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LA LIBERTE DE CHERCHER

First annual meeting
Belgian Society for Virology
Friday, December 8, 2014
The Royal Academies for Science and the Arts
Hertogsstraat/Rue Ducale 1, Brussels

Welcome
Belgian Society of Virology — statuégans Nauwynck

Pathogenesis - Immune response

keynote lecture
“The long journey of hepatitis C virus entry inteethepatocyte”
Jean Dubuisson

Selected talk 1
Viral semaphorin inhibits dendritic cell phagocytoand migration but is
not essential for gamma-herpesvirus-induced lymptideration in
malignant catarrhal fever
Francoise Myster, Leonor Palmeira, Oceane SorelwiBdDe Pauw, Isabelle
Schwartz-Cornil, Alain Vanderplasschen, BenjamirDéwals

Selected talk 2
A phosphoproteome analysis at the host-respiragymcytial virus
interphase

Koen Sedeyn, Bert Schepens, Liesbeth Vande GM&d#er Fiers, Xavier
Saelens

Selected talk 3
A beneficiary role for neuraminidase in influenz&us penetration
through the respiratory mucus
Xiaoyun Yang, Lennert Steukers, Katrien Forier, Ren Xiong, Kevin
Braeckmans, Kristien Van Reeth, Hans Nauwynck

Coffee break
15 shotgun presentations (5+1 minatels/without discussion)

1. Role of Gvinl protein in cellular resistancest@l infection
Aurélie De Cock, Marguerite Kreit, Thomas Michiels

2. IN variants retarget HIV-1 integration and assariated with disease
progression

Jonas Demeulemeester, Sofie Vets, Rik Schrijvead)dih Paradise, Marc De
Maeyer, Jan De Rijck, Thumbi Ndung'u, Zeger DehyRé¢ Gijsbers




3. HCV-genotype 1b escapes antibody-mediated riatian by viral

transmission through peripheral blood B-lymphocytes

Isabelle Desombere, Ali Farhoudi-Moghadam, FreyanVHoutte, Lieven
Verhoye, Caroline Buysschaert, Hans Van Vlierberghedré Elewaut, Xavier
Rogiers, Wilfried Swinnen, Philip Meuleman and Géeroux-Roels

4. Molecular sieve activity of the nuclear pore idgrHIV-1 nuclear
import revealed by single virus analysis

Lieve Dirix, Doortje Borrenberghs, Stephanie De Meu, Frauke Christ,
Susana Rocha, Johan Hofkens, Zeger Debyser

5. Impact of MALT1 on rabies virus disease
Elodie Kip, Vanessa Suin, Jens Staal, Michael Kdkaidi Beyaert, Steven Van
Gucht

6. Murid herpesvirus 4 ORF63 is involved in thensiacation of
incoming capsids to the nucleus

Muhammad Bilal Latif, Bénédicte Machiels, Alain darplasschen, Laurent
Gillet

7. Are the multiple functions of Theiler’s virus &der (L) protein
coupled?
Michael Peeters, Thomas Michiels

8. Identification of cyprinid herpesvirus 3 (CyHVY-3envelope
transmembrane proteins that are essential togficaVth in vitro

Michelle Penaranda, C. Vancsok, J. Jazowiecka-Rakus Stalin Raj, A.
Vanderplasschen

9. Pseudorabies virus gE causes ERK1/2 activatigurimary porcine T
lymphocytes and subsequent cell aggregation anchtiog
Maria Pontes, B. Devriendt, H.W. Favoreel

10. Sensitivity and permissivity of Cyprinus carpi@ cyprinid
herpesvirus 3 during the early stages of its deweémt: importance of
the epidermal mucus as an innate immune barrier

Maygane Ronsmans, M. Boutier, K. Rakus, F. Faihifesmecht, F. Ectors, M.
Vandecan, F. Lieffrig, C. Mélard, Vanderplasschen A

11. Human liver chimeric mice as a novel modeltfar study of hepatitis
E virus infections

Ibrahim Sayed, Lieven Verhoye, Ali Farhoudi, Yaknizebing, Johan Neyts,
Geert Leroux-Roels, Robert Purcell, Suzanne EmeRbifip Meuleman

12. HIV triggers a cGAS-dependent type 1 IFN resgom primary
CDA4+ T cells that is regulated by Vpu and Vpr

Jolien Vermeire, Anouk Van Nuffel, Ferdinand Roedghniel Sauter, Hanne
Vanderstraeten, Evelien Naessens, Veronica lannédessia Landi, Wojciech
Witkowski, Ann Baeyens, Olivier Schwartz, FranlcKivoff, Bruno Verhasselt

13. Age and strain dependent differences in theoow of experimental
infections of domestic pigs with Belgian wild bopseudorabies virus
isolates

Sara Verpoest, Ann Brigitte Cay, Herman Favore@kNDe Regge

14. HIV-1 integrase/Pol recruits LEDGF/p75 intoaViparticles

Caroline Weydert, B. Desimmie, R. Schrijvers, Ss,V& Demeulemeester, P.
Proost, I. Paron, J. Mast, N. Bannert, R. Gijsbdfs,Christ, J. De Rijck, Z.
Debyser




12h30-13h30

13h30-17h00

13h30-14h15

14H15-14H30

14h30-14h45

14h45-15h00

15h00-15h30

15h30-17h00

15. The envelope glycoprotein gpl50 promotes setagalsmission of
murid herpesvirus 4.
Caroline Zeippen, Alain Vanderplasschen, PhilipvBteson, Laurent Gillet

Sandwich lunch
More pathogenesis - Control of viraliseases

Control- keynote lecture
“IFN-lambda : the third life of IFN”
Thomas Michiels

Selected talk 1
The pseudorabies US3 protein interferes with ptasien of the CD300a
ligand phosphatidylserine and protects infecteds debm NK mediated
killin
Korngel Grauwet, C. Cantoni, T. Jacob, S. De Petdtag C. Claessen, M.
Parodi, A. De Maria, L. Moretta, M. Vitale, H. Fanez|

Selected talk 2
A stably expressed llama single-domain intrabodgeting Rev displays
broad-spectrum anti-HIV activity
Eline Boons, Guangdi Li, Els Vanstreels, Thomascikgsse, Christophe
Pannecouque, Anne-Mieke Vandamme, Dirk Daelemans

Selected talk 3
Targeting a host-cell entry factor barricades arivresistant HCV
variants from on-therapy breakthrough in humanrlimice
Koen Vercauteren, Richard Brown, Ahmed Atef Mesalltiane Doerrbecker,
Sabin Bhuju, Robert Geffers, Naomi Van Den Eeddyid&uTroise, Lieven
Verhoye, Thomas Baumert, Ali Farhoudi, Riccardot€se, Geert Leroux-Roels,
Thomas Pietschmann, Alfredo Nicosia, Philip Meulema

Coffee break
15 shotgun presentations (5+1 minaels/@ithout discussion)

1. Comparison of the pathogenesis of the highlsagsd MCMV Smith
strain with that of the low passaged MCMV HaNaMhistin Balb/c mice
upon oronasal inoculation

Shunchuan Zhang, Jun Xiang, Hans Nauwynck

2. Reduced susceptibility of CD4+ T-cells fromeltontrollers to HIV-1
infection reveals a block at a step between revéascription and
integration

Paradise Madlala, Rik Gijsbers, Sofie Vets, Erik nvVaVijngaerden, Rik
Schrijvers, Zeger Debyser

3. Evasion of cytotoxic T cell response by Alcelaehherpesvirus 1
genome maintenance protein.
Oceane Sorel, F. Myster, Vanderplasschen A., DeRids

4. Limited evolution and (almost) clonal growthtbé yellow fever virus
during lethal infection in mice
Dieudonné BuhKum, Niraj Mishra, Pieter Leyssen, Ballmeier




5. TNF-alpha induces behavioral fever in commoip ¢&yprinus carpio)
Krzysztof Rakus, M. Ronsmans, M. Forlenza, M. Bouliazowiecka-Rakus J.,
M. Penaranda, F. Farnir, C. Becco, Piazzon C., Tichikls, G. Wiegertjes, A.
Vanderplasschen

6. Resistance profile of the diaryltriazine non4eoside reverse
transcriptase inhibitor and candidate microbicicdeMC01398

Kevin Arién, Muthusamy Venkatraj, Johan Michielatl&en Vereecken, Jurgen
Joossens, Pieter Van der Veken, Leo Heyndrickx,Hkeres, Koen Augustyns,
Guido Vanham

7. A novel optimized protocol to study viromes gsinext-generation
sequencing
Nadia Da Conceicao, Mark Zeller, Elisabeth Heyldtieter de Bruyn, Joao
Rodrigo Mesquita, Maria Sao Jose Nascimento, Marm@n VRanst, Jelle
Matthijnssens

8. A mutation in the hepatitis E virus RNA polymsgapromotes its
replication and associates with ribavirin treatmdatiure in organ
transplant recipients

Yannick Debing, Anett Gisa, Kai Dallmeier, SvencRie, Birgit Bremer,
Michael Manns, Heiner Wedemeyer, Pothakamuri Venkatineetha, Johan
Neyts

9. Murid herpesvirus 4 infection protects mice frtme development of
an anti-pneumovirus vaccine-induced Th2 immunogatjyo

Mickael Dourcy, Benedicte Machiels, Caroline Zeipp&leremy Dumoulin,
Justine Javaux, Daniel Desmecht, Alain Vanderplassc Benjamin Dewals,
Laurent Gillet

10. Comparison of tissue distribution and expressitd the IBDV
(Infectious Bursal Disease virus) VP2 protein byotwecombinant
herpesvirus vector vaccines

Fiona Ingrao, Fabienne Rauw, Benedicte Lambrechigrfy Van den Berg

11. Antiviral activity of Favipiravir (T-705) agasth HMPV, RSV and
other paramyxoviruses

D. Jochmans, S. van Nieuwkoop, B. Marina, P. LexinBnHerfst, J. Neyts and
B. van den hoogen

12. Accurate quantification of episomal HIV-1 2-LTE&rcles using
optimized DNA isolation and droplet digital PCR

Eva Malatinkova, Maja Kiselinova, Pawel Bonczkowskim Trypsteen, Peter
Messiaen, Jolien Vermeire, Bruno Verhasselt, Kar&ervisch, Linos
Vandekerckhove, Ward De Spiegelaere

13. Mouse-to-mouse transmission of norovirus igcieffitly blocked by
prophylaxis with the viral polymerase inhibitor @-methylcytidine
J. Rocha Pereira, D. Jochmans, J. Neyts

14. Tick-borne encephalitis virus (TBEV) - seromlance study for
TBEV antibodies in bovine sera in Belgium: a risisbd screening

V. Suin, Roelandt S., Lamoral S., F. Riocreux, & 8er heyden, Van der Stede
Y., B. Lambrecht, B. Caij, B. Brochier, S. Roelsy& Gucht



17h00

15. The immunity raised by recent European subtypeporcine
reproductive and respiratory syndrome virus (PRRSWins allows
spatial expansion of highly virulent East Europesamtype 3 PRRSV
strains

Ivan Trus, llias Frydas, Caroline Bonckaert, Vismatha Reddy, Yewei Li, Lise

Kvisgaard, Lars Larsen, Hans Nauwynck

Reception with Belgian beers
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Resistance profile of the diaryltriazine non-nuside reverse transcriptase inhibitor and
candidate microbicide UAMC01398

Kevin K. Arién, Muthusamy Venkatraj Johan Michidsitleen Vereecken, Jurgen Joossens,
Pieter Van der Veken, Leo Heyndrickx, Jan HeeregnikAugustyns, Guido Vanham

A stably expressed llama single-domain intrabodgeting Rev displays broad-spectrum anti-
HIV activity.

Eline Boons, Guangdi Li, Els Vanstreels, Thomasigsse, Christophe Pannecouque, Anne-
Mieke Vandamme, Dirk Daelemans

Rational Design of a Safe and Efficacious Attendid&combinant Vaccine against Cyprinid
Herpesvirus 3 using Prokaryotic Mutagenesis andivo Imaging System

Boutier M., Ronsmans M., Ouyang P., Fournier G.klgaK., Reschner A., Davison A., Farnir
F., Bayrou C., Lieffrig F., Desmecht D., Vanderglasen A.

Characterisation of Transmitted and Non-Transmittly in Index-Recipient Transmission
Pairs.

Bracke L, Willems E, Gall A, Kellam P, Coppens 8ehan C, Pollakis G, Berkhout, ¥anham
G, Cornelissen MTE, Heyndrickx L, Arién KK.

A novel optimized protocol to study viromes usirexhgeneration sequencing
Nadia Conceicdo-Neto; Mark Zeller; Elisabeth HeyleRieter de Bruyn; Jodo Rodrigo
Mesquita;Maria Sdo José Nascimentdarc Van Ranst; Jelle Matthijnssens.

Protection from lethal yellow fever virus infectiday a novel DNA-based live-attenuated virus
vaccine.
Kai Dallmeier, Niraj Mishra, Dieudonné Buh Kum, finsJulander, Johan Neyts

A Mutation in the Hepatitis E Virus RNA PolymeraBeomotes its Replication and Associates
With Ribavirin Treatment Failure in Organ TransplRecipients

Yannick Debing, Anett Gisa, Kai Dallmeier, SvencRi®, Birgit Bremer, Michael Manns,
Heiner Wedemeyer, Pothakamuri Venkata SuneethanJsbyts

Murid herpesvirus 4 infection protects mice frone tdevelopment of an anti-pneumovirus
vaccine-induced TH2 immunopathology

Mickael Dourcy, Bénédicte Machiels, Caroline Zeippdérémy Dumoulin, Justine Javaux,
Daniel Desmecht, Alain Vanderplasschen, Benjamiwddg Laurent Gillet

Vaccine effectiveness estimates in preventing kaooy-confirmed mild and moderate-to-severe
influenza in the Belgian population during the 221 3 season

Anneleen hombrouck, Nathalie Bossuyt, Viviane Vast&en, Steven Van Gucht, Sophie
Quoilin, the Belgian Network of sentinel generahgtitioners, the Belgian Network of sentinel
hospitals, Francoise Wuillaume, Isabelle Thomas

Comparison of tissue distribution and expressiothefIBDV (Infectious Bursal Disease virus)
VP2 protein by two recombinant Herpesvirus vectmroines
Ingrao Fiona, Rauw Fabienne, Lambrecht Bénédictay &fen Berg Thierry

Antiviral activity of Favipiravir (T-705) againstMPV, RSV and other Paramyxoviruses
D. Jochmans, S. van Nieuwkoop, B. Martina, P. Lexin®. Herfst, J. Neyts, B. van den
Hoogen

R030987 is a broad-spectrum, early-stage inhitdtforhinovirus replication with a mode of
action that targets the inner capsid protein VP4,

Céline Lacroix, Alain Cobut, David Franco, Kim Ddwees, Antonia Volny-Luraghi, Emilie
Blanche, Arnaud Marchand, Patrick Chaltin, Joharytde Pieter Leyssen
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Accurate Quantification of Episomal HIV-1 2-LTR €Cles Using Optimized DNA Isolation and
Droplet Digital PCR

Malatinkova Eva, Kiselinova Maja, Bonczkowski Pawdlim Trypsteen, Messiaen Peter,
Vermeire Jolien, Verhasselt Bruno, Vervisch Kar®andekerckhove Linos, De Spiegelaere
Ward

The A239G mutation in motif A compensates for thndl K159R mutation in the active site of
the Coxsackievirus B3 RNA-dependent RNA polymeiase increases the susceptibility of this
virus to the antiviral effect of T-705

Rana Abdelnabi, Leen Delang, Pieter Leyssen, Jdleyts

Mouse-to-mouse transmission of norovirus is effite blocked by prophylaxis with the viral
polymerase inhibitor 2’-C-methylcytidine
J. Rocha-Pereira, D. Jochmans, J. Neyts

Phylogenetic analysis of FIV strains from naturallyfected cats in Belgium and The
Netherlands
Inge DM Roukaerts, Sebastiaan Theuns, Elien RlnT&Ylvie Daminet, Hans J Nauwynck

Clinical sentinel surveillance of equine West Néger, Spain
Claude Saegerman, Ana Alba-Casals, Ignacio GaraeaBegra, Fabiana Dal Pozzo, Gaby van
Galen

Protection and mechanism of action of a novel hurRaspiratory Syncytial Virus vaccine
candidate based on the extracellular domain of Sayalrophobic protein.

Bert Schepens, Koen Sedeyn, lebe Rossey, Mariaesigeth VanDen Ginstarah De Baets,
Michael Schotsaert, Kenny Roose, Lieselot Houddiec Van Ranst, Brian Gilbert, Pedro
Piedra, Xavier Saelens

Tick-borne encephalitis virus (TBEV) — Seroprevakerstudy for TBEV antibodies in bovine
sera in Belgium: a risk-based screening

Suin V., Roelandt S, Lamoral RRjocreux F., Van der Heyden S., Van der Stede Mptecht
B., Caij B., Brochier B., Roels S., Van Gucht S.

Complete genome characterization of recent andeah@elgian pig group A rotaviruses and
assessment of their evolutionary relationship \witlman rotaviruses
Sebastiaan Theuns, Elisabeth Heylen, Mark Zellegel D.M. Roukaerts, Lowiese M.B.
Desmarets, Marc Van Ranst, Hans J. Nauwynck, B&dlghijnssens

The immunity raised by recent European subtype fcipe reproductive and respiratory
syndrome virus (PRRSV) strains allows spatial espan of highly virulent East European
subtype 3 PRRSV strains

Ivan Trus, llias S. Frydas, Caroline Bonckaert, Wimnatha R.A.P. Reddy, Yewei Li, Lise K.
Kvisgaard, Lars E. Larsen, Hans J. Nauwynck

Comparison of lllumina MiSeq and lon Torrent PGMkingeneration sequencing for influenza
A virus quasispecies analysis
Silvie Van den Hoecke, Judith Verhelst, Marnik Si@de, Xavier Saelens

Characterization by immunogold electron microscopg recombinant Newcastle disease virus
vaccine expressing the avian influenza H5 proteitsaurface
Olivier Vandersleyen, Mieke Steensels, Evelineeysdn, Jan Mast, Bénédicte Lambrecht

Quantifying the replication-competent fraction bétproviral load in HIV patients.
W. van Dyck, E. Willems, L. Heyndrickx, D. BerkydhsFlorence, M. van Frankenhuijsen, K.
Fransen, M. Mangelschots, M. Claus, P. Nys, K. #r®&. Vanham
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Targeting a host-cell entry factor barricades amtivresistant HCV variants from on-therapy
breakthrough in human-liver mice.

Koen Vercauteren, Richard J.P. Brown, Ahmed Atefdiéen, Juliane Doerrbecker, Sabin
Bhuju, Robert Geffers, Naomi Van Den Eede, Fulv@Esg, Lieven Verhoye, Thomas Baumert,
Ali Farhoudi, Riccardo Cortese, Geert Leroux-Rodltomas Pietschmann, Alfredo Nicosia,
Philip Meuleman

Development of assays to assess potential inhyb#otivity onin vitro andin vivo Zika virus
replication.
JoannaZmurko, Suzanne Kaptein, Rafael Elias, Johan Neyts

Identification of host factors involved in HIV-1 Vediated cell death
Baeyens A, Van Nuffel A, Landi A, lannuccj Vermeire J, Naessens E, Vanderstraeten H,
Verhasselt B.

Development of ain vitro HIV latency model utilising primary central memofycells and a
replication-competent virus

Bonczkowski Pawel, De Spiegelaere Wadrtins Laura, Bosque Alberto, Malatinkova Eva,
Kiselinova Maja, Trypsteen Wim, Vermeire Jolientkaiski Wojciech, Van Nuffel Anouk,
Verhasselt Bruno, Planelles Vicente, Vandekerckhaves

Limited evolution and (almost) clonal growth of thellow fever virus during lethal infection in
mice.
Dieudonné Buh Kum, Niraj MishrPieter Leyssen, Johan Neyts, Kai Dallmeier

Risk of emergence of a hyperpathogenic bovine Imigkeirus by mutation of a single envelope
N-linked glycosylation site

Alix de Brogniez, Amel-Baya Bouzar, Jean-rock Jasgilicolas Gillet, Isabelle Callebaut,
Michal Reichert,Luc Willems

Role of Gvinl protein in cellular resistance toavinfection
Aurélie De Cock, Marguerite Kreit, Thomas Michiels

IN Variants Retarget HIV-1 Integration and are Agated with Disease Progression
Jonas Demeulemeester, Sofie Vets, Rik Schrijvaradide Madlala, Marc De Maeyer, Jan De
Rijck, Thumbi Ndung'u, Zeger Debyser, Rik Gijsbers

HCV-genotype 1b escapes Antibody-Mediated Neuttibin by Viral Transmission through
Peripheral Blood B-lymphocytes

Isabelle Desombere, Ali Farhoudi-Moghadam, Freyan \Houtte, Lieven Verhoye, Caroline
Buysschaert, Hans Van Vlierberghe, André Elewaatiet Rogiers, Wilfried Swinnen, Philip
MeulemanGeert Leroux-Roels

Molecular sieve activity of the nuclear pore durkiky-1 nuclear import revealed by single

virus analysis

Lieve Dirix, Doortje Borrenberghs, Stéphanie De Weu, Frauke Christ, Susana Rocha, Johan
Hofkens, Zeger Debyser

A murine model for co-infection using the humanduaofluke Schistosoma mansomind y-
herpesvirus
Dougall A. M., Rolot, M., Vanderplasschen, A., DiswB.

