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European Seminars in Virology 2017 

Program 

 

FRIDAY 16.06.2017 

16:00-16:15 Welcome 

Dana Wolf, Gabriella Campadelli-Fiume, Thomas Mertens, Giorgio Palù 

Biology and Pathogenesis I 

Chair: Dana Wolf, Noel Tordo 

16.15–16.45 Palù, Giorgio (University of Padova, Italy) 

Neuropathogenesis of mosquito-transmitted flaviviruses 

16.45–17.15 Lavillette, Dimitri (Institut Pasteur Shanghai, PRC) 

The evolution and consequences of Zika virus post translational modifications 

17.15–17.45 Cusi, Maria Grazia (University of Siena, Italy) 

Toscana virus: biology and pathogenesis 

17.45-18.00 Basset Justine, Khou Cécile, Belarbi Essia, Legros Vincent, Pardigon 
Nathalie (Institut Pasteur Paris, France) 

A single mutation in the membrane protein strongly affects West Nile virus 
pathogenesis 

18.00-18.15 Buch Anna, Müller Oliver, Ivanova Lyudmila, Döhner Katinka, Bialy Dagmara, 
Bosse Jens B, Pohlmann Anja, Binz Anne, Hegemann Maike, Nagel Claus-
Henning, Koltzenburg Martin, Viejo-Borbolla Abel, Rosenhahn Bodo, 
Bauerfeind Rudolf, Sodeik Beate (Medical School Hannover University, 
NRENNT-Hannover, DZIF-Heidelberg, Germany) 

Inner tegument proteins of Herpes Simplex Virus are sufficient for intracellular 
capsid motility but not for axonal targeting 

18.15-18.30 Czechowicz Julia, Nagel Claus-Henning, Halford William P, Eibl Martha M., 
Hauber Joachim (Heinrich Pette-Institute Hamburg, Southern Illinois 
University Springfield, Biomed. Forschungsgesellschaft Wien, Germany, USA, 
Austria) 

Interaction of the HSV-2 regulator protein ICP0 with the cellular E3 ubiquitin 
ligase SIAH-1 

DISCUSSIONS IN FRONT OF POSTERS 
Barzon Luisa, Trevisan Marta, Desole Giovanna, Riccetti Silvia, Sinigaglia Alessandro, 
Berto Alessandro, Masi Giulia, Pacenti Monia, Palù Giorgio (University of Padova, Italy): 
Comparative analysis of Zika virus, West Nile virus and dengue virus infection in human 
neural cells 
Fanunza Elisa, Frau Aldo, Tramontano Enzo (University of Studies of Cagliari, Genetics and 
Biomedical Research Institute, Monserrato, Italy): 
A novel luciferase assay for measuring Ebola Virus VP24 inhibition of IFN signaling 
Gallucci Lara, Blondot Marie-Lise, Cazenave Christian, Kann Michael (CNRS Université de 
Bordeaux, Bordeaux, France): 
Role of Nup153 in the stability of HBV Capsid under in vitro conditions 
Gouilly Jordi (CPTP Toulouse, France): 
ZIKA virus reveals broad tissue and cell tropism during the first trimester of pregnancy 
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Iali Michele, Halabi Mohamad Adnan (Jinan University Tripoli, Lebanon): 
The Epstein-Barr virus latent membrane protein-1 (LMP1) 30-bp deletion among healthy 
carriers: an analysis review of observational studies 
Kuzahi Shirlee, Rostovsky Ira, Demina Anna, Lobel Leslie, Davis Claytus (Ben Gurion 
University of the Negev, Israel): 
Zika virus in the wild-type mouse fetus: patterns of challenge, response, and consequence 
López Paula, Girardi Erika, Weiss Amélie,Chane-Woon-Ming Béatrice, Fendri Ali, Kopp 
Arnaud, Hugel Sylvain, Brino Laurent, Pfeffer Sébastien (Université de Strasbourg, France): 
The neuron specific miR-124 is a positive regulator of Alphavirus infection 
Perepliotchikov Yuri, Benhar Itai, Manor Yossi, Martin Javier, Wilton Thomas, Majumdar 
Manasi, Mendelson Ella, Shulman Lester M (Tel Aviv University, NBSC Potters Bar, Israel, 
UK): 
A novel magnetic beads based method for poliviral concentration from environmental 
samples 
Subramaniam Chettiar (Malaysia): 
Interim measure to prevent Zika virus infection in pregnancy 

20:00  Dinner at outside Restaurant 
 

SATURDAY 17.06.2017 

Biology and Pathogenesis II 

Chair: Antonina Dolei, Giorgio Palù 

08.30-09.00 Knipe, David M. (Harvard University Boston, USA) 

Epigenetic Regulation of Herpes Simplex Virus Lytic and Latent Gene 
Expression 

09.00-09.15 Frasson Ilaria, Soldà Paola, Richter Sara N, Palù Giorgio (University of 
Padova, Italy) 

Selective recruitment of nuclear factors on the HSV-1 terminal G quadruplex 

09.15-09.30 Paran Nir, Israely Tomer, Erez Noam, Politi Boaz, Achdout Hagit, Tamir 
Hadas, Cherry Lilach, Lustig Shlomo, Melamed Sharon (Israel Institute for 
Biological Research Ness-Ziona, Israel) 

Role of MMP-9 in Vaccinia virus induced encephalitis 

09.30-09.45 Siegers Jurre Y, Leijten Lonneke M, Lavrijssen Rémon AM, van de Bildt 
Marco WG, Gao Zhenyu, Lin Zhanmin, Kuiken Thijs, van Riel Debby 
(Erasmus MC Rotterdam, The Netherlands) 

Influenza A virus replication kinetics and cell tropism in cells of the central 
nervous system 

BREAK 

Virus-Host Interaction I 

Chair: Judy Breuer, Jürgen Schneider-Schaulies 

10.15-10.45 Schneider-Schaulies, Jürgen (University of Würzburg, Germany) 

Regulatory T cells in measles virus CNS infections - a mouse model 

10.45-11.15 Pietropaolo, Valeria (University of Rome, Italy) 

Pathogenesis and genetics of polyomavirus JC: from the laboratory to the 
clinics 
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11.15-11.30 L’Honneur Anne-Sophie, Laurent Fanny, Hazan Uriel, Rozenberg Flore, 
Bury-Moné Stéphanie (University of Paris Descartes-Saclay-Paris-Sud, 
France) 

Brain-derived JC virus rearranged NCCR favors viral late expression in a 
glial cell line 

11.30-11.45 Vitner Einat B, Israely Tomer, Paran Nir, Futerman Anthony H, Melamed 
Sharon (Isarel Institute for Biological Research Ness Ziona, Israel) 

Host glucosylceramide levels modulate the virulence of viral infections of the 
CNS 

11.45-12.00 Zhu Shuyong, Stanslowsky Nancy, Ritter Birgit, Kaufer Benedikt B, Leffler 
Andreas, Sodeik Beate, Grundhoff Adam, Wegner Florian, Viejo-Borbolla 
Abel (Medical School Hannover, Free University of Berlin, Heinrich Pette-
Institut Hamburg, Germany) 

Generation of human peripheral neurons to study varicella zoster virus 
latency, reactivation and induction of pain 

Pathogenesis and Animal Models 

Chair: Maria Grazia Cusi, Dimitri Lavillette 

12.00-12.30 Miner, Jonathan J. (Washington University School of Medicine St. Louis, USA) 

Mouse models of Zika virus pathogenesis 

12.30-12.45 Verstrepen Babs E, Fagrouch Zahra, Drenthen Judith, Oostermeijer Herman, 

Haaksma Tom, Huizinga Ruth, Jacobs Bart, Mandigers Paul JJ, Barzon Luisa, 
Bogers Willy M, Kondova Ivanela, Verschoor Ernst J (BPRC Rijswijk, Erasmus 
Rotterdam, Faculty of Veterinary Medicine Utrecht, The Netherlands) 

Experimental infection of rhesus macaques with Zika virus 

12.45-13.00 Charvet Benjamin, Claire Dumont Claire, Reynaud Josephine M, Cynthia A. 
Leifer Cynthia A, Horvat Branka (INSERM Lyon, Cornell University Ithaca, 
France, USA) 

Persistent brain infection by human herpesvirus 6A in CD46- transgenic mice 
associated to behavioral disorder 

LUNCH BREAK 

Virus-Host Interaction II 

Chair: Valeria Pietropaolo, Jonathan J. Miner 

14.30-15.00 Lomonte, Patrick (Université Claude Bernard Lyon, France) 

Herpesvirus latency in neurons: interaction of the viral genome with the 
nuclear environment 

15.00-15.30 Wolf, Dana (Hadassah University Jerusalem, Israel) 

Impact of placental immune responses on congenital HCMV and Zika virus 
transmission and pathogenesis 

15.30-16.00 Pereira, Lenore (University of California San Francisco, USA) 

Differences in Cytotrophoblast Functions and Antiviral Responses to American 
and Prototype Strains of Zika Virus Revealed in Human Placentas from Early 
Gestation 

16.00-16.30 Tordo, Noel (Institut Pasteur de Guinée, UGANC Conakry, Guinée) 

Interaction of rabies virus polymerase with cellular factors and exploration of 
the functional consequences 

BREAK 
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Immune Response and Vaccines 

Chair: Ruth Brack-Werner, David Knipe 

17.00-17.30 Screaton, Gavin (Imperial College London, UK) 

Human antibody responses to Dengue/Zika virus infections 

17.30-18.00 Breuer, Judy (University College London, UK) 

New studies of Varicella Zoster Virus pathogenesis and vaccines 

18.00-18.15 Castagliuolo Ignazio, Brun Paola, Russo Venera, Kotsafti Andromachi, Palù 
Giorgio (University of Padova, Italy) 

HSV-1 infection of enteric nervous system leads to abortive replicative cycle 
and strong local adaptive immune response 

18.15-18.30 Israely Tomer, Manangeeswaran Mohanraj, Ireland Derek, Verthelyi Daniela 
(FDA Silverspring, USA) 

Poly(I:C) protects neonatal mice from Sindbis virus infection 

18.30-18.45 Muthumani Kar (Wistar Institute Philadelphia, USA) 

Novel consensus DNA vaccine induces protective immunity against Zika virus 

18.45-19.00 Khou Cécile, da Costa de Matos Anaelle, Jeannin Patricia, Afonso Philippe, 
Préhaud Christophe, Dussart Philippe, Ceccaldi Pierre- Emmanuel, Lafon 
Monique, Pardigon Nathalie (Instituts Pasteur Paris et Phnom-Penh, France, 
Cambodia) 

Comparative analysis of neuroinvasion by Japanese encephalitis virulent and 
vaccinal strains in an in vitro model of human blood-brain barrier 

19.00-19.15 Bortolotti Daria, Gentili Valentina, Sicolo Mariangela, Baldi Eleonora, 
Pugliatti Maura, Fainardi Enrico, Di Luca Dario, Rizzo Roberta (University of 
Ferrara, University of Florence, Italy) 

Expansion of a unique CD57+NKG2Chi Natural killer cell subset in MS patients 
during EBV infection 

20:00 Dinner at outside Restaurant 
 

SUNDAY 18.06.2017 

Biology and Pathogenesis III 

Chair: Lenore Pereira, Patrick Lomonte 

08.00-08.30 Brack-Werner, Ruth (Helmholtz Centre Munich, Germany) 

Can we afford to ignore HIV in the central nervous system? 

