimolecular Fluorescence Complementation (BiFC) 
experiments and immunoprecipitation assays. 
In this study, we conclude that paramyxovirus V protein 
interact with RIG-I and TRIM25. These interactions are 
mediated by the conserved C-terminal domain of the V 
protein, which binds to the tandem CARDs of RIG-I, and to 
the SPRY domain of TRIM25, which mediates TRIM25 
interaction with the RIG-I CARDs.These results were 
extended to other members of the family. We observed 
interactions between these host proteins and Measles virus 
(MeV), Sendai virus (SeV) and parainfluenza virus 5 (PiV) V 
proteins.  By this way, V proteins would prevent the activation 
of RIG-I protein and therefore the induction of IFN response 
by interfering with the E3 ubiquitin ligase TRIM25. 
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INTERACTION BETWEEN TRIM25 AND 
MDA5 IN CHICKEN CELLS AND THEIR 
ROLE IN MEDIATED ANTIVIRAL 
ACTIVITY UPON IBDV INFECTION. 
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García-Sastre2, J.F. Rodríguez1, D. Rodríguez1. 
1Departamento de Biología Molecular y Celular, Centro Nacional de 
Biotecnología-CSIC. Madrid, Spain.2Department of Microbiology. 
Icahn School of Medicine at Mount Sinai. New York. USA 
 
Infectious Bursal Disease Virus (IBDV) is the causative agent 
of an immunosuppressive disease that affects domestic 
chickens (Gallus gallus)and causesmajor economic losses to 
the poultry industry world-wide. Affected chickens show an 

increased susceptibility to opportunistic infections, often 
leading to chronic disease situations and suboptimalvaccine 
responses.Because of the rapid onset of the disease in young 
chickens infected with the virus, innate immune responses are 
probably of major importance. However, the recognition of 
IBDV by the innate immune sensors in IBDV-infected host 
cells has not been clearly defined as yet. The aim of this work 
was to study the initial interactions between IBDV and 
essential components of the interferon (IFN) pathway in 
chicken cells. In this regard, it has been described that the 
dsRNA viral genome can be recognized by chMDA5, the only 
known patternrecognition receptor for cytoplasm viral RNA in 
chickens. Upon binding to RNA, MDA5 triggers the signaling 
pathway that leads to the production of type I IFN. In addition, 
chTRIM25 is also an essential element for virus induced type 
I IFN production in chicken cells. In human cells TRIM25 
interacts with the cytoplasmic receptor RIG-I through its 
CARD domain. In the absence of this receptor in chicken cells, 
and given the structural homology between MDA5 with RIG-
I, we thought it was of interest to explore the possibility that 
chMDA5 could function similarly to RIG-I, through its 
interaction with chTRIM25. For this study, we first cloned the 
chMDA5 gene, as well as a mutant version lacking the CARD 
domain, in expression vectors, and analyzed the functionality 
of the expressed proteinsby IFN reporter assays. We used these 
vectorsand a vector expressing chTRIM25 to perform co-
immunoprecipitation andimmunofluorescence assays to 
analyze the possible interaction between chMDA5 y 
chTRIM25 in transfected chicken fibroblast cells (DF1 cell 
line). 
Our results indicate that there is interaction between 
chTRIM25 and the full length chMDA5, but not with the 
mutant protein lacking the CARD domain. In view of these 
results, wehypothesized that the interaction between MDA5 
and TRIM25 in chicken cells probably plays a crucial role in 
the activation of the immune response, as it happens with the 
interaction between the TRIM25 and RIG-I cytoplasm 
receptor in mammalian systems. 
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Gutierrez-Erlandsson, Dolores Rodríguez, José F. Rodríguez 
Departamento de Biología Molecular y Celular, Centro Nacional de 
Biotecnología-CSIC, Madrid, Spain. 
 
Infectious bursal disease virus (IBDV) virions as naked 
icosahedrons (T=13L, = 65-70 nm) enclosing a bipartite 
double-stranded RNA. IBDV enters susceptible cells by a 
receptor-dependent micropinocytosis mechanism, and its 
replication takes place within the cytoplasm of infected cells. 
We have recently shown IBDV that uses two independent 
mechanisms for the release of its progeny. The first one, active 
early after infection, allows a continuous, non-lytic, egress of 
virus particles from metabolically-active cells. The second 
one, fitting the traditional view of naked viruses, involves the 
destruction of infected cells and the concomitant release of 
cell-associated particles together with cellular debris. 
Although non-essential for virus replication, VP5, a non-
structural, phosphoinositide-binding polypeptide, is the key 
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element of this newly described non-lytic egress mechanism. 
Indeed, VP5-deficient mutants exhibit a rather poor cell-to-cell 
dissemination capacity that brings about the abrogation of 
virulence in experimentally-infected birds. Our main goal is to 
determine the precise molecular role(s) of VP5 on the non-lytic 
IBDV egress pathway. 
A comparative transmission electron microscopy (TEM) 
analysis of cells infected with WT and VP5-knockout viruses 
revealed that non-lytic egression is directly associated to the 
presence of highly abundant, single membrane tubulovesicular 
structures (TBV), highly reminiscent of recycling endosomes, 
at the cytoplasm of infected cells. The lumen of these 
structures is loaded with IBDV particles. 3D reconstruction of 
confocal microscopy images together with super-resolution 
data generated by stimulated emission depletion (STED) 
microscopy show the association of VP5 to the surface of TBV 
structures. TEM and STED images strongly suggest that 
particle release is facilitated by the fusion of virus-loaded TBV 
structures with the plasma membrane. 
Phosphoinositides (PIP) play a crucial role in determining both 
the identity and function of various compartments within the 
endocytic pathway. Indeed, the ability of VP5 to specifically 
bind different mono- and bisphosphate PIP species suggested 
that the expression of this polypeptide might subvert the 
endocytic pathway. Using a collection of GFP-tagged 
chimeras of endocytic markers as well as specific inhibitor 
molecules, a systematic analysis of the effect of VP5 
expression on endosomal dynamics has been performed. 
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HEPATITIS B VIRUS QUASISPECIES 
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Background and Aims: Hepatitis B virus (HBV) quasispecies 
(QS) complexity is a clinically relevant factor in the course and 
prognosis of HBV infection. HBV plays a role as a helper virus 
for hepatitis delta virus (HDV), since its envelope proteins are 
strictly necessary for virion envelopment and propagation of 
HDV. It is well established that HBV replication is diminished 
in HBV-HDV infections. However, there are no data on the 
effect of HDV on HBV QS complexity. 
This study aimed to compare the complexity of the HBV QS 
in monoinfection and HBV-HDV infection at the onset of 
HDV infection. 
Material and Methods: Twenty-nine patients were included in 
the study, 12 with HBV-HDV infection (7 HBV-HDV 
coinfection, 5 HDV superinfection) and 17 with HBV 

monoinfection (8 acute infections and 9 chronic infections). A 
serum sample was selected from each patient for quantification 
of HBV-DNA (29 samples) by COBAS TaqMan HBV test 
V2.0 (Roche Diagnostics, GmbH, Mannheim, Germany) and 
HDV-RNA (12 samples) by an in-house method, based on a 
complete genomic HDV RNA standard. The analysis of the 
HBV QS in the 5’ region of the X gene (nucleotides 1255-
1611) was performed in all 29 samples by next-generation 
sequencing (NGS, 454 GS Junior, Roche). QS complexity was 
evaluated by mutation frequency (Mf) and nucleotide diversity 
(Pi). 
Results: There were no differences between HBV-HDV 
coinfection and HDV superinfection in median serum HDV 
RNA levels. HBV-DNA was significantly lower in HDV 
superinfection than in chronic HBV monoinfection and HBV 
viremia was also lower in HBV-HDV coinfection than in acute 
HBV monoinfection (Figure 1). 
177,074 sequences were obtained by NGS, with a median of 
6106 sequences/patient (range 3024-15,605). Mf and Pi were 
higher in HBV infection than HBV-HDV coinfection with 
differences approaching statistical significance (p=0.088 and 
p=0.097 respectively) as shown in Figure 2. 
Conclusions: Replication of HBV is decreased in coinfection 
with HDV, suggesting mutual interference. HBV QS showed 
a tendency to decreased complexity in HBV-HDV infection 
compared to HBV monoinfection, as a possible consequence 
of inhibition of HBV replication in infection. The mechanism 
to explain this observation is still unknown. 
Study funded by Instituto de Salud Carlos III, grant 
PI14/01416 co-financed by European Regional Development 
Fund (ERDF). 

 
 
Figure 1. Comparison of HBV-DNA levels between HDV  
superinfection and coinfection. 
 
Figure 2. Comparison of HBV QS complexity between HBV 
monoinfection and  HBV-HDV infection by mutation 
frequency (Mf) and nucleotide diversity (Pi). 
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P028 
VIRUS IS A SIGNAL FOR THE HOST 
CELL 
 
Jordi Gómez, Ascensión Ariza Mateos and Isabel Cacho. 
Instituto de Parasitologia y Biomedicina "Lopez-Neyra", Granada. 
 
Currently, the concept of the cell as a society or an ecosystem 
of molecular elements is gaining increasing acceptance. The 
basic idea arose in the 19th century, from the surmise that there 
is not just a single unit underlying an individual's appearance, 
but a plurality of entities with both collaborative and 
conflicting relationships. The following hypothesis is based 
around this model. The incompatible activities taking place 
between different original elements, which were subsumed 
into the first cell and could not be eliminated, had to be 
controlled very closely. Similarly, a strong level of control had 
to be developed over many cellular elements after the cell 
changed its genome to DNA. We assume that at least some of 
those original RNA agents and other biomolecules which carry 
incompatibilities and risks, are retained within current cells, 
although they are now under strict control. A virus functions 
as a signal informing these repressed cellular RNAs and other 
elements of ancient origin how to restore suppressed degrees 
of molecular freedom, favoring pre-existing molecular 
affinities and activities, re-establishing ancient molecular 
webs of interactions, and giving fragments of ancient coded 
information (mostly in the form of RNA structural motifs) the 
opportunity to be re-expressed. Collectively, these newly 
activated mechanisms lead to different possibilities for 
pathological cell states. All these processes are opposed by 
cell-control mechanisms. Thus, in this new scenario, the battle 
is considered intracellular rather than between the virus and 
the cell. And so the virus is treated as the signal that 
precipitates the cell's change from a latent to an active 
pathological state 
 
 
 

P029 
EQUINE RHINITIS A VIRUS MUTANTS 
WITH ALTERED ACID RESISTANCE 
UNVEIL A KEY ROLE OF VP3 AND 
INTRASUBUNIT INTERACTIONS IN THE 
CONTROL OF THE PH STABILITY OF 
THE APHTHOVIRUS CAPSID 
 
F. Caridi1, R. Cañas-Arranz1, A. Vazquez-Calvo2, F. 
Sobrino1, M.A. Martín-Acebes3 
1Departamento de Virología y Microbiología, Centro de Biología 
Molecular “Severo Ochoa” (CSIC-UAM), Madrid. 2Departamento de 
Veterinaria, Universidad Complutense, Madrid. 3Departamento de 
Biotecnología, Instituto Nacional de Investigación y Tecnología 
Agraria, Madrid 
 
Equine rhinitis A virus (ERAV) is a picornavirus associated 
with respiratory disease in horses and is genetically closely 
related to foot-and-mouth disease virus (FMDV), the 
prototype aphthovirus. ERAV has recently gained interest as 
an FMDV alternative for the study of aphthovirus biology, 
including cell entry and uncoating or antiviral testing. As 
described for FMDV, current data support that acidic pH 
inside cellular endosomes triggers ERAV uncoating. In order 
to provide further insights into aphthovirus uncoating 

mechanism, we have isolated a panel of ERAV mutants with 
altered acid sensitivity and that differed on their degree of 
sensitivity to the inhibition of endosome acidification. These 
results provide functional evidence of the involvement of 
acidic pH on ERAV uncoating within endosomes. 
Remarkably, all amino acid substitutions found in acid-labile 
or acid-resistant ERAVs were located in the capsid protein 
VP3, indicating that this protein plays a pivotal role for the 
control of pH stability of the ERAV capsid. Moreover, all 
amino acid substitutions mapped at the intraprotomer interface 
between VP3 and VP2 or between VP3 and the N terminus of 
VP1. These results expand our knowledge on the regions that 
regulate the acid stability of aphthovirus capsid and should be 
taken into account when using ERAV as a surrogate of FMDV. 
 
 
 

P030 
SUSCEPTIBILITY TO ROTAVIRUS 
GENOTYPES AND HISTO-BLOOD GROUP 
ANTIGENS 
 
Raúl Pérez Ortín1, Susana Vila Vicent1, Cristina Santiso 
Bellón1, Jesús Rodríguez Díaz1,2, Javier Buesa1, 2 
1Departamento de Microbiología y Ecología, Facultad de Medicina y 
Odontología, Universitat de València, 2INCLIVA, Hospital Clínico 
Universitario, Valencia 
 
Objectives: It has been shown that histo-blood group antigens 
(HBGAs) are involved in rotavirus attachment to intestinal 
cells. Expression of the HBGAs (A, B, H and Lewis antigens) 
in saliva and on the intestinal mucosa is driven by the FUT2 
and FUT3 genes. Our aim was to evaluate the association 
between infecting rotavirus genotypes to children in the area 
of Valencia and their respective histo-blood group antigens 
(HBGAs) (ABO blood group, H and Lewis antigens).  
Material and methods: A total of 133 rotavirus-infected 
children were recruited for this study from 2013 to 2015. Prior 
to sampling, informed consent was signed by their parents. 
Rotavirus antigens were previously detected in stool samples 
by an immunochromatographic test (Certest Biotec) or by EIA 
(Premier Rotaclone, Meridian Diagnostics). Rotavirus G and 
P genotypes were characterized by multiplex RT-PCR 
following standard procedures from the European 
EuroRotaNet network. Saliva samples were collected to screen 
Lewis antigens (Lea and Leb) by ELISA, and to genotype 
FUT2 alleles (secretor status) and ABO blood group by PCR-
RFLP with the extracted host DNAs (Lindesmith et al., 2003; 
Hummel et al., 2002). 
Results: Most patients (81,7%) were infected by a single 
rotavirus genotype. Among the 133 rotavirus isolates, 132 
were genotype P[8] (99.2%) and only 1 was genotype P[4] 
(0.7%). The detected G genotypes were G1, G2, G4, G9 and 
G12. Rotavirus G9P[8] was predominant (49,6%), followed by 
G1P[8] (20.3%) and G12P[8] (14.2%). Among the patients, 
the most frequently observed blood group antigens were A 
(45.5%) and O (39.2%). G1P[8] and G12P[8] strains mainly 
infected Lea-b+ individuals, whereas G9P[8] infected equally 
Lea-b+ and Lea+b+ patients. There were only found 2 (1.5%) 
nonsecretors (FUT2-) infected with G1P[8] and G1+G9P[8] 
strains. G9P[8] genotype mainly infected heterozygous 
secretors, but other genotypes equally infected heterozygous 
and homozygous secretor individuals. 
Conclusions: Rotavirus G9P[8] genotype was the most 
prevalent in our geographical area during the studied period, 
infecting mainly individuals with blood group antigens A and 
O, Lewis b (Leb) antigen-positive and secretors (FUT2+). 
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Only 2 (1.5%) nonsecretors patients were infected with 
rotavirus, despite the fact that 20% of our population are 
nonsecretors. No significant association between rotavirus 
genotypes, Lewis a (Lea) antigen and 
homozygous/heterozygous status of the FUT2 gene were 
found. 
 
 
 

P031 
TRACKING VIRAL AND BAT HOSTS 
INTERACTIONS: POTENTIAL 
EPTESICUS SP BATS AND LYSSAVIRUS 
INDICATIONS FOR PARALLEL 
EVOLUTION. 
 
PATRICIA MINGO (1), VIRGINIA SANDONÍS (1), ELENA 
OBÓN (2), JOSÉ M. BERCIANO (1,3), SONIA 
VÁZQUEZMORÓN (1), JAVIER JUSTE (4), JUAN E. 
ECHEVARRÍA (1,3).  
1. National Center of Microbiology (ISCIII), Madrid 28220, Spain. 
2.Centro de Fauna Salvaje de Torreferrussa, Generalitat de 
Catalunya, Torreferrussa, Santa Perpètua de Mogoda 08130, Spain. 
3. CIBER of Epidemiology and Public Health (CIBERESP), Madrid 
28029, Spain. 4.Department of Evolutionary Ecology, 
EstaciónBiológica de Doñana (CSIC), Seville 41092, Spain 
 
Rabies is a lethal zoonosis caused by several lyssaviruses. One 
of them is the European Bat Lyssavirus type-1 (EBLV-1), that 
is endemic from great part of Europe. Two different subtypes 
(EBLV-1a and EBLV-1b) have been described for this virus.  
EBLV-1 is usually found associated to Eptesicus serotinus, 
which accounts for more than the 95% of the rabid bats 
detected in Europe. Recently, we have detected EBLV-1 in 
Eptesicus serotinus from the Iberian Peninsula, where EBLV-
1 had been previously detected only in the southern cryptic 
species Eptesicus isabellinus.  
Here we show a parallel evolutionary analysis of EBLV-1 and 
their Eptesicus sp bat hosts by using Mantel's Test, as well as 
a search for correlations between the viral and bat population 
structures by phylogenetic reconstructions made byBayesian 
inference and three additionalmethods. A total of 81sequences 
of a 400nt fragment of thenucleoprotein gene ofEBLV-1 
detected inthe brain of European Eptesicus sp, either taken 
from GeneBankor obtained in this study, were included, along 
with theHVII DNAmt sequences from the specific bats from 
each one was detected. Despite phylogenetic analyses did not 
reveal any significant correlation between virus and host 
population structures, the Mantel's Test suggestsindications 
for parallel evolutionof EBLV-1b and its serotine bat hosts. 
 
 
 
P032 
TOWARDS AHOST-POTYVIRUS 
PROTEIN-PROTEIN INTERACTION 
NETWORK. 
 
Fernando Martinez1, Santiago F. Elena1,2,3 
1Instituto de Biología Molecular y Celular de Plantas, CSIC-
UPV, Campus UPV CPI 8E, Ingeniero Fausto Elio s/n, 46022 
València, Spain. 2Instituto de Biología Integrativa y de Sistemas, 
CSIC-UV, Parc Científic UV, Catedrático Agustín Escardino 9, 46980 
Paterna, València, Spain. 3Santa Fe Institute, 1399 Hyde Park Road, 
Santa Fe, NM 87501, USA 

 
RNAvirus’ genomescontain few genes that encode for a 
limited numberof functions.However,these viral proteins 
targetmultiple host factors to successfully completethe 
infectious cycle and counteract celldefence responses. 
Therefore, host’s susceptibility or resistance to infection, viral 
fitness and adaptation to new host species are 
fundamentaltraitsall depending on host-virus protein-protein 
interaction networks (PPIN). Alas,the list of host factors 
identified as interacting with viral proteins remains limited. 
With omics techniques, the focus has changed from identifying 
and thoroughly characterizing individual host factors to the 
simultaneous analysis of hundreds of interactions, framing 
them on the context of PPINs.The goal of this work was to 
explorethe complexity of the PPIN established betweenTurnip 
mosaic virus (genus Potyvirus) proteins andArabidopsis 
thaliana. To this end, we have usedahigh-throughput yeast 
two-hybrids (Y2H) screeningthat allow identifying host-virus 
protein interactionsata genome-wide scale.TuMV genome 
consists of a single-stranded, positive-sense RNA molecule of 
approximately 10,000 nucleotides that is translated in two 
alternative polyproteins (depending on a translational 
frameshift in P3 cistron), which are processed by viral 
proteases in, apparently, a total of eleven mature 
products.Eight of them (P1, HC-Pro, 6K1, CI, VPg, NIa-Pro, 
NIb, and CP) are soluble cytosolic or nuclear protein, and a 
conventional Y2H system base on a reconstituted GAL4 
transcription factor has been used for these screenings. 
However,a split-ubiquitin Y2H was used to uncover the 
interactions with the insoluble integral membrane protein (P3, 
P3N-PIPO and 6K2).So far,we have completed the screening 
of six of TuMV proteins.We havecomputationally explored 
the context of the identified interactions within whole cellular 
PPIN. Ongoing analyses will allow understanding what 
cellular functions are being perturbedupon infectious and help 
to identifiedhub proteins that may serve to design effective 
antiviral strategies.From the perspective of emerging viruses 
and virus evolution, this PPINwillalso be a valuable tool to 
identify possible changes in virus-host protein interactions that 
may arise after genetic diversification of viruses. 
 
 
 
P033 
THE UBIQUITIN-PROTEASOME SYSTEM 
IS REQUIRED FOR CHIKUNGUNYA AND 
MAYARO REPLICATION 
 
Dalkiria Campos1, Yessica Llamas1, Sandra Lopez-Vergès2 
And José González Santamaría1,3* 
1Departamento de Genómica y Proteómica, Instituto Conmemorativo 
Gorgas de Estudios de la Salud (ICGES), Panamá, Panamá. 
2Departamento de Virología y Biotecnología, Instituto 
Conmemorativo Gorgas de Estudios de la Salud (ICGES), Panamá, 
Panamá. 3Dirección de Investigación, Universidad Interamericana de 
Panamá (UIP), Panamá, Panamá. 
 
Background. Chikungunya (CHIKV) andMayaro (MAYV) are 
emerging viralpathogens that belong to Alphavirus genus 
(Togaviridae family). These viruses are transmitted to humans 
by the bite of theAedes sp. andHaemagogus sp.mosquitoes, 
respectively.Even thoughthe Alphaviruses cause important 
outbreaks in human populations, there are no treatments or 
vaccines for the controlof thediseases caused by these 
infections.As intracellular obligate parasites, the viruses have 
developed different strategies to replicate in host cells. One of 
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them, consist in the manipulation of post-translational 
modifications, such as ubiquitination.The ubiquitin-
proteasome system (UPS)is the main mechanism used by the 
cells to degrade proteins. This machineryregulates diverse cell 
functions, like receptor trafficking, DNA repair, cell cycle 
progression, gene transcription, innate immunity, autophagy 
and viral infection. However, the role of UPSin the context of 
CHIKV and MAYV replication remains unknown. 
Aim. To evaluate the role of UPS inthe Chikungunya and 
Mayaro virus replication. 
Material and Methods. Western blot analysis was done to 
assess the blocking of proteasome activity in Vero, Vero-E6 or 
BHK-21 cells treated with the proteasome inhibitors MG132 
(10 µM) and Lactacystin (25 µM) using anti-ubiquitin lysine-
48 antibody. Cell viability assays of Vero, Vero-E6 and BHK-
21 cells treated with MG132 and Lactacystin at different 
concentration during 24 and 48 hours was performed using the 
crystal violet staining method. Viral titer of supernatants from 
Vero, Vero-E6 or BHK-21 cells infected with CHIKV or 
MAYV and treated with proteasome inhibitors or not during 
24 hours was evaluated by plaque assay technique. 
Results. Our data show that both MG132 and 
Lactacystinpromote an effective blockage of proteasome 
activity as expected, as we detected a significant accumulation 
of ubiquitinated proteins in treated cells with these 
compounds. Cell viability assays indicate that the proteasome 
inhibitors do not have apparent cytotoxicity effect at 24 hours 
after treatment. However, we observeda substantial reduction 
of cell viability at 48 hours after treatment with MG-132. 
Finally, we found that the treatment of infected cells withboth 
MG132 and Lactacystin during 24 hours, reduces significantly 
the Chikungunya and Mayaro virus titerin comparison with 
control samples and this effect was in a dosage-dependent 
fashion. 
Conclusion. Our results suggest that functional ubiquitin-
proteasome system is necessary for an efficient Chikungunya 
and Mayaro replication and this pathway could be a 
pharmacological target in these viral infections. Future studies 
will determine in which part of the viral cycle this pathway is 
implicated. 
 
 
 

P034 
RUMINANT TETHERINSRESTRICT 
LENTIVIRAL INFECTION IN VITRO 
 
Carmen Gómez Arrebola1, Lorena De Pablo Maiso1, Leticia 
Sanjosé Aranda1, Damián De Andres Cara1, Ramsés Reina 
Arias1. 
1Instituto de Agrobiotecnología, CSIC-UPNA-Gobierno de Navarra, 
Mutilva, Spain. 
 
Objective: The objective of the present study was to determine 
the role of ruminant Tetherins in the restriction of SRLV. 
Material and Methods: Ovine Tetherin isoforms (oBST2A and 
oBST2B) and Tetherin from deer (cBST2)and fallow deer 
(gBST2) were amplified fromIFNɣ stimulatedblood-derived 
macrophages. oBST2A and oBST2B HA-tagged were cloned 
into EXNexpression vector. cBST2 and gBST2 FLAG-tagged 
were cloned into pN3 plasmid.  
Tetherin expression was analyzed in vitro by transfection 
followed by Western blotting usinganti-HAand anti-FLAG 
antibodies. Restriction studies were performed in susceptible 
cellsinfected with 0.5 MOI of the SRLV strains Ev1(genotype 
A) and 496(genotype B).Supernatants and cells were collected 

to determine virus production (RT Activity) and proviralload 
(qPCR), respectively, at different times post-infection. 
Single cycle infectivity of lentiviral GFP-encoding vectors 
based on HIV-1 pseudotyped with VSV-G was also analyzed 
in the presence of ruminant Tetherins by co-transfection of 
293T cells. Supernatants containing lentiviral pseudoviruses 
were used to transduce fresh 293T cells, which were analyzed 
by flow cytometry.  
Results: Production of viral particles was decreased in the 
presence of ruminant Tetherin. Specifically, ovine isoforms A 
and B reduced the amount of viral particles exhibiting RT 
activity compared to an infected control. The proviral load was 
also reduced at different time points post-infection ranging 
from 16h to 6 days. Proviral load restriction increased along 
the experiment, showing a reduction ofabout 60% at 16h and 
about 90% at 6 days. Comparatively, Tetherin from wild 
ruminants restrictedviral production as well as proviral load at 
a higher level than ovine Tetherins. Restriction was similar 
against both strains. 
GFP-encoding viral HIV-1 vector pseudotyped with pantropic 
VSV-G envelope were produced in the presence of ruminant 
Tetherins showing a significant decrease in the case of ovine 
and a dramatic reduction with cervid Tetherins. 
Conclusions:Ovine Tetherin isoforms A and B are inhibitors 
in different steps of the SRLV life cycle leading to lower 
proviral load and viral production. Genotypes A and B were 
similarly restricted in spite of encoding divergent Envproteins, 
described as the viral countermeasure against Tetherin in 
lentiviruses lacking Nef/Vpu. 
SRLV infection in wild ruminants has been previously 
demonstrated based on in vitro studies, here cBST2and 
gBST2restricted SRLV life cycleeven more efficiently than 
the ovine counterpart. 
Finally, Tetherin-mediated restriction of pseudovirus particles 
based on HIV-1 highlighted the potential of cervid Tetherin in 
restricting even human viruses. 
 
 
 

P035 
ADAPTATION OF BACTERIOPHAGE Qβ 
TO REPLICATE IN BACTERIA 
APPROACHING STATIONARY PHASE 
 
Pedro García Sáez1, Esther Acosta2, Ester Lázaro1 
1Department of Molecular Evolution. Centro de Astrobiología (INTA-
CSIC). 2Systems Biology Programme. Centro Nacional de 
Biotecnología (CSIC) 
 
Objective. Most bacteriophages are only able to produce an 
infectious progeny in bacteria growing in exponential phase. 
Thus, lab studies concerning bacteria-phage interactions are 
mainly carried out using bacteria that are growing actively. 
However, in real ecosystems, it is quite probable that phages 
encounter bacteria in diverse physiological states or growing 
with scarce resources, two conditions that limit the ability of 
the host to sustain phage replication. From an ecological point 
of view, it is necessary to understand how phages persist in 
nature despite the difficulties they frequently find for their 
propagation. To address this point we have defined three 
objectives using the coliphage Qβ as an experimental model: 
i) characterization of the infective cycle of the virus in 
exponential and close-to-stationary phase bacteria, ii) 
phenotypic and genotypic analysis of phage populations 
propagated in close-to-stationary phase bacteria, and iii) study 
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of the capacity of bacteriophage Qβ to alternate infection in 
bacteria recovered at different points of their growth curve. 
Materials and Methods: We have studied the infective cycle of 
Qβ by determining its life history traits in exponential 
(DO550nm = 0,5) and close-to-stationary phase bacteria 
(DO550nm = 1,4). We have performed one-step and 
intracellular growth rate curves and have determined virus 
adsorption and infectivity. Experimental evolution was carried 
out through serial transfers of the virus in medium in which the 
amount of bacteria approaching stationary phase increased 
gradually. The genomic changes in the evolved populations 
were identified through the determination of their consensus 
sequences.  
Results: A preliminary study showed that the latency period of 
Qβ increased when bacteria approached stationary phase. At 
first, we tried to adapt Qβ to replicate directly in close-to-
stationary phase bacteria. However, after 3 or 4 transfers the 
virus was extinguished. A new evolution experiment in which 
exponential phase bacteria were gradually substituted by 
close-to-stationary phase bacteria allowed us to obtain a virus 
population with increased ability to replicate under this 
condition. Currently, we are characterizing the phenotypic and 
genotypic properties of this population and have started a new 
evolution experiment with a population that alternates 
replication in exponential and stationary phase. 
Conclusion: Bacteriophage Qβ can evolve to partially 
overcome the limitations to replication that take place in 
bacteria entering in stationary phase. The mechanism of 
adaptation probably involves a reduction in the latency period. 
 
 
 

P036 
INHIBITION OF VACCINIA VIRUS BY 
THE ANTIVIRAL FACTOR 
CHOLESTEROL 25-HYDROXYLASE 
 
Maria Del Mar Lorenzo, Juana Maria Sanchez-Puig, And 
Rafael Blasco 
Departamento de Biotecnología, INIA. Carretera de la Coruña km 
7.5,   28040  Madrid, Spain 
 
Cholesterol 25-hydroxylase (CH25H) is a cellular enzyme that 
catalyzes the transformation of cholesterol to 25-hydroxy 
cholesterol (25-HC). In addition to a role in the regulation of 
cholesterol biosynthesis, 25-HC and related oxisterols are 
recently emerging as key mediators of in the antiviral and 
inflammatory response. 
The gene encoding CH25H belongs to the group of Interferon-
Stimulated Genes (ISGs) and has been shown to exert broad 
antiviral activity against different viruses. In a screen of ISGs 
for activity against vesicular stomatitis virus  replication, 
CH25H was the most effective (1). 25-HC has been shown to 
exert antiviral activity in cell culture assays against more than 
ten enveloped viruses including MCMV, VSV, West Nile 
virus, HIV, influenza virus, murid herpesvirus 68 and Ebola 
virus (2). Also, activity was demonstrated against  polio virus, 
but not against adenovirus. Although several studies agreed 
about the importance of 25-HC as an antiviral mediator, these 
studies differed in their conclusions about the mechanism of 
action involved. One possible mechanism relies in the block of 
virus entry by direct modification of cell membranes, and this 
is supported by the observation that 25-HC blocked entry of 
VSV and HIV in cell culture. In contrast with this direct 
membrane modification model, another study suggested that 
25-HC blocks viral replication after entry into the cell by 

impeding viral gene expression. Yet another possibility is the 
induction of apoptosis induced by high levels of 25-HC 
following CH25H induction. Besides the action of 25_HC, 
antiviral activity of a catalytically inactive CH25H has been 
reported, implying a direct action of the protein (3). 
We have studied the activity of 25-HC and CH25H on vaccinia 
virus replication by using several complementary strategies. 
First, preincubation of cells with 25-HC was shown to inhibit 
vaccinia virus replication and plaque formation on cell 
cultures. To study the activity of the protein, we constructed a 
cell line inducibly expressing human CH25H, and showed that 
vaccinia virus replication was inhibited upon induction. In 
addition, expression of the protein in virus recombinants led to 
viruses with small plaque phenotype that were unstable. These 
results demonstrate that both CH25H and 25-HC are antiviral 
factors with activity against vaccinia virus. 
1. Liu, et al (2012) Systematic identification of type I and type 
II interferon‑induced antiviral factors. Proc. Natl Acad. Sci. 
USA 109, 4239–4244. 
2. Liu et al (2013) Interferon-inducible cholesterol-25-
hydroxylase broadly inhibits viral entry by production of 25-
hydroxycholesterol. Immunity 38:92-105 
3. Chen et al (2014). Interferon-inducible cholesterol-25-
hydroxylase inhibits hepatitis C virus replication via distinct 
mechanisms. Sci Rep. 4:7242. 
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GENERATION OF A CHIMERIC XBP1-
2CARD-RIG-I PROTEIN TO INDUCE AN 
ANTIVIRAL STATE IN CELLS IN 
RESPONSE TO DIFFERENT UNFOLDED 
PROTEIN RESPONSE STIMULI. 
 
Estanislao Nistal-Villan1, Roberto Ferrero2, Aniol Coll, 
Josep María Argemi2, Sergio Ríus Rocabert1, Gloria 
González Aseguinolaza2, Tomás Aragón2. 
1.- Microbiology Section, Department of Pharmaceutical and Health 
Science, Faculty of Pharmacy, University CEU San Pablo, Campus 
Montepríncipe, Madrid, Spain. 2.- Gene Therapy and Regulation of 
Gene Expression Program, Center for Applied Medical Research 
(CIMA), University of Navarra, Pamplona, Spain, IdiSNA Navarra 
Institute for Health Research, Pamplona, Spain. 
 
Objective:Deficiencies in the endoplasmic reticulum (ER) 
protein folding capacitymay cause a dysfunctional state known 
as ER stress, and activatea set of ER-to-nucleus signaling 
mechanismsknown as the Unfolded Protein Response (UPR). 
One important part of the UPR is initiated by the ER stress 
sensor and cell fate executor IRE1alpha. IRE1alpha is an ER-
resident transmembrane protein that contains at its cytosolic 
side kinase domain and endonuclease domains. ER stress 
conditions trigger the activation of IRE1alphakinase (and the 
resulting autophosphorylation of the protein) and 
RNAasedomains, such that IRE1alpha excises a non-
conventional 26-nucleotide intron within the ORF of the 
mRNA encoding the UPR transcription factorX-box binding 
protein 1 (XBP1). The resulting exons are then ligated by the 
tRNA ligase RtcB, thereby generating an mRNA with a new 
open reading frame that can be yield the efficient expression 
of XBP1s protein. XBP1 splicing is induced under a wide 
variety of physiological and pathological conditions, including 
viral infections. Harnessing XBP1 regulatory cis acting 
elements, we have here generated a recombinant mRNA where 
the expression of RIG-I CARD domains is controlled by the 
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XBP1 splicing mechanism. By this means we link the 
production of innate immunity responses to UPR activation. 
Materials and Methods:We have generated and optimized 
plasmid constructs containing the minimal XBP1 wild-type 
and mutated elements required for XBP1 splicing and 
fusedthem to the constitutively active 2CARD (caspase 
activation and recruitment domain) domain of the retinoic acid 
inducible gene I (RIG-I) in an attempt to activate the interferon 
beta (IFN-β) induction pathway in a UPR-dependent manner. 
We have transfected 293T cells with these plasmids together 
with a reporter IFN-β induction-dependent firefly luciferase 
reporter plasmid and a plasmid containing a constitutive 
promoter controlling the expression of renilla luciferase. We 
have performed a series of dual luciferase reporter assays in 
these cells treated with different UPR agonist like 
tunicamycin, thapsigargin and homocysteine as well as 
infecting them with viruses like vesicular stomatis virus (VSV) 
or Newcastle disease virus (NDV) in order to measure the 
activation of IFN-β and the antiviral state of these cells. 
Results:We have optimized the minimal XBP1-2CARD-RIG-
I sequence required to reconstitute the IFN-β pathway in an ER 
stress dependent fashion. We have explored the effect of 
different agonist in activating an antiviral response.  
Conclusions:Our results suggest the possibility to use 
alternative pathways in order to reconstitute type-I IFN 
deficient systems by the use of unconventional cellular danger 
signal sensors like the unfolded protein response. 
 
 
 

P038 
EFFECTS OF THE INFLUENZA A NS1 
PROTEIN IN THE P85BETA 
INTERACTOME 
 
Rocío Seoane1, Ahmed El-Motiam1, C.F. de la Cruz-
Herrera1, Santiago Vidal1, Manuel S Rodríguez2,3, M. 
Collado4, A. Nieto5,César Muñoz-Fontela6,7,8 Ana S 
Carvalho9, Hans C Beck10, Rune Matthiesen9  and Carmen 
Rivas1,5. 
1Centro de Investigación en Medicina Molecular (CIMUS), 
Universidade de Santiago  de Compostela, Instituto de 
Investigaciones Sanitarias (IDIS), Santiago de  Compostela, Spain. 
2Advanced Technology Institute in Life Sciences (ITAV) CNRS- 
USR3505, Toulouse, France. 3University of Toulouse III-Paul 
Sabatier, Toulouse, France. 4Instituto de Investigación Sanitaria de 
Santiago de Compostela (IDIS), Complexo Hospitalario Universitario 
de Santiago de Compostela (CHUS), SERGAS, Santiago de 
Compostela, Spain. 5Molecular and Cellular Biology, Centro 
Nacional de Biotecnología, CSIC, Madrid, Spain. 6Bernhard Nocht 
Institute for Tropical Medicine, Hamburg, Germany. 7German Center 
for Infection Research (DZIF), Hamburg, Germany. 8Heinrich Pette 
Institute, Leibniz Institute for Experimental Virology, Hamburg, 
Germany. 9CEDOC, Fac Ciencias Médicas, Universidade Nova de 
Lisboa, Lisboa, Portugal. 10Odense University Hospital, Centre for 
Clinical Proteomics.  Odense, Denmark. 
 
Objective. The influenza A virus NS1 protein is a 
multifunctional protein that exerts its biological activity by 
interacting with multiple cellular proteins. One of the 
interacting proteins of NS1 is the regulatory subunit of the 
PI3K, p85beta protein. Interaction between  p85beta and NS1 
has been shown to be required for the activation of the PI3K 
pathway mediated by the influenza A virus. The aim of this 
work is to study the regulation of the p85beta interactome by 
NS1 and the molecular mechanisms that regulate the  
activation of PI3K in the absence of virus infection. 

Materials and Methods. To investigate the alteration of the 
p85beta interactome by NS1, WT or mutant p85beta-
associated protein complexes present in cells expressing or not 
NS1 were identified using immunoprecipitation combined 
with MS/MS. As a result of these experiments we detected 
cellular proteins whose interaction with p85beta-WT was 
promoted by NS1. We also observed that some of these 
cellular proteins did not interact with the p85beta mutant 
protein. We then selected some of the interactors, validated its 
binding to p85beta-WT and NS1 by co-immunoprecipitation 
analysis, and evaluated their putative role on NS1 functions or 
PI3K activation. 
Results. Here we identify a new p85beta interactor, the 
tripartite motif-containing (TRIM) protein 28 (TRIM28). 
Interaction between p85beta and Trim28 was potentiated by 
NS1. We also observed that TRIM28 regulates the overall 
increase in SUMOylation detected in cells expressing NS1 but 
did not affect other NS1 functions. Finally, we evaluated the 
role of Trim28 in Influenza A virus replication. 
Conclusions. Our results help to understand the regulatory role 
of NS1 on the PI3K pathway as well as the basic regulatory 
mechanisms that control the PI3K pathway activation in the 
absence of virus infection. 
 
 
 

P039 FLASH-TALK  
ROLE OF SARS-COV VIROPORINS E, 3a 
AND 8a IN VIRUS REPLICATION AND 
VIRULENCE: COMPLEMENTATION 
BETWEEN THE PBMS OF E AND 3a 
PROTEINS 
 
Castaño-Rodriguez C1, Honrubia Jm1, Gutierrez-Alvarez J1, 
Canton J1, Nieto-Torres Jl1, Dediego Ml1, Verdiá-Báguena 
C2, Jimenez-Guardeño Jm1, Regla-Nava Ja1, Fernandez-
Delgado R1, Aguilella Vm2,  Sola I1, Enjuanes L1 
1Department of Molecular and Cell Biology, National Center of 
Biotechnology (CNB-CSIC), Darwin 3, Universidad Autonoma de 
Madrid, Madrid, Spain.2Department of Physics, Laboratory of 
Molecular Biophysics.UniversitatJaume I, Castellón, Spain. 
 
Severe acute respiratory syndrome coronavirus (SARS-CoV) 
causes lethal disease in humans, inducing an exacerbated 
inflammatory response and extensive lung pathology.SARS-
CoV has three viroporins: 3a, E and 8a. This project is focused 
on the study of the role of these viroporins in virus replication 
and virulence. 
Recombinant SARS-CoV (rSARS-CoV) variants lacking each 
of these proteins have been engineered. Analysis of the 
deletion mutantsshowed that none of themwere essential for 
virus replication, and that proteins 3a and E were relevant in 
virulence. In contrast, a virus simultaneously missing 3a and E 
genes could not be rescued suggesting a complementation 
between proteins 3a and E for virus viability. At least two 
activities are shared by these two viroporins: ion channel (IC) 
and PDZ binding motif (PBM).PBMs can potentially bind over 
400 cellular proteins containing PDZ domains conferring high 
relevance to PBM motifs in the control of cell behaviour. In 
the present work, we studied whether 3a and E protein IC 
activities or PBMswere responsible for this complementation. 
In order to construct rSARS-CoV without 3a or E protein IC 
activity, the amino acids involved in this activity were 
determined and rSARS-CoVs missing E or 3a proteins IC 
conductancewere constructed. Evaluation of their 
pathogenicity in BALB/c mice showed that E protein IC 
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activityis a virulence factor in contrast to that of 3a 
protein.rSARS-CoV lacking E protein PBM was engineered 
and showed no pathogenicity in BALB/c mice, demonstrating 
that the PBM motif also was a virulence factor. To locate the 
domain responsible for the complementation between proteins 
E and 3a, a set of rSARS-CoVs was engineered in which 3a 
protein was deleted in all mutant virusesand E proteinwas 
mutated by introducing sequential amino-acid substitutions or 
deletions throughout its sequence. TheserSARS-CoVs 
revealed that a virus missing both 3a and E protein PBMs 
could not be rescued whereas in the presence of at least a PBM 
in 3a or E proteins the virus was viable. This indicates that at 
least a PBM motifin one of these proteins isrequired for SARS-
CoV viability. 
These results showed the relevance of SARS-CoV E and 3a 
proteins in viral replication and virulence.E protein IC activity 
and PBM wereessential for virus virulence. Furthermore, 
SARS-CoVPBMs are key factors for virus viability, most 
likely to counteract host defenses. 
 
 
 

P040 
ADAR1 FUNCTION REGULATES INNATE 
IMMUNE ACTIVATION AND HIV-1 
SUSCEPTIBILITY IN PRIMARY 
MACROPHAGES 
 
Maria Pujantell, Eva Riveira-Muñoz, Edurne Garcia-Vidal, 
Roger Badia, Bonaventura Clotet, José A. Esté,Ester Ballana 
1 AIDS Research Institute – IrsiCaixa and Health Research, Institute 
Germans TriasiPujol (IGTP), Hospital GermansTrias i Pujol, 
UniversitatAutònoma de Barcelona, Badalona, Spain 
 
Background. HIV-1 infection induces innate intracellular 
antiviral defenses, aimed at restricting virus replication and 
spread. Controversial data exists regarding the capacity of 
HIV-1 infection to induce type I IFN and evade immune 
recognition in macrophages. Therefore, understanding the role 
and function of innate immune effectors and modulators can 
help to establish novel strategies for HIV-1 control.  
Methods. Monocytes were obtained from PBMCs 
anddifferentiated  into macrophages withM-CSF.siRNA was 
used to inhibit gene expression in MDM. Infection was 
perfomed with VSV-pseudotyped NL4-3 GFP-expressing 
virus,or a full-replicative R5 HIV-1 BaL strain. Proviral DNA 
formation, viral DNA integration andHIV transcription were 
quantified by. Type I IFN production, ISG induction 
(CXCL10, STAT1 phosphorylation) and innate immune 
pathway activation (DNA and RNA sensors, IRF3/77 
expression and activation) were characterized by qPCR, 
Western Blot and ELISA in culture supernatants.  ADAR1-
mediated modifications in cellular and viral RNAs were 
measured by direct sequencing of known ADAR1 target sites. 
Results. ADAR1 knockdown (siADAR1) in primary 
monocyte-derived macrophages (MDM)led to a significant 
increase in IFNB1 mRNA (7.5-fold, p=0.03) and CXCL10 
gene (1000-fold, p=0.02) and protein expression (250-fold, 
p=0.01)compared to mock-transfected MDM, indicative of 
innate immune activation.siADAR1MDM showed a 
significant reduction in HIV-1 infection either with a single 
cycle, VSV-pseudotyped NL4-3 GFP expressing virus (75% 
inhibition, p<0.0001) or a fully replicative R5 HIV-1 strain 
(BaL) (80% inhibition, p<0.0001). Proviral DNA formation or 
integration were not affected in siADAR1 MDM; however, a 
significant reduction in viral transcription was detected (75% 

reduction, p<0.0007). Although ADAR1 deaminase activity 
was detected in cellular genes, direct modification of viral 
RNAs by ADAR1 was not observed.siADAR1 MDM also 
showed upregulation of MDA5 (IFIH1), the cytoplasmic 
sensor of ADAR1-edited RNAs. Further characterization of 
innate immune pathways in siADAR1 MDM showed 
enhanced expression of the innate immune RNA sensor RIG-
I,increased STAT1-phosphorylation and IRF7 expression, 
comparable to that observed after LPS or polyI:C treatment in 
mock-transfected MDM.  
Conclusion. ADAR1 knockdown induces innate immune 
activation that renders macrophages resistant to HIV-1 
infection, suggesting ADAR1 as a potential target to boost 
HIV-1 immune response. 
 
 
 

P041 
APOPTOSIS IN CHICKEN CELLS 
INFECTED WITH INFECTIOUS BURSAL 
DISEASE VIRUS (IBDV) UPON chIFN-α 
AND chIFN-γ TREATMENT 
 
L.L. Cubas, E. Díaz-Beneitez, A. Benito, J.F. Rodríguez, D. 
Rodríguez.  
Departamento de Biología Molecular y Celular, Centro Nacional de 
Biotecnología-CSIC. Madrid, Spain. 
 
Infectious bursal disease virus (IBDV), the best characterized 
member of the Birnaviridae family, is the causal agent of an 
acute immunosuppressive disease, known as IBD or Gumboro 
disease, that affects juvenile domestic chickens (Gallus gallus) 
and is responsible for major economic losses to the poultry 
industry worldwide. The bursa of Fabricius, the chief 
lymphoid organ in chicken, is the main target of the virus. 
IBDV infection causes depletion of immature B lymphocytes 
and the atrophy of this lymphoid organ. The molecular bases 
for IBDV pathogenesis have been poorly studied, although a 
massive production of pro-inflammatory cytokines has been 
suggested as a potential killing mechanism. 
It has been demonstrated that type I IFN (IFNα/β) and type II 
IFN (IFNγ) may have dual biological roles: inducing an 
antiviral state through the activation of anti-viral proteins, 
while selectively inducing apoptosis in virus-infected cells. 
In previous studies, we observed a generalized apoptosis in 
HeLa cells infected with IBDV and treated with IFN-α, and 
demonstrated that PKR and TNF-α play a crucial role in this 
process. Next, we decided to study the interaction between 
IBDV and the host innate immune response in chicken cell 
lines. For these studies we used the fibroblastic DF-1 cell 
line,that has been widely used as cellular model in the study of 
IBDV pathogenesis, and the DT40 B cell line, closer to IBDV 
natural target cells. Significantly, a generalized apoptosis was 
detected in both cell lines infected with IBDV and treated with 
either chIFN-α or chIFN-γ. 
To study the role of PKR in apoptosis productionin chicken 
cells infected with IBDV and treated with chIFN-α,we 
generated DF-1 cells lackingthis protein, using the CRISPR-
Cas9 technology.Significantly, the caspase activity was 
drastically reduced in the absence of PKR. To further analyze 
the cellular response, we studied the expression of different 
cellular genes by qRT-PCR in both cell lines infected and 
treated with IFN. In these assays, weobserved the induction 
ofIFNB gene under these conditions. However, in contrast to 
resultsobtained in HeLa cells, TNF-α was not upregulated in 
the chicken cell lines, indicating that other pro-apoptotic 
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factor(s)might participate in the apoptotic response in these 
cells, however, this needs to be further investigated. 
Ourwork indicatesthat theIFN secreted by IBDV infected cells 
may contribute to triggering PKR mediated apoptosis. Overall, 
our findings provide novel insights into the potential 
mechanisms of IBDV-induced depletion of lymphocytes 
population in IBDV-infected chickens, which leads to 
immunosuppression. 
 