Novel Sp1 transcription factor binding sites in t#eman T-cell leukemia/lymphoma virus type
1 Long Terminal Repeat negatively regulate its sgaremoter activity.

Sylvain FAUQUENOQY, Gwenaélle ROBETTE, Anna KULAJdg§a DELACOURT, Caroline

VANHULLE, Christian SCHWARTZ, Arséne BURNY, OliR@HR, Benoit VAN DRIESSCHE
Carine VAN LINT

The pseudorabies US3 protein interferes with pitasien of the CD300a ligand
phosphatidylserine and protects infected cells fidnmediated killing

Grauwet K., Cantoni C., Jacob T., De PelsmaekeiC&essen C., Parodi M., De Maria A.,
Moretta L, Vitale M., Favoreel H.
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A comparative study of respiratory syncytial virgRSV) infection of different murine
macrophage cell lines reveals remarkable differemtsusceptibility.
Heykers A., Leemans A., De Schryver M., Maes Is ,FCoDelputte P.L.

Natural killer and dendritic cells collaborate hetimmune response induced by the vaccine
against uterine cervical cancer.

Inge Langers, Virginie Renoux, Anca Reschner, Aetdouzé, Pierre Coursaget, Jacques
Boniver, Joachim Koch, Philippe Delvenne, Nathdieobs

Impact of caspase-1, -3, -7, RIPK3 and RAL-18 deficiency on rabies virus infection and
disease in mice

Kip E., Suin V., Nazé F., Kalai M., Beyaert R., dam Berghe T., Vandenabedle, Van
Gucht S.

Impact of MALT1 on rabies virus disease
Elodie Kip, Vanessa Suin, JefSsaal, Michael Kalai, Rudi BeyaeBteven Van Gucht

The US3 protein kinase of pseudorabies virus ptaysle in viral mucosal invasion through
basement membrane
Jochen Lamote, Sarah Glorieux, Hans Nauwynck, Herfavoreel

Production of Theiler virus trans encapsidatedicepk

Lardinois Cécile, Gonzalez-Dunia Daniel, Michielsomas

Murid herpesvirus 4 ORF63 is involved in the traastion of incoming capsids to the nucleus
Muhammad Bilal Latif, Bénédicte Machiels, Alain darplasschen. Laurent Gillet

Equine herpesvirus type 1 (EHV-1) replication idaged in CD172& monocytic cells and
controlled by histone deacetylases
Kathlyn Laval, Herman W. Favoreel, Hans J. Nauwynck

Antibody-induced internalization of RSV F proteirpeessed on the surface of infected cells
and cells expressing a recombinant protein
Leemans A., De Schryver M., Heykers A., Maes ls,RCaDelputte PL

Bovine herpesvirus 4 modulates its beta-1,6-N-dgktyosaminyltransferase activity through
alternative splicing

Céline Lété, Nicolas Markine-Goriaynoff, BénédidMachiels, Poh-Choo Pang, Kevin Canis,
Minoru Fukuda, Anne Dell, Stuart M Haslam, Alainndarplasschen, Laurent Gillet

Reduced susceptibility of CDA -cells from elite controllers to HIV-1 infectiarveals a block
at a step between reverse transcription and irtiegra

Paradise Madlala, Rik Gijsbers, Sofie Vets, EriknV/ijngaerden, Rik Schrijvers, Zeger
Debyse

Development of a novel St. Louis encephalitis nmezdel: Insight into disease pathogenesis
Rafael Elias Marques, Rebeca Rocha, Juliana debbSdtauro Martins Teixeira

Experimental infection of sheep with Schmallenbérgs at days 45 and 60 of pregnancy.
Ludovic Martinelle, Antoine Poskin, Fabiana Dal Roz Brigitte Cay, Nick De Regd&laude
Saegerman

The Cyprinid herpesvirus 3 — carp model: a uniquel@h to test the roles in anti-viral innate
immunity of Zalpha domain proteins detecting unlisugleic acid conformations
Morvan L., Rakus K., Boutier M., Vanderplasschen A

Viral semaphorin inhibits dendritic cell phagocytoand migration but is not essential for
herpesvirus-induced lymphoproliferation in maligheatarrhal fever

Francoise Myster, Leonor Palmeira, Océane SoreliBdDePauw, Isabelle Schwartz-Cornil,
Alain Vanderplasschen, Benjamin G. Dewals

Are the multiple functions of Theiler’s virus Leadg) protein coupled
Peeters M., Thomas Michiels
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Identification of cyprinid herpesvirus 3 (CyHV-3heelope transmembrane proteins that are
essential to viral growth vitro

Ma. Michelle D. Pefiaranda, Vancsok C., Jazowieck&R J., Stalin Raj V., Vanderplasschen
A.

Pseudorabies virus gE causes ERK1/2 activation rimgoy porcine T lymphocytes and
subsequent cell aggregation and migration
M. Pontes, B. Devriendt, H. W. Favoreel

Cyprinid herpesvirus 3 encodes a soluble homolazfulie mammalian TNFRSF14 receptor:
roles in the biology of the infectian vitro andin vivo
Jazowiecka-Rakus J., Rakus K., Boutier M., RescAndtonsmans M., Vanderplasschen A.

TNF-a induces behavioral fever in common ca@ygrinus carpid.
Rakus K., Ronsmans M., Forlenza M., Boutier M.pJdéecka-Rakus J., Penaranda M., Farnir
F., Becco C., Piazzon C., Michiels T., Wiegertjes/@nderplasschen A.

The replication characteristics of infectious laggtracheitis virus (ILTV) in the respiratory and
conjunctival mucosa

Vishwanatha R.A.P. Reddy, Lennert Steukers, Yawwdlter Fuchs, Alain Vanderplasschen,
Hans J. Nauwynck

ORF9 tegument protein: a new player in Varicellateovirus nuclear egress
Laura Riva, Marc Thiry, Marielle Lebrun, Laurentidmme, Jacques Piette, Catherine Sadzot-
Delvaux

Sensitivity and permissivity dfyprinus carpioto cyprinid herpesvirus 3 during the early stages
of its development: importance of the epidermal nsugs an innate immune barrier

Ronsmans M., Boutier M., Rakus K., Farnir F., Dedmé®., Ectors F., Vandecan M., Lieffrig
F., Mélard C. , Vanderplasschen A.

Human liver chimeric mice as a novel model for shedy of hepatitis E virus infections
Ibrahim M. Sayed, Lieven Verhoye, Ali Farhoudi, Mak Debing, Johan Neyts, Geert Leroux-
Roels, Robert Purcell, Suzanne Emerson, Philip Bfaah

A phosphoproteome analysis at the host-Respiratgmgytial virus interphase
Koen Sedeyn, Bert Schepens, Liesbeth Vande Gitalter Fiers, Xavier Saelens

Evasion of cytotoxic T cell response Aicelaphine herpesvirusgdenome maintenance protein
Sorel O., Myster F., Vanderplasschen A., Dewals B.G

The ORF27 gene of Cyprinid herpesvirus 3: A caseppiosite selective pressuiasvitro and
in viva?
Vancsok C., Jazowiecka-Rakus J., Boutier M., Resohn Rakus K., Vanderplasschen A.

HIV triggers a cGAS-dependent type 1 IFN respomsprimary CD4 T cells that is regulated
by Vpu and Vpr

Jolien Vermeire, Anouk Van Nuffel, Ferdinand Roe&miel Sauter, Hanne Vanderstraeten,
Evelien Naessens, Veronica lannucci, Alessia Landiciech Witkowski, Ann Baeyens, Olivier
Schwartz, Frank Kirchhoff, Bruno Verhasselt
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Resistance profile of the diaryltriazine non-nucleside reverse transcriptase inhibitor
and candidate microbicide UAMCO01398

Kevin K. Arién (1), Muthusamy Venkatraj (2), Johfichiels (1), Katleen Vereecken (1),
Jurgen Joossens (2), Pieter Van der Veken (2),Hemdrickx (1), Jan Heeres (2), Koen
Augustyns (2), Guido Vanham (1,3)
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(2) Laboratory of Medicinal Chemistry, University Antwerp, Antwerp, Belgium
(3) Department of Biomedical Sciences, UniversitAntwerp, Antwerp, Belgium

Background:

We previously selected UAMCO01398 as a lead compofnoin a screen with 60
diaryltriazine analogues, in the context of a mpéirtner program on microbicide
development (FP7-CHAARM). This new NNRTI has a sigreoxicity profile compared to
Dapivirine (DPV) and it retains nM activity agairi3PV-resistant viruses. We now report on
the resistance profile of this new candidate miwide.

Methods:

Resistance was induced in dose-escalation studidsira single high dose experiments.
Mutations were identified by sequencing and subsetiy confirmed in IC50 experiments
with site-directed mutagenesis in a pNL4.3 molecalane. Cross-resistance to other clinical
and experimental NNRTIs was studied. Finally, tiyglication capacity of the UAMC01398-
resistant viruses was assessed.

Results:

Dose-escalation studies revealed the following tarta in the RT gene: V90I, V106A,
E138K, V179M, H221Y, F227C and M230I. Full blowrsisance was selected only after
150 days. At least 4 of these mutations are reduire concert for resistance against
UAMCO01398. Cross-resistance was assessed againgt Bfavirine, Rilpivirine (RPV),
Lersivirine, MIV170, Efavirenz and Nevirapine. Onltravirine and RPV retained patrtial
activity (sub uM). Single high dose exposure to U01398 did not select for resistant HIV.
Finally, we clearly show that UAMCO01398-resistaimusges are significantly less fit than wild
type virus.

Conclusions:

UAMCO01398 is a strong new candidate microbicidenvatiperior toxicity, activity against
DPV-resistant HIV, and a complex resistance prdhkg is not easily selected but similar to
RPV.
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A stably expressed llama single-domain intrabody tgeting Rev displays broad-
spectrum anti-HIV activity.
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The HIV Rev protein mediates the transport of pdytiand unspliced HIV mRNA from the
nucleus to the cytoplasm. Rev multimerizes on arsg&ry stem-loop structure present in the
viral intron-containing mMRNA species and recrukie tellular karyopherin CRM1 to export
viral mMRNAs from the nucleus to the cytoplasm. Ryesly we have identified a single-
domain intrabody (Nf3o), derived from a llama heavy-chain antibody, whigfficiently
inhibits Rev multimerization and suppresses thalpecton of infectious virus. We recently
mapped the epitope of this nanobody and demondtthtg Rev residues K20 and Y23 are
crucial for interaction while residues V16, H53 drGf are important to a lesser extent.

We generated cell lines stably expressing.MNdnd assessed the capacity of these cell lines to
suppress the replication of different HIV-1 subtyp€hese cells stably expressing the single-
domain antibody are protected from virus-inducetbpgthogenic effect even in the context
of high multiplicity of infection. In addition, thesplication of different subtypes of group M
and one strain of group O is significantly suppeési these cell lines. One virus strain of
subtype F (Bz163) was able to replicate in thegmes of Ny However, mutations in the
epitope of Nl did not explain the resistance of Bz163 towardgNb

We also analysed the natural variations of Rev araiids in sequence samples from HIV-1
infected patients worldwide and assessed the efféctNb;gy on the most prevalent
polymorphisms occurring at the key epitope posgi@k20 and Y23) in Rev. We found that
Nbigo Was able to suppress the function of these Reantarexcept for the K20N mutant,
which was present in only 0.7% of HIV-1 sequenceybations (n=4632).

Altogether, our results indicate that fdbmay have broad potential as a gene therapeutic
agent against HIV-1.
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Rational Design of a Safe and Efficacious Attenuate Recombinant Vaccine against
Cyprinid Herpesvirus 3 using Prokaryotic Mutageness and In Vivo Imaging System
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Cyprinid herpesvirus 3 (CyHV-3) is the causativeragf a lethal disease in common and koi
carp. Since its emergence, in the late 1990s, CgH\as caused severe economic losses
worldwide creating a need for a safe and efficaxzi®accine. With this goal in mind,
recombinant strains deleted for single gene weoelymed using prokaryotic mutagenesis.
While producing such a recombinant deleted for C8F-ive unexpectedly obtained a clone
additionally deleted for ORF56 and ORF57. Interegi, this triple deleted recombinant
replicated efficientlyin vitro, exhibited an attenuated profile and induced amume
protection against a lethal challenigevivo. To determine the role of each deletion in the
phenotype of the triple deleted recombinant, asesf recombinant were produced and tested
in vivo. These experiments revealed that the attenuatedopype observed resulted mostly
from the single deletion of ORF57.

Complementary experiments were performed to furtineestigate the potential of the
ORF56-57 double deleted recombinant as a safe fiedotous attenuated vaccine. These
experiments revealed that () vivoimaging (IVIS) of vaccinated fish challenged witwild
type strain expressing luciferase suggested thedinvation induces an immune protection
close to sterile immunity. (i) Study of viral trigg by gPCR, IVIS, and histopathological
analyses, demonstrated that the vaccine straincadgd at lower level, at later time post-
infection and for a shorter period of time. (iiijahsmission studies demonstrated that there is
no detectable spread of the vaccine from freshlgcivaated fish to naive fish located
immediately downstream (water sharing).

Altogether, this study demonstrates the potentfalCgHV-3 ORF56-57 double deleted
recombinant for safe and efficacious mass vacanaif carp against CyHV-3.
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Many of the viral and host factors associated Wil transmission are still poorly
understood. In 60-80% of the mucosal infectionssiragle transmitted/founder virus is
responsible for the establishment of a productiviedtion, indicating a strong genetic
bottleneck upon transmission. We aim to better tstded the viral factors involved during
transmission by studying the genetic variabilityd amplicative characteristics of viruses
isolated from transmission pairs.

We had access to blood samples from 5 index-radigi@nsmission pairs of MSM. All
samples were obtained shortly after transmissidasm®a was used for full genome
sequencing and PBMC were cocultured with HIV negationor PBMC by limiting dilution
to obtain biological clones.

We isolated a total of 270 biological clones frohe t5 transmission pairs. Nearly the
complete gp120 from 7-18 clones was sequencedfdr ef the 10 individuals. As expected,
these sequences group nicely with the plasma segsetn only one transmission pair
studied, an identical clone was found in both iné&d recipient. Phylogenetic analysis
showed a low genetic diversity in the recipients,contrast to a greater genetic diversity
among the clones from the index patients. Sequenaesrecipients also showed shorter V1,
V2 and V4 loops, indicating a more compact envelopapared to viruses from the index
patients. We also found fewer potential N-linkegycglsylation sites in three recipients
compared to their indexes.

Our sequences and phylogenetic analysis confirnergbions from others. Currently the
replication capacity of the biological clones isessed in dual infection/competition assays.
This will allow us to rank the fitness of the clengbtained from all the transmission pairs. A
selection of clones will also be tested againsttraéiming antibodies and entry inhibitors.
These experiments should give us an indication bfchv virus characteristics favour
transmission.
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A NOVEL OPTIMIZED PROTOCOL TO STUDY VIROMES USING N EXT-
GENERATION SEQUENCING
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Viruses are the most ubiquitous and geneticallyedig life forms on our planet and play
an important role in various ecological niches Juding the human gut. Next generation
sequencing seems to be a promising tool to stutdymes, but methods to quantify how
many and which viral species are present in a biold sample are currently lacking.

In this study we show the development of sampledquence pipeline, which includes
the optimization of sequential purification, ampdtion and viral RNA and DNA
sequencing steps, while reducing the introductibbiases in the relative abundances of
viruses in a sample to a minimum. At first, a maileme was designed containing 10
highly divergent viruses, representing nearly lal known viral characteristics, including
virion size range, virion architecture (sphericalpd-shaped, head-tail structure,
presence/absence of an  envelope), and genome  typ@&NA/DNA,
linear/fragmented/circular). Subsequently, gqPCRaysdor each of the viruses present in
this mock-virome and for bacteria (both genomic Dal#d ribosomal RNA) were developed
to evaluate the quantitative effects of severaifipation and amplification procedures. These
include freeze-thawing, homogenization (to disrgpiol aggregates), centrifugation and
filtration (to remove bacterial and eukaryotic sglIDNAse/RNAse treatment (to remove free
floating DNA/RNA). As the amount of RNA and DNA m@ered from a stool sample is too
low to be sequenced directly by NGS technologiaadom amplification procedures and
library preparation procedures were also testeds@ mesults were used to optimize a method
that introduces the least amount of bias in thatiked abundances of viruses in a biological
sample and that could be used to deep sequence #wmples using the Illumina
Hiseq2500™ sequencing platform.

We then demonstrated the feasibility of the newdweloped protocol by analyzing the
virome in fecal samples from small Portuguese camgis, such as a badgddles meles

a genet Genetta genet)aa mongooseHerpestes ichneumpmand an Eurasian ottekutra
lutra). These analyses resulted in the identificationse¥eral highly divergent viruses,
possibly belonging to new viral families/generaghsas five novel gemycircularviruses, a
novel anellovirus, a novel nano-like virus and aetonodavirus. Furthermore, we have
successfully used this protocol to recover compaome sequences from rotaviruses,
coronaviruses, herpesviruses, astroviruses, pam@rtyses, hepatitis B virus, among others.
This newly optimized virome method allows for thogh virome analyses of biological
samples, opening the door to study the role ofvit@me in complex human diseases or for
virus discovery.
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Protection from lethal yellow fever virus infectionby a novel DNA-based live-attenuated
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The yellow fever virus (YFV), a mosquito-borne fléws, causes severe and life-threatening
infections with jaundice, systemic bleeding, shaoki multi-organ failure. An estimated 900
million people living in ~45 endemic countries irrida and Latin America are at high risk.
Although there is a safe and highly efficient latenuated prophylactic vaccine [YFV-17D,
Stamaril®] available, an estimated 200,000 casegetbw fever occur each year resulting
into ~30,000 deaths. Vaccination with Stamaril®@sommended for everybody living in and
traveling to the high risk regions. Prompt detattamd rapid response through emergency
vaccination campaigns are essential to controbyellever outbreaks (often in remote and
resource poor areas). However, the need for a propld-chain complicates the timely
delivery of vaccines. Development of an easy arekpensive to produce DNA vaccine
would allow much faster and simplified deployment.

Using the YFV-17D vaccine strain as paradigm, weettiped a novel plasmid based-system
that allows efficient launching of recombinant fldkus genomeén vivodirectly from cloned
cDNA. Here we assessed the efficacy and safetyuofptasmid system when used as live-
attenuated YFV-17D vaccine (DNA-YFVax) in Syriandgn hamsters that are susceptible to
lethal yellow fever infection and that representeatablished preclinical model for testing of
yellow fever vaccines. We show that intraperitorgelivery of DNA-YFVax as naked DNA
is able to induce seroconversion. In fact, virustraizing antibodies are generated with
comparable kinetics and to equally high titers mshamsters vaccinated with Stamaril®.
Importantly, by using needle-free jet injectionptéismid DNA via the transdermal route, the
efficacy of DNA-YFVax can further be enhanced, wdes the amount of plasmid needed can
be reduced by at least a factor 10 to 100.

When immunized with 10pug of DNA-YFVax prior to claige, hamsters with high
neutralizing antibody titers had (i) undetectablemia, (i) normal ALT-levels and (iii) were
protected from yellow fever induced disease andtality. This resembles the protection
elicited by Stamaril® which was used as a comparato

In summary we show proof of concept that our coreran robust and reproducible plasmid
system may allow to develop a DNA vaccine for YRVI@av costs without the need for
eukaryotic cell cultures or embryonated chickensedgwill no longer require a cold-chain
and might be needle-free administered. Moreovartexhnology may represent a convenient
platform for future engineering and manufacturirigother recombinant live-attenuated and
chimeric flavivirus vaccines.
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A Mutation in the Hepatitis E Virus RNA Polymerase Promotes its Replication and
Associates With Ribavirin Treatment Failure in Organ Transplant Recipients
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Chronic hepatitis E is often treated with extendedrses of ribavirin and treatment failure
has been occasionally observed. Here we reportwan ttansplant patients chronically
infected with the hepatitis E virus (HEV) who undent extensive ribavirin therapy, but
failed to clear the virus. In one case, the vicald decreased initially but viral rebound was
noted 4 months after start of treatment and coresgfju the patient developed fatal
decompensated liver disease. The second patierrierped twice a relapse following
ribavirin treatment (which was for 5 and 8 montaspectively), despite undetectable virus at
the end of each treatment period. The viral genaam sequenced at various time points. For
both patients, a single-®-A nucleotide substitution resulting in a G1634R atigin in the
viral polymerase was associated with ribavirinuigél This mutation was engineered into a
genotype 3 (gt3) subgenomic HEV replicon. The mutaplicon proved equally sensitive to
the antiviral activity of ribavirin as the wiltype construct. However, the 1634R replicon
(and also a 1634K mutant) replicated markedly mefficiently than the wiletype,
suggesting an increased replication fitness. Thas wonfirmed by analysis of the growth
kinetics of fultlength (gt3) virus. Similar results were obtaineithva gtl replicon. In direct
competition assay, the full length gt3 1634R mutaas able to outompete the wildype
virus. In conclusion, we report on a HEV polymerasatation that is associated with
ribavirin treatment failure and that results inimcreasedn vitro replication fitness.
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Murid herpesvirus 4 infection protects mice from the development of an anti-
pneumovirus vaccine-induced TH2 immunopathology
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Gammaherpesviruses are highly prevalent pathogenestablish lifelong latency. However,
little is known about how these viruses imprint themune system of their host. Here we
used Murid herpesvirus 4 (MuHV-4) to investigatee timpact of gammaherpesvirus
infections on the development of an anti-pneumaviraccine-induced Th2-skewed
immunopathology. Briefly, this respiratory hypersginity was induced in mice by a
subcutaneous vaccination with formalin-inactivaaetigens of pneumonia virus of mice (Fl
PVM) followed by an intranasal infection with witgpe PVM. We have observed that
MuHV-4 infection, either before or after the FI PMMccination, prevented the development
of the PVM-induced immunopathology while the préoimt against PVM infection was
unaffected. This protective impact against the imopathology was maintained over time
and required pulmonary MuHV-4 replication. Altogeththese results open perspectives for
vaccination against pneumoviruses and highlight dmne so-called pathogens could be
revealed in the end as beneficial for their host.