08.30-09.00 Dolei, Antonina (University of Sassari, Italy) 

Endogenous retroviruses and neurodegenerative syndromes 

09.00-09.15 Tian Hongliang, Ji Xiaoyun, Yang Xiaoyun, Zhang Zhongxin, Lu Zuokun, 
Yang Kailin, Chen Cheng, Zhao Qi, Chi Heng, Mu Zhongyu, Xie Wei, Wang 
Zefang, Lou Huiqiang, Yang Haitao, Rao Zihe (Tianjin University, PRC) 

Structural basis of Zika virus helicase in recognizing its substrates 

09.15-09.30 Fares Mazigh, Gonzalez Gaëlle, Cochet Marielle, Boissart Claire, Benchoua 
Alexandra, Haddad Nadia, Coulpier Muriel (JRU, INRA, ANSES, ENVA 
Maisons-Alfort, France) 

Pathological modelling of Tick- Borne Encephalitis Virus infection using 
primary human brain cells derived from fetal neural progenitors 
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09.30-09.45 Lannes Nils, Garcia-Nicolas Obdullio, Demoulins Thomas, Summerfield Artur, 
Filgueira Luis (University of Fribourg, Switzerland) 

Novel mechanism of Japanese Encephalitis Virus transmission by human 
microglia cells 

Epidemiology, Surveillance, and Diagnosis 

Chair: Dana Wolf, Thomas Mertens 

09.45-10:00 Schlottau Kore, Hoffmann Donata Ulrich Rainer G, Beer Martin, Hoffmann 
Bernd (Friedrich-Loeffler-Institute Insel Riems, Germany) 

Multiple detection of zoonotic variegated squirrel bornavirus 1 RNA in different 
squirrel species 

10.00-10.15 Jin Li, Dhanilall Pravesh, Brown Kevin E, Maple Peter AC, Knowles Wendy A 
(NIS Public Health England London, UK) 

Laboratory testing for confirmation of progressive multifocal leukoencephalo-
pathy (PML): Retrospective investigation of UK patients 2003-2016  

10.15-10.30 Boccuto Adele, Vicenti Ilaria, Saladini Francesco, Giannini Alessia, Zazzi 
Maurizio (University of Siena, Italy) 

Evaluation of different cell systems for zika virus (ZIKV) propagation and 
titration and determination of inhibitory effect of sofosbuvir and ribavirin on 
zika replication in vitro 

10.30-10.45 Marbán-Castro Elena, Goncé Anna, Martínez Miguel J., Victoria Fumadó 
Victoria, Bardají Azucena (CRESIB, BC Natal Barcelona, Hospital St. Joan de 
Déu Esplugues de Llobregat, Spain) 

Emerging viruses in Europe: Surveillance system of Zika virus in pregnant 
women returning from affected countries to Barcelona, Spain 

BRUNCH 

12.00 Bus leaves for Bologna Airport 
 



 

 

 

 

 

 

 

 

 

 

Abstracts and posters in alphabetical order of authors 



Comparative analysis of Zika virus, West Nile virus and dengue virus infection in 
human neural cells 
 
Luisa Barzon1, Marta Trevisan1, Giovanna Desole1, Silvia Riccetti1, Alessandro 
Sinigaglia2, Alessandro Berto1, Giulia Masi1, Monia Pacenti2, Giorgio Palù1 
 
1Department of Molecular Medicine, University of Padova, Padova, Italy 
2Microbiology and Virology Unit, Padova University Hospital, Padova, Italy 
 
Objectives: West Nile virus (WNV), Zika virus (ZIKV) and dengue virus (DENV) are 

mosquito-borne Flaviviruses that generally cause mild or asymptomatic disease in humans. 

However, WNV may be responsible for severe neuroinvasive disease in the elderly and 

immunocompromised subjects, ZIKV may cause fetal microcephaly or Guillain-Barré 

syndrome in adults, and DENV infection may present as hemorrhagic fever or shock 

syndrome, while neurological complications are rare. Aim of this study was to evaluate and 

compare the susceptibility of human neural cells to WNV, ZIKV and DENV infection and the 

mechanism of neural injury and inflammatory response. Methods: Neural stem cells (NSCs) 

and neurons were differentiated from human induced pluripotent stem cells (hiPSCs) and 

human embryonic stem cells (hESC). Cells were infected with contemporary ZIKV Asian 

lineage (KU853013), WNV lineage 2 (KF179640) and DENV serotype 2 isolates. Time 

course experiments were performed to evaluate viral replication kinetics, cytokine 

expression, neural cell differentiation markers, cell cycle, cell viability, and apoptosis. The 

impact of ZIKV in embryogenesis and neurogenesis was also evaluated by infection of 

embryoid bodies, hiPSCs and NSCs during differentiation. Results: ZIKV infected and 

replicated very efficiently in hiPSCs, NSCs, and neurons. Infection led to typical CPE and 

cell death by apoptosis (about 20% apoptotic cells at 96 hpi with ZIKV MOI 1), without 

significant changes of cell cycle and cell differentiation markers. ZIKV infection of hiPSCs, 

NSCs, and neurons induced the expression of innate immune response and interferon 

stimulated genes, especially TLR3, IFIT1, IFIT2, and MDA5. Infected embryoid bodies were 

massively destroyed by ZIKV infection and hiPSCs and NSCs died before ending the neural 

differentiation process. While DENV replication efficiency and effect on NSC innate immune 

response genes were similar to that of ZIKV, WNV replication in both NSC and neurons was 

markedly and significantly more efficient than ZIKV, as well as the effect on neural cell 

viability and antiviral response. Conclusion: ZIKV infects and replicates very efficiently in 

human neural cells and induces cell death abrogating neural development. However, ZIKV 

replication efficiency, CPE, and inflammatory response was lower than that of typical 

neurotropic flavivirus like WNV, thus suggesting that other factors, like damage or bypass 

of blood-placenta and blood-brain barriers, are crucial for ZIKV-specific teratogenicity. 



A single mutation in the membrane protein strongly affects West Nile virus 

pathogenesis 

Justine Basset, Cécile Khou, Essia Belarbi, Vincent Legros, Nathalie Pardigon 

Arbovirus group, Environment and infectious Risks Unit, Institut Pasteur  Paris 

 

West Nile virus (WNV) is a neurotropic virus, member of the Flaviviridae familly, 

Flavivirus genus. WNV is the most widespread arbovirus in the world causing 

significant outbreaks in humans and animals. During the viral life cycle, the 

membrane protein (M) plays important structural roles in the process of fusion and 

maturation of viral progeny but the mechanisms involved are poorly characterized. 

This protein has been found to interact with cellular factors from mosquito and 

mammalian hosts suggesting also a non-structural role during the infectious cycle of 

WNV. After alignment of WT and vaccinal  Flavivirus sequence of the M protein 

ectodomain, amino-acid residue in position 36 was targeted for testing substitution. 

Using site-directed mutagenesis, we replaced the parental isoleucine (I) by a 

phenylalanine (F) and examined the resulting WT and mutant M-I36F viruses in vitro 

in mammalian and mosquito cell lines and in vivo in a mouse model. 

We show that the M-I36F mutation strongly impairs WNV life cycle in mammalian but 

not in mosquito cells. Our results demonstrate that this mutation does not affect early 

steps of viral cycle (entry, fusion, decapsidation, replication and translation of 

genomic RNA). However, we show that viral assembly and/or egress is/are impaired 

and we are currently using electron microscopy to further study these steps. 

Moreover, we also show that 90% of mice infected with mutant WNV M-I36F survived 

the infection while all mice infected with the wt virus died, proving that M-I36F 

mutation induces a strong attenuation of WNV pathogenesis in vivo. Mice that 

survived WNV M-I36F infection produced antibodies against WNV offering full 

protection against a lethal WNV challenge. 

This work demonstrates that a single mutation in the M protein ectodomain of WNV 

results in a host-dependence phenotype. This mutation strongly affects WNV 

infection in mammalian hosts providing new insights for a rational design of  human 

vaccine against WNV. 



Evaluation of different cell systems for zika virus (ZIKV) propagation and titration and 
determination of inhibitory effect of sofosbuvir and ribavirin on zika replication in vitro 
 
Adele Boccuto1, Ilaria Vicenti1, Francesco Saladini1, Alessia Giannini1, Maurizio Zazzi1. 
Medical Biotechnology Department, University of Siena, Siena 
 
 
Background. Recently, a strong correlation between ZIKV infection and severe neurological 
disease in newborns and occasionally adults has emerged in the Brazilian outbreak. Efficient 
cell-based assays are required to test candidate inhibitors of ZIKV replication. Aim of this work 
was to investigate ZIKV propagation and quantification in different cell lines and define the best 
virus-cell system. As a proof of concept, the inhibitory effect of sofosbuvir and ribavirin on ZIKV 
was assessed through a plaque reduction assay (PRA). 

Methods. In vitro replication kinetics of ZIKV stocks generated in human (U87, A549, Huh7), 
mosquito (C6/36)  and monkey (VERO E6) cell lines at 2, 3, 4 and 5 days post infection were 
determined by measuring ZIKV RNA as well as counting ZIKV Plaque Forming Units (PFUs) 
generated by three different target cell lines (A549, Huh7 and VERO E6). Cytotoxicity (CC50) 
and inhibitory effects of sofosbuvir and ribavirin were evaluated in Huh7 cells using ZIKV at a 
multiplicity of infection of 0.1. After 48h of incubation, a non-linear regression analysis of the 
dose-response curve was performed to calculate the drug concentration inhibiting the plaque-
forming activity of ZIKV by 50% (EC50) in VERO E6 cell line. 

Results and conclusions. All the cell lines evaluated were permissive to ZIKV infection. Viral 
plaques were best counted at day 5 in A549 and VERO E6, and at day 4 in Huh7. However, 
Huh7 plaques tended to be more difficult to count due to early confluency. A549 generated a 
larger number of PFU compared to Huh7 but not to VERO E6 (median [IQR] log10 PFU/ml 5.67 
[5.06-6.23] for A549, 5.26 [4.60-5.70] for Huh7, 5.44 [4.94-5.81] for VERO E6; P=0.002 for A549 
vs. Huh7, P=0.145 for A549 vs. VERO E6, P=0.117 for Huh7 vs. VERO E6). Viruses generated 
from C6/36 and VERO E6 showed the peak of infectivity at 4 days post infection, when plaques 
were counted in A549 and at 5 days when counted in VERO E6 and Huh7. Viruses generated 
from A549 showed the peak of infectivity at 2 days post infection when plaques were counted in 
A549 and Huh7 and at 4 days post infection when plaques were counted in VERO E6. A good 
correlation among the three different cell types used in the plaque assay was observed for 
titration of Huh7 (peak of infectivity at 3 days) and U87 (peak of infectivity at 4 day) viral stocks. 
As expected, the amount of log10 ZIKV RNA copies/ml was consistently higher than the 
corresponding log10 PFU/ml, with a mean difference of 1.42±0.47. However, the difference was 
smaller during the first days of infection and increased at later time points, as a result of 
increasing proportion of defective viruses. Drugs CC50 were above 200uM, sofosbuvir and 
ribavirin EC50 were 1.2uM and 1.09uM when measured through PRA, and 4.2uM and 5.2uM 
when measured by qRT-PCR assay, respectively. 

In summary, ZIKV can efficiently infect different cell lines and rapidly reach peak viral titers. 
Overall, A549 cells appear to be as efficient as the VERO E6 gold standard for plaque assay, 
allowing the use of human, rather than simian, cells for evaluating candidate anti-ZIKV 
compounds by the reference assay. Both sofosbuvir and ribavirin showed a low-uM inhibitory 
effect on ZIKV replication in human cell lines, supporting the use of these systems to screen 
candidate anti-ZIKV compounds. 



Expansion of a unique CD57+NKG2Chi Natural killer cell subset in MS patients 
during EBV infection 
 
Daria Bortolotti1, Valentina Gentili1, Mariangela Sicolo1, Eleonora Baldi2, Maura 
Pugliatti3, Enrico Fainardi4, Dario Di Luca1, Roberta Rizzo1  
 
1 University of Ferrara, Department of Medical Sciences, Ferrara, Italy 
2 University Hospital, Arcispedale S. Anna, Department of Neurosciences and 

Rehabilitation, Ferrara, Italy 
3 University of Ferrara, Department of Biomedical and Specialty Surgical Sciences, 

Ferrara, Italy 
4 University Hospital, Careggi, Department of Diagnostic Imaging, Florence, Italy 
 

We recently showed that NK cells from a subgroup of MS patients have an impaired 

response to Human Herpesvirus (HHV) infection (Rizzo et al. 2016) and are characterized 

by the expression of KIR (Killer Ig-like receptors) 2DL2 inhibitory receptor. 

The aim of this study was to evaluate NK cell immune-phenotype modifications in the 

presence of EBV infected cells. 

We analyzed 20 MS patients with a stable RRMS and at least 6 months from immune-

modulating therapy and 20 control subjects. We purified NK cells from peripheral blood 

mononuclear cells (PBMC) of subjects negative for EBV type 1 and type 2. We re-activated 

EBV infection in lymphoblastoid cell line (LCL- B95.8) using the lytic inducing stimuli TPA. 

Twenty-four hours post-EBV reactivation, we co-cultured LCL and NK cells at a 1:5 ratio for 

4 hours.  