 
 

P042 
PHENOTYPING AND SUSCEPTIBILITY 
OF ESTABLISHED PORCINE CELLS 
LINES TO ASFV INFECTION AND VIRAL 
PRODUCTION 
 
Elena G. Sanchez1, Elena Riera1, Javier Domínguez2 And Yolanda 
Revilla1  
1) CBMSO-CSIC-UAM 2) INIA 
 
African Swine Fever Virus (ASFV) is a highly pathogenic 
double-stranded DNA virus with a marked tropism for cells of 
the monocyte-macrophage lineage, affecting swine species 
and provoking severe economic losses and sanitary threatens.  
In infected pigs monocytes and alveolar macrophages are the 
main ASFV target cells, which have important consequences 
for viral pathogenesis since these cells play a central role in the 
immune response. It has been described that porcine alveolar 
macrophages (PAM) express CD14, SLAII, CD163, CD169, 
CD203 and CD16 receptors (Ezquerra et al., 2009). CD14 is 
expressed on monocytes, tissue macrophages and, at lower 
levels, on granulocytes, being a specific receptor of the 
myeloid lineage (Dominguez et al., 1998; Paillot et al., 2001). 
CD203 expression is not restricted to monocyte/macrophage 
linage, because it is also present on thymocytes but it is a 
useful marker for the analysis of monocytes maturation 
because its expression is increased during their differentiation 
to macrophages (Chamorro et al., 2000). CD163 is a member 
of the scavenger receptor cysteine-rich domain family whose 
expression is restricted to monocyte/macrophage lineage and 
is usually employed as a marker for monocytic differentiation 
and maturation. Porcine CD169 or Siglec-1 is a membrane 
glycoprotein expressed by different populations of tissue 
macrophages, but not by monocytes and its expression is 
induced by IFN-α  (Hartnell et al., 2001).  
Although the use of primary monocytes or alveolar 
macrophages for ASFV studies offers obvious advantages in 
terms of virus-host interaction analysis and mimicry of the in 
vivo infection, it is clear the difficulty to manage reproducible 
results, lot-to-lot variations, laborious/costly cell extraction 
and welfare reasons. In the present study, four established 
porcine cell lines – IPAM-WT, IPAM-CD163, C∆2+ and 
WSL – have been tested in terms of phenotype analysis, ASFV 
infection susceptibility and viral production, in comparison to 
porcine alveolar macrophage (PAM). We have used either the 
virulent ASFV Armenia/07 or the naturally attenuated 
NHV/P68 strains as viral models. Overall, our results showed 
low levels of expression of specific receptors linked to 
monocyte/macrophage lineage on these cells, together with 
low levels of infection in the cells tested, with the exception of 
WSL, which showed a high, rather slow kinetic of ASFV 
production of attenuated isolate. 
 
 

 

P043 
IC-TAGGING TARGETING OF AVIAN 
REOVIRUS (ARV) VIRAL FACTORIES 
AND MNS-INCLUSIONS: LIVE CELL 
IMAGING OF MUNS INCLUSION 
GROWTH AND BEHAVIOUR AND 
INTERFERENCE WITH VIRAL 
REPLICATION. 
 
Lisa K. Busch, Natalia Barreiro Piñeiro, Javier Benavente 
And Jose M. Martínez-Costas 
CIQUS - Center for Research in Biological Chemistry and Molecular 
Materials- Universidade Santiago 
 
Objective: We have previously shown that fusing any protein 
with IC-Tag causes its re-localization to the inclusions formed 
by ARV protein muNS or its truncated version muNS-Mi (1-
4). Accordingly, IC-Tagging GFP or mRFP would allow us to 
observe the formation and evolution in living cells of the 
inclusions made by different versions of muNS that constitute 
the IC-tagging methodology. Being muNS the scaffold protein 
for ARV viral factories, we might also use IC-Tagging to label 
them and trace them in living cells.  
Materials and Methods: Recombinant plasmids and 
baculoviruses were generated using standard techniques. DF1, 
HeLa or Sf9 cells were plated onto glass-bottom dishes and 
observed on a Nikon Ti-E microscope equipped with a Zyla 
camera (Andor).  
Results: Cytosolic inclusions of muNS and muNS-Mi were 
labelled with IC-tagged GFP using either transfection of 
mammalian cells with expression plasmids,or recombinant 
baculovirus infection of insect Sf9 cells. In both cases the 
inclusions started to develop atspherical nucleation points. 
Later, muNS inclusions behave as fluids, suffering evident 
deformation and fusion/breakage events, acquiring a general 
irregular shape. On the contrary, muNS-Mi inclusions, 
although still able to fuse to each other, behave as quasi-
regular spheres at any time, in keeping with our previous 
observations at final point fixed samples. Similarly, we were 
able to label muNS-Mi-derived microspheres formed inside 
the endoplasmic reticulum (ER) by targeting them with 
monomeric RFP bearing a signal peptide at its N-terminus. 
Such spherical small microspheres produced no evident sign 
of cytotoxicity even when over-expressed inside the ER. On 
the other hand, labelling viral factories with this strategy has 
proven elusive, as the presence of the tagged protein and/or the 
transfection process seems to interfere with viral growth. We 
thus developed an inducible IC-tagged GFP-expressing DF1 
cell line and used it to study the influence of the IC-tagged 
GFP on ARV viral replication. 
Conclusions:  IC-Tagging allows us to obtain useful functional 
and structural data on the formation of muNS, muNS-Mi and 
viral factories. The domains present in muNS that are absent 
in muNS-Mi govern the three-dimensional evolution of the 
inclusions probably through interactions with still unknown 
cellular factors. Foreign protein targeting to viral factories 
disturbs viral factory formation and might be exploited as the 
basis for a novel anti-viral strategy.   
1) J Virol, 2010, 84: 4289-4301.  
2) PLoS One. 2010 Nov 12;5(11):e13961. 
3) PLoS One. 2010 Nov 2;5(11):e13785. 
4)Methods in Molecular Biology. 2016, 1349: 25-34. 
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EFFECT OF TETHERIN RESTRICTION 
FACTOR ON AFRICAN SWINE FEVER 
VIRUS INFECTION 
 
Daniel Pérez-Núñez, Raquel García-Belmonte, Javier Duque 
And Yolanda Revilla  
CBMSO-CSIC-UAM, Madrid 
 
Tetherin (BST2)is an antiviral protein induced by type I 
interferon that restricts the release of enveloped viruses. ASFV 
is a large, enveloped, double stranded DNA virus that infects 
swine macrophages. We hypothesize that ASFV could harbor 
anti-tetherin resistance during virulent strains infection 
through the control of AP-1. 
Our results showed that both virulent (E70) and attenuated 
(NHV/P68) ASFV strains inducedtetherin expression in swine 
macrophage at 16hpi. However, tetherin downregulation was 
detected from cell surface ofboth COS and swine macrophages 
after infection with either E70 or NHV/P68 strains, indicating 
a specific viral mechanism to control tetherin function at the 
cellular membrane. 
In this regard, we found that BST2 and AP-1 co-localized in 
uninfected swine macrophage, an event thatincreased during 
E70 and NHV/P68infection. This enhancement in the co-
localization between AP1 and BST2 might reflect a virus-
induced hijacking of tetherin by AP-1to inhibit its expression 
at the cell surface. Importantly, we furtherobserved a decrease 
of viral egress fromCOS cells that overexpressed HA-BST2 in 
the cell surface. Furthermore, the HA-BST-2-induced decrease 
of viral particlesegress affected only to E70 strain, but not to 
the NHV/P68, suggesting different viral mechanisms to evade 
tetherin function by virulent vs attenuated ASFV strains.In 
connection to this, we detecteda decrease of viral egress in 
E70-infected COS cells where AP1 was downregulated by 
specific shRNAs. This effect was not observed in AP-1-
silenced cells after infection with NHV/P68 strain, thus 
reinforcing the hypothesis that attenuated strains, although 
apparently are also able to both regulate the level of tetherin 
expression on cell surfaceand to induce the colocalization of 
AP-1 and BST2, did not undergo any control by this anti-viral 
factor in relation with the egress of attenuated strain from the 
infected cells. Such kind of difference may add light on the 
factors and mechanisms determining virulence vs attenuation.  
In resume, our model suggests that BST2 performs its anti-
viral function on the cell surface and is regulated by the ASFV 
infection. Hence,the intracellular localizationof BST-2during 
the infection is a key factor for itsanti-viral role, which may be 
modulated by AP-1, explaining at least partly the role of the 
complex in ASFV restriction. Currently, the viral 
factor(s)from virulent and attenuated strains putatively involve 
in this mechanism are under investigation. 
 
 
 

P045 FLASH-TALK 
PHOSPHATIDATE PHOSPHATASE LPIN1 
IS RATELIMITING FOR FUNCTIONAL 
HEPATITIS C VIRUS REPLICASE 
COMPLEX FORMATION. 
 

V. Castro1, G. Ávila1, L. Mingorance1, G. Calvo1,5, M.J. 
Rodriguez2, M.F.Friesland1§,S. Pérez-Del-Pulgar3,5 , 
X.Forns3,5, E. Domingo4,5and P.Gastaminza1,5. 
1Departmentof Molecular and CellularBiology and 2Macromolecular 
Structures; Centro Nacional de Biotecnología-Consejo Superior de 
Investigaciones Científicas. Calle Darwin, 3- 28049 Madrid, Spain.. 
3LiverUnit, Hospital Clínic, IDIBAPS, Universitat de 
Barcelona,Barcelona, Spain. 4Department of Virology and 
Microbiology; Centro de Biología Molecular Severo Ochoa-Consejo 
Superior de Investigaciones Científicas. CalleNicolás Cabrera, 1, 
28049 Madrid, Spain. 5CIBER de Enfermedades Hepáticas y 
Digestivas (CIBERehd). 
§Current address: Twincore. Centre for Experimental and Clinical 
Infection Research GmbH Feodor-Lynen-Str. 730625 Hannover(GE) 
 
Hepatitis C virus (HCV) infection constitutes a significant 
health burden worldwide, because it is a major causative agent 
of chronic liver disease, such ascirrhosis or hepatocellular 
carcinoma. HCV replication cycle is closely tied to lipid 
metabolism and infection by this virus causes profound 
changes in host lipid homeostasis. We focused our attention in 
the lipins, a phosphatidate phosphate (PAP) enzyme family, 
which mediate the conversion of phosphatidate to 
diacylglycerol in the cytoplasm, playing a key role in 
triglyceride biosynthesis and in phospholipid homeostasis. 
Lipins may also translocate to the nucleus to act as 
transcriptional regulators of genes involved in lipid 
metabolism. The best-characterized members of this family 
are LPIN1 and LPIN2, which cooperate to 
maintainglycerophospholipid homeostasis in different organs, 
including the liver.Interestingly, lipin1 plays an active role in 
alcohol-induced steatohepatitis, which is also induced by 
chronic HCV infection. In previous studies, we demonstrated 
that lipin1protein expressionand, to a lesser extent,lipin2 are 
ratelimiting for HCV infection. 
In order to study the role of lipin1 and lipin2 in different steps 
of HCV replication cycle, we generated lipin-deficient cell 
lines using lentiviral vectors expressing control and 
specificshRNAs. Using surrogate functional models of 
different aspects of HCV infection, as well as confocal and 
electron microscopy, we concluded that lipin1 is rate-limiting 
for the generation of the membranous compartment that hosts 
the viral replicase in a step downstream primary translation 
thatleads to early RNA replication. Since aberrant alternative 
splicing of LPIN1 mRNA in liver biopsies has been associated 
with the development of steatohepatitis, we investigated the 
contribution of the two major liver LPIN1 mRNA isoforms 
(alpha and beta) to support HCV infection. Isoform-specific 
silencing indicated that a proper balance between the isoforms 
 and β is required to sustain efficient HCV replication, while 
overexpression experiments indicated thatlipin1β cDNA is 
sufficient to partially rescue HCV infection in lipin1-deficient 
cells.  
Lipin2 is capable of functionally compensating some aspects 
of liver lipid metabolism in loss-of function models for lipin1, 
in part by enhanced accumulation of lipin2 in lipin1-deficient 
cells. Our results indicate that loss of lipin1 function cannot be 
compensated by lipin2 for HCV infection, despite higher 
expression of the latter levels in lipin1-deficient cells, 
indicating that lipin1 constitutes a weak linkregarding HCV 
infection in this highly regulated homeostatic system. The 
implications of these findings in HCV infection and molecular 
pathogenesis will be discussed. 
 
 
 
 
 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 92 

 

P046 
INTERFERENCE OF MERS-CoV 
ACCESSORY GENES WITH THE INNATE 
IMMUNE RESPONSE AND THEIR 
CONTRIBUTION TO VIRULENCE 
 
Javier Canton1, Anthony R. Fehr2,Francisco Javier 
Gutierrez-Alvarez1,  Carlos Castaño-Rodriguez1, Jose M. 
Honrubia1, Raul Fernández-Delgado,Maria Teresa Sanchez-
Aparicio3, Adolfogarcia-Sastre3, Stanley Perlman2,Luis 
Enjuanes1 And Isabel Sola1 
1Department of Molecular and CellBiology. National Center of 
Biotechnology (CNB-CSIC) Campus Universidad Autonoma Madrid. 
Madrid. Spain. 2Department of Microbiology.University of Iowa. 
Iowa City. USA. 3Department of Microbiology. IcahnSchool Medicine 
at Mount Sinai. New York. USA 
 
Middle East respiratory syndrome coronavirus (MERS-CoV) 
is an emerging coronavirus infecting humans, associated with 
acute pneumoniaand a high mortality rate around 36%, which 
is considered a public health threat. No vaccines or antivirals 
are still available,making investigation for therapeutic 
strategies an urgent need. 
A collection of recombinant MERS-CoVs deficient in the 
genus-specific genes 3, 4a, 4b and 5 was generated from 
cDNA clonesusing the reverse genetics system previously 
developed in our laboratory.The contribution of 3, 4a, 4b and 
5 proteins asantagonistsof the innate immune response (IIR) 
during infection was studied by analyzing in MERS-CoV 
deletion mutants the expression and subcellular localization of 
IIR mediators using qPCR, Western-blot and 
immunofluorescence techniques. 
The growth kineticsof recombinant viruses was similar to that 
of the wild-type (WT) virus, indicating that accessory genes 
werenot essential for MERS-CoV replication in cell cultures. 
Deletion of 4b gene significantly increased the expression of 
NF-kB-induced proinflammatory cytokines IL-6, IL-8 and 
TNF, suggesting 4b protein contribution to the inhibition of 
the NF-B signaling pathway in the context of infection. 
Mutations in 4b protein nuclear localization signal 
(NLS)prevented its localization to the nucleus and increased 
the expression of NF-kB-induced proinflammatory cytokines, 
suggesting that nuclear localization of protein 4b was required 
for its IIR antagonism. Co-immunoprecipitationand mass 
spectrometry analysisidentified the binding of 4b protein to 
karyopherins3 (KPNA3) and 4 (KPNA4), which mediate 
the translocation of proteins from the cytosol to the nucleus, 
including the transcription factor NF-kB.Binding of 4b to 
KPNA4was NLS-dependent.Moreover, the NF-B-KPNA4 
binding was reducedin the presence of 4b, suggesting a 
mechanism of competitive inhibition.Mutationof 4b-NLS in 
recombinant MERS-CoVs caused accumulation of 4b in the 
cytoplasm and translocation ofNF-kBto the nucleus, leading to 
the expression of NF-kB-dependent proinflammatory 
cytokines. In contrast, in MERS-CoV WT infection, the 
presence of 4b protein in the nucleus was associated with the 
accumulation of NF-kBin the cytoplasm. Together, these 
results suggest that the binding of MERS-CoV 4b protein to 
karyopherins during infection competitively inhibits the 
nuclear translocation of NF-kB and, as a consequence, the 
expression of proinflammatory cytokines.  
Since 4b protein interferes with the host innate immune 
response, itmay contribute to MERS-CoV virulence and 
itsdeletion will lead to attenuated viruses that represent 
vaccine candidates. Inhibitors of cell signaling pathways 
involved in the interaction with 4b protein will inform antiviral 
candidates. 

P047 
A3H MEMBER OF APOBEC3 
RESTRICTION FACTORS FAMILY IS 
NOT INVOLVED IN THE VIRAL 
CONTROL OBSERVED IN ELITE 
CONTROLLER SUBJECTS 
 
José M. Cuevas1,2, José M. Benito3,4, Julia Hillung2, Clara 
Restrepo3,4, Agathe León5, Ezequiel Ruiz-Mateos6, Rosario 
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Norma Rallón3,4 
1Institute for Integrative Systems Biology (I2SysBio), 
Universitat de València. 2Department of Genetics, 
Universitat de València. 3 Instituto de Investigación 
Sanitaria-FJD, Universidad Autónoma de Madrid. 4Hospital 
Universitario Rey Juan Carlos, Móstoles. 5 Hospital Clínicde 
Barcelona, IDIBAPS, Barcelona.6 BiomedicineInstitute of 
Seville (IBiS), Sevilla.7 Unidad de E. Infecciosas. Hospital 
Virgen de la Victoria e IBIMA, Málaga.8 Hospital 
Universitario Fundación Jiménez Díaz, Madrid. 
 
Background: APOBEC3H (A3H) protein is a highly 
polymorphic potent HIV-restriction factor. A3H gene presents 
variation at 2 positions (rs139297 and rs79323350) leading to 
a non-functional protein. So far, there is no information on the 
role played by A3H in spontaneous control of HIV. The aim 
of this study was to characterize the A3H polymorphism 
distribution in a well-characterized group of Elite controller 
(EC) subjects. 
Patients: Thirty EC subjects with long-term spontaneous 
control of HIV-replication were evaluated. Genotyping of 
rs139297 and rs79323350 was performed by PCR, cloning and 
Sanger sequencing. Both polymorphisms were analyzed 
jointly in order to adequately attribute the active or inactive 
status of A3H protein. The main characteristics of the study 
population were expressed as median [interquartile range]. 
Results: Sixteen subjects were homozygous (G/G) for 
rs139297 (R105G; exon 3). In the other 14 subjects in whom 
genotyping of rs79323350 (N15del; exon 2) was performed, 
we found that the majority of them (9/14) were heterozygous 
for the deletion. Lastly, using the genotyping information of 
both exons, we found that the majority of EC subjects (23/30) 
presented haplotypes leading to an inactive A3H protein. 
Conclusions: The high prevalence of non-functional protein 
coding-genotypes in EC subjects seems to indicate that other 
innate restriction factors different from APOBEC3H could be 
implicated in the replication control exhibited by these 
subjects. Further studies in larger cohorts are needed to 
elucidate the true contribution of different members of 
APOBEC3 to spontaneous control of HIV-infection. 
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Introduction. The dynamic interplay between an expanding 
virus and the concomitantly activated host immune response 
during the primary infection phase is critical for establishinga 
chronic infection. However the key sensors and regulatory 
mechanisms that ultimately move the virus-host dynamics 
towards virus persistence and immune system exhaustion are 
still poorly understood. 
Objective. Identification of key elements during the 
establishment of viral persistence using the Lymphocytic 
Choriomeningitis Virus (LCMV) mouse model system. 
Material and methods. C57BL6/J mice were infected with 
either a low dose (2x102pfu) or a high dose(2x106 pfu) of 
LCMV-Docilestrain to establish an acute or a persistent 
infection, respectively. Time-series transcriptomes from 
spleens were obtained by RNA-Seq, and were analyzed by 
weighted gene co-expression network analysis (WGCNA).At 
corresponding time points, virus loads were quantified by 
titration and immune cell subsets analyzed by flow cytometry. 
Conditional diphtheria toxin receptor-mediated cell knock-out 
was used to deplete Xcr1-positive dendritic cells (Xcr1+DC) 
in the chronic infection phase.  
Results. WGCNA revealed modules of highly connected genes 
(hub genes) that represent the main biological pathways 
involved in acute versus persistent infection outcomes.Module 
comparisonsfrom both infection outcomes showed a positive 
correlation between module size and preservation, indicating 
that few genes are involved in outcome-specific pathways. A 
chronic infection-specific module suggested an important 
biological role for the chemokine Xcl1 and responsive 
Xcr1+DC. Depletion of this cell population resulted in 
reduction of LCMV-specific CD8 T cells, increased virus 
loads and death.  
Conclusions. Virus-specific CD8 T cell exhaustion during 
persistent LCMV infection is followed by an increase of 
crosspresenting Xcr1+DC in spleen that maintain a low level 
of cytotoxic effector cells and control virus loads to non-
pathogenic levels. Immunotherapeutic strategies to boost 
Xcr1+DC-dependent T cell responses may present a mean to 
better control virus loads in persistent virus infections 
 
 
 

P049 
SYSTEMS BIOLOGY APPROACHES 
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Introduction. Viral infections can be categorized as acute 
orchronicbased on the relationship between the virus and its 
host. Inan acute infection, virus-specific effector T cells are 
able to clear the virus within a few weeks. In contrast, during 
a chronic infection, the virus is not eliminated and T cells 
become exhausted, a process involving the progressive loss of 

effector functions to avoid immunopathology.There is a broad 
knowledge of T-cell-intrinsic mechanisms involved in the 
dysfunction of virus-specific effector lymphocytes during 
chronic infections. However, the establishment of a chronic 
infection is the result of the interactions between multiple 
immune cell populations, and the T-cell-extrinsic mechanisms 
involved in the induction of T-cell exhaustion are still poorly 
understood. 
 
Objective. To better understand the interplay of the different 
immune cell subsets for the establishment of chronic infections 
using the Lymphocytic Choriomeningitis Virus (LCMV) 
mouse model system. 
 
Materials and Methods. C57BL6/J mice were inoculated 
withLCMV-Docilestrain to establish an acute (2x102 pfu) or a 
chronic (2x106 pfu) infection. Time-series transcriptomes 
from spleens were obtained by RNA-Seq, and were (i) used as 
an input for the algorithm Digital Cell Quantification (DCQ), 
and (ii) analyzed by weighted gene co-expression network 
analysis (WGCNA). Virus loads were quantified by titration 
and immune cell subsets were analyzed by flow cytometry. 
Expression levels of specific genes were determined by 
quantitative PCR. 
 
Results. DCQ allowed us to inferchanges in quantities 
of133different immune cell subpopulationsin response toacute 
or chronic LCMV infections, including various innate and 
adaptive immune cells. In chronic infection, DCQ properly 
predicted the loss of effector CD8+ T cells (exhaustion), as 
well as the specific expansion of various cell types during the 
chronic phase. Moreover, we identified two neutrophil subsets 
with a dramatic drop in their quantities concomitant with the 
loss of effector CD8+ T cells, suggesting that they might play 
a role in exhaustion and consequently in the infection outcome. 
Correlation of cell kinetics with WGCNA-derived gene 
coexpression modules allowed the identification of neutrophil-
expressed genes involved in cell migration. 
 
Conclusions.System biology approaches allowdecomposing 
the complexity of immune cell responses against acute and 
chronic LCMV infectionsin thespleen. Neutrophil migrationis 
altered during chronic infection concomitant with 
exhaustion.Combining DCQ and WGCNA permits to link 
cellular and molecular levels, generating hypotheses regarding 
the functional roles of specific immune cell subsets. 
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Introduction.Homeostatic proliferation (HSP) is a major 
mechanism by which long-lived naïve and memory CD4+ T 
cells are maintained in vivo. HSP has been suggested to 
contribute to the persistence of the latent HIV-1 
reservoir.However, HIV-1 infectionand reversalfromlatency 
in naïveresting CD4 T+cellsmaintainedunder HSP conditions 
has notbeenfullyinvestigated. 
Objectives. To analyze HIV infection and latency reversal in 
naïve CD4+T cells using anin vitroculture system mimicking 
HSP, and to perform RNAseq to identify differentially 
expressed genes that may affect latency reversal. 
Materials and methods. Human naïveCD4+T cells were 
infected with HIV pseudotypes expressing GFP and cultured 
under HSP (IL-7 plus IL-15) or TCR (anti-CD3/CD28 plus IL-
2) conditions. Cell proliferation, phenotype, and GFP 
expression were analyzed by flowcytometry. RNA expression 
was quantified by qRT-PCR. Transcriptome analysis was 
performed with RNAseq data from HSP and TCR cultured 
cells.  
Results.HSP-cultured latently HIV-1 infected naïve cells 
maintained their resting phenotype. The estimated level of 
GFP transcripts per infected cell points to a blockade of HIV 
expression at the post-transcriptional level. Interestingly, naïve 
cells cultured under HSP conditions are refractory to HIV-1 
reactivation by TCR stimulation or by the HDAC inhibitor 
SAHA. Analysis of transcriptome profiles showed more than 
800 differentially expressed genes betweenHSP and TCR 
conditions. We have categorized two groups of genes that 
could represent putative upregulated HIV restriction factors or 
downregulated activators of transcription.  
Conclusions. HIV-1 proviruses in homeostatically maintained 
resting naïve CD4+ T cells are neither reactivated by TCR-
mediated signalling nor by strong latency reversing agents. 
These results suggest that HIV reactivation in cells maintained 
by HSP requires other or additional signals than in infected 
memory T cells. Further studies derived from RNAseq data 
might help determine the underlying mechanisms. 
 
 
 

P051 
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INFECTED WILD BOARS 
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Objective- Recently the capability of moderate-virulence 
CSFV strainsto generate postnatal persistent infection (PI)has 
been demonstrated,defined by the maintenance of viremiaand 

the inability to generate CSFV specific cellular or humoral 
immune responses. Furthermore, these animalsshowed a type 
I Interferon blockade in the absence of clinical signs. In the 
present study weassess the infection generated in seven-week-
old CSFV PI wild boars after African swine fever virus 
(ASFV) infection. . 
Materials and Methods. Wild boarswere distributed in two 
groups andwere infected withASFV(E75 strain). Group A 
were CSFV persistently infected but showed no clinical 
symptomsand group B consisted in Pestivirus-Free wild boars. 
Some relevant parameters relatedwith CSFV replication and 
immune response of CSFV persistently infected animalswere 
studied. Additionally, serum soluble factors such as IFN-, 
TNF-α, IL-6, IL-10, IFNandsCD163 were analyzed before 
and after ASFV infection in order to assess theirrole in disease 
progression. 
Results. After ASFV infection only the CSFV PI wild boars 
showed a progressive acutehemorrhagic disease, however, the 
survival to ASFV infection was similar in bothexperimental 
groups. Notwithstanding, CSFV RNA load of CSFV PI 
animals remainedunaltered throughout the study, likewise, 
ASFV DNA load detected after infection was similarbetween 
groups. Interestingly, systemic type IFN-α and IL-10 levels in 
sera werealmost undetectable in CSFV PI animals being only 
detectable in group B, whereas,detectable levels of IFN- were 
found in both groups. Finally, the flow cytometry 
analysisshowed an increase on the proportion of 
myelomonocitic cells (CD172a+) and adecrease of CD4+ T 
cells in the PBMC from CSFV PI animals after ASFV 
infection. 
Conclusions. Our results showed the role of some aspect in the 
immune response associated withthe disease progression in 
CSFV PI animals, comprising the systemic type I 
Interferonblockade, even after the unrelated viral infection 
with ASFV. In this regard, our findingsmay explain how can 
be maintained the constant CSFV RNA load detected in CSFV 
PIanimals, favoring the persistence of the virus in the host. 
Finally, these results alsosuggest how the subclinical CSFV 
infection may be aggravating the ASF diseaseprogression. 
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Centro de Biología Molecular "Severo Ochoa" (Consejo Superior de 
Investigaciones Científicas-Universidad Autónoma de Madrid), 28049 
Cantoblanco, Madrid, Spain.  
 
Genetic DNA virus elements have become evolutionary 
inserted in the germ line of animal and plant genomes 
(endogenization) to levels higher than until recently suspected. 
Unlike retroviruses, DNA viruses endogenized scattered in 
certain host species by unknown mechanims, challenging our 
understanding of their specific impact in the evolution of life 
forms.  
Objectives and Materials and Methods: We report here a 
combined in silico-molecular survey of ssDNA virus 
endogenization in non-human primate genomes.  
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Results: Endogenous sequences originated from virus 
members of the Parvoviridae, here named Simian 
Dependoparvovirus Elements (SDEs), are shown in the 
genomes of several Lemuroidea primate species (as lemur, 
eulemur, or aye-aye). These SDEs appear phylogenetically 
closer to AAV5 and avian-related dependoparvoviruses, some 
showing evidences of sequences recombination among ancient 
parvoviruses. Most SDEs are configured by strechtes of 
sequences conserving catalytic and structural domains of 
either the Rep or the Capsid gene, and endogenized along 
deca-millions years ago by homologous DNA recombination 
driven by short direct repeats.  
Conclusions: This paleovirological analysis unravels new 
insights into parvovirus-host interaction and evolution.  
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Objective:The level of antioxidants, such as the thiol-
containing tripeptide glutathione (GSH) is notably increased 
in cytomegalovirus (CMV)-infected cells. We previously 
showed that GSH levels in plasma, as measured by untargeted 
1H1 nuclear magnetic resonance, were upregulated in 
allogeneic stem cell transplant recipients who developed 
subsequently CMV viremia. Wehypothesisedthat the net level 
of oxidative stress markers in plasma could be reduced in 
patients developing CMV DNAemia. We serially monitored 
the levels of malondialdehyde (MDA), and carbonylated 
proteins (CPs) early after allo-SCT to assess their value to 
predict the occurrence of CMV DNAemia. 
Materials and Methods:This retrospective observational study 
included 55 non-consecutive patients who underwent allo-
SCT.The study period comprised the first 100 days after 
transplantation. Detection of CMV DNAemia was performed 
by means of the new RealTime CMV PCR assay from Abbott 
Molecular. The viral doubling time (dt) of CMV was estimated 
considering the first 2 PCR positive results in the absence of 
antiviral treatment. A total of 157 cryopreserved plasma 
specimens were retrieved for the measurement of oxidative 
stress markers (median 3 specimens per patient). Lipid 
hydroperoxide MDA was measured by a High Performance 
Liquid Chromatography-ultraviolet light (HPLC-UV) assay. 
To measure CPs, the specimens were derivatized to 2,4-
dinitrophenilhydrazone (DNP-hydrazone) by its reaction with 
2,4-dinitrophenilhidrazine (DNPH). Protein content in plasma 
samples was quantified using Lowry method. 
Results: 39 out of 55 patients developed CMV DNAemiaat a 
median of 34 days after transplant. We compared AUC and 
peak values of both markers in patients with or without 
subsequent CMV. MDA AUCs were significantly lower in 
patients with CMV DNAemia(P=0.043).AUCs of both 
markers were lower in episodes of CMV DNAemia with faster 
CMV replicative kinetics (CMV DNA doubling times-dts- <2 
days). Only the MDA biomarkerhad predictive ability to 
discriminate between patients with or without subsequent 
CMV DNAemia(AUC=0.69, 95% CI: 0.51-0.85: P=0.05). We 

speculate that hyperproduction of antioxidants during active 
CMV replication in tissues may result in a net decrease of 
oxidative stress markers both locally and in the vascular 
compartment. 
Conclusion: In summary, we show for the first time that the 
measurement of oxidative stress markers in plasma may help 
to predict the occurrence of CMV DNAemia in allo-SCT 
recipients. 
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Infectious bursal disease virus (IBDV), a highly relevant avian 
pathogen, belongs to the Birnaviridae, a family grouping 
naked icosahedral viruses harbouring bipartite dsRNA 
genomes, but lacking an inner transcriptional core structure. 
IBDV is generally regarded as a strict cytolytic virus causing 
the destruction of all infected cells. In contrast to this notion, 
data from our laboratory conclusively shows that a reduced, 
yet significant fraction of infected cells survive the acute 
IBDV infection phase. After recovering from the initial virus-
induced stress, surviving cells readily divide, generating 
healthy-looking cultures continuously shedding infectious 
IBDV.   
Although we have successfully generated persistently-infected 
cultures derived from cell lines of different origins (avian and 
mammalian), most our work has been performed using DF1 
(immortalized chicken embryo fibroblasts; ATCC CRL-
12203) cells. We are keen in deciphering the mechanism(s) 
allowing the establishment of IBDV persistent infections, thus 
our work has been mainly focused on the characterization of 
both persistently-infected DF1 cells and IBDV isolates 
recovered from these cultures. 
Our data indicates that both the expression of virus-encoded 
proteins and IBDV genome copy numbers undergo a 
progressive decline associated to the duration of the persistent 
infection. Studies performed using 90 days post-infection 
cultures show that although susceptible to infection to a variety 
of RNA and DNA viruses, persistently-infected DF1 cells are 
refractory to IBDV superinfection, as determined by RT-
qPCR, Western blotting and immunofluorescence analyses. 
Experiments using purified IBDV VLPs and infectious virus 
indicate that this restriction takes place after the release of the 
virus genome to the cell cytoplasm. We have analysed the 
status of the innate antiviral response of persistently-infected 
cells. Gathered data show that, although efficiently secreting 
IFN (i.e. in response to addition of exogenous dsRNA), 
persistently-infected cells are completely unresponsive to IFN 
treatment, thus indicating the arrest of the JAK-STAT 
signalling pathway. On the other hand, isolates recovered from 
persistently-infected cultures exhibit a significantly reduced 
ability to productively infect naïve DF1 cells, as determined 
by immunofluorescence, virus titration and RT-qPCR 
analyses.  
Ongoing NGS of persistent viral populations and comparative 
transcriptome analyses of naïve and persistently-infected DF1 
cells should shed light to understanding the mechanism(s) 
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allowing the establishment of IBDV persistent-infections. This 
newly described experimental system offers a promising venue 
to studying the complex set of IBDV-host cell interactions. 
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Poxviridae comprises a family of large DNA viruses that 
causes acute and severe infections in their hosts. A fair 
percentage of their genome encodes viral proteins dispensable 
for viral replication but essential for the evasion of host anti-
viral response at multiple levels. Among these immune 
evasion strategies, a viral family of 4 different soluble tumor 
necrosis factor (TNF) decoy receptors (vTNFRs) has been 
identified and termed cytokine response modifier B (CrmB), 
CrmC, CrmD and CrmE. Most poxviruses encode at least one 
of these vTNFRs. CrmD is the only active vTNFR expressed 
by ectromelia virus (ECTV), the causative agent of mousepox 
and mouse homologue of variola virus, which encodes CrmB. 
CrmD, like CrmB, inhibits both soluble and transmembrane 
TNF but also other cytokines of the TNF superfamily such as 
lymphotoxin (LT) and LT. In addition, CrmD and CrmB 
can block a small group of chemokines through their C-
terminal SECRET domain, which is absent from CrmC and 
CrmE. vTNFRs perfectly replicate the molecular architecture 
of cellular TNF receptors based on sequential repetitions of 
cysteine rich domains (CRDs). The number of CRDs in 
cellular TNF receptors varies between 1 and 5 repetitions 
whereas the TNF biding domain of vTNFRs has not been 
properly characterized. Previous structural studies on cellular 
ligand-receptor complexes have revealed the role of each CRD 
in ligand binding, concluding that in most cases CRD2 
determines the affinity of the interaction whereas CRD3 
modulates the specificity. However, little is known about the 
molecular bases that drive the interaction of vTNFRs with their 
ligands. 
Here, we carried out site-directed mutagenesis of CrmD and 
using binding and activity assays we delimited the CrmD TNF 
binding domain and studied the molecular determinants for its 
interaction with mouse and human TNF and LTas well as 
with transmembrane mouse TNF. Our results revealed several 
amino acid residues critical for ligand binding and a motif, 
unnoticed in previous structural studies of host TNF receptors, 
that determines the CrmD specificity for LT.  
This study might help to understand the role of CrmD in ECTV 
pathogenesis and to dissect the contribution of each CrmD 
ligand in the response against ECTV infections. 
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APPROACH. 
 
Graciela Alonso,HalehHeidarieh, Bruno Hernáez, 
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Poxviruses encode a unique set of proteins that mimic 
chemokines, chemokine receptors, or secreted proteins that 
bind chemokines and have structures unrelated to host proteins 
(viral chemokine binding proteins, vCKBPs) to facilitate 
virusspread and evade host immune response. In the case of 
Ectromelia virus (ECTV), the causative agent of mousepox, 
one of thesevCKBPsis E163, an orthologue of the Vaccinia 
virusA41 protein. 
Objective. Analysis of the initial host response to poxvirus 
infection in the absence of the vCKBP E163 using the 
mousepox model, a surrogate model of smallpox. 
Material and methods. The relevance of E163 during ECTV 
infection was analyzedin Balb/c mice. In a first set of 
experiments we monitored the infection of mice with 
increasing doses of ECTV Naval strain or a virus lacking E163 
expression (EV∆E163) assessing weight loss, symptoms and 
mortality.Subsequently, flow cytometry was used to examine 
the infiltration and activation of different immune cells (CTL 
and NK cells) in the lymph nodes and spleen at 2 and 6dpi. To 
examine EV∆E163 dissemination during infection, different 
organs from infected mice were collected and viral load was 
estimated by plaque assay in BSC1 cells. Finally, the mouse-
to-mouse transmission of EV∆E163 was additionally 
evaluated.  
To uncover the specific molecular mechanism of action of 
E163 during infection, we compared the transcriptomes from 
diverse infected tissues in the presence or absence of E163. To 
this effect,total RNA was extracted from popliteal lymph 
nodes, spleen and footpadsamples at 2 and 5 dpi fromECTV 
and EV∆E163 infected mice and then sequencedusingIllumina 
technology.Differential gene expression and correspondent 
Gene Ontology pathway enrichment analyses were performed. 
Results. We haveimproved the characterization of E163 
protein in the mousepox model. Some differences have been 
determined when infection of mice proceeded in the absence 
of E163: the average death time was shorter and severity of 
symptoms was more serious in EV∆E163 infected mice at low 
doses of infection.The analysis of the cellular immune 
response by flow cytometry indicated a stronger Th2 response 
in EV∆E163-infected micewhen compared to ECTV Naval 
strain. Moreover, we have found that E163 is not involved in 
virus replication or dissemination of ECTV.Finally, we have 
been able to dissect the initial host immune response in both 
infections using RNA-seq. Together, these results allow us to 
draw a general view for the E163 protein action during 
infection in its natural host. 
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Aim: To analyse the expression of stimulator of interferon 
genes (STING) isoforms generated by alternative splicing in 
different cell lines and tissues, determine their role in 
controlling wild type full-length (Wt) STING activation, and 
identify their mechanism of action.  
Material and Methods:The identification of STING isoforms 
was performed by RT-PCR and sequencing. Quantification of 
mRNA expression was done by quantitative Real Time-PCR 
using specific primers. To analyse the activation of different 
innate immune response pathways, in vitro luciferase 
expression reporter assays were used. Protein interaction was 
proven by co-immunoprecipitation. Viral infection and 
antiviral responses were performed by using VSV and HSV-1 
viruses. 
Results: TMEM173 is the gene that codifies for the protein 
STING. In THP1 monocytic cells, three TMEM173 mRNA 
species named as STING truncated isoforms 1, 2 and 3 were 
identified and characterized. All of them share in common a 
spliced exon-7 and share with Wt STING the N-terminal 
transmembrane region. Overexpression of the three truncated 
STING isoforms fail to induce IFN-â production and they act 
as selective pathway inhibitors of human Wt STING, Wt 
STING in combination with cyclic-di-GMP-AMP synthase 
(cGAS), or mitochondrial antiviral signalling protein 
(MAVS). Truncated isoforms alter the stability of full-length 
WtSTING reducing protein half-life. The underlying 
mechanism of this inhibitory effect indicates a proteasome 
dependent degradation. Knocking-down expression of 
truncated isoforms increases the capability of THP1 cells to 
produce IFN-â in response to intracellular DNA or HSV-1 
infection. Early after infection,viruses like HSV-1 or VSV 
reduce the ratio WtSTING/ truncated STING isoforms. 
Conclusions: Truncated E7-less STING isoforms are 
inefficient inducing theactivation of IFN-β, ISG54 and IRF3 
promoters but they have a dominant inhibitory effect over full-
length Wt STING, mediating its proteasome-degradation. Our 
data suggest that certain viruses might manipulate the ratio Wt 
STING/alternative splicing expression as a strategy to evade 
antiviral responses. 
 
 
 

P059 
THE G1/S SPECIFIC CYCLIN D2 IS A 
REGULATOR OF HIV-1 RESTRICTION IN 
NON-PROLIFERATING PRIMARY 
MACROPHAGES 
 
Maria Pujantell1,2, Roger Badia1,2, Edurne García-
Vidal1,2, Teresa Puig1,2, Bonaventura Clotet1,2, José A. 
Esté1,2  Ester Ballana1,2eva Riveira-Muñoz1,2 
1 AIDS ResearchInstitute-IrsiCaixa, Hospital GermansTrias i 
Pujol, UniversitatAutònoma de Barcelona, Badalona, Spain 
2 HealthResearchInstituteGermansTrias i Pujol (IGTP), 
Hospital GermansTrias i Pujol, UniversitatAutònoma de 
Barcelona, Badalona, Spain 
 
Background. Macrophages are a heterogenic cell population 
with properties strongly influenced by stimuli present during 
their differentiation from monocytes. Distinct differentiation 
stimuli lead to differential cell activation and proliferation, 
differential expression of proteins controlling cell cycle 
progression and differential capacity to support HIV-1 
replication. Cell cycle control plays also a fundamental role in 

SAMHD1-mediated virus restriction, as it is regulated through 
phosphorylation by cyclin-dependent kinases (CDK). Here, 
we describe an HIV-1 novel restriction pathway determined by 
the differential expression of the G1/S-specific cyclin D2.  
Methods. Primary monocytes were transfected with siRNA 
and differentiated into monocyte-derived macrophages 
(MDM). Monocyte differentiation consisted in 4-day 
incubation with M-CSF or GM-CSF. Susceptibility to HIV-1 
infection was examined by flow cytometry after infection of a 
VSV-pseudotyped NL4-3 GFP-expressing virus. Total viral 
DNA formation was quantified by qPCR in MDM infected 
with full-replicative R5 HIV-1 strain BaL. Co-
immunoprecipitation (CoIP) was performed in lysates from 
293T cells overexpressing cyclin D2-HA or Flag-p21 fusion 
proteins and were incubated with anti-FLAG or anti-HA 
antibodies covalently attached to agarose. Protein expression 
and phosphorylation and CoIP were analyzed by 
immunoblotting. 
Results. Stimulation of monocytes with GM-CSF induces a 
non-proliferating macrophage population highly restrictive to 
HIV-1 infection, characterized by the upregulation of all D-
type cyclins (D1, 2-fold, p=0.0006; D2, 40-fold, p=0.0045; 
and D3, 3-fold p=0.0002, respectively) and the CDK inhibitor 
p21 (4-fold, p=0.038). Knockdown of the G1/S-specific 
cyclinD2, enhances HIV-1 replication in GM-CSF 
macrophages through inactivation of SAMHD1 restriction 
factor by phosphorylation. Co-immunoprecipitation 
experiments show that cyclin D2 forms a complex with CDK4 
and p21, a factor known to restrict HIV-1 replication by 
affecting the function of the downstream cascade that leads to 
SAMHD1 deactivation.  
Conclusions. We demonstrate that cyclin D2 acts as regulator 
of cell cycle proteins affecting SAMHD1-mediated HIV-1 
restriction in non-proliferating macrophages.The G1/S 
specific cyclin D2 acts as a restriction factor for HIV-1 in 
primary macrophages. These results further demonstrate the 
importance of cell cycle control in viral replication. 
 
 
 

P060 
PHAGE-HOST INTERACTIONS 
ANALYSIS OF NEWLY 
CHARACTERIZED OENOCOCCUS OENI 
BACTERIOPHAGES: IMPLICATIONS 
FOR MALOLACTIC FERMENTATION IN 
WINE 
 
Antonella Costantini1, Francesca Doria1, Juan-Carlos Saiz2, 
Emilia Garcia-Moruno1 
1 Consiglio per la Ricerca in agricoltura e l’analisi dell’ economia 
agraria-Centro di Ricerca per l’Enologia (CREA-ENO), Asti, Italy. 2. 
Dpt. Biotecnología, INIA, Madrid Ctra. Coruña Km. 7,5, Madrid, 
28040 
 
Objectives. Nowadays, only few phages infecting Oenococcus 
oeni, the principal lactic acid bacteria (LAB) species 
responsible for malolactic fermentation (MLF) in wine, have 
been characterized. To better understand the factors affecting 
the lytic activity of Oenococcus phages, fifteen O.oeni 
bacteriophages have been studied in detail, both with 
molecular and microbiological methods. 
Materials and Methods. O. oeni strains isolated from wines 
were grown in MRSTJ (pH=4.5) and identified by a species-
specific PCR. Strain typing was performed by multiplex 
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RAPD-PCR analysis, phage induction by UV irradiation, and 
phages quantification by lysis plaques count (double layer 
plates). Host range test (HRT) of the isolated phages was 
established by comparing bacterial cultures growth trends with 
or without added phages in different MRSTJ media (pH=3.5 
without ethanol; 10% ethanol, pH=4.5; and 10% ethanol, pH= 
3.5), and in Chardonnay wine. Phages morphology was 
assessed by transmission electron microscopy, and genome 
size by gel electrophoresis. Presence of integrase A, B, C and 
D genes was assayed by PCR using specific primer sets. 
Results. By HRT, 16 O. oeni strains (6 prophage-free strains, 
5 with non-inducible phages, and 5 with inducible phages) 
were tested in MRSTJ with 15 phage lysates. Three different 
bacterial behaviors were observed: i) strains sensitive to the 
phage in which bacterial growth was almost or completely 
stopped; ii) strains in which the presence of the bacteriophage 
slowed bacterial growth; and iii) strains with normal growth 
not affected by the phages, being the more susceptible strains 
to phages attacks the prophage-free strains. One bacterial 
strain resulted resistant to all 15 phages tested, whereas not a 
single phage affects all 16 bacteria tested. Integrase gene 
analysis showed that all isolated bacteriophages analyzed 
possess integrase A; six integrase B; five integrase C; and two 
integrase D. 
Conclusions. No correlations were found between genome 
sizes, type of integrase genes, or morphology and the lytic 
activity of the 15 tested phages. The detection of phages 
bearing 2 or 3 types of integrase genes point to horizontal gene 
transfer between O. oeni bacteriophages. Interestingly, though 
phage attack in a wine at the end of alcoholic fermentation 
seems not to be a problem, it can indeed represent a risk factor 
for MLF when the alcohol content is low. 
 
 
 

P061 
APPROACHING A TAT-REV 
INDEPENDENT HIV-1 CLONE TOWARDS 
A MODEL FOR RESEARCH 
 
Walter Vera-Ortega(1)*, Idoia Busnadiego (2), Sam J. 
Wilson (1) 
(1) MRC - University of Glasgow Centre for Virus Research, 
Glasgow, United Kingdom 
(2)Institute of Medical Virology - University of Zurich, Switzerland 
 
Aim— Human immunodeficiency Virus type 1 (HIV-1) is 
responsible for the acquired immunodeficiency syndrome 
(AIDS), a leading cause of death worldwide infecting millions 
of people each year. The huge genetic variability of HIV-1 
challenges drug development and current animal models 
present important limitations, impairing the progress of in vivo 
approaches. Macaques require a CD8+ depletion to progress 
to AIDS, and the maintenance cost is high. Mice are a cheaper 
alternative, but need to be 'humanized' and breeding is not 
possible.  
The development of a HIV-1 clone able to replicate in mice is 
a challenging proposal. The lack of human co-factors in mice 
impedes function of the HIV-1 accessory proteins Tat and Rev, 
hampering HIV-1 replication. However, Tat and Rev function 
can be replaced by constitutive/chimeric promoters, codon-
optimized proteins and the constitutive transport element 
(CTE), generating a novel HIV-1 clone able to replicate in 
mice without disrupting the amino acid sequence of the virus. 
By minimally manipulating the genomic 'identity' of the virus, 

we propose the generation of a HIV-1 clone able to replicate 
in mice to assist in antiviral drug development. 
Materials and methods—Plasmid construction. The chimeric 
promoters and CTE copies were cloned by PCR from lentiviral 
vectors such as CSGW. Tat mutants were generated from 
replication competent HIV-1 plasmids NHG and NL4-3.  
Infectivity assays. Retroviral vectors were generated by 
transfection of human 293T cells and murine NIH 3T3 cells. 
Virus titre was determined by flow cytometry measuring GFP 
expression. Human B-cells (AA-2) and Hela cells (TZMbl) 
were used for infectivity assays. 
Protein analysis. Tat protein expression was determined by 
TZMbl assay and HIV-1 capsid by western blot. 
Results—We have determined that NIH 3T3 cells are able to 
generate HIV-1 particles. However, they are not infectious and 
further analysis need to be performed. Codon-optimized HIV-
1 constructs are efficiently made in 293T cells in a Tat and Rev 
independent manner and capable to package a competent 
genome in trans. CSGW is capable to generate infectious 
particles in the absence of Tat and Rev in human cells when 4 
copies of the CTE are placed preceding the 3’LTR. HIV-1 tat 
mutant clones encoding different promoters support reverse 
transcription efficiently. 
Conclusion—Our findings suggest that the development of a 
HIV-1 Tat-Rev independent clone is challenging but 
achievable aim. However, further investigations need to be 
developed prior presenting our HIV-1 clone as a candidate 
model for research. 
 