9.

Vaccine effectiveness estimates in preventing latstory-confirmed mild and moderate-
to-severe influenza in the Belgian population durig the 2012-2013 season

Anneleen hombrouck Nathalie Bossu§t Viviane Van Casterén Steven Van Guchf,
Sophie Quoili, the Belgian Network of sentinel general praatiéics, the Belgian Network
of sentinel hospitals, Francoise Wuillaufmand Isabelle Thomas

Scientific Institute of Public Health, Operationdlirectorate of Communicable and
Infectious Diseases, Viral Diseases, Brussels,iBelg

2Scientific Institute of Public Health, Operation@irectorate of Public Health and
Surveillance, Brussels, Belgium

¥Ghent University, Laboratory of Virology, Faculty deterinary Medicine, Ghent, Belgium

Background

The influenza season 2012-2013 in Belgium was cheiaed by a very high intensity and
duration as compared to previous seasons. Thrasegrco-circulated: A(H1IN1), A(H3N2)
and B with a predominance of A(H1N1) and B of Yaatadineage.

Methods

Mild cases of influenza were monitored through antisel network of 112 general
practitioners (GPs), which reported and sampledipist of any age who met the influenza-
like-illness (ILI) case definition: sudden onsetsyimptoms, fever>38°C), respiratory and
systemic symptoms.

Moderate-to-severe influenza cases were monitdrediggh a sentinel network of 6 hospitals,
which reported and sampled patients with severteamspiratory infections (SARI), which
were defined as patients of any age with an a@#ginatory illness with onset within the last
seven days and fever 8f38°C (or history of fever) and cough or dyspna@ad requiring
hospitalisation (24h or more).

Patients with swabs taken > 7 days of symptomstoasd patients with no record of
vaccination (date) or vaccination < 14 days befyraptoms onset were excluded.

We used a test-negative design and compared ldivroed influenza-positive to influenza-
negative patients with mild or moderate-to sevdiress. Using logistic regression, we
calculated adjusted vaccine effectiveness (AVEXype/subtype and results were adjusted
for surveillance scheme (if applicable), age gragx and month of sample collection.

Results

During the 2012-2013 season, 1425 samples fronamidl 1001 samples from SARI patients
were collected. After applying exclusion criterige included 1261 ILI patients and 665
SARI patients in the vaccine effectiveness (VE)\gsis.

Overall trivalent influenza vaccine (TIV) adjusté@& against laboratory-confirmed influenza
(mild and moderate-to-severe cases) was estima&ie (35%Cl 17%-54%). TIV adjusted
VE against influenza A(H1N1) was 48% (95%CI 20%-§7&hd influenza B was 44%
(95%CI 19%-61%). Data power was not sufficientatcalate TIV adjusted VE for influenza
A(H3N2).

When comparing laboratory-confirmed mild influenza moderate-to-severe influenza,
overall TIV adjusted VE against mild influenza westimated 42% (95%CIl 12%-63%) and
against moderate-to-severe influenza was 35% (9596Ch-57%). TIV adjusted VE against
mild influenza A(H1N1) alone was 51% (95%CI 0.69845and against moderate-to-severe
influenza A(H1IN1) was 47% (95%CI 0.3%-71%). TIV asted VE against mild influenza B
alone was 56% (95%CI 27%-75%). The adjusted VEmedd against moderate-to-severe
influenza B was lower but the effect was not sigaift.

Conclusions



Estimation of VE was feasible in Belgium for thel2e013 season, because the number of
ILI and SARI samples collected in our routine sutaece systems were high due to the
intensity of the epidemic. The data suggest a nadegorotection by TIV against mild and
moderate-to-severe influenza during the 2012-2@53an.



10.

Comparison of tissue distribution and expression othe IBDV (Infectious Bursal Disease
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Infectious bursal disease (IBD) is an avian virigkdse leading to important economic losses
in the poultry industry worldwide. This very coniaigs disease is characterized by lymphoid
organs destruction, especially the bursa of Falgjcinducing an immunosuppression.
Affected chickens showed increased susceptibititynfection with opportunistic pathogens
and a suboptimal vaccines response. In order téralothe disease, several vaccinations
methods have been developed. Because attenuatedilBD(IBDV) vaccines may lead to
partial lymphoid organs destruction, the use oéisaéctors was required. One of them is the
recombinant Herpesvirus of turkey (HVT) in whiclioaeign gene was introduced. The HVT
is widely used as a vaccine against the Marek Besedrus because it is safe and poorly
sensitive to the interference with maternal derigatibodies. Moreover, the HVT is secure to
be injectedin ovo or in one day-old chicks. Because of its cell-agged replication, it
induces the development of a persistent viremiaaalothg-term protection. Regarding IBDV,
the gene of concern is encoding for the immunogstnigctural protein VP2. The efficacy of
the bivalent recombinant HVT-IBD to immunize chiokeagainst the IBDV is well known.
However, the immune mechanisms involved in the gutain conferred by this type of
vaccines against IBD and the tropism for the higsugs are still poorly documented. With
the aim of studying the vaccine take and the rapba kinetics, we first intended to
investigate the early distribution of two HVT-IBRestors in several organs (bursa, feathers,
lungs, spleen and peripheral blood lymphocyte€r afay-old vaccination by developing two
real-time PCR: one specific for the VP2 and theeotine for the glycoprotein B of the HVT.
The results of this experiment showed that theetady organs, ie bursa, feathers, lungs,
spleen and peripheral blood lymphocytes, are coézhiby the HVT-IBD 5 days post
vaccination. An interesting observation was theuaudation of the HVT-IBD vector in the
feather pulp until at least 12 days after vaccomatin the other organs, the viral DNA load
tends to fluctuate during the two first weeks pastulation before decrease. These findings
were similar for both vaccines studied. To compthtse results, we managed to compare the
production of the VP2 by the HVT-IBD by labelingighprotein for detection by
immunofluorescence on an infected cells culture.
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Background

The total clinical impact of Paramyxoviruses sushParainfluenza virus (PIV), RSV and
HMPV infections together argues for the developmeiiantiviral therapies with broad-
spectrum activity against paramyxoviruses. FawirdT-705) is a broadly active small
molecule active against several RNA viruses angrésently in clinical evaluation for the
treatment of Influenza viruses. In the current gtwek evaluated thén vitro activity of
favipiravir against a number of Paramyxoviruses #émelin vivo activity against HMPV
infection in a hamster model.

Methods

The 50% effective concentrations (&Cfor favipiravir against Measles virus, Newcastle
Disease Virus, Avian Pneumovirus, PIV, RSV and HMiRWitro was determined by dose-
response studies in Vero cells. To evaluate tHeaef§ of favipiravir against HMPVh vivo,
Syrian golden hamsters were orally treated twiceday with 0-50-100-200-300-400
mg/kg/day, starting one day prior to challenge WHtPV until day 4, when animals were
euthanized. Infectious viral titers in lungs andsalaturbinate’s were determined with
titrations in Vero cells and the presence of VRAIA was determined with gRT-PCR.

Results

Favipiravir treatment inhibited replication of alaramyxoviruses testad vitro, with EC50
values ranging between 2.5 and 12.5 ug/ml. Tredtmvgh 400 mg/kg/day resulted in 100%
protection of the lungs in HMPV challenged hamsterd in significant decreased viral titers
in the upper and lower respiratory tract in aniniedated with 200-300 mg/kg/day, compared
to mock treated animals. Viral RNA remained deteletan the upper and lower respiratory
tract of all treated hamsters. Only in hamsteraté@ with 400 mg/kg/day a decrease in viral
genome titers was observed.

Conclusions

We demonstrate antiviral activity of favipiraviragst a broad range of paramyxoviruges
vitro and against HMP\ih vivo. The observation that favipiravir treatment hasigmificant
effect on infectious viral titers, with limited efft on viral RNA titers, is in agreement with its
proposed viral mutagenesis mode of action. With réq@orted antiviral activity of T-705
against Influenza- and Picorna- viruses, this smadlecule would be a promising broad
range antiviral drug candidate to limit the virairben of all these respiratory viruses.
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Rhinoviruses (genus enterovirus, famityicornaviridag infections not only cause common
colds in otherwise healthy people, but also leacdsthma- and COPD exacerbations. No
antiviral drugs for human use are currently avd@ab

In a large scale CPE-based antiviral screening aampR030987 was identified as a potent
and selective inhibitor of rhinovirus 14 (HRV14)pheation with an 50% effective
concentration (E§g) of 5+2 uM. The compound proved also active {Hietween 3 and 29
KM) against a panel of 15 different rhinovirusgsresentative for species HRV-A and HRV-
B. Time-of-drug addition studies revealed that REEQ akin to the capsid binder pleconaril,
inhibits virus replication at an early stage of thel replication cycle. However, R030987
retained wild-type activity against pleconaril-stant HRV14 isolates and thermostability
assays revealed that the compound does, unlikeomaet, not protect against heat
inactivation of the virus. Three drug-resistanusivariants were obtained independently by
clonal selection. In a CPE-based assay they prtveg- to seven-fold less sensitive to the
compound than the parent viruses. All three of éheisus variants were shown to have
acquired a mutation at position 35 of the intexasid protein VP4: A35S (2/3) and A35V
(1/3). Residue VP4 A35 was found to be highly covese in the VP4 protein of all 15 of the
different rhinovirus serotypes that were included.

Boththe A35S and A35V mutation were reverse-engingeinto an infectious clone of
HRV14 (HRV14.). In a CPE reduction assay, the mutants provaibotisely 3- and 4-fold
less susceptible to the antiviral effect of RO3098Ms confirms that the mutated amino acid
position, which in the crystal structure of theiofir appears to be located in a highly
unstructured stretch of amino acids, is indeed lired in the mechanism of action of this
inhibitor. Further elucidation of the precise malee mechanism by which this class of
compounds acts and exploration of the structureigctelationship will provide a deeper
insight into the (different) role(s) of VP4 at tharly stages of viral replication. In conclusion,
we demonstrate, to the best of our knowledge, Herfirst time that VP4 may offer a novel
target for the development of broad-spectrum itibibiof rhinovirus replication.
www.kuleuven.be/rega/cmt/IN/
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ABSTRACT

In HIV-1 infected patients on combination antireiral therapy, the detection of episomal
HIV-1 2-LTR circles is considered as a marker faigoing viral replication. PCR based
guantification of 2-LTR circles is hampered dueittolow abundance and a critical step of
sample pre-PCR processing has not yet been sutficievaluated in patient derived samples.
We compared two sample processing procedures te amgurately quantify 2-LTR circles
using droplet digital PCR. Episomal HIV-1 2-LTR adigs were either isolated by genomic
DNA isolation or by a modified plasmid DNA isolatipallowing separation of the small
episomal DNA from chromosomal DNA and normalizatitlm a spiked internal control
plasmid. A linear correlation of both methods wasearved in the dilution series%®.974)
and in the patient derived samples with 2-LTR nurmebabove 10 copies per million
peripheral blood mononuclear cells (n=17)>4®671). Furthermore, Bland-Altman analysis
revealed an average agreement between the metlithils tive 27 samples with detectable 2-
LTR circles by both methods (bias: 0.39 £ 1.27,dbd he plasmid DNA isolation resulted in
more accurate quantification in the low ranges amgher recovery of 2-LTR templates per
isolate compared to the total genomic DNA isolati®@R inhibition caused by high genomic
DNA load limits the amount of sample input aftengmic DNA isolation, which impacts
sensitivity and accuracy. Therefore, 2-LTR cirdesntification in HIV-1 infected patients is
more accurate by using a modified plasmid DNA isotamethod, enabling to process more
blood cells, thus enhancing quantification accuraayd sensitivity. An improved
guantification of 2-LTR circles will contribute tthe better understanding of ongoing
replication in the HIV reservoir of patients on cAR
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The A239G mutation in motif A compensates for thedthal K159R mutation in the
active site of the Coxsackievirus B3 RNA-depende®NA polymerase and increases the
susceptibility of this virus to the antiviral effed of T-705

Rana Abdelnabi, Leen Delang, Pieter Leyssen, Jblegis

Rega Institute for Medical Research, Universityefiven, Belgium
Minderbroedersstraat 10, 3000 Leuven

Favipiravir (T-705), is a broad-spectrum antiviaglent that was originally discovered as an
inhibitor of influenza A virus replication. In theell, T-705 is metabolized to its ribofuranosyl
5'-triphosphate form, which was shown to be a cditige inhibitor for the incorporation of
ATP and GTP by the RNA-dependent RNA polymeraseRiidWe recently demonstrated
that T-705 also inhibits thén vitro replication of the chikungunya virus (CHIKV) and
protects mice against CHIKV-induced mortality (Dedaet al, J Antimicrob Chemother
2014). Low-level T-705-resistant CHIKV variants weselected. A K291R mutation in the
F1 motif of the RdRp was shown to be responsibtetlie observed resistance to T-705.
Interestingly, K291 is highly conserved in positsiagle-stranded RNA viruses.

The Coxsackie B3 virus (CVB3) is 4 fold less sawmsito T-705 than CHIKV. Introduction
of a K-to-R mutation at the corresponding posit{&i159R) in the F1 motif of the CVB3
RdRp resulted in a lethal phenotype. Thus the CVRRp has a different tolerance for
mutations at this position than CHIKV. However, whéhe R159 CVB3 variant was
transfected in Vero cells without antiviral pressua second mutation in the RdRp, i.e.
A239G, emerged that was able to rescue the rejplicditness of the R159 mutant. This
amino acid position is located in motif A and isicdly conserved in the RdRp of all
enteroviruses. In addition, both the reverse emget CVB3 R159-G239 and G239 variant
demonstrated to be more susceptible to the artiifeact of T-705 than the wild-type virus.
Interestingly, the CVB3 G239 mutant has been regods a low RdRp fidelity variant
(Gnéadig NFet al, Proc Natl Acad Sci USA.2012). Therefore, tha@ased susceptibility of
the double mutant and G239 variants to T-705 maydbeted to the increased rate of
nucleotides misincorporation caused by A239G monati
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Mouse-to-mouse transmission of norovirus is efficigly blocked by prophylaxis with the
viral polymerase inhibitor 2'-C-methylcytidine
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Human noroviruses are a major cause of foodbolness#, accountable for 50% of all-
etiologies outbreaks of acute gastroenteritis. @hastbreaks are quite extensive and can
disturb the functioning of health institutions, dézg to closure of hospital wards and causing
life-threatening infections in long-term care fams. To add to this large burden of disease,
noroviruses are responsible for significant magadimong children in developing countries.
It is therefore a pressing matter to develop sgragefor the treatment and/ or prophylaxis of
norovirus infections.

We previously reported that the viral polymerashibitor 2'-C-methylcytidine (2CMC)
efficiently protects against murine norovirus (MNMpuced diarrhea and mortality in
AG129 (deficient in alpha/beta and gamma interfer@reptors) mice (Rocha-Pereira et al.,
2013, J Virol 87:11798-805). We here establishedMidV-transmission model using
genogroup V (murine) norovirus in AG129 mice in@rdo assess the ability of an antiviral
molecule to prevent or reduce transmission of (m@)rinorovirus either when given to the
infected (seeder) mice or to the uninfected (sefjtimice. In this model, MNV was
efficiently transmitted from infected mice to (1009 sentinels with which they had been in
direct contact. To estimate the viral inoculum whiwould need to be transmitted from
mouse to mouse to cause MNV-induced disease, veenieed the 50% infectious dose to be
~270 CCIQ, (via oral gavage). When the sentinel mice weretaedeavith 2CMC, 100
mg/kg/day for 5 days, these sentinels developedyngptoms during or after treatment with
2CMC, remaining healthy for the entire durationtloé experiment. Thus, prophylaxis with
2CMC was able to completely prevent the sentinelsifdeveloping MNV-induced disease.
Treatment of infected mice with 2CMC also reduc@dlwshedding and markedly reduced
transmission to uninfected sentinels.

In conclusion, we demonstrated that a small moguiibitor of norovirus replication is able
to efficiently prevent the transmission of MNV froinfected to uninfected mice. Such
inhibition may be an important tool to control nairois outbreaks, in particular, by protecting
yet uninfected individuals against the infectioor (xample, in hospital wards and long-term
care facilities) and for treating chronically infed immunocompromised patients. Although
it should be emphasised that a murine model asrbepresented here does not recapitulate
the pathology/ pathogenesis and epidemiology ofarmumorovirus infections, our findings
provide an important first piece of evidence thativérals may have a role in the control of
norovirus outbreaks. The frequency and high buaderorovirus hospital outbreaks highlight
the need for additional measures (other than sghitdhe use of antivirals should hence be
considered for the prevention of norovirus infecsion high-risk populations.

Supported by EU FP7 project SILVER (grant 26064%) EULeuven IOF-HB 14-00425
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PHYLOGENETIC ANALYSIS OF FIV STRAINS FROM NATURALLY INFECTED
CATS IN BELGIUM AND THE NETHERLANDS
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Feline immunodeficiency virus (FIV) is a major pagien in feline populations worldwide.
Virus strains circulating in domestic cats are subéd into different phylogenetic clades (A
to E), based on the genetic diversity of the V3re&dion of theenvgene. For 36 FIV strains
isolated in Belgium and The Netherlands, a phylegieranalysis of the V3-Vénvregion,
and a variable region in thgag gene was made. Genomic DNA was isolated from fyesh
drawn blood of naturally infected cats. Fragmeritthe gag andenvgene were amplified by
PCR and sequenced. All neyag sequences clustered together with previously knolade

A FIV viruses, confirming the dominance of cladeviduses in Northern Europe. The same
was true for the newenv sequences, with only one sample of an unknewnsubtype. In
conclusion, a low genetic variability was seendag fragments and V3-Vénvsequences of
FIV strains found in Belgium and The NetherlandkisTis in accordance with the more
uniform variability of FIV already reported in Nodgrn Europe. However, the unknoenv
fragment indicates that new introductions of Flxasts from unknown subtypes occur which
may increase genetic variability in time. Becauseoarelation between subtypes and
pathogenicity could not be made so far, it mightriteresting to add other gene fragments to
the classification system. This may lead to a bettederstanding of determinants of
virulence.
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Summary

West Nile fever (WNF) is a viral zoonotic infecticaused by a mosquito-borne flavivirus of
the Flaviviridae family. According to a comparative study, the passurveillance of horses
by equine veterinarians appeared to be the mosetiestive system in the European context
of WNF. Clinical data issued from a passive epidemuiveillance network from September
2010 to December 2011 on horses in Spain wereatitatly compared and used to develop a
predictive diagnostic decision tree, both with i to improve the early clinical detection
of WNF in horses. Although clinical signs were adie in horses affected by WNF, four
clinical signs and the month of occurrence weratified as useful indicators to distinguish
between WNF related and unrelated cases. The tighpointed out a presumptive diagnosis
of WNF in horses were cranial nerves deficits, liparalysis, photophobia and nasal
discharge. Clinical examination of horses with éagical signs that are not vaccinated
against WNV could provide important clues for thele clinical detection of WNF, and
therefore, serve as an alert for possible humaal wnfections. The study of the clinical
pattern of WNF in horses is of importance to enkaawareness and better understanding,
and to optimize surveillance designs for clinicatattion of WNF in horses in advance of
epidemic activity affecting humans.

Keywords: West Nile fever, equine, virus, vector-borne diseatinical epidemiology, data
mining.
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Infections with human respiratory syncytial virddRSV) occur globally in all age groups. In
young infants HRSV is the leading cause of seveneel respiratory tract disease,
hospitalization and an important cause of deather@fore, a prophylactic vaccination
strategy that can prevent disease caused by HR\igis on the priority list of health
officials. Despite decades of research vaccinasvategies focusing on the induction of
neutralizing antibodies have not being succesdthls might in part be attributed to the
remarkable capacity of HRSV to escape from neuirai antibodies and hence re-infect
throughout life, despite the absence of significattgenic drift. We have developed a novel
vaccination strategy that is based on antibodias dlo not neutralize but engage alveolar
macrophages to target and remove HRSV infected. 3 demonstrate that a vaccine based
on the extracellular domain (SHe) of the HRSV srhgéirophobic protein (SH), reduces viral
replication in HRSV challenged laboratory mice amdotton rats. Remarkably, even though
immune serum from SHe-immunized animals lacks uvireistralizing activity, protection can
be transferred into naive recipient animals by ssetum. We also show that protection by
SHe-specific antibodies depends on a functional tgGeptor compartment with a major
contribution of FgRI and/or FgRIIl. In contrast, preliminary results suggest thiase Fg
receptors do not play a major role in the protectactivity of palivizumab. Using a
conditional cell depletion method we provide evidethat alveolar macrophages but not NK
cells are required for protection by SHe-specifititzodies. We show that in contrast to
HRSV virions infected cells can readily be recogdizoy SHe-specific antibodies. These
antibodies can engage macrophages to phagocyte iR8&ted cells in vitro. Hence we
propose a mechanism by which the humoral immuneores elicited by SHe-based
vaccination controls HRSV replication by promotitig clearance of HRSV infected cells.
Because newborns are the major target group for, R@\are currently investigating whether
maternal SHe-vaccination of mice can protect offgpagainst RSV infections via antibody
transfer. Preliminary results indicate that SHeeffieantibodies are readily transferred from
the vaccinated mother to the offspring and canifsogmtly hamper RSV replication in these
pups. Thus, by targeting SHe as a vaccine antigenpossible to induce immune protection
against HRSV by a mechanism that differs from tairal immune response.
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Tick-borne encephalitis virus (TBEV) is the mospiontant arthropod-borne virus in Europe.
The Western subtype of this pathogenic neurotrfipigvirus is vectored byxodes ricinus
Tick-borne encephalitis has become a considerabitdicphealth risk in several European
countries, with currently 3000 hospitalized cases year. The risk of TBEV-introduction
into Belgium remains high and the presence of teféavildlife in Belgium is suspected.
Domestic animals such as cattle can serve as ertelentinels for TBEV-surveillance in
order to install an early warning surveillance comgnt for this emerging zoonotic disease of
public health importance.