Within the CD56dimCD16+ NK cell compartment, we observed an increase in CD57+ NK 

cells in KIR2DL2 negative MS patients and in controls (40±19%), when co-cultured with 

EBV-reactivated LCL. These CD57+ NK cells were NKG2C+CD160+CD2+CD107a+, 

markers of activation. On the contrary, we found few CD57+ NK cells in KIR2DL2 positive 

MS patients (2±1.3%), that were NKG2A+, marker of inhibition. As a confirm, we looked at 

EBV titre in EBV-reactivated LCL. We observed a high viral load in the presence of NK cells 

from KIR2DL2 positive MS patients (10^7 copies/ng DNA), that significantly decreased in 

the presence of NK cells from KIR2DL2 negative MS patients (10^3 copies/ng DNA). 

Since the activatory NKG2C receptor pairs with HLA-E molecule, a non classical HLA class 

I molecule, we evaluated the expression of HLA-E in EBV reactivated LCL and we observed 

a three fold increase. The addition of anti-HLA-E Ab (7.5ng/ml) to EBV-reactivated LCL, 

resulted in a lower NK cell activation in KIR2DL2 negative NK cells expressing NKG2C, 

supporting its role in the control of NK cell activation in the presence of EBV infection.  



In conclusion, we demonstrate, for the first time, the expansion of a unique subset of NK 

cells co-expressing NKG2C and CD57 in the presence of EBV reactivation in MS patients 

negative for KIR2DL2. These NK cells are actively degranulating and reduce EBV 

spreading. Thus, we propose that CD57 and NKG2C might be markers of “memory and 

active” NK cells (Lopez-Verges et al. 2011), that lack in KIR2DL2 positive MS patients.   

 

 

References 

Rizzo R et al. J Neuroimmunol 2016 

Lopez-Verges S et al. PNAS 2011 

 

This study is supported by FISM – Fondazione Italiana Sclerosi Multipla – cod. 2015/R/20 



Can we afford to ignore HIV in the central nervous system? 
 
Ruth Brack-Werner * 
Helmholtz Zentrum München-Deutsches Forschungszentrum für Umwelt und 
Gesundheit, Institute of Virology. 
*e-mail brack@helmholtz-muenchen.de 
 
 
HIV infection research mainly focuses on the immune system and has successfully led 

to potent antiretroviral drugs for suppression of HIV by immune cells. However, 

interactions of the virus with the central nervous system are much less well understood 

and often overlooked. This is surprising, because even among HIV infected individuals 

receiving successful antiviral therapy, a substantial proportion (up to 50%) suffer from 

HIV-associated neurocognitive disorders (HAND).  HIV can enter the brain in the very 

early phase of systemic infection and may persist in this organ for decades. HIV 

infection has been demonstrated for microglial cells (resident brain macrophages), 

astrocytes and neural progenitor cells.  Microglial cells are the main HIV producers in 

the brain. In contrast, astrocytes may harbor HIV proviruses and express non-structural 

viral components but only rarely show signs of virus production. HIV-induced neuronal 

injury involves a combination of (1) neurotoxic activities of viral proteins; (2) bystander 

effects of proinflammatory cytokines, chemokines and toxic factors produced as a 

consequence of virus-induced cell activation in the brain (3) loss or alteration of 

function of crucial neuronal support cells (e.g. astrocytes). In addition, recent studies 

provide proof-of-concept for production of HIV by the brain compartment in in the 

absence of virus in the blood, providing evidence for the occurrence of HIV-1 reservoirs 

in the brain.  

Currently there are no dedicated therapies targeting HIV infection of the brain and even 

many conventional anti-HIV drugs poorly access the brain. HIV infected astrocytes are 

an important liability to the health of HIV infected individuals, both with regard to their 

potential to express neurotoxic HIV proteins as well as to form virus reservoirs. In my 

talk I will briefly introduce several research strategies for silencing HIV proviruses in 

astrocytes currently under investigation by my group. I will briefly describe our 

experimental models for HIV persistence and latency in astrocytes and provide 

examples for HIV silencing in astrocytes by treatment with small molecules or targeted 

editing of the HIV-1 provirus by CRISPR/Cas9.  



Inner tegument proteins of Herpes Simplex Virus are sufficient for intracellular 
capsid motility but not for axonal targeting 
 
Anna Buch1,2,3, Oliver Müller4,5, Lyudmila Ivanova1,2,5, Katinka Döhner1, Dagmara Bialy1, 
Jens B. Bosse6, Anja Pohlmann1,5, Anne Binz1,5, Maike Hegemann1, Claus-Henning 
Nagel1, Martin Koltzenburg7, Abel Viejo-Borbolla1,2, Bodo Rosenhahn4,5, Rudolf 
Bauerfeind8 & Beate Sodeik1,2,3,5 

 
1 Institute of Virology, Hannover Medical School, Germany; 2 NRENNT – Niedersachsen 
Research Network on Neuroinfectiology, Hannover; 3 DZIF - German Center for Infection 
Research, Hannover; 4 Institute for Information Processing, Leibniz University, Hannover; 
5 REBIRTH - From Regenerative Biology to Reconstructive Therapy, Hannover; 6 
Heinrich-Pette-Institute, Leibniz-Institute for Experimental Virology, Hamburg; 7 Institute 
of Neurology, University College, London; 8 Research Core Unit Laser Microscopy, 
Hannover Medical School, Germany 
 

Upon reactivation from latency and lytic infection in neurons, alphaherpesviruses 

assemble cytosolic capsids, capsids associated with enveloping membranes, and 

transport vesicles harboring fully enveloped capsids. It is debated whether capsid 

envelopment of herpes simplex virus (HSV) is completed in the soma prior to axonal 

targeting or later, and whether the mechanisms are the same in neurons derived from 

embryos or from adult hosts. We used HSV mutants impaired in capsid envelopment to 

test whether the inner tegument proteins pUL36 or pUL37 necessary for microtubule-

mediated capsid transport were sufficient for axonal capsid targeting in neurons derived 

from the dorsal root ganglia of adult mice. Such neurons were infected with HSV1-UL20 

whose capsids recruited pUL36 and pUL37, with HSV1-UL37 whose capsids associate 

only with pUL36, or with HSV1-UL36 that assembles capsids lacking both. While capsids 

of HSV1-UL20 were actively transported along microtubules in epithelial cells, those of 

HSV1-UL36 and -UL37 can only diffuse in the cytoplasm. Employing a novel image 

analysis algorithm to quantify capsid targeting to axons, we show that only a few capsids 

of HSV1-UL20 could enter axons, while vesicles transporting gD utilized axonal transport 

efficiently and independently of pUL36, pUL37, or pUL20. Our data indicate that capsid 

motility mediated by pUL36 and pUL37 does not suffice for targeting capsids to axons, 

and suggest that capsid envelopment needs to be completed in the soma prior to sending 

herpes simplex virus to the axons, and to spreading from neurons to neighboring cells. 
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Introduction Although neurotropic viruses have been classically associated to central 

nervous system infections, recent data suggest their ability to reach the enteric nervous 

system (ENS), the complex neuronal network embedded in the gut wall. Indeed, ENS 

anomalies associated to motility and inflammatory disorders of the gut are characterized 

by loss of ganglion cells or infiltration of mononuclear cells suggesting a possible role of an 

infectious agent. We have recently demonstrated that following intragastric (IG) 

administration Herpes simplex virus (HSV)-1 causes time-dependent gut neuromuscular 

abnormalities in rodents. In this study we aimed to characterize the viral infection and 

whether local anti-HSV-1 specific adaptive immune responses are elicited. Aims & 

Methods Mice (C57/Bl6) were inoculated intranasally with HSV-1 (102 pfu) and 4 weeks 

(W) later IG (107 pfu). Starting 4 W after viral IG inoculum mice were sacrificed at two 

weeks intervals; the ileum was removed to peel off the longitudinal muscle layer including 

the myenteric plexus of the ENS (LMMP) and we: a) quantified HSV-1 DNA by qPCR; b) 

evaluated expression of HSV-1 specific mRNA and proteins by real time RT-PCR and IHC 

with pan anti-HSV-1 antibody; c) characterized lymphocytes infiltrate and their reactivity to 

HSV-1 antigens by IHC and FACS analysis. Results HSV-1 DNA was barely detectable at 

4 and 6 W, but significantly increased at 8-10 W post IG HSV-1 injection. LAT transcripts 

were detected at stable level through the experimental time course. Transcripts of HSV-1 

early genes (i.e. ICP0 and ICP4) were mainly detected at 4-8 W, while transcripts of 

structural proteins (i.e. VP16 and gC) were detectable at 8 W post IG HSV-1 injection. 

Notably, mRNA coding for gD were absent. Immunoreactivity for HSV-1 antigens was 

revealed in scattered neurons of myenteric plexus at 8–10 W post IG HSV-1 injection. A 

significant increase in activated CD3+ cells contiguous to the myenteric ganglia was 

observed starting from 6 W post-IG HSV-1 inoculum but HSV-1 reactive CD3+CD8+ were 

revealed only at 8 W post IG HSV-1 injection. Conclusion In neurons of the ENS, HSV-1 

undergoes an abortive replication cycle activating a strong adaptive immune response, 

alike in the trigeminal ganglia. We speculate that HSV-1 induced immune response can 

alter the integrity of the ENS thus predisposing to gut anomalies. 
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Human herpesvirus 6 (HHV-6) infection has been implicated in many diseases, including 

encephalitis, epilepsy, multiple sclerosis and chronic fatigue syndrome. However, due to the 

rather ubiquitous nature of the HHV-6 infection in human population and lack of suitable animal 

models, it has been challenging to establish a direct link of causality. Development of 

transgenic murine model, expressing human transmembrane regulatory protein CD46, 

identified as the receptor for HHV-6A entry into cells, has provided the novel experimental tool 

to further advance in this field. Transgenic mice, expressing human CD46, were infected 

intracranialy with HHV-6A (GS strain) and followed for several months post-infection. Our 

results have demonstrated that HHV-6A infection results with long-term (up to 15 months) 

persistence of viral DNA in brains of CD46-tg mice, while virus was rapidly cleared from non-

transgenic littermates. Fluorescent in situ hybridization (FISH) analysis showed the persistence 

of viral DNA within neurons and glial cells in the Raphe nuclei of the serotonergic brain 

pathway, and histological studies revealed the presence of infiltrating cells in periventricular 

areas of the brain. Mice were monitored for clinical signs and analyzed for sickness behavior 

from 1-8 weeks post-infection. The duration of immobility in tail suspension test was 

significantly increased in HHV-6A-infected CD46-tg mice. Behavior of mice was additionally 

analyzed using open-field test, revealing that HHV-6A-infected mice were significantly less 

active and presented augmented tendency to stay in the periphery of the open field. These 

results reflect an increased anxiety and a lack of exploration behavior and suggesting 

altogether an increase in depression-like behavior following HHV-6A brain infection. 

Interestingly, the expression of CCL5 (Rantes), cytokine shown to be increased in patients with 

depression and anxiety illnesses, was significantly increased in brains of HHV-6A-infected 

CD46-tg mice. Obtained results characterize the first murine model of HHV-6A-induced 

infection of the nervous system and suggest a potential link between HHV-6A persistent brain 

infection and serotonergic dysfunction, opening thus new perspectives in the study of viral and 

host factors involved in behavioral disorder. 
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Toscana virus (TOSV) is a Phlebovirus responsible for human neurological infections in 

the endemic Mediterranean areas. The main viral target is the central nervous system with 

viremia as a way of dissemination throughout the host. Like many other infections 

transmitted by arboviruses, the virus does not cause serious diseases in all infected 

subjects, but only in some cases. TOSV infects endothelial cells and causes a subsequent 

viremic spread. 

Thus, TOSV is free to move throughout blood and it is not vehiculated by any specific 

blood mononuclear cell type. On the other hand, monocyte-derived dendritic cells have 

also been identified as susceptible to TOSV infection inducing a higher expression of TNF-

� and IL-6. Moreover, these cells upregulating CD83, a marker of DC maturation, may 

play an essential role in the initiation of the immune response, regulating innate and 

adaptive immune responses and mediating the activation of T cells. Although TOSV 

possesses a non-structural (NSs) protein capable of inhibiting type I IFN, the virus itself is 

responsible for its induction. We still do not know the contribution of type I IFN response to 

the disease pathogenesis in specific tissues, after TOSV infection. It is known, however, 

that a local secretion of cytokines by TOSV infected endothelial cells may augment the 

recruitment of leukocytes playing a critical role in mediating endothelial permeability or 

activate other cellular mechanisms related to vascular leakage.  