 
 

P062 
EVIDENCE FOR THE ROLE OF THE MP2 
PROTEIN OF BROAD BEAN WILT VIRUS 
1 IN THE INDUCTION OF PLANT 
SYMPTOMS AND SUPPRESSION OF 
POSTRANSCRIPTIONAL GENE 
SILENCING  
 
Carpino C., Ferriol I., Elivira-Gonzalez L., Rubio L., Peri E., 
Davino S., Galipienso L. 
Instituto Valenciano de Investigaciones Agrarias, Valncia. 
 
Interest and objectives . Broad bean wilt virus 1 (BBWV-1, 
genus Fabavirus, family Secoviridae) is distributed word wide 
infecting important horticultural (broad bean, pepper, tomato 
or spinach) and ornamental crops (Petunia and Narcissus). 
BBWV-1 genome is composed by two positive single stranded 
RNA molecules, RNA 1 and RNA2, encoding for two 
polyproteins further processed by proteolytic cleavage in a 
protease cofactor (PRO-CO), helicase (HEL), a viral genome-
linked protein (VPg), protease (PRO), the RNA polymerase 
(POL), the viral movement protein (MP), a large coat protein 
(LCP) and a small coat protein (SCP). RNA 2 contains a 
second “in frame” start codon into the MP region rendering 
hypothetically a smaller version of MP named MP2. In this 
work, we studied the role played by the MP2 product on plant 
symptom induction and suppression of defence mechanism 
based on the postranscriptional gene silencing (PTGS) 
pathway 
Materials and Methods. Full length cDNA BBWV-1 infectious 
clones (P35S-wt-BBWV-1) were obtained by cloning RNA 1 
and RNA 2 into binary vectors. A mutant form of BBWV-1 
infectious clone non-expressing the MP2 protein (P35S-
∆MP2-BBWV-1) was obtained by elimination of the second 
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start codon into the MP region by inverse PCR. Plasmid 
constructs were agroinfiltrated in N. benthamiana, pepper and 
broad bean plants. Infectivity and BBWV-1 titre was estimated 
by molecular hybridization and RT-qPCR, respectively. The 
role of MP2 as pathogenesis determinant was evaluated by 
transient expression assays in N. benthamiana plants by 
cloning the MP2 gene in a viral expression vector based on 
Potato Virus X (PVX). The ability of MP2 to suppress the 
PTGS was evaluated with two assays based on transient 
expression in N. benthamiana 16C plants and 
complementation with Turnip Crinkle Virus (TCV-sGFP).  
Results. P35S-wt-BBWV-1 induced typical symptoms of viral 
infection such as stunting, severe mosaic and leaf necrosis in 
N. benthamiana and severe or mild mosaic in broad bean and 
pepper plants, respectively, whereas P35S-∆MP2-BBWV-1 
induced only slight stunting and mosaic symptoms. This 
reduction of plant symptom severity was not correlated with 
virus titre. MP2 expression through PVX induced systemic 
necrosis in N. benthamiana plants whereas TCV-GFP 
complementation and MP2 transient expression in N. 
benthamiana 16c plants showed that this viral protein had 
PTGS suppressor activity. 
Conclusions. Results presented here evidenced that the MP2 
protein is a pathogenesis determinant and a PTGS suppressor 
and suggested that MP2 had not effect in on the virus 
movement or replication. 
 
 
 

P063 
MIXED INFECTION OFWATERMELON 
MOSAIC VIRUS AND CUCURBIT 
YELLOW STUNTING DISORDER VIRUS 
IN MELON PLANTS: EFFECTS ON VIRAL 
LOAD DYNAMICS 
 
Domingo-Calap, M.L., Moreno, A.B., And Lopez-Moya, J.J. 
Centre for Research in Agricultural Genomics CRAG, CSIC-IRTA-
UAB-UB, Cerdanyola del Vallès, Barcelona, Spain 
E-mail: marialuisa.domingo@cragenomica.es 
 
Viral diseases in plants can be caused by single infections, or 
by combinations of viruses that occasionally result in 
synergistic interactions. A classical and well studiedexample 
is the sweet potato virus disease, caused by the mixed infection 
of a crinivirus and a potyvirus, in which the titersof the second 
partner are being boosted by the presence of the first. On the 
contrary, a similar combination of the crinivirusCucurbit 
yellow stunting disease virus (CYSDV) with different 
potyvirusesin cucurbitaceous hosts have been described to 
result in increased viral load of the crinivirus partner. This 
variability in responses might derive from the different host 
plants, or from peculiarities of the viruses involved, or from 
combined effects in each one of the pathosystems. 
To characterize in depth the mixed infections by crinivirus and 
potyvirus in cucurbits, we focused in the pathosystem of 
CYSDV and the potyvirusWatermelon mosaic virus (WMV) 
infecting susceptible melon plants (Cucumismelo L., cv. "Piel 
de sapo").As a first objective, we decided to determine the 
dynamics of co-infection under controlled conditions.Viral 
loads were quantified in infected tissues for each one the 
viruses throughqRT-PCR analysis at different time points, 
sampling the plants up to 60 days after infection (dpi).In our 
plant growth conditions, the double infected plants presented 
reduced levels of WMV compared to the individually infected 
controls. The viral load of CYSDV showed a remarkable but 

transient increase in the co-infected plants, peaking at 24 dpi, 
and going down later, although maintaining levels above those 
reached in the case of single infections. Furthermore, super-
infected plants in which the viruses were inoculated 
sequentially are being analysed.Preliminary results suggested 
that late arrival of CYSDV caused less alterations of the WMV 
levels that the simultaneous co-infection. In the case ofthe 
superinfection by WMV, a transient rise of CYSDV 
accumulation was also observed. To complete the work, 
analysis of the gene products with presumed RNA silencing 
suppression activity, HCPro in the case of WMV, and P25 in 
the case of CYSDV,are being performed by standard in vivo 
assays, comparing their activities alone or in combination with 
other gene products of the heterologous partner. 
 
 
 

P064 
FAST DETECTION OF SOUTHERN 
TOMATO VIRUS BY ONE-STEP 
TRANSCRIPTION LOOP-MEDIATED 
ISOTHERMAL AMPLIFICATION (RT-
LAMP) 
 
Elvira-González L., Puchades A.V., Carpino C., Alfaro-
Fernandez A., Font-San-Ambrosio M.I., Rubio L., Galipienso 
L.  
Instituto Valenciano de Investigaciones Agrarias, Valncia 
 
Interest and Objective. Southern tomato virus (STV) is a 
member of the genus Amalgavirus (family Amalgaviridae) 
with a double stranded RNA genome (dsRNA) of about 3.5 kb 
containing two open reading frames (ORFs) which are 
partially overlapped. The 5’-proximal ORF1 encodes for a 
putative coat protein (CP) and the ORF2 contains typical 
motifs of an RNA-dependant RNA-polymerase (RdRp). STV 
has been detected in different tomato (Solanum lycopersicum) 
varieties showing symptoms of stunting, fruit discoloration, 
and reduced fruit size from different production areas (USA, 
Mexico, China, Bangladesh, Italy, France and Spain). The role 
played by STV on development of symptoms remains unclear 
since STV is frequently detected on mixed infections with 
other viruses such as Pepino mosaic virus (PepMoV) and 
Tomato mosaic virus (ToMV) and sometimes in asymptomatic 
tomato plants. STV is seed transmitted at rates higher than 
70% but “horizontal” transmission by vectors is unknown. A 
specific and sensitive method for STV detection is essential to 
improve our understanding on virus symptoms development 
and transmission, as well as implement sanitation programs.  
Material and Methods: One-step reverse-transcription loop-
mediated isothermal amplification (RT-LAMP) assay was 
developed for the detection of STV from total RNA or sap 
extracts (obtained just by grinding in buffer) by using a set of 
three primers pairs corresponding to the STV putative CP 
gene. Amplification products were visualized by gel 
electrophoresis or direct staining in the tube.  
Results: The sensitivity of RT-LAMP was identical to that of 
the conventional RT-PCR but less affected by the presence of 
polymerase inhibitors. RT-LAMP detected STV from RNA or 
sap extracts obtained from field tomato plants whereas 
conventional RT-PCR only detected STV in RNA extracts. 
RT-LAMP detected STV in different tomato tissues, i.e. 
leaves, roots, fruits and seeds.  
Conclusion: Results of this work show that RT-LAMP is a 
specific, rapid and cheap procedure to detect STV and it could 
be implemented on field surveys and sanitation programs. 
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FAST DETECTION BY LOOP-MEDIATED 
ISOTHERMAL AMPLIFICATION (LAMP) 
OF THE THREE BEGOMOVIRUS 
SPECIES INFECTING TOMATO IN 
PANAMA  
 
J. A. Herrera-Vásquez, A. V. Puchades, L. Elvira-González, 
C. Carpino, L Rubio, L. Galipienso   
Instituto Valenciano de Investigaciones Agrarias, Valncia 
 
Interest and objectives. Virus species of Begomovirus genus 
(family Geminiviridae) are transmitted in a persistent manner 
by whiteflies of the species complex Bemisia tabaci 
Gennadius.  Begomoviruses have a circular ambi-sense and 
single-stranded DNA genome (ssDNA) of one or two genomic 
components, denominated DNA-A and DNA-B (2.6 kb – 2.7 
kb). Begomoviruses. The DNA-A sense strand encodes the 
coat protein (CP) and the movement protein (MP) while the 
complementary-sense strand encodes the replication-
associated protein (Rep), a transcriptional activator (TrAP), a 
replication enhancer protein (REn) and the C4 protein which 
is implicated in the cell-cycle control and host response. DNA-
B sense strand encodes a nuclear shuttle protein (NSP) o and 
the complementary strand a movement protein (MP). Three 
bipartite begomoviruses, Potato yellow mosaic Panama virus 
(PYMPV), Tomato leaf curl Sinaloa virus (ToLCSiV) and 
Tomato yellow mottle virus (TYMoV) are the only 
begomovirus infecting tomato (Solanum lycopersicum) crops 
detected in Panama. Infected plants showed symptoms of 
stunting, yellowing, rolling, curling, distortion of leaves and 
reduction of fruit size. A rapid, specific and sensitive detection 
method is essential to know the TYMoV, ToLCSiV and 
PYMPV incidence and impact on tomato crops of Panama and 
to implement sanitation programs as well. 
Material and Methods. One loop-mediated isothermal 
amplification (LAMP) assay was developed for the detection 
of PYMPV, TYMoV and ToLCSiV from DNA extracts of 
infected tomato plants by using of three primers pairs specific 
for each of these virus species. Amplification products were 
visualized by gel electrophoresis or by direct DNA staining in 
the tube. Also, the LAMP was assayed with DNA extracts 
embedded into 3MM wathman papper which were stored 
several days.  
Results. The sensitivity of LAMP was similar to that of the 
conventional PCR and the three begomovirus species were 
successfully detected by LAMP from total DNA extracts 
obtained from infected field tomato plants. Each virus was 
detected and discriminated in single and mixed infections.. 
Moroever, this method was useful to detect the three 
begomovisus species from DNA extracts of infected tomato 
plants embedded into 3MM wathman papper and stored 
several days which could facilitate the processing of a large 
number of samples and the material movement among 
different laboratories 
Conclusions. Results of this work show that the LAMP assay 
is a specific, rapid and cheap procedure to detect the three 
begomovirus species (PYMPV, TYMoV and ToLCSiV) 
infecting tomato Panama. This technique can be implemented 
on field surveys and sanitation programs 
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HOST RANGE AND GENETIC DIVERSITY 
OF TOMATO LEAF CURL NEW DELHI 
VIRUS (TOLCNDV) IN SOUTHEASTERN 
SPAIN 
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1 Escuela Politécnica Superior de Orihuela, Universidad Miguel 
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Alicante, Spain. 2 Centro de Edafología y Biología Aplicada del 
Segura (CEBAS)- CSIC, Departamento de Biología del Estrés y 
Patología Vegetal, 30100 Espinardo, Murcia, Spain 
 
Tomato leaf curl New Delhi virus (ToLCNDV) is a bipartite 
begomovirus that causes important economic losses in 
cucurbit and tomato crops in Asia and the Mediterranean 
basin. This virus was identified in Murcia in 2012 infecting 
zucchini, melon and cucumber crops, and thereafter, outbreaks 
of ToLCNDV affecting cucurbit crops have been reported in 
Spain, Tunisia and Italy. This work aims to determine the host 
range of ToLCNDV in cultivated and wild in the fields, as well 
as studying the genetic variability of ToLCNDV populations 
in Southeastern Spain. 
A total of 627 symptomatic samples from 9 crop species 
cultivated in open-fields and greenhouses, and 255 samples 
from 24 different weed species were collected from different 
locations in Murcia, Alicante and Ciudad Real during 2013–
2016. ToLCNDV detection was carried out by molecular 
hybridization (tissue-print) from plant petiole cross-sections. 
ToLCNDV was detected in all cucurbit crops, except in 
watermelon, despite of high whitefly population numbers 
observed.Among weed species, we found three new alternative 
hosts (Ecballium elaterium, Datura stramonium and 
Sonchusoleraceus), in addition to Solanunnigrum. Total DNA 
was individually extracted from 74 positive samples from 
different geographical locations, years and host plants. Full-
length DNA-A and DNA-B genome sequences were amplified 
by rolling circle amplification, and sequenced by Next 
Generation Sequencing (NGS, Illumina-MiSeq). Our 
preliminary phylogenetic and diversity analyses showed that 
all ToLCNDV isolates sampled from different crops (melon, 
zucchini and cucumber) and weeds (Ecballium elaterium, 
Datura stramonium and Solanunnigrum) are genetically 
homogeneous with no geographical or temporal 
differentiation. Spanish ToLCNDV isolates appear to be 
separated into a differentiated group clearly distinct from 
Asian isolates, most likely reflecting a recent founder effect.  
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IDENTIFICATION AND 
CHARACTERIZATION OF A CAP-
INDEPENDENT TRANSLATION 
ENHANCER AT THE 3´ REGION OF 
PELARGONIUM LINE PATTERN VIRUS 
GENOME 
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Objective. Viruses totally rely on the host translation 
machinery for the synthesis of viral proteins. Despite such 
dependence, many viral RNAs employ translation 
mechanisms that deviate from that typically used by cellular 
mRNAs and that is directed by the 5´-cap structure. One of 
these mechanisms involves the use of 3´-proximal RNA 
sequences as cap-independent translational enhancers (CITEs) 
that, so far, have been exclusively identified in distinct plant 
positive-strand RNA viruses. The 3´-region of the monopartite 
genome of Pelargonium line pattern virus (PLPV, family 
Tombusviridae) was predicted to contain a CITE of the so-
called TED class, a kind of CITE that has been relatively 
under-studied. Here we have aimed to confirm that prediction 
and to obtain insights into the structural and functional 
requirements of the PLPV-TED. 
Material and Methods. Computational analysis of RNA 
secondary structure was performed with the Mfold program. 
In vitro structure probing was carried out using SHAPE 
(selective 2´-hydroxil acylation analyzed by primer 
extension). Translation efficiency was estimated by 
transfecting Nicotiana benthamiana protoplasts with PLPV-
derived reporter RNAs containing a Firefly luciferase (Fluc) 
gene. Specific nucleotide replacements were introduced in 
PLPV constructs through site-directed mutagenesis. 
Infectivity of engineered virus mutants was evaluated by 
bioassay on N. benthamiana plants. 
Results. Reassessment of the secondary structure of the 
putative PLPV-TED through in silico and in vitro approaches 
with the full-length PLPV genome indicated that the presumed 
TED is longer than previously proposed. Such extended 
conformation was nicely supported by the pattern of natural 
PLPV variation and could be predicted for other potential TED 
CITEs of related and unrelated viruses. Translation levels of 
uncapped PLPV-derived reporter RNAs that contained the 
entire CITE were about 10-fold higher than those of equivalent 
RNAs with a truncated or mutated CITE. The high translation 
efficiency of the CITE-containing reporter molecules was 
linked to the possibility of establishing a long-range 
RNA:RNA interaction between the TED and the 5´-region of 
the corresponding RNA. Abrogation of such interaction 
through nucleotide replacements in the TED-CITE or in its 5´-
partner abolished PLPV infectivity that was partially restored 
by introduction of compensatory mutations in the interacting 
elements.  
Conclusions. The predicted PLPV-TED actually works as a 
CITE and its structure is larger than anticipated, as probably 
occurs with other elements of the same type. The TED is 
critical for PLPV efficient translation and infectivity and its 
activity relies on communication with the 5´-RNA region 
through a long-distance RNA:RNA interaction. 
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Plum pox virus (PPV) (genus Potyvirus) causes sharka, one of 
the most damaging diseases affecting stone fruit trees. PPV 
genome is a positive-sense single-stranded RNA encapsidated 
by a single type of capsid protein (CP) in flexuous rod 
particles.Potyviral CP contains a core region highly conserved 
and two more variable N-t and C-t exposed protrusions, 
putatively able to interact. 
The PPV CP is the best-characterized target of O-
GlcNAcylation produced in plants. It is modified by Secret 
Agent, one of the two O-linked N-acetylglucosamine 
transferases identified in Arabidopsis thaliana, in up to seven 
threonines and one serine residue, all located towards the N-
terminus of PPV CP.O-GlcNAcylation of CP has a positive 
role in the infection process, probably intervening in virion 
assembly and/or stability. We previously reported that PPV 
CPis also prone to be phosphorylated in vivo at positions close 
but different from those in which O-GlcNAcylation occurs, at 
Ser25 and Ser81 (N-terminus) and Ser101 and Ser118 (at the 
core proximal region). This process is carried out by still non-
identified kinase enzyme(s). 
In this study, the phosphorylation pattern of PPV CP has been 
further characterized in PPV virions, by ESI tandem mass 
spectrometry. Combining the sensitivity and accuracy at high 
speed processing by TripleTOF with the Ion Trap analysis, 
four additional phospho-targets have been sporadically 
detected along the whole protein: in the N-terminus (pThr71), 
in the core proximal (pThr106), in the core ending (pThr254), 
and in the C-terminus region (pThr313). 
Despite its low detection frequency, at least two of these 
phosphorylationscould be crucial for viral infection. 
Precluding phosphorylation at phospho-targets Thr254 and 
Thr313 do not have an important effect in the infectivity or 
PPV accumulation; however, mimicking phosphorylations at 
these two sites is completely deleterious for viral infection. 
We postulate that the join action of phosphorylation and O-
GlcNAcylation in the N-terminal and C-terminal regions of CP 
allows a fine-tuning of the protein stability, providing the fair 
amount of CP required in each step of viral infection. 
 
 
 

P069 
MIXED INFECTIONS CAN AFFECT THE 
EVOLUTIONARY DYNAMICS OF PEPINO 
MOSAIC VIRUS (PEPMV)IN TOMATO 
CROPS 
 
Alcaide, C.1, Gómez-Aix, C.1, Juárez, M.2, Sánchez-Pina, 
M.A.1, Aranda, M.A.1, Y Gómez, P.*1 
1 Centro de Edafología y Biología Aplicada del Segura (CEBAS)- 
CSIC, Departamento de Biología del Estrés y Patología Vegetal, PO 
Box 164, 30100 Espinardo, Murcia, Spain. 2 Escuela Politécnica 
Superior de Orihuela, Universidad Miguel Hernández de Elche, Ctra. 
de Beniel km 3.2, 03312 Orihuela, Alicante,Spain 
 
Individual plants are often infected in nature with more than 
one related or unrelated virus, and ecological theory predicts 
that co-infections may have large consequences for the 
evolutionary dynamics of these viruses and hence important 
epidemiological outcomes. However, the impactof viral mixed 
infections into agricultural crops is unclear.Pepino mosaic 
virus (PepMV) is an emerging RNA virus that causes severe 
economic losses in tomato crops (Solanum lycopersicum L.) 
worldwide. We are studying the spatio-temporal dynamics 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 102 

 

ofPepMV, combining a population genetics approach with an 
analysis of in planta properties of virus strains to explain 
observed epidemiological patterns.  
Molecular hybridization analysis showed that PepMV 
populations sampled in Murcia between 2005 and 2015 are 
composed of isolates of two types (PepMV-CH2 and PepMV-
EU) that co-circulate. However, whilePepMV-CH2 isolates 
were predominant in the two major tomato-producing areas 
(Mazarrón and Águilas), only mixed infections with isolates of 
both strains had occurrence in Mazarrón, and single infections 
largely predominate in Águilas.A total of 158 PepMV-CH2 
isolatesfrom both geographical locations and years were 
examined. Our phylogenetic and diversity analyses of the 
triple gene block and the coat protein genes showed a clear 
population differentiation according to the tomato-producing 
area with a remarkable high genetic variability within PepMV-
CH2 Mazarrón populations.This suggested that the 
coexistence of CH2 and EU isolates within the same host may 
promote an increasing genetic diversification, as consequence 
of a competitive outcome of mixed infections. To contrast 
thishypothesis, we performed a field experiment where tomato 
plants were singly or mixed infectedwith isolates of the two 
types and remained in cultivation for 120days post-
inoculation.Then, using whole genome sequencing of the viral 
populations by NGS, we found a significantly higher number 
of variantsin mixed infectionsthan in single infections. On the 
other hand, our microscopy preliminary resultsbased on RNA 
in situ hybridization indicated that both PepMV types are able 
to infect the same cell types, and likely to co-infect the same 
cells when infecting the same host plant.  
These results suggest that mixed infections appear to be 
contributing to shaping the genetic structure and dynamics of 
PepMV populations with important epidemiological 
implications. 
 
 
 

P070 
IMPORTANCE OF THE TEMPERATURE 
IN THE INTERACTION PLANT-
GEMINIVIRUS 
 
M. A. Corrales Gutiérrez1, E. R. Bejarano1, A. G. Castillo 
1 Area de Genética.Instituto de Hortofruticultura Subtropical y 
Mediterránea “La Mayora”, Universidad de Málaga-Consejo 
Superior de InvestigacionesCientíficas (IHSM-UMA-CSIC). Campus 
Teatinos. 29071-Málaga, Spain. 
 
Introduction. Geminivirusare plant viruses that have circular 
single-stranded DNA (ssDNA) genome encapsidated in 
twinned quasi-icosahedral (geminate) virionsand are a serious 
threat to diverse economically important crops such as tomato, 
pepper and cassava. TYLCV (Tomato yellow leaf curl virus) 
belongs to the genus begomovirus which is by far, the largest 
of the seven genera in the family Geminiviridae and it is a 
pathogen that induces a devastating disease in tomato in the 
Mediterranean region. Cultured tomatoes are often exposed to 
a combination of extreme heat and infection with TYLCV and 
this combination leads to intense disease symptoms and yield 
losses.The impact of temperature over the interaction tomato-
TYLCVhas been characterized (Ghandi et al., 2016) but these 
results seem to be contradictory to our findings. 
Objective. The main objective of this work is to improve our 
understanding of the impact that high temperature has in the 
interaction plant-geminivirus. 

Material and methods. Nicotianabenthamiana plants were 
infected with TYLCV and growth in a chamber at 21 ºC or at 
35 ºC. The amount of virus, symptoms, plant height and 
number of leaves were monitored at 14, 21 and 28 dpi (days 
post-infection). Three biological replicates were performed, 
each containing 15 infected plants and 10 non-infected plants 
(mock).  
Results. No differences were observed between non-infected 
and infected plants at both temperatures, in plant height or in 
the number of leaves, but the amount of virus and the severity 
of symptoms were significantly reduced in plants at high 
temperature. 
Conclusions. We conclude that TYLCV yield decreases in N. 
benthamiana due to high temperature and ongoing experiments 
in tomato TYLCV-infected plants will let us determine the 
importance of this finding in an agronomical important crop 
and to compare our results with the published data. 
 
 
 

P071 
THE ROLE OF REV1 AND PRIMPOL IN 
GEMINIVIRUS GENETIC VARIABILITY  
 
Díaz Martínez, Luisa,B; Seoane Zonjic, Pedroc; Viguera 
Mínguez, Enriquea; Grande Pérez, Anaa,B 
aÁrea de Genética, Universidad de Málaga, Campus de Teatinos, 
Málaga, Spain.bInstituto de Hortofruticultura Subtropical y 
Mediterránea “La Mayora” (IHSM-UMA-CSIC), Málaga, Spain. 
cDepartamento de Biología Molecular y Bioquímica, Universidad de 
Málaga, 29071, Málaga, Spain. 
 
Single-stranded DNA (ssDNA) viruses, such as plant 
geminiviruses,are important emergent viruses. They are as 
variable as their RNA equivalents and evolve quickly. Several 
factors are responsible for the elevated mutation frequencies 
(around 10-3-10-5 mutations/nt) of ssDNA viruses including 
polymerase replication fidelity, mismatch repair, exogenous 
and endogenous DNA damage, nucleotide imbalances, and the 
action of other cellular DNA modifying enzymes. Indels can 
also be introduced during replication or as a consequence of 
recombination. Mutation bias compatible with deamination 
and oxidation of ssDNA has been observed in geminiviruses. 
This kind of DNA damage is substrate for Translesion DNA 
Polymerases (TLS DNA pols), involved in lesion bypass. TLS 
DNA pols of the Y family lack proofreading activity,have low 
nucleotide selectivity, and exhibit high error rates for base 
substitutions and indels, even in the absence of damage.  
Here, we address the involvement of TLS DNA pols in the 
replication of the geminivirustomato yellow leaf curl virus 
(TYLCV) in Arabidopsis thaliana. We also studied the new 
primase/polymerase Primpol due to its role as TLS DNA pol 
in certain DNA damage.To this end, wtA. thaliana, 
homozygous AtRev1,andAtPrimpolplants were infected with 
TYLCV-Mld infectious clone. Analysis of RNA expression 
and viral loadwas done at 7, 14, 21 and 28 days post infection 
(dpi). Furthermore, weanalyzed by NGS and QuasiFlow 
TYLCV genetic variability at 7 and 28 dpiin A. thalianaRev1 
and Primpol mutant lines. 
The results show that viral load in AtPrimpol is 90% lower 
thanin wtplants, whileviral load in AtRev1is not affected.The 
latter seems to have an important role in the generation of 
TYLCV genetic variability, since the number of transversions 
of cytidine decreased profoundly in A. thalianamutant lines 
rev1-1andrev1-2. As TYLCV genome issingle-strandedand 
therefore more susceptible to damage, Rev1 would have a role 
in DNA damagebypass of viral DNA. Further, Rev1 does not 
seem to be involved in the generation of recombinants. 
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However, Primpol does appear to be implicated in the 
recombination of TYLCV since in its absence we observed a 
significant decrease in the number of events of illegitimate 
recombination in the Rep region of TYLCV between chains of 
the same polarity. Such a region of the TYLCV genome 
contains potential G-quadruplex structures. 
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TRANSCRIPTOME AND METHYLOME 
PROFILING OF TOMATO PLANTS 
INFECTED WITH THE GEMINIVIRUS 
TOMATO YELLOW LEAF CURL VIRUS 
(TYLCV) 
 
Alvaro Piedra-Aguilera1, Ana P. Luna1, Francisco 
Villanueva1, Anna Esteve-Codina2, Juan A. Díaz-Pendón1, 
Eduardo R. Bejarano1 And Araceli G. Castillo1 
1 Instituto de Hortofruticultura Subtropical y Mediterránea 
“La Mayora”, Universidad de Málaga-Consejo Superior de 
Investigaciones Científicas (IHSM-UMA-CSIC), Universidad 
de Málaga, Campus Teatinos, 29071 Málaga, Spain. 
2 Centro Nacional de Análisis Genómico (CNAG). Barcelona 
Science Park. 08028. Barcelona. Spain 
 
Introduction. Geminiviruses are plant viruses with circular, 
single-stranded DNA genomes that infect a wide range of plant 
species and cause extensive losses in crop production 
worldwide. These viruses have highly reduced genomes, 
encoding a limited number of multifunctional proteins 
(ranging from 6 to 8, depending on the species). Strikingly, 
these pathogens efficiently subvert the cell to create a niche for 
viral propagation, triggering changes that are reflected at all 
levels, from gene transcription and protein modification to 
chromatin organization. The global nature of these changes has 
been illustrated by transcriptome profiling of infected plants, 
which identified thousands of differentially expressed genes 
involved in diverse processes ranging from defence and 
programmed cell death to DNA replication and cell cycle 
control. In addition, some of geminiviruses proteins act as 
silencing suppressors that interfere with plant small interfering 
RNA (siRNA) production and alter plant DNA methylation 
and microRNA (miRNA) pathways, often causing 
developmental abnormalities. 
Objective. To uncover the relation between transcriptional 
changes, biogenesis of siRNAs, and deregulation of DNA 
methylation during TYLCV infection of tomato plants through 
time and using different infection methods. A genome-wide 
approach, RNAseq, smallRNAseq and WGBS (whole genome 
bisulfite sequencing) has been used.  
Material and Methods. Tomato plants (Moneymaker) were 
infected under controlled experimental conditions 
(temperature and light) with the geminivirus TYLCV (Tomato 
yellow leaf curl virus) using Agrobacterium tumefaciens or its 
natural vector the whitefly Bemisia tabaci. As control, naïve 
plants and plants infected with agrobacterium (without the 
infective viral clone) or non-viruliferous whiteflies (mock 
plants) were used and samples were taken 2, 7, 14 and 21 days 
post-infection (dpi). Each condition and time point contained 
three biological replicates and each replicate consisted of a 
pool of six plants. Total RNA was extracted from all the 
samples and send to be analyzed by next generation 
sequencing (CNAG, Barcelona, Spain). Total DNA was 

extracted from samples at 14 dpi and send for WGBS (CNAG, 
Barcelona, Spain).  
Results. Comparisons between the transcriptome profiling 
obtained from plants infected with A. tumefaciens or Bemisia 
tabaci did not show significant differences at 7, 14 o 21 dpi, 
indicating that the plant response to the viral presence is 
similar when using both infection methods.  
Functional enrichment of the differentially expressed genes 
showed induction of genes related with response to biotic 
stress, hormone response or lipid and amino acid metabolism, 
while down regulated genes are involved in DNA synthesis, 
RNA silencing and chromatin structure or protein degradation. 
The analysis of the smallRNA-seq and the WGBS is being 
carrying out at this moment and data will be presented and 
discuss. 
 
 
 

P073 
ACTIVATION OF NECROSIS AND PR2-
RELATED RESPONSE ASSOCIATED TO A 
SLIGHT MODIFICATION OF THE C-
TERMINUS OF THE RNA REPLICASENIB 
OF THE POTYVIRUSPLUM POX VIRUS 
 
Mingmin Zhao, FridaMesel-Casanova，David San León, 
Juan Antonio Garcíaand Carmen Simón-Mateo. 
Plant Molecular Genetics, National Centre forBiotechnology (CNB-
CSIC), Campus de la Universidad Autónoma de Madrid, 28049 
Madrid. 
 
A mutant of the potyvirusTobacco vein mottling virus 
(TVMV) with a 58-nt long "AU" rich element expected to fold 
as a stem-loop structure at its 3´UTR (TVMVXBS8), has been 
reported to infect efficiently Nicotianatabacumcausing only 
very mild symptoms (1). To assess the possibility thatthis 
noncoding RNA fragment may induce the symptom 
attenuationalso in another potyvirus, aPlum pox virus (PPV)-
TVMV chimeric virus, including a 333-nt long fragment from 
TVMVXBS8 inserted between the NIb and CP coding 
sequences of PPV, was created and agroinoculatedin 
Nicotianabenthamiana. The chimera was able to cause a 
systemic infection. However, the analysis of the virus progeny 
from systemically infected leaves showed that a virus variant 
was accumulated in which the inserted sequence was deleted. 
This virus variantis predicted to produce an RNA 
replicaseNIbwith a modified C-terminus (NIbmut). The 
systemically infected N. benthamianaleaves accumulating this 
PPV mutant showed a severe necrosis response with the 
overexpression of PR2 protein and low viral CP accumulation 
level. Intriguingly, NIbmut was also selected in the 
systemically infected leavesof N. clevelandiiplants inoculated 
with PPV-TVMV and it was also associated with low viral CP 
accumulation, but not with the PR2-related necrosis response, 
thus uncoupling both phenotypic traits of the NIb-mutated 
virus. Preliminary data from a high-throughput transcriptomic 
analysis by RNA-seqshowed that several stress response 
genes, such as genes encoding PR proteins,and transcription 
factors, such as WRKY, MYB and MYB-related, AF2-EREBP 
orNAC (NAM, ATAF1/2, CUC1/2), are up regulated in 
systemically infected leaves ofN.benthamiana accumulating 
the NIbmut variant. These results suggest that the deletion 
rendering NIbmut allowed PPV-TVMV to escapefrom a non-
identified deleterious effect caused by the TVMV hairpin, and 
the mutated RNA replicase could: i) have a reduced activity, 
explaining low virus accumulation in both N. clevelandii and 
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N. benthamiana, and ii) interact with the N. 
benthamianaimmune system.We propose a speculative 
scenario based on classical arm race models in which plants 
have developed immune responses against a crucial potyviral 
viral protein, the RNA replicaseNIb,and viruses have evolved 
to hide them from the defense device, but small modifications 
of the viral protein structure could unmask it. 
Rodriguez-Cerezo E, Klein P G, Shaw J G. (1991). A 
determinant of disease symptom severity is located in the 3’-
terminal noncoding region of the RNA of a plant virus. Proc. 
Natl. Acad. Sci. USA88:, 9863-9867. 
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TOLECUSATELLITIDAE, THE FIRST 
FAMILY OF NUCLEIC ACID SATELLITES 
RECOGNIZED BY THE ICTV  
 
Elvira Fiallo-Olivé1, Jesús Navas-Castillo1, Rob W. 
Briddon2 
1Instituto de Hortofruticultura Subtropical y Mediterránea “La 
Mayora”, Universidad de Málaga - Consejo Superior de 
Investigaciones Científicas (IHSM-UMA-CSIC), Avenida Dr. 
Wienberg s/n, 29750 Algarrobo-Costa, Málaga, Spain. 
2National Institute for Biotechnology and Genetic Engineering, Jhang 
Road, P.O. Box 577, Faisalabad, Pakistan. 
 
The establishment of a new family, Tolecusatellitidae, to 
encompass the true DNA satellites that associate with 
begomoviruses (genus Begomovirus, family Geminiviridae) is 
reported. This is the first family of nucleic acid satellites 
recognized by the International Committee on Taxonomy of 
Viruses (ICTV). Tolecusatellitidae will comprise two new 
genera, Betasatellite and Deltasatellite, to encompass the 
coding and non-coding satellites, respectively. To update the 
species demarcation criteria for betasatellites, and bring the 
criteria for satellites of both genera into line with those in use 
for the geminiviruses, an exhaustive analysis of the 
distribution of pairwise nucleotide sequence identities was 
undertaken. This analysis indicated that a pairwise-identity-
based species demarcation threshold of 91% would minimize 
conflicts with earlier recommendation for betasatellites and 
yields the range of species that would be expected based on 
sequence variation, host plant, and geographic origin for 
deltasatellites. Molecular and biological characterization of 
the newly discovered deltasatellites will also be presented. 
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AZOSPIRILLIUM BRASILENSE (SP7) 
INCREASES THE VIRAL LOAD WHILE 
COUNTERACTING OXIDATIVE STRESS 
AND ALLEVIATING NEGATIVE 
PHYSIOLOGICAL EFFECTS INDUCED 
BY VIRUSES IN TOMATO AND MAIZE 
 
Lade S.B., Roman C., Cueto-Ginzo, A.I., Rodríguez R., 
Serrano, L. Meler P., Sin  E., Achón M.A., Medina, V. 
Departament de Producció Vegetal i Ciència Forestal, Universitat de 
Lleida 
 

Azospirillum brasilense Sp7, a plant growth-promoting 
rhizobacteria (PGPR) proven to provoke induced resistance 
(ISR) in plants, is studied in combination with two biotrophic 
parasites to better understand how A. brasilense modulates 
cellular activity to palliate the adverse effects induced by 
viruses.   
Utilizing differential proteomics, tomato-(cv. Boludo)-Potato 
virus X (PVX, KJ631111) and maize (cv. B73)/Maize dwarf 
mosaic virus (MDMV, AM110558) pathosystems were 
studied in A. brasilense Sp7 pre-inoculated plants. Protein 
samples were taken during early vegetative growth stages 
post-inoculation to gauge the isolated effects of viruses, A. 
brasilense, and the combination of the two on the plant 
proteomes. Physiological data and gas exchange parameters 
were also recorded for each sampling time. To detect viral and 
bacterial presence, soil isolations and ELISA tests were 
conducted.  
PDQuest proteome discrimination of the different treatments 
revealed a total of 277 spots in tomato and 227 in maize; of 
which, 105 and 78 represented different proteins 
(respectively), while 92 and 76 spots could be identified 
(respectively). In both species, and regardless of protein, the 
most significant variation in A. brasilense and co-inoculated 
plants was always seen at 2 days post inoculation. Most 
fluctuation was in proteins related with energy, metabolism 
and photosynthesis. Those implicated in metabolism show 
significant differences for both virus and A. brasilense 
inoculation; while proteins related with photosynthesis 
descend initially for viral infection and A. brasilense 
inoculation, but for co-inoculation, they stabilize and even 
increase with time. In both species, viral coat protein levels 
were higher in the presence of A. brasilense.  In maize, 
enzymes involved in alleviating oxidative stress, such as 
malate dehydrogenase and ascorbate peroxidase are up-
regulated by co-inoculation. In tomato, superoxide dismutase 
is down-regulated by A. brasilense, and arrested in co-
inoculated plants over their virus-infected counterparts. The 
significant up-regulation of H202-scavenging carbonic 
anhydrases (CAs) in co-inoculated tomato plants is especially 
intriguing, given that ß-class CAs are constituitively expressed 
in A. brasilense.  Plants treated with A. brasilense Sp7 
demonstrate a significant improvement in their development, 
which is maintained even in plants with established viral 
infections. The gas exchange parameters do not demonstrate 
significant differences in tomato; though in maize, the 
photosynthetic rate and water use efficiency are greater, 
delaying MDMV detection by 7 days.   
Findings suggest that the combination of A. brasilense Sp7 and 
biotrophic parasites induce synergistic activity at the cellular 
level to increase the viral load and corresponding stress 
responses, but preserve the host phenotype via heightened 
photosynthetic activity. 
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MOLECULAR CHARACTERIZATION OF 
A NATURALLY OCCURRING 
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Objective. To report the molecular characterization and 
complete genome sequence of two PRSV isolates from 
Colombia. 
Materials and methods.  PRSV isolates were obtained from 
papaya plants with severe mosaic symptoms. total RNA 
extraction was performed on each simple. For genomic 
sequence, nine primer pairs were designed using OLIGO 7 
software. cDNA synthesis was performed using total RNA as 
the template for RT-PCR. PCR reactions were loaded onto 2% 
agarose gels and stained with ethidium bromide. The purified 
cDNA from each sample was cloned into the TOPO TA 
Cloning vector. Plasmid DNA was sequenced. Overlapping 
DNA fragments were assembled. Nucleotide sequences of 
PRSVwere analyzed using the MEGA, RDP, GARD and 
SNAP software. 
Results. The genomes of Colombian PRSV isolates are 10,326 
nt in length and have a predicted ORF of 3344 aa. The identity 
among Colombian PRSV isolates is 96.9% and 97.3% at the 
nucleotide and deduced amino acid levels, respectively. PRSV 
isolates from China had the lowest identity at 78.3% and 
89.2% (nucleotide-amino acid), whereas the highest identities 
were detected in PRSV isolates from Mexico, Venezuela and 
Hawaii. At the polyprotein level, the amino acid composition 
surrounding the active polyprotein cleavage sites differ in the 
Colombian PRSV sequences. The predicted cleavage site in 
P1/HC-Pro is LEQY/N – LEQY/S instead of MEQY/N. Both 
of the Colombian PRSV isolates have a putative 
recombination event in the P1 coding region, which is 
common in all PRSV isolates from the American continent.  
Conclusion. We report the characterization of two PRSV 
isolates from Colombia that devastate papaya crops in the 
Norte de Santander department, and its relationship with 
PRSV isolates around the world. The new full-length PRSV 
sequences from Colombia constitute an important contribution 
to our understanding of the genome dynamics in relation to its 
evolution in America and overseas, with direct implications for 
the control of PRSV based on cross- protection and the use of 
transgenic plants. 
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COMPLETE GENOME SEQUENCE OF 
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COMPLEX AFFECTING PEPPER 
WORLDWIDE  
 
Elvira Fiallo-Olivé1, Elisa Navas-Hermosilla1, Camila G. 
Ferro1,2,3, Francisco M. Zerbini2,3, Jesús Navas-Castillo1 
1Instituto de Hortofruticultura Subtropical y Mediterránea 
"La Mayora", Universidad de Málaga - Consejo Superior de 
Investigaciones Científicas (IHSM-UMA-CSIC), Estación 
Experimental "La Mayora", 29750 Algarrobo-Costa, 
Málaga, Spain. 2Departamento de Fitopatologia/BIOAGRO, 
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In recent years symptoms of vein yellowing and leaf roll have 
been observed in pepper associated to the presence of 
poleroviruses (genus Polerovirus, family Luteoviridae) 
emerging in many countries worldwide. Spain was the first 

country in Europe where this yellowing disease of pepper was 
reported. In this work the complete nucleotide sequence of a 
Spanish polerovirus isolate, shown to be transmitted by the 
aphid Aphis gossyppii, was determined. The genome, 6125 nt 
in length, has the typical organization of poleroviruses and 
consist of six open reading frames (ORF0 to ORF5), putatively 
encoding six proteins (P0 to P5). The comparison of the 
sequence of the Spanish isolate with the four complete 
sequences available forpoleroviruses infecting pepper showed 
a closer relationship to an isolate from Israel and supports the 
existence of a complex of at least five polerovirus species. 
Given that the symptoms caused by all pepper poleroviruses 
described to date are similar, if not identical, we propose to 
name them Pepper vein yellows virus 1 to Pepper vein yellows 
virus 5 (PeVYV-1 to PeVYV-5), with PeVYV-5 
corresponding to the polerovirus from Spain described here. 
Our results and those published over the last few years have 
shown that the genomes of emergent poleroviruses threatening 
pepper crops around the world are highly complex due to 
recombination events. 
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Begomoviruses (genus Begomovirus, family Geminiviridae) 
are an extremely successful group of whitefly-transmitted 
emerging ssDNA viruses infecting a broad range of plant 
species and causing devastating crop diseases throughout the 
world, particularly in sub-tropical and tropical regions. Beside 
cultivated plants, numerous weeds and other wild plants can 
act as virus reservoirs. A survey was conducted in Uganda in 
2015 aimed at characterizing ssDNA viruses infecting 
symptomatic wild plants. Putative full-length begomovirus 
genomes and DNA molecules of half the begomovirus genome 
component size were amplified by rolling circle amplification 
(RCA) using φ29 DNA polymerase, then cloned and 
sequenced. Sequence analysis indicated the presence of eight 
novel begomovirus species and a novel betasatellite in fifteen 
out of thirty-eight samples collected. Genome components of 
the identified novel virus species had the typical organization 
of the Old Word begomoviruses, and for the novel 
betasatellite, the genome organization was typically similar to 
that of other betasatellites. The novel begomovirus species 
reported here include a monopartite begomovirus-betasatellite 
complex that infects Vernonia amygdalina (family 
Compositae), bipartite begomoviruses isolated from Tragia sp. 
(family Euphorbiaceae), Ocimum sp. (family Lamiaceae) and 
Asystasia sp. (family Acanthaceae), and a distinct bipartite 
begomovirus (legumovirus) which has been found infecting 
the leguminous weed Desmodium sp. (family Leguminosae). 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 106 

 

These results have revealed additional diversity and new 
reservoir hosts of begomoviruses in East Africa. 
 
 
 

P079 
GENETIC AND CHEMICAL 
MODIFICATIONS OF PLANT-MADE 
FLEXUOUS VIRAL PARTICLES WITH 
NANOBIOTECHNOLOGICAL PURPOSES 
 
Ivonne González-Gamboa, Pilar Manrique, Luis F. Pacios, 
Flora Sánchez, Fernando Ponz 
Centro de Biotecnología y Genómica de Plantas UPM-INIA, Madrid. 
 
Objective. In this work we developed plant-made 
nanoparticles derived from Turnip mosaic virus (TuMV), a 
potyvirus, that can be exploited as scaffolds for building 
modified nano-objects and can be used as diagnostic tools, for 
antibody generation, immunization, or as biomaterials in 
general. These Viral Nanoparticles (VNPs) fall into two 
biological categories: either enclosing a nucleic acid (virions) 
or without the nucleic acid (empty virus-like particles, eVLPs). 
The modifications imposed on VNPs can also be achieved by 
two main approaches: genetic or chemical modifications. Each 
of them has particular pros and cons for nanotechnological 
deployment. Overall, it is the first case of genetic or chemical 
conjugation in plant-made potyvirus VNPs. 
Materialsand methods. We produced the VNPs either by 
inoculation of Indian mustard(Brassica juncea) with the 
infectious TuMV virus, or by agroinfiltration of the tobacco 
relativeNicotianabenthamiana with the TuMV coat protein 
cDNA (CP) on a pEAQ vector for high protein expression. As 
a proof-of-concept, we selected a human thrombin receptor 
peptide (TR) for the genetic modification,and low-molecular-
weight compounds (hapten-like) for the chemical 
modification. VNPs assessment was done by SDS-PAGE, 
Western Blot and transmission electron microscopy.  
Results. Significant production of TR-CP VLPs and 
TuMVvirions was obtained from plant leaves. VNPs were 
observed under an electron microscope after 
immunodecoration with anti-TR antibody or anti-biotin 
antibody, respectively. Both VNPs proved capacity to log-
increase the ability of antibody-sensing.  
Conclusions. We show that it is possible to conjugate, 
genetically and chemically,peptides and low-molecular-
weight compounds to Turnip mosaic virusvirions or VLPs. 
They improve the capacity to sense antibodies compared to 
free peptide or free hapten-like molecules. This work outlines 
the potential of these virions and VLPs for their use in 
numerous nanobiotechnological applications. 
 
 
 

P080 
INTERACTION BETWEEN THE 
MONOPARTITE AND THE BIPARTITE 
BEGOMOVIRUSES TOMATO YELLOW 
LEAF CURL VIRUS AND TOMATO LEAF 
CURL NEW DELHI VIRUS, EFFECT ON 
VIRUS EVOLUTION. 
 

Fortes, I.M., Díaz-Martínez, L., Grande-Pérez, A., Moriones, 
E. 
Instituto de Hortofruticultura Subtropical y Mediterránea “La 
Mayora”, Universidad de Málaga-Consejo Superior de 
Investigaciones Científicas, Málaga, Spain 
 
 
Objectives. Begomoviruses (genusBegomovirus, 
familyGeminiviridae), transmitted in nature by the whitefly 
(Hemiptera:Aleyrodidae)Bemisia tabaci, cause emerging 
diseases in economically important crops in warm regions of 
the world. The genome of these viruses comprise one 
(monopartite genome) or two (DNA-A and DNA-B, bipartite 
genome) circular single-stranded DNA molecules of ca. 2.7 
kb.In Spain, since early 1990s,epidemics in tomato of 
monopartite begomoviruses related totomato yellow leaf curl 
virus(TYLCV) cause severe economic loss. Recently, 
epidemics of the bipartite begomovirus tomato leaf curl New 
Delhi virus (ToLCNDV) havebeen reported to damage mostly 
cucurbits, among them zucchini squash. We demonstratedthat 
ToLCNDV isolates reported in Spain are able to establish 
long-lasting infections in tomato although with low efficiency. 
The possible occurrence of mixed infections of TYLCV and 
ToLCNDV in tomatois a cause of concern because interactions 
that determine competition or synergismmight 
compromisetheir control. Also, given to the frequent ability of 
begomoviruses to recombinein mixed infections,recombinants 
with novel biological properties might arise in plants co-
infected with TYLCV and ToLCNDV. Therefore, TYLCV-
ToLCNDV interactions have been studied. 
Materials and Methods. Based on the previously constructed 
infectious clones of TYLCV and ToLCNDV we have studied 
the consequences of mixedinfections of these viruses in plants 
of TYLCV-susceptible and TYLCV-resistant tomatoes, and in 
plants of the more permissive host Nicotiana benthamiana. By 
using massive sequencing methodologies, we analysed the 
presence of recombinant genomes and their variability in each 
virus/host combination. Also, the ability of the monopartite 
begomovirus TYLCV to maintain the DNA-B of ToLCNDV 
was investigated to determine if modulation of pathogenicity 
or host range can occur.  
Results and Conclusions. The results indicate that although no 
significant biological effect was observed in TYLCV-
ToLCNDV interaction, virus evolution might be modulated 
during mixed infections.In co-infected tomato and N. 
benthamiana plants TYLCV accumulatedpreferentially. No 
recombinants were found between TYLCV and ToLCNDV, or 
betweenToLCNDV DNA-A and DNA-B.However, in N. 
benthamiana plants co-infection favoured genetic diversity by 
increasing mutation frequency and intramolecular 
recombination. Further, in tomato infections ToLCNDVDNA-
B was almost absent which is in contrast with 
ToLCNDVDNA-A and DNA-B being equally represented in 
N. benthamiana plants.In this talk we will discuss about the 
biological sense of this virus interaction and consequences for 
emergence. 
 