A serological screening was performed on Belgiatlecgn=650), selected from the 2010
Belgian national cattle surveillance serum banke Tthree most Eastern provinces of
Belgium, which are geographically situated closwstknown and/or recently emerging
TBEV-endemic, were targeted.

Bovine sera were tested by gold standard TBEV serialisation test (SNT), based on the
rapid fluorescent focus inhibition test (RFFIT) aool. Using a conservative >1/15 cut-off
titer for SN test, 17 bovines were seropositive aixdhad borderline results (1/10 < titer <
1/15). The accuracy of the SNT was confirmed incuse inoculation test and by West Nile
virus and Rabies virus serology. There was a paesitbrrelation between the neutralizing
antibody titer, determined by SN, and the mediamnvigal time in mice inoculated
intranasally with a mix of virus and serum.

The overall bovine TBEV-seroprevalence in the tlederea was estimated between 2.6 and
4.3% and freedom could no longer be substantiddeglines with borderline results were
often located close to confirmed seropositive afsm@he geographical locations roughly
coincided with the known Belgian hot spots for Lychsease.

This risk-based serological survey in cattle confithe presence of infected foci in Belgium
for the first time. Given the relevance of TBEV fibke food chain through consumption of
unpasteurized milk and cheese and through its deradile public health burden in other
European countries, further surveillance in catitber sentinels, ticks and humans at risk is
recommended to further determine the location ame of endemic foci and the risk for
public health.
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Complete genome characterization of recent and aremt Belgian pig group A
rotaviruses and assessment of their evolutionary tationship with human rotaviruses

Sebastiaan TheuhsElisabeth Heylely Mark Zellef, Inge D.M. Roukaerts Lowiese M.B.
Desmarets Marc Van Ran$t Hans J. Nauwynckand Jelle Matthijnssehs

'University of Ghent, Faculty of Veterinary MedicindDepartment of Virology,
Parasitology and Immunology, Laboratory of Virolp@r9820 Merelbeke, Belgium
’KU Leuven - University of Leuven, Department of Mibiology and Immunology,
Laboratory for Clinical and Epidemiological VirolpgRega Institute for Medical Research,
B-3000 Leuven, Belgium

Group A rotaviruses (RVAs) are an important causdiarrhea in young pigs and children.
An evolutionary relationship has been suggestexkist between pig and human RVAs. This
hypothesis was further investigated by phylogenatialysis of the complete genomes of six
recent (G2P[27], G3P[6], G4P[7], G5P[7], GOP[13]daG9P[23]) and one historic (G1P[7])
Belgian pig RVA strains, and of all completely cheterized pig RVAs around the globe.

In contrast to the large diversity of genotypesnbdior the outer capsid proteins VP4 and
VP7, a relatively conserved genotype constella(i@R1-C1-M1-A8-N1-T7-E1-H1) was
found for the other 9 genes in most pig RVA strairR1, VP2, VP3, NSP2, NSP4 and NSP5
genes of porcine RVAs belonged to genotype 1, wiidhared with human Wa-like RVAs.
However, for most of these gene segments, pignstrelustered distantly from human Wa-
like RVAs, indicating that viruses from both specikave entered different evolutionary
paths. However, VP1, VP2 and NSP3 genes of sonmvafdiuman strains were moderately
related to pig strains. Phylogenetic analysis ef WiP6, NSP1 and NSP3 genes, as well as
amino acid analysis of the antigenic regions of Mamther confirm this evolutionary
segregation. The present results also indicatetleaspecies barrier is less strict for pig P[6]-
strains, but that chances for successful spreatieske strains in the human population are
hampered by the better adaptation of pig RVAs tg pnterocytes. However, future
surveillance of pig and human RVA strains is watedn as reassortment of pig gene
segments in human RVA strains may lead to the dpoéaeassortant virus strains in the
human population.
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Three subtypes of porcine reproductive and respiyatyndrome virus type 1 (PRRSV-1) are
present in Europe. Subtype 1 strains are mainlggmtein the European Union. They cause
severe reproductive problems (late abortion/eatyofving, stillbirth, weakborn piglets) but
no or little general and respiratory problems. $pet2 and 3 strains are circulating in former
member states of the Sovjet Union (e.g. BelarufleyTare causing severe general and
respiratory problems (high fever during 2-3 weelspnea and hyperpnea) and reproductive
problems (similar to those described for subtypestthins). Despite the fear for the
introduction of subtype 2 and 3 strains in the pesn Union, the spatial distribution of these
PRRSV-1 subtypes in Europe has been surprisingblesin the past. In the present study, we
evaluated the potential of three West Europearypelt PRRSV strains (07V063, isolated in
2007; 13Vv091, isolated in 2013 and 13V117, alsdatsd in 2013) to provide protection
against the East European subtype 3 PRRSV straia. lEhree groups of 11-week-old pigs
were inoculated with either PRRSV 07V063 or PRRSV(91 or PRRSV 13V117. A fourth
group was not inoculated (control group). Sevenksdater, the pigs of the four groups were
challenged with the East European subtype 3 PRR&Whd ena. Clinical, virological and
serological parameters were monitored upon chadlaesigh PRRSV Lena. The number of
fever days was higheP(< 0.05) in the control group (7.6 + 1.7 days) canggl to animals
from the three other groups (07V063-immunized: #1002 days, 13V091-immunized:
4.6 +1.1 days, 13V117-immunized: 4.0 + 2.9 day®@duction of respiratory disease and
nasal shedding (mean AUC and mean peak values) mas pronounced in animals
immunized with the 07V063 straif? & 0.05) than in the two other groups. In all imrzex
groups, protection was characterized by a shoRer 0.05) viremia period (control group:
13.0 £ 4.8 days, 07V063-immunized: 5.4 £ 0.9 da}8yY091-immunized: 5.0 + 0.0 days,
13V117-immunized: 5.8 £1.1 days). Our results ¢atk that immunity elicited by
inoculation with subtype 1 PRRSV strains can plytjarotect against antigenically divergent
subtype 3 strains. The lower protection level at risspiratory tract (portal of entry) elicited
by recently isolated subtype 1 PRRSV strains maynfa danger for subtype 3 strains to
spread in the European Union.
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Determining the composition of the influenza vitplasispecies requires an accurate and
sensitive sequencing technique and analysis pmelie compared the suitability of two
benchtop next-generation sequencers: the lllumingelyl sequencing-by-synthesis and the
lon Torrent PGM semiconductor sequencing technigve.first validated the accuracy and
sensitivity of both sequencers using plasmid DNAI apiking-in experiments of mutant
plasmid. lllumina MiSeq sequencing reads were am¢ @ half times more accurate than
those of the lon Torrent PGM. To evaluate the bilitg of the two techniques for
determining the quasispecies composition of infhzef virus, we generated plasmid-derived
PR8 virus. We optimized an RT-PCR protocol to abtahiform coverage of all eight
genomic RNA segments. Sequence analysis of thesglicams revealed that more
sequencing errors (mostly indels) were generateitidyon Torrent PGM. Based on RT-PCR
and intrinsic sequencing errors, we found thatdégection limit for reliable recognition of
variants in the viral genome required a frequenfc.8% or higher. Most of the variants in
the PR8 genome were present in hemagglutinin, la@sket mutations were detected by both
sequencers. Our approach underlines the poweriraitdtions of two commonly used next-
generation sequencers for the analysis of influgezre diversity.
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Newcastle diseases virus (NDV) has been widely usgda vector for expression of
heterologous proteins in the field of vaccinatiBreviously, a live recombinant LaSota NDV
vaccine expressing a chimeric H5 subtype hemagghutif an avian influenza virus (rNDV-
H5) has been tested for its vaccinal potency inlabr A protective effect of the vaccine
against a highly pathogenic avian influenza HPH&SNLId be demonstrated and has been
studied in the context of interaction with materdatived antibodies (MDA). It was observed
that the NDV and H5 MDA have a different impacttbe rNDV-H5 vaccine efficacy. To get
a better understanding of the obtained protectiwh the induced immune response by the
rNDV-H5 vaccine, the determination of the entry raaaf the rNDV-H5 vaccine is required.
To achieve this goal, the characterization of tyeaprotein presentation at the surface of the
vaccine has been done by immunogold electron nmioms First, the expression of the H5
protein at the surface of the rNDV-H5 vaccine haerbchecked. Subsequently, the surface
expression of the different NDV glycoproteins haseih compared between the parental
LaSota strain and the recombinant virus to detegrifithe presence of the H5 protein at the
surface of the rNDV-H5 vaccine has an impact orstiréace expression of the fusion (F) and
hemagglutinin-neuraminidase (HN) NDV glycoproteins.

The immunogold experiment confirmed H5 expressiorthe surface of the rNDV-H5
vaccine as gold particles were observed at itasarfHowever, the quantity of H5 proteins at
the surface was variable from one virion to anothed approximately one third of the
recombinant virions did not present any H5 at tisemface, which could have an important
impact on immune induction and therefore on thecivecefficiency. Moreover, it was also
shown that the presence of the H5 protein at tiiacai of the recombinant virus influences
the surface expression of both the NDV F and HNegins. Both F and HN were present in
reduced amount at the surface of the recombinang Wiompared to the parental strain. This
last finding could also have an impact on the emtfythe vaccine and therefore on its
efficiency. However, further investigation remainscessary to fully understand the entry
mechanism of the rNDV-H5 vaccine.



24.

Quantifying the replication-competent fraction of the proviral load in HIV * patients.
W. van Dyck, E. Willems, L. Heyndrickx, D. Berkverts. Florence, M. van Frankenhuijsen,
K. Fransen, M. Mangelschots, M. Claus, P. NysAKén, G. Vanham

Institute of Tropical Medicine, Nationalestraat 185 2000 Antwerpen

Abstract

BACKGROUND

Presently used treatment against Human Immunodafigi Virus (HIV), referred to as
combination antiretroviral therapy (cART), can siggs the viral life cycle and allow
recovery from disease progression. Treatment ssdsesvaluated by measuring the plasma
viral load and the CD4 count. However, HIV is atiginus that integrates its genome into
CD4" cells. The integrated DNA, the provirus, is noflianced by current cART and
therefore this proviral reservoir is not routinelynonitored during treatment.
The replication competent fraction (RCF) of theviral reservoir is a potential source of new
virion production. This fraction, expressed as dtifaus Units per Million CD4 T cells
(IUPM) is on average smaller than 1% and can besored by a viral outgrowth assay
(VOA). Since RCF is responsible for viral rebouritéatreatment interruption and therefore
the primary hurdle for a functional cure, we beliethat measuring the RCF in treated
patients is a valuable tool for the evaluationredtment and disease progression.

GOAL

We aim to develop an optimized VOA for the measumeimof RCF in treated patients
starting from the VOA protocol described previously Siliciano et al. (PLoS Pathogen,
2013). We will use the data on the RCF of 6 tregi@ients to look for correlations between
clinical data and IUPM.

METHODS

We evaluated; our protocols for viral outgrowth, £Bolation methods and several indicator
cells in 10 untreated HIVpatients and established a new VOA protocol. i ¢md, we
measured RCF in 6 treated patients and comparegshéing IUPM to clinical data in order
to search for correlations.

RESULTS

As expected, untreated patients had a higher RGarfnlUPM: 95 +/- 117) than treated
patients (mean IUPM: 0.32 +/- 0.56). In additioalftof the treated patients (3/6) showed
RCF on the limit of detection (0.3 IUPM). Subsedlierwe showed (Spearman’s correlation
coefficient of 0.713; p 0.002) that the RCF detexdi by VOA correlates with the total
proviral load determined by a commercieally avdda@PCR (BioCentric, Bandol, France).
We did not see a correlation of RCF with plasmalvioad, CD4 count and time on
treatment.

DISCUSSION

The correlation between RCF and total proviral less only significant using both treated
and untreated patients combined while there wascaroelation at all using treated or
untreated patients separately. Therefore we belisaea PCR-based measurement of total
cellular DNA only cannot replace the functional VOAo quantify the RCF.
Sensitivity of VOA is still suboptimal and reprodoitity has not been tested yet. Therefore
we feel that more work is needed to increase geitgiind reproducibility of this VOA
protocol before it can be used in other studies.



25.

Targeting a host-cell entry factor barricades antivral resistant HCV variants from on-
therapy breakthrough in human-liver mice

Koen Vercauteren Richard J.P. Brown Ahmed Atef Mesalam Juliane Doerrbeck&rSabin
Bhuju®, Robert Geffers Naomi Van Den EedgFulvia Trois&, Lieven Verhoyg& Thomas
Baumert® Ali Farhoudt, Riccardo Cortese Geert Leroux-Roets Thomas Pietschmaht)
Alfredo Nicosi&”®, Philip Meulemah

Center for Vaccinology, Ghent University, Gent, @em.

’Institute of Experimental Virology, TWINCORE, Ceeatffor Experimental and Clinical
Infection Research; a joint venture between the ib&dSchool Hannover (MHH) and the
Helmholtz Centre for Infection Research (HZI), Hawer, Germany

*German Centre for Infection Research (DZIF), parsite Hannover-Braunschweig
‘Genome Analytics, Helmholtz Centre for InfectionrsBarch, Braunschweig, Germany
*Keires AG, Basel, Switzerland

®Department of Molecular Medicine and Medical Bidteology, University of Naples
Frederico Il, Naples, Italy

"Institut National de la Santé et de la Recherchditéde, U1110, Strasbourg, France
8Université de Strasbourg, Strasbourg et Pole Hégigestif, Hopitaux Universitaires de
Strasbourg, Strasbourg, France

°CEINGE, Naples, Italy

After host cell entry of the hepatitis C virus (HEWiral replication takes place involving
both viral and cellular proteins. Direct-acting Aarals Agents (DAAs) inhibit HCV
infection by targeting viral proteins that play @ssential role in the replication process. This
type of compounds is successfully being used tat tohronic HCV infections. However,
therapy failure caused by the emergence of DAAstasce associated variants (RAVS),
resulting from the high level of HCV replication carthe low fidelity of the viral RNA
polymerase, remains a reasonable concern. Therdffiereonserved host factors used by the
virus for its propagation seem interesting tardetsantiviral intervention, complimentary to
the action of DAAs. Presumably, future anti-HCV rdq@es will be a combination of drugs
targeting distinct steps of the HCV life cycle.

In this study we addressed whether an entry irgrilmbuld prevent on-therapy breakthrough
of DAA-RAVs by impeding their spread from the hepattes in which they are selected,
thereby improving virologic response. We observbédt tHCV infected mice with a
humanized liver receiving monotherapy of the pre¢eahibitor (PI) Ciluprevir (BILN-2061)
rapidly experienced viral breakthrough. Using llinen deep sequencing technology we
confirmed the manifestation of drug resistant matet in the HCV NS3/4A protease domain
upon viral rebound. In contrast, mice that werated with a combination of Ciluprevir with
the entry inhibitor mAb1671, an SR-Bl-specific humanonoclonal antibody, did not
experience on-treatment viral breakthrough. Thes¢a dindicate that by preventing
intrahepatic viral spread, mAb1671 precludes tlssathination of Pl-resistant mutants during
combination therapy thereby markedly improving ldgic response.

In this study we provide preclinicat vivo evidence that addition of an entry inhibitor to an
anti-HCV DAA regimen is an excellent strategy t@ymnt spread of DAA-resistant viruses
and therapeutic failure due to the on-therapy radmi DAA-RAVS.
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The Zika virus (ZIKV) is a member of genus flavivérwithin the family of Flaviviridae. The
virus was first isolated in 1947 from a rhesus neynkn the Zika Forest of Uganda and is
now widely prevalent in Africa and South East Adids transmitted by mosquitoes and has
been isolated from a number Aédesspecies. ZIKV causes a disease known as Zika fever
characterized by headaches, maculopapular ragdr, fealaise, conjunctivitis, and arthralgia.
A ZIKV outbreak in 2007 in Micronesia resulted ibcat ~5.000 infected individuals and
during explosive outbreak in French Polynesia ii2@n estimated 28.000 cases sought
medical care (approximately 11% of the populati@yrrently there is neither a vaccine, nor
a specific therapy for the treatment of infectiaith the ZIKV.

We here report the establishment of assays fos¢heening of inhibitors against the ZIKV
and for the further confirmation of hits. Theseluge a cytopathic effect reduction (CPE)
assay, a viral RNA yield reduction assay (baseduantification of viral RNA) and an assay
for the quantification of viral antigens (to whielnd a pan-flavivirus antibody was useld).
vitro ZIKV replication is inhibited by interferon-alphaibavirin and nucleoside analogues
such as 2CG-methylcytidine, 7-deaza-Z-methyladenosine, favipiravir [T-705, a drug
developed for the treatment of infections with thifuenza virus] and its analogue T-1105.
Next, we established an infection model in mice. this end we employed 129/Sv mice
deficient in both alpha/beta (IFWP) and gamma (IFN) interferon receptors.
Intraperitoneal inoculation of these mice wittf 10° PFU of ZIKV resulted, within 13 days,
in the development of virus-induced disease (rdffier, lower limbs paralysis, body weight
loss, reduced activity); mice that lost >20% of ypagkight were euthanized. The viral load in
blood and organs was quantified. To validate thmahmodel for antiviral studies, the effect
of the nucleoside analogue @-methylcytidine on viremia development and virudtined
disease and mortality was monitored. Initial expents indicate that Z>-methylcytidine
reduces the viremia, but is not able to signifigartelay the virus-induced morbidity.
Detailed analysis will be presented.
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HIV infection is characterized by a gradual CD4€dll number decline. TheVpr protein is
thought to be involved in this, due to its in vitaxic potential and possible role in the viral
life cycle. This is further supported by in vivosapvations that Vpr deleted viruses are less
pathogenic to the infected host.

So far, the contribution of Vpr to HIV-associateéllcdeath and the mechanisms of
Vprinduced cell death have not been clearly eluedla

In this study, we are evaluating a list of knowrd goutative interaction partners of Vpr, of
which some were already evaluated in cell lines.

These proteins are active at different steps df @ehth and survival and could provide
insights on the mechanisms of Vpr induced cellld@af cells.

Among these, members of the mitochondrial pore ¢éexnANT, BAX and VDAC1 were
selected, together with other mitochondrial prateilm addition, some genes functionally
established to be important for infectivity of maghages and dendritic cells and to induce
G2 arrest, were included (e.g. CUL4A and VPRBP).

Primary CD4 T cells and different T cell lines were eithereiatfed with HIV-1 or transduced

with a vector expressing Vpr protein. The roledd #elected host factors on HIV replication
and survival was assessed by means of sShRNA-mddiateck-down.

From these, hits were selected based on noveltyodecibility and absence of toxic side-
effects. These proteins will further be evaluatedunctional assays, looking into specific
Vpr functions, e.g. apoptotic markers, G2 cell eyafrest or mitochondrial depolarization.
Preliminary results will be shown, including someeypected consequences of knock-down.
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Background

HIV latency research will benefit fronim vitro latency models that closely mimio vivo
latency. The Ty model described by Bosque and Planelles gendnagksiumbers of resting
latently infected cells. The initially described ded is based on a wild type env deficient
virus co-transfected with an HIV env to make a Emgund virus. Many experiments in our
laboratories led to high levels of background ititet and massive cell death. These were
reminiscent of a spreading infection.

Methods

To assess the replication potential of the virugsdusn the TEy model, the original
complemented virus as well as the culture supentstaf the Fy model were used to
transduce Jurkat T-cells and freskuT Subsequently, PCR and deep sequencing were
performed to identify recombination as a likely smuof replication competent virus. Finally,
an adapted model using replication-competent Hinaiss carrying EGFP/HSA reporter
genes and including cell density manipulationsha presence of ART were assessed to
provide a more standardizedymodel.

Results

A spreading infection in the Jurkat and primaryiceliggested the presence of a replication
competent virus as a cause of background infeetimhcell death. Experiments with VSV-G
and backbone only constructs excluded contaminatfothe source of this virus. PCR and
deep sequencing analysis confirmed the presencanahtact env in the infected cells,
indicating that the env deleted constructs recombiith the env sequence used for co-
transfection.

An alternative approach using replication competiihi4.3 virus with an IRES-EGFP
construct in combination with antiretroviral drugsblock spreading infection proved useful
for medium throughput screening of anti-latency poomds. This approach leads to up to
35% of latent infection in the presence of 15% m@idpictive infection. The wild type NL4.3
combined with CD4 expression based cell sorting aalii crowding after infection to
promote cell-to-cell HIV transmission can be usedHigh-throughput assays. Depletion of
CDA4(-) cells leaves a population of up to 20% ldyemfected cells with little to no active
infection.