To confirm these data, in vivo experiments showed lymphocytic vasculitis in mice 

subcutaneously infected with TOSV. The identification of viral cell targets represents the 

first step to know the mechanisms by which the virus can spread into the host, and it will 

be helpful to understand why this viral infection may be asymptomatic or cause serious 

illness in the human host.  



Interaction of the HSV-2 regulator protein ICP0 with the cellular E3 ubiquitin 
ligase SIAH-1 
 
Julia Czechowicz1, Claus-Henning Nagel1, William P. Halford2, Martha M. Eibl3,  
Joachim Hauber1 
 
1Heinrich Pette Institute-Leibniz Institute for Experimental Virology, Hamburg, Germany 
2Southern Illinois University School of Medicine, Springfield, Illinois, USA 
3Biomedizinische Forschungsgesellschaft mbH, Vienna, Austria 
 
 
Herpes simplex virus type 2 (HSV-2) is the causative agent of herpes genitalis. Once 

it has infected the host it is able to establish lifelong latency in neurons enervating the 

site of infection. In immunocompromised hosts HSV-2 can provoke severe disease 

development often leading to irreparable nerve impairment or even to death. In an 

acute HSV infection, the multifunctional regulator protein Infected Cell Protein 0 (ICP0) 

is one of the first viral gene products expressed. ICP0 is an E3 ubiquitin ligase that 

targets multiple cellular proteins for proteasomal degradation. ICP0 is known to be 

required for efficient lytic viral replication and regulates the switch between lytic and 

latent infection. We have identified that ICP0 interacts specifically with the cellular 

protein Seven in Absentia Homolog-1 (SIAH-1). The two proteins interact via the 

substrate binding domain of SIAH and two conserved binding motifs in ICP0. SIAH-1 

is also an E3 ubiquitin ligase and promotes the ubiquitination of cellular proteins from 

several pathways. Of particular interest in the context of neurotropic viruses is the fact 

that SIAH plays a role in the homeostasis and turnover of several presynaptic proteins. 

To study the role of the ICP0-SIAH interaction with regard to the progression of HSV-

2 infection and the establishment and reactivation from latency, SIAH-binding deficient 

HSV-2 mutants were generated. The mutants were analyzed in in vitro infection 

assays. The experiments showed that SIAH-binding deficient viruses were attenuated 

for DNA- and protein synthesis and the growth rate was decreased. An in vivo mouse 

model was furthermore used for functional analysis using the ocular route of infection. 

In vivo, the attenuated phenotype was also observed when conducting viral load 

measurements in the eye, trigeminal ganglia and the brain stem at different time points 

post infection. 

In summary, these results suggest a critical role of the ICP0-SIAH interplay in the 

context of HSV-2 -host interaction. 
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To replicate, the retroviruses must integrate within the host DNA. If infection occurs in 

germ line cells, it can be transmitted vertically to the next generation. This phenomenon 

repeatedly occurred in our progenitors, with loss, damage, reinfections and 

rearrangements, proportionate to the time from entrance within the host species. The 

human genome contains the remnants of past infections by different retroviruses, now 

named human endogenous retroviruses (HERV), that, on average, constitute ~8% of our 

DNA. In general, they are highly defective, but complete proviruses were also described.   

Independent reports have shown expression of one or more HERVs in physiological 

or pathological conditions. The most extensively studied HERVs are those of the -W 

family, and, later on,  of the -K family, in view of the fact that, when the env  gene is 

conserved, and the ORF is intact, their env proteins exert several potentially 

neuropathogenic and immunopathogenic features, in vitro and in vivo. Also the env 

proteins of exogenous retroviruses, such as HIV and HTLV-I, have neuropathogenic 

features.  

Links of HERVs with some human diseases are increasingly observed, particularly 

those with multifactorial etiology or dysregulated immune functions. Convincing and 

independently reported evidence was found that the HERV-W family has a physiological 

role in early pregnancy, and a pathological role in multiple sclerosis, with reproduction of 

the disease in HERV-Wenv transgenic mice. A contribute of HERV-Wenv to neuroAIDS 

was also hypothesized. As for the HERV-K family, a link has been shown with amyotrophic 

lateral sclerosis (ALS), and HIV-associated ALS syndrome. HERV-Kenv transgenic mice 

developed ALS-like progressive motor dysfunction and brain damage. For both multiple 

sclerosis and amyotrophic lateral sclerosis, clinical trials targeting the HERV-Wenv and the 

HERV-Kenv, respectively, are ongoing. 



A novel luciferase assay for measuring Ebola Virus VP24 inhibition of IFN 
signaling 
 
Fanunza Elisa a, Frau Aldo a, Tramontano Enzoa,b 
 
a Department of Life and Environmental Sciences, Biomedical Section, University of 

Studies of Cagliari, Cagliari, Italy 
b Genetics and Biomedical Research Institute, National Research Council, 

Monserrato, Italy 
 
 
The interferon (IFN) system is a central component of the host innate immune 

response to viral infection. The interaction of Ebola virus (EBOV) VP24 protein with 

host karyopherin-α proteins leads to inhibition of type I IFN signaling [1-3], a critical 

event in the pathogenesis of the infection. Being a key factor for EBOV virulence [4], 

VP24 is a potential target for drug development. Since no drugs target VP24, there is 

now a considerable effort into identification of molecules able to inhibit this protein, 

restoring and possibly enhancing the IFN response. Accordingly, we developed a cell-

based drug screening assay able to quantify IFN induction and its inhibition by an 

EBOV VP24 isolated during the last 2014 outbreak. HEK293T cells were transiently 

transfected with a luciferase reporter gene construct driven by the promoter of IFN 

stimulated genes (ISRE). Stimulation of cells with IFN-α activated the IFN cascade 

leading to the expression of ISRE. Cotransfection of cells with the plasmid expressing 

VP24 led to the inhibition of ISRE transcription, quantified by a luminescent signal. To 

adapt this system to test a large numbers of compounds, we performed it in 96-well 

plates and optimized the assay for different parameters: timing of stimulation, 

concentrations of plasmids and IFN-α. Moreover, we validated the system measuring 

the Z’-factor that showed a value of 0,64 for IFN-α stimulation assay and 0,52 for VP24 

inhibition assay, indicative of robust assay performance.   
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Tick-Borne Encephalitis Virus (TBEV), a member of the Flaviviridae family, is the most 

important arbovirus of health interest in Central-Northern Europe and North-Eastern 

Asia. It is responsible for febrile illness, and in a subset of cases, for neurological 

manifestation ranging from mild meningitis to severe encephalomyelitis. Although the 

primary route of infection is through the bite of an infected tick, alimentary infection 

through the consumption of TBEV-contaminated dairy products has also been 

documented. So far, TBEV-induced neuro-pathogenesis is poorly understood. To 

address this question, we used an in vitro model of primary neural cells differentiated 

from human fetal neural progenitors (hNPCs). Our results showed that neurons and 

glial cells are susceptible and permissive to TBEV infection. The virus replicates in a 

dose-dependent manner and impairs the two cellular types. Neurons first form clusters 

and gradually die. At 72 hours post-infection (pi), 25 % of them were lost and, later in 

the course of infection, at 14 days pi., the loss had reached 70 percent. At that time, 

neurites had dramatically shrunk. Neuronal loss occurred, at least partly, through an 

apoptotic mechanism, as shown by cleaved caspase 3 and TUNEL-positive staining. 

On the contrary, astrocytes survive to the infection but a hypertrophy, suggestive of a 

reactive stage was observed. Analyzing the antiviral response, we further report an 

overexpression of viral sensors (RIG-I/TLRs, ..), cytokines (CXCL10,11, ..), and innate 

immune response factors (IFN-I/ISGs, ..), indicating a strong activation of the antiviral 

response. Thus, our results show that the in vitro model we developed recapitulates 

the main events that occur in the human brain. We are currently using this model to go 

deeper in our understanding of TBEV-induced neuro-pathogenesis and to screen for 

antiviral drugs. 
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Background: Herpes simplex-1 (HSV-1) is a human pathogen that infects the majority 

of the worldwide population. Recently, HSV-1 has been associated to cancer 

pathology, neuropathology and has drawn attention as clinically important infective 

agent in HIV-1 positive and immunocompromised patients. During lytic infection, HSV-

1 highjacks the host cell to propagate its genome and produce viral particles; there is 

limited knowledge of what cellular/viral proteins functionalize the viral genome. 

Besides, we have recently demonstrated the presence of G-quadruplex (G4) structures 

within the terminal repeats of HSV-1 genome, thus hypothesizing a G4 regulation of 

viral infection. The aim of the present study was to identify viral and cellular proteins 

that specifically interact with HSV-1 G4s. The fine tuning of viral cycle performed by 

displacing or stabilizing proteins on the G4 structure has shed a light on the 

complicated regulation of HSV-1 infection, opening the door also on latency 

understanding. 

Material/methods: Human U2OS cells were infected with HSV-1 strain F virus and 

nuclear extracts at 8 and 16 h.p.i were obtained. Nuclear extracts were used to perform 

pull down assays coupled to LC-MS analysis. To confirm the binding affinity of the 

identified proteins EMSA assays and SPR analysis were also performed. The effect of 

established G4 ligands were also recorded in antiviral assays. 

Results: The pull down assays highlighted the presence of a key-regulator 

transcription factor that recognizes and binds with very high affinity the viral G4 

structure; no affinity was recorded towards G-rich unfolded single stranded DNA. 

Importantly the high specificity of binding of the viral protein to the viral G4 was 

confirmed by EMSA assays coupled to band excision and mass spectrometry analysis. 

SPR analysis was also performed to gain further information on binding affinity and 

selectivity. Antiviral experiments have been performed using G4 stabilizing compounds 

and the hindering of viral infective cycle was obtained, thus providing a proof of concept 

that G4s are important switchers also of HSV-1 infective cycle. 

Conclusions: In this study we proved that G4s play a key role during HSV-1 infection 

and we were able to identify a crucial transcription factor that, interacting with the viral 

G4 structures, exerts multiple roles in viral expression, probably recruiting chromatin 

regulating complexes and setting key transcription complexes. These data provide 

valuable insight into HSV-1 biology and will pave the way to the establishment of new 

antiviral strategies. 
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Despite of a vaccine, chronic Hepatitis B Virus (HBV) infection remains a major global 

threat, causing 600,000 deaths each year. The development of therapies is challenged 

by the lack of suitable animal models, due to the narrow host range and the restricted 

tropism of the virus. Species specificity is determined by host factors at different levels 

of the viral life cycle, which starts with the binding to the HBV receptors Na+ 

taurocholate cotrasporting polypeptide (NTCP) and heparan sulfate polyglycanes. The 

viral capsid comprising the relaxed circular viral DNA (rcDNA) is then transported 

through the cytoplasm and nuclear pore into the nuclear basket. There, the capsid is 

arrested due to interaction with Nup153 and disassembles, leading to nuclear rcDNA 

release and subsequent repair to an episomal form, called circular covalently closed 

(cccDNA). Noteworthy, this release is restricted to capsids with a mature genome. It 

has been reported that the expression of hNTCP in mouse hepatocytes is not sufficient 

for the formation of cccDNA although the hepatitis D virus, which uses the surface 

proteins of HBV, infects these cells successfully. This suggests the presence of a post 

entry, HBV- and species-specific restriction factor. Recent studies of our lab narrowed 

the limitation factor to an event after capsid arrival in the nuclear basket thus likely to 

proteins involved in genome release and/or repair. We first investigated the stability of 

capsids with a mature genome compared to those containing RNA in vitro. Determined 

by accessibility of the capsid-encapsidated nucleic acid, we observed no difference. 

Addition of the C terminus of Nup153 in solution did not alter their stability leading to 

the conclusion that Nup153 either must be fixed or is of no importance for capsid 

stability. Mimicking the situation in the nuclear basket by adding solid phase-bound 

Nup153 also failed to change capsids stability. Adding mature capsids to isolated 

nuclei, we observed nuclear capsids but also released genomes. This genome release 

was also observed for nuclei from mouse hepatocytes indicating that the differences 

between mouse and man are based on a step after genome release. 



