
   

1/253 

I1 - Interactive session 1: 'Fake Virology and Vaccines' 

 
Invited speaker 
 
IA01 
 
Fake Virology and Vaccines; a scientist perspective 

A. Garcia-Sastre 
Emerging Pathogens Institute. Icahn School of Medicine at Mount Sinai, NEW YORK, NY, United States of America 
 
 
Despite vaccine recommendations, influenza virus vaccination rates remain low. Among other vaccines, current 
influenza virus vaccines are unique in their schedule of use, requiring yearly immunizations. This further difficulties 
vaccine recommendation compliance by all individuals, including those considered at high risk of severe influenza 
disease, as well as hospital personnel. Nevertheless, even considering the lower efficacy observed in some years, 
influenza virus vaccines remain the best tools to reduce yearly hospitalizations caused by influenza virus infection. 
The development of improved influenza virus vaccines with increased efficacy, breadth and duration of protection 
might be possible, but this will still take some time. In the short term, increase in vaccination rates is the fastest 
solution to make a major impact in public heath by diminishing the burden of influenza. 
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Fake Virology and Vaccines; a marketing perspective 

D. Remarque 
, Nederland 
 
 
Today many parents are alarmed by a small, yet very active and vocal group of people who falsely claim that 
vaccines are harmful. In The Netherlands, especially the HPV-vaccine is suffering with only 45% of the Dutch girls 
getting their anti-HPV shot. Media involuntarily help to spread this anti-vaccine sentiment by putting the spotlight on 
this small group, rather than on the large silent majority. Debunking the anti-vaccine story with scientific arguments 
and facts doesn’t work, as concrete, relatable, emotional stories about autism and fatigue syndrome impress people 
more than cold, rational numbers. 
It is important to understand that all parents, whether they doubt vaccines or not, share the same motivation: they 
wish to protect their children from risks. Since all they hear today is about the risks of the vaccine, it is 
understandable that they are worried about the vaccine, not the disease. They have no idea what HPV is or does, 
and they don’t know anyone suffering from HPV. Reframing the HPV vaccine as an anti-cancer vaccin could already 
be a first step in making the public focus on the risks of the disease, rather than the vaccine. Concrete, relatable 
stories from patients who suffer from HPV-related cervical cancer could be a second motivator, and there are many 
more behavioural mechanisms that can be used to increase vaccinations. 
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Chronic infection with Hepatitis C Virus (HCV) is a leading cause of morbidity and mortality with a recent estimate of 
70 million infected persons in the world. In Europe HCV is mainly seen among (former) injecting drug users, HIV-
positive Men who have sex with men (MSM) and migrants coming from high prevalence countries like Egypt and 
certain African countries. In these countries HCV was transmitted through mass treatment campaigns for endemic 
diseases with unsterilized needles and syringes in the fifties and the sixties of the 20th century, the prevalence being 
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highest among those >45 years. The recent availability of highly efficacious Direct Acting Antivirals (DAAs) has led to 
a strategy of elimination of hepatitis C worldwide. For this strategy major challenges have to be overcome in high but 
especially in low and middle income countries. In most of these countries - Egypt being the exception - only a tiny 
minority of HCV infected persons know whether they are infected. Health costs are usually paid out of pocket and 
out of reach for most although (generic) DAAs are now available for a strongly reduced price, affordable reliable 
diagnostics being another major issue. The prospect of worldwide HCV elimination will be discussed using 
Cameroon - 24 million inhabitants, 200 000 HCV infected persons - as an example of the challenges in a low middle 
income African country. 
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European Virus Archive goes Global (EVAg) 

 Prat 
European Virus Archive goes Global (EVAg), France 
 
 
The European Virus Archive goes GlobalOriginally funded in 2009, the European Virus Archive goes Global 

(EVAg) is a non-profitinfrastructure project financed by the European Commission, working as a consortium of 26 
laboratories (16 European, and 10 non-european) and 12 associated partners. 
Our missions are: 
To collect, amplify, characterize, standardize and authenticate viruses to develop and maintain the largest active 
globally accessible virus archive 
To facilitate easy access to viruses and critical derived products and services for the benefit of science, 

medicine, industry and public health 
EVAg collection of viruses, derived materials and services operates through a virtual infrastructure based on a 
website and a web-based catalogue. To ensure the best quality, we have defined and established a set of of best 

practice quality guidelines adopted by the consortium partner collections to guarantee the supply of authenticated 
and quality-controlled resources to users and harmonised service levels across the consortium 
What have we done so far ? 