Conclusions

Recombination between sequences used to generajle-sbund vectors in the original
model introduces bias to the data and impacts id&ggoretation. Our study shows that the
issue of recombination can be omitted. As an ddiitre strategy, we propose to use
replication competent virus in combination with ARYgenerate latently infecte@J.
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The yellow fever virus (YFV) is prototype membertbé genus-lavivirus, a group of small
enveloped (+)-sense RNA viruses. Other importamtiiiral pathogens causing severe and
life-threatening infections are the dengue virusis, Japanese encephalitis virus and the
West Nile virus. Due to their huge global diseaspact, there is active surveillance and
monitoring of their evolutionary history. By corgtavery little is known about the genetic
diversity and intrahost evolution of flavivirusdés.analogy to other RNA viruses that behave
as viral quasispecies (such as the closely relapatitis C virus) diversification may occur
during flaviviral replication in the vertebrate ho%his is especially important given the fact
that flaviviruses, that have an error-prone repilicastrategy, are transmitted by arthropod
vectors that inoculate minute amounts of virusebénvertebrate.

We assessed the effect of yellow fever virus indect(derived from the commercially
available vaccine Stamaril®) in AG129 mice (integiereceptor deficient). Mice were
infected intraperitoneally with different viral inola. A very uniform morbidity was observed
that was markedly independent of the viral doseutaied requiring euthanasia at about 12
days after infection. Clinical signs were a ruffiied, flaccid hind limb paralysis, a hunched
posture and rapid weight loss requiring euthanalie virus was isolated from the brain,
which is consistent with viral invasion of the CIdfd virus-induced encephalitis. Only when
a viral inoculum as low as 0.1 pfu was used, arsmalveloped (a similar) disease at a later
time (>17 days p.i.). When mice were inoculatechwi.01 pfu, no obvious disease was
observed; yet YFV-17D specific antibodies developeithese animals.

Viruses were isolated from the brains of mice suduing to YFV-17D induced encephalitis
and were plaque purified. Intriguingly, no changesre observed in plaque morphologies.
About ten plaque-purified virus clones were seqadnmer mouse brain and these sequences
were compared to the Stamaril® derived inoculumer@W, the brain derived YFV-17D
RNA populations were quite homogenous, with eretes ranging from 1 — 8 changes per
clone and Shannon entropies of 0.002 — 0.01. Weused a novel and proprietary plasmid-
based system (that we recently developed) to lawlohal YFV-17D (DNA-YFVax)
following simple injection of naked DNA in the arats. YFV-17D derived from the brain of
at least some of the mice that had been infectddtive DNA-YFVax was calculated to have
error rates and Shannon entropies of zero. Thushéerogeneity detected in Stamaril®
infected mice is the likely consequence of pretegsheterogeneity in the life-attenuated
vaccine. In summary we show that, in contrast tmynather RNA viruses, YFV-17D (and
likely other flaviviruses as well) do not neceslyagirow to highly diverse viral quasispecies
during amplification in their vertebrate hosts. §imay possibly reduce antigenic drift and
likewise lower the risk of resistance against arahdrugs.
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Pathogens have co-evolved with their host to al&fficient replication and transmission
without inducing excessive pathogenicity that womldirectly impair their persistence. This
is exemplified by the bovine leukemia virus (BLV)del that induces lymphoproliferative
disorders in ruminants only after extended latepesiods of several years. In principle, the
equilibrium reached between the virus and its lsostd be disrupted by emergence of more
pathogenic strains. Intriguingly, this type of hypethogenic BLV strain could never been
isolated in vivo nor designed in vitro. Using reseergenetics of an infectious molecular
provirus, we have now identified a N-linked enveoglycosylation site that limits viral
replication and pathogenicity. Onset of this pafac mutation may thus represent a potential
threat associated with emergence of hyperpathogBhl strains and possibly of new
variants of the related primate T-lymphotropic gia.



31.

Role of Gvinl protein in cellular resistance to vial infection
Aurélie De Cock — Marguerite Kreit - Thomas Miclsiel
VIRO Unit, De Duve Institute, U.C.L., Belgium

Primary mouse neurons readily responded to typEN treatment by upregulating the
expression of interferon stimulated genes (ISGshsas Mx protein or Oasl2. However, in
contrast to other cells, IFN-treated neurons faitedcquire a strong resistance to subsequent
infection by Theiler's virus (TMEV).

Microarray studies identified a set of 15 geneg there upregulated by IFN treatment in
mouse embryonic fibroblasts (MEFs) and in L929blit that were not upregulated or much
less expressed in IFN-treated primary neurons.

One of these genes that is not expressed in primayse neurons is Gvinl. This gene
encodes a very large GTPase (280 kDa), inducibledtly type | and type Il IFNs. In the
mouse, Gvinl is a member of a family of at least Similar genes and is located on
chromosome 7. Surprisingly, the homologue of Gwnhuman is a pseudogene.

We observed, by gRT-PCR, that Gvinl is constitlyivexpressed in many organs of the
mouse such as lungs, heart, spleen or liver, aatdettpression of this gene can be increased
by IFN treatmenin vivo. Yet, expression of Gvinl was low in the centevous system.
Knock-down of Gvinl in IFN-treated and in untreaf#atoblast slightly increased TMEV
and VSV infection but strongly increased MuHV4 itien. Preliminary data showed that the
reexpression of Gvinl in those cells decreased mid2TMEYV infection and that the GTP
binding domain of Gvinl was required for its am@biactivity.

Surprisingly, Gvinl had a strong impact on transdec kinetics of a reporter vector
expressing luciferase. Knock-down of Gvinl in fiblast triggered a regular increase of
luciferase activity up to 48h post transfection,evdas the signal dropped at this time in
control fibroblast.

In line with the influence of Gvinl on transfectjome observed that Gvinl knock-down had
a strong influence on the organization of actiarfients.

In conclusion, Gvinl plays a role in cellular résisce to viral infection. Our hypothesis is
that the protein affects the entry of virus inte ttell by modifying the actin cytoskeleton.
The lack of Gvinl expression in primary neurongrfEN treatment can contribute to the
high sensitivity of these cells to viral infection.
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Background: Distinct integration patterns of different retmuses, including HIV-1, have
puzzled virologists for over 20 years. A tetramethe viral integrase (IN) assembles on the
two viral cDNA ends, docks onto the target DNA (tBNo form the target capture complex
(TCC) and catalyzes viral genome insertion intohttbst chromatin.

Methods: We combined structural information on the Prototyymamy Virus TCC with
conservation in retroviral IN protein alignments determine aa-tDNA base contacts. We
generated HIV-1 variants based on the observedahitity at these positions, assessed
replication capacities and performed integratidle sequencing to reveal their integration
preferences. Finally, we examined their effect @eake progression in a chronic HIV-1
subtype C infection cohort.

Results: We identified retroviral IN amino acids affectingplecular recognition in the TCC
and resulting in distinct local tDNA nucleotide &&s. These residues also determine the
propensity of the virus to integrate into flexilBNA sequences. Remarkably, natural
polymorphisms IN;19c and INk23;6 retarget viral integration away from gene denggores.
Precisely these variants were associated with rdigiease progression in a chronic HIV-1
subtype C infection cohort.

Conclusions: Our findings reveal how polymorphisms at positi@mwmresponding to HIV
IN1;9 and INg; affect local as well as global integration siteg&ding. Intriguingly, these
findings link integration site selection to virutsnand viral evolution but also to the host
immune response and antiretroviral therapy, sinb&HIN 1,4 is under selection by HLA
alleles and integrase inhibitors.
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Although infections with the hepatitis C virus (HEVhainly cause liver diseases, extra-
hepatic manifestations of the disease — esped&itell dysfunctions - were reported. In
recent years evidence has accumulated that HC\ttifeot only hepatocytes but also
peripheral B-lymphocytes, generating an extra-hegdCV-reservoir. Nevertheless, the
vivo infectious potential of patient-derived B-cellsshreot been demonstrated yet. To address
this question, sera and bead-sorted B-lymphocytes 6 gtla- and 6 gtlb-infected HCV-
patients were injected separately in human livek-@1D mice. Results show that purified
B-lymphocytes from 6 gtlb-infected chronic patieate able to transmit HCV infection to
chimeric uPA-SCID mice and install a robu& novoinfection. B-cells from gtla-infected
patients lack this capacity. This genotype-spediiiference in viral B-cell transmission most
likely resides in the capacity of HCV gtlb - andt idCV gtla - to replicate in B-
lymphocytes. Since plasma from 5 out of 6 chrohjcagtlb-infected patients is non-
infectious, we demonstrate vivothat gtlb-infected B-cells are a source of infagivirions.
To elucidate the origin of the B-cell passagedowvisi in gtlb-patients, the viral quasispecies
distributions (based on complete E1E2 sequencesjyinman plasma, B-cells and uPA-SCID
plasma were compared. Unlike HCV in human plasniaisgs found in mouse plasma
following B-cell mediated infection have a very treged diversity (mostly 1 variant) and
most closely resemble replication-competent virioesiding inside B-cells. Usinm vitro
(HCVpp) andin vivo (viral challenge of chimeric mice pretreated wiiditient-derived 1gG)
model systems, we further demonstrate that passai§ed-virions are recognized and
neutralized by autologous IgG.

B-lymphocytes are able to transmit HCV to hepatesjyn vivo and provide a vehicle for
HCV gtlb to persist in the presence of neutralizngbodies.
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The human immunodeficiency virus type 1 (HIV-1) hhe ability to infect non-dividing
cells. Hence, the viral particle is challengedrmse the nuclear membrane by means of active
transport through the nuclear pore. Studies ofnihh@ear import mechanism of the HIV-1
preintegration complex (PIC) are typically basedtib@ biochemical analysis of lysates of
infected cells. Such studies are limited becaus¢hefdifficulty to discriminate between
authentic PIC proteins and non-PIC proteins. Funtioee, only averaged information can be
deduced from a pool of virions, which is problermndthowing that only a small subset of
HIV virions are functional and reach the nucleulergfore studies on the single virus level
are required. Here we introduce an optimized vearsad an established fluorescence
microscopy-based method (Albanese et al., 2008)ftifds this requirement. Visualisation
of cells infected with engineered HIV-1 particlesntaining the fusion protein integrase-
eGFP (IN-eGFP) allows an accurate estimation offlinrescence intensity of each single
IN-eGFP complex. Therefore, the dynamics of IN cosifon per complex can be studied
during the journey of the PIC from the cell memlgramtil arrival in the nucleus. We show
that nuclear complexes contain less IN in comparisih PICs in the cytoplasm, and that
this is a LEDGF/p75 independent process. Next, LBBGsmall molecule inhibitors of the
interaction between integrase and LEDGF/p75 (Cletistl., 2010), prevent the reduction in
the number of IN molecules at the nuclear membrdinés observation can explain why
LEDGIN-induced multimerization prevents nuclear orip(Desimmie et al., 2013). Together
with results from time-course experiments, our diadizcate that the nuclear pore is acting as
a molecular filter, only tolerating PICs with a sffie composition and/or size to pass
through. The ability to study PIC composition agé tsingle virus level provides the long-
sought approach to unravel nuclear import of HIV-1.
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Schistosomiasis caused by a numerous species a$ifi@arhelminths (flukes) is a severe
disease affecting some of the world’'s poorest pmrs. More than 200 million people are
infected worldwide, most of which occur in sub-SameAfrica. Geographicall§. mansoni
overlaps with the humany-herpesviruses such as the Kaposi's sarcoma-asstcia
herpesvirus, also responsible for severe maligeancihe strongly regulated Th2-type
immune response generated during infectiorSbynansonmay jeopardize or improve the
host’s ability to generate effective immunity agdino-infecting pathogens, such as viruses.
Traditionally host-pathogen interactions are stddieisolation of other infections but this is
rarely the case in the natural environment. Thelystof helminth-viral co-infection is an
emerging area of research. In recent months stuthee demonstrated the helminth Th2
dominant environment can be beneficial to virugeswas the case for muriryeherpesvirus
(MuHV-4) latency where infection with eithddeligmosomoides polygyrusr S. mansoni
eggs administration was able to reactivate murjnleerpesvirus (MuHV-4)in vivo.
Interleukin-4 was shown to promote viral replicatiand block of the antiviral effects of
interferon-y.

We have trialled two approaches to monitor helminths co-infection using the MuHV-4
model. The first &. mansoneégg model, whereby eggs are injected intravenatistulating

to the lungs to induce granulomas and typical Mp&tresponses. This is followed by
intranasal infection of a MuHV-4-Luc (luciferasepogter). Alternatively, we naturally
infected mice with5. mansoncercariae until migration and pairing of adultdhe mesentery
venules (6-7 weeks post-infection). At this stageew eggs have induced granulomas and
strong the Th2-type responses MuHV-4 luc is adrrenesl. In stark contrast to above, our
studies show a significant reduction of MuHV-4 ieglion within the lungs at day 5 and 7
post-infection. This is confirmed kg vivo imaging and virus titration. Additionally, weight
loss caused by MuHV-4 infection was significantgluced at day 8 post-infection for the co-
infected group in the model of natural infectione\ptesent an examination of viral latency,
antibody isotypes, cytokine responses and cell latipns within the lung during MuHV-4
infection. This project provides valuable insigliri$o the complexity of viral co-infection
with helminths and may uncover undescribed immugiold pathways that could inhibit or
protect against viral infection.
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Background. Human T-lymphotropic Virus 1 (HTLV-1) infects 15-2fhillion people
worldwide and is responsible of two major diseasadult T cell leukemidymphoma (ATL)
and HTLV-1-associated myelopatfmgpical spastic paraparesis (HAM/TSP). ATL in its
acutdymphoma phases is highly aggressive, resistant to current intensive chemotherapy and
quickly mortal. HTLV-1 infection is characterizeq biral latency in the large majority of
infected cells and by the absence of viremia. Thiesg¢ures are thought to be due to
transcriptional repression of viral gene expresdiorvivo. Specific protein 1 (Spl) is a
transcription factor which binds to more than thamg different cellular promoters and
regulates the expression of several genes involaedell proliferation, apoptosis, and
differentiation. Four Spl binding sites have beeavipusly identified in the HTLV-1
promoter region. Since Spl is an important regulatceukaryotic promoter transcriptional
activity, we here analyzed the HTLV-1 Long TermirRépeat (LTR) sequence for other
potential Spl sites and studied the role of all$ipd sites in a nucleosomal context and in
both HTLV-1 sense and antisense LTR promoter dgtivi

Results. In silico analysis of the HTLV-1 LTR promoter nucleotide sence revealed the
presence of two additional potential Sp1 bindirtgsswithin the R region. We demonstrated
that the Spl and Sp3 transcription factors boimditro to these sites by EMSAs and
supershift experiments. By competition assays, @apared the binding affinity for Spl of
all six different HTLV-1 Spl binding sites and demstated, by chromatin
immunprecipitation experiments, Spl recruitmanvivo to the newly identified Spl sites.
Moreover, we demonstrated in the nucleosomal cordEan episomal reporter vector that
the Sp1 sites interfered with both the sense (fiteerb’LTR) and antisense (from the 3'LTR)
transcription. Interestingly, we showed that the t8p1 binding sites located in the LTR R
region exhibited together a repressor effect onLifiR sense transcriptional activity but had
no effect on the LTR antisense activity.

Conclusion. Our results demonstrate the presence of two newtiinal Spl binding sites
located in the R region of the HTLV-1 LTR, whicht as negativeis-regulatory elements of
sense transcription.
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The pseudorabies US3 protein interferes with preseation of the CD300a ligand
phosphatidylserine and protects infected cells fronfNK mediated killing
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Natural killer (NK) cells are key players in thenate response to viral infections. Killing of
target cells by NK cells is regulated by a compkaxn of signals received through
activating/inhibiting receptors on the NK cell sacé.

Here, we report that porcine SK cells infected vatporcine alphaherpesvirus pseudorabies
virus (PRV) variant that lacks the viral kinase U&ES3null PRV) are more susceptible to
lysis by primary porcine NK cells than cells infedt with wild type PRV (wt PRV),
indicating a protective role of US3. Flow cytometstudies in primary porcine epithelial cells
and SK cells show that the absence of US3 during IPRection causes a reduced exposure
of phosphatidylserine (PS) at the cell surfaceerbgtingly, PS is a known ligand for the
inhibiting NK receptor CD300a in man (Borrego et @012). Using the CD300a antibody
IT144 in a redirected cytotoxicity assay using P8&lis and porcine NK cells, indicated that
CD300a may also serve as an inhibitory recept@oitine NK cells. To investigate whether
the differences in PS exposure in cells infectethwit or US3null PRV translated in
differences in CD300a binding efficiency, bindingsay with recombinant CD300a were
performed on primary porcine epithelial cells and &ells. Cells infected with wt PRV
showed a markedly increased binding of CD300a coetbéo mock-infected cells, while
CD300a binding was not increased in cells infectgith US3null PRV. We have shown
before that PRV US3 triggers activation of group2l activated kinases (PAKs), central
regulators of Rho GTPase signaling (Van den Bro2k89). To investigate a potential role
of group | PAKs in our observations, PRV wt infatteells were treated with IPA-3, an
inhibitor of group | PAKs. IPA-3 substantially deased PS exposure on PRV wt infected
cell surface, and almost completely abolished CR3fiAding.

In conclusion, we demonstrate a novel functiontier PRV US3 protein. Expression of US3
during infection suppresses NK cell-mediated lysisinfected cells, results in increased
exposure of PS at the cell surface and in increaseding of the inhibitory NK receptor
CD300a. The porcine CD300a is shown to be an itdrpiNK receptor in porcine NK cells,
suggesting its involvement in the observed US3-atedi protection against NK cells.
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A comparative study of respiratory syncytial virus (RSV) infection of different murine
macrophage cell lines reveals remarkable differensein susceptibility.
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RSV is responsible for 64 million infections/yeaith young children and elderly risking the
development of severe bronchiolitis. Besides thigese acute pathology, RSV is also linked
with chronic pulmonary problems, like asthma andureent wheezing. Because there is a
link between the pathology and the host immunearesp, and because macrophages are,
besides DC, prominent cells of the lung immune &ystresearch groups have studied the
role of macrophages during RSV infection. Interggti, macrophages may not only play a
role in RSV induced pathology, but also appearg@érmissive for RSV infection in specific
conditions. The obtained results however are dfteanclusive and sometimes contradictory.
A possible explanation is that diverse types of nmalcages and macrophage cell lines were
used in different studies. The aim of this study waerefore to evaluate the susceptibility of
different types of macrophage cell lines for RS¥ation.

The murine macrophage cell lines MH-S, RAW 264nd @774 were infected with the
prototype RSV strain A2 and infectivity was comghte RSV infection of the epithelial type
cell line HEP-2, which is traditionally used fam vitro RSV propagation and functional
studies. Cells were inoculated with RSV and incetbeat 37°C. To have a general idea of
both RSV entry and infection, cells were respettifixed at 2 and 24h post inoculation.
Cells were subsequently permeabilized and RSV emsigvere visualized by staining with a
goat polyclonal anti-RSV serum followed by an ARB48belled donkey-anti-goat conjugate.
As a control, mock-infected cells were used.

Fluorescent microscopy analysis showed that both3M2%) and RAW 264.7 (0,4%) were
infected, showing clear staining of RSV-antigenghia cytoplasm of the cells 24h p.i. This
staining was clearly more intense compared to #fle that were stained at 2h p.i., indicating
that new RSV antigens were synthesized and thas wiras replicating. Surprisingly, J774
cells showed no clear positive signal of RSV amttggat 24h p.i.

Further analysis of MH-S and RAW 264.7 also reweaiéferences, since there are no RSV-
antigens expressed on the surface of RAW 264.% dellcontrast to MH-S cells. This
suggests that RSV knows an abortive infection inNR264.7 cells, where the cell is indeed
infected but where this does not result in the pction of new virus particles. This
assumption was explored with HEP-2 cells which wimeculated with supernatants of
infected RAW 264.7 cells and MH-S cells, collect2dl and 72h p.i. The percentage of
infected HEP-2 cells varied from 1,5 to 5% if it sv@oculated with supernatants of MH-S
from 24 or 72h p.i. This in contrast to HEP-2 cefisculated with supernatants of RAW
264.7 cells, where the percentage of infected cedlsed between 1,4 and 1,2%. In
conclusion, we have shown that the RSV infectiothwihe A2 strain varies among mouse
macrophage cell lines.
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Natural killer and dendritic cells collaborate in the immune response induced by the
vaccine against uterine cervical cancer
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Virus-like particles (VLP) of human papillomavir@idPV) are used as a vaccine against HPV
induced cancer and recently, we have shown thaetki&P are able to activate natural killer
(NK) cells. Since NK cells collaborate with denritcells (DC) to induce an immune
response against viral infections and tumors, wdistl the impact of this crosstalk in the
context of HPV vaccination.

NK cells in the presence of HPV-VLP enhanced DCursdion as attested by an upregulation
of CD86 and HLA-DR and an increased production bf12p70, but not of the
immunosuppressive cytokine IL-10. Interestingly, oleserved a decreased expression of
NKp30 ligands on DC in the presence of NK cells aridP. The activation was bi-
directional. Indeed, in the presence of HPV-VLP, id@her activated NK cells by inducing
the upregulation of cell surface activation mark@€® 69 and HLA-DR), but not natural
killer receptors such as NKp30, NKp44 and NKp46e Thnction of NK cells was also
improved as shown by an increase in IENsecretion and cytotoxic activity against HPV
cell line. This crosstalk between NK cells and D@®ded CD40 interaction and IL-12p70
secretion, whereas NKG2D was not implicated.