 
 

P081 
A RECOMBINANT POTATO VIRUS Y 
INFECTIOUS CLONE TAGGED WITH 
THE ROSEA1 VISUAL MARKER (PVY-
ROS1) FACILITATES THE ANALYSIS OF 
VIRAL INFECTIVITY AND ALLOWS THE 
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PRODUCTION OF LARGE AMOUNTS OF 
ANTHOCYANINS IN PLANTS 
 
Teresa Cordero1, Mohamed A. Mohamed1, Juan-José López-
Moya2, José-Antonio Daròs1 
1Instituto de Biología Molecular y Celular de Plantas (CSIC-
Universidad Politécnica de Valencia), 46022 Valencia; 2Centre for 
Research in Agricultural Genomics (CRAG) CSIC-IRTA-UAB-UB, 
Campus UAB Bellaterra, 08193 Barcelona 
 
Potato virus Y (PVY) is a major threat to cultivation of potato 
and other solanaceous plants, and Rosea1 is a plant MYB-type 
transcription factor whose expression activates the 
biosynthesis of anthocyanin pigments in a dose-specific and 
cell-autonomous manner. By inserting a cDNA that encoded 
the snapdragon (Antirrhinum majus L.) Rosea1 transcription 
factor into a PVY infectious clone, we created a 
biotechnological tool (PVY-Ros1) that allows tracking of 
infection by this relevant plant virus by the naked eye with no 
need for complex instrumentation. Our experiments showed 
that mechanical inoculation of solanaceous plants with PVY-
Ros1 induced the formation of red infection foci in inoculated 
tissue and solid dark red pigmentation in systemically infected 
tissue, which allows disease progression to be easily 
monitored. By using silver nanoparticles, a nanomaterial with 
exciting antimicrobial properties, we proved the benefits of 
PVY-Ros1 to analyze novel antiviral treatments in plants. 
Spraying of plant tissues with 1000 ppm of silver nanoparticles 
in water two days ahead of inoculation highly reduced the 
number of infection foci. PVY-Ros1 was also helpful to 
visually monitor the virus transmission process by an aphid 
vector. Most importantly, the anthocyanin analysis of infected 
tobacco tissues demonstrated that PVY-Ros1 is an excellent 
biotechnological tool for molecular farming since it induces 
the accumulation of larger amounts of anthocyanins, 
antioxidant compounds of nutritional, pharmaceutical and 
industrial interest, than those that naturally accumulate in some 
fruits and vegetables well known for their high anthocyanin 
content. Hence these results support the notion that the virus-
mediated expression of regulatory factors and enzymes in 
plants allows easy and fast engineering of the plant 
metabolism. 
 
 
 

P082 
IMPORTANCE OF VESICLE 
TRAFFICKING IN THE ESTABLISHMENT 
OF A GEMINIVIRAL INFECTION 
 
P. Cana-Quijada1, T. Rosas-Díaz2, Lozano-Durán R. 2 And 
E.R. Bejarano1 
1Dpto. Biología Celular, Genética y Fisiología. Área de 
Genética Instituto de HortofruticulturaSubtropical y 
Mediterránea “La Mayora” (IHSM-UMA-CSIC), 
Universidad de Málaga, Málaga, Spain E-mail: 
pepecana@uma.es 
2. Shanghai Center for Plant Stress Biology (PSC), Shanghai 
Institutes of Biological Sciences, Chinese Academy of 
Sciences, Shanghai 201602, China. 
 
Introduction. Geminiviruses produces some of the most 
devastating diseases for agriculture worldwide.Geminiviral 
genomes encode only 5 to 7 proteins, forcing them to rely 
heavily on host cellular machineries and to interact with a high 

amount of host proteins in order to complete a full 
infection.The identification of the host proteins involved in 
viral infection will be an important step towards the 
understanding of the mechanisms underlying this process and 
develop new strategies to generate new sources of 
resistance.Previous efforts from our grouphave identified 
several genes involved in vesicle trafficking. 
Objectives. The main aim of this work is to elucidate the role 
of the plant cell’s vesicle trafficking in a geminiviral infection.  
Matherials and methods. 
TransgenicNicotianabenthamianaplants containing a green 
fluorescent protein (GFP) expression cassette flanked by two 
direct repeats of the intergenic region of TYLCSV have been 
constructed (2IR plants). When these plants are infected with 
TYLCSV, an overexpression of the reporter gene is observed 
in those cells where the virus is actively replicating. 
2IR plants were used in combination with virus induced gene 
silencing (VIGS), to identify vesicle trafficking genes 
involved in the infectious process.Viral replication was 
monitorized by GFP expression. Viral accumulation was 
determined using qPCR. 
Results. When silenced, four of the assessed genes reduced 
dramatically the viral amounts or completely abolished the 
infection. On the other hand, three of them had no significant 
effect over the infection and one of them seems to cause a 
slight increase in viral accumulation.  
Conclusions. The vesicle trafficking machineryplays an 
essential role in geminivirus infection. Assays to determine 
whether the described effect is due to a lack of replication or 
movement of the virus inside the plant cells are in progress. 
 
 
 

P083 
IDENTIFYING HOST FACTORS WHOSE 
EXPRESSION CORRELATES WITH 
DIFFERENCES IN VIRAL FITNESS 
 
Héctor Cervera1,*, Silvia Ambrós1,*, Guillermo 
Rodrigo1,2,*, Guillermo P. Bernet1, Ruben Bakker1, 
Santiago F. Elena1,2,3 
1Instituto de Biología Molecular y Celular de Plantas, CSIC-UPV, 
Campus UPV CPI 8E, Ingeniero Fausto Elio s/n, 46022 València, 
Spain 
2Instituto de Biología Integrativa y de Sistemas, CSIC-UV, 
ParcCientífic UV, Catedrático Agustín Escardino 9, 46980 Paterna, 
València, Spain 
3The Santa Fe Institute, 1399 Hyde Park Road, Santa Fe, NM 87501, 
USA 
*Equal contribution 
 
Determinationof fitness forviral genotypes is a standard 
practice in evolutionary virology.  Darwinian fitness, defined 
as the advantage of a given genotype respect to a referenceone, 
is a macroscopic propertythat captures into a single figure 
differences in performance at different stages during viral 
infection: cell entry, genome replication, translation, 
encapsidation, stability, and movement of viral particles 
outside the cell and, of course, interaction and regulation of all 
kind of host’s defense pathways.Fitness is an essential 
parameter to evaluate the evolutionary potential of a given 
viral genotype. To which extent the expression of certain host 
genes determines viral fitness? Can we identify host’s genes 
whose expression have a significanteffect on viral fitness?To 
which functional classes and regulatory networks do belong 
these genes? To tackle these questions, we have compared the 
transcriptomes of Nicotianatabacum plants infected with a 
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collection of seven genotypes of tobacco etch potyvirus (TEV) 
that differ in relative fitness.  The larger the fitness differences 
relative to wildtype TEV, the more dissimilar the 
transcriptomic profiles are:genotypes with similar fitness 
values also induce more similar alterations in the host 
transcriptome. Host genes belonging tofunctional classes such 
ascell localization and transport, photosynthesis and protein 
modification were differentially expressed (DEG) in all 
genotypes albeitin the mutant with the lowest fitness. 
Interestingly, some of DEGs are significantly altered by all 
TEVgenotypes regardless their fitness (e.g.,abiotic stress 
responses, secondary metabolism, response to stimulus, and 
cell death)while others depend on viral fitness (e.g., regulation 
of gene expression, hormone signaling, biotic stress, signal 
transduction, lipid metabolism, or host defenses). We 
identified 326 genes whose expression showed a positive 
correlation with TEV fitness and154 genes witha negative 
correlation.  To validate these correlations, we have analyzed 
the expression of five host genes from each group (positive: 
GASA1, VQ29, DCL2, AGO1,PLAT1; negative:GBSS1, 
AGL20, ADK2, FDM1, and RBCS3). Over-expression of the 
first group would activate plant defense pathways mediated by 
hormones (mainly) in response to successful viral 
infection.While, the decreasing gene expression of the second 
group would reduce general metabolism, growth and 
developmentand/or plant viral resistance, resulting in higher 
host susceptibility. In terms of regulatory networks, genes 
showing a positive correlation with viral fitness tend to be 
more connected than negativelycorrelated genes, thus having 
a high potential to alter many host responses in short steps. 
 
 
 

P084 
UNVEILING VIROID RNA NATIVE 
STRUCTURE BY ATOMIC FORCE 
MICROSCOPY 
 
Miguel Moreno1, Luis Vázquez2, Amparo López-Carrasco3, 
José Ángel Martín-Gago1,2, Ricardo Flores3, Carlos 
Briones1,4. 
1 Department of Molecular Evolution, Centro de Astrobiología 
(CSIC-INTA), Torrejón de Ardoz, Madrid, Spain. 2 Instituto de 
Ciencia de Materiales de Madrid (CSIC), Cantoblanco, Madrid, 
Spain. 3 Instituto de Biología Molecular y Celular de Plantas (CSIC-
UPV), Valencia, Spain. 4 Centro de Investigación Biomédica en Red 
de enfermedades hepáticas y digestivas. (CIBERehd), Spain 
 
Introduction and Objectives. Viroids are the smallest known 
nucleic acid-based infectious agents. Their genomes consist of 
single-stranded, circular and non-coding RNAs ranging in size 
from 250 to 400 nucleotides. Viroids replicate and spread 
throughout infected plants, in which they frequently induce 
diseases by altering host gene expression and developmental 
processes. Data derived from in silico, in vitro and in vivo 
approaches support that viroid RNA genomes are largely self-
complementary, folding into collapsed secondary structures 
that show double-stranded RNA stretches flanked by loops 
without apparent structure although stabilized by non-
canonical interactions. Potato spindle tuber viroid (PSTVd) is 
the type member of the family Pospiviroidae. Its 359 nt-long 
genome adopts a rod-like secondary structure in the native 
state, with five structural domains that are critical for 
replication in the cell nucleus and systemic trafficking. In 
contrast, members of the family Avsunvioidae, like eggplant 
latent viroid (ELVd) and peach latent mosaic viroid (PLMVd), 
replicate in plastids and adopt either bifurcated or 

multibranched conformations, occasionally stabilized by 
kissing loop interactions that are required for viroid viability 
in vivo. However, data on the three-dimensional (3D) native 
structure of viroid RNA genomes are still required. 
Materials and Methods. Atomic Force Microscope (AFM) has 
become a true enabling platform in life sciences, allowing 
structural and dynamic studies of biological systems. One of 
the main advantages of AFM over electron microscopy-based 
techniques is that it offers a 3D surface profile of the imaged 
sample without requiring any staining or coating, thus 
minimizing the structural disruption of the biological entity 
under study and allowing visualization and manipulation 
across length scales that range from single molecules to living 
cells. Therefore, AFM is increasingly used in different fields, 
including virology. In particular, AFM has matured to provide 
nanometer spatial resolution of RNA molecules of different 
lengths, as well as of RNA-RNA or RNA-protein complexes. 
Within this framework, based on our previous experience in 
AFM imaging of structured RNA molecules of viral origin, we 
are using AFM to analyze viroid RNAs in order to get a deeper 
insight into their 3D structure. 
Results and Conclusions. We have performed a comparative 
structural analysis of different wild type and mutant viroid 
genomic RNAs belonging to the families Pospiviroidae 
(PSTVd) and Avsunvioidae (ELVd and PLMVd). The main 
results obtained will be summarized in this presentation. 
 
 
 

P085 
COMPARISON OF THE RATES OF 
COMPENSATORY EVOLUTION IN 
CODING AND NON-CODING SEQUENCES 
OF A PLANT RNA VIRUS 
 
Silvia Ambrós1 And Santiago F. Elena1,2,3 
1Instituto de Biología Molecular y Celular de Plantas, CSIC-UPV, 
Campus UPV CPI 8E, Ingeniero Fausto Elio s/n, 46022 València, 
Spain. 2Instituto de Biología Integrativa y de Sistemas, CSIC-UV, 
ParcCientífic UV, Catedrático Agustín Escardino 9, 46980 Paterna, 
València, Spain. 3The Santa Fe Institute, 1399 Hyde Park Road, 
Santa Fe, NM 87501, USA 
 
Rates of compensatory evolution depend on the magnitude of 
the effect of the mutationto be compensated as well as on the 
sign and magnitude of the potential epistaticinteractions 
between deleterious and compensatory mutations. It is also 
expected that structuralconstraints uponviral RNA regulatory 
sequences may impact their rate of compensatory evolution. 
How do the rates of compensatory evolution compare among 
regulatory and coding RNA sequences?  If different, how they 
affect phenotypic evolution?  To tackle these questions, we 
compared the rates ofcompensatory evolution () fora set of 
eight singleand tendoublemutantsof tobacco etch potyvirus 
(TEV), which differ in the mutations introduced (ORF 
vs5’UTR), their fitness effects and the sign and magnitude of 
the epistatic interactions in the case of double mutants.We 
have evolved fiveindependent lineages for each of these 
eighteen mutantgenotypes (plus the wild type) for 12 serial 
passages in the natural host.  Three phenotypic traits were 
evaluatedper evolving lineageat each passage: infectivity (i), 
area under the disease progression stair (AUDPS) and 
malthusian growth rate (m). Overall differences in for the 
three traits have been observed between coding and non-
coding regions: 1) average form was positive for the ORF 
but negative for the 5’UTR, while AUDPS and iaverage 
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values were all negative (slightly more for the 5’UTR), 2) 
significant differences exist among genotypes from the same 
regions, 3)  valueswere positively correlated for the three 
variables.Interestingly, the expected significant negative 
association between (AUDPS and m) and the magnitude of 
the original fitness effect has been observed: the more 
deleterious genotypes recover fitness faster than the less 
deleterious ones. Regarding the effect of the type of epistasis 
among pairs of deleterious mutations on , no clear 
association was observed.  Likewise, no significant association 
has been observed between the number of mutations to be 
compensated and . We are now characterizing the genetic 
variability accumulated on each evolving lineage in three 
passages (first, middle and final passages) as wellas 
identifying and characterizing the nature of the compensatory 
mutations fixed on each case. 
 
 
 

P086 
TRUNCATION OF A P1 LEADER 
PROTEINASE FACILITATES POTYVRUS 
REPLICATION IN A NON-PERMISIVE 
HOST 
 
Hongying Shan1, Fabio Pasin1†, Juan Antonio García1§, 
Bernardo Rodamilans1§. 
1Departamento de Genética Molecular de Plantas, Centro Nacional 
de Biotecnología (CNB-CSIC), Campus Universidad Autónoma de 
Madrid, Darwin 3, 28049 Madrid, Spain. 
† Current address: Agricultural Biotechnology Research Center, 
Academia Sinica, 11529 Taipei, Taiwan. 
 
The Potyviridae family is a major group of plant viruses that 
includes ca. 200 species, most of which have narrow host 
ranges. The potyvirid P1 leader proteinase self-cleaves from 
the remainder of viral polyprotein and shows large sequence 
variability linked to host adaptation.P1 can be classified as 
type A or type B based on host factor requirements among 
other features.Based on this, Type A P1 proteinsinclude 
proteins of viruses of the genus Potyvirusand P1a proteins 
from some ipomoviruses, and their catalytic activity is host 
factor(s)-dependent. In contrast, Type B P1 proteins, 
represented by the P1b protein of the ipomovirusCucumber 
vein yellowing virus, do not depend on host factors to self-
cleave. 
In this work we intend to study Type A P1 proteins and 
characterize their host factor interaction and their relevance in 
host determination. We use in vitrotranslation experiments and 
in planta studies with a combination of transient expression 
constructs and modifiedPlum pox virus(PPV) vectors.  
We performed in vitro analysis to characterize the N-terminal 
antagonistic domain of PPV P1 protease and assessedthe 
relevance that the C-terminal domain of P1 proteases bears for 
the host factor interaction.Deletion mutagenesis analysis 
showed that although the N-terminal region of Type A P1 
proteins is determinant for self-cleavagedependence on host-
specific factors, interaction with these host factors also involve 
the more conserved C-terminal protease domain. More 
important, aPPV clone with a truncated Type A P1 displayed 
a gain-of-function phenotype, deeply increasing local 
infection inCucumissativus, a non-permissive host of PPV. 
These results help define P1-host factor interaction raising 
interesting possibilities regarding adaptation and evolution of 
potyvirids. 

P087 
ALFALFA MOSAIC VIRUSAND P12 
PLANTS, A UNIVERSAL TOOL FOR 
SCREENING RNA SILENCING 
SUPPRESSORS  
 
Sánchez-Navarro, Jesús Á., Navarro, José A., Martínez-
Pérez, Mireya Andpallás, Vicente 
Instituto de Biología Molecular y Celular de Plantas (CSIC-UPV). 
Campus UPV, CPI 8E. C/ Ingeniero Fausto Elio s/n, 46022 Valencia. 
E-mail: jesanche@ibmcp.upv.es 
 
Objective. Development of a universal tool for the analysis of 
the RNA silencing suppressor (RSS) activity, based on the use 
ofAlfalfa mosaic virus(AMV) as a vector 
Material and Methods. Screening of RSSactivity  is usually 
analyzed using three different well-known assays: i) co-
infiltration with the reporter green fluorescent protein (GFP) 
in transgenic Nicotianabenthamiana line 16c plants at local 
and systemic level (Voinnet et al., 1998. Cell 95, 177); ii) 
infectivity assays using pGR107, a Potato virus X (PVX) 
vector expressing each heterologous protein in N. benthamiana 
plants(Voinnet et al., 1999. Proc. Natl. Acad.Sci. USA96, 
14147) and, iii) the complementation of the cell-to-cell 
movement of Turnip crinkle virus (TCV)(Powers et al., 2008. 
MPMI 21, 879) by transient expression of a RSS.  
We propose here the use of AMVas a vector to screen RSS 
activities based on a modified RNA 3 that permits the 
expression of heterologous proteins (Sánchez-Navarro et 
al.,2001. Arch. Virol. 146, 923). Transgenic Nicotianatabacum 
plants that express the P1 and P2 subunitsof the AMV 
polymerase (P12 plants) were inoculated with transcripts 
derived from the modified AMV RNA3. The necrosis 
phenotype associated to the RSS activity was monitored on the 
inoculated leaves between 3-7 days post inoculation. 
Results. AMV is the type member of the Alfamovirus genus 
within the family Bromoviridae. Its genome consists of three 
positive RNAs. MonocistronicRNAs 1 and 2 encode P1 and 
P2 proteins of the RNA polymerase complex, respectively. 
RNA 3 contains two open reading frames encoding the 
movement protein (MP) and coat protein (CP), which is 
expressed through a subgenomic RNA or RNA 4. Previous 
analysis showed that the AMV MP gene is functionally 
interchangeable for long and short distance transport by the 
corresponding gene of viruses belonging to eight genera of the 
viral family 30K (Fajardo et al. 2013, J. Gen. Virol.94, 677). 
However, we observed that the AMV RNA 3 carrying the MP 
of Prunus necrotic ringspot virus induced a specific necrosis 
signal clearly visible on the inoculated leaves of the P12 plants. 
Further analysis using a modified AMV RNA3 that permits the 
expression of heterologous proteins and several mutants of 
Tobacco etch virusHC-Pro affected in their RSS activities 
(Torres-Barceló, et al., 2008. Genetics 180, 1039) showed a 
perfect correlation between the necrosis signal and the 
silencing suppressor activity. Similar necrosis signal was 
observed using the well-known RSS P19 and 2B proteins from 
Tomato bushy stunt virus and Cucumber mosaic virus, 
respectively. Finally, we observed that RSS activity associated 
to the MP of PNRSV was not detected using the more extended 
assays for such analysis (N. benthamia 16c plants, PVX or 
TCV), indicating the powerful of the new AMV-P12 plants for 
screening of RSS. 
Conclusions. We have developed a new assay for screening of 
RSS based on the AMV RNA3 and the P12 plants, allowing 
the identification of new RSS that were not detectedby 
previous established assays. 
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STUDY OF THE PTGS SUPPRESSOR 
ACTIVITY OF V2 PROTEIN 
FROMGEMINIVIRUSBEET CURLY TOP 
VIRUS 
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Castillo1, Gabriel Morilla1, Liping Wang3, Rosa Lozano-
Durán3and Eduardo R. Bejarano1 
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Superior de InvestigacionesCientíficas (IHSM-UMA-CSIC).Campus 
Teatinos.29071, Málaga, Spain.E-mail: analuna@uma.es. 2 
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Introduction: Suppression of gene silencing is a key 
mechanism for the success of viral infection in plants. DNA 
viruses from the Geminiviridae family encode several proteins 
that suppress post- and transcriptional gene silencing 
(PTGS/TGS). In Begomovirus V2 has been shown to be the 
strongest PTGS suppressor in transient assays. Beet curly top 
virus (BCTV), the model species for the Curtovirus genus, is 
able to infect the widest range of plants among geminiviruses. 
In this genus, only C2 protein has been described to inhibit 
PTGS and TGS. 
Objective: Our main goal is to test the PTGS suppressor 
activity of BCTV V2 and to study further its gene-silencing 
suppression mechanism.  
Material and methods: To determine whether BCTV V2 is also 
a gene silencing suppressor we carried out transient expression 
assays in Nicotianabenthamiana wild-type or the 16c GFP-
expressing line: plant leaves were agroinfiltrated with binary 
constructs to express GFP (35S:GFP) and V2.Visual detection 
of GFP fluorescence wasconfirmed by western blot. Relative 
levels of the GFP-specific siRNAs were determined by 
northern blot. We also expressed the V2 ORF from a Potato 
virus X-derived vector in N. benthamiana plants.As an 
approach to identify a genetic target of V2 in the antiviral 
silencing pathway, we carried out a complementation analysis 
of BCTV-∆V2 in a series of Arabidopsis thaliana mutants 
deficient in specific components of this pathway involved in 
DNA virus siRNA production and amplification (DCL2, 
DCL3, DCL4, RDR6 and RDR2). Arabidopsisplants were 
infected byagroinoculation and the amount of viral DNA was 
measured byreal-time qPCR. To gain more insight into the 
gene silencing suppression mechanism of V2, we generated 
Arabidopsis plants overexpressing the viral protein. Wild-type 
(Col-0) plants, as well as, plants containing the SUC-SUL 
hairpin or the AMPLICON (AMP) constructs were 
transformed with the same V2 expression cassette used for the 
gene silencing assays. 
Results: Like its begomoviral counterpart, BCTV V2 is a 
potent PTGS suppressor and produces an HR-like response in 
N. benthamiana plants when expressed from PVX. The 
molecular and genetic analysis of transgenic plants expressing 
V2 indicates that, as the begomoviral V2, BCTV V2 inhibits 
the RDR6/SGS3-dependent silencing pathway. Finally, 
infection assays in Arabidopsis mutants confirm the 
importance of the RDR6/SGS3 pathway in defence against 
curtoviruses, and reveal an additional RDR6/SGS3-
independent gene-silencing suppression mechanism of V2.  

Conclusions: BCTV V2, as begomovirus V2 protein, 
suppresses PTGS by impairing the RDR6/SGS3 pathway. 
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Viral mRNAs have evolved numerous mechanisms to recruit 
the host translational machinery, allowing them to compete 
with host mRNAs and avoid defence mechanisms that act at 
the level of translation. Thus, while most plant-encoded 
mRNAs contain a 5´-cap and a poly(A)-tail that act 
synergistically to stimulate translation, ~80% of known 
positive-strand RNA plant viruses lack one or both of these 
features in their genomic and subgenomic RNAs. Some of 
them contain in their 3´-UTRs RNA elements able to enhance 
their cap-independent translation (3´-CITEs). We have shown 
that cap-independent translation of Melon necrotic spot virus 
(MNSV, family Tombusviridae, genus Carmovirus) RNA is 
controlled in cis by a 3´-CITE (Truniger et al., 2008). 
Remarkably, MNSV 3´-CITEs are diverse, including at least 
Mα5TE, M264TE and CXTE (Truniger et al., 2008; Miras et 
al., 2014). The CXTE has been acquired by recombination 
with an Asiatic isolate of Cucurbit aphid-borne yellows virus 
(CABYV; family Luteoviridae, genus Polerovirus), 
suggesting that 3´-CITEs are modular, interchangeable 
structural elements. Here we show that CABYV Asiatic and 
European isolates have two different translational enhancers. 
For all five different 3´-CITEs that we have identified, we 
analysed their secondary structure and showed that the 
translation enhancer activity depends on the presence of the 
genomic 5´-end in cis. In spite of this 5´-end dependence their 
modes of action differ: M5TE depends on the eukaryotic 
translation initiation factor eIF4E and melon plants with a 
modified eIF4E are resistant to MNSV isolates with this 3´-
CITE (Nieto et al., 2011). On the other hand, the other four 3´-
CITEs are eIF4E-independent, conferring translational 
competence to RNAs in the absence of this factor.  
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Objectives: To correlate HBsAg quantification and HBV DNA 
levels, compare costs inherent to each test and establish the 
time needed to report data that allows easier clinical decision 
making in the context of managing this nosologic entity and its 
treatment, demonstrating its cost/efficiency suitability. 
Methods: A transversal retrospective study was carried out, 
analyzing the results obtained from 63 patients diagnosed with 
chronic hepatitis B positive for HBsAg, anti-HBc antibodies 
and negative for HBeAg (95% of cases) and anti-HBe 
antibodies (84% of cases). In these sera, DiaSorin LIAISON 
XL HBSAgQ (chemiluminescence-EIA) was used for 
quantitative determination of HBsAg and then the results were 
correlated with HBV DNA levels determined using COBAS 
AmpliPrep/COBAS TaqMan HBV Test, v2.0 (ROCHE).  
The statistical analysis was done using the IBM SPSS 
Statistics21 program, assessing the Pearson correlation 
coefficient.  
Results: Sex (28F/35M), Average age (50 years of age), 
HBsAg median (690 U/L) and HBV DNA (63 U/L). HBsAg 
and HBV DNA levels showed significant correlation (r=0,72, 
p<0,001), being more significant in men (r=0,762) than in 
women (r=0,694), although the differences aren’t significant 
due to sample size.  
Conclusion: HBV DNA levels offer us a perspective of the 
infectivity potential of the patient, but have limitations when it 
comes to providing information regarding DNAccc 
(intrahepatic virus) and viral intracellular replication. 
HBsAg quantification is an adequate marker, given its 
acceptable correlation with the current marker used (HBV 
DNA load), for the understanding of the pathogenesis of 
chronic liver disease caused by HBV, the evolution of the 
treatment results and, according to some authors, for 
predicting progression leading to liver cirrhosis and 
hepatocellular carcinoma, making more research regarding 
this topic quite necessary.  
The usefulness of this value in HBeAg negative patients has 
been questioned, but in our sample, which almost exclusively 
consisted of patients belonging to this group, the correlation 
observed is similar to that described in HBeAg positive 
patients in existing literature. 
Therefore, based on the technological and cost/efficiency 
advantages offered by HBsAg quantification in comparison to 
HBV DNA load determination, it’s an acceptable alternative, 
using the least amount of resources and time possible (HBsAg 
45’/ DNA-VHB 4:45h), for the clinician to make decisions 
about the progression of the disease and the follow-up of the 
different therapeutic strategies regarding this disease.    
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Introduction. VirWatTest project aimed to develop an 
affordable and portable method for the detection of viruses in 
water in humanitarian settings. The need to develop this 
innovation is based on the absence of any method for the 
detection of viral pathogens present in water in the field. Also 
the absence of fecal indicator bacteria do not indicate absence 
of waterborne viruses such those causing gastroenteritis or 
hepatitis. The VirWaTest method has been adapted from 
methods currently in use in common laboratories. 
Material and Methodology. A concentration method based on 
skimmed milk flocculation has been modified and coupled to 
a filtration device. Flocs retained during filtration are 
resuspended directly into lysis buffer and a preservative was 
added to maintain the stability of viral nucleic acids (NA) at 
room temperature. Magnetic extraction was performed by an 
adapted method and q(RT)PCR  applied to test viral recovery 
as well as the stability of NA. A total of 34 10L-tap water 
samples artificially spiked with human adenoviruses 
(HAdV35), rotavirus (RoVSA11) and bacteriophage MS2 
were concentrated by the VirWaTest method and afterwards 
the NA were extracted by the developed procedure. The 
method has being validated in humanitarian settings such as 
Bangui, Central African Republic (RCA) and Quito, Ecuador 
by our collaborators of Oxfam Intermon and the University of 
Las Americas respectively.  
Results. The mean recoveries were 10.27% for HAdV, 4.52% 
for MS2 and 2.51% for RoV although the method is still being 
refined. The addition of the preservative ensures minimum 
decrease of the viral nucleic acids present for 9 days. The 
magnetic NA extraction method developed showed equivalent 
results when compared to standard methods.  
HAdV have been detected in samples concentrated by the 
VirWaTest concentration method in Banghi and Quito proving 
the equipment may be used successfully for non-trained users 
to concentrate virus from water samples. 
Conclusions . The VirWaTest method can be performed in the 
point-of-use by using reduced number of small equipment that 
fits in a suitcase as well as by avoiding dependence on power 
supply and freezers. The addition of a nucleic acids 
preservative into the concentrates makes possible to ship the 
suspensions to reference laboratories. The implementation of 
the VirWaTest method in humanitarian crisis settings could be 
helpful for defining exposure risk, avoiding, or preventing 
outbreaks in those populations, increasing the efficacy of 
humanitarian interventions. 
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Introduction: In the US, the CDC recommends hepatitis C 
virus (HCV) population screening for individuals born 
between 1945 and 1965, whereas in Spain and other EU 
countries there is no recommendation because of lack of data 
on the true HCV prevalence in the general population. Our aim 
was to validate a non-invasive anti-HCV test in oral fluid for 
screening of chronic HCV infection. 
Methods: A proposal for free screening was offered by regular 
mail to individuals older than 18 years of age, randomly 
selected for each age range from the health care department 
(population 200.000), in order to obtain a study sample size 
representative of the overall population. All individuals who 
agreed to participate to date (currently n=582) had to fill in an 
HCV risk factor questionnaire before anti-HCV screening was 
performed using a simple noninvasive test-OraQuick. To 
calculate the sensitivity and specificity of the methods in our 
hands, we used positive (anti-HCV and HCV-RNA positive, 
n=48 and anti-HCV positive but HCV RNA negative, n=41) 
and negative controls (patients with - non viral - other liver 
diseases, n=28). 
Results: Among the 582 persons so far included in the study, 
only 5 (0.9%) were reactive according to the oral fluid 
OraQuick HCV test. These persons were already aware of their 
infection. The clinical sensitivity and specificity of the test was 
87.64% (95% IC 78.9-93.7) and 100% (95% IC 87.66-100), 
respectively. More specifically, among the anti-HCV positive 
patients, the sensitivity was higher (97.92; 95%IC 88.9-99.9) 
among those who were viremic (anti-HCV+/HCV-RNA+) 
with only one false negative case detected in an HIV co-
infected patient. In contrast, the sensitivity fell to 75.61% 
(95%IC 59.7-87.6) in the subgroup of patients with past viral 
infection (anti-HCV+/HCV-RNA negative following an anti-
HCV therapy). 
Conclusions: The OraQuick HCV test in oral fluid has a high 
sensitivity and specificity that decreases substantially in anti-
HCV positive HCV-RNA negative patients previously treated 
for their HCV infection. In our department, the prevalence of 
anti-HCV+ was only 0.86%, and there were no new diagnosis 
made. While these preliminary data suggest a different 
epidemiological profile in our area compared to other regions 
(such as the US) no firm conclusions can be made until 
adequate sample size is reached. 
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Objetives: The aim of laboratory is establish a workflow that 
converges in rapid diagnostic tests (RDTs) for serological 
identification of several viral infectiuos agents that have local 
and regional importance, with implications in diagnostic and 
epidemiological surveillance. 
Methodology: In first place is very important to recognize the 
important antigens for the virus of interest. In this way, are 
developed analysis for determine the more important epitopes 
(immunobioinformatics), and proceed to work with different 
versiones of recombinant proteins. We work with NS1 for 
DENV, YFV, SLEV, WNV and ZIKV Flavivirus; NS5 for 
SLEV Flavivirus; VP1 for human parvovirus B19; and L1 for 
HPV. We are use principally the bacterial plataform to produce 
the recombinats proteins, but we have an antigen presentation 
system based on Z protein of JUNV for mammals cells that 
can be used commplementarily. To the RTDs is necesary to 
purified the IgGs or MAbs (monolconal antibodies). For this, 
we are working in an affinity chromatography that replace the 
comercial adquisition, making lower the costs production. 
Results: Until this moment was posible to obtain the 
recombinant proteins in bacterial systems, fused to an histidine 
tag (HT), with good expression levels. The recombinant 
generated proteins are: HT-NS1SLEV, HT-NS1DENV-1, HT-
NS1WNV, HT-NS1ZIKV, HT-NS1YFV, HT-NS1-EpSLEV, 
HT-NS5SLEV, HT-VP1B19, HT-L1HPV. We are work in the 
expression optimization and purification for several of them. 
Alternatively, we fused the entire sequence of NS1SLEV to a 
system based on the Z protein of Junín virus, obtaining VLPs 
that are being analyzed in their composition. Therefore, the 
HT-NS1SLEV protein was used to inoculate mice and 
evaluate the humoral response α-NS1SLEV, and start the 
protocol for monoclonal antibody generation. As to the affinity 
chromatography, the first steps for the production of affinity 
protein are done and then will be couple to the matrix. 
Conclusions: The local RDTs kits development is an important 
work area at cover in our countries. The availibilty of this tools 
at health institutions gives place to access at a correct diagnosis 
and to the disponibility of epidemiological data useful for 
planning plague control strategies, between others. In this way, 
we have several recombinants proteins recently produced, and 
we start to make a MAbs, a fundamental component that 
ensure the specificity and quality of the kits. 
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Objectives. Respiratory syncytial virus (RSV) infections have 
been associated with substantial morbidity and mortality 
particularly in young children, older adults and in 
immunocompromised patients. The Alere™ i RSV assay 
(AlereTMScarborough, Maine, USA) is a rapid molecular in 
vitro diagnostic test utilizing an isothermal nucleic acid 
amplification technology for the qualitative detection of RSV 
A and B viral RNA in freshly collected nasopharyngeal swabs 
(NS). In our hospital, most of the samples received for RSV 
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testing are nasopharyngeal lavage (NPL), a kind of sample not 
included among those according to the manufacturer´s 
instructions. 
The objective was to assess the performance of this test in 
stored both NS and NPL samples from patients with acute 
RSV infection compared to molecular techniques, considered 
to be the gold standard methods. 
Methods. A retrospective comparative study was carried out in 
44 respiratory specimens (6 NS and 38 NPL) with previous 
negative immunocromatography (BinaxNOW® RSV, 
AlereTMScarborough, Maine, USA) and positive real-time 
PCR (RealStar® RT-PCR Kit, Altona Diagnostics, Hamburg, 
Germany) results collected between December 2016 and 
February 2017 and stored at -20ºC until the moment of the 
study.Samples came from patients within a tertiary hospital in 
Northern Spain. We included 7 adults (mean age 74.6, range 
67-90) and 37 children (mean age 1.3, range 0-13). Mean real-
time PCR threshold cycle (CT) value was 26. 
Results. Of the 44 specimens tested with Alere™ i RSV, 41 
were positive for RSV, 1 result was negative (real-time PCR 
CT value 28.9) and 2 displayed an invalid result.Although 
samples used in this study were not validated for the assay 
because all were previously stored at -20ºC and some of them 
were NPL, the overall sensitivity of the AlereTMi RSV test for 
diagnosing RSV infection was 97.6% (95% CI 87.4% to 
99.9%). 
Conclusions. Although published data on the performance of 
AlereTMi RSV are lacking, the results of this study indicate 
that it is a fast, reliable, easy-to-perform assay for detecting 
RSV in a laboratory setting, with an overall sensitivity of 
97.6% in frozen NS andNPL samples. 
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Introduction.Zikavirus (ZIKV) is a flavivirustransmitted by 
Aedes mosquitos. The biggest concernsof ZIKV are the 
microcephaly associated with infection in pregnancy andits 
relation with Guillain-Barré syndrome. The co-circulation of 
Dengue virus (DENV) and ZIKV (highly cross reactive 
viruses) underlies the need of reliable serological tools. The 
objective of this study was to evaluateZIKV-IgA and ZIKV-
IgG avidityassays to characterize ZIKV infections. 
Methods.Fifty four patients (77 samples)with recent travel to 
ZIKV endemic areas (Americas, 2015-16),were studied. The 
samples were classified as: I) 14 patients (29 samples) with 
seroconversion to ZIKV-IgG;II) 17 patients (20 samples) 
withpositive ZIKV RT-PCR,with single or paired samples 
without seroconversion; III) fourpatients (five samples)with 

suspected ZIKV and DENVco-infection; IV) 
fourpatients(eight samples) positive for ZIKVonly 
serologically. Additionally, samples taken in 2012, prior to the 
epidemicin the Americas, were also studied:V) eightpatients 
(eight samples) with DENV recent infection; andVI) 
sevenpatients (seven samples)with DENV past infection. 
DENV-IgM and -IgG were tested by ELISA (Panbio) or in-
house immunufluorescence(IFA); ZIKV-IgM and -IgG were 
performed with commercial (Euroimmun) or in-house 
IFA;ZIKV RT-PCR was done byRealStar®Zika Virus (altona 
diagnostics) or byan in-house RT-PCR. ZIKV-IgG avidity and 
–IgA weretested by ELISA (Euroimmun). 
Results.Group I: Elevenpatients (78.6%) presented low avidity 
ZIKV-IgG in the second sample; and nine patients 
(64.3%)were positive for ZIKV-IgA, four of them in the first 
sample, negative for ZIKV-IgG. Group II:Two out of 
nineshowed low avidity ZIKV-IgG, and 11/17 patients were 
ZIKV-IgA positive (64.7%).Group III: low avidity ZIKV-IgG 
was identified in two patients, and ZIKV-IgA in three. Group 
IV:Two patients showed low avidity ZIKV-IgGand 
threeZIKV-IgA positive results. Group V: all patients were 
negative for ZIKV-IgA,but two presented low avidity ZIKV-
IgG. Group VI: Onelow avidity ZIKV-IgGwas detected, and 
all but one (border line result), were negative for ZIKV-IgA. 
Conclusions. ZIKV-IgA detection was frequently related to a 
recent infection. However, it seems to be of rapid appearance 
and short duration; for this, negative results must be carefully 
interpreted. ZIKV-IgG aviditysometimesrender equivocal 
results in acute infections,probably due to high titers of ZIKV-
IgG.Also,low avidity ZIKV-IgGin recent DENV infections are 
difficult to explain. This study suggests than the simultaneous 
determination of ZIKV-IgG avidity and ZIKV-IgA could 
improve the serological diagnosis of ZIKV infections. 
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Introduction /Objective: HPV is the leading cause of cervical 
cancer. Persistent high-risk HPV infection is the prerequisite 
for developing high-grade cervical lesions and carcinomas. 
Clinical practice guidelines recommend the screening of the 
population susceptible to HPV infection using genomic 
amplification techniques for high risk genotypes, mainly 
genotypes 16 and 18. Facilitating the collection of samples by 
the patient would imply improving the level of participation In 
screening programs and prevention of precancerous lesions.  
The aim of this study is to compare the sensitivity of urine to 
endocervical exudate for high-risk HPV screening.  
 
Material and Method: Endocervical exudate samples and first 
morning urine samples were collected from 79 patients 
belonging to the cervical cancer screening program attended at 
the Puerta del Mar University Hospital of Cadiz and at the 
Punta de Europa Hospital of Algeciras during the period of 
October From 2015 to March 2017.  
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Detection of HPV DNA in both the urine sample and 
endocervical exudate was done by extraction in m2000 (Abott) 
and real-time PCR (Abbott RealTime High Risk HPV).  
Results: Endocervical exudate and urine samples of 79 
patients, 22 of them detected HPV in both endocervical 
exudate and urine; In 38 were obtained negative for both 
samples; Only in 7 cases virus DNA was detected in the 
endocervical exudate but not in the urine; In 1 of the patients 
the endocervical exudate was positive and the urine showed an 
inhibition in the amplification reaction. Sensitivity of the urine 
sample to the endocervical exudate was 75.9%, and the 
specificity was 100%.  
Sensitivity for detection  HPV 16+18 of the urine sample to 
the endocervical exudate was 83.3%, and the specificity was 
100%.  
Conclusions: Screening for high-risk HPV in urine in women 
with suspicious lesions of HPV infection shows sensitivity 
similar to detection in endocervical exudate.  
Obtaining the urine sample is eaesier, the percentage of 
screened population would increase, thus improving the 
effectiveness of the cervical cancer prevention program and 
increased adherence to it. 
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Background: Hepatitis C virus (HCV) acts within the patients 
as a complex and dynamic quasispecies composed by viral 
variants that are replicating, competing and cooperating at the 
same time. HCV infection is a major indication for liver 
transplantation (LTx). Infection of the graft occurs universally 
after LTx, and 20-40% of them develop cirrhosis in a 5year 
period. Elimination of the virus using direct acting antiviral 
(DAA) therapy prevents liver damage progression. However, 
compulsory use of immunosuppressants together with clinical 
instability during the first weeks after-LTx, difficult DAA-
treatments without any unforeseen complication. The aim of 
this study was to look for a predictive index of liver fibrosis 
evolution to help choose the best moment to start antiviral 
therapy. 
Patients and methods: Basal and 15th day post-LTx samples of 
10 patients were collected. Variability studies were performed 
by massive parallel sequencing (454/GS-Junior). Viral load 
was measured. Sequences were filtered using own made 
software and compared by phylogenetic analysis. Variability 
of each isolate was analyzed using several complexity 

measures (Gregori et al. Virology; 2016). Biostatistics 
analyses were performed including single test, principal 
component analysis and the adjusted R2 value of each 
complexity measures. Finally the association between viral 
load and fibrosis degree at one year Post-LTx was carried out 
by ANOVA analysis. 
Results: Phylogenetic analysis resulted in three different 
patterns of reinfection, showing that viral bottleneck is not a 
generalized effect after reinfection of the donor liver. 
Moreover, homogenization of the viral population after 
reinfection of the new liver is not universal showing that 
viruses did not exhibit any behavior tendency between the 
patients. All the complexity measures displayed low adjusted 
R2 values which mean low predictive capacity of liver damage 
evolution at one year post-LTx. Viral loads (VL) values of all 
pre-LTx samples were high and uniform while VL values of 
post-LTx samples were highly variable. The VL increased 
significantly between basal and 15th day post-LTx samples in 
patients with advanced stage of fibrosis measured one year 
after-LTx.  
Conclusions: Homogenization of viral population after-LTx is 
not a generalized phenomenon. None of the studied 
complexity measures have shown a predictive capacity of 
fibrosis progression. Interestingly, a clear association between 
an increase of viral load at 15th day post-LTx compared with 
the basal sample and advanced liver disease damage (F3-F4) 
at one year post-LTx suggests that the difference between VLs 
pre and after-LTx could be an adequate predictive index of fast 
liver fibrosis progression. 
 
 
 

P097 FLASH-TALK  
DEVELOPMENT OF RNA AND DNA 
APTAMERS AGAINST HCV CORE 
PROTEINOF GENOTYPES 1 TO4: 
APPLICABILITY TO VIRAL DIAGNOSIS 
AND GENOTYPING 
 
Beatriz Torres-Vázquez1, Miguel Moreno1, Ana M. De 
Lucas-Cerrillo1, Carlos Briones1,2. 
1 Department of Molecular Evolution, Centro de Astrobiología 

(CSIC-INTA), Torrejón de Ardoz, Madrid, Spain.. 2Centro de 

Investigación Biomédica en Red de enfermedades hepáticas y 

digestivas. (CIBERehd), Spain. 
 
Introduction. Hepatitis C virus (HCV) is the major etiological 
agent of chronic liver disease and liver cancer. It is estimated 
that HCV affects more than 170 million people worldwide, 
including injecting drugs users, recipients of blood products 
and patients on haemodialysis. Therefore, HCV testing is 
recommended in selected populations based on demography, 
prior exposures and high-risk behaviours. Current diagnostic 
tests are based on serological assays that detect HCV-specific 
antibodies, as well as on molecular assays that detect and 
quantify HCV RNA in plasma or serum samples.Rapid, 
inexpensive, sensitive, and robust analytical tools are thus 
essential for viral diagnostics and treatment monitoring. 
HCV core protein is a multifunctional molecule, mainly 
involved in the encapsidation of the viral genome. The amino 
acid sequence of HCV core protein is highly conserved among 
different viral isolates and genotypes,in comparison with other 
HCV-coded proteins. Therefore, it is an attractive target for 
developing new HCV-specific binding molecules, including 
aptamers.Aptamers are single-stranded oligonucleotides 
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selected from combinatorial libraries using an in vitro 
selection process termed SELEX. The current SELEX 
technology allows generating aptamers with very high affinity 
and specificity, thus being increasingly used in a growing 
number of diagnostic and therapeutic applications. 
Objectives. A systematic in vitro selection protocol ofRNA 
and ssDNA aptamers against HCV core protein belonging to 
genotypes 1, 2, 3 and 4 was designed, with the aim of 
developing new biotechnological tools focused on HCV 
diagnosis and genotyping.  
Materials and Methods.Recombinant HCV core proteins were 
produced in baculovirus-insect cell expression 
systems,includinga terminal His-tag to purify and,afterwards, 
to attach it to the copper-covered plates used in SELEX.Up to 
fourteenrounds of RNA and ssDNA in vitro selectionwere 
carried out in parallel for each of the four target HCV core 
proteins. Different counter-selection strategies were usedalong 
the in vitro processes to obtain genotype-specific aptamers. 
Enriched populations resulting from each selectionprocess 
were sequenced by NGS, and the most abundantaptamer 
sequences and structureswere identified by bioinformatics 
tools. Affinity constant (Kd) and maximum binding capacity 
(Bmax) of the selected aptamers were calculated by means of 
optimized ELONA-qPCR (ssDNA aptamers) and ELONA-
RT-qPCR (RNA aptamers) approaches.  
Results and Conclusions.Characterization data from RNA and 
ssDNA aptamers will be presented.Additionally, the 
usefulness of the in vitro selected aptamers for the 
development of a HCV diagnosis and genotyping platform will 
be discussed. 
 
 
 

P098 
LONG-TERM HIV-1 INFECTION 
INDUCES AN ANTIVIRAL STATE IN 
PRIMARY MACROPHAGES. 
 