Title:  

ZIKA virus reveals broad tissue and cell tropism during the first trimester of 

pregnancy 

 

Abstract 

The outbreak of the Zika Virus (ZIKV) and its association with fetal abnormalities 

have raised worldwide concern. However, the cellular tropism and the mechanisms of 

ZIKV transmission to the fetus during early pregnancy are still largely unknown. 

Therefore, we ex vivo modeled the ZIKV transmission at the maternal-fetal interface 

using organ culture from first trimester pregnancy samples. Here, we provide 

evidence that ZIKV strain circulating in Brazil infects and damages tissue architecture 

of the maternal decidua basalis, the fetal placenta and umbilical cord. We also show 

that ZIKV replicates differentially in a wide range of maternal and fetal cells, including 

decidual fibroblasts and macrophages, trophoblasts, Hofbauer cells as well as 

umbilical cord mesenchymal stem cells. The striking cellular tropism of ZIKV and its 

cytopathic-induced tissue injury during the first trimester of pregnancy provide an 

explanation for the irreversible congenital damages. 
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Background: Epstein-Barr virus (EBV) is considered to be closely associated with a 

number of human malignancies, in which EBV-encoded latent membrane protein 1 

(LMP1) was found to have an oncogenic role. However, the results published on the 

LMP1 polymorphism are inconsistent. In the present study, we performed an analysis 

review to determine the frequency of EBV LMP1 gene variant (30-bp deletion (del)) 

among the healthy population worldwide.  

Methods: Eligible articles met the inclusion/exclusion criteria and were identified in the 

following electronic databases: PubMed, ScienceDirect, and SciELO. Consequently, the 

data of interest were extracted and plotted in a table to calculate the frequency and odds 

ratio (OR) of the outcomes of interest (30-bp del-LMP1) in health carries. Study quality, 

publication bias, and heterogeneity were assessed.  

Results: one hundred and four observational studies with a total of 5339 subjects were 

included in these studies, among which 2161 and 3178 individuals were placed in healthy 

and control groups (patients with malignancies related to EBV), respectively. The risk of 

bias in relation to the study quality evaluated by NOS was considered low. The pooled 

estimate of the frequency of 30-bp del-LMP1 in healthy carriers was 38.4% (confidence 

interval (CI): 72 to 82). A higher percentage was found in the control group 76.2%. 

Conclusions: Our results suggest an evidence that the 30-bp deletion was found less 

frequently in samples from healthy people than in people with malignancies. However, 

our data should be interpreted with caution because the sample size was small, and there 

was heterogeneity between the studies. 
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Emerging pathogens with pandemic potential and lacking effective treatment or 

vaccines pose a major world-wide risk. Yet, developing, testing and licensing 

safe and effective vaccines or pathogen-specific drugs in a reasonable time 

frame are rarely feasible. Innate immune modulators have been proposed as 

alternative 1st response treatments. In this study we explore their effectiveness 

using a novel model for Sindbis virus (SINV), developed in our lab, uses the 

wild type SINV strain AR339 in neonatal C57BL/6 mice. SINV is an alphavirus 

that causes sindbis fever in humans and serves as a prototype virus for other 

highly pathogenic alphaviruses such as Chikungunya, Semliki Forest and 

Venezuelan Equine viruses. 

The aims of this study were to evaluate the effects of administration of double 

stranded RNA adjuvant poly(I:C) (5 mg/kg; i.p.) on the central nervous system 

and the periphery and to examine whether we can harness this response to 

reduce the severity of SINV infections. We show that systemic administration 

of poly(I:C) induced a broad spectrum of innate immune related genes both in 

the brain and spleen of naive immunocompetent mice. The shift in gene 

expression was associated with protection of SINV infected mice that received 

poly(I:C) one day prior to infection. Using IFNAR KO and RAG KO mice we 

demonstrate that protection is mediated by Type I IFN signaling but does not 

require adaptive immunity. This study suggest that innate immune response 

modifiers should be considered as a treatment modality for infections, to which, 

specific effective vaccine or therapy are not available. 
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Objective: JC virus (JCV) reactivation causes progressive multifocal leukoence-

phalopathy (PML) in elderly individuals and patients affected by immune-mediated 

diseases. Patients such as multiple sclerosis (MS) patients receiving biological 

treatment (e.g. Natalimuzab) are at risk of PML. JCV detection by quantitative 

polymerase chain reaction (qPCR) in cerebrospinal fluid (CSF) or brain biopsy (BB) is 

compulsory for definite diagnosis of PML. However, it can be challenging in some 

patients with low levels of JCV DNA presented in CSF. Our objective was to overview 

the patients with PML and laboratory methodology applied for PML confirmation in last 

14 years at UK national reference laboratory. 

Methods: JCV specific qPCR was performed to all CSF and BB specimens. All pared 

serum and CSF were tested with haemagglutination-inhibition (HAI) assay using the 

recombinant JCV-VP1 antigen. Albumin levels and total IgG concentration were 

determined by immunephelometry and the JCV antibody index (JCV-AI) was 

calculated as previous published. 

Results: in total 262 patients were investigated, 232 (88.5%) were diagnosed as PML 

by JCV detection in CSF or BB using qPCR, 13 (5.0%) were confirmed by JCV-AI >3, 

and 17 (6.5%) were confirmed by both assays. Patient ages ranged from 18 to 90 

years old and 44.3% of the patient were HIV positive. Four MS patients developed 

PML were under a long term treatment of Natalimuzab.  

Conclusions: JCV-qPCR is preferable for PML diagnosis, and clinical significance of 

the viral loads should be considered in patient management. Determination of JCV-AI 

could be an additional tool for PML diagnosis, particularly in those patients under anti-

virus treatment. 
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Japanese encephalitis virus (JEV) is the major cause of viral encephalitis in South East 

Asia. As a mean of prevention against Japanese encephalitis disease, a live-

attenuated vaccine, the SA14-14-2 strain of JEV, has been developed. Our study aims 

at identifying key factors playing a role in JEV attenuation.  

We tested neuroinvasiveness ability of JEV RP9 and JEV SA14-14-2 strains using an 

in vitro model of human blood-brain barrier (BBB), consisting of human endothelial 

cells hCMEC/D3 cultured on Transwell atop SK-N-SH human neuroblastoma cells. We 

show that cell-free JEV RP9 and SA14-14-2 particles can cross the BBB without 

disrupting it and that neither JEV RP9 nor JEV SA14-14-2 are able to infect the BBB 

endothelial cells. We also demonstrate that JEV SA14-14-2 is less neuroinvasive and 

less neurovirulent than JEV RP9 strain. 

Transcriptomic analysis was performed on hCMEC/D3 cells after passage of JEV RP9 

or JEV SA14-14-2. We show that transcription of several genes involved in immune 

response is slightly down-regulated (about -1,5 fold-change) at 6 hours post-infection, 

whereas it is slightly up-regulated (about 3 fold-change) at 24 hours post-infection at 

similar levels for both viruses.  

Overall, our study demonstrates that JEV SA14-14-2 vaccinal strain has a lower ability 

to cross the BBB and infect neuronal cells than JEV RP9 virulent strain. Transcriptomic 

analysis did not show any difference between the 2 viruses, suggesting that vascular 

cellular response does not play a role in JEV SA14-14-2 decrease in 

neuroinvasiveness. 



Epigenetic Regulation of Herpes Simplex Virus Lytic and Latent Gene 
Expression 
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Eukaryotic cells use epigenetic mechanisms to load heterochromatin on foreign DNA 

such as transfected and viral DNAs to restrict their transcription. The herpesviral DNA 

genomes have no associated histones in the virion, but upon their entry into the 

nucleus the host cell rapidly loads heterochromatin on the viral DNAs. Viral gene 

products counter this host cell response to allow lytic gene expression or to further 

modify the silencing during latent infection. In this talk I will discuss the mechanisms 

of epigenetic regulation of herpes simplex virus lytic and latent gene expression and 

the host and viral gene mechanisms involved in this epigenetic regulation. 



 

 

Zika virus in the wild-type mouse fetus: patterns of challenge, response, and 
consequence 

Shirlee Kuzahi, Ira Rostovsky, Anna Demina, Leslie Lobel and Claytus Davis 
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The fetal immune system is frequently thought immature, a view supported by the 

sometimes devastating consequences of fetal infection by viruses that are innocuous 

later in life. Data from our lab using an in utero direct injection technique have led us 

to an alternative view. We suspect that the fetus is regularly exposed to viruses 

systemically infecting mom, but has a hair-trigger pro-inflammatory response that is 

able to effectively deal with most. 

In this context, we have started using our model system to explore the results of 

directly infecting 2nd trimester, wild-type, outbred mouse fetuses with the prototypic 

Ugandan strain of Zika virus. The data arising from these infections, where we are 

able to control the time, target and dose during inoculation, indicate the following: 

• The wild-type fetus supports a productive Zika virus infection. 

• Infection provokes a strong fetal inflammatory response. 

• Depending on inoculum dose and route, the infection may be lethal or the fetus 

may recover. 

• Depending on inoculum route the virus may pass from fetus-to-fetus directly, or 

through the maternal blood from one fetus to all.  

The data are consistent with fetal exposure being a regular consequence of maternal 

infection and suggest that fetal response has an important role in determining the 

outcome of this exposure.  
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Japanese encephalitis virus (JEV) is a neurotropic flavivirus and a major cause of 

mortality and morbidity in humans. JEV-infected patients exhibit strong inflammation 

of the brain and an accumulation of viral particles in the hypothalamus and 

hippocampus. Microglial cells, the brain-resident macrophages, represent the first line 

of defence during brain insults including viral infection but are proposed to serve as 

reservoir for JEV. Using a model of human monocyte-derived microglia, the present 

study explores the role of human microglia in JEV (Nakayama strain) propagation and 

transmission to another cell type. Although infectious JEV particles in supernatant 

diminished over 6 days post-infection, levels of viral RNA increased in both cells and 

supernatants. However, virus particles recovery occurred upon co-culture of the latter 

JEV-infected human microglia with BHK-21 cells, a highly susceptible cell line to JEV. 

Importantly, viral transmission required cell-cell contact conditions where dsRNA was 

possibly the source of viral infectious material. Mechanistically, the axis CX3CR1-

CX3CL1 was critical in the interactions between microglia-BHK-21 cells allowing viral 

transmission. Altogether, the data show a novel role of JEV-infected human microglial 

cells in viral propagation upon interaction with susceptible cell type, which may be a 

source of neuronal infection. Finally, the fraktalkine receptor CX3CR1 is a relevant 

chemokine receptor involved in cell migration and inflammation in the central nervous 

system. In conclusion, human microglia may sustain JEV brain pathogenesis in late 

time of infection. 



The evolution and consequences of Zika virus post translational modifications 
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The current explosive epidemic of Zika virus (ZIKV) poses a global public health 

emergency.  Before outbreak, ZIKV infection was characterized by causing a mild 

disease presented with fever, headache, rash, arthralgia, and conjunctivitis. However, 

since the end of 2015, there is an increase in the number of Guillain–Barre syndrome 

associated cases and an astonishing number of microcephaly in fetus and new-borns in 

Brazil. According to genome sequence analyses, ZIKV has diverged into African and 

Asian/American lineages, of which the Asian lineage is responsible for the outbreaks 

occurring in the Pacific Islands and South America. The reason of the increase 

pathogenesis in human of the Asian lineage is not understood. 

 

It is crucial to clarify the potential viral determinants of human virulence. Using sequence 

alignments and in vitro experiments, we identified differential post translational 

modifications between African and Asian strains. We will discuss the analysis of the 

consequences of some modifications on pathogenesis. 



Brain-derived JC virus rearranged NCCR favors viral late expression in a glial 
cell line 
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JC Polyomavirus (JCV) is a ubiquitous human virus which mostly causes 

asymptomatic and persistent infections. Latency is occasionally interrupted by 

reactivation and urine shedding. In several immune depression conditions, JCV may 

gain access to the central nervous system (CNS) and infect oligodendroglial cells, 

leading to a fatal demyelinating disease, progressive multifocal leukoencephalopathy 

(PML). The JCV double-stranded circular 5 kb genome is composed of two opposite 

coding regions – early and late - transcribed from opposite strands of DNA, and 

separated by the regulator non-coding control region (NCCR). The hallmark of NCCR 

sequences obtained from CNS of PML patients is the presence of rearrangements of 

unknown function in the prototype rearranged (rr) NCCR, compared with urine 

archetype (at) NCCR. We sequenced JCV rr and at NCCRs in 10 and 3 PML patients 

respectively and observed various deletions and/or insertions/duplications. To analyse 

the effects of such mutations on early and late expression in tissue-specific cultured 

cells, we developed an original approach to produce bidirectional reporter vectors 

expressing two distinct fluorescent reporters under control of either rr or at JCV NCCR. 