Our results provide insight into how VLP interadthwinnate immune cells and how NK cells
and DC play a role in the immune response indugetiib vaccine agent.
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Impact of caspase-1, -3, -7, RIPK3 and IL{/IL-18 deficiency on rabies virus infection
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Rabies virus is a highly neurovirulent RNA virushieh causes 61000 deaths in humans
each year. The clinical outcome of brain infectisnmost likely driven by an interplay
between cell death, inflammation and neuronal dysion. However, the relative
contribution of each of these processes is stilllear. We have therefore studied the
impact on disease outcome of deficiency of diffefery proteins, involved in the signaling
pathway of cell death: apoptosis (caspases-38;79), pyroptosis (caspase-1, IB/IL-18)
and necroptosis (RIPK3).

In vitro, we found that rabies virus activates caspase3:-17, -8 and -9 in macrophages and
triggers a strong apoptotic response. Moreoverckiout of caspase-3, but not of caspase-1
or -7, partially inhibited virus-induced apoptosia cultured bone-marrow derived
macrophages. In wild type mice, intranasal inoeoitatvith a lethal dose of neurovirulent
rabies virus (CVS-11) leads to general brain infectand severe disease, with a median
survival time of 8 days. Knock-out of caspase-1,antl IL-1B/IL-18 had no significant
impact on disease progression. A short delay iragie progression was observed in mice
deficient in caspase-3 or RIPK3. Eventually, alb&k-out mice developed severe disease,
with the same symptoms as in wild type mice, legdim euthanasia. High loads of rabies
virus were detected in the brain of all knock-outenat similar levels as in wild type mice.

These results suggest that blocking of pathwaysifspdor one type of cell death only
leads to a limited (caspase-3, RIPK3) or no (casfiadL-13/IL-18, caspase-7) effect on
rabies disease outcome. Often different pathways cell death are redundant and
simultaneous blocking of different pathways miglg becessary to measure the impact
of regulated cell death on rabies disease.
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Rabies virus is a highly neurovirulent RNA virushieh causes about 60000 human deaths
each year. The clinical outcome of brain infectimight be influenced by different host
responses, such as, cell death, inflammation argifguhocyte activation. It is still unclear
which host responses and signalling pathways ¢tan&ito disease development. We are
therefore studying the impact of MALT1, a key pmtivolved in the signalling pathway of
inflammation and lymphocyte activation upstreaniNé#kB, on the outcome of rabies virus
infection.

Cells or mice were infected with either the virul€@VS-11 strain (lethal in WT mice) or the
attenuated ERA vaccine strain (non-lethal in WT ehidn vitro, MALT1 deficiency
increased CVS and ERA production in MEF cells, all as the percentage of infected cells.
Correspondingly, a non-toxic concentration of mépaz(5uM), a MALT1 inhibitor,
enhanced virus production in Jurkat T cells. Oelutar level MALT1 seems thus to have an
antiviral role.In vivo, MALT1 KO significantly slowed down the developmeat rabies
disease caused by the virulent CVS-11 strain. Updhanasia, viral loads in the brains were
comparable between WT and KO mice. The delay afadis onset might be explained by a
reduction in inflammation or lymphocyte/NK-driveeurotoxicity, which is supported by the
lower IL-1B and IFNY levels in the brainThese results emphasize the importance of indirect
(inflammatory/immunological) neurotoxic mechanisors early rabies disease development,
albeit all mice eventually die at a later time pahinfection.

In contrast, the ERA viral strain, which is highljpmunogenic and normally non-lethal,
became lethal in MALT1 KO mice. Viral RNA loads veehigher in the brains of KO mice
than in those of WT mice, as well as the mRNA eggian of IFNB, TNF-alpha and
RANTES. Possibly, MALT1 KO reduced the innate amdigmphocyte-driven immune
responses and thereby increased neuroinvasioritveitBRA vaccine strain, which eventually
led to disease and death, at a time point a fews agr than with the virulent strain CVS-11
in KO mice. Treatment of WT mice with mepazine alscreased the pathogenicity of ERA
virus infection, albeit to a lower extent than watull KO of MALT1.
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The US3 protein kinase of pseudorabies virus playa role in viral mucosal invasion
through the basement membrane
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The US3 protein kinase of the alphaherpesvirus gusabies virus (PRV) causes a
reorganisation of the host cell cytoskeleton andwh, is involved in efficient cell-to-cell
spread in epithelial cell cultures (Favoreel e&l05. PNAS). US3 causes these cytoskeletal
rearrangements by interfering with Rho-GTPase $igmaThe US3 protein stimulates the
Racl and Cdc42 signaling branch and suppresse®ibé signaling branch (Van den
Broeke et al. 2009. PNAS; Jacob et al. unpublish&ho-GTPase signaling and its
consequences on the organization of the cytoskeletays an important role in basement
membrane (BM) transmigration of cells (Rowe & Weis®008. Trends Cell Biol;
Schoumacher et al. 2011. Eur J Cell Biol). Passagige BM, which forms a barrier between
epithelium and underlying lamina propria, forms muctal step in the pathogenesis of
alphaherpesviruses and may lead to further dissgimimof the virus throughout the body via
blood vessels and nerves.

Here, an ex vivo system of porcine nasal respiyataucosa explants that is suitable to study
PRV invasion through the BM (Glorieux et al. 2007/irol Methods), was used to study a
potential role for US3 during BM passage of PRV. this end, porcine nasal respiratory
mucosa explants were inoculated with wild type (WRV, US3-null PRV (which does not
express US3 due to a premature stop codon) or B3 PRV (with restored US3
mutation). These experiments showed that US3-riRY ®vas virtually unable to breach the
BM, in contrast to WT and US3-rescue PRV. Intenggyi, artificial suppression of RhoA
signalling (using cell-permeable C3 transferase)nimic the effect of US3 on Rho-GTPase
signaling, increased passage of US3-null PRV thrdabg BM (albeit not to WT PRV levels),
whereas it did not affect BM passage of WT or US8:ue PRV.

In conclusion, these data indicate that US3 playsmportant role in PRV mucosal invasion
through the basement membrane, at least in paritvianterference with Rho-GTPase
signaling.
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Previous reports suggest that Theiler's virus nmraffi¢ in the central nervous system via
lysis-independant cell-to-cell transmission. In erdo study this possibility, we produced
trans encapsidated replicons derived from two rssraf this virus (DALl and GD7). In these
replicons, the capsid coding region was replaceceilyer a GFP or a luciferase coding
region.

To allow trans encapsidation of the RNA replicong generated a 293T cell line that
constitutively expresses the TMEV capsid proteiecprsor via a lentiviral vector. We
transfected the viral replicon RNA in these celigl ave passaged them until a full cytopathic
effect was observed.

We confirmed by immunofluorescence and FACS thatptoduction of the capsid protein
precursor in trans was a prerequisite for the mgapan of the replicon in the cell population.
By successive centrifugation steps, we concentréted encapsidated replicons and we
obtained titers up to 107 infectious particles pér

To minimize the risk of contamination of our replicstocks by recombinant infectious virus,
we mutated CRE (a crucial RNA structure of the sjrin the capsid coding vector. We
confirmed by plaque assay that no infectious vimrgtamined our replicon productions.
Finally, we tested our replicons on a primary neucolture and confirmed that the GD7
derived replicon infects neurons, as the fully atifeus virus does.

In conclusion, we generated a very interesting tbat will allow to dissect the mechanisms
of viral cell to cell propagation in neuroimsvitro and in differenin vivo models.
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Murid herpesvirus 4 ORFG63 is involved in the transbcation of incoming capsids to the
nucleus
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Herpesvirus virions consist of four morphologicatlistinct structures: DNA core, capsid,
tegument and envelope. The tegument consists aft &bdifferent viral proteins and plays
diverse roles in the virus lifecycle, including:ps&d transport during entry and egress;
regulation of transcription and translation; vicdlA replication; viral assembly and immune
modulation. Most of these functions have been eéefim alphaherpesviruses. Interestingly, a
recent study identified a potential role in immunasion for the tegument protein encoded
by ORF63 of gammaherpesviruses. However, this stlidyrot involve the construction of
ORF63 knockout strain and the significance of thesilts in the viral lifecycle remains
unknown. In this project, we wanted therefore téraethe functional importance of ORF63
expression during Murid Herpesvirus 4 (MuHV-4) ictien in vitro andin vivo. We showed
that a lack of the ORF63 in MuHV-4 was associatétl @& severe viral growth deficit both
vitro andin vivo. The latter deficit was mainly associated withefedt during the viral lytic
cycle in the lung but did not appear to be due teduced ability to establish latency. On a
functional point of view, inhibition of caspase-LMLRP3 inflammasome did not restore the
growth of the ORF63 deficient mutant suggesting tha observed deficit was not associated
with the immune evasion mechanism identified presip. Moreover, this growth deficit was
also not associated with a defect in virion egrieem the infected cells. In contrast, it
appeared that the entry process of MuHV-4 viriorss weeply affected by the absence of
ORF63. Indeed, MuHV-4 ORF63 deficient mutants fhile address most of their capsids to
the nucleus, suggesting that ORF63 plays a roapsid movement along the microtubule
network. Altogether, this study provides new ingghnto the mechanisms used by
gammaherpesvirus capsids to reach the nucleusgdemitny.



45,
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Abstract

Equine herpesvirus type 1 (EHV-1) replicates in e¢péhelial cells of the upper respiratory
tract and disseminates through the body via aassbciated viremia in monocytic cells,
despite the presence of neutralizing antibodiesvever, the mechanism by which EHV-1
hijacks immune cells and uses them as ‘Trojan Isbieeorder to disseminate inside its host
is still unclear. Here, we hypothesize that EHVelags its replication in monocytic cells in
order to avoid recognition by the immune system. &mpared replication kinetiés vitro

of EHV-1 in RK-13, a cell line fully susceptible #HV-1 infection, and primary horse cells
from the myeloid lineage (CD172aWe found that EHV-1 replication was restricted4®o

of CD1724& compared to 100% in RK-13. In susceptible CD172he expression of
immediate-early (IEP) and early (EICP22) proteirsswlelayed in the cell nuclei by 2-3 hpi
compared to RK-13, and the formation of replicato@mpartments by 15 hpi. The viral
production in CD17Zawas significantly lower (from 0 ° **TCIDsy/10° inoculated cells)
than in RK-13 (from 10" *'TCIDsy/10° inoculated cells). Less than 0.02% of inoculated
CD172d produced and transmitted infectious virus to nedghcells. Pretreatment of
CD1724d with inhibitors of HDAC activity increased and atmrated viral protein expression
at very early time of infection and induced prodetinfection in CD172a Our results
demonstrated that the restriction and delay of EHképlication in CD172as part of an
immune evasive strategy and involves silencing ldVEL gene expression associated with
histone deacetylases.
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Antibody-induced internalization of RSV F protein expressed on the surface of infected
cells and cells expressing a recombinant protein
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Similar to several other viruses, RSV expressea piroteins on the surface of infected cells,
which can be detected and targeted by RSV-spaiititodies. Previous studies have shown
that upon binding of polyclonal RSV-specific antli®s to RSV antigens expressed on the
surface of infected HEp-2 cells, internalizationynaccur of these RSV antigen-antibody
complexes, presumably by a clathrin-dependent nmestma

For further elucidation of the viral protein(s) otved in these processes and confirmation of
the mechanism of internalization, cells transfeatétti the RSV F protein were used, instead
of infected cells, to study antibody-induced insdization. Transfected cells were incubated
with polyclonal RSV-specific antibodies at 37°C idgr different times (0O min up to 120
min), followed by fixation, permeabilization andsting with secondary labeled antibodies.
Analysis of the cells was performed by confocalofescence microscopy. Addition of
polyclonal RSV-specific antibodies resulted in &acl uptake of viral protein-antibody
complexes in a time-dependent manner. This observatdicates that at least the RSV F
protein is involved in antibody-induced internatisa of RSV proteins at the surface of
infected cells. The process was rapid and stagriagtseen 60 and 90 minutes after the
addition of antibodies. By using RSV-infected celfgl F-specific monoclonal antibodies, the
involvement of the RSV F protein in this internalibn process was further confirmed in the
context of RSV infection. Upon internalization, golexes of viral proteins and antibodies
were transported towards a perinuclear region rekegithe lysosomal compartment. Also a
clear reduction in surface expression was obsemddcconfirmed by flow cytometric analysis
of RSV infected cells. Experiments with specifitilmitors of different endocytic pathways
and co-transfection with dominant negative protemicate that this process of antibody-
induced internalization of the RSV F protein istlctan dependent. Currently, experiments are
ongoing to analyze whether internalization of tiralyprotein-antibody complexes interferes
with antibody-dependent complement-mediated lysis.
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The Bol17 gene of Bovine herpesvirus 4 (BoHV-4his only virus gene known to date that
encodes a homologue of the cellular corg-2,6-N-acetylglucosaminyltransferase-mucin
type (C2GnT-M). The nucleotide sequence of the Bgérie has 95% identity with the
cellular sequence from which it was acquired. Hoavely opposition to what is observed for
the cellular gene, we show in this study that tiffiecent transcripts are encoded by the Bo17
gene. The first one corresponds to the entire gopdiequence of the Bol7 gene and,
surprisingly, the second results from the splicaiga 138 bp intron. Analysis of different
homologous sequences revealed that, compared lalacesequences, only Bol7 gene
presents the consensus sites for splicing andhbag sites are conserved in all the BoHV-4
strains identified to date. This splicing does cloange the reading frame of the protein and
antibodies generated against Bol7 C-terminus shaivat the two forms of Bol7 are
expressed in BoHV-4 infected cells. However, bywgsinin vitro assay, we showed that the
spliced form of Bo17 is not anymore active. In orttetest the role of these two forms in the
viral lifecycle, recombinant strains expressingyotfie long or the short form of Bol7 were
constructed. Interestingly, we showed that BoHW4ld use alternative splicing in order to
modulate the cellular C2GnT-M activity. We postalathat the relative abundance of
active/inactive forms of pBol7 in Golgi oligomerammplexes may define the level of
C2GnT-M activity in the cell. This new regulatoryeohanism could have implication in viral
immune evasion but also more generally in cellblalogy.
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Abstract

Background: Elite controllers (EC) are a rare group of humamimodeficiency virus type
1 (HIV-1) infected individuals who naturally contddIV-1 replication to levels below limit
of detection without antiretroviral therapy (ARThdh who rarely progress to AIDS.
Understanding of how EC control viral replicationutd provide valuable clues to guide
research on vaccine development and virus eraditatlthough previous studies have
implicated defective viruses, adaptive immune rasporestriction factors, and more recently
possible cellular mechanisms as reasons of redtidédl replication in EC, none of the
explanations has been exhaustive. In the presashy,sive sought to identify the step at which
HIV-1 replication is blocked in some EC and to stutie role of cellular cofactors in
modulating HIV-1 replication.

Methods: We investigated HIV replication in peripheral bibamononuclear cells (PBMC)
obtained from two discordant couples followed uphat Gasthuisberg University Hospital in
Leuven. In each discordant couple one partner iE@rand the other an HIV-1 progressor
(PR). PMBCs from healthy volunteers were used @trols (HC). CD4 T cells were
activated with IL-2 and anti-CD3/CD8 bispecific #udies and infected on day 5 after
stimulation with R5-tropic HIV-1 strain 91US056 (M@®.001). HIV-1 infection was
monitored by p24 ELISA. In addition to a multipleund virus, activated CD4T-cells were
also infected with yellow fluorescent protein-eniogd(YFP-encoding) single-round HIV-1
virus (NL4.3). The different viral DNA species foeh during HIV infection were determined
by quantitative PCR (qPCR).

Results: CD4" T-cells from EC proved 8-10 fold less susceptifolenultiple round HIV-1
(BAL) infection when compared to CDA cells derived from PR or HC. This result was
corroborated by results obtained with the YFP-emmpdsingle-round virus. The 2-fold
reduction in infection of EC CD4T-cells with YFP-encoding, VSV-G—pseudotyped HIV-1
vector compared to cells from HC or PR, suggeditoek during the early steps of HIV-1
replication in EC. Quantification of early stepsreplication demonstrated reduced numbers
of reverse transcripts and proviral DNA integrant€D4 T-cells form EC compared to PR
and HC, demonstrating a block between reverse drigtion and integration. Next we
investigated whether reduced integration levelsEid were associated with an altered
integration site distribution profile. However, ddferences were observed when comparing
cells from EC and PR. Lastly we investigated thpression levels of cellular cofactors such
as LEDGF/p75, transportin-SR2 and p21 in EC sampledifferences in mRNA expression
levels of cellular cofactors were observed betwe€rand PR.

Conclusion: We were able to phenocopy the EC phenotypes abdenvone partner of two
discordant HIV-1 infected couples by infecting theD4" T-cells with lab strains of HIV-1.
The reduced permissiveness to HIV-1 infection ie D4 T-cells from both ECs is
mediated by a block in HIV-1 replication at a steptween reverse transcription and
integration.
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St. Louis encephalitis virUSLEV) is a causative agent of human and veterinacephalitis

in the western hemisphere. SLEV is included inRlaivirus genus together with important
human pathogens such Bengue virusand West Nile virus At the onset of encephalitis,
mortality rates can reach 30% and the possibilityn@urological sequelae is significant.
Although St. Louis encephalitis pathogenesis isrlyoonderstood, misguided or excessive
inflammatory responses in the central nervous sysiee thought to contribute to disease
development. In order to investigate the immunéAimmatory responses to SLEN vivo,

we developed an experimental model of St. Louisephalitis in mice. Intracranial
inoculation of our SLEV strain (isolated from a Bitean symptomatic patient) in adult wild-
type C57BL/6 mice caused death in approximatelpaysdin an inoculum-dependent fashion.
Viral load assessment by plaque assay and RT-gRGRated that SLEV replicates
extensively in the brain, yet SLEV could not beedé&td in the periphery. Interestingly, viral
load in brain reach peak values at 7 days postiiofe (p.i.), concomitant with mice death.
We observed that SLEV replication in mice brainduiced pro-inflammatory cytokine and
chemokine production, markedly IFN-CXCL1 and CCL5, measured by ELISA. Flow
cytometry data showed that SLEV infection led toitense leukocyte recruitment to the
brain, composed mainly by neutrophils and lymphesyand corroborating chemokine
production. Excessive cytokine production and leyk® recruitment to the infected brain is
consistent with encephalitis and is associateddmbissue damage, which is evident at day 7
p.i. Thus, we considered that the peak of diseasthis model is at 7 days p.i., when
infection, inflammation and tissue damage lead toendeath. Finally, SLEV infection in
mice caused behavioral alterations comparable weotmical alterations observed in human
encephalitis, such as paralysis and reduction imapsychological scores, assessed with the
SHIRPA test. In summary, our experimental SLEV @tfen model resembles important
aspects of human St. Louis encephalitis and coatdribute to the understanding of this
disease and others caused by related flavivirusése important, we conclude that
inflammation is a major component in experimental LBuis encephalitis and likely
contributes to disease pathogenesis rather thaeqpicn.
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In summer 2011, a new unspecific clinical entitys lieeen first described in adult cattle in
Germany, later attributed to a now@lthobunyavirus named Schmallenberg virus (SBV).
SBV is associated with febrile disease, milk draywl aliarrhoea in adult cattle, and with
reproductive disorders, including teratogenic dffe@abortions and stillbirth in ruminants’
offspring. Characteristics of placental crossing eurrently poorly understood and gestation
susceptible periods that lead to congenital maléions need to be clarified in host species.
Therefore, we implemented an experimental infectibewes, inoculated with SBV at 45 or
60 days of pregnancy.

“Mourerous” breed ewes, about 1-year old, were isg¢ed in three groups: eight and nine
ewes were subcutaneously inoculated with 1 ml of 8Bectious serum at 45 and 60 days of
pregnancy, respectively (G45 and G60). Six othezsewere inoculated with sterile PBS and
constituted a control group (GC). All inoculated emnshowed RNAemia consistent with
previously published studies, they seroconvertatiranclinical signs were reported. Lambs
were born at term via C-section, and right aftethbihey were blood sampled ad clinically
examined. Then both lambs and ewes were euthadaimenecropsied.