Maria Pujantell, Roger Badia, Cristina Ramirez, Teresa 
Puig, Bonaventura Clotet, Ester Ballana José A. Esté, Eva 
Riveira-Muñoz 
AIDS Research Institute – IrsiCaixa and Health Research Institute 
Germans TriasiPujol (IGTP), Hospital Germans TriasiPujol, 
UniversitatAutònoma de Barcelona, Badalona, Spain 
 
Background. The traditional view of tissue-resident 
macrophages deriving  from circulating monocytes has 
recently been challenged by several studies showing that 
newly recruited monocytes proliferate locally under various 
conditions and may also integrate into the resident population 
of self-renewing macrophages. In addition macrophages are 
targets of the human immunodeficiency virus type 1 (HIV-1) 
and play crucial roles in viral dissemination and pathogenesis. 
As macrophages are relatively resistant to the cytopathic effect 
of HIV-1 and are able to harbor the virus for long periods of 
time, they may represent an important element in maintaining 
immune activation or serving as long-term viral reservoirs. 
Importantly, it has been suggested that HIV-1 infection does 
not induce interferon type I (IFN-I) production in 
macrophages, and evades immune recognition in this cell type. 
Here, we investigate the link between cell cycle regulation, 
innate immune activation and cell death induced by HIV-1 in 
primary human macrophages. 
Methods. Monocytes purified from healthy blood donors were 
differentiated to macrophages (MDM) with M-CSF and 
infected with a full-replicative R5 HIV-1 strain BaL. mRNA 

relative levels of the interest genes were measured by qPCR 
and protein expression was assessed by Immunoblot. Cell 
cycle profile and proliferation status was investigated by flow 
cytometry. Total viral DNA formation was quantified by 
qPCR and HIV replication measured by flow cytometry. For 
cell cycle analysis, cells were stained with 7-
aminoactinomycin D and, Pyronin Y and analyzed by flow 
cytometry. 
Results. M-CSF monocyte differentiation into macrophages 
led to cell proliferation and susceptibility to HIV-1 infection 
that induced cell cycle arrest and increased cell death. 
Established HIV-1 infection of monocyte-derived 
macrophages induced the upregulation of the pattern 
recognition receptors MDA5 and Rig-I that serve as virus 
sensors; production of interferon-β, and transcription of 
interferon-stimulated genes including CXCL10. Infected 
macrophages showed increased expression of p21 and 
subsequent inactivation of cyclin-CDK2 activity leading to a 
hypo-phosphorylated active retinoblastoma protein (pRb) and 
deactivation of E2F1-dependent transcription and CDK1 
downregulation. Additionally, HIV-1 infection limited 
deoxynucleotide pool by downregulation of the 
ribonucleotidereductase subunit R2 (RNR2) and reactivation 
of the HIV-1 restriction factor SAMHD1 together with 
increased cell death. 
Conclusion. HIV-1 induced an innate antiviral mechanism 
associated to IFN-I production, interferon stimulated gene 
activation, and p21-mediated G2/M arrest leading to elevated 
levels of cell death in monocyte derived macrophages. 
Upregulation of MDA5 and Rig-I may serve as targets for the 
development of antiviral strategies leading to the elimination 
of HIV-1 infected cells. 
 
 
 

P099 
DELETION OF THE VACCINIA VIRUS 
GENE A40R IMPROVES ADAPTIVE AND 
MEMORY IMMUNE RESPONSES OF THE 
HIV/AIDS VACCINE CANDIDATE MVA-B  
 
Patricia Pérez1, María Q.Marín,Carmen E. Gómez1, Carlos 
Óscar S. Sorzano2, Mariano Esteban1, And Juan García-
Arriaza1. 
1 Department of Molecular and Cellular Biology, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científicas 
(CSIC), Madrid, Spain. 2Biocomputing Unit, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científicas 
(CSIC), Madrid, Spain.  
 
Objective:Development of a safe and efficacious vaccine 
against human immunodeficiency virus (HIV) is one of the 
main goals for prevention and control of acquired immune 
deficiency syndrome (AIDS), a pandemic disease that cause 
millions of deaths per year. Poxvirus vector Modified Vaccinia 
virus Ankara (MVA) expressing HIV-1 Env, Gag, Pol and Nef 
antigens from clade B (termed MVA-B) is a promising 
HIV/AIDS vaccine candidate,as confirmed from results 
obtained inprophylactic and therapeutic phase I clinical trials 
in humans. However, it would be desirable to improve its 
immunogenicity. To this aim, in this investigation we have 
generated and characterized a novel HIV/AIDS vaccine 
candidate based on MVA-B containing a deletion in the 
vaccinia virus gene A40R.  
Materials and Methods:We first generate a plasmid transfer 
vector, pGem-RG-A40R wm, containing the flanking regions 
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of the A40R gene and the reporter genes dsRed2 and rsGFP. 
The homolog recombination after infection of DF-1 cells and 
co-transfection with pGem-RG-A40R produce the 
recombinant virus MVA-B ΔA40R, that was screened for 
transient Red2-GFP during six rounds of plaque purification in 
DF-1 cells.Then, we characterized the new recombinant virus: 
analysed the correct deletion by PCR and sequencing, the 
correct expression of HIV-1 antigens by Western Blot and the 
virus growth kinetics in permissive cells. Finally, we analysed 
the immune response: on the one hand the innate immune 
response was analysed in vitroin human macrophages and 
monocyte-derived dendritic cells by quantitative real-time 
PCR and in the other hand the adaptive and memory HIV-1-, 
and VACV-specific immune responses were analysed in vivo 
in female Bab/c mice by intracellular cytokine staining and 
flow cytometry. 
Results:The recombinant MVA-B ΔA40R generated contains 
a correct deletion in the A40R gene, is stable and expressed 
HIV-1 antigens Gag-Pol-Nef and gp120 similarly to the 
parental MVA-B. Moreover, A40R gene deletion from MVA-
B does not impair virus replication, showing that A40R is not 
required for MVA replication. In vitro,  infectedhuman 
macrophages and monocyte-derived dendritic cells with 
MVA-B ΔA40R revealed the capacity to modulate certain 
innate immune signals.Interestingly, prime-boost 
immunization protocols in mice showed that MVA-B ΔA40R 
improves the magnitude and polyfunctionality of HIV-1-
specific CD4+ and CD8+ T cell adaptive and memory immune 
responses, with most of the HIV-1 responses mediated by 
CD8+ T cells and directed mainly against Env. These results 
establish the immunomodulatory role of A40R, findings 
relevant for the optimization of poxvirus vectors as vaccines. 
Conclusion:We show that deletion of A40R on MVA-B 
improves MVA-B immunogenicity in vivo, increasing the 
magnitude, polyfunctionality and memory T-cell responses 
against HIV-1 antigens. 
 
 
 

P100 
ANALYSIS OF THE ACTIVATION OF THE 
IMMUNE SYSTEM IN A NEW MOUSE 
MODEL FOR THE STUDY OF HDV 
INFECTION 
 
Carla Usai1,2, Marta Echeandia, Lester Suárez-Amarán1,2, 
Cristina Olagüe1,2, Africa Vales1,2, Francisco Rodríguez-
Frias3,4,5, Rafael Aldabe1,2, Mirja Hommel1,2, Gloria 
González-Aseguinolaza1,2 
1Gene Therapy and Regulation of Gene Expression Program, Center. 
for Applied Medical Research (CIMA), Pamplona, Spain. 2Instituto de 
Investigación Sanitaria de Navarra (IdiSNA), Calle Irunlarrea 3, 
Pamplona 31008, Spain.. 3Centro de investigación biomédica en red: 
enfermedades hepáticas y digestivas (CIBERehd), Instituto de Salud 
Carlos III, Barcelona, Spain.  4Liver Pathology Unit, Departments of 
Biochemistry and Microbiology, Hospital Vall d'Hebron, Universitat 
Autònoma de Barcelona, Barcelona, Spain. 5Virology Unit, 
Department of Microbiology, Hospital Valld'Hebron, 
UniversitatAutònoma de Barcelona, Barcelona, Spain. 
 
Aim: Hepatitis D virus (HDV) infection affects 15-20 million 
individuals worldwide and causes a very severe form of 
hepatitis. Little is known about to what extent cellular immune 
responses contribute to liver disease and control of viral 
replication in HDV infection. The aim of this work was to 
characterize the activation of diverse components of the innate 
and adaptive immune response in a mouse model of HDV 

infection that mimics several important characteristics of the 
human disease. 
Material and methods: HDV- and HBV-replication competent 
genomes were delivered to the mouse liver using adeno-
associated viruses (AAV), able to infect mouse hepatocytes in 
vivo. After infection the innate and adaptive immune response 
was analysed using RT-PCR to determine cytokine expression 
and flow cytometry to characterize the liver infiltrate. 
Results: HDV replication induced a sustained type-I IFN 
response characterised by IFNβ and ISG expression in whole 
liver (ADAR1, ISG15, PKR, IP10 and 2’-5’-OAS were 
studied). Immune competent mice also showed high serum 
levels of IFNβ. An increase in IFNλ, IFNγ and TNFα 
expression was observed in coinfected mice in comparison to 
control mice. 
The intrahepatic white blood cell population of HDV mono- 
and HBV/HDV co-infected animals showed a significant 
increase of the CD4+ and CD8+ subpopulation with an 
activated/memory phenotype.  
Studying of gene expression in intrahepatic leukocytes isolated 
21 days after vector injection revealed their interaction with 
infected hepatocytes, being responsible for the expression of 
some among the analyzed ISG (IP10, PKR) and contributing 
to the overall liver expression of others (e.g. ADAR1, ISG15).   
Conclusion:We found that HDV can induce a very potent 
innate immune response that activates and subsequently is 
sustained by the adaptive arm. Together they are likely be 
involved in the observed liver pathology. 
 
 
 

P101 
CHARACTERIZATION OF A NOVEL 
HEPATITIS C VIRUS VACCINE 
CANDIDATE BASED ON MVA 
EXPRESSING THE NEARLY FULL-
LENGTH HCV GENOME AND LACKING 
C6L VACCINIA VIRUS GENE 
 
María Q. Marín1, Patricia Pérez1, Carmen E. Gómez1, 
Carlos Óscar S. Sorzano2, Mariano Esteban1, And Juan 
García-Arriaza1 
1 Department of Molecular and Cellular Biology, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científicas 
(CSIC), Madrid, Spain. 2 Biocomputing Unit, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científicas 
(CSIC), Madrid, Spain.  
 
Background: MVA-HCV is a vaccine candidate based in the 
Modified Vaccinia Virus Ankara (MVA) expressing the nearly 
full length genome, except C-terminal part of NS5B, of  
Hepatitis  C  Virus  (HCV) that elicited high, broad and 
polyfunctional HCV-specific T-cell responses in immunized 
mice. However, MVA still contains several 
immunomodulatory genes that counteract the host antiviral 
immune response and deletion of some of them is a promising 
approach for the improvement of MVA based vaccines. Due 
to the importance of IFN response in the HCV infection, we 
studied the effect of the deletion of the vaccinia C6L gene, 
encoding for an IFN-β inhibitor, in the context of the MVA-
HCV vaccine candidate. 
Materials and Methods: In order to define the role of C6L gene 
in the context of MVA-HCV infection, the C6L gene was 
deleted from MVA-HCV by homologous recombination and 
plaque purification. The resulting vaccine candidate, termed 
MVA-HCV ΔC6L was confirmed by Western Blot, PCR and 
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sequencing and its immunogenicity was tested in vitro (real 
time PCR, microarrays, replicative cycle and stability of HCV 
proteins expression) and in vivo (adaptive and memory HCV-
specific T-cellular immune response following a prime/boost 
protocol and innate cells recruitment in vaccinated mice). 
Results:  MVA-HCV ΔC6L expresses all HCV antigens and 
deletion of C6L had no effect on viral growth. Innate immune 
responses triggered by MVA-HCV ΔC6L measured in vitro 
showed either similar or downregulation of cytokines and 
chemokines compared to MVA-HCV. Similar profile of 
recruited innate immune cells was elicited by both vectors 
when infected in the peritoneal cavity in mice, with only 
decreasing NK cell levels due to MVA-HCV ΔC6L infection. 
Microarrays analysis showed a general decrease of host 
immunomodulatory genes when cells were infected with 
MVA-HCV or MVA-HCV ΔC6L in comparison with MVA. 
Finally, MVA-HCV and MVA-HCV ΔC6L induced 
comparable levels of high, broad and polyfunctional CD4+ 
and CD8+ T-cell adaptive and memory immune responses in 
vaccinated mice. This response was mainly mediated by CD8+ 
T-cells, which were primarily directed against p7, NS2 and 
NS3 HCV proteins. 
Conclusion: Our findings provide a detailed immune analysis 
of the innate, adaptive and memory responses induced by the 
HCV vaccine candidates MVA-HCV and MVA-HCV ΔC6L, 
revealing a potent immunomodulatory role of the HCV 
proteins in the context of an MVA infection in spite of the C6L 
deletion. 
 
 
 

P102 FLASH-TALK  
INDUCTION OF ANTIVIRAL CD8+ T-
LYMPHOCYTE-MEDIATED 
PROTECTIVE MEMORY RESPONSES 
 
Andrea C. Méndez1, Tihana Tršan2, Astrid Krmpotić2, 
Stipan Jonjić 2and Margaritadel Val1 
1Centro de Biología Molecular Severo Ochoa (CSIC-UAM), Madrid, 
Spain. 2Department of Histology and Embryology, Faculty of 
Medicine, University of Rijeka, Croatia 
 
CD8+ T lymphocyte-based vaccines are necessary to provide 
effective protection against pathogens that cannot be 
controlled by humoral immunity. For this purpose, 
cytomegaloviruses (CMVs) are one of the most attractive 
vaccine vector candidates due to their induction of a strong and 
long-lasting CD8+ T lymphocyte response. Previously in our 
team we have characterized the role of Nras in the generation 
of protective memory CD8+ T lymphocytes. We found that 
Nras-deficient mice haveimpaired memory CD8+ T 
lymphocyte responses caused by a marked deficiency of the 
antigen-mediated early induction of T-box transcription factor 
Eomesodermin (Eomes). This phenomenon was described in a 
context of vaccinia virus (VACV) infection, where Nras-
deficient mice are not capable of controlling challenge 
infection as efficiently as wild-type (WT) mice when 
vaccinated with viral peptide-loaded dendritic cells.  
We took advantage of a murine CMV (MCMV) vector 
developed by Prof S. Jonjićthat conferred strong and long-
lasting CD8+ T-lymphocyte-based protection against bacterial 
challenge in mice, and analyzed the capacity of MCMV 
vectors to improve CD8+ T lymphocyte memory responses in 
Nras-deficient mice. 
We observed that MCMV vectors reverse and even overcome 
the memory and vaccination defect of Nras-deficient mice, 

protecting them partially against VACV challenge while WT 
mice remain unprotected. According to our data, this could be 
explained by a rescue of memory CD8+ T lymphocytes after 
primary MCMV infection of Nras-deficientmice. In addition, 
it could also be related to a different early control of MCMV 
infection by Nras-deficient mice.  
This memory rescue reveals the potential of MCMV to 
overcome situations of deficient immune memory, thus, the 
complete description of the mechanism will help on expanding 
the knowledge about the generation and maintenance of CD8+ 
memory responses, providing helpful information for further 
vaccine design. 
 
 
 

P103 
RECALL T CELL RESPONSES TO 
BLUETONGUE VIRUS PRODUCE A 
NARROWING OF THE T CELL 
REPERTOIRE 
 
José-Manuel Rojas1, Teresa Rodríguez-Calvo2and Noemí 
Sevilla1 
Centro de Investigación en Sanidad Animal (CISA)-INIA, Madrid, 
Spain1. Institute of Diabetes Research, Helmholtz Zentrum München. 
Deutsches Forschungszentrum für Gesundheit und Umwelt (GmbH), 
Neuherberg, Germany2 
 
In most viral infections, T cell recall responses are critical for 
protection. The magnitude of these secondary responses can 
also affect the CD8 and CD4 epitope repertoire diversity. 
Bluetongue virus (BTV) infection in sheep elicits a T cell 
response that contributes to viremia control and could be 
relevant for cross-protection between BTV serotypes. 
However, memory development has not been studied and 
many cavities are present in this field.  
Here, we characterized CD4+ and CD8+ T cell responses 
during primary and recall responses. During primary immune 
responses, both CD4+ and CD8+ T cell populations expanded 
by 14 days post-infection. CD4+ T cell populations showed a 
lower peak of expansion and prolonged contraction phase 
compared to CD8+ T cell populations. Recall responses to 
BTV challenge led to BTV-specific expansion and activation 
of CD8+ but not of CD4+ T cells. The evolution of the BTV-
specific TCR repertoire was also characterized in response to 
VP7 peptide stimulation. Striking differences in repertoire 
development were noted over the time-course of infection. 
During primary responses a broader repertoire was induced for 
MHC-I and MHC-II epitopes. However, during memory 
responses, a narrowed repertoire was activated towards a 
dominant motif in VP7 comprising amino acids 139 to 291. 
Monocyte numbers were also examined, and expanded during 
acute infection resolution. In addition, pro-inflammatory 
cytokine levels increased after BTV inoculation and persisted 
throughout the experiment, indicative of a prolonged 
inflammatory state during BTV infections.  
These findings could have implications for vaccine design as 
the narrowing memory T cell repertoire induced after BTV re-
infection could lead to the development of protective 
immunodominant TCR repertoires that differs between 
individual sheep. 
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P104 FLASH-TALK 
BLUETONGUE VIRUS NS3 PROTEIN 
BLOCKS TYPE I AND II IFN SIGNALING 
 
M. Avia1, J.M. Rojas1, E. Pascual1, L. Miorin2, V. Martín1, 
A. García-Sastre2 And N. Sevilla1 
Centro de Investigación en Sanidad Animal (CISA)-INIA, Madrid, 
Spain1. Department of Microbiology, Icahn School of Medicine at 
Mount Sinai, New York, NY 10029, USA2 
 
Bluetongue virus (BTV) causes severe hemorrhagic disease in 
ruminants, and is transmitted by Culicoides. BTVis the 
prototype member of the genus Orbivirus, familyReoviridae. 
The genome consists of 10 segments of double stranded RNA, 
encoding seven structural proteins (VP1-7) and five 
nonstructural proteins (NS1-5). Previous studies have shown 
that BTV-NS3 and -NS4 proteins play a role in blocking IFN 
pathway signaling and IFN induction route.  
To improve our understanding of the mechanisms involved in 
the ability of BTV proteins to block IFN action, we studied the 
effects of structural and non-structural BTV proteins on the 
activation of IFN stimulated response elements (ISRE), 
gamma activated sequence (GAS)and IFN-β induction 
element (125)using luciferase reporter assays. BTV-
8drastically reduced the activation of the ISRE/GAS/125 
promoters, thus blocking IFN-β induction andtype I and II 
IFNaction. In vitrotransfection experiments with plasmids 
encoding for BTV genes demonstrated that NS3 and NS4 are 
the dominant inhibitors of IFN induction and signaling. 
Upon binding to their receptor, type I and II IFNssignal 
through the JAK/STAT pathways to promote the cellular 
antiviral state. BTV-8 reducesSTAT2 protein levels and 
blocks STAT1 phosphorylation in human and sheep cells, thus 
impairing type I and II IFN signaling. To determine how BTV 
proteins inhibit these pathways, we analyzed the effect ofBTV 
proteinson STAT1/2 total levels and phosphorylation. Our 
results indicate that BTV-NS3 proteinbinds and degradesvery 
effectively STAT2 in human and sheep cells. We are currently 
analyzing the mechanism through which BTV-NS3 degrades 
this essential component of IFN signaling. In summary, this 
study highlights the ability of BTV proteins to block the IFN 
response as a mean to control the host immune response. 
 
 
 

P105 
LOW HUMORAL RESPONSE AFTER 
SEASONAL VACCINATION DURING 2009 
INFLUENZA PANDEMIC 
 
Ivan Sanz Muñoz, Silvia Rojo Rello, Sonia Tamames Gomez, 
Jose María Eiros Bouza, Raúl Ortiz De Lejarazu Leonardo 
Centro Nacional de Gripe de Valladolid 
 
Objective: In Spain, most of A/H1N1pdm09 flu infections 
were registered between the months of October and November 
of 2009 with infection rates ranging350-400 
cases/100,000inhabitants/week.Health care centers usually 
perform influenza vaccination during these months, so 
pandemic circulation of A/H1N1pdm09 during window period 
after vaccination could have affected the immunization of 
somerisk populations, as elderly. The aim of this study is to 
evaluate the effect of the emergence of A/H1N1pdm09 virus 
in the immunization of two different ≥65 yearsold cohorts 

vaccinated during 2008-2009 and 2009-2010 vaccine 
campaigns (VC). 
Materials/methods: It was designed a retrospective 
observational study including pre and post-vaccination sera 
from 86 individuals ≥65 years recruited during 2008-
2009(n1=43) and 2009-2010(n2=43) VCfrom Castilla y Leon, 
Spain. Both cohorts were vaccinated with TIVincluding the 
same influenza A strains (A/H3N2 -A/Brisbane/10/2007; 
A/H1N1-A/Brisbane/59/2007). Vaccination of 2009-2010 
cohortwas performed inOctober/November during the most 
intense circulation of A/H1N1pdm09.The presence of pre and 
post-vaccine antibodieswas analyzed by Haemagglutination 
Inhibition Assay. Statistical analysis was focused on the study 
of the differences in the Seroconversion Rate (SCR) and 
Geometric Mean Titer increase (GMT Increase) between both 
influenza VC using Chi-Square test and Student T test 
(α=0.05). 
Results:Pre and post-vaccine GMT values, GMT increase and 
SCR for both viruses during VC analyzed are described in 
Table 1. SCR and GMT increase were significantly higher in 
2008-2009 cohort than in 2009-2010 against A/H3N2 flu virus 
(SCR: χ2=18.696, p=0.000; GMT Increase: T=5.276, 
p=0.000) and against A/H1N1 flu virus (SCR: χ2=19.457, 
p=0.000; GMT Increase: T=6.056, p=0.000). 
Conclusions:Influenza vaccination during pandemic 
circulation of a new virus seems to have negatively affected 
the immunization of elderly against the A influenza subtypes 
included in trivalent flu vaccine. It is probable that this new 
virus could have infected a percentage of this population 
during the window period after vaccination, what have caused 
a worse immune response comparing the previous VC.Despite 
that other different factors may be implicated, our results 
demonstrate the importance of scheduling the flu vaccination 
campaigns related with the influenza epidemiology. 

 
Tabla 1.Pre and post-vaccination GMT (CI95%) values, GMT 
increase and seroconversion Rate against A/H3N2 and 
A/H1N1 during 2008-2009 and 2009-2010 flu VC. 
 
 
 
P106 
AGE DIFFERENCES ON THE 
SEROPROTECTION AGAINST OLD 
INFLUENZA A/H1N1 STRAINS IN 
ELDERLY 
 
Ivan Sanz Muñoz, Silvia Rojo Rello, Sonia Tamames Gomez, 
Jose María Eiros Bouza, Raúl Ortiz De Lejarazu Leonardo 
Centro Nacional de Gripe de Valladolid 
 
Background: The first influenza infection take place in the 
early stages of the life of an individual, frequently during the 
first 10 years from the birth. This first infection may condition 
the immune response against other influenza viruses during the 
rest of life. The aim of this study is to analyze the differences 
on the presence of antibodies against two old influenza 
A/H1N1 strains, A/Weiss/43 and A/FM/1/47, regarding the 
age of a population older than 65 years. 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 119 

 

Materials/methods: It was designed a retrospective 
observational study obtaining 174 sera from ≥65 years from 
2006 till 2011. It was analyzed the presence of antibodies 
against A/Weiss/43 and A/FM/1/47 flu strains using 
Haemagglutinin Inhibition Assay.   ). For this study, we 
segregated our population in three different age groups as 
follows; ≥65-74 years (G1; n1=74), 75-84 years (G2; n2=77) 
and ≥85 years (G3; n3=23).Geometric mean Titers (GMTs) 
differences between groups were analyzedusing Student-T-
test (α=0.05). 
Results:Mean age of the population studied was 75.9 
years(CI95%;74.9-77.1). 43.7% of the population showed Abs 
protective titers (≥1/40) against A/Weiss/43 and 20.1% against 
A/FM/1/47. GMTs against A/Weiss/43 were 
G1=21.9(CI95%;14.0-35.5), G2=23.4(CI95%;17.2-31.7) and 
G3=4.8(CI95%;2.4-10.0), and for A/FM/1/47 was 
G1=13.1(CI95%; 9.7-17.9), G2=6.3(CI95%; 4.5-8.7) and 
G3=3.0(CI95%; 1.8-5.0).GMTs were significantly higher in 
both G1 and G2 age groups than in G3 against A/Weiss/43 
(Table 1). It was observed also significant differences between 
all age groups against A/FM/1/47 (p<0.05), showing the 
highestGMT in G1 age group. 
Conclusions:The elderly population analyzed showeda 
moderate presence of antibodies against both old influenza 
A/H1N1 strains, which have not been circulating since 60 
years. We observed these Abs in a significantly lower titer in 
the population older than 85 years than in younger people 
against both viruses. This issue could be caused because that 
younger people wereprimed with influenza strains antigenic 
and genetically closely related with a/Weiss/43 and 
A/FM/1/47 viruses, while older than 85 years were probably 
primed with influenza strains closer to the 1918 Spanish 
Influenza virus. Our results demonstrate the importance of the 
first contacts with the influenza viruses, and their relation with 
the immune system responses during the life. 

 
Table 1.Student-T-test values and statistical significance (p-
value) comparing GMTs against influenza A/Weiss/43 and 
A/FM/1/47 strains between the different age groups. 
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Introduction.Vaccination is an important tool to prevent viral 
infections by generating virus-specific adaptive immune 
responses. However, despite the efforts made in the past, there 
is still no successful vaccine against some important chronic 
infections such as Human Immunodeficiency Virus (HIV) or 
the Hepatitis C virus (HCV), highlighting the lack of 
knowledge of the specifically required immunological 
components.During the last years, a systemic analysis 
(Systems Vaccinology) has been performed to characterize the 
molecular and cellular signatures that correlate with protective 
vaccination. This approach has called attention to the 
importance of vaccine-triggered innate immunity inducing a 
protective pathogen-specific immune response. Moreover, it 
has been recently shown that innate immune cells, in parallel 
with adaptive immune cells, can show non-specific memory-
like behavior (trained immunity).This opens up the possibility 
of exploiting innate immune training for development of 
efficient vaccines. 
Objectives.Systemic understanding of immunization-induced 
features that prevent the establishment of a persistent infection. 
Material and methods. C57BL6/J mice were immunized with 
a low dose (2x102 pfu) of LCMV-Docile strain. 60 days after 
immunized and naïve mice were challenged with 2x106 pfu of 
LCMV-Docile strain to establish an acute or chronic infection, 
respectively. Time-series transcriptomes from spleens were 
obtained by RNA-Seq, and were analyzed by weighted gene 
co-expression network analysis (WGCNA). At corresponding 
time points, virus loads were quantified by titration and 
immune cell subsets analyzed by flow cytometry. 
Results. Low doseLCMVinfection prevented the 
establishment of a chronic infection. WGCNArevealed 
modules of highly connected genes (hub genes) that represent 
the main biological pathways triggered after challenge by a 
successful immunization. Module comparisons between naïve 
and immunized mice revealed the molecular pathways that are 
specifically induced in immunized mice. Module significance 
analysis allowed the identification of the innate immune cell 
subsets potentially involved generation of a successful 
vaccine. 
Conclusions. Systems biology analysis 
allowedhypothesizingwhat molecular pathways and innate 
immune cell subsets might beinvolved in protection against a 
chronic infection.Subsequent work is focusing on the 
validation of these hypotheses. 
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RSV bronchiolitis is the leading cause of hospitalizations 
among infants under 12 months of age. Immunity to RSV is 
incomplete, and serum antibody response against RSV is not 
fully understood.The antibody responses to the two major 
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respiratory syncytial virus (RSV) glycoproteins (F and G) 
were evaluated by ELISA in children under two years of age, 
hospitalized in the Gregorio Marañón Hospital (Madrid) with 
laboratory confirmed RSV bronchiolitis. A strong negative 
correlation was found between the antibody levels in the acute 
phase, not so much age, and the fold change in the anti-F 
antibody titre after convalescence. In addition, strong 
discrepancies were observed at the individual level between 
the increase in antibody titres specific for the F and G 
glycoproteins. The anti-G response was not dependent on the 
acute phase level and was group specific, always correlating 
with the antigenic group of the infecting virus, also 
characterized in this study. Despite this correlation, limited 
group-specificity was noted in the neutralizing response which 
nevertheless did not discriminate between the infecting and 
historical viruses. Finally, as reported for adult humans, most 
of the neutralizing antibodies were not depleted when sera 
were incubated with the F glycoprotein folded in the 
postfusion conformation. These results provide important 
insights about the anti-RSV antibody responses in children that 
experience a primary severe infection.     
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Objectives: The persistence of latent HIV despite suppressive 
antiretroviral therapy is a major roadblock for HIV eradication. 
Current strategies focused on inducing the expression of latent 
HIV fail to clear the persistent cellular reservoir, prompting the 
development of new approaches for killing HIV reactivated 
cells. Recently, acitetrin, a retinoic acid derivative, has been 
proposed as a pharmacological innate cellular-defense 
network enhancer that led to reactivation and preferential 
death of reactivated cells. Here, we have evaluated the capacity 
ofacitretin to reactivate and/or facilitate immune-mediated 
clearance of HIV latently infected cells.  
Methods: Evaluation of drugs in distinct models of HIV-1 
infection, latency and reactivation, evaluation of interferon-
stimulated genes (ISG) by flow cytometry, Western blot and 
qPCR.  
Results: Acitretin was not able to induce HIV reactivation in 
GFP-expressing latently infected cell lines J-Lat (clones 8.4 
and 9.2) or in latent GFP-HIV infected Jurkat cells. When 
assessing the effect of acitretin on ACH-2 latent T-cell line, we 
could only observe a modest induction of HIV transcription in 
comparison to suboptimal concentrations of current latency-
reversing agents (LRAs), measured by RNA production in the 
supernatant. However, acitretin induction was insignificant 
when compared to LRAs optimal concentrations. Similarly, 
acitretin failed to induce reactivation in a primary model of 
latently infected CD4+ T-cells. Combination of acitretin with 
LRA did not show any significant change in HIV reactivation 
in any of the models tested.Acitretin treatment was able to 
induce RIG-I and MAVS expression in infected and 

uninfected cells, confirming the role of acitretinas an innate 
immune modulator but this effect was not associated with 
selective killing of HIV+ cells. 
Conclusion: Our results suggest that acitretin-mediated 
stimulation of the RIG-I pathway over HIV reactivation is 
modest and thus may not meaningfully impact the HIV 
reservoir. 
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Context: Immunization with live attenuated measles viruses 
(MeVs) derived from the 1954 David Edmonston isolate 
provokes an adaptive immune response that protects against 
all known circulating MeV genotypes. Despite the widespread 
deployment of Edmonston lineage vaccines during the past 60 
years, and continued evolution of the virus, substrains resisting 
neutralization by MeV-immune human sera have not emerged, 
nor have they been evolved by natural in vitro selection. 
Objective: In an attempt to address the major limitation of 
currently available measles vaccines, namely their 
susceptibility to neutralization by measles-immune human 
serum, we sought to engenieer a recombinant measles virus 
that is resistant to neutralization by measles-immune human 
serum. 
Materials and Methods: Using a combination of rational 
epitope disruption, glycan shielding and envelope switching 
we engineered an H/F substituted Moraten vaccine genome 
with a multiply mutated H gene (H stealth) from a wild-type 
MeV strain and the F gene of the Onderstepoort Canine 
Distemper Virus (CDV) vaccine. 
 Results: H stealth was generated by using a series of mutations 
to systematically eliminate its immunodominant epitopes 
while retaining key T cell epitopes. The H stealth/CDV F 
substituted virus (MeV stealth) was rescued using a standard 
reverse genetics approach. This virus was shown to propagate 
efficiently and exclusively on CD46 receptor-positive cells. 
Additionally, the virus provoked a MeV-H glycoprotein-
directed neutralizing antibody response that cross-neutralizes 
wild-type strains of measles virus. Finally, MeV stealth 
showed partial resistance to neutralization by polyclonal anti-
MeV neutralizing antibodies induced upon infection. 
Conclusions: MeV stealth may prove to be an effective 
measles vaccine for children younger than 9 months of age 
who have persistent circulating titers of transplacentally 
acquired neutralizing anti-MeV antibodies. 
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IC-TAGGING: A GENERAL PLATFORM 
FOR PRODUCTION OF PROTEIN 
MICROSPHERES AS IMMUNOGENS. 
DIFFERENT EXPRESSION SYSTEMS, 
PARTICLE SIZE AND SUCCESSFUL 
EXPRESSION OF DIFFICULT PROTEINS. 
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Objective: IC-Tagging is a patented methodology with many 
potential applications (1-3). We have shown that epitope-
loaded microspheres (MS) are potent immunogens in absence 
of any added adjuvant (4, 5). We wanted to extend the 
capabilities of our method by loading glycoproteins and 
problematic proteins. We also wanted to test its performance 
in prokaryotic expression systems that would, on one side 
allow us to play with particle size, and on the othershow the 
universality of the methodology. 
Materials and methods: Recombinant plasmids and 
baculoviruses were generated using standard techniques. DF1, 
HeLa or Sf9 cells were plated onto glass-bottom dishes and 
observed on a Nikon Ti-E microscope equipped with a Zyla 
camera (Andor). Alternatively, cells were seeded on glass 
coverslipsproteins and used for transfection with 
lipofectamine as indicated by the provider or infection with 
recombinant baculoviruses. Expressed proteins were localized 
by immunofluorescence using specific primary antibodies and 
detected with the corresponding commercial fluorophore-
conjugated secondary antibodies. Images were obtained with 
an Olympus DP- 71 digital camera mounted on an 
OlympusBX51 fluorescence microscope. 
Results: When adding a N-terminal signal sequence to muNS-
Mi MS are formed inside the endoplasmic reticulum (ER). IC-
tagged mRFP co-localizes with such MS, while untagged 
mRFP does not. The ectodomain of glycoprotein Gn from 
RFVF gets loaded into ER MS, and its glycosylation pattern is 
not changed whether the protein is loaded or not into MS. 
MuNS-Mi expressed in bacteria form spherical inclusions of 
0,4 µm inside the cells, that are easily purified. IC-tagged 
proteins co-expressed with muNS-Mi in bacteria are loaded 
onto the MS and can be easily co-purified with them. Several 
difficult to express proteins were purified using the bacterial 
IC-Tagging system. 
Conclusions: IC-Tagging methodology is aversatile platform 
for production of MS as immunogens that allows expression 
and purification of glycoproteins and problematic proteins in 
any possible scenario. 
1) PLoS One. 2010 Nov 12;5(11):e13961. 
2) PLoS One. 2010 Nov 2;5(11):e13785. 
3) J Biotechnol. 2011, 155:284-6. 
4) Antiviral Res. 2014,110: 42–51. 
5) Methods in Molecular Biology. 2016, 1349: 25-34. 
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Objective: Bagaza virus (BAGV), synonymous to Israel turkey 
meningoencephalomyelitis virus (ITV) (1), is a mosquito-
borne flavivirusof the Ntayaserocomplex, which has been 
recognized as causative of a neurological disease in turkey 
flocksin Israel since 1960. In 2010, the virus was detected for 
the first time in Europe, affecting red-legged partridges and 
pheasants in Southern Spain. Our previous studies confirmed 
that these species are susceptible to experimental BAGV 
infection and that thisvirus can be transmitted by direct contact 
(without vectors) at least in red-legged partridges (2), which 
may have important consequences in terms of transmission 
risk and virus spread. In 1976, aITV live-attenuated vaccine 
was developed by passages of the virus in Japanese quail (3). 
This vaccine, commercially available, has been successfully 
used in turkeys in Israel. However, it has never been evaluated 
in any other avian speciesapart from turkeys. The aim of this 
study was to test the safety of this vaccine in the red-legged 
partridge (Alectorisrufa), the main affected species in the 
outbreak of Spain.  
Materials and Methods: Four-month-old red-legged partridges 
were distributed in two groups: vaccinated(n=11) and control 
(n=10). The first group received a dose of 103EID50 
attenuated ITV vaccine (Phibro, Israel) in 0.25 mL of diluent 
by the intramuscular route in the breast. Clinical signs were 
registered daily for up to 32 days post-inoculation (dpi). Blood, 
serum and feather samples were collected at different dpi.  
Results: All the birds in thevaccinated group showed clinical 
signs (e.g. weakness and apathy) and they all suffered a mean 
body weight loss of 12%. Furthermore, two 
vaccinatedpartridges died between 9 and 11 dpi (mortality 
rate=18%). Viremia and viral RNA in feathers followed a 
course similar to that observed after infection with wild-type 
virus (2). Control group showed no disease signs, viremia or 
viral RNA in feathers.   
Conclusions: This study confirms that the established ITV 
vaccine, safe, effective and broadly used in turkeys in Israel, is 
not safe in red-legged partridges in the conditions employed in 
this assay, in which it seems to produce similar pathogenicity 
to the wild BAGV isolated during the outbreak in 2010.  
ACKNOWLEDGEMENTS:FédérationNationaledes 
Chasseurs, Grant PSN-PR1-2013.Centro Referencia de la 
Perdiz Roja - Consejería Medio Ambiente, Junta de Andalucía. 
REFERENCES: 
(1)Fernández-Pinero et al. (2014) J. Gen. Virol. 883-887. 
(2)Llorente et al (2015) Vet. Res. 46:93. 
(3)Ianconescu et al (1975) AvianPathol. 4:119-131. 
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A T-CELL EPITOPE FROM FOOT-AND-
MOUTH DISEASE VIRUS PROTEIN 3A 
IMPROVES HUMORAL RESPONSE 
AGAINST CLASSICAL SWINE FEVER 
VIRUS AFTER DENDRIMERIC PEPTIDE 
IMMUNIZATION  
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Objective. Dendrimeric presentation of antigens has been 
recognized as a powerful tool to improve the immunogenicity 
generated by peptide vaccines. A previous example in an 
protective Foot and mouth disease virus (FMDV) vaccine has 
shown that two copies of the B-cell antigen accompanied by 
an appropriate T-cell epitope are better recognized by the 
swine immune system than four copies of the same epitope. 
Here, we have investigated the immune response elicited by 
three new versions of the branched constructs . One of the 
constructs (1) is tetravalent, of the B4T(mal)-type, while the 
other two (2, 3) are bivalent, B2T(mal)-type, differing only in 
the T-cell epitope: in 2, the aforementioned NS3 sequence is 
used, as in 1, whereas in 3 the [3A(21-35)] T-cell epitope 
successfully used in FMDV vaccines has been adopted. Given 
the advantageous performance –both immunological and 
synthetic– of the maleimide linkage, this connectivity has been 
chosen in all cases. The constructs have been evaluated in pigs, 
with a view to compare how bivalent 2 and/or 3 perform 
relative to tetravalent 1 in terms of CSFV specific responses. 
Materials and Methods. Three dendrimeric peptides were 
synthesized as explained above, construct 1, 2 and 3. Animals 
were inoculated twice with a 21-day interval and challenged 
15 days after the second immunization with a virulent CSFV 
Margarita strain. Clinical signs were recorded daily and 
ELISA tests were performed to detect antibodies against 
specific peptide and E2. The neutralizing antibody response 
against CSFV was assessed 13 days after challenge.  
Results. Despite the change to maleimide connectivity, only 
partial protection against CSFV was again observed. The best 
clinical protection was observed in group 3. Animals 
inoculated with constructs 2 and 3 showed higher anti-peptide 
humoral response, suggesting that two copies of the B-cell 
epitope are sufficient or even better than four copies for swine 
immune recognition. In addition, for construct 3 higher 
neutralizing antibody titres against CSFV were detected 
Conclusions. Our results support the immunogenicity of the 
CSFV B-cell epitope and the cooperative role of the FMDV 
3A T-cell epitope in aiding immune recognition and inducing 
a neutralizing response against CSFV in domestic pigs. This is 
also the first time that the FMDV T-cell epitope shows 
effectivity in improving swine immune response against a 
different virus. Our findings highlight the relevance of 
dendrimeric peptides for epitope characterization, as well as 
powerful tools in the development of new vaccine candidates 
in animal health. 
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Objective. Orbiviruses are the cause of important and 
apparently emerging arboviral diseases of livestock, including 
bluetongue virus (BTV) and African horse sickness virus 
(AHSV),both transmitted by the same biting midge vector. 
The objective of this work was todevelop reagents and 
strategies forvaccination against bluetongue virus (BTV) and 
African horse sickness virus (AHSV). We used both the 
vaccinia virus Ankara strain (MVA) that is considered safe as 
a viral vaccine vectoreven for its use in humans, and 
microspheres (MS) based on the tagging method totarget 
proteins of theavian reovirus(ARV) muNS inclusions as a 
subunit vaccine. 
Material and Methods. We engineered vaccines based on 
proteins VP2, VP7, and NS1 from BTV-4 or VP2 and NS1 
from AHSV-4 incorporated into ARVmuNS-Mi microspheres 
(MS-VP2/MS-VP7/MS-NS1). Microspheres were generated 
by a tagging and inclusion-targeting system based on the ARV 
muNSvirosomes, a method for immobilizing proteins in 
muNS-Mi inclusions in baculovirus-infected cells. In 
addition,we generated rMVAs expressing the same antigens 
(rMVA-VP2/rMVA-VP7/rMVA-NS1).IFNAR(-/-) mice were 
immunized with MS/MS or MS/rMVA without adjuvant. 
Protective immunity (humoral and cellular immune responses) 
and protection were analyzed after challenge with a lethal dose 
of BTV (serotypes 1 or 4) or AHSV (serotype 4). 
Results. IFNAR(-/-) mice immunized with MS-VP2/MS-
VP7/MS-NS1 or MS-VP2/MS-NS1 without adjuvant in a 
homologous prime-boost vaccination regime protected against 
a homologous challenge with a lethal dose of BTV-4 or 
AHSV-4, respectively. Full protection was also observed 
when the animals were immunized with MS/rMVA expressing 
the same antigens and challenged with the homologous 
orbivirus. The booster with rMVA expressing BTV or AHSV 
antigensconferred a significant induction of neutralizing 
antibodies. Furthermore,this immunization strategy increased 
the ratio of IgG2a/IgG1 in sera, suggesting an induction of a 
Th1 responseand elicited strong CD8+ T cell responses and 
cytotoxic activity in immunized mice. In addition, the 
immunization strategy based on MS/rMVA elicited cross-
protection against a heterologous lethal challenge with BTV-
1. 
Conclusions. These new experimental strategiesbased on 
microspheres and rMVA are an attractive approach to generate 
new effective, safe and cross-protective marker vaccines 
againstorbiviruses. 
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Classical swine fever (CSF) is one of the most important swine 
diseases, its etiological agent CSF virus (CSFV) belongs to the 
Pestivirus genus, Flaviviridae family. CSFV its remains 
endemic in South and Central America, the Caribbean region, 
Asia, and in some Eastern European countries. The routine 
vaccination for disease control mainly by using the live 
attenuated CSFV vaccines such as the lapinized C-strain is still 
carried out in these zones. Paradoxically, despite the intensive 
vaccination programs, CSF has not been controlled. This has 
been attributed to failures in the responses to vaccination, for 
example, quality and availability of the vaccine, and gaps in 
the cold chain, etc. Considering the complex epidemiology 
situation in endemic areas, the development of a safe vaccine 
candidate capable of inducing a strong viral protection, able to 
protect from the CSFV trans-placental transmission, is a 
priority for disease control.Thus, here we evaluated the effect 
of double vaccination in prevent CSFV vertical transmission 
in pregnant sows with a new subunit marker vaccine candidate 
based in the CSF viral envelope E2 glycoprotein fused to the 
porcine CD154. 
A lentivirus-based gene deliverysystem was used to obtain a 
stable recombinant HEK 293 cell line for the expression of E2 
fused to porcine CD154molecule. Six pregnant sows at 64 
days of gestation were distributed in two groups.Animals 1 to 
4(group 1) were vaccinated via intramuscular inoculation with 
50 μg of E2-CD154 subunit vaccine. Group2 (animals 5 and 6, 
control animals) were injected with PBS. Seventeen days later 
group 1 sows were boostedwith the same vaccine dose. 
Twenty-seven days after first immunization, the sows were 
challenged with CSFV virulent (Margarita strain). Samples 
were collected to evaluate immune response and virological 
protection. Between 14-18 days after challenge, sowswere 
euthanizedand sera and tissues samples were obtained from 
fetuses.  
Vaccinated animal remained clinically healthy until the end of 
the study; also, no adverse reaction was shown after 
vaccination.An effective boost effect in the neutralizing 
antibody response after boost-immunization and challenge 
wasobserved and protection against CSFVvertical 
transmission was found in the 100% of serums samples from 
foetus. Only two out of 208samples (0.96%) were positive by 
qRT-PCR with Ct values arround 36.  
Besides, its DIVA potential and protection from vertical 
transmission, the novel CSFV E2 bound to CD154 subunit 
vaccine, is a promising alternative to the live-attenuated 
vaccine for developing countries. 
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One of the major obstaclesfor generating safe and more 
effective vaccines that stimulates long lasting protective 
immunity is the lack predictive immune correlates of 
protection. This is notable in ruminants, where the 
understanding of the parameters that drive immune responses 
against viral infections is scarce.  
The ultimate goal of vaccination is to generate potent and long-
term protection against disease. Several evidences support the 
notion that any vaccine should be able to activate T cell 
responses by: a) promoting robust expansion of naïve 
precursor T cell reactive with viral antigens; b) allowing high 
frequency of these virus-specific effector cells to survive over 
time as memory T cells; and c) retaining high effector function 
that provides optimal surveillance against subsequent 
infections. The use of immunostimulants in combination with 
vaccines is an attractive approach that could positively affect 
the outcome of vaccination. A number of costimulatory 
interactions in the TNF/TNF receptor superfamily, such as 
those between CD27-CD70 and OX40R/OX40L, have been 
implicated in immune memory development, and therefore 
represent ideal targets to enhance memory.  
In our laboratory we have generated recombinant Ad5 
expressing secreted versions of both OX40L and CD70 to 
include in vaccination protocols. Our data show for the first 
time that ovine CD27 (the ligand of CD70) is expressed on 
CD4+ and CD8+ T cells and on CD335+ NK cells. These 
molecules have therefore the potential to improve T cell 
responses generated by vaccination in sheep. Further 
characterization in sheep of the activation mechanisms 
induced by Ad5-OX40L and Ad5-CD70, and their potency 
with our recombinant vaccines for Peste des petits ruminant 
virus (PPRV) or Bluetongue virus (BTV) will be discussed. 
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Virus-like particles (VLPs), comprised of viral structural 
proteins devoid of genetic material, are tunable nanoparticles 
that can be chemically or genetically engineered to be used as 
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platforms for multimeric display of foreign antigens.Our 
research group has set up a system for the production of VLPs 
derived from rabbit hemorrhagic disease virus (RHDV). Our 
goal is to develop RHDV VLPs as a delivery system for the 
multimeric presentation of immunogenic epitopes derived 
from pathogens relevant for animal health.Currently, we have 
identified three independent locations within the gene of the 
RHDV capsid protein (VP60), where we can insert foreign 
sequences without affecting the ability of the resulting 
chimeric protein to self-assemble into VLPs(1). Moreover, we 
have demonstrated that the resulting chimeric RHDV VLPs 
are able to induce strong specific antibody responses against 
inserted foreign B-cell epitopes, including neutralizing 
antibodies(2). 
In order to improve the potential of RHDV VLPs as platforms 
for foreign epitope presentation, we performed a PEPSCAN 
analysis to identify linear immunodominant regions within the 
RHDV capsid protein, aimed at defining new optimized 
insertion sites for foreign B-cell epitopes. This approach 
enabled the identification of strong hot spots within the P2 
subdomain of the RHDV capsid protein. Subsequently, we 
generated a set of chimeric RHDV VLPs by insertion of a 
model foreign B-cell epitope at the newly identified linear 
immunodominant regions.The immunogenic potential of the 
resulting chimeric VLPs was analyzed in the mouse model. 
Results obtained demonstrated the suitability of newly 
identified immunodominant regions as insertion sites for 
efficient foreign B-cell epitope presentation to the immune 
system. 
References 
1.- Luque et al. (2012). Journal of Virology86: 6470-6480. 
2.- Moreno et al. (2016) Scientific Reports6: 31844. 
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Virus-like particles (VLPs) are appealing as vaccine 
candidates because their inherent properties are suitable for the 
induction of safe and efficient immune responses. In 
particular, VLPs from rabbit haemorrhagic disease virus 
(RHDV) have been shown to be good vaccine platforms. Foot-
and-mouth disease virus (FMDV) is the causative agent of a 
highly infectious disease and probably the most important 
livestock disease in terms of economic impact. Disease control 
is implemented by using chemically inactivated whole-virus 
vaccines whose poses serious biosafety concerns. In this 
context, the aim of the present study was to explore the 
potential of RHDV VLPs as a platform for development of 
novel FMD vaccines.  
We generated chimeric VLPs harbouring, in different insertion 
sites, a neutralizing B-cell epitope derived from FMDV type 
O (currently the most widespread serotype), located around 
positions 140 to 160 of capsid protein VP1 (loop G-H), and a 
T-cell epitope highly conserved among FMDV serotypes from 