More than 2500 products on the catalogue. 
More than 2000 products distributed to 500 teams in 66 countries. 
More than 100 peer-reviewed publications have acknowledged EVA. 
Active actor, under the WHO umbrella, during some of the latest virus outbreaks: MERS-CoV, Ebola, Zika 
Today among the largest active virtual virus collection worldwide 
Join our talk and learn more about open access to the European Virus Archive infrastructure http://www.european-

virus-archive.com/ 
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Euro-BioImaging 

 Leitner 
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Euro-BioImagingA picture is worth a thousand words.” Scientists, maybe more than anyone, appreciate the value of 

this phrase. We can often only understand what we can observe therefore precision imaging is at the heart of 
uncovering the fundamentals of life. This is the central idea on which Euro-BioImaging (EuBI) is built: to break down 
the barriers associated with biological and medical imaging in order to facilitate innovative and world-class research. 
So whatever the scale of your biological or biomedical imaging, EuBI will give you the support to explore and answer 
your research questions. EuBI offers open access services in three major categories: Access to cutting-edge 
imaging technologies, expert training and support as well as image processing and storage. 
Join our talk and learn more about open access to the pan-European research infrastructure Euro-BioImaging 
(www.eurobioimaging.eu). 
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Instruct-ERICInstruct-ERIC is a European Research Infrastructure in Structural Biology comprising twelve European 

member countries, and is a Landmark on the European Strategy Forum for Research Infrastructures (ESFRI) 
Roadmap. Structural Biology has an important part to play in Virology research, where techniques such as Cryo-EM 
and NMR have elucidated recently key protein structures, unlocking the mechanisms of virulence. Instruct-ERIC 
provides Open Access to high end structural biology techniques across Europe. Our online catalogue gives more 
information about services offered and how to submit a proposal for a research visit https://instruct-eric/platform-
catalogue, with funded access available to researchers from all member countries. Instruct-ERIC also offer a full set 
of workshops in emerging technologies, along with internships and R&D funding for technology development. 
Dr Thomas Bowden will give a brief scientific report of how structural biology relates to virology, and Naomi Gray will 
explain how to access Instruct-ERIC services. For more information contact naomi@instruct-eric.eu 
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Newly discovered antiviral pathways control RNA virus replication and drive virus evolution 
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In the DNA of most organisms TpA (UpA in RNA) dinucleotides are under-represented. Vertebrate and plant 
genomes additionally show strong suppression of CpG dinucleotides. Methylation of the cytosine makes the DNA 
more prone to mutation, selectively removing CpG dinucleotides from plant and vertebrate genomes. Most RNA 
viruses mimic host mRNA composition. Many mammalian RNA viruses show attenuated replication when CpG/UpA 
dinucleotide frequencies are artificially increased. We aim to elucidate antiviral pathways that can recognise viral 
RNA with high CpG/UpA dinucleotide frequencies and investigate how these pathways may have affected virus 
evolution. 
Using echovirus 7 (E7, Picornaviridae, Enterovirus) as a model vertebrate RNA virus we show that viral RNA 
replication is inhibited when CpG/UpA dinucleotides are increased. This occurs independent of whether these 
nucleotides are in coding or non-coding viral RNA. Importantly, by CRISPR-mediated knockout of various innate 
pathways we found that restriction of high CpG/UpA E7 mutants is mediated by zinc-finger antiviral protein (ZAP). 
ZAP-antiviral activity was dependent on phosphorylation by kinase GSK3β, and restriction of high CpG/UpA virus 
mutants was partly reversed by phosphorylation inhibitors. 
In contrast to vertebrates, invertebrates and their viruses do not suppress CpG dinucleotides. The genus Flavivirus 
contains both vertebrate-infecting viruses and closely related insect-specific flaviviruses (ISFs) and as expected, ISF 
genomes contain higher frequencies of CpG dinucleotides compared to vertebrate flaviviruses. To investigate 
whether ZAP is a critical determinant of flavivirus host range we infected vertebrate cells with ISFs. Only in 
vertebrate ZAP knockout cells at 34 degrees Celsius we were able to detect both flavivirus polyprotein expression 
and dsRNA replication intermediates. These results show that phosphorylated ZAP can attenuate RNA viruses high 
in CpG and UpA dinucleotides in vertebrates and suggest that ZAP has directed viral RNA composition and acts as 
an important barrier in vertebrate cells to prevent replication of ISFs.  
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Immunometabolic regulation of the interferon antiviral response during Dengue virus infection of dendritic 
cells 