To this end, we adapted the emerging technology involving DNA circles devoid of 

bacterial plasmid backbone and generated four expression vector maxicircles, to 

investigate the effects of a single 66 bp deletion differentiating rr and at NCCR. After 

transfection of U-87MG (human glioblastoma cell line) and HEK293 (human kidney cell 

line), fluorescent reporter expressions from at and rr NCCR were analysed by 

cytometry analysis. 

In HEK293 cells, early and late expressions from at NCCR were similar, whereas in U-

87 MG cells, early expression was 2-fold higher than late expression (p 0.0021, two-

tailed Student t test). This suggests that late expression from at NCCR is impaired in 

this glioblastoma cell line. Interestingly, late expression from mutated rr NCCR was 

similar to early expression in both HEK293 and U-87 MG cells, indicating that the 66 

bp deletion restored late expression in the glioblastoma cell line. By using this in vitro 

model, we evidenced a relevant link between JCV NCCR sequence and cell-type 

dependent expression. This study opens new insights for the use of maxicircles to 

easily monitor the impact of NCCR mutations on JCV early and late region 

transcription. Our results suggest that impaired late expression from archetype NCCR 

in glial cells may act as a motor of evolution selecting mutations that lead to a prototype 

sequence. 



Herpesvirus latency in neurons: interaction of the viral genome with the 
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Herpes simplex virus 1 (HSV-1) is a human pathogen that establishes latency in the 

nucleus of infected neurons in the PNS and the CNS. At the transcriptional level 

latency is characterized by a quasi-complete silencing of the extrachromosomal viral 

genome that otherwise expresses more than 80 genes during the lytic cycle. In 

neurons of trigeminal ganglia (TG, also called Gasserian Ganglia), the initial site of 

HSV-1 infection, latency is anticipated to be the default transcriptional program; 

however, limited information exists on the molecular mechanisms that force the virus 

to enter the latent state. I will focus my seminar on our recent studies demonstrating 

that the interaction of the viral genomes with the nuclear architecture of the infected 

neurons and especially the promyelocytic leukemia (PML) nuclear bodies (NBs) is a 

major determinant for the entry of HSV-1 in latency. 
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Micro (mi)RNAs are a class of small non-coding RNA molecules, about 22 nucleotides in size, 

implicated in an ever-growing number of biological processes. They act as guides for proteins 

of the Argonaute family to regulate the expression of target genes by mRNA destabilization 

and translation inhibition. In addition to their important role in maintaining essential cellular and 

physiological functions, miRNAs can also participate in the regulation of viral infections. The 

Sindbis virus (SINV) is an arthropod-borne virus belonging to the Alphavirus genus. In some 

cases, it can be associated with certain neurological disorders such as encephalitis. In order 

to identify cellular miRNAs involved in the regulation of SINV replication, we performed a 

genome-wide miRNA screen. To this end, we overexpressed or inhibited individually every 

known miRNA in Huh7.5.1 cells before infecting them with an engineered version of SINV 

expressing GFP. Whereas no miRNA inhibitor showed a positive or negative effect on GFP 

expression, we identified a restricted number of miRNA mimics that had a positive effect on 

the virus. Among them, we found the neuron specific miRNA miR-124. We validated the 

positive effect of this candidate miRNA on SINV replication by RT-qPCR quantification of the 

genome and by plaque assay in Huh7.5.1 and in HEK293 cells. We also measured the impact 

of miR-124 overexpression on other viruses such as Chikungunya and Zika. Furthermore, we 

showed that blocking the endogenously expressed miR-124 with an antimiRNA 

oligonucleotide in rat primary neurons resulted in the inhibition of SINV infection. In order to 

identify the cellular or viral targets of miR-124 and decipher the molecular mechanism of SINV 

positive regulation by this miRNA, we are currently undertaking a candidate as well as an 

unbiased approach based on Argonaute proteins cross-link and immunoprecipitation. These 

results will be discussed and put in perspective regarding the potential of miR-124 as a novel 

antiviral therapeutic target.  
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Zika virus was first discovered in 1947 in the Ziika Forest, Uganda, and spread 

into Africa and Asia. Outbreaks have been reported since then, with minor 

consequences in humans. In early 2015, an outbreak in North-East Brazil 

occurred and a causal relationship between prenatal ZIKV infection and serious 

brain anomalies was confirmed in 2016. While pregnant women may develop 

mild symptoms, the complications in fetuses could be very serious and even fatal 

with the occurrence of miscarriages and stillbirths. By 13th of April 2017, the 

Panamerican Health Organization reported 3,057 Zika congenital syndrome 

cases since the beginning of the epidemics. More than 2,000 ZIKV cases have 

been imported to Europe. By April 10th, 428 cases were imported to Spain, being 

68 of them pregnant women. 

An epidemiological surveillance system among pregnant travellers from risk 

countries was established at Hospital Clínic, Barcelona. Women were recruited 

and followed up until delivery. Clinical, anthropometrical and obstetric information 

was collected through standardized questionnaires in antenatal visits and 

samples for ZIKV testing were collected in the delivery. Infants born to positive 

and suspected mothers were tested and followed up until 12 months. 

From January 2016 to 19th April 2017, we recruited 9 positive women (by RT-

PCR or microneutralization), 21 suspected (by undetermined microneutrali-zation 

or pending results) and 99 negative cases (by negative serology or 

microneutralization). From the positive cases, seven live births have been born, 

a miscarriage was attributed to ZIKV infection and there is one ongoing 



pregnancy. These 7 babies plus other 14 apparently healthy babies born to 

suspected mothers are being followed up.  

Epidemiological surveillance of ZIKV among pregnant women is crucial also in 

non-endemic areas for the early detection of cases and to ensure best clinical 

care and management of potential complications. Current screening tools are 

limited which translates into substantial and unnecessary follow up of suspected 

cases. New, more rapid and more accurate diagnostic tools are urgently needed. 



Mouse models of Zika virus pathogenesis 
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From the time Zika virus was first isolated in 1947 until 2016, there were only 2 

papers that examined the effects of Zika virus infection in mice.  

After the spread of Zika virus to the Western Hemisphere and the discovery of its 

association with microcephaly, there was an urgent need to develop mouse models 

of Zika virus pathogenesis.  

Mouse models of Zika virus pathogenesis have allowed us and our collaborators to 

define Zika virus tissue tropism, to explore mechanisms of Zika virus transmission, to 

test novel therapies and vaccines, and to generate a mouse-adapted Zika virus 

strain. 



Novel consensus DNA vaccine induces protective immunity against Zika virus 
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Significant concern has been raised over the past two years from the increased 
global spread of the mosquito-borne flavivirus, Zika (ZIKV).  Accompanying this spread 
has been an increase in cases of the devastating birth defect microcephaly as well as 
cases of Guillain-Barre syndrome in adults in many affected countries.  Additional 
concerns have been raised by recent findings indicating that ZIKV can also be sexually 
transmitted which increases the exposure risk for a virus without a vaccine or current 
therapy.  Here we describe the development of a novel synthetic DNA consensus 
antigen-based vaccine targeting the pre-membrane + envelope proteins of ZIKV.  

Following construct expression confirmation, we found that mice and non-human 
primates generated ZIKV-specific cellular and humoral immune responses, including 
neutralization antibody responses, following electroporation-enhanced delivery of the 
vaccine.  Immunization of mice lacking receptors for interferon (IFN)-α/β immunization 
with this DNA vaccine provided 100% protection against weight loss, death, and 
pathology in brain and testis tissue following ZIKV challenge. Additionally, vaccinated 
rhesus macaques were protected and failed to demonstrate any clinical signs of 
diseases subsequent viral challenge.  

This initial study in a pathogenic mouse and in NHP challenge model supports 
the importance of immune responses targeting prME in ZIKV infection and suggests 
that additional research on this vaccine approach may have relevance for ZIKV control 
in humans. This represents the first ZIKV vaccine approved for human trials.  

 
Learning objective: 

At the conclusion of this presentation, participants will be able to describe the 
efficacy of the synthetic DNA vaccine platform for ZIKA. 

 
 



Neuropathogenesis of mosquito-transmitted flaviviruses 
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Dengue (DENV), West Nile (WNV), yellow fever (YFV), Japanese encephalitis (JEV), 

and Zika (ZIKV) viruses are mosquito-transmitted flaviviruses that cause significant 

morbidity and mortality worldwide. Diseases in humans range from mild or sub-

clinical infections to lethal hemorrhagic fever or neuroinvasive disease, especially in 

elderly and immunosuppressed individuals. In addition, ZIKV exposure during 

pregnancy may cause abnormal brain development and fetal microcephaly. Disease 

severity and pathogenesis in humans depend on many factors, including pre-existing 

immunity, strain virulence, host genetics and virus-host interactions. Flaviviruses 

have broad cell and tissue tropisms, with some virus-specific preferences, and may 

persist for a long time in body tissues and fluids, which contributes to clinical 

manifestations. The mechanisms of neuropathogenesis have been highlighted by in 

vitro and in vivo studies in animal models of infection, especially for WNV and ZIKV. 

These viruses are both neuroinvasive and neurotropic. They are able to enter the 

CNS and propagate efficiently within neurons and myeloid cells. Mechanisms of 

neuroinvasion include binding to and penetration of endothelial cells, damage of the 

blood–brain barrier, transport to the CNS by infected immune cells, or direct axonal 

retrograde transport from infected peripheral neurons. While neurons are 

preferentially targeted by WNV, neural progenitor cells and glial cells are the main 

targets of ZIKV. In the animal model, ZIKV infection impairs neurogenesis, induces 

cell death and, consequently, microcephaly in newborns. Innate antiviral defences 

are essential for the control of flavivirus infection. These defences include the 

production of type I IFNs and pro-inflammatory cytokines, the expression of antiviral 

genes and the subsequent activation of the adaptive immune response. On the other 

hand, flaviviruses have evolved effective strategies to evade immune surveillance 

pathways and to antagonize the interferon response in human cells, which play a key 

role in viral pathogenesis. Recent advances in our understanding of the molecular 

mechanisms of flavivirus neuropathogenesis will be discussed in this lecture. 
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Smallpox vaccination with vaccinia virus (VACV) is associated with adverse 

reactions, ranging is severity from benign to lethal. One of the most serious 

adverse reactions is postvaccinal encephalitis. The aim of this study was to 

identify early markers of VACV induced encephalitis. For this purpose we 

infected mice intracranially with the Israeli and the US vaccine strains, VACV-

Lister and Wyeth. The neurovirulent strain VACV-WR was used as a positive 

control. 

In-vivo imaging demonstrated robust replication of the neurovirulent VACV-WR 

strain in the brain whereas the vaccine strains did not replicate in the brain and 

were rapidly cleared. This was further supported by virus counts in tissue 

homogenates. Histopathological analysis showed that following infection with 

VACV-WR, tissue damage in the brain spatially and temporally correlated with 

virus replication and apoptosis. None of the above markers were observed 

upon infection with the vaccine strains. 

Matrix metallopeptidase 9 (MMP-9) is involved in the breakdown of extracellular 

matrix in normal and in pathological processes. Experimental and clinical data 

correlate MMP-9 with alteration in BBB integrity and encephalitis. We found that 

in sera of Wyeth or VACV-Lister infected animals, MMP-9 levels did not change 

throughout the infection. However, following VACV-WR infection, MMP-9 levels 

were significantly higher than the controls, in conjunction with tissue disruption 

of BBB integrity. 