3A non-structural protein. Groups of mice were inoculated 
with the chimeric VLPs and we analyzed the humoral and 
cellular immune responses elicited. We further assessed in pigs 
the immunogenicity and protection conferred by a selected 
chimeric VLP against FMDV challenge. 
All of the constructs analyzed were able to induce a specific 
antibody response recognizing FMDV. The antibody titres 
were shown to increase over the time course of the experiment 
and after a booster inoculation of the corresponding VLP. 
Relevantly, the sera contained elevated titres of FMDV 
neutralizing antibodies reaching or exceeding those expected 
to afford protection from disease (> 2 log). Additionally, we 
tested the ability of recombinant VLPs to induce specific T cell 
responses by ELISPOT assays. Responses against the full 
length recombinant RHDV VP60 scaffold protein were readily 
induced, while the presence of the FMDV T-cell epitope did 
not consistently elicit specific responses. Interestingly, the 
chimeric VLP used to immunize pigs was able to confer partial 
protection upon viral challenge, characterized by a delay on 
the onset of signs which were less severe than those observed 
in control non-immunized pigs (statistically significant 
differences) . 
Our results show that B-cell epitope-bearing recombinant 
VLPs have the capacity to induce elevated anti-FMDV 
neutralizing antibody titres in vivo in the swine model, capable 
to confer partial protection, suggesting they have a promising 
potential as FMDV candidate vaccines. Given the issues of 
lack of specific T-cell responses, we are working to expand 
these results by incorporating different or additional epitopes. 
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Objective: Poxviruses use a complex strategy to escape 
immune control, by expressing immunomodulatory proteins 
that could limit their use as vaccine vectors. The main goal of 
the present study is to assess the role of poxvirus NF-κB 
pathway inhibitors A52, B15and K7 in the immune response 
context.  
Materials and Methods: To test the role of poxvirus NF-κB 
pathway inhibitors A52, B15and K7 in immunity, we deleted 
their genes in a NYVAC vaccinia virus strain that expresses 
HIV-1 clade C antigens. In order to evaluate the immune 
response of the different deletion mutant and revertant viruses 
generated, we carried out the following: FACS analyses of the 
innate immune cells migration in vivo, Luminex for the 
detection of the viral-induced cytokines and chemokines, and 
ICS and ELISA for the evaluation of the induced cellular and 
humoral responses. 
Results: After infection of mice, ablation of A52R,B15R and 
K7R increased dendritic cell, natural killer cell and neutrophil 
migration as well as chemokine/cytokine expression.  
Infection caused by revertant viruses for these genes 
confirmed their role in inhibiting the innate immune system. 
To different extents, enhanced innate immune responses 
correlated with increased HIV Pol- and Gag-specific 
polyfunctional CD8 T cell and HIV Env-specific IgG 
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responses induced by single-, double- and triple-deletion 
mutants. 
Conclusions: The poxvirus proteins A52, B15and K7 
influence innate and adaptive cell-mediated and humoral 
immunity, and their ablation offers alternatives for design of 
vaccine vectors that regulate immune responses distinctly. 
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African swine fever (ASF) is a fatal disease that produces 
significant economic losses in the swine industry worldwide. 
To date, no vaccine is available against ASF virus (ASFV). 
Live attenuated vaccines (LAVs) are one of the most 
promising strategies to fight ASF albeit so far, most candidates 
only confer protection against homologous virulent viruses. 
Previous work in the lab demonstrated that BA71∆CD2, an 
attenuated recombinant virus lacking the vCD2 gene, confers 
homologous protection against the virulent BA71 virus, but 
also against heterologous E75 strain (genotype I) and the  
highly virulent Georgia07 isolate (genotype II) currently 
circulating in Eastern Europe.  In spite of these promising 
results, its use in disease-free areas is hampered due to some 
residual virulence. 
Aiming to optimize its safety, BA71∆CD2 was inactivated by 
ultraviolet light (UV) or using two different chemical 
compounds: β-propiolactone (BPL), and binary ethyleneimine 
(BEI). Here we present the results obtained in vivo with these 
vaccine formulations administered in prime-boost regimens. 
Groups of 8 weeks old (large x White) male pigs (6 pigs per 
group minimum) were twice immunized with 106 pfu per dose 
of each inactivated BA71CD2 in the presence of Carbopol 
keeping a control group immunized with the carbopol adjuvant 
alone.  Three weeks after the boost, all pigs were subjected to 
lethal challenge with 103  HAU  of  Georgia07.  Unfortunately,  
enough no differences were observed  between  control 
 and the rest of the groups, all dying at similar times showing 
high fever and acute ASF clinical signs and similar viremia 
kinetics and virus loads. The lack of protection afforded by the 
inactivated BA71∆CD2 preparations correlated with the 
presence of low levels of ASFV-specific antibodies and T-
cells in comparison with those induced by live BA71∆CD2. 
In summary, BA71∆CD2 inactivation abrogates its protective 
immunity independently of the method used, in concordance 

with the results classically obtained with  inactivated 
preparations of wild type (wt) ASFV. 
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African swine fever (ASF) is one of the most important swine 
diseases worldwide. Despite there is no vaccine available, 
CD8+ T cells are known to play a key role in protection against 
ASF virus (ASFV). Previously in our lab, two ASFV CD8+ T-
cell determinants (from proteins A and B) were identified and, 
more recently, a new SLA-I specific peptide has been 
characterized (from protein C). 
In this study, the immunogenicity of three different 
immunization platforms was compared in a prime-boost 
regime with male pigs (Landrace x Pietrain) of 3-4 weeks of 
age. Four animals per group were inoculated with i) a cocktail 
of three plasmids encoding the ubiquitinated full length of a, b 
and c genes (pCMV-UbA+pCMV- UbB+pCMV-UbC), 
aiming to enhance their proteasomal degradation; or ii) a 
multi- epitope DNA construct encoding theoretically predicted 
SLA-I hot spots for A, B and C proteins (including the already 
characterized peptides), spaced by optimal proteasomal 
cleavage sites and with ubiquitin as a leader sequence (pCMV-
UbmeABC); or iii) synthetic peptides formulated in Freund´s 
adjuvant, including both the CD8+ T-cell already 
characterized epitopes and the theoretically predicted ones, 
which served as a positive control. Two additional groups with 
3 animals each were inoculated with either Freund´s adjuvant 
or empty pCMV plasmid as controls. 
Pigs immunized with the multi-epitope construct (ii) showed a 
statistically significant higher number of peptide-specific 
IFNϒ-secreting cells than the animals immunized  with the 
plasmid cocktail. Most of the recognized peptides mapped in a 
single domain of protein C. 
In summary, optimization of proteasomal processing enhances 
the immunogenicity of a DNA vaccine encoding ASFV CD8+ 
T-cell epitopes. 
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The presence of multiple virulence and host‐immune evasion 
factors in African swine fever virus (ASFV) genome, has 
allowed designing live attenuated ASFVs with vaccine 
potential by specifically deleting one or more of them. 
Unfortunately, most of these genes are impossible  to eliminate 
since they play essential roles during ASFV infection. Taking 
advantage of the lessons learned in vitro with viruses 
expressing inducible essential genes, here we attempted  to test 
them in vivo with vaccine purposes. The first recombinant 
chosen was a virus  expressing the essential structural pp220 
polyprotein under an inducible promoter (the BA71VTK‐
v220i), that after infecting Vero cells in the absence of IPTG, 
produced DNA‐empty capsids capable to exit the cell and 
unproductively infecting new ones. Theoretically, this one‐ 
only‐cycle‐infection strategy could reduce to the minimum 
the safety problems inherited by the infectious nature of LAVs. 
The preliminary results obtained in vivo will be here 
discussed. 
The adaptation of the ASFV virulent strain BA71 to Vero cells 
(BA71V) rendered non‐ pathogenic viruses incapable to 
infect pigs, independently of the dose and number of 
inoculations, thus preventing the use of recombinant BA71V 
recombinant viruses as potential vaccines, including the 
BA71VTK‐v220i. Conversely to that occurring with Vero 
cells, no significant differences were observed after 
inoculation of pigs with different doses of BA71 either grown 
in COS cells (BA71‐cos) or in primary swine macrophages 
(BA71), all dying (Table 
between days 6 and 10 pi. Once confirmed the feasibility of 
BA71 to grow in Cos  cells without losing infectivity, we used 
it to generate the inducible BA71cosTK‐v220i. As it 
occurred with pigs pre‐immunized with BA71V, all pigs 
pre‐immunized with BA71cosTK‐v220i died or  had to be 
sacrificed before day 7 after lethal BA71 challenge, showing 
identical clinical signs than control animals. Additional in vivo 
experiments performed with the BA71TK‐, the intermediate 
TK deletion mutant used to generate the inducible virus, 
allowed demonstrating the essential nature TK for BA71 in 
vivo infection, thus explaining the vaccine failure of 
BA71cosTK‐v220i. Coinciding with its essential nature for 
BA71 in vivo growing, BA71TK‐ had also impaired its 
growth in primary swine macrophages, main target of ASFV. 
These results together with more recent experiments 
performed in the lab confirms the fine equilibrium existing 
between ASFV replication in vivo, protection and 
pathogenicity. We are currently exploring the potential of 
inducible viruses obtained in alternative non‐essential locus. 
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Objective. Bluetongue is a hemorrhagic disease of ruminants 
caused by bluetongue virus (BTV). Twenty seven distinct 
BTV serotypes have been identified within two well-defined 
topotypes (Western and Eastern). Vaccination is the most 
effective control measure to reduce virus circulation. In this 
study, we have engineered a multiserotype DIVA vaccine 
against BTV based on the non-structural protein NS1 
expressed by recombinant Modified Vaccinia Virus Ankara 
(MVA-NS1). NS1 is the most conserved protein across 
serotypes and the major inducer of cellular immune responses 
in mouse and sheep. Our main goal was to evaluate the 
potential use of MVA-NS1 as a vaccine candidate against 
multiple BTV serotypes 
Material and Methods. MVA-NS1 was generated and 
inoculated intraperitoneally in IFNAR (-/-) mice following a 
prime-boost regimen. Cellular and humoral immune responses 
were analyzed by Intracellular cytokine staining (ICCS) and 
neutralization tests (VNT), respectively. Groups of immunized 
mice were then infected subcutaneously with lethal doses of 
five different BTV serotypes or reassortants: BTV-1, BTV-4 
and BTV-8, the most common strains circulating in Spain; 
BTV-4 MOR2009/09 strain, a more virulent reassortant of 
BTV-1 and BTV-4; and BTV-16, an eastern Bluetongue virus 
topotype. Whole blood was collected in EDTA at regular 
intervals after viral challenge and viremia was analyzed by 
plaque assay (BTV-1, BTV-4 and BTV-8) or RT-qPCR. Blood 
parameters (lymphocyte, neutrophil, monocyte and platelet 
counts) were also analyzed in a BC-5300 Vet Auto 
Hematology Analyzer (Mindray, Shenzhen, China). 
Results. All non-immunized animals, except one infected with 
BTV-16, succumbed to infection regardless of BTV serotype 
used in this study and showed increasing viremia levels. In 
contrast, animals immunized with MVA-NS1 were protected 
against their subsequent challenge in the absence of 
neutralizing antibodies. A reduction in the level of 
lymphocytes, monocytes and platelets together with an 
increase in the amount of neutrophils were observed in the 
non-immunized groups upon BTV infection, while no changes 
were observed in the immunized mice. Cellular immune 
response analysed in the immunized mice showed an increase 
in the expression of IFNγ and CD107a (a marker of cytotoxic 
activity) in splenic CD8+ T cells upon specific restimulation. 
Conclusions. An experimental DIVA vaccine based on rMVA 
expressing the protein NS1 of BTV elicits strong and specific 
CD8+ T cell responses and protects IFNAR(-/-) mice against 
phylogenetically different BTV serotypes in the absence of 
neutralizing antibodies. 
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Introduction: Influenza is an infectious disease that, 
classically, affects more young segments of the population, 
preschoolers and healthy schoolchildren. In spite of this, in 
Spain, unlike other countries, children are not immunized 
universally. The Spanish Influenza Surveillance System 
(SISS) uses various systems and sources of information to 
provide a comprehensive view of the behavior of the disease 
and circulating influenza viruses in Spain as a whole As in 
each of the Autonomous Communities. 
 In the transmission of influenza, it is characteristic that the 
aggregation of cases occurs initially in the younger segments 
of the population and conditions an increase in mortality in the 
elderly and with basic pathology1. Our objective is to present 
the impact of influenza activity on children under 15 and 
suggest consideration of childhood vaccination 
Methods: The report on influenza surveillance in Spain is 
reviewed retrospectively for the last six seasons available 
between 2010 and 2016. 
(http://vgripe.isciii.es/gripe/documentos/20152016/AnnualRe
ports/Report_Vigilancia_GRIPE_2015-2016_v16082016.pdf 
[visited April, 4, 2017] 
Results: The most affected age groups were those under 15 
years of age, with a maximum weekly incidence rate of 
influenza of 533.90 and467.31 cases per 100,000 inhabitants 
for the groups of 0-4 years and5- 4 years, respectively.By age 
groups, the highest rates of cumulative influenza incidence 
were observed in the 0-4 age group (5,886.82 cases / 100,000 
inhabitants). It is followed by the group of 5-14 years 
(4,362.50 cases / 100,000 inhabitants)In the groups of 15-64 
years and older than 64 years, the cumulative incidence rates 
of influenza were 1,538.37 and 623.29 cases / 100,000 
inhabitants respectively. 
Discussion: Some countries of the first world have developed 
different anti-influenza vaccination strategies in children, 
mainly in Northern Europe and in North America. Their 
contributions are of great utility, since they can help in 
decision making in areas of the planet with the same socio-
economic level. The vast majority of influenza vaccines used 
in Spain can be administered after 6 months of age, and it is 
questionable whether, like other countries, there should be 
changes in vaccination recommendations in this regard, given 
that The debate has already begun, overcoming the possible 
ethical limitations that such a measure entails. 
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Porcine epidemic diarrhea virus (PEDV) is an enteric 
coronavirus causing high morbidity and mortality in porcine 
herds worldwide. The virus was first identified in Europe in 
the 70’s, but since 2010 novel highly pathogenic variants have 
emerged in Asia. These virulent PEDVswere first detected in 
the US on 2013, causing huge economic losses. PEDV 
infection produces acute necrosis of the enterocytes leading to 
villi atrophy and death of infected animals. Both, inactivated 

and live attenuated PEDV vaccines, have been extensively 
used in Asia. Nevertheless, the outbreaks of virulent PEDV 
were frequent in vaccinated farms highlightingthe need of 
effective vaccines. Live attenuated vaccines are in general 
more efficient in protection against PEDV, but they can revert 
to virulent. A novel trend in vaccine development is the 
engineering of well-defined recombinant and safe vaccines. To 
this end,reverse genetics systems are required, as well as the 
knowledge on the virus-host interactions involved in 
pathogenesis. 
Aninfectious cDNA of a US virulentPEDV strain was 
engineered in a bacterial artificial chromosome. Recombinant 
PEDV(rPEDV) was obtained after transfection of this cDNA 
and characterized both in cell culture and in vivo. 
Infection by rPEDVled to syncytia formation, and the virus 
grew to titers similar to those of the parental PEDV strain, both 
in monkey and porcine cells. Piglets inoculated with rPEDV 
developed enteric disease symptoms, such as diarrhea and 
severe dehydration. The rPEDV infection also caused severe 
villi atrophy and jejunum inflammation. Moreover, the rPEDV 
virus grew in the jejunum of infected pigletswith high titers. In 
addition, viral RNAs accumulated to higher levels than those 
of a control virulent US PEDV strain. To develop PEDV 
vaccine candidates, the rPEDV should be attenuated, by 
introducing several modifications in the infectious cDNA 
clone. These strategies may include change of PEDV tissue 
tropism, deletion of virulence factors and essential genes, gene 
scrambling, codon de-optimization and reduction of virus 
replication levels. Our knowledge on the viral factors involved 
in coronavirus pathogenesis is being applied to the design of 
attenuated mutants following an optimal combination. 
All the engineered rPEDVs are being evaluated in vivo, to 
identify changes leading to virus attenuation. The 
incorporation into the infectious cDNA clone of three safety 
guards,each one implying several modifications making 
reversion to virulent very unlikely, is in progress. Balance 
between virus growth in vivo, attenuation and genetic stability 
will be required to developa promising vaccine candidate. 
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Objective:foot-and-mouth disease virus (FMDV) is the 
causative agent of a highly contagious disease and a major 
concern in animal health worldwide. We have previously 
reported the use of RNA transcripts mimicking structural 
domains in the non-coding regions of the FMDV RNA as 
potent type-I interferon (IFN) inducers showing antiviral effect 
in vivo, as well as their immunomodulatory properties in 
combination with an FMD vaccine in mice. The effect of RNA 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 128 

 

delivery on a conventional FMD vaccine in natural host 
animals has been assayed. 
Materials and methods: groups of pigs were immunized with 
different vaccine formulations containing or not RNA 
transcripts corresponding to the FMDV IRES. Fifteen weeks 
after vaccination animals were challenged with infectious 
virus. Different parameters indicative of specific immune 
response and protection against FMDV were analyzed. 
Results:animals receiving the RNA developed earlier and 
higher levels of neutralizing antibodies against homologous 
and heterologous isolates, compared to those immunized with 
the vaccine alone, and had higher anti-FMDV titers at late 
times post-vaccination. RNA delivery also induced higher 
specific T-cell response and protection levels against FMDV 
challenge. Peripheral blood mononuclear cells from pigs 
inoculated with RNA and the vaccine had a higher IFN-γ 
specific response than those from pigs receiving the vaccine 
alone. When challenged with FMDV, all three animals 
immunized with the conventional vaccine developed 
antibodies to the non-structural viral proteins 3ABC and two 
of them developed severe signs of disease. In the group 
receiving the vaccine together with the RNA, two pigs were 
fully protected while one showed delayed and mild signs of 
disease. 
Conclusions:we describe the enhancing effect of RNA 
delivery on the immunogenicity and protection induced by a 
suboptimal dose of a conventional FMD vaccine in pigs. Our 
results support the immunomodulatory effect of these RNA 
molecules in natural hosts and their potential use for 
improvement of FMD vaccines strategies. 
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NYVAC-C-KC AS HIV/AIDS VACCINE 
CANDIDATE AND ROLE OF THE VIRUS 
B19R GENE IN NONHUMAN PRIMATES 
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Objectives: The non-replicating attenuated poxvirus vector 
NYVAC expressing clade C(CN54) HIV-1 Env(gp120) and 
Gag-Pol-Nef antigens (NYVAC-C) showed in phase I clinical 
trials limited immunogenicity. To enhance the capacity of the 
NYVAC vector to trigger broad humoral responses and a more 
balanced activation of CD4+ and CD8+ T cells, here we 
compared the HIV-1-specific immunogenicity elicited in non-
human primates immunized with two replicating NYVAC 
vectors that have been modified by the insertion of K1L and 
C7L vaccinia viral host-range genes and express clade 
C(ZM96) trimeric HIV-1 gp140 protein or a Gag(ZM96)-Pol-
Nef(CN54) polyprotein as Gag-derived virus-like particles 
(termed NYVAC-C-KC). Additionally, one NYVAC-C-KC 
vector was generated by deleting the viral gene B19R, an 
inhibitor of type I interferon response (NYVAC-C-KC-
ΔB19R).  
Materials and Methods: An immunization protocol mimicking 
the RV144 phase III clinical trial was used. Two groups of 
macaques received two doses of the corresponding NYVAC-
C-KC vectors (weeks 0 and 4), and booster doses with 
NYVAC-C-KC vectors plus clade C HIV-1 gp120 protein 
(weeks 12 and 24).  
Results: The two replicating NYVAC-C-KC vectors induced 
an enhanced and similar HIV-1-specific CD4+ and CD8+ T 
cell responses, similar levels of binding IgG antibodies, low 
levels of IgA antibodies, high levels of antibody-dependent 
cellular cytotoxicity responses and HIV-1-neutralizing 
antibodies. Small differences within the NYVAC-C-KC-
ΔB19R group were seen in the magnitude of CD4+ and CD8+ 
T cells, induction of some cytokines and in the neutralization 
of some HIV-1 isolates. Moreover, for CD4+ T cell responses, 
NYVAC-C-KC-ΔB19R showed a more favorable trend 
toward a correlation with antibody responses than did 
NYVAC-C-KC.  
Conclusion: Thus, replication-competent NYVAC-C-KC 
vectors triggered immune properties relevant for efficacy as 
vaccine candidates against HIV/AIDS, and the viral B19 
molecule exerts some control of immune functions. 
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CONSERVED HA-PEPTIDES INDUCE 
CROSS-PROTECTIVE IMMUNE 
RESPONSE AGAINST DIFFERENT 
INFLUENZA VIRUSES.  
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Montegancedo, Pozuelo de Alarcón, Spain. 
 
Background and Objectives.  Influenza A viruses, the causal 
agents of swine influenza disease, are not only transcendental 
to control for the economic losses in the swine industry, but 
also are zoonotic or even pandemic pathogens. Vaccination is 
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one of the most important and effective strategies to control 
and prevent Influenza infection. Current human vaccines 
against Influenza induce strain-specific immunity and must be 
updated annually.  Our group has previously reported the use 
of conserved hemagglutinin peptides (HA-peptides) from 
A/California/04/2009 (H1N1) of Influenza virus as potential 
multivalent vaccine candidates. Immunization with these 
peptides elicited antibodies that recognize and neutralize 
heterologous Influenza viruses’ in vitro and demonstrated 
strong hemagglutination-inhibiting activity.  
Material and Methods. Conserved immunogenic HA-peptides 
were selected and reverse-translated to DNA and combined 
with two different adjuvants that were either interfering with 
innate (flagellin) or adaptive immune response (CTLA-4). One 
HA-peptide (ng34) was cloned into the pCMV-IgG2a-ctl4a 
plasmid. Another HA-peptide with flagellin was cloned into a 
pcDNA3.1(+) plasmid. For immunization and challenge 
studies, animals were divided into three groups (one infection 
control group immunized with saline solution and the other 
two with the DNA formulations). A needle-free IDAL (Intra 
Dermal Liquid Application) vaccination procedure was 
applied twice with a 3-week interval and was followed by an 
intranasal challenge with two swine Influenza virus subtypes 
(H1N1 and H3N2). Nasal swabs, sera and peripheral blood 
mononuclear cells were collected for analysis at defined time 
points. 
 Results. A complete elimination or significant reduction of the 
viral shedding was observed within the first week after the 
challenge for both the homologous H1 and heterologous H3 
Influenza viruses. Serology and analysis of cellular immune 
response elicited by vaccination will further be discussed.     
 Discussion and Conclusion. We assume these HA-peptides 
could potentially be used as a vaccine against different 
Influenza viruses and may confer protection.  
  Acknowledgements:  This study was funded by a doctoral 
fellowship from the Ministry of Economy, Industry and 
Competitiveness (AGL2013-48-923-C2-2-R). 
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A DENDRIMER PEPTIDE VACCINE 
AGAINST FOOT-AND-MOUTH DISEASE 
CAN ELICIT LONG LASTING HUMORAL 
AND PROTECTIVE RESPONSES IN PIGS 
 
Esther Blanco1, Belén Borrego1, Miguel Rodríguez-Pulido2, 
Gema Lorenzo1, Francisco Mateos1, Sira Defaus3, 
Margarita Sáiz2, David Andreu3 and Francisco Sobrino2 
1CISA-INIA, Valdeolmos, 28130 Madrid, Spain; 2 Centro de Biología 
Molecular “Severo Ochoa” (CSIC-UAM), Universidad Autónoma de 
Madrid,28049 Madrid, Spain. 3UniversitatPompeuFabra, 08003 
Barcelona, Spain 
 
Peptide vaccines against foot-and-mouth disease (FMD, one 
of the most feared animal diseases), pose apromising 
alternative to conventional, chemically inactivated FMD 
vaccines. Nevertheless, an important property of peptide 
vaccines, namely the duration of the protective responses they 
elicit in natural hosts,remains to be addressed. We have 
recently shown that a bivalent version of a dendrimeric peptide 
comprising two copies of a FMDV B-cell epitope linked to a 
single copy of a Th-cell epitope, named B2T, affords full 
protection in swine against an epidemiologically relevant type 
O FMD virus (FMDV) isolate (1). Here, we have assessed 
theFMDV neutralizing antibody response evoked and the 

protection afforded in swine by this B2T dendrimer 
peptide,when inoculated in combination or not with an RNA 
transcript mimicking structural domains in the non-coding 
regions of the FMDV IRES RNA that induces type-I interferon 
in porcine blood cells (2).  
Pigs immunized with B2T elicited high levels of neutralizing 
antibodies upon boost, and no increase in titers was observed 
in animals co-inoculated with the FMDV IRES transcript. 
Partial clinical protection against FMD was observed when 
animals were challenged 20 weeks after immunization: 2/2 and 
2/4 protected animals in the B2T and B2T+IRES RNA groups, 
respectively. Interestingly, partial protection was also 
observed in one of two pigs immunized with a single dose of 
B2T alone, when these animals, eliciting low levels of 
neutralizing antibodies, were challenged 20 weeks after 
immunization.  
In conclusion, vaccination with dendrimer B2T − regardless of 
its co-inoculation with IRES transcript−, elicits long lasting 
levels of FMDV-neutralizing antibodies that can afford 
protection in pigs 20 weeks after peptide boost. This late 
protection was also observed in a pig immunized with a single 
peptide dose.  
1Blanco et al. A. Res. 129,74 (2016) 
2 Borrego et al.Viruses 7, 3954 (2015) 
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Foot-and-mouth disease virus (FMDV) is the etiologic agent 
of one of the most hazardous animal diseases affecting 
livestock. Prophylactic vaccination is considered the most 
effective measurefor diseasecontrol in endemic regions. 
Protection with conventional whole-virus inactivated foot-
and-mouth disease (FMD) vaccineshas been correlated with 
high titers of neutralizing antibodies (nAb) against FMDV. 
The induction of nAb in the host requires the cooperation of 
T-helper CD4 cells and therefore, the incorporation of 
epitopesrecognized by these cells is important for the 
protective immunityof vaccines. In the case of FMDV, as for 
many viruses, protective T-cell immunity is driven by a Th1 
effector response triggered by the secretion of pro-
inflammatory cytokines such us IFNγ.We have recently 
reported that downsized bivalent versions of a previously 
described dendrimer peptide comprising 2 copies of a FMDV 
B-cell epitope linked to a single copy of a Th-cell epitope, 
named B2T, afforded full protection in swineagainst an 
epidemiologically relevant type O FMDV isolate (1). Herein 
we show that dendrimer B2T inducesFMDV specific IFNγ- 
producing Th1 cells, determined by IFNγELISPOT, in 
peripheral blood leukocytes (PBLs) from immunized pigs, 
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when they were stimulated with both whole dendrimer andthe 
T-cell epitope peptide. Phenotyping of the IFNγ-releasing cells 
by flow cytometry revealed that, both CD4+and CD8+T-cells 
were stimulated in vitro in response to the whole dendrimer or 
the T-cell epitope alone. These findings emphasize the 
importance of the presence of T-cells epitopes recognized by 
CD4+ and also by CD8+ T-cells into FMDV peptide 
vaccines,to cooperate with B-cell epitopes for the efficient 
induction of nAb,as well asfor triggering effector mechanisms 
of cell-mediated immunity as pro-inflammatorycytokines.  
1Blanco et al., A. Res. 129,74 (2016) 
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STUDYING RESISTANCE TO 
ANTIVIRALS IN SINGLE CELLS WITH 
CORRELATIVE LIGHT AND ELECTRON 
MICROSCOPY  
 
Moisés García Serradilla And Cristina Risco  
Cell Structure Laboratory, Centro Nacional de Biotecnología, CNB-
CSIC, campus UAM, 28049 Madrid, Spain 
 
Development of highly effective, broad-spectrum antivirals is 
the major objective shared by the fields of virology and 
pharmaceutics. High throughput screening of molecules has 
identified promising candidates for developing optimal broad-
spectrum antiviral agents. In our lab we study the replication 
factories of several pathogenic RNA viruses. In the last few 
years we have developed new imaging techniques to study 
viruses in cells and applied these methods to study the factories 
assembled by bunyaviruses. The Bunyaviridae is the largest 
and most diverse family of RNA viruses. Many of these 
viruses are arboviruses, which means that they replicate in, and 
are transmitted by arthropods. Several bunyaviruses are 
important pathogens for humans and the causative agents of 
encephalitis and haemorrhagic fevers. Climate change 
together with increased global trade and travel is causing a 
rapid dissemination of the vectors of bunyaviruses and some 
other important arboviruses such as Dengue, Zika and 
Chikungunya. These viruses constitute a global threat because 
there are currently no vaccines or specific antiviral drugs for 
many of them. 
We have recently started to study viral infections at the level 
of single cells. With fluorescent recombinant bunyaviruses and 
Correlative Light and Electron Microscopy (CLEM), we have 
studied the heterogeneous response of cell populations to 
bunyavirus infection and to treatment with antivirals. We will 
present the results obtained with Ribavirin, a nucleoside 
analog used to treat many viral infections. Vero cells infected 
with a fluorescent bunyavirus (Gc-GFP-BUNV) at different 
MOI (1, 5 and 10 PFU/cell) and times post infection (0, 4, 6, 
10, 15, 24 and 36 hp.i.) were treated with different 
concentrations of Ribavirin (10, 20, 32, 50 and 150 μg/mL). 
The response of cells to the antiviral treatment was studied by 
live cell video microscopy and confocal microscopy. 
Production of infectious viruses was quantified by plaque 
assay. As expected, Ribavirin was non-toxic and efficient at 
20, 32 and 50 μg/mL. Infection was blocked in ~ 90% of cells 
when the antiviral was added at 0 h p.i. Those cells where the 
virus escaped from the antiviral treatment were selected and 
processed by CLEM and ultrastructural analysis. A small 
percentage of cells (~3%) presented a peculiar phenotype. 
These cells expressed fluorescent viral proteins but did not 
exhibit the characteristic morphological changes associated to 

infection, such as Golgi fragmentation. CLEM in combination 
with cell sorting and biochemical analysis is revealing how 
antiviral resistance is generated in cells. 
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FAVIPIRAVIR AS A NEW LETHAL 
MUTAGEN AGAINST HEPATITIS C 
VIRUS 
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Background and Aims: Lethal mutagenesis is an antiviral 
approach that consists in extinguishing a virus by an excess of 
mutations acquired during replication in the presence of a 
mutagen. This antiviral strategy aims at counteracting the 
adaptive capacity of viral quasispecies avoiding selection of 
resistance-associated substitutions. 
Materials and Methods: Theeffect of favipiravir (T-705) in 
HCV replication was measured during serial passages of the 
virus in human hepatoma Huh-7.5 cells. Viral progeny 
production, specific infectivity and complexity of mutant 
spectra were calculated in the absence and presence of T-705. 
The mutant spectrum complexity was determined using 
molecular cloning and Sanger sequencing.  
Results:T-705 is a potent inhibitor of HCV replication in Huh-
7.5 cells, with a therapeutic index (TI) value of 116.9. 
Infectivity decreased significantly in the presence of 
concentrations of T-705 which are 2- to 8-fold lower than its 
cytotoxic concentration 50 (CC50). Passaging the virus five 
times in the presence of 400 µM T-705 resulted in virus 
extinction. Analyses of preextinction HCV populations 
resulted in significant increases in mutation frequency 
associated with a bias in favor of G>A and C>U transitions, 
decreases of specific infectivity, and invariance of the 
consensus sequence.A fitness-related partial resistance to 
multiple drugs (in the absence of mutations associated with 
drug resistance) was observed with HCV in cell culture. High 
fitness virus showed also a partial resistance to T-705 despite 
no prior exposure to the drug. 
Conclusions: T-705 can act as a lethal mutagen. Since T-705 
has undergone advanced clinical trials for approval for human 
use, the results open a new approach based on lethal 
mutagenesis to treat hepatitis C virus infections. If proven 
effective for HCV in vivo, this new anti-HCV agent may be 
useful in patient groups that fail current therapeutic regimens. 
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SORAPHEN A IS A POTENT BROAD-
SPECTRUM ANTIVIRAL NATURAL 
PRODUCT AGAINST EMERGING 
FLAVIVIRUSES 
 
Gemma Pérez-Vilaró1, Javier P. Martínez2, Marc Talló-
Parra1, Mark Brönstrup3, Andreas Meyerhans2,4, Juana 
Diez1 
1.Molecular Viroloy group, Universitat Pompeu Fabra,  Barcelona, 
Spain. 2.Infection Biology group, Universitat Pompeu Fabra, 
Barcelona, Spain. 3.Department of Chemical Biology, Helmholtz 
Centre for Infection Research, Braunschweig, Germany. 4.Institució 
Catalana de Recerca i Estudis Avançats (ICREA), Barcelona, Spain 
 
Objective: Soraphen A (SorA) is a myxobacterial metabolite 
that inhibits the acetyl-CoA carboxylase, a key enzyme in lipid 
biosynthesis. We have previously shown SorA to efficiently 
inhibit the hepatitis C virus (HCV) by interfering with the 
formation of the membranous web, the HCV replication site. 
The aim of the present study was to evaluate the capacity of 
SorA and analogues to inhibit the important emerging viruses 
Dengue virus (DENV), West Nile virus (WNV), Chikungunya 
virus (CHIKV) and ZIKA virus (ZIKV). All all of them induce 
and depend, as HCV, on membranous web formation. 
Material snd Methods: SorA antiviral activity was evaluated in 
vitro using DENV, WNV, CHIKV and ZIKV virus derivatives 
carrying the luciferase gene. Infection studies were performed 
in HuH7/Scr cell line for DENV and WNV, in BHK21 cell line 
for CHIKV and in Vero cell line for ZIKV. 
Results: SorA potently inhibits DENV, WNV and ZIKV 
infection at nanomolar concentrations. Obtained EC50 values 
were 21.8 nM, 20nM and 150 nM, respectively. However, no 
antiviral activity was detected against CHIKV. Finally, a serie 
of natural and synthetic SorA analogues were tested to increase 
the solubility of SorA without affecting its antiviral activity. 
Conclusions: The natural product SorA has a very potent 
antiviral activity against DENV, WNV and ZIKV, constituting 
a very promising anti-Flavivirus molecule for further 
development. SorA does not inhibit the Togavirus CHIKV, 
indicating the unique and exquisite use of cellular lipid 
metabolism by viruses.  
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Objective  The Flavivirus genus contains important pathogens 
such as West Nile virus (WNV), Zika virus (ZIKV) and 
dengue virus (DENV) that are enveloped plus-strand RNA 
viruses transmitted by mosquitoes, and constitute a worrisome 
threat to global human and animal health. Currently no drug 
against these viruses has been licensed, being still a need to 
find effective antiviral drugs. A novel antiviral approach 

(economical, simple to use and environmental friendly) is the 
use of natural compounds. In this way, we have analyzed the 
antiviral potential of different polyphenols present in plants 
and natural products, like wine and tea, against WNV, ZIKV 
and DENV. 
Material and Methods. A panel of structurally related 
polyphenols [delphinidin chloride (DC), cyanidin chloride 
(CC), catechin (C), epicatechin (EC), epigallocatechin (EGC) 
and epigallocatechin-gallate (EGCG)] were tested. Vero cells 
were infected with WNV (MOI 1 PFU/cell) and treated with 
the compounds, or the vehicle (DMSO), at a non-toxic 
concentration. Viral yield was determined 24 h later by plaque 
assay and the amount of viral RNA by qRT-PCR. To 
determine if their effect was at the attachment, entry, or post-
entry viral step, Vero cells infected with WNV (MOI 1 
PFU/cell) were treated at different times of the infection and, 
then, the viral yield was determined 24 h later by plaque assay. 
In addition, to assess a possible virucidal effect, viruses were 
incubated with the compounds during 1 h at 37ºC before being 
added to the cells. The inhibitory activity of the tested 
polyphenols was also assayed against ZIKV and DENV 
Results. Among the compounds tested, only DC and EGCG 
significantly reduced WNV infection. These polyphenols did 
not inhibit the viral genome replication and they affected the 
attachment and entry steps of WNV infection. Moreover, both 
compounds had a virucidal effect against WNV particles. DC 
and EGCG do not impair endosomal acidification, supporting 
that their antiviral activity against WNV is not due to an 
inhibition of pH-dependent viral fusion. Remarkably, both 
polyphenols also reduced the infectivity of ZIKV and DENV. 
Conclusions. The polyphenols DC and EGCG, present in 
many plants inhibit the infectivity of medically relevant 
flaviviruses (WNV, ZIKV and DENV) more likely due to a 
virucidal effect. 
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ANTIVIRAL ACTIVITY OF 
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Objective. Flaviviruses are positive strand RNA viruses 
distributed all over the world that infect millions of people 
every year, and for which no specific antiviral agents have 
been approved. These viruses include the mosquito-borne 
West Nile virus (WNV) responsible for outbreaks of 
meningitis and encephalitis, and the Zika virus (ZIKV) that is 
currently responsible for a global outbreak associated with 
birth defects (microcephaly) and neurological disorders. Since 
flavivrus multiplication is highly dependent on host cell lipid 
metabolism, and nordihydroguaiaretic acid (NDGA) and its 
methylated derivative tetra-O-methyl nordihydroguaiaretic 
(M4N) have been proposed to disturb the lipid metabolism 
probably by interfering with the sterol regulatory element 
binding proteins (SREBP) pathway, we have evaluated the 
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effect of both compounds on the infection of WNV and ZIKV 
in cultured cells. 
Materials and Methods. The effect of various concentrations 
(10 or 35 µM) of the drugs, or vehicle alone, in flavivirus 
multiplication was assayed in Vero cells to determine the SI 
(CC50/IC50). Afterwards, the antiviral activity was quantified 
by viral titration, qRT-PCR, immunostaining, ELISA, and 
Western blot. 
Results. NDGA and M4N reduced significantly flavivirus 
yield in a dose-dependent manner without showing major 
cytotoxic effects; however, M4N displayed lower cytotoxicity 
when compared to that of NDGA. Even more, both compounds 
impaired viral replication as assayed by qRT-PCR, and further 
confirmed by immunofluorescence and Western blot. 
Remarkably, other structurally unrelated inhibitors of the 
SREBP pathway, such as PF-429242, and Fatostatin also 
reduced WNV and ZIKV multiplication.  
Conclusions. Both NDGA and M4N inhibited the infection of 
WNV and ZIKV likely by impairing viral replication, although 
M4N displayed lower cytotoxicity, thus, raising as an 
attractive candidate for antiviral development of broad-
spectrum anti-flavivirus drugs. Even more, since a decrease of 
WNV and ZIKV replication was observed when cells were 
treated with others structurally unrelated inhibitors of the 
SREBP pathway, it could be thought that the this pathway 
could constitute a druggable target suitable for antiviral 
intervention against flavivirus infection. Our results, together 
with the clinical safety record of M4N, point to this compound 
as an interesting candidate for antiviral design against 
medically relevant flaviviruses. 
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Despite the considerable effort in new vaccine designs, viruses 
still produce many porcine diseases with economic importance 
such asAfrican swine fever, foot and mouth disease, vesicular 
stomatitis or swine vesicular disease, and many problems 
regarding their spread and persistence, remain elusive. 
On the other hand, antiviral compounds targeting cellular 
metabolism instead of virus components have become an 
interesting issue for preventing and controlling the spread of 
virus infection, either as sole treatment or as a complement of 
vaccination. Some of these compounds seem to be involved in 
the control of lipid metabolism and/or membrane 
rearrangements. We have studied the effect of three of these 
cell-targeted antivirals, likelauryl gallate (LG), valproicacid 
(VPA) and cerulenin (CRL), in the productivity of several 
viruses causing porcine diseases. The results obtained 
confirmed the antiviral action of LG against Africanswine 
fever virus (ASFV), foot-and-mouth disease virus (FMDV), 
vesicular stomatitis virus (VSV) and swine vesicular disease 
virus (SVDV), as well as  the inhibitory effect of VPA and 
CRL on ASFV infection. Other gallateesthers have been also 
assayed for their inhibition of both ASFV and FMDV 
productivity. The combined action of these  antivirals has been 
tested in ASFV infections, with some synergistic effects 
observed in specific mixtures of LG and VPA. Regarding the 

mode of action of the antivirals, experiments on the effect of 
the time of its addition in infected  cultures indicated that the 
inhibition by VPA and CRL occurred at early times after 
ASFV infection, while LG inhibited a late step in FMDV and 
ASFV infections. In all the cases, the presence of the 
antiviralproduced an inhibitory effect on the synthesis of virus-
specific proteins. The possible use of non-conventional 
antivirals against porcine diseases will be discussed. 
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Objective. To perform an exhaustive study of the effect of size 
(or generations) of a battery of polyanionic carbosilane 
dendrimers (PCDs) containing a polyphenolic core for the 
prevention of HIV-1 transmission as topical vaginal 
microbicide. To evaluate six dendrimers of first, second and 
third generation, and sulfonate or carboxylate groups at the 
periphery to subsequent identify their in vitro virucidal 
activity. 
Material & Methods. Stable and water-soluble PCDs with a 
polyphenolic core were synthesized according to methods 
reported by the University of Alcalá (Madrid, Spain). The 
generations of dendrimers are defined as the number of 
repeated layers with branching units forming the dendrimer. 
We examined whether any of dendrimers show virucidal 
activity against X4-HIV-1NL4.3 and R5-HIV-1NLAD8. 
Then, the purified virus by ultracentrifugation was 
resuspended in complete medium and analyzed for HIV-1 
RNA content and infectivity in TZM.bl cells. The infectivity 
of HIV-1 was assessed by the luciferase activity 48 h post-
infection. The HIV-1 RNA quantification was performed 
using the Roche/High-Pure-System Cobas® with a lower 
detection limit of 50 copies of ARN/mL. The number of copies 
HIV-1 RNA was relativised from the sample with virus in the 
absence of compounds. Detection of gp120 shedding and loss 
of p24 were studied by gp120 capture and p24 ELISA, 
respectively. The specific inhibition of gp120 was also studied 
by Western blot analysis and by molecular docking 
simulations. 
Results. After toxicity and anti-VIH-1 assays, we selected the 
four compounds with the lowest EC50 values and the highest 
therapeutic indexes: G1-S12P, G2-S24P, G3-S48P y G3-
C48P. These dendrimers inhibited HIV-1 infection at early 
stages of the viral lifecycle reducing the residual infectivity of 
HIV-1 particles. We proposed that dendrimers initially bind to 
gp120 knobs and then inhibits the HIV-1 infection by 
irreversibly modifying these viral structures causing partially 
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the disruption of the integrity of the HIV-1 capsid (p24), 
destabilizing the core-membrane linkage or loss of gp120 from 
the viral surface by shedding. 
Conclusions. These results encourage PCDs with a 
polyphenolic core as potential vaginal microbicides to prevent 
HIV-1 transmission because PCDs target critical regions of the 
HIV-1 gp120 and could serve as a preventive strategy for 
inactivating HIV-1 virions. However, further in vitro and in 
vivo assays in a humanized BLT (bone marrow-liver-thymus) 
mouse model for pre-clinical evaluation of these compounds 
and to translate these results to clinical trials are needed. 
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Objective:The objective of the present study is to study the 
effect of various anionic carbosilanedendrimers on syncytia 
formationin vitrocaused by X4-HIV-1NL4.3 infection in 
lymphocyte-like cell lines. 
Material and methods: The citotoxicity of three selected 
dendrimers (G2-S16, G1-S4 and G3-S16) was evaluated on 
several cell lines by MTT assay. The expression of cellular 
surface CD4 was tested onMT2 lymphocte-derived cell 
line.After that, cells were treatedwith controls (tenofovir, 
raltegravir, T20 or saquinavir) or dendrimers in a 
concentration range. After 1h, cells were infected with X4-
HIV-1NL4.3 andsyncytia were observed at 72h post-infection. 
Light microscope was used to verify the presence or not of 
syncytia, as well as confocal microscopy in order to quantify 
the number and shape of syncytia through cell staining with 
DAPI and CD4-FITC. Moreover, supernatants were titratedin 
TZM.bl cell line in order to assess whether virions resultant 
were infective or not. Further, we determinedthe expression of 
certaintetraspanins, which are strongly involved in virus-
inducedmembrane fusion. 
Results:G1-S4 and G2-S16 were non-toxic up to 10µM while 
G3-S16 did not show toxicity up to 1µM. We obtained CD4 
expression percentages higher than 80% in all cases. 
Therefore, we tested the ability of dendrimers to inhibit 
syncytia formation at various concentrations. Theresults 
showed that inhibition rates of 100% were at 5µM for G2-S16 
and G1-S4 while G3-S16 showed 92,8% of inhibition at 
maximum non-toxic concentration. These results suggest that 
size and charge number of dendrimerscould play an important 
role both in toxicity and inhibition activity.Confocal 
microscopy results showed thathigher concentrations of 
dendrimersdecreased the number and size of syncytia formed 
as consequence of X4-HIV-1NL4.3 infection.Furthermore, 
these nanocompounds were able to modify the expression of 

tetraspanins. Regarding to the infectivity of supernatants, we 
obtained that higher doses of dendrimers decreased 
significantly the ability of infectTZM.bl cell line. 
Conclusions: Our resultsstrongly support thatanionic 
carbosilanedendrimersinhibitedsyncytia formation in a dose 
dependent manner. In addition, supernatants obtained were not 
able to infect TZM.bl cell line, suggesting a potential effect 
directly against virions. The altered expression of tetraspanins 
refunded the potent effect of dendrimers against syncytia 
formation. 
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Introduction and Objectives. The dynamics of RNA virus 
quasispecies is characterized by a continuous process of 
mutant generation, competition and selection, which results in 
the dominance of one or several genomes with high fitness 
surrounded by a mutant spectrum. In particular, the response 
of human immunodeficiency virus type 1 (HIV-1) 
quasispecies to antiretroviral therapy is influenced by the 
ensemble of mutants that composes the evolving population. 
Low-abundance subpopulations within HIV-1 quasispecies 
may determine the viral response to the administered drug 
combinations. However, routine sequencing assays available 
to clinical laboratories do not recognize HIV-1 minority 
variants representing less than 25% of the population. 
Although several alternative and more sensitive genotyping 
techniques have been developed, including next-generation 
sequencing (NGS) methods, they are usually very time 
consuming, expensive and require highly trained personnel, 
thus becoming unrealistic approaches in daily clinical practice. 
Therefore, alternative genotyping platforms are currently 
required.  
Materials and Methods. We developed and tested a HIV-1 
genotyping DNA microarray that detects and quantifies, in 
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majority and minority viral subpopulations, relevant mutations 
and amino acid insertions in 42 codons of the pol gene 
associated with drug- and multidrug-resistance to protease 
(PR) and reverse transcriptase (RT) inhibitors. A customized 
bioinformatics protocol was implemented to analyze the 
microarray hybridization data by including a new 
normalization procedure and a stepwise filtering algorithm, 
which resulted in the highly accurate (96.33%) detection of 
positive/negative signals.  
Results and Conclusions. The developed microarray was 
tested with 57 subtype B HIV-1 clinical samples extracted 
from multi-treated patients, showing an overall identification 
of 95.53% and 89.24% of the queried PR and RT codons, 
respectively. Additionally, it showed enough sensitivity to 
detect minority subpopulations representing as low as 5-10% 
of the total HIV-1 quasispecies. This genotyping platform 
represents an efficient diagnostic and prognostic tool useful to 
personalize antiretroviral treatments in clinical practice. 
Reference. Martín et al. (2016). An efficient microarray-based 
genotyping platform for the identification of drug-resistance 
mutations in majority and minority subpopulations of HIV-1 
quasispecies. PLoS ONE 11(12): e0166902. 
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Background:. HCV infection accelerates liver fibrosis in 
patients coinfected with HIV-1. New IFN-free Direct Acting 
Antivirals(DAA) therapies increase the sustained viral 
response (SVR) in patients with different stages of liver 
fibrosis (LF), including cirrhotic patients. Different drug 
combinations against 3 proteins essentials for HCV viral 
replication (NS3, NS5A and NS5B) showed more than 95% of 
response in HCV mono- and co-infected with HIV-1 with 
different HCV genotypes(gt). We decide to investigate the 
prevalence of resistance mutations in a well-characterized 
cohort of HCV/HIV-1 coinfected patients that were treated 
with six IFN-free DAA combination therapies. 
Methods:. A cohort of 120 HCV/HIV-1 patients with different 
stages of LF and with a known response to 6 DAAs treatments 
(SOF+SMV, SOF+RBV, SMV+DCV, SOF+DCV, 
HARVONI and Viekirax+Exviera) was analyzed. We 
amplified and sequenced 3 HCV regions (NS3, NS5A and 
NS5B) from 2 time points:baseline(BL) in all patients, and 12 
weeks post-treatment, only in patients who failed therapy(NR). 
Liver FibroScan, HCV viral load(VL), antiretroviral therapy 
(ART), CD4+, ALT and AST levels were determined. 
Statistical analysis with chi-quadrat and unpaired t-test was 
performed. 
Results:. Only 7/120(6%) patients failed treatment (5 
withSOF+SMV and 2with SOF+DCV), and hadresistance 
mutations(RM) at week 12 after treatment in NS3 
gt1a(R155K,D168V,Q80R), in NS3gt4(A156G, T122I, 
D168Y) and NS5Agt3a(Y93H). At BL samples of the 113 
patients with SVR, we found RM in NS3(gt1a, Q80R/L; gt1b, 