J Hiscott
1
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1
Istituto Pasteur Italia, ROME, Italy 

2
Aarhus University, AARHUS, Denmark 

 
 
Dengue virus (DENV), the leading arthropod-borne viral infection in the world, infects more than 300 million people 
worldwide, leading to 50,000 deaths annually. Markers associated with oxidative stress have been identified in 
patients with severe DENV infection, suggesting a relationship between oxidative stress and viral pathogenesis. 
Using genetic, biochemical and pharmacologic approaches, we demonstrated that the antioxidant gene network 
induced by Nrf2 transcription factor limited antiviral and cell death responses to DENV infection in primary human 
monocyte-derived dendritic cells (Mo-DC). Recent studies have further demonstrated that Nrf2, activated by the 
chemical sulforaphane (SFN) or by the Krebs cycle metabolite itaconate, dampened the release of pro-inflammatory 
cytokines, type I IFNs and IFN-stimulated genes, including the cGAS-STING, in response to DENV infection. 
Silencing of Nrf2 by RNA interference or CRISPR/Cas knockout increased both DENV infection and the associated 
antiviral and inflammatory responses. As a viral evasion strategy, de novo DENV infection in turn targeted Nrf2 for 
proteasome-mediated degradation, and also down-regulated metabolic pathways involved in NADPH and 
glutathione synthesis, resulting in further accumulation of ROS and oxidative stress. Metabolic re-programming of 
the antioxidant response during DENV infection potentially establishes metabolic conditions for ROS accumulation 
and oxidative stress that aggravates DENV pathogenesis. Collectively, these data identify that Nrf2 and the anti-
oxidant gene network as important regulators of the innate antiviral and inflammatory response, and as a target for 
DENV-mediated metabolic re-programming of the host response to infection. 
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Antibody and DNA sensing pathways converge to activate the inflammasome during adenovirus infection of 
primary human macrophages 

L I Labzin, M Bottermann, M Vaysburd, D Clift, LC James 
MRC Laboratory of Molecular Biology, CAMBRIDGE, United Kingdom 
 