No lambs showed any malformation suggestive of SBMction and none of them had
RNAemia or anti-SBV antibodies prior to colostruptake. However viral RNA was found
in umbilical cord and placenta of two different ene G45. In G60, viral RNA was found in
the placenta of 4 ewes, the cotyledon of 3 ewestladmbilical cord of 3 ewes, along with
the prescapular lymph node and cartilage of oné land the brainstem of another one.
Overall, no teratogenic effect could be reprodimmyever the highest detection rate of viral
RNA in G60 suggests a time dependency for sucdesafisplacental transmission and
persistence of the virus until birth.
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The innate immune system relies on a large nhumbenalecules that act as sensors of
nucleic acid. Nucleic acids are detected basedhen $tructure, their subcellular localization
or even their sequence. According to these criténisir detection can be interpreted by the
innate immune system as the presence of a path{pgémogen associated molecular pattern,
PAMP) or host cell damage (damage associated matepattern, DAMP). Zalpha domains
are 66 aa long domains which bind to left-handddN#s (Z-DNA) or left-handed dsRNA
(Z-RNA). The description of Zalpha domains in piegebelonging to the host innate immune
system but also in viral proteins suggests thah ¢ve conformation of the nucleic acid could
be exploited by the innate immune system as a PAMPAMP. The present project aims to
test this interesting and original hypothesis kathitro andin vivo taking advantage of the
Cyprinid herpesvirus 3 (CyHV-3) -Carp model. Cdilge all Cyprinid fish species, expresses
PKZ, a paralogue of the dsRNA-dependent proteiadenPKR) expressed by all vertebrates.
While PKR possesses dsRNA binding domains, PKZ Zalpha binding domains. Both
proteins once activated by binding to the approgriaucleic acids (dsRNA and Z-
DNA/RNA, respectively) phosphorylate elle-thereby blocking protein synthesis. This leads
to accumulation of preinitiation complexes contagni40S subunits and later, to the
organization of these with mRNPs into stress gesmi/ery recently, it was demonstrated
that ORF112 of CyHV-3 encodes a Zalpha domain prqi@gORF112) over competing the
binding of PKZ to Z-DNA. Experiments conducted dmsttopic strongly suggest that the
ORF112 gene is essential for replication of thaus/iin cell culture. All together, these
observations suggest that PKZ could play a key iroleanate anti-viral immunity that needs
to be evaded by CyHV-3 ORF112 to allow efficientaVireplication. As both PKZ and
pORF112 possess Zalpha binding domains, the Cyl®r3/ model provides a unique
opportunity to test the hypothesis that detectibnnusual conformation of nucleic acid could
be sensed by Zalpha domain proteins as PAMP and PANe physiological relevance of
this original hypothesis will be tested bathvitro andin vivo.
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Although semaphorins belong to a protein familgtfidentified as axonal guidance factor,
evidences show now that semaphorins are involvedvide variety of biological processes
in many different organ systems. Semaphorins haea implicated in various phases of the
immune response, from initiation to terminal inflaeory processes. Viral semaphorins are
semaphorin 7A (sema7A) mimics found in pox- andpbseviruses. Among herpesviruses,
semaphorins are encoded Ipherpesviruses of the Macavirus genus only. Alddla
herpesvirus 1 (AIHV-1) is a Macavirus that persiifeinfects wildebeest asymptomatically
but induces malignant catarrhal fever (MCF) wheansmitted to several species of
susceptible ruminants and the rabbit model. MCéaissed by the activation/proliferation of
latently infected T lymphocytes. Viral semaphorita/e been suggested to mediate immune
evasion mechanisms and/or directly alter host Tfoattion. Here we studied AlHV-sema,
the viral semaphorin encoded by the A3 gene of AlHWhylogenetianalyses revealed
independent acquisition of pox- and herpesvirusagdrorins, suggesting that these proteins
might have distinct functions. AIHV-sema showedradicted 3-D structure very similar to
sema7A and conserved key residues in sema7A-pléxintéraction. Expression analyses
revealed that AIHV-sema is a secreted 93 kDa glyatem expressed as a homodimer during
the early phase of virus replication. Purified Al¥¥€ma was able to bind to fibroblasts and
dendritic cells and induce F-actin condensation egltretraction. It acts through the viral
semaphorin receptor plexinC1l leading to a Rhofcofiependent mechanism. Cytoskeleton
rearrangement was further associated with inhibitd phagocytosis by dendritic cells and
migration to the draining lymph node. Then, we ussgbmbinant viruses and demonstrated
that the lack of A3 did not significantly affectrus growthin vitro and did not impair MCF
induction and associated lesions. In conclusioif\Asema has immune evasion functions
through mechanisms similar to poxvirus semapharahia not directly involved in host T cell
activation during MCF.
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Are the multiple functions of Theiler’s virus Leadea (L) protein coupled?
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Cardiovirusesproduce a very short leader (L) protein. Four ‘dorma’ have been recognized
in this protein: a N-terminal Zn finger domain, anidic domain, a serine/threonine-rich
domain and a C-terminal domain called Theilodonaainserved i heilovirusL proteins but
absent from the related L protein of EMCV. L praginterfere with numerous cell functions
(Ricour et al., 2009 ; Borghese and Michiels, 2Q1Rorter et al., 2010): interferon and
chemokine production, apoptosis induction, stresmules formation, protein synthesis,
MAP kinase activation and nucleo-cytoplasmic teiing. We recently observed that L
interacts with cellular kinases of the RSK familthis work aimed at defining whether the
multiple activities of L derive from a single masgetivity of L (i.e. interference with RSK
function) or if its various activities are uncougle

To this end, we mapped L residues that are estéotiaost cell protein shut-off and for RSK
interaction. Next, we analyzed whether theses wesidare also important for other L
functions such as the perturbation of nucleocytpla trafficking and nucleoporins
hyperphosphorylation.

L residues involved in RSK binding were mapped byimmmunoprecipitation. In addition to
the Zn finger, we identified a motif within the d@ domain, which is critical for RSK
binding. The Theilodomain was not required for R8Kding.

Mutations that affected the most RSK binding alfected nucleo-cytoplasmic trafficking,
hyperphosphorylation of nucleoporins and proteintlsgsis shut-off, suggesting that RSK
binding may be related to the other L activities.

Interestingly, the Theilodomain, which was critidak host protein shut-off and nucleo-
cytoplasmic trafficking was not required for RSKadhing.

This suggests a model where the core of L woulduie®SK and the C-terminal domain
would recruit kinase targets.
The leader protein might thereby modulate the tasgectrum of RSK kinases.
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Cyprinid herpesvirus 3 (CyHV-3), also known as kerpesvirus (KHV), is the aetiological
agent of an emerging and lethal disease in €gpfinus carpio kgi and common carpc
carpio carpig. Its genome consists of a linear, double-strdnB&A of about 295 kb
encoding 155 open reading frames. Viral envelap¢ems expressed on the surface of the
virion play key role in viral entry, egress and lpjenesis. The present study aims to
investigate which CyHV-3 envelope proteins are m$aketo viral growthin vitro. To reach
this goal, a two steps approach was developed, Fars-dimensional liquid chromatography
tandem mass spectrometry (2D-LC MS/MS) was perfdrow purified CyHV-3 virions to
identify structural proteins. Based on bioinformatianalyses 16 transmembrane proteins
were identified among structural proteins. Secofa, each gene encoding these 16
transmembrane proteins, we produced a recombiredated strain using bacterial artificial
chromosome (BAC) cloning and prokaryotic recomborattechnology; and subsequently,
tested the ability of the recombinant virus to iggike in common carp brain (CCB) cells.
Deletion of ORF32, ORF59, ORF81, ORF99, ORF115,@R&131 impaired viral growtim
vitro. Reversion of the deletion restored the abilitytled virus to replicate. In contrast,
deletion of CyHV-3 genes belonging to the ORF25ifafORF25, ORF65, ORF148, and
ORF149), ORF108, ORF132, and ORF136 were not esabkeat viral growth in vitro.
Investigation on three other CyHV-3 envelope pradeiORF64, ORF83, and ORF106 is
currently on-going. Preliminary results suggest @RF83 and ORF106 are also essential for
in vitro replication while ORF64 is not.
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Alphaherpesviruses are the largest subfamily ofHbepesviruses. This subfamily contains
closely related pathogens, including the herpeglsixnvirus 1 and 2 (HSV -1 and HSV-2),
and varicella zoster virus (VZV) in man. Anothermizer of the alphaherpesvirus subfamily
is the porcine pseudorabies virus (PRV) that isroftsed as a model to study general features
of alphaherpesvirus biologf?omeranz, 2005, MMBR)

We previously demonstrated that Pseudorabies (#R¥/) activates the MAP kinase Erk 1/2
in Jurkat T-cells. Activation of Erk 1/2 was depent on the extracellular domain of viral
glycoprotein gE, revealing a new role for gE duratighaherpesvirus infection.

To corroborate our findings in a porcine systemiciwhs the natural host of PRV, we used
primary T lymphocytes isolated from porcine peri@heblood mononuclear cells. The
isolated T lymphocytes were co-cultured with gE+esgging porcine epithelial cells. In line
with our previous observations in Jurkat T-cel§,aused a rapid and transient activation of
Erk 1/2 in primary T lymphocytes.

In a next step, we wanted to address potentiabbichl consequences of gE-mediated Erk
1/2 activation in T lymphocytes. One of the conssmes of Erk 1/2 signaling in T
lymphocytes described in literature is T lymphocgtgregation, which is indicative for T
cell activation (Layseca-Espinosa et al., 2003,)JI48 24h post inoculation (hpi), wild type
(WT) PRV caused a substantial increase in primascipe T lymphocyte aggregation,
leading to the formation of large cell aggregaté®mvcompared to mock-infected cells. An
isogenic gEnull PRV variant also induced some agliregation, this was significantly less
pronounced compared to wild type PRV. Importardlydition of U0126, an inhibitor of Erk
1/2 phosphorylation, drastically reduced WT PRVdoed T lymphocyte aggregation levels
to mock levels. Cellular aggregation often coregawith cell migration (Layseca-Espinosa et
al., 2003; Jevnikar et al., 2008). Using a Trankm@jration system, we found that at 24 hpi,
WT PRV led to a significantly increased migratidnpoimary porcine T lymphocytes when
compared to mock-infected cells. The gEnull PRViardr caused a less pronounced
migration, whilst U0126 almost abrogated WT PRVtioed migration. Collection of
migrated T lymphocytes and co-culture of thesescalith porcine ST cells resulted in
obvious virus plagues in ST cells, indicating tmaigrating T lymphocytes are able to
transmit PRV to other susceptible cells.

Taken together, our results indicate a potential n@le for gE in viral spread, where gE-
mediated ERK 1/2 activation triggers PRV-carryindymphocytes to migrate and possibly
infect other cells susceptible to PRV replication.
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TNFR (tumour necrosis factor receptor) homologueewreported in different viruses
including herpesviruses and poxviruses and werevishto play a role in immune evasion
mechanisms. Cyprinid herpesvirus 3 (CyHV-3) causdsthal disease in common and koi
carp. CyHV-3 ORF4 encodes a soluble homologue ehthmmalian TNFRSF14 membrane
receptor (also called HVEM). Proteomic analysi<CgHV-3 infected cells demonstrated the
absence of ORF4 expression product in the CyHVeBeseme but suggested its presence in
CyHV-3 virions.

To investigate the roles of ORF4 in the biologyCyHV-3 infection, two recombinant strains
deleted for ORF4 were produced using BAC cloninght®logies. Restriction profile,
Southern blot and full genome sequencing confirthedcorrect molecular structure of these
recombinant straindn vitro, the two deleted strains replicated comparablyht control
strain expressing ORF# vivo studies showed a mild difference in kinetics @& thfection
between fish infected with ORF4 deleted strains @nedcontrol strain. The development of
the disease (clinical signs) and the peak of Mvad (measured by real-time TagMan PCR in
gills and heart) were delayed in fish infected wW@RF4 deleted strains. Nevertheless, the
cumulative mortality ratewere comparable for the three viruses tested.

The results of the present study demonstrate tlyatVE3 ORF4 could play a role in
pathogenesis at the early stages of the diseasitigkdhl research is required to study the
interaction between CyHV-3 ORF4 and the carp immaystem.
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Fever in response to infectious or inflammatoryragés an ancestral mechanism of innate
immunity existing in all vertebrates including fisBince fish cannot rely on endogenous
thermoregulatory mechanisms to control their baaygerature, they mainly use behavioral
thermoregulation. This process is based on acéilecton of a given temperature to optimize
the metabolic processes in heterogeneous therrbiéthtsa Also, fever in fish is based on a
behavior modification stimulating the individual teside in a warmer environment, hence is
named behavioral fever. Cyprinid herpesvirus 3 (€3] is the causative agent of a lethal
disease in common and koi carp. The disease occunggnly when water temperature is
between 18°C and 28 °C.

To study the mechanisms of behavioral fever in caming CyHV-3 infection, we developed
a multi-chamber aquaria with temperature gradi@at’C - 28°C - 34°C) and informatics
system to monitor the position of the fish. Theutessof our study demonstrated tha):
CyHV-3 infection induces behavioral fever in carp. Infected fish migrated to the
compartment with the highest temperature {84 and stayed there until controlling the
disease2) Behavioural fever induced by CyHV-3 is salutaryMigration of infected fish to
34 °C resulted in the absence of lethality while manrtatates of 100% and 80% were
observed when the fish were maintained in contoks at 24 °C and 28 °C, respectively.
CyHV-3 ORF12 encodes a soluble TNie-receptor that delays the onset of behavioural
fever induced during the diseaseln vitro studies demonstrated that CyHV-3 ORF12
encodes a soluble abundantly secreted proteintatilend and to neutralize both carp TNF-
al and TNFe2. CyHV-3 recombinant strain deleted for ORF12 iwetli behavioural fever
earlier than the control revertant stradi.Blocking of TNF-o. inhibited behavioural fever.
Anti-carp TNFe antibodies administrated passively blocked migrabf infected fish to the
34 °C compartment5) TNF-al is sufficient to induce behavioural fever in a dge
dependent manner.Fish injected with expression plasmids encoding TilFmigrated to 34
°C in contrast to fish injected with plasmid encadifNF-u2 or no transgene.
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Abstract

Avian infectious laryngotracheitis virus (ILTV) ian alphaherpesvirus of poultry that is
spread worldwide. ILTV enters its host via resmirgttract and eyes. Although the virus is
known for a long time, the replication charactéesstof ILTV in the respiratory and
conjunctival mucosa are still poorly studied. Todst the replication characteristics of ILTV
in chicken tracheal and conjunctival mucosa, twwitro explant models were developed.
Light microscopy and a fluorescent terminal deoxyeatidyl transferase mediated dUTP
nick end labeling (TUNEL) staining were used toleage the viability of mucosal explants.
The mucosal explants were viable up to the endh@fexperiment at 96h of cultivation. The
tracheal and conjunctival mucosal explants wereutated with ILTV and collected at 0, 24,
48 and 72h post inoculation (pi). ILTV spread iplaguewise manner in both mucosae. A
reproducible quantitative analysis of this mucagakad was evaluated by measuring plague
numbers, plaque latitude and invasion depth undd¢hnnine basement membrane (BM). No
major differences in the plague numbers were oleserover time. Plaque latitude
progressively increased over time up to 70.4 + 1&0in trachea and 97.8 + 9ifm in
conjunctiva at 72h pi. The virus had difficulties ¢ross the BM. Only from 48h pi, BM
crossing was found and at 72h pi it was observegbi (trachea) and 74% (conjunctiva) of
the plagues. Viability analysis of infected exptamidicated that ILTV blocks apoptosis in
infected cells of both mucosae but activates apipin bystander cells.
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ABSTRACT

ORF9 is the most transcribed Varicella-zoster vifuZV) gene during infection and the

protein encoded by this ORF is essential for VZylioation. ORF9p has been previously
observed to be present in the trans-Golgi netwank & play a role in secondary

envelopment. In this work we deleted the ORF9p iaciuster, which overlaps the

previously identified ORF47p recognition sequerieading to an accumulation of primary

enveloped capsids in the perinuclear space. Oultsesiggest a new role of ORF9p in capsid
nuclear egress, one of the crucial steps in hempses infection.

FOOTNOTE

* corresponding author. Mailing address: Laboratafy Virology and Immunology,
University of Liege, Avenue de I'Hopital 1, GIGA-R34 (+5), 4000 Liege, Belgium. Phone:
(+32) 4 366 24 45. Fax: (+32) 4 366 41 98. E-nw@ldzot@ulg.ac.be

* actual address: Center for Infection & Immunity ldle (CIIL), Lille Pasteur Institute,
University Lille North of France, Lille, France.




60.

Sensitivity and permissivity of Cyprinus carpio to cyprinid herpesvirus 3 during the
early stages of its development: importance of thepidermal mucus as an innate
immune barrier

Ronsmans M, Boutier M, Rakus K, Farnir F2, Desmecht B, Ectors F,, Vandecan M,
Lieffrig F.°, Mélard C>, Vanderplasschen A.

YImmunology-Vaccinology, Department of Infectious darParasitic Diseases (B43b),
Fundamental and Applied Research for Animals & Hedfaculty of Veterinary Medicine,
University of Liege, 4000 Liege, Belgium

“Bjostatistics and Bioinformatics applied to Veterip Science (B43), Fundamental and
Applied Research for Animals & Health, Faculty o&teérinary Medicine, University of
Liege, 4000 Liege, Belgium

®pathology, Department of Morphology and PatholoB¢3), Fundamental and Applied
Research for Animals & Health, Faculty of Veterindedicine, University of Liege, 4000
Liege, Belgium

*Transgenic Platform, Groupe Interdisciplinaire dénGprotéomique Appliquée, Centre
Hospitalier Universitaire B34, University of LiegéQ00 Liege, Belgium

®CEFRA-University of Liége, 10 Chemin de la Justit&00 Tihange, Belgium
®CERgroupe, 1 rue du Carmel, B-6900 Marloie, Belgium
* Correspondence:mronsmans@ulg.ac.be

Cyprinid herpesvirus 3 (CyHV-3) causes a lethatase in common and koi car@yprinus
carpio). The present study investigated the ability oH®Y3 to infect common carp during
the early stages of its development (from embrymsfingerlings) after inoculation by
immersion in water containing the virus. Fish wieieculated at different times after hatching
with a pathogenic recombinant CyHV-3 strain exgregduciferase. The sensitivity and
permissivity of carp to CyHV-3 were investigatedngsin vivo bioluminescence imaging.
The susceptibility of carp to CyHV-3 disease wagstigated by measuring the survival rate.
Carp were sensitive and permissive to CyHV-3 inéecaind susceptible to CyHV-3 disease
at all stages of development, but the sensitivitythee two early developmental stages
(embryo and larval stages) was limited comparedater stages. The lower sensitivity
observed for the early developmental stages wasads&onger inhibition of viral entry into
the host by epidermal mucus. In addition, indepahdé the developmental stage at which
inoculation was performed, the localization of tighmission suggested that the skin is the
portal of CyHV-3 entry. Taken together, the resoltshe present study demonstrate that carp
are sensitive and permissive to CyHV-3 at all sfagjedevelopment and confirm that the skin
is the major portal of entry after inoculation bgmersion in infectious water. The results
also stress the role of epidermal mucus as andninahune barrier against pathogens even
and especially at the early stages of development.
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The hepatitis E virus (HEV) is an enterically traniged virus that belongs to tlitepeviridae
family and is subdivided into 4 genotypes (gt 1HEEV of gt 1 and gt 2 are mainly restricted
to developing countries and can only infect hum&enotype 3 and 4 viruses can also infect
pigs and represent an emerging problem in indligkhareas, in particular in Europe. HEV
usually causes an acute self-limited infectionibyieople with suppressed immunity, caused
by pregnancy, disease or immunosuppressive thetiagynfection can evolve to chronicity.
Pregnant women, people with underlying liver diseasd immune suppressed patients are at
risk of developing severe and sometimes fatale &icatjipns. HEV infection can be treated
with ribavirin (RBV) and/or interferon, but theseolacules are contra-indicated in certain
patient groups. In addition HEV isolates with desed sensitivity to RBV have recently
been identified. Therefore new antiviral molecutes needed for the treatment of HEV
infection.

Although HEV can be cultureid vitro it can only be studietth vivoin non-human primates.
However, the use of these animals is hamperednaydial and ethical concerns. Therefore
we wanted to evaluate whether mice of which therlig largely repopulated with primary
human hepatocytes are susceptible to HEV infection.

uPA™-SCID mice transplanted with human hepatocytes weeoeulated with different
preparations of HEV of gt 1 or gt 3. A first groapmice was intrasplenically injected with a
filtered stool suspension from a gt 1 HEV-infectddimpanzee (Sar Strain). A second group
was inoculated intrasplenically with cell culturerived HEV (HEVcc) of gt 3. A third group
received an oral dose of HEVcc via gavage. Nonsplamted mice inoculated with the same
preparations served as negative controls. Plasohatanl samples were collected weekly and
viral RNA was quantified using an in-house qRT-PCR.

HEV RNA could be detected in plasma and stool eftice from group 1. The viral titer
increased over time reaching levels up to 1.54%10ml in plasma and 4.8x£0U/ml in 10%
(w/v) stool suspension. The viral load was sigaifity higher in the stool than in the plasma.
In some mice the virus was only detectable in stbdkrestingly, naive humanized mice
became infected after intrasplenic injection oft@oksuspension derived from HEV RNA
positive mice, indicating the presence of infecsiairal particles. Upon RBYV therapy (50 to
100 mg/kg daily) a rapid drop in viral load was etved, resulting in HEV negativity within
about 2 weeks. After cessation of therapy virabretal was observed.

While HEVcc-inoculated mice (group 2) became adyivefected, the viral load in stool was
relatively low compared to the group 1 mice. Thelvioad in plasma remained below the
limit of quantification. HEV RNA could not be deted in control mice and in mice that were
orally exposed to HEVcc (group 3).