In conclusion, efficient virus replication in the brain and significant brain damage 

are associated with BBB brake-down and release of MMP-9 to the serum. This 

points towards MMP-9 as a possible candidate for non-invasive serological 

marker of VACV related encephalitis.  
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Zika virus (ZIKV) is a Flavivirus responsible for the recent Zika pandemic in the 

Americas. Women infected during pregnancy have prolonged viremia and 

increased risk of infecting their babies, which can result in devastating birth defects 

designated Congenital Zika Syndrome. Why American ZIKV strains disseminate 

to the human placenta during gestation is unknown. We reported that American 

and prototype African ZIKV infect numerous primary cell types from human 

placentas and fetal membranes, and viral envelope (E) and nonstructural protein 

3 (NS3) are expressed, and infectious progeny produced (Tabata, et al. Cell Host 

& Microbe, 2016). Here, we describe ZIKV replication in a functional model of first-

trimester, anchoring villus explants and compared American strains from 

Nicaragua with a highly-passaged, prototype Ugandan strain (MR766). Infection 

was observed in foci of mitotic cytotrophoblasts in columns of proliferating cells, 

invasive cytotrophoblasts, Hofbauer cells and villus sprouts. Cytotrophoblasts in 

anchoring villi infected with the American strains migrated from distal cell columns, 

invaded extracellular matrix and formed anchoring villi. In contrast, migration of 

prototype-infected cytotrophoblasts was limited and fragmentation occurred, 

suggesting cell death. Given that ZIKV infection varied among placentas, we 

considered host cell factors might suppress infection. Accordingly, we discovered 

uninfected villi secrete IL-6, a cytokine that contributes to a precipitous reduction 

of virus titers. Robust production of IFN-� in explants infected in the presence of 

conditioned medium from uninfected explants was observed, and NS3 protein was 

reduced in cytotrophoblasts. Our results indicate that cytotrophoblasts and 

Hofbauer cells could sustain persistent infection under conditions that limit antiviral 

responses and suggest strategies to reduce the viral load and transplacental 

transmission. 
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Environmental surveillance (ES) is an important tool for monitoring the presence of 

poliovirus in endemic and poliovirus free regions. ES can monitors large populations and 

detect the introduction of poliovirus even before the appearance of acute flaccid paralysis 

(AFP) cases. Early detection and timely response can prevent the onset of poliovirus 

associated AFP, as was demonstrated by the 2013 poliovirus outbreak in Israel. ES is 

currently limited to laboratories with equipment for poliovirus concentration and to regions 

where samples can be easily transported in environmentally controlled conditions to such 

facilities. We developed and evaluated an affinity purification, antibody covered magnetic 

beads based method for poliovirus concentration. This method requires only simple, 

inexpensive and portable equipment. Though tested only on Sabin 1 spiked sewage 

samples it showed better recovery results than our current PEG/NaCl- based 

concentration method. On site use of this method might help conduct ES in currently 

inaccessible remote regions by significantly reducing the volume of sample that needs to 

be transported under temperature controlled conditions. 

 



Pathogenesis and genetic of Human Polyomavirus JC: from laboratory to clinic 
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The human Polyomavirus JC (JCV) is well known for causing progressive multifocal 

leukoencephalopathy (PML), an often lethal disease of the brain resulting from lytic infection 

of glial cells in severely immunosuppressed patients. JCV is a small ubiquitous DNA virus 

with a circular enclosed double stranded DNA. The JCV coding region confers the genotype 

which is associated with the geographic origin of the patient. JCV transcription occurs on 

both strands of DNA. The early genes for the large T and small t antigens, responsible for 

viral transformation, gene regulation, and replication, are encoded counterclockwise. 

Conversely, the non-coding regulatory region (NCCR) and the late genes for agnoprotein 

and viral capsid proteins VP1, 2, and 3, are encoded clockwise. The coding region is well 

conserved and has not been convincingly associated with disease pathogenesis. However, 

the NCCR sequence is hypervariable and contains determinants for neurotropism and 

neurovirulence. After asymptomatic primary infection which occurs in childhood, the virus 

remains quiescent in kidneys, bone marrow, and lymphoid tissue. Indeed, JCV can be 

detected by PCR in the urine of healthy or immunosuppressed individuals. However, JCV is 

usually not found in the blood of immunocompetent people. JCV NCCR most often detected 

in the urine has a stable sequence that has been called “archetype”, as it is thought that it 

is the one from which all other forms have evolved. Conversely, JCV NCCR most often 

isolated from the cerebrospinal fluid (CSF) and brain tissues from PML patients have 

rearrangements, including duplications, tandem repeats, insertions and deletions and has 

been indicated as prototype or Mad-1-like type.  Therefore, these rearranged NCCR most 

likely arise in the setting of immunosuppression and are necessary for reactivation of JCV 

to result in PML. With the onset of the AIDS pandemic in the early 1980s, the number of 

PML patients with HIV-1/AIDS overwhelmed other predisposing conditions. Over the past 

few years, monoclonal antibodies have been associated with cases of PML in patients with 

autoimmune diseases, including multiple sclerosis, Crohn’s disease, psoriasis or lupus, 

which are not traditionally included among populations at risk for PML. 

The occurrence of PML in the context of these new therapeutic monoclonals, which affect 

certain aspects of leukocyte function, has provided new insights into how JCV reactivates 

to cause PML and the role of leukocytes. 



Multiple detection of zoonotic variegated squirrel bornavirus 1 RNA in different 
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A recently discovered novel putative zoonotic bornavirus, variegated squirrel 

bornavirus 1 (VSBV-1), caused fatal encephalitides in three squirrel breeders and a 

zookeeper. Viral RNA was detected in brain samples from the patients as well as in 

organ samples of a variegated squirrel (Sciurus variegatoides) kept by one of the 

breeders.  

More than 750 squirrels of 18 different species were screened (oral swab samples and 

in parts fecal pool samples) using the published VSBV-1 specific RT-qPCR. Blood 

samples were tested for the presence of anti-VSBV-1 antibodies by indirect 

immunofluorescence assay using VSBV-1 infected cell culture. Positive VSBV-1 RT-

qPCR screening results were confirmed by testing of the corresponding brain samples 

collected after euthanasia of the VSBV-1 positive animals and subsequent partial 

sequencing. 

In total, 28 VSBV-1 positive squirrels were identified, including squirrels of the 

subfamilies Sciurinae (1.5%) and Callosciurinae (8.5%). In all positive animals viral 

RNA was similarly found in both the swab and brain samples. Congruent with the 

molecular detection, all sera from RT-qPCR-positive squirrels were found positive for 

VSBV-1 specific antibodies. Phylogenetic analysis of the sequenced VSBV-1 strains 

from the individual animals revealed a holding-related clustering of sequences, 

independent from the squirrel species.  

In conclusion, the non-invasive sampling methods and the established workflow seems 

to be suitable for rapid screening of squirrels. The results show the presence of VSBV-

1 specific RNA and antibodies in squirrels of multiple species in several private 

holdings, but also in zoological gardens, representing a possible public health threat. 

Further studies will be necessary to characterize this novel zoonotic bornavirus and to 

evaluate its origin and host-specificity of VSBV-1. 



Regulatory T cells in measles virus CNS infections of the mouse 

Jürgen Schneider-Schaulies, Institute for Virology and Immunobiology, University of 

Würzburg, Germany. 

Viral infections of the brain mostly represent clinically important, often life-threatening 

complications of systemic viral infections. For example after acute measles, central 

nervous system (CNS) complications may occur early as acute post-infectious 

encephalitis, or after years of viral persistence as subacute sclerosing panencephalitis 

(SSPE). The primary MV infection of SSPE patients takes place predominantly below 

the age of two years, when the immune system of the host is still immature. We 

established a mouse model of a persistent viral CNS infection using two-week old mice 

and a recombinant neurotropic measles virus (MV). After intracerebral infection, these 

young mice overcome the acute infection and retain a persistent infection of neurons 

for at least 12 weeks. Using this infection model we investigated the role of regulatory 

CD4+ CD25+ Foxp3+ T (Treg) cells for the brain infection. We found that expansion of 

Treg cells during the persistent phase of infection led to an enhancement, and 

depletion of Treg cells to a reduction of the CNS infection. This demonstrated that the 

persistent viral CNS infection is under sustained immunological control controlled by 

Treg cells (Reuter et al., 2012, PLoS ONE 7(3): e33989). The sphingolipid metabolism 

and involved enzymes such as the neutral and acid sphingomyelinase (Nsm and Asm, 

respectively) influence viral infections and the immune response on multiple levels. In 

T lymphocytes, Nsm activity is triggered by ligation of the T cell receptor/CD3 complex, 

and Asm activity by CD28 ligation. In contrast to conventional T cells (Tconv cells), 

Treg cells strongly depend on CD28 ligation and interleukin-2 for proliferation, survival 

and maintenance of their suppressive activity. We found that in Asm-knockout (-ko; 

Smpd1-/-) mice the frequency of Treg cells among CD4+ T cells and their suppressive 

activity were increased. Consequently, we observed more infected neurons in the 

brains of Asm-ko as compared to wt mice in our Treg cell-sensitive MV-CNS-infection 

model. Importantly, not only genetic ablation, but also pharmacological inhibition of 

Asm in vitro and in vivo led to higher frequencies of Treg cells among CD4+ T cells 

(Hollmann et al., 2016, J Immunol. 197:3130-3141). Asm inhibitors may therefore be 

considered as potential immunomodulatory agents for the therapy of inflammatory and 

autoimmune disorders.  



Human antibody responses to Dengue/Zika virus infections 
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Influenza A virus replication kinetics and cell tropism in cells of the central 
nervous system 
 
Jurre Y. Siegers1, Lonneke M. Leijten1, Rémon A.M. Lavrijssen1, Marco W.G. van de 
Bildt1, Zhenyu Gao2, Zhanmin Lin2, Thijs Kuiken1, and Debby van Riel1 
 
1 Department of Viroscience, Erasmus MC Rotterdam, the Netherlands 
2 Department of Neuroscience, Erasmus MC Rotterdam, the Netherlands 
 

Background 

Central nervous system (CNS) disease is the most common extra-respiratory tract 

complication of influenza A virus infection. Remarkably, zoonotic and pandemic 

influenza viruses are more frequently associated with CNS disease than seasonal 

influenza viruses. Although the interaction between influenza viruses and cells of the 

respiratory tract is well studied, little is known about the interaction between influenza 

viruses and cells of the CNS. Therefore, we investigated the replication kinetics and 

cell tropism of seasonal, pandemic and zoonotic influenza A viruses in different cells 

of the CNS, in vitro and in vivo. 

 

Material & Methods 

Primary mouse neuronal cells, human neuroblastoma cells (SK-N-SH), human 

astrocytoma cells (U87-MG) and MDCK cells were infected with a seasonal H3N2 

virus, pandemic H1N1 virus, zoonotic H5N1 virus and neuro-adapted WSN H1N1 

virus. Replication kinetics were determined on the basis of infectious virus production 

and viral RNA production. Additionally, CNS tissues of H5N1 infected ferrets were 

analyzed for the distribution of virus antigen in various cell types. 

 

Results / Conclusions 

In general, H5N1 virus infected cells of the CNS more efficiently than seasonal H3N2 

virus, pandemic H1N1 virus and WSN H1N1 virus, based on percentage of infection 

and replication kinetics. In addition, in vivo analysis of H5N1 virus infected ferrets 

suggested that neurons are the primary target cell within the CNS. These findings 

suggest that there are large differences between influenza viruses in their potential to 

replicate in cells of the CNS, which might in part explain their ability to cause CNS 

disease. 



INTERIM MEASURE TO PREVENT ZIKA VIRUS INFECTION IN PREGNANCY 

ZIKV infection is of grave concern in pregnancy, especially in South America. The infection causes 

microcephaly and other fetal defects in pregnancy. 

There is no ZIKV vaccine available at present. 

ZIKV infection is generally benign, causing mild or no symptoms. . A single infection of ZIKV 

confers life‐long immunity .[1],[2],[3]. Since the first case reported in1952[4], no report of 

infection twice in a person. This protects future pregnancies. 

I suggest two methods of infecting a person with live ZIKV. 

Artificially induced ZIKV infection in healthy volunteer had not caused any untoward effect. Live 

ZIKV inoculated to healthy adult and cause the infection.[5]]. This model could be used in 

healthy premarital girls and cause the infection (after pregnancy test is negative) and avoid 

pregnancy for eight weeks after infection. 

Another suggestion: the transfusing of grouped and cross matched blood infected with ZIKV only 

(screened free of other infectious organisms)[5] to the premarital girl (as mentioned above) 

including U.P.T., post‐ infection pregnancy prophylaxis .[6] 

The newly infected girl is quarantined till declared free of the infection . 

Although ZIKV infection may result in Guillain Barres syndrome :this is remote: the chance is 

24/100000.Maternal ZIKV infection may affect 20% of more of pregnancies .[7] 

There is a small risk of GBS to mother but high risk to fetus avoided. The GBS risk in ZIKV 

infection is much less compared to that caused by ‘common flu’! 

The above two procedures may be cost intensive but may be cheaper than common procedures 

like MRI or one month treatment of AIDS ! 