 
How the innate immune system detects viruses determines the subsequent pro-inflammatory and anti-viral immune 
response. In many cases, virally derived DNA or RNA is sensed during cellular replication, driving interferon 
production and in some cells, inflammasome activation. However, some pathogens have evolved to evade these 
sensing mechanisms. An emerging paradigm in innate immune sensing pathways is the recognition of mis-localised 
host molecules as a danger signal and sign of infection. TRIM21 is a high-affinity intracellular antibody receptor that 
detects antibody-coated pathogens invading the cell cytosol. Here we have investigated how antibodies allow 
detection of Adenovirus infection in primary human macrophages. Using cellular, genetic and pharmacological 
approaches, we demonstrate that antibody opsonization of virions can induce lysosomal damage, activating NLRP3 
to drive inflammasome formation and IL-1β release. Importantly, this mechanism enhances virion capture but not 
infection and is accompanied by pyroptotic cell death, denying the opportunity for viral replication. Unexpectedly, we 
also find that antibody-coated viruses, which successfully escape into the cytosol without causing lysosomal 
damage, trigger a second system of inflammasome activation. These viruses are intercepted by the cytosolic 
antibody receptor TRIM21 and the DNA sensor cGAS. Together, these sensors stimulate NLRP3 inflammasome 
formation and NFκB activation, driving dose-dependent IL-1b and TNF secretion, without inducing cell death. Our 
data highlight the importance of cooperativity between multiple sensing networks to expose viruses to the 
inflammasome pathway and prevent macrophages from being subverted for viral dissemination. 
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MERS-CoV 4b protein interferes with the NF-?B-dependent innate immune response during infection 
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Middle East respiratory syndrome coronavirus (MERS-CoV) is a novel human coronavirus that emerged in 2012 and 
is still active in the Middle East, causing severe pneumonia and acute respiratory distress syndrome (ARDS), with a 
case fatality rate of ~36%. CoV accessory proteins are not essential for replication in cell culture, although they have 
been involved in virus pathogenicity in vivo. When these proteins are expressed in isolation, they interfere with innate 
antiviral signaling pathways. However, there is limited information on the specific contribution of MERS-CoV 
accessory protein 4b to the repression of the innate antiviral response in the context of infection. We found that 
MERS-CoV 4b was required to prevent a robust NF-κB-dependent response during infection. In wild-type virus 
infected cells, 4b localized to the nucleus, while NF-κB was retained in the cytoplasm. In contrast, in the absence of 
4b or in the presence of cytoplasmic 4b proteins mutated in its nuclear localization signal (NLS), NF-κB was 
translocated to the nucleus leading to a significant high expression of pro-inflammatory cytokines, as compared to 
the wild-type infection. This indicates that NF-κB repression required the nuclear import of 4b mediated by a specific 
NLS. Interestingly, we also found that 4b interacted with α-karyopherin proteins in an NLS-dependent manner. In 
particular, 4b had a strong preference for binding karyopherin-α4 (KPNA4), which is known to translocate the NF-κB 
protein complex into the nucleus. Binding of 4b to KPNA4 during infection inhibited its interaction with NF-κB-p65 
subunit, thus preventing NF-κB nuclear import. As a consequence of 4b nuclear translocation, KPNA4 protein was 
also retained in the nucleus. Thereby we propose a model where 4b outcompetes NF-κB for KPNA4 binding and 
translocation into the nucleus as a mechanism of interference with the NF-κB-mediated innate immune response. 
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Bombali ebolavirus is widespread in Africa: evidence from an infected Mops condylurus bat in south-east 
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The virus family Filoviridae is divided into three genera, Cuevavirus, Marburgvirus and Ebolavirus. Six distinct 
ebolaviruses have been described to date, with four currently known to be able to cause human disease. Although 
the natural reservoirs of ebolaviruses remain unconfirmed, considerable evidence supports a role for bat species, 
particularly fruit bats, analogous to findings implicating Rousettus aegypticus fruit bats as a reservoir for Marburg 
filovirus. 
As part of an on-going virus-screening project in the Taita Hills area of rural Kenya, bats were captured and sampled 
in February 2016 and May 2018. RNA from bat tissue samples was extracted with TriPure and screened first by a 
pan-filovirus RT-qPCR, and later by a Bombali ebolavirus (BOMV) –specific RT-qPCR. Bat blood samples were 
tested by serology to detect antibodies against filoviruses. Serum samples from febrile patients were tested for the 
presence of BOMV RNA or filovirus antibodies. 
BOMV was identified in organs and excreta of an Angolan free-tailed bat. Complete genome analysis revealed 98% 
nucleotide sequence similarity to the prototype virus from Sierra Leone. No ebolavirus-specific RNA or antibodies 
were detected from febrile humans in the area.  
Our results markedly expand the distributional range of this new ebolavirus to eastern Africa and confirm M. 
condylurus as a competent host. Like the authors of the paper reporting BOMV in Sierra Leone, we stress that the 
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virus is not known to infect people – a premise supported by our screening of febrile patients in the Taita Hills - and 
that potential efforts to eradicate bats are unwarranted and may jeopardise their crucial ecosystem roles and human 
health. 
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Serological evidence for the circulation of ebolaviruses in swine in Guinea 

C Troupin
1
, K Fischer

2
, A. Camara

1
, J Jabaty

3
, R Suluku

4
, S K Fehling

5
, T Strecker

5
, M H Groschup

2
, N Tordo

1
, S 

Diederich
2
 

1
Institut Pasteur de Guinée, CONAKRY, Guinea 

2
Friedrich-Loeffler-Institut, Institute of Novel and Emerging Infectious Diseases, GREIFSWALD - INSEL RIEMS, 

Germany 
3
Sierra Leone Agricultural Research Institute, Teko Livestock Research Centre, MAKENI, Sierra Leone 