In conclusion, human liver chimeric mice can beatéd with HEV. This small animal model
will be a valuable tool for thén vivo study of HEV and the evaluation of novel antiviral
molecules.
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Human respiratory syncytial virus (HRSV) is an doped, negative single stranded RNA
virus belonging to thé&aramyxoviridagfamily and a common human respiratory pathogen.
Although an HRSV infection is commonly associataéthvenly mild respiratory symptoms,
very young children and the elderly can be at f@kdeveloping (severe) bronchiolitis or
pneumonia. By the age of 2 years, almost all childrave been infected with HRSV at least
once, requiring hospitalization in 1-2% of the cadeespite 60 years of research and the
importance of this pathogen, no licensed HRSV vexar antiviral therapy are available.
Only a humanized monoclonal antibody (Palivizun@ymagis®) is used prophylactically in
high risk infants. At present, very little is knowvaout the cellular factors that counteract or
are needed for HRSV infections. Just recently, sustface expressed nucleolin was identified
as the cellular HRSV receptor (Tayyatial, 2011, nature medicine), illustrating how little is
still known on the interplay between the host cafid HRSV. In this project we are
investigating kinase-controlled signaling pathways the host that either enhance or
counteract HRSV infections. We believe that eluiidp these pathways will help to
understand the infection process in more detailreeigd to discover novel therapeutic targets.
To investigate kinase controlled signaling pathways first performed a siRNA based
knockdown screen of the complete human kinome @&rtes) in A549 cells. Replication of
HRSV-A2 was determined by staining of HRSV plaquews validated afterwards by
guantifying released HRSV virions in a kineticstisgt In a second approach that we are
currently setting up, we want to determine and tfianhanges in protein phosphorylation
following HRSV infection by phospho-proteomics. Fi@nriched phosphorylated peptides
from mock and HRSV infected A549 cells will be caanpd by label-free proteomics.
Knockdown of 2 kinases resulted in reduced HRSVcafon and this reduction was evident
after knockdown with different SiRNAs targeting sleekinases. This suggests that these
kinases play an important role during a HRSV infeciand that the observed reductions in
HRSV replication are the result of the specific gkadown of these 2 kinases and not due to
off-target silencing. A MTS based metabolic activiissay excluded the possibility that the
reduced HRSV replication after knockdown of thedénases was due to a general decrease
in metabolic activity. We also confirmed that a HRSucleoprotein siRNA (ALN-RSV01)
clearly abolished HRSV replication. Currently we &ying to elucidate at which stage of the
HRSYV infection cycle these kinases might play &rol
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Alcelaphine herpesvirus 1(AIHV-1) is a gammaherpesvirus carried by wildelbees
(Connochaetes taurinusasymptomatically. After transmission to a variedf ruminant
susceptible species, AlHV-1 is responsible fordbeelopment after a long incubation period
of an acute and fatal disease, namely malignaatrte fever (MCF). MCF is characterized
by the infiltration and proliferation of infectedD8" T cells in many organs. Recent studies
have demonstrated that viral latency is essentidghd the disease. Among the rare transcripts
detected during MCF, ORF73 is highly expressed. THR#ncodes AIHV-LANA (follatency-
associated nuclear antiggnan orthologous protein of the genome maintengmodein
conserved iny-herpesviruses. The high protein expression of AIEANA should therefore
induce an adaptive immune response. Even though suesponse could exist, it is not
protective since infected animals develop MCF. Gemomaintenance proteins are
responsible for the maintenance of viral episonmesaiency and haveis-acting immune
evasion properties. Here, we tested the capabilitiie AIHV-LANA to escape the cytotoxic
T cell response by inhibiting its own presentatiynthe major histocompatibility complex
class- (MHC-I). We observed that AIHV-LANA was abto inhibit the MHC-I-restricted
presentation to the cell surface of an OVA peptfiged to it, a mechanism involving canonic
proteasomal pathways. Using targeted mutagenesigunther demonstrated that the deletion
of the GE-rich domain of AIHV-LANA restored the gd&fe presentation. The GE-rich
domain was associated with reduced steady-stateessipn of the protein, an observation
that could be correlated with reduced translatidiccaxy as well as reduced mRNA
transcription levels. In conclusion, we demonsttdtet the GE-rich domain of AIHV-LANA
is involved in thecis-acting immune evasion properties, putatively tgiola mechanism
inhibiting protein expression and mMRNA transcriptiGuture work should determine whether
this mechanism enables latently infected cellsvade the immune system of the infected
host.
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Cyprinid herpesvirus 3 (CyHV-3) is the aetiologieglent of a lethal disease in common and
koi carp. Sequencing of its genome revealed @RF25 family, a family of type |
membrane proteins composed of 6 paralogous sequences: ORF25, ORisgtidogene),
ORF27 (described as a pseudogene in laboratorin)st@RF65, ORF148 and ORF149.
ORF25, ORF65, ORF148 and ORF149 encode structuoghipes. The present study was
devoted to the study of ORF27. First, to determiteether ORF27 encodes a structural
protein, a FL BAC recombinant viral strain encodiagwild type ORF27 sequence was
produced using the FL BAC laboratory strain as mialebackground. Mass spectrometry
analyses of purified virions demonstrated O&F27 encodes a structural proteinthereby
extending the ORF25 family to 5 paralogous stradtienvelope proteins. Second, we
investigated whether ORF27 mutation occurnngitro led to the secretion of expression
product or to its non expression. Sequence aligisnerre performed on several strains of
CyHV-3, showing that mutations in ORF27 do not sgstically occur in the transmembrane
domain, suggesting that the selection of ORF27 tiutan vitro are associated with its non
expression. Furthermore, in order to allow pORF2%ection and, to a broader extent, to
allow further study of the ORF25 family paralogupslyclonal sera were produced against
each paralogue using DNA vaccination. Immunostagiroh cells expressing the paralogues
with the sera produced revealed no cross-reacebnden the members of the family. Based
on these results, immunofluorescent stainings weedormed with the serum against
pORF27 on cells infected with different strains@fHV-3. Confocal microscopy analyses
revealed a stronger pORF27 detection in straineding a wild-type ORF27 compared to
strains encoding a truncated ORF27. Taken togethese results suggest that thatation
occurring in vitro leads to the non expression of pORF27suggesting thaDRF27
influences negatively viral growthin vitro.

The next step of the project consists to investigdtether ORF27 could influence positively
viral growth and/or transmissidn vivo implying opposite selective pressureis vitro and

in vivo. Four recombinant viral strains will be produc€h one hand, strains encoding a
wild-type ORF27 and on the other hand, strains @imgpa truncated ORF27. For each
genotype, two sets will be produced: one encodihgriferase expression cassette, and one
that does not express a reported gene. The useifdrhse positive variants will alloin vivo
detection of the virus using Vivolmaging System. These four recombinant viral sgavill

be compared using two different strategies: infediwith a single virusersusco-infection

to address viral competitive fitness.
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Background

Production of type 1 interferon (IFN) in responseviral infection requires detection of viral
replication products by cellular pattern recogmti@ceptors. HIV is capable of inducing an
elaborate IFN response in plasmacytoid dendritits gggDCs). However in T cells and
macrophages, the main HIV target cells, IFN indarctby HIV is more controversial. Here,
we re-evaluate the occurrence and underlying mestmanf an innate immune response upon
HIV infection of primary CD4 T cells.

Methods and Results

Type 1 IFN induction was evaluated in activatedifigat CD4" T cells during productive
HIV-1 infection. We observed an increase in IBNFN-o. and different interferon stimulated
genes (ISGs) by HIV-1 NL4.3 and different HIV-1 aHt\-2 primary isolates. Addition of
IFN-B and IFNe neutralizing antibodies to the HIV cultures desezh|ISG induction and
enhanced HIV-1 replication, indicating that HIV-inged IFN has an antiviral effect. To gain
more insight in the mechanism of IFN induction bivH, we used inhibitors of different
HIV replication steps and found that integrationttué HIV provirus is required for full IFN
induction in CD4 T cells. In agreement with this, IFN induction wast observed when
using anintegrasemutated or aat-mutated HIV-1 virus. This indicates that produntiof
new HIV RNA and/or proteins is required for evokiaig innate immune response in infected
CD4" T cells. Therefore, we subsequently evaluatedrthe of different HIV accessory
proteins in IFN induction. Use ofpr- or vpudeleted viruses showed a stimulating effect of
Vpr and an inhibiting effect of Vpu on IFN responsénally, knock-down of different host
IFN pathway proteins with shRNA-encoding lentivikedctors, indicated the requirement of
the DNA sensor cGAS and its downstream signalinteowes for IFN induction.

Conclusion

Our data show that activated CDB cells are capable of producing relevant levély/oe 1
IFN in response to HIV infection and suggest a {iutstgration sensing of HIV DNA by
cGAS as a trigger of IFN induction in these ceBsased on this, we speculate that cGAS
sensing of HIV RT products is enabled in activa®¥" T cells through the assistance of a
newly expressed HIV-1 protein, possibly Vpr, anduvmight have evolved to partially
counteract this phenomenon.
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Aujeszky’s disease is an economically importanea® in domestic swine caused by the
porcine alphaherpesvirus, pseudorabies virus (PRMhough the virus is eradicated in
domestic pigs in a large part of Europe, seroldggtadies show that the virus is still
circulating in wild boars. Infection studies sugges attenuated nature of these wild boar
strains, but care should be taken when extrapgldtiase results since phylogenetic studies
identified the existence of important genetic dsitgramong these strains.

To get more insight into the virulence of Belgiaildwboar PRV strains, an infection study
using two genetically distinct wild boar isolateslahe NIA3 reference strain was performed.
Six female domestic pigs of 15 weeks old were irgally inoculated with £OTCID50 of
the NIA3 strain or 10 TCID50 of the wild boar isolates BEL24043 or BELZ80
Furthermore, six contact animals were added to bbees at 24 hpi to assess virus
transmission. Since clinical disease induced by PRAge dependent, also six animals of two
weeks old were inoculated with the NIA3 strain be iisolate BEL24043. At regular time
intervals, temperature and clinical symptoms wegtemnined and serum, nasal and vaginal
swabs were collected. Animals were euthanized iaadés collected at 28 dpi.

A clear difference between clinical symptoms indubg the NIA3 strain and the wild boar
isolates BEL24043 and BEL20075 was observed. Iwéé&ks old pigs, infection with the
NIA3 strain led to severe respiratory and neuraabisymptoms whereas no clinical
symptoms were observed after inoculation with Hutgites BEL24043 or BEL20075. In two
weeks old piglets, the symptoms induced by the N8&8in were even more pronounced, but
also the isolate BEL24043 induced respiratory amaralogical disease, although less severe
compared to NIA3 infection. Inoculation of 15 weeld pigs with the NIA3 strain and both
wild boar isolates as well as inoculation of twoeke old piglets with the isolate BEL24043
resulted in seroconversion. PCR analysis of swhabsved a prolonged nasal and vaginal
virus excretion after inoculation of 15 week olgpiwith the isolate BEL24043. Importantly,
efficient transmission of the virus to contact aalsnwas evidenced by nasal and vaginal
excretion, seroconversion and the presence of inrtle tonsils of these contact animals. On
the other hand, transmission of isolate BEL24048 avay evidenced to one contact animal.

In conclusion, our study identified differencesviseén Belgian wild boar isolates in their
capacity to infect and spread between domestic pige difference in clinical symptoms in
two and 15 weeks old piglets showed that the knag® dependency of pigs towards the
outcome of infection with PRV isolates from domegtigs is also valid for wild boar strains.
Although both wild boar strains were attenuated tnweeks old pigs, one was capable to
induce seroconversion and was efficiently trangditb contact animals. Despite the fact that
reports of PRV transmission from wild boars to tth@mestic population are rare, this
indicates that a reintroduction could have serexgomic consequences.

This study was funded by the Federal Public Sergtéiealth, Food Chain Safety and
Environment (contract RF11/6249).
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During Human Immunodeficiency Virus (HIV) infectidhe viral integrase stably integrates
the cDNA into the host cell chromatin. HIV is tetké to the chromatin by the cellular
protein LEDGF/p75. In 2010 a novel class of smailenules (LEDGINSs) was described that
potently block HIV integration through the inhiliti of the interaction of LEDGF/p75 with
integrase and through stimulation of integrase imeltization. However, recent studies
revealed that LEDGINs also impair the infectivitfy reewly produced virions (late effect).
Additionally, LEDGF/p75 binding peptides blockinget integrase interaction, showed a
similar phenotype. These data, together with tlecaliery of LEDGF/p75 as a binding
partner of the HIV Pol precursor protein, made ygdthesize that LEDGF/p75 is recruited
by integrase/Pol into viral particles and hencetgbutes to the potency of LEDGINS.

To address this hypothesis, viral particles wenéfipd using an iodixanol velocity gradient
and the presence of LEDGF/p75 in lysates from pural particles was analyzed by
immunoblotting. LEDGF/p75 fragments, but not fudéhbth LEDGF/p75, were detected in
lysates from ultrapure particles. Detection of fledhgth LEDGF/p75 upon addition of
ritonavir, a HIV protease inhibitor, during prodiact and purification, suggested that
LEDGF/p75 is a substrate for HIV protease. Anvitro protease assay confirmed this
finding. Furthermore, no LEDGF/p75 fragments wemrdedted in lysates from ultrapure
viruses containing an integrase mutant defectivd EDGF/p75 binding which supports the
specific incorporation of LEDGF/p75 by HIV integeasNext, AlphaScreen and pull down
assays confirmed interaction of LEDGF/p75 with @& precursor protein suggesting that
incorporation can be mediated by Pol. To investigathether intravirion LEDGF/p75
contributes to LEDGIN potency, virions were prodii¢e the presence of a dilution series of
compound in LEDGF/p75 knock down cells. The compisuwere equally active against
virus produced on LEDGF/p75 knock down and wild etypells, revealing no major
contribution of intravirion LEDGF/p75 to late stagEDGIN potency and assigning the late
stage potency of LEDGINs to integrase multimeraati Furthermore, the infectivity of
viruses produced on LEDGF/p75 knock out cell lim@s only slightly hampered.

In conclusion, we demonstrate that LEDGF/p75 isoiporated specifically by HIV
integrase/Pol into viral particles and that LEDGHs a substrate of HIV protease. The
presence of intravirion LEDGF/p75 is not crucialr ftEDGIN potency. Further
experimentation is required to elucidate the rdlmwavirion LEDGF/p75.
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Understanding early events in the sexual HIV traassion is important for developing
successful prevention and treatment strategiesdidencells (DCs) play a crucial role in this
process by transmitting viral particles from thecmsae to local lymph nodes where systemic
infection is established. Accumulating body of e&ride suggests, that apart from being
purely a mean for viral transport and disseminatid@s shape immune responses to HIV.
Our study aims at identification of host factoxprssed in DCs affecting HIV-1 infection
and transmission to CDA cells. To this end, we have set-upiawitro culture system that
allows for selective knock-down of gene expressiommonocyte derived dendritic cells
(MDDCs) by lentiviral shRNA transduction. We havalidated the model by successful
knock-down of HIV entry receptor CD4 and resistafeetor SAMHD1 which resulted in
blocking and increasing infection respectively. €eguently we have investigated
downregulation of several genes involved in regoitadf actin cytoskeleton, endocytosis and
pathogen sensing. We have identified three pofefatidors: ARHGAP24, ATP6V1B1 and
FNBP1L, which upon knock-down led to marked inceeakinfection in MDDCs. We were
able to confirm this findings in different bloodmws, and could reproduce similar effects in
a T cell line (Jurkat E6.1). Data obtained so faggests, that genes of interest function at
early stages of the viral life cycle, independentiyhe viral accessory protein Nef.
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In healthy individuals, naturally acquired infect®of human cytomegalovirus (HCMV) are
generally asymptomatic. The animal models that mitiné natural primary HCMV infection
are scarce. Here, we developed a murine modeliimapy infections of HCMV. Neonatal (3
days old) and adult (8 weeks old) Balb/c mice weceulated oronasally with 0 CIDs, of

a Belgian isolate HaNal of murine cytomegalovirMBCMV). None of the mice showed
clinical signs throughout the experiment. Initi&al replication occurred in the nose of both
age groups by 3 days post inoculation (dpi). Frotill 87 dpi, virus was replicating in the
lungs of the neonates. In adult mice, virus waedatet in the lungs of only one out of three
animals at one time point-5dpi. From 7 dpi, a systeinfection was developed in neonatal
mice. In adult mice, the infection stayed restdcte the nose and submandibular salivary
gland. Infectious virus was never detected in teacloral mucosa, pharynx, esophagus, small
intestines, and plasma of neonatal and adult nfidelt and neonatal mice raised MCMV-
specific immunoglobulin G (IgG) from 10 dpi and fnol4 dpi, respectively. The IgG
antibody titer and avidity increased with time. dammary, a murine model for natural
primary HCMV infections was developed, which mimitse pathogenesis and clinical
outcome of natural primary HCMV infections in héglithumans. This new model will be
used in the future to shed further light on thehpgenesis and to develop vaccines against
HCMV.
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Abstract

Swine influenza virus (SIV) has a strong tropism gay respiratory mucosa, which consists
of a mucus layer, epithelium, basement membrandaamitha propria. Sialic acids present on
the epithelial surface have long been considerde teterminants of influenza virus tropism.
However, mucus which is also rich in sialic acidsynserve as the first barrier of selection. It
was investigated how influenza virus interacts wvtith mucus to infect epithelial cells. Two
techniques were applied to track SIV H1IN1 in pagamucus. The microscopic diffusion of
SIV particles in the mucus was analyzed by singéetigle tracking (SPT), and the

macroscopic penetration of SIV through mucus waslistl by a virus in-capsule-mucus
penetration system, followed by visualizing thensdacation of the virions with time by

immunofluorescence staining. Furthermore, the &ffexf neuraminidase on SIV getting
through or binding to the mucus were studied bygigianamivir, a neuraminidase inhibitor
(NAI), and Arthrobacter ureafaciensneuraminidase. The distribution of the diffusion
coefficient shows that 70% of SIV particles werérgpped, while the rest diffused freely in
the mucus. Additionally, SIV penetrated the poraimecus with time, reaching a depth of 65
pm at 30 min post virus addition, 2 fold of thaRatin. Both the microscopic diffusion and
macroscopic penetration were largely diminished\By, while were clearly increased by the
effect of exogenous neuraminidase. Moreover, thegemous neuraminidase sufficiently
prevented the binding of SIV to mucus which wasmely enhanced by the effect of NAI.
These findings clearly show that the neuraminidasips SIV move through the mucus,
which is important for the virus to reach and infepithelial cells and eventually become
shed into the lumen of the respiratory tract.
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Gammaherpesviruses are important pathogens in hanthneterinary medicine. During co-
evolution with their hosts, they developed manwatsgjies allowing them to shed infectious
particles in presence of immune response. Undefistgrthese strategies is likely to be
important to control infection. Interestingly, wecently observed that Murid herpesvirus 4
(MuHV-4), a gammaherpesvirus infecting laboratoricen could be sexually transmitted
between mice. This model offers therefore the opmity to test the importance of immune
evasion mechanisms during transmission. One ofetheechanisms could rely on the
glycoprotein 150 (gp150) which seems to be useahasmmunogenic decoy that could limit
virus neutralization. Indeed, while gpl150 is theimtarget of antibodies raised against
MuHV-4, anti-gp150 antibodies are not neutralizibgt instead enhance Fc-receptor
dependent infectiom vitro. Furthermore, gp150 could form a glycan shielthatsurface of
the virion that limits neutralization and could prate the release of infectious particles from
infected cells. In this study, we tested therefibre importance of gp150 in the context of
MuHV-4 sexual transmission. Briefly, female mice revanfected with strains expressing
luciferase and deficient or not for the expressibigpl50. At different times post-infection,
these mice were imaged with emvivo imaging system to follow the Iytic infection. Fiha

at the moment of lytic replication in the genitaldt, infected females were mated with naive
males to compare the capacity of transmission@two strains. Our results show that, while
the gpl150- strain has no deficit in infection omgignital excretion compared to the wild-type
strain, the gp150- strain displays a major defafitsexual transmission. Interestingly, this
deficit does not result from an increased sensjtito antibody neutralisation but seems to
reflect a release deficit of virions from vaginaliteelial cells. Altogether, our results show
that, while gp150 is not required for efficient shmination and maintenance of MuHV-4
within its host, it is essential for efficient tigmission, at least by the sexual route.
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Abstract

Murine cytomegalovirus (MCMV) Smith is widely uséd set up animal models to study
CMV infections. However, due to the high numberrofitro passages, MCMV Smith has
acquired unwanted genetic and biological changestefore, a low passaged strain would be
much better to develop animal models. Here, thénqeenesis of mice inoculated with
MCMV Smith was compared with that of a low passaBetijian MCMV isolate (HaNal) in
BALB/c adult mice following oronasal inoculation twieither a low (18TCIDs, per mouse)

or a high (18TCIDs, per mouse) inoculum. At regular time points pasiculation (pi) mice
were euthanized and tissues were collected for svitifiration, co-cultivation and
immunofluorescence staining. Plasma was analyzecarbymmunoperoxidase monolayer
assay (IPMA) for the detection of virus-specifidiaodies as well as antibody classes and
subclasses, and by a complement-dependent neatiahiztest for the detection of
neutralizing antibodies.

Both strains (HaNal and Smith) were mainly repiigatin the nose and submandibular
salivary glands. In the nose, MCMV was detectetlexaand longer, and reached higher titers
with the high dose inoculum (from 1dpi till the eofithe experiment 49dpi) compared to the
low dose (from 14dpi till 35dpi). In submandibulglands, a similar observation was done
(low dose: from 14 till 42dpi/high dose: from 7 @9dpi). In lungs, MCMV showed a very
restricted replication. Both strains induced a-asBociated viremia at 7-10dpi and cell-
associated virus was present in the nasal-assdciatephoid tissue (1-49dpi, end of the
experiment), submandibular lymph nodes (3-5dpi)yvical lymph nodes (3-21dpi) and
spleen (5-21dpi). Only with the Smith strain, irffeas virus was isolated from internal
organs (spleen, liver and kidneys) during the seé@od third week of infection. Viral antigen
positive cells were detected for both strains i nlsal-associated lymphoid tissue, olfactory
nasal mucosa, submandibular salivary glands argslulintibody analysis demonstrated that
increasing the inoculation dose shortened the eihappearance of viral-specific (IPMA) and
neutralizing antibodies, and also increased theiell for both strains. Ig§z was the main
antibody subclass that was detected for both straia doses. Overall, our results show that
HaNal is causing a local replication in nose/sajivglands whereas the Smith strain is
causing in addition a generalized productive ingect Therefore, the HaNal strain is
mimicking better the replication of HCMV in immunmopetent hosts and is thus more
suitable for use in animal models.