I thank Professor Jesse L. Goodman(Georgetown University) for valuable guidance and advice. 

I thank all authors who permit me to cite and FAIR USE OF THEIR ARTICLES. 

Dr. Subramaniam S.R.M., Malaysia 
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Letter to the Governments 

A number of Governments (especially of Catholic dominated South American 
countries) advise their citizens to delay getting babies because of the outbreak of 
Zika virus infection.[1] 
The Christians (especially the Catholics) believe that contraception and abortion 
are prohibited.[2] Delay in pregnancies in married couples(man and woman) 
cannot be achieved without contraception or abortion! 
The very Institutions of Family and Religion are shattered by Zika virus infection of 
pregnancy. 
I suggested in an on line article titled 'INTERIM MEASURE TO PREVENT ZIKA 
VIRUS INFECTION IN PREGNANCY' in the AAAS on July 29th. 2016 that zikav 
infection could be induced in young girls and cause lifetime immunity. The infeçtion 
is benign,only adverse effect reported till 2016 by WHO was GBS.[3]. It is reported 
that GBS with proper management is benign.[4]][5]. 
The above method of 'immunization' may reduce contraception and abortion. 
I believe the above humble suggestion of mine probably solves all these till a 
vaccine for Zika virus infection is ready. I request the PAHO and PAHOERC to 
approve the above method of Zika prevention in pregnancy and implement it. 
I also presented a similar article as a POSTER at the Zika Target Conference at 
Washington D.C. from Feb.22 2017 to Feb.25 2017. 
I thank all the authors, the AAAS Journal and Organizers of the Zika Target 
Conference 2017 for permitting me for THE FAIR USE OF THEIR ARTICLES. 
 
Dr.Subramaniam Ramasamy Chettiar, 
April 14, 2017. 
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Structural basis of Zika virus helicase in recognizing its substrates 
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Wang, Huiqiang Lou, Haitao Yang&, Zihe Rao 
yangxyun@tju.edu.cn 

 

Zika virus (ZIKV) is an arthropod-borne flavivirus, which causes microcephaly 

in newborn infants and Guillan–Barré syndrome. No specific vaccines or drugs 

are currently available to treat ZIKV infection. NS3 is one of the non-structural 

proteins in ZIKV, with a protease domain at its N-terminus and a helicase 

domain at the C-terminus. The helicase domain contains nucleoside 

triphosphatase activity, RNA-dependent 5’-triphosphatase activity and unwinds 

double-stranded RNA, playing a critical role in viral replication. Given its 

essential role in genome replication, ZIKV helicase could be an attractive 

target for drug development against ZIKV. 

We have determined the crystal structures of apo-form ZIKV helicase and 

its complexes, ZIKV helicase-ATP-Mn2+ and ZIKV helicase-RNA. This is the 

first structure of any flavivirus helicase bound to ATP. Comparisons with related 

flavivirus helicases have shown that these helicases adopt a similar mode to 

recognize ATP/Mn2+. The structure of ZIKV helicase-RNA has revealed that 

upon RNA binding, rotations of the motor domains can cause significant 

conformational changes. Strikingly, although ZIKV and dengue virus (DENV) 

apo-helicases share conserved residues for RNA binding, their different 

manners of motor domain rotations result in distinct individual modes for RNA 

recognition. It suggests that flavivirus helicases could have evolved a 

conserved engine to convert chemical energy from nucleoside triphosphate to 

mechanical energy for RNA unwinding, but different motor domain rotations 

result in variable RNA recognition modes to adapt to individual viral replication. 

Our structures presented here can help deepen our understanding of this 

process and provide structural basis for rational drug design.  

 



Interaction of rabies virus polymerase with cellular factors and exploration of 
the functional consequences 
 
Mohamed Ben Mechlia, Clément Jousselin and Noël Tordo 
 
Antiviral Strategy Unit, Institut Pasteur, 25 rue du Docteur Roux, 75724, Paris – Cedex 
15, France, ntordo@pasteur.fr  
Institut Pasteur de Guinée, Gamal Abdel Nasser University, Conakry, Guinea 
 
Despite potent vaccines exist, rabies remains responsible for 60,000 deaths per year. 
The disease occurs because no vaccine is given (availability, cost) or with an 
excessive delay post infection. However, the long incubation period before symptoms 
(2 months in average) offers a window for developing antiviral strategies. The large (L) 
polymerase or rabies virus (RABLV) is a multifunctional protein involved in 
transcription, replication, polyadenylation and capping of the viral genome. Because of 
its central role in the viral cycle, it is a very attractive target to identify cell partners and 
potentially elaborate strategies for therapy.  
 
A two-hybrid screening of a human cDNA library has identified several cell partners to 
the RABV L protein. We have focused our attention on the Staufen 1 protein. Staufen 
was first described in drosophila. It plays a crucial role during embryogenesis by 
binding mRNAs targeted toward subcellular compartments. In human, Staufen has two 
isoforms : hStaufen 1 ubiquitous and hSaufen 2 restricted to the nervous system. 
Staufen has been demonstrated to play a role in the encapsidation and production of 
viral particles for HIV and Influenza virus. 
 
A precise cartography of the interacting domains of Staufen and RABV L protein has 
been performed. In vitro co-localisation and video microscopy experiments showed 
that Staufen 1 dynamically interacts with different components of Negri bodies 
(polymerase L, ribonucleocapsid RNP). The decrease of intracellular Staufen using 
specific shRNAs transduced by lentiviruses has no effect on the formation of Negri 
bodies but has an impact in later stages of the viral cycle, during maturation and routing 
of RNPs to the cytoplasmic membrane. This results in an intracellular retention of viral 
proteins vand a decrease in infectious potential of the released particles. 
 



Experimental infection of rhesus macaques with Zika virus 
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5 Department of Immunology, Erasmus MC, University Medical Center, 
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6 Department of Clinical Sciences of Companion Animals, Faculty of Veterinary 

Medicine, Utrecht, The Netherlands  
7 Department of Molecular Medicine, University of Padova, Padova, Italy 
 
 
The clinical spectrum of Zika virus (ZIKV) infection is very heterogeneous. In 

adults it varies from mild disease symptoms to severe neurological disorders, 

like the Guillain-Barré syndrome. Infection during pregnancy leads to an 

increased risk of congenital malformations in babies. Animal studies are 

needed to understand the aspects of ZIKV transmission, to study 

(neuro)pathogenesis, and for the evaluation of drug/vaccine candidates. 

Studies in pregnant non-human primates have already shown that experimental 

infection with ZIKV can lead to underdeveloped brains in the fetus, but so far, 

no indisputable evidence is available that ZIKV is indeed the causative agent 

for the neurological disorders observed in adults.  

We will present data from our experimental ZIKV infection in six adult rhesus 

macaques. The animals were intradermally infected with the ZIKV PD1 strain, 

a strain isolated from a woman who traveled to the Dominican Republic in 

January 2016, and developed ZIKV-related clinical symptoms upon return to 

Italy. 

 

During post-exposure follow up, the animals were monitored for a wide range 

of virological and immunological parameters. All animals were productively 

infected with ZIKV as demonstrated by the presence of viral RNA in blood, 

urine, saliva, and also eye fluid. Quantitative real-time PCR analysis of post 



mortem tissue samples showed wide dissemination of the virus. In addition to 

the gastrointestinal tract, the primary and secondary lymphoid tissues, and 

tissues from endocrine and exocrine system, viral RNA was also detected in 

the peripheral and central nervous system, as well as in skeletal muscle tissue.  

As ZIKV infections have been associated with Guillain-Barré syndrome and 

other neurologic disorders the latter findings are of particular interest. In order 

to investigate if ZIKV infection may be associated with subclinical 

neuropathology in macaques, we performed nerve conduction studies, and 

looked for the presence of anti-glycolipid antibodies and other hallmarks of 

neuropathology after experimental ZIKV infection in rhesus macaques.  



Host glucosylceramide levels modulate the virulence of viral infections of the 
CNS 
 
Einat B. Vitner, Tomer Israely, Nir Paran, Anthony H. Futerman, Sharon Melamed 
Department of Infectious diseases, Israel Institute for Biological Research, Ness-
Ziona 7410001, Israel 
 
Virus-induced diseases of the central nervous system (CNS) represent a significant 

burden to human health worldwide. In many cases, the severity of symptoms caused 

by the same virus can range widely between hosts, from subclinical to neuroinvasive 

forms of disease. This suggests that additional, host-related factors, are involved in 

disease progression. Delineating these host factors may open new avenues for 

therapeutic intervention. 

Glycosphingolipids are major membrane lipid constituents and are particularly 

enriched in the CNS. Glucosylceramide (GlcCer) is the backbone of more than 300 

structurally different glycosphingolipids. GlcCer accumulation due to genetic 

mutation in the glucocerebrosidase gene (GBA1) lead to Gaucher disease (GD). Like 

viral infections, GD can manifest itself with a broad spectrum of clinical phenotypes, 

ranging from acute neuropathology with neonatal lethality to asymptomatic 

octogenarians.  

In this study, we delineate the role of GlcCer accumulation in the pathogenesis of 

viral infections of the CNS. We show that mice with moderately excessive 

accumulation of GlcCer demonstrate higher susceptibility to Sindbis virus (SINV) 

infection.  Surprisingly, as GlcCer accumulation is further increased, the opposite 

effect is observed and mice become more resistant to SINV. An unbiased microarray 

analysis of brains of acute Gaucher disease mice revealed an induction of the type I 

interferon response.  This data suggests a mechanism through which different levels 

of GlcCer accumulation could modulate viral virulence. Whether asymptomatic 

carriers of mutations in GBA1 might be more prone to develop CNS pathology in 

response to viral infection needs to be further evaluated.  



Impact of placental immune responses on congenital HCMV and Zika 
virus transmission and pathogenesis 
 
Dana Wolf 

Clinical Virology Unit, Hadassah University Hospital, Jerusalem, Israel 
dana.wolf@ekmd.huji.ac.il 
 

 

In view of the severe outcome associated with congenital HCMV infection, 
there is an urging need to better understand the innate mechanisms acting to 
limit trans-placental viral transmission. The placenta, given its critical function 
in protecting the developing fetus, has evolved effective, yet largely 
uncharacterized, innate immune barriers against invading pathogens. Recent 
studies, further facilitated by the Zika virus (ZIKV) epidemic, have begun to 
uncover the importance of these local-placental innate immune responses in 
the defense against congenital infections. To gain a global insight into these 
earliest events of viral-tissue interplay within the authentic environment of the 
maternal-fetal interface, we have employed ex vivo HCMV infection and 
genome-wide transcriptome analysis in maternal-decidual (the maternal 
aspect of the placenta) and chorionic villi (the fetal aspect of the placenta) 
tissues, maintained as integral 3D organ cultures. We further compared the 
innate tissue-response patterns following parallel infections with HCMV and 
ZIKV, and explored their impact on viral transmission and damage in the 
maternal-fetal interface. These studies in authentic human tissues provide a 
novel insight into the front-line placental innate responses which could 
mediate the outcome of congenital infection. 



Generation of human peripheral neurons to study varicella zoster virus 
latency, reactivation and induction of pain 
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Varicella zoster virus (VZV) is a highly prevalent human pathogen that 

establishes latency in peripheral neurons. Primary infection causes varicella 

and reactivation zoster, which may be followed by post-herpetic neuralgia, the 

second most common type of neuropathic pain worldwide. The virus and host 

factors responsible for VZV latency and reactivation and the molecular 

mechanisms underlying VZV-induced pain are not well characterized. This is 

partially due to the human specificity of VZV that precludes the use of most 

cells of animal origin to study these processes.  

We have derived human neurons from small-molecule-induced neural 

progenitor cells obtained from inducible pluripotent stem cells to study VZV 

latency and reactivation and the molecular mechanisms of VZV-induced pain. 

The mature (>60 days of differentiation) neurons are post-mitotic, express 

markers of peripheral neurons and are functionally active. They form 

ganglion-like structures and extend very long and dense neuronal processes. 

VZV infects the neurons with slower kinetics than epithelial cells and without 

producing cell-free virus. VZV infection induces global transcriptional changes 

as shown by RNA-Seq and qRT-PCR. We have developed a VZV latency 

model and are currently determining the effect of VZV reactivation on neuronal 

gene expression and activity. The possible effect of these changes on 

VZV-induced pathogenesis and neuronal activity will be discussed. 
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