T54S) and in NS5A(gt1a, S122N/G; gt1b, R30Q,L31V, 
Q62R,Q54H,Y93H). No RM were observe in the NS5B in any 
of the samples analyzed. HCVgt did not correlate withthe 
appearance of RM. Seventy eight of 120 patients (65%) with 
advanced fibrosis(F3-F4) had SVR and only 7/120(6%) with 
F4 were NRs. When we compare both groups, SVR vs NR, no 
significant differences were found in CD4+(587 vs 403, 
p=0.07), in logHCVVL (6.87 vs 6.41, p=0.41), ALT (75.4 vs 
79.3, p=0.85) and AST (89.3 vs 89.4, p=0.99). HIV-1 VL was 
undetectable in all patients including 3 patientsthat were ART 
naïve. 
Conclusion:. Resistant mutations at baseline do not predict the 
response to the new DAAs. Most patients failing 
therapydeveloped resistance to targeted NS3 protease or 
NS5A, however, no SOF resistance was observed in NS5B. 
The high level of SVR found in patients with advanced fibrosis 
urge the need of treat all the infected population to eradicate 
HCV. 
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Porcine circovirus type 2 (PCV2) belongs to the family 
Circoviridae, genus Circovirus.  The viral particle has a 
circular covalently-closed,single-stranded DNA genome that 
consists of 1767-1768 nucleotides withtwo major open reading 
frames (ORFs). ORF1 encodes the replicase proteins (Rep and 
Rep’) and ORF2 the capsid protein (Cap). PCV2 hasa high 
mutation rate estimated in 1.2×10 −3 substitutions/site/year, 
where the rep gene is highly conserved while the cap gene 
contains more variability. The goal of this study was to 
evaluatein vitro the capability of the PCV2 genome to mutate 
due to the pressure exerted under sub-neutralizing conditions, 
and its potentiality to escape from such environment.  
The PCV2b strain Sp-10-7-54-13 was culturedin a PK-15 cell 
line in duplicatesthrough 26 passages under sub-neutralization 
conditions. The PCV2 neutralizing mAb19G10,was evaluated 
in two different dilutions 1:1024 and 1:2048; simultaneously, 
a sample withoutmAb was usedas control. Infectious particles 
wereestimatedthroughimmunoperoxidase monolayer assay 
(IPMA) and total viral DNA was quantified by qPCR for each 
of the passages. The full genome was amplifiedand sequenced 
using Illumina MiSeq pair-ended technology. The original 
PCV2 inoculum was also sequenced and used as 
reference.Raw data was quality filtered (Q >20)and mapped 
against the reference using BWA and Samtools. Variant 
calling was done with LoFreq and synonymous/non-
synonymous mutations were estimated with snpEff. Only 
allelefrequencies higher than 0.05were considered. 
The in vitro infection showed high loads of DNA copies/ml in 
either presence or absence of mAb. Interestingly,a smaller 
amount of infectious particles were found under the presence 
of the mAb 19G10 in the initial and intermediate passages. 
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However, in the final passages, an increase in the percentage 
of infectious particles was observed.The number of 
segregating sitesfound was similar in presence or absence of 
themAb. Several mutated positions throughout the genome 
were differentially detected in samples incubated with the 
mAb.The majority of the changes were found in capsid gene. 
In general, the number of non-synonymous changessites 
observed was higher than synonymous mutations. Similar 
results were found under the two dilutions tested. 
In conclusion, although no dominant mutation was found at the 
final passages, the different behavior in the number of 
infectious particles, together with the finding of differential 
segregating sites, suggest a potential capabilityof the virusto 
escape the immune response. 
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Objectives:The development of Next Generation Sequencing 
(NGS) technologies has allowed deep characterization of 
highly variable sequences such as viral genomes. With respect 
to RNA and ssDNA viruses, their low replication fidelity 
generates viral populations consisting of complex mutant 
spectra termed viral quasispecies. Their study is of special 
interest as they can be considered a phenotypic reservoir. The 
analysis of heterogeneous virus populations by computational 
methods is, however, a difficult task.  
Materials and methods:We have developed QuasiFlow, a 
workflow designed in AutoFlow that takes advantage of NGS 
technologies to reconstruct quasispecies based in Illumina 
reads. QuasiFlow characterises and computes several key 
parameters, such as recombination events, SNPs, transitions, 
transversions, indels, quasispecies reconstruction, normalized 
Shannon index, nucleotide diversity and mutation networks. 
Moreover, it performs a comparative study of the samples 
comprising correlation, ANOVA and PCA analyses of the 
previously obtained virus population parameters. Using 
QuasiFlow we haveanalysed Illumina MiSeqreads from DNA 
samples obtained in mixed infections of ssDNA 
begomovirusin tomato plants amplified by rolling circle 
amplification.Further, we have extended the use of QuasiFlow 
to the analysis of the highly variable mitochondrial DNA. For 
that, we have used DNA Illumina MiSeq reads from 47 human 
mitochondrial samples from different cell lines obtained from 
the NCBI SRA database 
Results and conclusion:QuasiFlow alloweddetection of minor 
variants of the quasispeciesata frequency of 10-4 to 10-5and 
reconstruction of haplotypes present in the sample. In 
additionto discover geminivirus variants QuasiFlow 
uncoveredrecombinant viruses of two closely-related 
begomoviruses present in the mixed infected tomatoes. 
Haplotype reconstruction showed distinct mutant clouds 
belonging to the two different begomoviruses, but also to 
therecombinants derived from them. Interestingly, the 
recombinant haplotypes were the most representative 

sequences in the mutant spectra.  In mitochondria, QuasifFlow 
generated automatically SNPs, SNP frequencies, indels and 
analyzed up to 23 variables using PCA analysis and performed 
a hierarchical clustering of the samples. Our analysis was able 
to detect pathological variants presented in a frequency lower 
than 0.08%. 
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Aim: The emergence of resistance-associated substitutions 
(RAS) can compromise efficacy of direct-acting antivirals 
(DAAs). Most RAS are detected at baseline and at the time of 
virological failure. Little is known, however, about RAS 
selection at early points during treatment. The aim of this study 
was to analyze the potential emergence of RAS immediately 
after the initiation of DAA therapy.  
Material and methods: Seventy-one patients treated with 
different DAA regimens were included in the study. Serum 
samples were collected at baseline, during therapy (hours 4, 8 
and 12; days 1-6; weeks 1-10) and follow-up. HCV-RNA 
levels were determined by qPCR and RAS in NS3, NS5A and 
NS5B were detected via ultra-deep pyrosequencing (454 GS-
Junior, Roche).  
Results: Of the 71 enrolled-patients, 63 (89%) achieved a 
sustained virological response, 7 (10%) relapsed, and 1 (1%) 
experienced a breakthrough. Antiviral therapy in the 8 non-
responder patients was PegIFN/SOF/RBV (n=2, GT4a and 
GT1b), SOF/SMV/RBV (n=4, 3 GT1b and 1 GT1a), 
DCV/SMV/RBV (n=1, GT1b) and DCV/SOF (n=1, GT3a). 
Overall, a rapid decline of HCV viral load was observed 48h 
after therapy initiation (median decrease 2.48 LogIU/mL, 
range 0.34-4.32). All non-responder patients, except one, 
showed RAS either at baseline or relapse. At baseline, NS5B 
RAS L159F, together with the fitness-associated substitution 
C316N, was detected in 3/5 GT1-infected patients treated with 
SOF-regimen, and NS5A RAS Y93H in the GT1b patient 
treated with DCV/SMV/RBV. These substitutions persisted at 
high frequency (>99%) throughout treatment and reappeared 
at relapse. In some cases, substitutions S122G (NS3), V170A 
(NS3) and V321A (NS5B) were detected at low frequency 
(0.35-26%) during the first 72h, but were not selected 
afterwards. At relapse, the RAS L31V (NS5A), Q80R (NS3), 
D168E/V (NS3) and R155K (NS3) were identified at high 
frequency (n=4). Nevertheless, none of these substitutions 
were observed at baseline or during the first hours of treatment, 
before viral load became undetectable.  
Conclusion: During DAA treatment, early selection of RAS 
was not observed. This suggests that selection may occur at 
later stages when HCV-RNA is undetectable but there is 
minimal HCV replication in hepatocytes. However, we cannot 
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exclude that RAS selection takes place during the first hours 
of treatment, when HCV-RNA is still detectable, but RAS are 
present at proportions below the sensitivity limit of massive 
sequencing (<1%). 
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Background: The prevalence of non-B subtypes is increasing 
in our country, mainly as result of population movements. Our 
study was aimed to analyze the prevalence of different HIV-1 
subtypes in a cohort of naive patients and its relationship to 
epidemiological, clinical and immunovirological parameters. 
Material and methods: HIV-1 subtype was determined in 757 
sequences belonging to naive patients diagnosed in our center 
from 2004 to 2015. For this purpose, we performed a 
phylogenetic analysis of the partial sequence of the pol gene, 
using the Maximum Likelihood method and the FastTree 
program. The criterion of assignment to any subtype was a 
robust clustering (bootstrap ≥70%) with a reference sequence. 
Then, the sequences not associated were analyzed with 
Simplot program. Epidemiological, clinical and 
immunological data of these patients were also collected and 
further analyzed by SPSS v16.0 statistical software. 
Results: The prevalence for non-B subtypes was 26.2%, 
distributed as follows: 5 (2.5%) A1, 6 (3%) C, 3 (1.5%) F1, 2 
(1.0%) F2, and 3 (1.5%) G. The rest of the non-B subtypes 
were circulating recombinant forms (CRFs): 44 (22.2%) 
CRF51_01B, 21 (10.6%) CRF19_cpx, 14 (7.0%) CRF02_AG, 
14 (7.0%) CRF30_0206, 9 (4.54%) CRF01_AE, and 10 (7.0%) 
CRF42_BF. There also were 31 sequences (17.3% of the 
overall CRFs) not linked to any reference pure subtype or CRF 
in a well-supported cluster. Among the 198 HIV-1 non-B 
subtype patients, 160 (80.8%) were males with a median age 
of 40 years (33-49). 117 (59.1%) were from Spain and the 
same figure reported MSM transmission. 46 (23.2%) were 
recent seroconverters whereas 107 (54%) presented a late 
diagnosis of HIV-1 infection. Baseline CD4 count was of 311 
cells/mL (123-460) and viral load at diagnosis of 5 Log10 
copies/mL (4.3-5.3). Rate of transmitted drug resistance was 
32.8%.  
Conclusions: the prevalence of non-B subtypes has stabilized 
in our country. There is a predominance of CRFs, being 
CRF51_01B and CRF19_cpx the most prevalent ones. The 
prevalence of primary resistance was higher in patients 
infected with non-B subtypes. An important percentage of the 
recombinant sequences could be new CRFs not described yet. 
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Rates of spontaneous mutation determine the ability of viruses 
to evolve, infect new hosts, evade immunity and undergo drug 
resistance. Contrarily to RNA viruses, few mutation rate 
estimates have been obtained for DNA viruses, because their 
high replication fidelity implies that new mutations typically 
fall below the detection limits of Sanger and standard next-
generation sequencing.  
Here, we have used a recently developed high-fidelity deep 
sequencing technique (Duplex Sequencing) to score 
spontaneous mutations in human adenovirus 5 under 
conditions of minimal selection.  
Based on >200 single-base spontaneous mutations detected 
throughout the entire viral genome, we infer an average 
mutation rate of 1.3 × 10-7 per base per cell infection cycle. 
Although the mutation rate did not vary strongly along the 
adenovirus genome, we found several sources of mutation rate 
heterogeneity. First, two regions mapping to transcription 
units L3 and E1B-IVa2 were significantly depleted for 
mutations. Second, several point insertions/deletions located 
within low-complexity sequence contexts appeared 
recurrently, suggesting mutational hotspots. Third, mutation 
probability increased at GpC dinucleotides.  
This rate of spontaneous mutation is similar to those of other, 
large double-stranded DNA viruses, but an order of magnitude 
lower than those of single-stranded DNA viruses, consistent 
with the possible action of post-replicative repair.Our findings 
suggest that host factors may influence the distribution of 
spontaneous mutations in human adenoviruses and potentially 
other nuclear DNA viruses. 
 
 
 

P146 
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Fernando González-Candelas1,2, José M. Cuevas4,5 
1Joint Research Unit “Infection and Public Health” 
FISABIO-Universitat de València. 2CIBER in Epidemiology 
and PublicHealth, Valencia. 3Centro Nacional de 
Microbiología, Instituto de Salud Carlos III, Majadahonda. 
4Institute for Integrative Systems Biology (I2SysBio), 
Universitat de València. 5Department of Genetics, 
Universitat de València. 
 
Background. In Western Europe, the HIV-1 epidemic is 
dominated by subtype B, especially among men who have sex 
with men (MSM). However, a large HIV-1 subtype F1 
transmission cluster, affecting approximately 100 MSM in 
Spain and other Western European countries, was recently 
reported. The transmission cluster presented no major 
resistance-associated mutations, but was characterized by a 
rapid expansion among MSM in Spain, which could be 
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accounted for by the epidemiological scenario of HIV-1 in 
Europe. Nonetheless, it has also been suggested that its 
efficient transmission may be linked to some intrinsic genetic 
properties of the viral lineage, given its unusual large size and 
the fact that patients included in this outbreak presented 
significantly higher viral loads and poorer virological 
responses to antiretroviral treatment than other HIV-1 variants 
Material and Methods. The complete coding sequences of 24 
publicly available Spanish isolates from a fast-expanding HIV-
1 subtype F1 transmission cluster were retrieved. In addition, 
25 HIV-1 subtype F1 worldwide distributed isolates were 
included in the analysis. First, we evaluated the impact of 
recombination in our samples in order to remove its effect in 
subsequent analyses. Then, we performed Bayesian coalescent 
analyses to compare genomic evolutionary rates of the Spanish 
transmission cluster and the epidemiologically unrelated 
sequences. Finally, we assessed the effect of selection on the 
evolution of the transmission cluster. 
Results. The resulting alignment of concatenated HIV-1 genes 
(excluding recombinant and undated sequences), in their 
correct coding frame, was 7962 nt long.The resulting dated 
Bayesian phylogenetic tree displayed no evidence for the 
existence of any shift in the evolutionary rate in the 
transmission cluster, compared with the rest of lineages in the 
phylogeny. In the transmission cluster, we also found 
significant evidence of both diversifying and directional 
positive selection, but most of the selected positions did not 
discriminate between the cluster and the rest of the sequences. 
Only the nef H89F substitution was significantly 
overrepresented in the transmission compared to the other 
HIV-1 F1 sequences. 
Conclusion. The rapid expansion of this transmission cluster 
could be explained by the epidemic scenario characterized by 
an increased risky sexual behavior among MSM and indeed 
did not influence the evolutionary rate of this viral lineage. 
However, the positively selected positions detected, and 
particularly nef H89F, might be associated with the already 
reported high plasma viral loads in the infected patients, that 
could have facilitated fast transmissions. 
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BK POLYOMAVIRUS IMMUNE ESCAPE 
IN VIVOIS CONCENTRATED IN HLA-C-
BOUND VIRAL PEPTIDES 
 
Pilar Domingo-Calap, Benjamin Schubert, Oliver 
Kohlbacher, Fernando González-Candelas And Seiamak 
Bahram 
Institute for Integrative Systems Biology, Valencia, Spain. 
 
Objective: High mutation rates in viruses allow their escape 
from immune surveillance and adaptation to new hosts. Our 
aim is to understand the evolution and adaptation of the 
emergent BK polyomavirus to the human immune system in 
vivo. 
Material and methods: 225 BKV populations from transplant 
recipients were sequenced by high throughput sequencing. 
Variability and evolutionary rates (intra and inter patients) 
were calculated. To investigate the genetic immune escape 
mechanism of BKV, potential T-cell epitopes presented by 
HLA class I were predicted and combined with the mutational 
landscapes across viral genomes. 
Results:Our data revealed the highest genomic evolutionary 
rate described in double-stranded DNA viruses, i.e. 10-3 - 10-

5 substitutions per nucleotide site per year.Furthermore, the 
results show that there are significantly more coding mutations 
inside predicted cognate HLA-C-bound viral peptides than 
outside(one-sided Wilcoxon signed test, Bonferroni corrected, 
W = 103,190, Md = 0.010, adj. P = 3.71e-10, CI95 = [0.0073,  
]).The opposite behavior was observed for HLA-A and -B 
presented epitopes (one-sided Wilcoxon signed test 
Bonferroni corrected. HLA-A: W = 183,350, Md = -0.008, adj. 
P = 4.17e-29, CI95 = [- ,-0.007]; HLA-B: W = 41813, Md = -
0.01, adj. P = 1.35e-26, CI95 = [- ,-0.009]). 
Conclusions:Our results suggest therefore that HLA-C might 
be specifically involved in the immune response against BKV 
through its peptide selection capacity for viral peptides. This 
hints to a role for HLA-C in antiviral immunity, perhaps 
through the action of killer-cell immunoglobulin-like receptors 
(KIR). The present study describes an unusually fast 
evolutionary rate for BKV in vivo and provides a 
comprehensive view of real-life viral evolution and immune 
escape. 
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PREVALENCE OF NATURALLY 
OCCURRING HCV NS5A RESISTANCE-
ASSOCIATED SUBSTITUTIONS BY HIGH-
RESOLUTION SEQUENCING 
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Qian Chen, Maria Buti, Maria Eugenia Soria, Josep Gregori, 
Celia Perales, Francisco Rodriguez, Damir Garcia, Maria 
Homs, David Tabernero, Leonardo Nieto, Rafael Esteban, 
Juan Ignacio Esteban, Josep Quer.  
Institut de Recerca Vall d'Hebrón, Barcelona, Spain. 
 
Background. Since the development of direct acting antivirals 
(DAAs), sustained virologic response (SVR) rates in chronic 
Hepatitis C patients have increased dramatically with DAAs 
combination therapies. However, the presence of resistance-
associated substitutions (RAS) with decreased susceptibility to 
DAAs within the viral quasispecies prior to therapy is 
considered as the main responsible of treatment failure and 
viral relapse. Currently, testing for RAS prior to first-line DAA 
therapy is only recommended by clinical guidelines, for GT 1a 
patients (-Q80K) in Simeprevir based regimens and Elbasvir-
based treatment. In the present work we have analyzed the 
baseline prevalence of NS5A RAS among 1a and 1b treatment 
naïve patients in our geographic area by massive parallel 
sequencing using 454/GS-Junior platform.  
Methods. A total of 50 samples from treatment naïve chronic 
HCV patients have been selected, 18 G1a and 32 G1b. A 
fragment of 437nts of NS5A region have been amplified and 
sequenced using 454/GS-Junior sequencing platform and 
compared to consensus sequences provided by Los Alamos 
Sequence Database. The cutoff of detection was 1%. The 
following RAS mutations have been considered in the present 
study: G1a (M28, L31, H58, E62, Y93) and G1b (L28, R30, 
L31, P58, Y93).      
Results. Overall, RAS at NS5A regions have been detected in 
50% of G1 patients (44% G1a and 53% G1b). 16.7% G1a and 
28.1% G1b patients present RAS with frequency above 15%. 
The most prevalent RAS in G1a was M28V/T followed by 
H58R, L31M and Y93H. For subtype 1b the most prevalent 
substitution was Y93H followed by R30H/Q, L31M and P58S. 
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The frequency of RAS ranged from 0.47% to 99.57% in G1a 
patients and from 0.44% to 100% in G1b. Interestingly, 11.1% 
of G1a and 28.1% of G1b patients have Y93H substitution at 
baseline, which has been associated with reduced 
susceptibility to Daclatasvir, Ledipasvir and Ombitasvir. In 
G1a samples Y93H is observed as a minority mutant while in 
G1b, 22% of the Y93H carriers showed the mutation in 100% 
of sequences.  
Conclusions. High-resolution HCV-sequencing technology is 
a good tool to study RAS. This methodology reveals a high 
prevalence of RAS in NS5A region in Spain, however, the 
clinical significance of each variant is dependent of the 
frequency and the type of RAS, and in this sense, Y93H has 
shown higher level of DAA resistance than other substitutions. 
Besides, here we show that the prevalence of each RAS is 
subtype-dependent, and for instance Y93H is more prevalent 
in subtype 1b compared with 1a. However, it is still unknown 
which is the minimal frequency at which a minority RAS is 
clinically relevant.   
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DIFFERENTIAL CONTRIBUTION OF 
K65R TO THE ACCURACY OF HIV-1 AND 
HIV-2 REVERSE TRANSCRIPTASES (RTS) 
AND INTRINSIC FIDELITY OF WILD-
TYPE AND CLASSWIDE-RESISTANT HIV-
2 RTS 
 
Mar Álvarez1, Alba Sebastián-Martín1, Guillermo García-
Marquina1, Luis Menéndez-Arias1. 
1Centro de Biología Molecular Severo Ochoa (CSIC/UAM), c/Nicolás 
Cabrera 1, Campus de Cantoblanco, 28049, Madrid, Spain.  
 
Nucleoside reverse transcriptase (RT) inhibitors constitute the 
backbone of current therapies against human 
immunodeficiency virus type 1 and type 2 (HIV-1 and HIV-2, 
respectively). HIV-2 is intrinsically resistant to nonnucleoside 
RT inhibitors. On the other hand, in HIV-2 RT, resistance to 
all approved nucleoside analogues is achieved by the 
combination of amino acid substitutions K65R, Q151M and 
M184V. Interestingly, in RTs of highly divergent HIV-1 group 
M (subtype B) and group O strains, K65R confers >8-fold 
increased accuracy of DNA synthesis. We have determined the 
intrinsic fidelity of DNA-dependent DNA synthesis of wild-
type (WT) HIV-2 RT and mutants K65R and 
K65R/Q151M/M184V. 
M13mp2 forward mutation assays allowed a broad fidelity 
assessment of WT and mutant HIV-2 RTs, based on a 
relatively large variety of sequence contexts. In addition, 
catalytic constants kpol and Kd for the incorporation of correct 
and incorrect nucleotides were determined under pre-steady-
state conditions. Catalytic parameters and misincorporation 
and mispair extension efficiencies were obtained for the 
studied RTs using several template-primers. 
Unexpectedly, forward mutation assays showed less than two-
fold differences in accuracy between mutants K65R and 
K65R/Q151M/M184V and the WT enzyme. In addition, our 
experiments showed that HIV-2 RTs had lower catalytic 
efficiencies than WT HIV-1 group M and group O RTs, as a 
consequence of their lower affinity for incoming dNTPs. The 
triple mutant also had decreased catalytic efficiency compared 
with the WT HIV-2 RT due to the presence of M184V, a 

substitution whose effect on viral fitness has been previously 
reported in HIV-1. 
Our results show that amino acid substitutions 
K65R/Q151M/M184V in the classwide-resistant HIV-2 RT 
had a relatively small impact on nucleotide selectivity and 
fidelity of DNA synthesis. Therefore, we conclude that a 
relationship between drug resistance and increased fidelity 
cannot be established, particularly for the major mutations 
found in HIV-2 strains resistant to nucleoside analogues. A 
different conformation of the β3-β4 hairpin loop in HIV-1 and 
HIV-2 RTs could probably explain the differential effects of 
K65R. 
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EXPLORATION OF THE ADAPTIVE 
POSSIBILITIES OF BACTERIOPHAGE Qβ 
WHEN IS EXPOSED TO A 
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EXTRACELLULAR AND THE 
INTRACELLULAR TEMPERATURES.  
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Cabanillas1, Ester Lázaro1 
1Department of Molecular Evolution. Centro de Astrobiología (INTA-
CSIC). 2Systems Biology Programme. Centro Nacional de 
Biotecnología (CSIC) 
 
Objective. Bacteriophages, as most viruses, have two well-
differentiated phases in their life cycle, one extracellular, in 
which they behave as inert particles, and other one 
intracellular, in which they replicate inside their hosts. During 
the extracellular phase, phages can be damaged by the 
physical-chemical conditions of the environment, which can 
affect the integrity of the capsid, destroying it or impairing its 
interaction with the cell receptor. During the intracellular 
phase, phage replicative ability can change depending on the 
host metabolism, which in turn can also be altered by the 
environment. As a result of global warming, bacteriophages 
have to cope with both increased temperatures in the 
extracellular medium, particularly when they are exposed to 
intense sun radiation for long periods, and increased 
replication temperature inside the bacterial host. The main 
objectives of this work are: i) to study the ability of an RNA 
phage that infects E. coli, the bacteriophage Qβ, to adapt 
simultaneously to increased extracellular and intracellular 
temperatures and ii) to determine whether there is a trade-off 
between within-host reproduction and increased stability in the 
external medium. 
Materials and Methods. Experimental evolution of 
bacteriophage Qβ was carried out through serial transfers in 
which the virus replicated at increased temperature (39ºC-
43ºC). Between each two consecutive transfers, the virus was 
exposed to a 60ºC thermal shock that lasted between 2,5 and 
10 minutes. Adapted populations were analyzed to determine 
their consensus sequences. Site-directed mutagenesis was used 
to obtain single mutants. Determination of the virus growth 
rate was used as a surrogate of fitness.  
Results. A single substitution in the A1 protein, which is a 
minor component of the virus capsid conferred increased 
resistance to the exposure to 60ºC for 10 minutes in the 
extracellular medium. The presence of this substitution did not 
impose a trade-off to virus replication. However, simultaneous 
adaptation to increased replication temperature and 
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extracellular heat shocks could only take place when at least 
one of the selective pressures increases gradually. 
Conclusion. The pattern of change in the selective pressures 
determines whether bacteriophage Qβ can adapt to two 
different harsh conditions that act either in the extracellular or 
in the intracellular medium. This result helps to understand the 
adaptive possibilities of bacteriophages in response to the 
challenge imposed by global warming. 
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DURING REPLICATION OF HEPATITIS C 
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CELLULAR ENVIRONMENT 
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Castro5, Nathan M. Beach1, Susanna Manrubia5, Josep 
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Jordi Gómez2,8, Pablo Gastaminza5, Esteban Domingo1,2 
And Celia Perales1,2,3 
1Centro de Biología Molecular "Severo Ochoa" (CSIC-UAM), 
Consejo Superior de Investigaciones Científicas (CSIC), Campus de 
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Biomédica en Red de Enfermedades Hepáticas y Digestivas 
(CIBERehd) del Instituto de Salud Carlos III, 28029, Madrid, Spain, 
3Liver Unit, Internal Medicine Hospital Universitari Vall d'Hebron, 
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Autonoma de Barcelona, Barcelona, Spain, 7Center for the Study of 
Hepatitis C, Laboratory of Virology and Infectious Disease, 
Rockefeller University, New York, NY, 8Instituto de Parasitología y 
Biomedicina 'López-Neyra' (CSIC), Parque Tecnológico Ciencias de 
la Salud, Armilla, Granada 18016, Spain 
 
Background and Aims: Genetic variability of RNA viruses 
constitutes a major challenge for the control of RNA viral 
diseases and a major drive in the emergence and reemergence 
of viral diseases. Long-term virus evolution in an unperturbed 
cellular environment can reveal features of virus evolution that 
cannot be answered by comparing natural viral isolates. 
Materials and Methods: We have explored adaptation, mutant 
spectrum dynamics, and phenotypic diversification of hepatitis 
C virus (HCV) in cell culture by subjecting a molecular clone 
of the virus to 200 serial passages in human hepatoma Huh-7.5 
cells (about 700 days of continuous replication) in an 
experimental design that precluded coevolution of the cells 
with the virus. 
Results:Adaptation of HCV to the cells was evidenced by 
increase in progeny production. The rate of accumulation of 
mutations in the genomic consensus sequence deviated from 
linearity, and mutant spectrum analyses revealed a complex 
dynamics of mutational waves, which was sustained beyond 
passage 100. The virus underwent several phenotypic changes 
some of which impacted the virus-host relationship, such as 
enhanced cell killing, shift towards higher virion density, and 
increased shut-off of host cell protein synthesis, and resistance 
to multiple drugs displaying disparate mechanisms of antiviral 
activity. 
Conclusions: Despite replication in a non-coevolving cellular 
environment, the virus exhibited internal population 
disequilibria that did not decline with increased adaptation to 

the host cells. The diversification of phenotypic traits suggests 
that disequilibria inherent to viral populations may provide a 
selective advantage to viruses that can be fully exploited in 
HCV towards an unpredictable viral evolution in the complex 
liver environment. 
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Background and Aims: The goal of treatment for chronic 
hepatitis B virus (HBV) infection is viral eradication, but this 
is rarely achieved with current first-line antiviral treatments. 
The multifunctional, essential HBV X protein (HBx) may be a 
feasible therapeutic target to block in curative targeted gene 
therapy. 
Relatively frequent insertions and deletions described in the 3’ 
end of HBV X gene seem to rule out this region for this 
purpose. Thus our aim was to study the variability of the 5’ 
end of the X region of the HBV genome to detect hyper-
conserved regions that could be candidates for targeted gene 
therapy. 
Patients and Methods: In samples from 9 untreated HBeAg-
negative chronic HBV patients, with HBV-DNA >4 logIU/mL 
and different HBV genotypes (A-F and H), the variability of 
the region between nucleotides (nt) 1255 and 1611 of the HBV 
genome was analyzed by calculating the information content 
(IC) of each nt position in a multiple alignment of all 
sequences obtained by next-generation sequencing (NGS). 
Results: A median of 6809 sequences/patient (4102-9279, 
interquartile range 1582) were obtained by NGS. Significant 
percentages of variants with insertions/deletions were not 
found. IC calculation for each nt position in the fragment 
analyzed showed 2 highly variable internal regions 
(approximately between nt 1310 and 1370, and 1457 and 
1525) and two highly conserved regions at their ends 
(approximately between 1255 and 1285, and 1575 and 1611), 
as is shown in the figure. 
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Conclusion: Detection of pangenotypic highly-conserved 
regions at the 5’ end of the X gene region, with absence of 
insertions/deletions, indicates their potential utility as targets 
for gene therapy against HBx expression in patients with 
HBeAg-negative chronic infection. 
Funding: Instituto de Salud Carlos III (grant PI15/00856), co-
financed by the European Regional Development Fund 
(ERDF) 
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Direct detection is the approach of choice for laboratory 
diagnosis of virus Zika (ZIKV), when applied on samples 
taken at the right time. The alternative approach, serological 
diagnosis, is not easy because of the difficulty in interpretation 
of results due to the important cross reactivity amongst 
members of the Flavivirus genus (mainly dengue viruses), co-
circulating in endemic areas. This cross reactivity can cause 
false positive results. Neutralization test (NT) is the more 
specific test for detecting ZIKV antibodies, being recognized 
as the gold standard for Flavivirus serology. In the National 
Center of Microbiology, NT has been routinely used for the 
confirmation of ZIKV antibodies positive results since the 
beginning of the epidemic in the Americas by 2015, especially 
to exclude the infection in pregnant women. We present the 
results on the serology of ZIKV obtained during 2016 in our 
laboratory. 
Material and Methods. We used indirect immunofluorescence 
(IIF) (Arbovirus Fever Mosaic 2, Euroimmun) for the 
detection of IgG and/or IgM against ZIKV, and a NT using 
Vero E6 cells and 100 TCID50% of ZIKV (strain MR-766). 
For neutralizing antibodies, samples were tested titrated in 
two-fold dilutions from 1/32. Samples were considered 
positive if neutralization of viral growth at a dilution >1/512 
was observed; samples with titers between 1/32 and 1/512 

were considered equivocal; and samples <1/32 were 
considered negative. During 2016 a total of 1,040 serum 
samples from patients with suspected ZIKV infection were 
tested, because positive (87) or undetermined (27) ZIKV IgM 
reactivity, or positive (892) or undetermined (13) ZIKV IgG 
reactivity was observed. 
Results. A negative result of neutralizing antibodies was 
obtained in 621 samples (59.7%), so a ZIKV infection could 
be excluded. In 40 samples (3.8%) showing ZIKV IgM, 
neutralizing antibodies were identified, and were classified as 
confirmed cases. In 85 samples (8.1%) a positive result was 
obtained in the NT assay in the absence of IgM being classified 
as probable. Finally, in 294 samples (28.2%) the result in the 
NT was no conclusive, because a low reactive result was 
obtained.  
Conclusion.  63.5% of cases analysed were adequately 
characterized by ZIKV NT. The high percentage negative 
cases (59.7%) represents mainly pregnant women since in 
Spain ZIKV infection needs to be studied in all pregnant 
women, symptomatic or asymptomatic, returning from 
endemic areas and neutralizing antibodies are searched in sera 
samples from all these patients with a positive or inconclusive 
ZIKV IgG and/or IgM result. 
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Department of Microbiology1, Department of Medicine, Division of 
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Background: The outbreaks of Nipah virus, severe acute 
respiratory syndrome (SARS) of 2009, and possibly of Middle 
East respiratory syndrome (MERS) of 2012, and the last Ebola 
outbreak in West Africa, have an origin in different circulating 
species of bats. More recently, sequences of and antibodies 
against influenza A-like viruses were found in different 
species of fruit bats of South America. To understand the role 
of bats as a viral reservoir, we sought to establish new in vitro 
models of infection. 
Methods: We captured wild specimens of several bat species 
in Costa Rica, a country that exhibits an extraordinary bat 
diversity, representing 10% of the total bat diversity 
worldwide. Bats were sampled between 2014 and 2015 in 
Costa Rica and captured using mist nets at a height of 2 meters 
set in open areas near drinking or feeding sites to maximize 
capture success. Specimens from the species Sturnira lilium, 
Carollia perspicillata and Artibeus lituratus were captured and 
different organs were collected. A standardized method to 
isolate primary cells from each organ was established and 
primary cell lines were generated from lung, kidney, intestine 
and liver tissue samples. 
Results: Bacoluvirus-produced trimers corresponding to the 
HA of the bat influenza A-like virus HL18 protein specifically 
attached to the surface of Sturnira lilium lung cells. Multicycle 
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growth curve analysis using influenza PR8 in Sturnira lilium 
kidney cells concluded that the cells could support replication 
of conventional influenza A viruses, albeit attenuated when 
compared to replication in MDCK cells. Pre-treatment with 
either Universal Interferon or Interferon beta for 24 hours and 
infecting with PR8, viral titers at 24 and 48 hpi decreases, 
correlating with increasing amounts of interferon.  
Conclusions: We have established a method to obtain primary 
cultures from different organs from several bat species. More 
detailed analysis and characterization of the obtained bat cells 
will provide further insights to understand the nature of the 
circulating bat-borne viruses and the threat of possible bat-to-
human transmissions. 
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Since 1990, the DENV has expanded in Peru, being the 
department of Piura, one of the areas of greater circulation in 
recent years. In 2015, autochthonous transmission of CHIKV 
was reported in Piura. Considering that both diseases are 
transmitted by the Aedes aegypti and share some clinical 
manifestations in their acute phase, such as fever, headache, 
rash, although the greater joint involvement has been 
associated with chikungunya, it is important the differential 
diagnosis. 
In the context of the surveillance of “acute febrile syndrome” 
in the localities affected by the rains and floods produced by 
the "El Niño Costero" in the north of the country, 92 serum 
samples were received. As part of the laboratory diagnostic 
protocol, were cultured on VERO cell lines (Cercopithecus 
aethiops green monkey kidney epithelial cells) and molecular 
tests qRT-PCR using Rotor Gene Multiplex RT-PCR Kit and 
RNA extraction kits of QIAGEN for the diagnosis of DENV 
and CHIKV by the circulation of the two etiologies in this 
region. 
The presence of DENV-2 was confirmed in 12 samples 
(33.3%), DENV-3 in 7 (19.4%), CHIKV in 15 (41.7%), 
DENV-2/CHIKV co-infection in 1 sample and DENV-
3/CHIKV co-infection in 4 samples. 
The case of DENV-2/CHIKV co-infection corresponds to a 
58-year-old female patient with fever, arthralgia, myalgias, 
headache, occult pain, low back pain and nausea. While the 
four cases of DENV-3/CHIKV co-infection correspond to a 
male patient of 77 years of age and three female patients of 23, 
34 and 52 years of age, the common symptoms reports were 
fever, arthralgias, myalgias, headache, ocular pain and low 
back pain. 
DENV/CHIKV co-infection was confirmed in five viral 
isolates of acute febrile patients from areas with active 
circulation of DENV-2, DENV-3 and CHIKV in the Piura 
department, being important the syndromic focusing for the 
clinical and laboratory approach of the cases. So multiplex RT-
PCR strategies as part of surveillance could be promising. 
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SARS-CoV caused a worldwide epidemic infecting 8000 
people with a mortality of around 10%. SARS-CoV is a 
pathogenic respiratory virus, whose infection led in its most 
severe form to acute respiratory distress syndrome (ARDS), 
which is characterized by interstitial and alveolar edema 
leading to death. We demonstrated that a recombinant mouse 
adapted SARS-CoV lacking the envelope protein (E) was 
attenuated in vivo. The SARS-CoV E protein is a virulence 
factor that includes two relevant motifs: its ion cannel (IC) 
activity encoded within the transmembrane domain and a PDZ 
binding motif (PBM) located at its carboxy-terminus. The 
main objective of this project is to study the virulence 
mechanism of SARS-CoV E protein by analizing the role of 
this protein in lung edema resolution. 
A recombinant SARS-CoV virus that encodes an E protein 
with two marker sequences (FLAG and HA) at its carboxy-
terminus was engineered (rSARS-CoV-Etag). Cellular 
proteins binding to SARS-CoV E protein were identified by 
tandem affinity purification (TAP) and mass spectometry 
(MS). To asses whether the tag sequences had an effect on 
virus replication, the levels of subgenomic mRNA (sgmRNA), 
growth kinetics and virus titers were analyzed in comparison 
with the mouse adapted SARS-CoV (SARS-CoV-MA15). It 
was shown that the rSARS-CoV-Etag was as functional as the 
SARS-CoV-MA15. Interestingly we identified the binding of 
E protein to a main mediator of edema resolution, the Na+/K+ 
ATPase. Moreover, it was demonstrated that this was a direct 
interaction by using the FAR-Western blotting assay. In 
addition, it was shown that in the lungs of BALB/c mice 
infected with SARS-CoV-MA15 the architecture of the 
epithelial layer was not maintained leading to the 
mislocalization of the Na+/K+ ATPase from its basolateral 
position within the plasma membrane of epithelial cells. 
We are investigating whether the interaction of SARS-CoV E 
protein with the Na+/K+ ATPase is responsible for the lack of 
edema resolution after SARS-CoV infection, either by 
inhibiting its activity or by relocating the enzyme to another 
subcellular compartment. Studying the consequences of the 
interaction of SARS-CoV E protein with Na+/K+ ATPase in 
edema resolution may lead to the identification of inhibitors of 
the lung edema induced by SARS-CoV infection. 
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Objective.Rift Valley fever virus (RVFV) is a mosquito borne 
bunyavirus causing an important disease in ruminants often 
transmitted to humans after epizootic outbreaks, thus being a 
very relevant pathogen both for animal and human health.  
Although the disease has been reported only in African 
countries with some incursions in the Middle East, there is 
some concern for its potential to spread to other geographical 
areas, linked to issues such as climate change, movement of 
clinically healthy viremic animals, or human imported cases as 
recently reported in China. 
Currently there is no available treatment or licensed RVF 
vaccine for human use. Therefore the development of new 
approaches allowing an efficient control of the disease is a 
must. Favipiravir (T-705), a drug already approvedin Japan for 
the treatment of human influenza, has demonstrated potent 
antiviral activity against many RNA viruses, including 
bunyaviruses.  Because of its high therapeutic indexand the 
difficulty for the emergence of resistant viruses favipiravir 
appears as an advantageous drug for the treatment of several 
RNA virus infections. A proper use alone or combined with 
other prophylactic and/or therapeutic approaches requires 
understanding of its mechanism of action. Lethal 
mutagenesishas been proposed as the mechanism for its 
activity against other viruses, but regarding bunyaviruses no 
data have been published to date.  Therefore, the objective of 
this work was to analyze the effect of favipiraviron RVFV 
replication in cell culture. 
Materials and Methods. The virulent South African RVFV 
isolate 56/74 was subjected to serial passages in Vero cells in 
the absence or presence of different concentrations of 
favipiravir.  Characterization of the viruses obtained was 
performed by standard assays on Vero cells, C6/36 mosquito 
cells and in the highly susceptible transgenic 129Sv/Ev 
IFNAR-/- mice.  
Results.At the highest doses tested, in the range of 15- to 85-
fold the estimated IC50, virus extinction occurred. Lower 
dosesled also toapparent extinction, however viral infectivity 
could be recovered after further passaging. Virusisolated in 
these conditions showed a decreased sensitivity to favipiravir, 
different plaque size on mammal cells, impaired growth in 
insect cells and attenuation in mice.  
Conclusions. Our results suggest that a favipiravir-resistant 
RVFV variant showing a number of different features was 
selected. Further results on the characterization of this virus as 
well as its potential use for an efficient control of Rift Valley 
fever will be presented and discussed. 
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Nacional de Microbiología. Majadahonda. 
 
Introduction: The importation of vector-borne diseases (VBD) 
as due to 

Dengue virus (DENV), Chikungunya (CHKV) and Zika 
(ZIKV) represents a diagnostic challenge. These agents share 
vectors Aedes aegypti) and clinical manifestations and can be 
included in the assessment of the Patient with fever returning 
from endemic countries. The objective is to describe 
characteristics of patients with Suspected arbovirus infection. 
Methods: Retrospective study of adult patients with suspected 
arbovirus infection (Julio de 2014 - March 2016) in the 
Sanitary Area of the University Hospital Rio Hortega 
(Valladolid). Case was define DENV, CHKV or ZIKV 
confirmed as the one in which the corresponding viral RNA is 
determined by PCR and / or IgM-specific antibodies (National 
Microbiology Center, Majadahona). The Clinical-
epidemiological information was obtained from the medical 
history. 
Results: Twenty-three patients were attended and 11 were 
confirmed, which represented a 44% success rate in the 
approach  diagnosis. Its distribution by agents: 5 cases CHKV, 
3 DENV and 3 ZIKV. All had fever 4 ± 1.5 days of duration. 
Among patients with CHKV, the mean age was 38 ± 16 years. 
Sixty percent were women. 3 patients Came from Mexico 
(travel for leisure) and 1 from Panama (stay as a cooperant) 
and 1 from Dominican Republic (VRF-traveler "Visiting 
Friends and Relatives"). In addition to arthralgias (more 
frequent in elbows, wrists, knees 
And ankles), 60% presented rash and myalgia and 40% 
headache and conjunctivitis and asthenia. No patient presented 
visceromegalias, 40% had peripheral lymphadenopathy. 
Anemia, leukopenia and / or thrombocytopenia were 20% of 
cases. Sixty percent of the cases developed persistent 
arthralgia of 44 ± 15 days duration and 20% asthenia With an 
average of 35 ± 6 days. There were no other complications. Of 
the patients with DENV their average age was 41 
± 18 years and 66% women. The travelers came from Brazil, 
Paraguay and Venezuela, 66% were VRF and 2 Patients had 
fever on the day of return. 66% had arthralgias (more frequent 
in wrists and ankles) With associated joint effusion and 
myalgias. 33% had headache and the same rash percentage. 
The 33% presented Leukopenia and thrombocytopenia but no 
bleeding or visceromegaly or other complications occurred. In 
As for patients with ZIKV, the mean age was 48 ± 7 years. 
66% were males. 2 patients came from Colombia (VRF) and 1 
of Brazil (leisure). 66% presented arthralgias with effusion 
(more frequent in dolls, elbows, Knees and ankles), 66% had 
conjunctivitis with retroocular pain, 66% asthenia, 33% had 
rash and 33% had headache. No patient presented myalgia, 
pruritus, visceromegalias, peripheral lymphadenopathy or 
biochemical alterations. No other complications. All were 
confirmed by serology. None presented severe complications. 
Conclusions: The increase of imported VBD in our country, 
especially ZIKV, has been an international health alert. The 
endemic DENV, CHKV and ZIKV in the same areas 
Geographical location makes it necessary to discard these 
entities in travelers with symptoms from those areas. 
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Hepatitis E Virus (HEV) is the only member of the genus 
Hepevirus, family Hepeviridae. HEV sequences infecting 
humans are classified into four major genotypes, G1-G4 which 
have clear differences in their geographical distribution and 
epidemiological features. HEV is mainly transmitted by the 
fecal-oral route, through the consumption of water from 
contaminated sources and occur as sporadic cases as well as 
epidemic outbreaks. In turn, the zoonotic transmission of this 
virus has been reported. G1 and G2, considered to be 
anthroponothic, are frequently associated to outbreaks in 
endemic regions, while G3 and G4 genotypes are worldwide 
distributed and infect humans and other animal reservoirs and 
are responsible for sporadic autochthonous cases in non-
endemic regions.  
In Uruguay, G3 circulation has been extensively reported by 
our group, and G1 has been associated with a case of acute 
hepatitis. The epidemiological picture in other reservoirs and 
potential sources of infection is currently unknown.  
The main objective of this work is to implement an extensive 
study of the circulation of HEV in different biological matrices 
and to evaluate the risk of zoonotic and fecal-oral 
transmission. 
For this purpose we studied countrywide pigs and wild boars 
populations and environmental matrices (sewage and 
recreational waters) from southern Uruguay. A total of 220 
serum samples from adult animals were evaluated using by 
ELISA, and 150 samples from pig livers, 40 adult boar sera 
and 48 environmental samples were investigated with 
conventional PCR and real-time quantitative (rtRT-PCRQ).  
All pig farms were seropositive, with rates ranging from 38 to 
80%, while 16.6% and 15% of pigs and boars, respectively, 
presented molecular evidence of HEV infection. Phylogenetic 
analysis of two isolates detected in pigs suggested the 
circulation of both G1 (SwHeUy1) and 3 (SwHeUy2) strains 
in these animals. 
In the analysis by rtRT-PCRQ of the 48 water samples, viral 
RNA was detected in two sampling points (4.2%) with viral 
loads of 2.06exp107 and 7.65exp107 copies / L, respectively. 
Sequencing of one of the isolates, ambHeUy1, showed a 100% 
nucleotide and amino acid identity with the human G1 strain 
previously reported in Uruguay.  The detection of a G1 porcine 
strain suggests that the epidemiology of HEV is very complex, 
and further discussion is needed in order to revisit the current 
epidemiological postulates. Additionally, the circulation of 
epidemic strains of G1 in the environment associated to human 
cases of acute hepatitis clearly suggests a change in the 
population's viral dynamics in the region. 
 
 
 

P160 
GENOMIC CHARACTERIZATION AND 
SEROPREVALENCE STUDIES ON 
ALPHAVIRUSES (TOGAVIRIDAE) IN 
URUGUAY. 
 