4
Njala University, Serology and Molecular Laboratory, BO, Sierra Leone 

5
Institute of Virology, Philipps University of Marburg, MARBURG, Germany 

 
 
Infections with ebolaviruses have resulted in numerous outbreaks of severe hemorrhagic fever in humans and other 
primates. There is molecular and serological evidence for a zoonotic origin of ebolaviruses in wildlife. Concerning 
livestock, pigs were identified as a susceptible host for Reston virus (RESTV; species Reston ebolavirus), with 
reported transmission to humans in the Philippines. Under experimental conditions, pigs were also shown to be 
susceptible to Ebola virus (EBOV) infection. 
To investigate a potential role of pigs in the biology of EBOV, porcine serum samples were collected in Guinea from 
2017 to 2018. Areas that were heavily affected by the recent EBOV epidemic were especially targeted, including 
communities having contact with wildlife. 
308 porcine sera sampled in 2017 were initially screened for the presence of EBOV-specific antibodies in an indirect 
ELISA based on the EBOV nucleoprotein (NP) (Mayinga isolate) and 19 were found positive (6.2%). Reactive sera 
were further tested for cross-reactivity in Western Blot against NP of several ebolaviruses: 12, 4 and 13 of them 
reacted with EBOV, Sudan virus (SUDV), and RESTV NP, respectively. 3 samples additionally detected EBOV or 
SUDV glycoprotein (GP) in an indirect immunofluorescence assay under native conditions. Furthermore, a virus 
neutralization assay based on EBOV (Mayinga isolate) revealed 5 weakly neutralizing sera with mean titers between 
1:8 and 1:16. 
As recently published for Sierra Leonian samples (Fischer et al., J. Infect. Dis, 2018), our results confirm the 

circulation of ebolaviruses in swine in West Africa that are antigenically related but not identical to EBOV. Their 
pathogenicity as well as zoonotic potential remain to be explored. 
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Novel zoonotic viruses continue to emerge and pose a threat to humans. The henipaviruses, including Nipah virus 
(NiV) and Hendra virus (HeV), are zoonotic bat paramyxoviruses classified as BSL-4 agents that cause highly lethal 
disease in humans and are marked by the WHO as emerging pathogens likely to cause major 
epidemics.Interestingly, some humans exposed to these highly pathogenic viruses are protected from severe 
disease. We hypothesize that this is explained by paramyxovirus-specific cross-reactive T-cells induced by endemic 
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paramyxoviruses. Humans are continuously exposed to paramyxoviruses, either by vaccination (measles virus [MV] 
and mumps virus) or by natural infection (parainfluenza viruses [PIV]). In most cases paramyxovirus infections are 
self-limiting and lead to induction of virus-specific T-cells that are crucial for clearance of an active viral infection.  
Here, we identified and characterized broadly-reactive paramyxovirus-specific T-cells, using peptides, tetramers and 
urea-based T-cell avidity assays. By performing in vitroclearance assays we determined whether these T-cells were 
capable of killing paramyxovirus-infected cells. 
We identified a T-cell epitope in the highly conserved fusion peptide of the fusion protein. The epitope proved to be 
conserved in endemic paramyxoviruses as well as in the zoonotic henipaviruses. Closely related epitopes were 
recognized by multiple HLA-DQB1*0603-restricted CD4