Analía Burgueño1, Sandra Frabasile1, Andrés Cabrera1, Luis 
Adrián Díaz2, MaríaBelén Pisano2, María Elisa Rivarola2, 
María Martínez3, Marta Contigiani2, Adriana Delfraro1. 
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Objective: to investigate the status of Alphavirus infections in 
Uruguayin mosquito vectors and hosts. 
Materials and Methods: A total of 3575 mosquitoes were 
collected at rural and suburban localities and pooled by 
locality, genus/species, sex, engorged/not engorged females. 
From years 2006 to 2014, 266 pools were analyzed. Total 
RNA extraction was done, followed by retro transcription and 
amplification of partial NSP4 gene by a generic nested -
polymerase chain reaction. Amplified fragments were 
furtheridentified by sequencing and characterized by 
phylogenetic analysis. Serologic studies were done on horse 
sera collected during 2007 from 18 departments of the country. 
A total of 425 horse samples were screened and further titrated 
by plaque reduction neutralization test (PRNT). Sera were 
tested against reference strains of WEEV, Eastern equine 
encephalitis virus (EEEV) and Venezuelan equine encephalitis 
virus (VEEV) subtypes I, IV and VI.   
Results and Conclusions: Seven genera of mosquitoes were 
captured, the majority were identified as Culex 
pipiensaccounting for 82.9% of the captures. Two pooles 
resulted positive for alphavirus: one collected in 2006 in Fray 
Bentos city, near the Uruguay river at the limit with Argentina, 
and a second pool, collected in 2014 at Las Toscas locality 
(Canelones department) in Southern Uruguay. Phylogenetic 
analyses (Bayesian and maximum likelihood) were done. Fray 
Bentos mosquitoes resulted positive for EEEV and grouped 
with high statistical support with strains of the North American 
lineage I. The second pool resulted positive for VEEV and 
clustered with subtype VI (Rio Negro virus), closely related 
with Chaco and Tucumán strains from Argentina. PRNT 
assays showed the presence of antibodies to VEEV, EEEV and 
WEEV. The highest seroprevalences were to Rio Negro virus, 
ranging from 2.3% to 20% and detectable in 10 of 18 
departments. VEEV subtype I was detected in 5/18 
departments, with seroprevalences ranging between 4.6-13%. 
Pixuna virus and WEEV were only detected in Cerro Largo 
department, with low seroprevalences (3.1%). For EEEV, four 
departments resulted positive, with seroprevalences around 
4%. Serological studies showed that VEEV subtype VI 
exhibited the highest seroprevalence, a wide geographic 
distribution and its genome was also detected in Culex pipiens 
mosquitoes. Notably, EEEV had a low seroprevalence in 
equines, but an epizootic lineage typical of North America was 
detected in Culex mosquitoes. Taken together our results show 
that alphaviruses are present in our territory with variable 
occurrence and geographical distribution, being a potential 
threat for human health and equine sanity. 
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Objectives:During infection with West Nile virus (WNV), 
non-structural protein NS1 is expressed as membrane and 
secreted forms, and elicits an immune response that has been 
involved in protection against WNV infection (1). The 
objective of this work was to assess the effect of this protein 
as immunogen against a challenge with an infectious dose of a 
pathogenic WNV strain in a natural host model, the red-legged 
partridge. 
Materials and Methods: Red-legged partridge chicks (3 week 
old) were injected intramuscularly with purified, recombinant 
WNV NS1 (15 micrograms/chick, n=10) 
adjuvantedinMontanide ISA-70©. Equivalent groups received 
the same dose of an unrelated recombinant protein (“mock” 
group, n=7) or PBS (“challenge” group, n=8). An additional 
(“control”) group (n=7) receivedalso PBS. Two weeks laterall 
chicks received a “boost” injection, consisting of the same 
substance and dose as previously administered. Thirty days 
after the first injection, an infectious dose (104pfu) of a 
pathogenic WNV strain (Morocco-2003) was administered 
subcutaneously to all chicks, except the “control” group. 
Clinical parameters were monitored daily during 2 weeks. 
Blood samples were collected before each injection and at-1, 
1, 3, 5, 7, 9, 11 and 15days afterchallenge.The course of the 
viremia, antibodies againstNS1 and neutralizing antibodies 
were assessed by quantitative (q) RT-PCR, ELISA and virus-
neutralization test, respectively. 
Results: Mortality was higher (6 out of 10) and faster (5-8 dpi) 
in NS1-injected chicks than in any other group. The challenge 
group had two fatalities (7-8 dpi) while the mock group had 
one (8 dpi). All control chicks survived.Weight gain at 7 dpi 
was significantly lower in the NS1-injected than in the other 
groups. No antibodies against NS1 were detected before 
challenge, while anti-NS1 antibodies were evident in all 
groups afterchallenge.Viremia was higherin NS1-injected 
chicks as compared to the other groups. Interestingly, 
neutralizing antibodies developed slightly later in the NS1-
injected group. 
Discussion: The administration of WNV-derived recombinant 
NS1 lead toa higher susceptibility of the partridges to WNV 
infection and disease. Since no specific antibodies were 
detected after NS1 immunization, this adverse effect does not 
appear to bemediated by the humoral immune system. Hence, 
other as yet unknown mechanisms might be causingthis effect. 
References: (1) Chung, M.K. et al (2006) J Virol 80(3):1340-
51 
Acknowledgements: EU Grant 261391 (EuroWestNile); 
Centro de Referencia de la Perdiz Roja, Lugar Nuevo, 
Andújar, Jaén - Consejería de Medio Ambiente, Junta de 
Andalucía. 
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Background In endemic countries, Rift Valley Fever (RVF) is 
a relevant mosquito-borne zoonoses. Due to globalization and 
climate change the European continent is threatened by its 
introduction. Studies concerning Rift Valley Fever Virus 
(RVFV) vector competence mainly focused their aims to 
understand the role in transmission of the most abundant and 
invasive mosquito species: Culex pipiens and Aedes 
albopictus. The main purpose of the present study was to 
evaluate the vector competence of the floodwater mosquito, 
Aedes vexans (Meigen), considered a nuisance species, during 
post-rainfall episodes in Central Europe and the Mediterranean 
region. Its potential incrimination in local transmission 
remains unattended.      
Methods For vector competence assays, field collected Ae. 
vexans larvae were transported to the laboratory and reared 
under summer simulated conditions. Microbiome analysis 
were performed to characterize the microbial communities of 
an autochthonous Aedes vexans population. Adult females 
were infected by artificial blood-meals doped with the virulent 
Rift Valley Fever Virus strain (RVFV 56/76). Infection and 
dissemination rates and transmission efficiency were 
estimated.  
Results Microbial communities from field Aedes vexans were 
mainly represented by the following genera: 
Sediminibacterium, Mesorhizobium, Bradyrhizobium, 
Staphylococcus, Sphingomonas and Caulobacter. RVFV was 
capable to infect and disseminate in this Aedes vexans 
population. Infectious viral particles were isolated from the 
saliva of disseminated specimens showing their capacity to 
transmit the disease.  
Conclusions. Findings demonstrate a potential risk of an 
autochthonous outbreak in case of RVF introduction to 
Europe. Composition of mosquito microbial communities set 
an important contribution for future studies where the role of 
microbiota should be taken into account for vector competence 
studies.       
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Introduction. The Hepatitis A virus (HAV) is a non-enveloped 
RNA virus, member of the genus Hepatovirus of the 
Picornaviridae family. Genotypes I, II and III infect humans 
and are further subdivided into subgenotypes, IA, IB, IC, IIA, 
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IIB, IIIA and IIIB. Transmission of HAV is by the fecal-oral 
route, including person-to-person contacts and consumption of 
fecally contaminated food or water. Hepatitis A is an acute 
viral hepatitis of significant public health concern, particularly 
in developed countries where population is mostly 
immunologically “naïve”. A high-risk group for hepatitis A is 
the men-having-sex-with- men (MSM) group, and several 
outbreaks affecting this group have been recently reported in 
different countries across Europe.  
Objectives. The aim of this study was the molecular 
characterization of circulating strains of a MSM outbreak in 
Barcelona related with the recently reported MSM outbreaks 
in England, Berlin and The Netherlands. 
Material and methods. We analyzed 20 serum samples from 
46 cases of hepatitis A that have been notified in Barcelona 
between November 2016 and March 2017. All 20 samples 
were from an outbreak that was identified in the MSM group 
and were analyzed by sequence analyses of a fragment of the 
VP1/2A junction region. 
Results. Sequencing results show that all samples belong to 
genotype I, subgenotype IA. Phylogenetic analysis 
distinguished three different clusters, linking Barcelona cases 
to previously reported strains in Berlin, England and The 
Netherlands. Interestingly, one sample (5%) was not grouped 
with any of these clusters. Most cases, 75%, were infected with 
strain VRD_521_2016 that was reported in UK in July 2016. 
Another 15% of samples were identical to RIVM-HAV16-090 
strain, which was previously isolated from two patients who 
had attended the Amsterdam EuroPride August 2016 and in 
turn this EuroPride strain was identical to a strain isolated in 
an outbreak in the MSM group in Taiwan in May 2016. 
Finally, one sample (5%) was identical to sequence V16-
25801 from Berlin. Remarkably, three of the Barcelona 
isolates were from patients that had been previously 
vaccinated with two doses of the hepatitis A vaccine. One of 
them was a HIV+ patient. 
Conclusions. From August 2016, an increase in the number of 
hepatitis A cases among the MSM group has been recorded in 
Barcelona. Four different circulating strains have been 
detected. 
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Objectives: Analyze the presence of enteric viruses in the 
atmosphere. Determine the possible influence of African dust 
storms and other climatic variables. 
Material and Methods: Air samples were collected in an urban 
area of Tenerife. Samples were screened for enteric viruses 
using PCR and sequencing. Climatic variables, such as the 

influence of African dust storms, seasonality, origin of the air 
mass and PM levels were analyze along with the viral results 
to determine possible correlations. 
Results: Positive results were obtained for Enteroviruses 
(15.4%) and Rotaviruses (36.9%). No significant statistical 
relationships were observed with African dust storms or the 
origin of the air masses, although higher percentages of 
positives were obtained for dust days. Enterovirus detection 
was significantly linked to warmer seasons and PM2.5 levels 
showed an inverse correlation to Rotavirus presence.  
Conclusions:This is the first multi-year report to describe the 
presence of Enterovirus and Rotavirus genetic sequences in air 
samples collected in an outdoor urban environment. The data 
illustrates the need for source region sampling to determine 
links and the influence of weather, climatic and regional wind 
patterns on long-range atmospheric dispersion of viruses in 
future research efforts. 
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Culicoides (Diptera: Ceratopogonidae) are vectors of 
pathogens that affect wildlife, livestock and, occasionally, 
humans. Culicoides imicola (Kieffer, 1913) is considered the 
main vector of the viruses that cause Bluetongue disease (BT) 
and African Horse Sickness (AHS) in southern Europe. The 
study of Culicoides blood-feeding patterns is an essential step 
towards understanding the epidemiology of these pathogens. 
Molecular tools that increase the accuracy and sensitivity of 
traditional methods have been developed to identify the hosts 
of potential insect vectors. Nevertheless, to our knowledge, 
molecular studies that identify the hosts of C. imicola in 
Europe are still lacking.  
As part of a BT surveillance program, biting midges 
Culicoides were collected in 2011  
and 2012 on farms from the provinces of Huelva, Cadiz, 
Cordoba, Granada, Malaga and Seville (Southern Spain). 
Culicoides imicola females with a recent blood meal in the 
abdomen were used to identify their hosts by amplification and 
sequencing of a fragment of the vertebrate cytochrome oxidase 
I (COI; barcoding region) gen. In addition, we review 
published information on the blood-feeding patterns of C. 
imicola worldwide.  
Culicoides imicola from Spain feed on blood from six mammal 
species that include species that are known BT and AHS hosts. 
Similarly, mammals represent the most common hosts of this 
vector species in Africa, although the relative importance of 
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each host species differed between localities. Birds are 
considered uncommon hosts of C. imicola worldwide. 
This study provides strong evidence of the importance of 
livestock as blood-meal sources for C. imicola and its 
relevance in the transmission of virus causing BT and AHS in 
Europe. 
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Objectives Despite the notable success in prevention and 
control of infectious diseases, vector-borne diseases remain an 
enormous and increasing threat to human and animal health. 
Mosquitoes transmit many zoonotic pathogens between 
animals and humans. The mosquito-borne West Nile virus 
(WNV; Flavivirus) naturally circulates between wild birds but 
occasionally is transmitted to mammals, which are dead-end 
host but may suffer disease, in particular human and horses. 
Here, we used information from an intensive monitoring of 
natural mosquito and bird populations along a gradient of 
urbanization in Western Andalusia to develop an 
epidemiological modeling of WNV transmission. In particular, 
we studied how the abundance and diversity of mosquitoes and 
landscape use influenced WNV dynamics in birds based on R0 
estimations. 
Material and Methods. Wild house sparrows Passer 
domesticus and adult mosquitoes were sampled in 45 localities 
from Cadiz, Seville and Huelva provinces. Sampling localities 
were grouped in triplets according to their degree of 
anthropogenic alteration (15 in urban, 15 in rural and 15 in 
natural areas). Overall, 2,588 wild birds were sampled and the 
prevalence of WNV antibodies was determined by ELISA and 
seroneutralization. WNV presence in 26,666 mosquitoes of the 
bird-biting species Culex pipiens, Culex perexiguus and Culex 
modestus was determined by RT-PCR. These three mosquito 
species were selected based on their potential role as WNV 
vectors in the studied area. Moreover, the host feeding patterns 
of these mosquito species were determined.  
Results. We measured the different contribution of each 
mosquito species in the spread of WNV in birds. Overall, we 
found that R0 reached values greater than 1, representing an 

increase in the spreading of the disease, only when Cx. 
perexiguus was included in the models, supporting the central 
role of this species in the transmission of WNV in Southern 
Spain. We did not find any significant differences between the 
types of habitat, supporting the generalization of these 
conclusions to all the studied territory. However, the R0 value 
in urban areas was 0, potentially explaining why, although this 
virus is circulating among wild birds in the area, cases of WNV 
in humans are very uncommon. Molecular analyses confirmed 
the presence of WNV in three pools of Cx. perexiguus. 
Conclusion. These results highlight that vector (mosquitoes) 
community plays a key role in the WNV epidemiology 
highlighting the importance of the mosquito species Cx. 
perexiguus. These results enable to develop targeted 
surveillance and control strategies to prevent the risk of WNV 
transmission to humans and horses. 
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Objective. West Nile Virus (WNV) is an RNA virus belonging 
to the genus Flavivirus. Most WNV infections in humans are 
asymptomatic, but up to 1% of cases can develop 
meningoencephalitis. In 2010, two human cases were 
confirmed in the province of Cadiz. The objective was to 
analyze seroprevalence against WNV in people living in the 
Bahía-Vejer health district of the province of Cadiz, where 
cases of infection have previously been described. 
Material and Method. Stratified sampling was performed in 
two stages. The first level considered the population of the 10 
municipalities of the province of Cadiz in the same health 
district according to the 2014 census (Alcalá, Barbate, 
Benalup, Medina, Vejer, Conil, Chiclana, El Puerto de Santa 
María, Paterna and Puerto Real) and the second level 
considered 6 age groups (1-14 years old, 15-29 years old, 30-
44 years old, 45-59 years old, 60-74 years old,> 75 years old). 
The study samples correspond to patients who have gone to the 
extraction unit of the University Hospital of Puerto Real during 
2015 for any cause. The sample size has been established with 
reference to a prevalence rate of 1% and included 1581 
samples. Anti-West Nile Virus ELISA IgG quantitative test 
(Euroimmun AG, Luebeck, Germany) was used, showing 
positive results with those with absorbance values ≥22 RU / ml 
and equivocal results with values ≥16 to <22 RU / ml . 
Results. Of the total samples, the test was positive in 16 (1%) 
and equivocal in 6 (0.4%). The study by gender showed a 
seroprevalence of 0.9% in men (7 positive) and 1.1% in 
women (9 positive). In men, the group with the highest 
seroprevalence was 15-29 years old, with no case detected in 
that range in the group of women. However, in the range of> 
75 years, in women it showed a prevalence > 2%, without 
detecting cases in the same range in the case of men. The 



XIV Congreso Nacional de Virología, Cádiz 2017 

 

Virología, vol 20, 1/2017 (Publicación Oficial de la Sociedad Española de Virología) 147 

 

distribution by municipalities showed a higher percentage of 
cases in Alcalá, Paterna and Benalup (> 3%). No cases were 
detected in Medina or Barbate. 
Conclusions. The IgG study on WNV in the province of Cadiz 
shows a seroprevalence of 1% in the general population. There 
are no significant differences in the study of seroprevalence by 
gender. The study shows a trend towards greater 
seroprevalence in more rural areas, which warrants further 
studies that might confirm these findings. 
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Objective. Toscana Virus (TOSV) is an arbovirus, belonging 
to the genus Phlebovirus, that is transmitted to humans through 
the bite of a phlebotomus (Phlebotumus perniciosus). 
Clinically the infection is benign and spontaneously resolved, 
but occasionally it can cause meningoencephalitis or 
encephalitis. In Spain it is considered the second most 
common cause of meningitis, after enterovirus, during warm 
months. Seroprevalence studies show rates ranging from 5% - 
26% in different regions. The objective has been to analyze the 
seroprevalence against TOSV in people residing in the Bahía / 
Vejer health district of the province of Cadiz. 
Material and Methods. Stratified sampling was performed in 
two stages. The first level considered the population of the 10 
municipalities of the province of Cadiz in the same health 
district according to the 2014 census (Alcalá, Barbate, 
Benalup, Medina, Vejer, Conil, Chiclana, El Puerto de Santa 
María, Paterna and Puerto Real) and the second level 
considered 6 age groups (1-14 years old, 15-29 years old, 30-
44 years old, 45-59 years old, 60-74 years old, > 75 years old). 
The study samples correspond to patients who have gone to the 
extraction unit of the University Hospital of Puerto Real during 
2015 for any cause. The sample size has been established with 
reference to a prevalence rate of 1% and includes 1581 
samples. Toscana Virus ELISA IgG qualitative test (Diesse 
Diagnostica Senese, Milano, Italy) was used, showing positive 
results with values of absorbance sample/cut-off > 1.2 RU/ml, 
and equivocal results with values between 0.8-1.2 RU/Ml. 
Results. A total of 1581 samples were studied, the test being 
positive in 261 samples (16.5%) and in equivocal rank in 184 
samples (11.6%). The study by gender showed a 
seroprevalence of 17.6% in men (133 positive) and 15.5% in 
women (128 positive). In both groups, the percentage of 
positive samples increases with age (from <14 years old to> 
75 years old: from 4% - 50% in men and 1% - 44.7% in 
women). As for the distribution by municipalities, Paterna has 
the highest percentage of positive samples (31%), followed by 
Medina and Benalup (24.2% and 21.9% respectively). 
Conclusions.The IgG study against TOSV in the province of 
Cadiz shows a seroprevalence of 16.5%. There are no 

significant differences in the study of seroprevalence by 
gender. An increase in seroprevalence is detected as the age of 
the population increases. We detected that in more rural 
populations a greater percentage of positives is evidenced, and 
suggest further studies in these areas. 
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Introduction. Measles virus (MeV) is a morbillivirus which 
causes a highly contagious vaccine preventable disease. 
MeVis targeted for elimination in Spain through a National 
Plan set in 2001. The molecular characterization (genotyping 
and variant analysis) is very important to establish the 
circulation patterns of wild strains, to trace the transmission 
chains in the outbreaks and to determine the absence of 
endemic circulation in a determined region.The objective of 
this work was to update the molecular epidemiology of MeV 
genotype B3 in Spain between 2006 and 2016, in order to 
clarify the origin of the outbreaks and the transmission 
pathways involved. 
Materials and Methods. The phylogenetic analysis was based 
on the N-450 sequence recommended by WHO for MeV 
genotyping. A total of 309Spanish sequences were analyzed, 
together with 2066 sequences from GenBank. The MeaNS 
database was used to identify specific MeV variants (“named 
strains”). Each set of identical sequences was identified 
(DNAsp) and defined as haplotype for the ones not linked to 
any described “named strain”. The name of the earliest 
sequence was assigned to identify the haplotype.Sequences 
were aligned (MAFFT) andphylogenetic trees were 
constructed by maximum likelihood (RaxML and PhyML), 
using the best evolutionary model previously 
selectedandαLRT-SHlikefor statistical value. The 
phylogenetictrees were edited (MEGA).   
Results. We found 25haplotypes amongthe Spanish sequences, 
grouped in 15phylogenetic clusters, 10of them with high 
support value (αLRT-SHlike>80). The most important 
outbreaks were caused by the MVi/Harare.ZWE/38.09-variant 
(99 sequences in 2011), MVs/WesternAustralia.AUS/2.14-
variant (55 sequences in 2014),and the haplotypes 
MVs/RioGrandedoSul.BRA/33.10 (57 sequences in 2010 and 
2011) and MVs/Granada.ESP/43.10/ (38 sequences in 2010 
and 2011). Twenty one sporadic caseswere identified,15were 
imported and 12 of thembelonged to “named strains” 
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previously described. Other 6were related with haplotypes 
which produced outbreaks in Spain.  
Discussion .It was possible to identify the predominant 
haplotypes and variants of the genotype B3 causing 
outbreaksin Spain in the last decade. Some results suggest a 
probable virus evolution during the outbreak originating new 
haplotypes and some of these resulted in new outbreaks. This 
is the case of the Barcelona outbreak (2010/2011)produced by 
MVs/Granada.ESP/43.10/ which probably derived from the 
Granada outbreak (MVs/RioGrandedoSul.BRA/33.10). The 
variantanalysis allowed to discriminate different transmission 
chainsin the context of one single outbreak.This was the case 
ofBarcelona 2010/2011 outbreak, caused by at least two 
different strains: MVs/RioGrandedoSul.BRA/33.10/ 
andMVs/Granada.ESP/43.10/. 
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Objective. To retrospectively analyze the prevalence, 
seasonality and demographic characteristics of HAstV 
infections in the population served in the Department of Health 
HCUV-Malvarrosa of Valencia during an 11-year period of 
time (2006-2016), as well as to compare their evolution in 
relation to other enteric viruses.  
Methods. A total of 6,537 stool samples from patients 
diagnosed with acute gastroenteritis were analyzed from 
January 2006 to December 2016. HAstV antigen detection in 
faeces was performed by ELISA (Prospect TM Astrovirus, 
Oxoid).  
Results. HAstV antigens were found in 409 samples (6.26%). 
The evolution of the prevalence increased progressively, 
mainly showing this pronounced trend in the last two years, 
from 4.42% in 2006 to 9.97% in 2016. By contrast, rotavirus 
prevalence dropped from 18.01% in 2006 to 9.43% in 2016, 
and the adenovirus prevalence remained stable, around 2% all 
the study period along. This trend is evident mainly in 
children.  
HastVs are detected more frequently during the first month of 
life, exceeding the number of rotavirus cases. This high 
prevalence is associated with preterm newborns, 
immunosuppressed patients, and necrotizing enteritis. 
Subsequently, another increase in the relative frequency of 
HAstV could be observed at age 5. HAstV prevalence was 
higher than rotavirus prevalence at ages 25 and up, being 
increased in adults 25-65 years old.  
A seasonal distribution of HAstV infections in our 
environment was not observed, only a slight increase of cases 
in the month of December, barely fluctuating the rest of the 
year. Most of the requests for HAstV detection came from the 
hospital setting (90%), however the same prevalence was 
similar in hospitalized (6,08%) and community (5,3%) 
patients. 
Conclusions. HastVs are a major cause of acute gastroenteritis 
in children, with a striking high prevalence in the first month 
of life, mostly associated with preterm infants. Throughout life 

and mainly related to immunodeficiency conditions, HAstV 
infections show a relevant prevalence.  
The decline in rotavirus infections, probably associated with 
the effectiveness of vaccination despite not being included in 
the childhood immunization programme of our country, has 
led to an increase of the prevalence of HAstV diarrhea. 
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In the last two decades, a number of viruses have emerged in 
the global swine population, such as porcine reproductive and 
respiratory syndrome virus (PRRSV) which is considered an 
important and economically devastating pathogen inswine 
industry worldwide.Data regarding the circulation of emerging 
viral agents in pig population in South America is still scant.In 
Uruguay, the more recent serological survey of PRRSV and 
other notifiable diseases asAujesky's Disease virus(ADV) and 
classical swine fever virus (CSFV)dated from 2000, resulting 
seronegative for all tested samples. In the case of Swine 
Influenza Virus (SIV), despite its importance, no serological 
survey has ever been conducted in the country.  
The main purpose of this study was to investigate the presence 
of specific antibodies to PRRSV, ADV, CSFV and SIV in 
Uruguayan pig population from different commercial farms. 
That, in order to contribute to shedding light over the 
epidemiological situation of these emergent infections in the 
country and to the implementation of appropriate animal 
health management policies. 
A total of 614 serum swine samples collected during the period 
2014-2016 were tested byspecific ELISA commercial kits. 
Firstly, our results revealed the absence of ADV and CSFV 
antibodiesin all of the analyzed samples. Second,we identified 
for the first time in Uruguaythe presence of SIV antibodies, 
observed in 52 out of 614 samples(8.5%). Finally, as the more 
relevant finding of this study, we detected the presence of 
PRRSV antibodies in Uruguayan herds. The seropositive 
samples were evaluated with two different ELISA commercial 
kits, given thedifferences in sensitivities among them. Overall, 
a total of 12 positives (2%) samples were identified. 
Subsequently, a molecular detection approach of PRRSV was 
implemented and viral RNA was identifiedby nested reverse 
transcription polymerase chain reaction (RT-PCR)in both 
seropositive and seronegative samples. 
Data reported here demonstrates the presence and circulation 
of PRRSV in Uruguay and contributes to a better 
understanding of the epidemiology of SIV in the region. 
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Introduction:Foodborne illnesses suppose an important public 
health problem. Among all foodborne etiological agents, 
viruses account for the higher number of 
cases,beingNoroviruses (NoV)the cause of more than 100 
million infections worldwide.Raw-eaten vegetables are 
susceptible to cause food-related diseases and the 
microbiological quality of irrigation water is of importance 
when considering therisk of contamination. The aim of this 
study wasto evaluate viral presence in irrigation water, 
vegetables, food handlers and surfaces from a ready-to-eat 
vegetables (RTE)plant as well as in lab-grown parsleyirrigated 
with river water. 
Material and methods:Viral particles were concentrated from 
43 RTEvegetables and 35 surface samples byapplying CEN 
protocols. Viruses present in 32 food handlers’ samples and in 
12 lab-grown parsley sampleswere concentrated by 
ultracentrifugation and elution with alkaline glycine. 
58watersamples (lagoonedgroundwater and canal water)used 
for the irrigation of RTE vegetables,and 2 river water samples 
used to irrigate parsleys were concentrated by a Skimmed Milk 
Flocculationbased protocol.Human faecal contamination in all 
cases was assessed by quantification of Human Adenoviruses 
(HAdV) and NoVGenogroup I (GGI) and II (GGII)by (RT)-
qPCR. Samples were spiked with MS2 bacteriophage and 
recoveries evaluated bysubsequentRT-qPCR.Metagenomic 
assaysfrom parsley was performed using a procedure 
previously developed in our group andIluminaMiseqplatform. 
Results:All RTE vegetables, surfaces and handlers’ samples 
testednegative for HAdV, NoV GGI and GGII, with mean 
MS2 recoveries of 14.95%, 21.94% and 1.87% respectively. 
All RTE vegetables’ irrigation water samples were negative 
for NoV GGI and GGII while the 13.79% (8/58) were positive 
for HAdV with concentrations ranging from 1.x102 to 1.7x103 
CG/L. The irrigated parsley and the two river water samples 
were positive for HAdV with 7.2x101 CG/25g, 1.2x103 GC/L 
and 5.62x102 GC/Lrespectively.Regarding metagenomics, 
several viral pathogenic families, like Caliciviridae, 
Hepeviridae or Picornaviridae, were detected in parsley leaves 
and river water samples. 
Conclusions:The risk of contamination duringvegetable 
production strongly depends on the irrigation water source.The 
presence of viruses in water used for irrigation of vegetables 
that are consumed raw should be monitored in order to avoid 
foodborne viral diseases. Metagenomicviral study show a high 
diversity of viral sequences in parsley surface and water 
suggesting that other less studied viral pathogens may be 
transmitted through improperly irrigated food. 
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Objective: Rhinoviruses (RVs) are one of the maincausesof 
respiratory tract infections (RTI)in children and adults, 
mainlyrelated tocommon cold. These virusesdo not show 
seasonality and circulate throughout the year.Three species (A, 
B and C) have been described based on genetic features. The 
aim of this study was to describe the genetic diversity of the 
circulating RVs detected atValld’HebronUniversity Hospital 
(Barcelona, Spain) during the 2014-2017 seasons. 
Material and methods: From October 2014to January2017, 
including the inter-seasonal periods 2015 and 2016, 
respiratory tract specimensfrom patients attended at our 
hospital with RTI suspicionwere collected for laboratory-
confirmation.RVsweredetected by real-time multiplex RT-
PCR (AnyplexRV16 II Detection and Allplex Respiratory 
Panel Kits, Seegene, Seoul, South Korea).In addition, 
a5’UTR-specific real-time RT-PCR was carried out for the 
selection ofthoseRVs laboratory-confirmed specimens with a 
cycle threshold (Ct) value below 35 to be subsequently 
characterised based on thephylogenetic analysis of the partial 
viral VP4/VP2 coding sequences.  
Results: A total of 18,465 samples from 12,167 cases were 
received for respiratory virus confirmation, of which 2,317 
(13%) samples from 1,090 (9%) cases were RVs laboratory-
confirmed.RVs did not show a seasonality pattern since they 
were detected throughout the year. A total of 1,398 (60%) of 
RV laboratory-confirmed specimensshowed a Ct value below 
35, of which 1,318 (94%) were sequenced and characterised 
by phylogenetic analysis:806RV-A (61%), 87RV-B (7%) and 
425RV-C (32%). In addition, phylogenetic analysis also 
revealed a high diversity of types withineach RV specie (RV-
A: 74; RV-B: 25; and RV-C: 35). The types mostly 
predominantby specie were: A78 (6%), A59 (5%), A2 (4%), 
A22 (4%) and A101 (3%) for RV-A; B91 (11%), B6 (10%), 
B83 (9%), B17 (8%) and B14 (6%) for RV-B; and C12 (8%), 
C2 (8%), C15 (8%), C6 (7%) and C5 (6%) for RV-C. 
Conclusions:During the study period, RV-A and RV-C were 
more frequently detected than RV-B specie. About 40% of 
RVs showed a Ct valueabove 35 suggesting a moderate-low 
viral load in respiratory specimens.These results highlight the 
high genetic diversity of RVs, which are considered important 
aethiological agents of respiratory disease in the patients 
attended at our hospital. However, the association of this 
genetic diversity with the clinical data should be further 
studied for a best knowledge of theRVsrole in respiratory 
disease. 
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Objective: Since ZIKV introduction in Brazil, 75 countries and 
territories reported viral transmission. In Argentina, laboratory 
surveillance was implemented in 2015 and the first ZIKV 
outbreak was detected in 2016, with 25 indigenous confirmed 
cases in Tucumán province.  The first congenital ZIKV 
infection was confirmed in November. The objective of this 
study was to describe the diagnostic results in newborns with 
microcephaly and / or brain anomalies (cases) and their 
mothers in Argentina.  
Material and Methods: A totally of 67 cases were detected in 
the maternity hospitals of the National Network of Congenital 
Anomalies (RENAC) from April 2016 to March 2017 and 
studied for ZIKV.    Samples collected at birth were: 67 sera, 
48 urine, one cerebrospinal fluid (CSF) and one umbilical cord 
sample. Samples from 62 (93%) mothers were analyzed:  62 
sera, 18 urine and 2 placenta samples. Laboratory evaluation 
included both ZIKV genome by rRT- PCR (urine and tissues) 
and IgM/IgG  by MAC-ELISA and PRNT90  (serum and CSF 
samples). Cross reactions were evaluated by MAC- ELISA 
and PRNT90 in VERO C76 cells using a flavivirus panel 
including ZIKV, Dengue 1-4, West Nile, Saint Louis 
encephalitis and Yellow Fever viruses. 
Results: IgM was detected in 6 % (4/67) of the studied infants 
(3 in serum and one in serum and CSF). Their maternal sera 
were 100% IgM positive at the time of delivery. This group of 
infants and mothers were 100% positive by PRNT90 for ZIKV 
(titers ranging from 80 to > 1280). In this group, IgM dengue 
was also positive in 3/7 (42.9%).  ZIKV PRNT90titers were 2 
dilutions higher than the other flavivirus titers in two 
indigenous cases. The two other infants, who had 
epidemiological connection with Bolivia, presented cross 
reactivity in PRNT90 in agreement with a secondary pattern 
immune response. ZIKV IgM and ZIKV PRNT90 were 
negative in 63/67 (94 %) cases, obtaining the same results in 
their mothers. Urine and tissue samples were negative for 
ZIKV genome in all of the cases included in this work. 
Conclusions: Results obtained by serological tests allowed the 
detection of ZIKV etiology in 6% of the children studied and 
rule out infection by ZIKV in 94% of them. We did not 
detected cases with negative ZIKV IgM and PRNT90 positive. 
Laboratory diagnosis can be confounded by cross-reactivity 
with other circulating flaviviruses, but our study shows the 
usefulness of serology for the surveillance in Argentine of 
congenital syndrome associated with ZIKV. 
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Background: The evolution of influenza viruses 
(FLUV)explains seasonal influenza epidemics and the 
emergence of resistant variants to antivirals. The aim of this 
study was to describe the FLUV genetic diversity at our 
hospital during the 2012-2017 seasons.  
Methods: From October/2012to March/2017,respiratory tract 
specimens were collected from patients attended at 
Valld`Hebron University Hospital for symptoms of acute 
respiratory infection. FLUV detection was carried out by either 
immunofluorescence or PCR-based assays. A specificreal-
time one-step RT-PCR was performed for influenzaA 
subtyping. The complete coding HA1-domain sequence from 
a representative sampling ofFLUV was sequenced for genetic 
characterisation. Coding neuraminidase protein was further 
sequenced from randomly selected 2015-2017FLUV to detect 
amino acid substitutions related to reduced neuraminidase 
inhibitor drugs (NAI) susceptibility.  
Results: A total of 23,585 specimens from 15,330 cases were 
studied, of which 4,058 (17.2%) samples from 3,604(23.5%) 
patients were positive for influenza virus: 2,687 (75%) of them 
wereinfluenza A (FLUAV) and 917 (25%) were influenza B 
(FLUBV) cases. Detection and hospitalisation rates by season 
are summarised in Table 1.  

 
FLUV were genetically similar to the seasonal vaccine strains 
used in four out of the five studied seasons.However, most 
A(H3N2) viruses detected during the 2014-2015 season 
belonged to a genetic group with antigenic features different 
from those of the vaccine strain, which might explain both the 
high influenza activity and the high hospitalisation rate. A few 
(16/97) characterised 2016-2017 influenza Aviruses fell 
within a new genetic subset (3C.2a2), withgenetic differences 
related to new antigenic features. B/Yamagata was the 
predominant lineage during the first three seasons.B/Victoria-
like viruses were mostly detected during the 2015-2016 
season, but this FLUBV lineage was not included in the 
trivalent vaccine used. Regarding mutations related to 
virulence, the amino acid substitutions D222G or D222N in 
HA1werefound in just 3 A(H1)pdm09 strains from patients 
admitted to the ICU during the 2012-2013 season.In addition, 
only 3 2015-2016A(H1)pdm09 viruses were carrying the 
mutations H275Y (2) and S247N (1), associated with 
resistance to oseltamivir.  
Conclusions: The majority of viruses detected in four out of 
five influenza seasonsbelonged to genetic groups with similar 
antigenic features to those of vaccine strains. The 
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predominance of a FLUBV lineage not included in the 
trivalent vaccine highlights the need for the tetravalent 
influenza vaccine.Resistant viral variants in hospitalised 
patients should be closely monitored, to avoid their 
transmission and likely spreading. 
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Introduction/objectives: In 1981, mumps virus was introduced 
in the vaccination schedule, progressively reducing the 
number of cases. Since 2005, the number of outbreaks by 
different genotypes has started to increase. 
One of the limitations that microbiology laboratories have is 
the difficulty of confirming, through serological tests, the 
cases in vaccinated people. 
The most sensitive diagnosis method is the detection of the 
virus by RT-PCR in urine, saliva and/or parotid gland exudate. 
Cell culture is not very sensitive but the obtainment of isolates 
is essential for genotypic studies. Mumps virus surveillance 
manual includes direct and indirect techniques, although rarely 
samples for the full study are send to the laboratory. A mumps 
outbreak in vaccinated people in our area started in September 
2016.  
Here is a description of the results obtained of samples 
received from this outbreak up to March 2017. 
Materials and method: The samples of 118 mumps virus 
infection suspected cases attended in primary care in the Bahía 
de Cádiz health area and in the Pediatric and Adults 
Emergency Department at Hospital Universitario Puerta del 
Mar (HUPM) were analyzed, median age 22(2-81) years. 
Specific IgG and IgM antibodies were studied in 114 serum 
samples (Enzygnost Anti-Parotiditis viruses, Siemens 
Healthcare) and urine and/or saliva samples of 54 cases were 
sent to the Reference Laboratory (Hospital Virgen de las 
Nieves, Granada) for RT-PCR (conserved region of gene F) 
and cell culture of PCR-positive cases. 
Confirmed cases were considered that presented IgM, 
seroconversion IgG or detection of RNA virus in urine or 
saliva. 
Results: A total of 39 cases were confirmed (33.1%) 
IgM antibodies were positive in 32 of 114 patients (28.1%); in 
23 patients (20.2%) a grey area result was obtained.  
The RT-PCR was positive in 15 of 54 samples of saliva 
(27.8%) and in 4 of 61 urines (6.6%). 
In 36 cases there were both serological methods such as 
molecular methods, obtaining the following results: 

 
Twelve and 3 cases were exclusively confirmed by RT-PCR 
and IgM detection, respectively [median (range) in years: 24 
(11-62)]. Cell culture was negative in all PCR-positive cases. 
Conclusions: Serology is not sensitive enough to confirm a 
mumps virus infection in vaccinated people, it is necessary to 
jointly use RT-PCR in saliva and urine. Saliva samples have a 
better performance than urine samples for diagnosis of mumps 
by RT-PCR. Genotype could not be determined from the 
isolated. The delay in sampling or processing could be 
influencing the poor performance of the cell culture. The direct 
genotyping of samples is being carried out. 
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Objectives: Human respiratory syncytial virus (HRSV) is the 
main cause of lower respiratory tract infections among infants 
and young children. The antigenic and genetic differences in 
the hypervariable region 2 (HVR-2) of the G glycoprotein lead 
classify HRSV into several genotypes within two genetic 
groups (HRSV-A and –B). In the present study, the 
epidemiology of HRSV detected in respiratory specimens 
from patients attended at the Vall Hebron University Hospital 
during four consecutive seasons (2013-2017) has been 
described. 
Material and Methods: From October 2013 (week 40/2013) to 
March 2017 (week 11/2017) respiratory specimens were 
collected for laboratory-confirmation of respiratory virus 
infection using immunochromatography, immunofluorescence 
or real-time multiplex RT-PCR based assays. HRSV group 
was also determined by a viral nucleoprotein-specific real time 
RT-PCR assay. In addition, phylogenetic analyses were 
carried out using MEGAv5.2 software based on the HVR-2 
sequences from a representative sampling per week and 
season. 
Results: A total of 24,471 specimens were collected, of which 
2,140 (8.7%) were HRSV laboratory-confirmed. Seasonal 
HRSV epidemics usually occurred previous to annual 
influenza circulation, reporting maximum detection peaks 
between weeks 50 and 53 depending on the season. Viruses 
belonging to both HRSV groups were co-detected throughout 
the study: HRSV-B (999, 39%), HRSV-A (982; 38%), HRSV-
A/B co-infections (9; <1%) (153 (6%) remained unsubtyped). 
However, there was an alternating group predominance among 
seasons, and therefore, while HRSV-B was predominant in 
three out of four seasons, HRSV-A became the most 
frequently detected during the 2015-2016. Regarding the 
phylogenetic analyses of viral HRV-2 sequences, 299 (99%) 
HRSV-A viruses belonged to ON1 genotype and 2 (1%) to 
NA1, as well as, 281 (90%) HRSV-B viruses belonged to BA9, 
10 (3%) to BA10 and 1 (>1%) to an undefined BA. 
Nevertheless, 21 (7%) 2014-2015 sequences that were closely 
related to the BA9 genotype, clustered together and could be 
considered as a novel genotype, even though viruses belonging 
to this novel genotype were not found in the subsequent 
seasons. 
Conclusions: Co-circulation of both HRSV groups has been 
reported during four seasons. Moreover, the two HRSV groups 
were alternatively predominant during the four consecutive 
seasons. Although several genotypes were reported, most of 
the viruses belonged to ON1 (HRSV-A) and BA9 (HRSV-B). 
The present study reports recent valuable data about the 
genetic diversity of circulating HRSV in Southern Europe. 
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Introduction. The role of Enteroviruses as neurotrophic agents 
in the pediatric age is of current relevance. At present more 
than 100 enterovirus species have been identified by 
phylogenetic analysis using molecular biology techniques.The 
majority of enterovirus infections are transmitted by fecal-oral 
route as aptly indicate the most advanced epidemiological 
surveillance systems in antipodes latitudes to ours. 
Enteroviruses can cause outbreaks both in the community and 
in the hospital environment (neonates), nurseries and camps. 
In the present year, clinical and epidemiological assessment 
protocols have been activated for dissemination among 
medical and pediatric professionals Concomitantly, some 
regional health systems have alerted the existence of outbreaks 
of meningoecephalitis in their care setting. The purpose of this 
contribution is to describe the prevalence of Enteroviruses in 
CSF samples from children with suspected 
meningoencephalitis in our healthy area. 
Methods. A retrospective two-year study (2014-2015) of the 
available virological information in the Microbiology service 
of a third level hospital in Castilla y León has been carried out, 
covering a health area of 247,000 inhabitants. Total nucleic 
acid extraction was performed in an automated extractor, 
Nuclisens easyMAG, Biomérieux  using 0.6 mL of the LCR 
sample. The loading of the samples into the lysis buffer was 
performed in the laboratory under asepsis conditions and In 
extraction hood with level two biosafety. Genome detection by 
two RT-PCR (Cepheid Xpert)  for panel of Hespervirus and 
Enterovirus. The diagnostic algorithm proposed by Navarro-
Marí et al (1) has been followed for extensive implantation in 
microbiology services and laboratories in our environment. 
Results and Discussion. From a total of 366 CSF processed, 13 
genotypes of neurotropic viruses were detected, with 8 of them 
to Enterovirus 61.5% and the rest to different Herpesvirus 
(HSV-1, HVH-6, EBV and VZV). Mean age Of the affected 
children were in 5 years (range 1-11 years). The cell profile 
was present in 84.6% of the cases with lymphomonocitosis. In 
our experience Enteroviruses represent the main neurotrophic 
viruses identified, primarily affecting children under six years 
of age. The availability of molecular diagnostic methods 
allows virologically to document tables that were traditionally 
labeled in generic terms and thereby rationalizing their care 
and treatment. Identification of the enterovirus genome by 
PCR has a higher CSF sensitivity (70-100%) than the culture 
(30%) and has a high specificity (> 80%). PCR can be used in 
other samples although the specificity is lower than in the CSF. 
There is evidence based on the detection of enterovirus 
antigens but with less sensitivity. More than 80% of MLs of 
viral origin are produced by EV7. In fact, EVs are the most 
frequent microbial agents of acute meningitis, especially in the 
pediatric age. More than 90 EV serotypes have been described, 
although only a few are frequently producing ML squares: 
echovirus 6, 9, 11, 30 and coxsackievirus B58. In Spain, cases 
of meningitis have been reported for recently described 
serotypes, such as Enterovirus 75, which was associated with 
non-meningeal cases in other geographical areas . There are 
commercial methods of real-time PCR that amplify conserved 
regions of the viral genome, which allows to detect any 
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serotype of EV. The most suitable region for the detection of 
EV with diagnostic purposes is the 5 'non-coding region (5' 
NC). The automation of some of the steps in the total process 
simplifies the microbiological diagnosis. Thus, there are 
methods for fully automated EV detection, such as the 
GeneXpert® EV system (Cepheid, Sunnyvale, USA), which 
integrates the steps of extraction of viral RNA, reverse 
transcription (TR) and real-time PCR into one Reaction 
cartridge. In principle, the biggest drawback that this system 
can have would be its cost, higher than other semi-automatic 
or manual commercial  However, the greater expense derived 
from the study and management of acute meningitis occurs 
during the first 24 h of admission, and this technique allows a 
rapid and reliable diagnosis in 2.5 h. Therefore, having the 
same can greatly facilitate the management of the clinical 
picture, since it would in many cases prevent hospital 
admission and antibiotic treatments of the patient and their 
contacts, which also generate a cost much higher than the 
molecular diagnostic system. In summary, the description of 
the aetiological agent involved can specifically document the 
picture  and represents a requirement of professional 
competence that the pediatrician should not renounce. 
Reference (1) Navarro Mari JM et al, Enferm Infec Microbiol 
Clin 2010; 28 (Supl 1): 56- 
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Objective. Acute gastrointestinal tract infections are among 
the most common infectious diseases. Viruses are recognized 
as a major cause of this disease in childhood. Rotavirus 
infection is the most common cause of severe diarrhoea in 
children younger than 5 years old worldwide, being a major 
clinical, epidemiological and economical problem. This study 
aimed to describe the epidemiology and frequency of rotavirus 
infection in outpatients and inpatients children under 5 years 
of age in a third level hospital in Spain.  
Methods. From January 2007 to December 2017, stool 
samples from pediatric patients younger than 5 years with 
acute gastroenteritis were tested for rotavirus end other enteric 
pathogens. Rotavirus infection was diagnosed by detection of 
viral antigens with rapid immunochromatographic assay 
(Biorapid Adeno/Rota, Biokit).Demographic information was 
retrospectivelyrecovered from the laboratory and clinical 
information system. 
Results. Over the study period, 3,640 fecal samples were 
processed. Rotavirus was detected in 242 samples (6.65 %), 
125 (51.6 %) males and 117 (48.3 %)females.The mean age of 
studied patients was under one year. Positivity rates by age 
group were: 100 (41.3 %) among children under 1 year, 89 
(36.7 %) aged 1-2 years, 29 (11.9 %) aged 2-3 years, 12 (4.9 
%) aged 3-4 years, 7 (2.8 %) aged 4-5 years, and 5 (2.0 %) 
childrenmore than 5 years old. The highest percentage of cases 
occurred among children aged 0-1 years, and the next common 
age group was 1-2 years.Seasonal distribution of positive cases 
was: 50 (20.6 %) in winter, 92 (38.0 %) in spring, 83 (34.3 %) 
in summer, and 17 (7.0 %) in autumn. The month with highest 

number of cases was March. One-hundred forty-five patients 
(59.9 %) were hospitalized, and 97 (40.08 %) were outpatients. 
Conclusions. Consistent with previous reports, children aged 2 
years or less are the most frequently affected. Although the 6 
first months of life, children may be protected by several 
mechanisms such as maternal antibodies and breastfeeding. 
This protection decline but is increaseafter 2 years, and less 
diarrheal infection may be due to acquired natural 
immunity.The seasonal distribution appears different to other 
temperate climate regions, where rotavirus infection occurs 
mainly during late winter and spring, but decline significantly 
during summer and autumn.RI remains a major cause of 
hospitalization in childhood. Vaccination is considered as the 
most effective method of rotavirus infection prevention. 
Rotavirus vaccine is optional in Spain and to include in the 
official calendars would be a good measure 
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Introduction. The family Adenoviridae comprises a large 
group of double-stranded DNA viruses that infect a wide range 
of hosts.Since the discovery of the first bat adenovirus 
(BtAdV-1), in 2006, a large group of bat species have shown 
to harbor AdVs.The aim of this work is to search the 
phylogenetic relationships of AdVs and its diversity in 
theWestern Palaearctic bats. 
Materials and methods. From 2004 to 2008,a general screening 
for AdVs on different Western Palaearctic batswas performed. 
Additionallyfrom 2015-2016, the study was focused in the 
Pipistrellus genus. Bats were mist-netted or hand-netted with 
polyethylene butterfly nets mainly in their shelters entrance 
when the animals went out to feed or returned to rest. A total 
of 1235 bats,belonged to 31 different species, were captured 
and oropharyngeal swabs and feces were sampled. Two 
generic nested PCRs were performedin the hexon gene and in 
the DNA-dependent DNA polymerase gene. Amplification 
productswere visualized in agarose gel electrophoresis 
anddirectly sequenced in both directions (ABI PRISM 377 
sequencer).Sequences were multiple aligned against other 
AdVsequences using CLUSTAL X and the phylogenetic 
analysis were performed using MEGA 6. 
Results. From 2004-2008, 47 bats were positive, 33of them 
were detected in respiratory samples and 14 in feces, 
indicating the presence of viruses in both respiratory and 
intestinal tracts. Bat AdVswere included within the genus 
Mastadenovirus, according to the phylogenetic analyses on the 
partial sequences of the hexon gene and the polymerase gene 
and were distributed in different new groups. The 
AdVscreening in the oropharyngeal swabs taken from 
thePipistrellusbatsyielded22 positive, although is currently 
going on in feces. The distribution of theAdV detected from 
this genus supporting new different groups. 
Conclusions. Thebat AdVsdetected are members of the 
Mastadenovirus genus and they were not associated to any 
evident clinical manifestationsince all of them were detected 
in healthy free-flying animals. In 1235 bats screened, 
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respiratory and feces samples resulted positive in at least 10 
species of 6 different bat genera. Genetic diversity was also 
remarkably high with the description of new groups within the 
genus Mastadenovirus. It is striking the frequency and the 
extraordinarygenetic diversityof AdVs in 3 species of noctule 
bats and in the Pipistrellus genus. 
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