+
and HLA-B*1501-restricted CD8

+
T-cell clones at different 

avidities. Interestingly, some T-cell clones were identified as either MV- of PIV-specific, but all were cross-reactive 
with the henipaviruses.Furthermore, we show that these clones were capable of killing cells infected with different 
paramyxoviruses, including the highly pathogenic NiV. 
Our data suggest that, based on HLA haplotype and history of endemic paramyxovirus infection or vaccination, 
humans may have cross-reactive T-lymphocytes that could provide protection against zoonotic NiV and HeV 
infections. 
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MHC class II proteins mediate cross-species entry of bat influenza viruses 
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In 2012 and 2013 two novel influenza A viruses were discovered in South American bat species. Remarkably, the 
hemagglutinin of these bat influenza viruses was found not to bind the canonical influenza virus receptor, sialic acid, 
or any other glycan, despite high sequence and structural homology with conventional influenza A virus 
hemagglutinins. Using transcriptomic profiling of susceptible versus non-susceptible cells, in combination with 
genome-wide CRISPR/Cas9-based screening, we identified the MHC-II complex HLA-DR as crucial entry factor for 
bat influenza viruses. CRISPR/Cas9-mediated knockout of HLA-DR rendered susceptible cells completely resistant 
to bat influenza but not conventional influenza virus infection, whereas ectopic expression of HLA-DR in non-
susceptible cells conferred susceptibility to bat influenza virus infection. Expression of MHC-II complexes from three 
different bat species, nice, pigs or chickens also conferred susceptibility. Notably, infection of mice with bat influenza 
virus resulted in robust virus replication in the upper respiratory tract, whereas mice deficient for MHC-II were 
resistant to infection. Collectively, our data identify MHC-II from multiple species as crucial entry determinant for bat 
influenza virus, suggesting the potential for broad vertebrate tropism. 
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Susceptibility of human and camelid airway epithelium to coronaviruses 
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The Middle East Respiratory Syndrome Coronavirus (MERS-CoV) is a zoonotic virus that is transmitted from 
dromedary camels to humans. A close genetic relation to bat coronaviruses suggests that MERS-CoV may actually 
originate from MERS-like bat coronaviruses. Interestingly, the human coronavirus 229E (HCoV-229E) appears to 
have a similar history of cross-species transmission, since close relatives were detected in bats as well as in camelid 
species, including dromedary camels.  
As a first step to identify viral and host factors involved in coronavirus cross-species transmission and host 
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adaptation we characterized the viral replication kinetics of MERS-CoV, HCoV-229E and camel 229E-like viruses in 
human and llama camel airway epithelial cell (AEC) cultures. For MERS-CoV we observed robust replication kinetics 
in both the human and llama AEC cultures. In contrast, HCoV-229E only replicated efficiently in human AEC 
cultures, whereas replication of the genetically related 229E-like camel coronavirus was restricted to llama AEC 
cultures. In addition to the replication kinetics, we assessed the cell tropism of MERS-CoV, HCoV-229E and camel 
229E-like viruses via microscopic immunofluorescence analysis over time. Interestingly, both the camel 229E-like 
virus and MERS-CoV display a predominant affinity for ciliated cells in the llama AEC cultures, whereas in human 
AEC cultures MERS-CoV predominantly infects non-ciliated cells similar to HCoV-229E. 
These results indicate that there are species-specific differences in the cell tropism and permissiveness for HCoV-
229E and the camel 229E-like virus that limit cross-species transmission, whereas for MERS-CoV this is not the 
case. Further studies on the identification of viral and host factors involved in cross-species transmission will be 
necessary to better understand the emergence of coronavirus into the human population. 
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Middle East respiratory syndrome coronavirus (MERS-CoV) is a life-threatening human virus that emerged in 2012. 
To date, more than 2,200 cases have been reported with 35% fatality rate. There is limited information on MERS-
CoV pathogenesis, as data from patients are scarce and most animal models do not reproduce the clinical 
manifestations. A mouse knock-in (KI) model and mouse-adapted MERS-CoV (MERS-MA) were recently obtained. 
Infection with MERS-MA was lethal and the animals showed pathological sings of respiratory disease and high viral 
titers in the lung. The 13 non-synonymous mutations contained in MERS-MA genome were introduced in our MERS-
CoV infectious cDNA, leading to a recombinant mouse-adapted virus (rMERS-MA) that was virulent in the KI mice. 
MERS-CoV adaptation to cell culture or mouse leads to mutations and deletions in genus-specific gene 5, avoiding 
full-length protein 5 expression. In contrast, analysis of 476 MERS-CoV field isolates showed that gene 5 is highly 
stable in camels and humans. To study the role of protein 5, two additional viruses were engineered expressing a 
full-length gene 5 (rMERS-MA-5FL), or containing a complete gene 5 deletion (rMERS-MA-∆5). rMERS-MA-5FL 
virus was unstable, as partial deletions within gene 5 sequence appeared from the first passages, highlighting 
MERS-CoV instability in cell cultures. The virulence of rMERS-MA-∆5 was analyzed in a sublethal KI mouse model. 
Gene 5 was not required for replication in the lung of KI mice, as both mutant and parental viruses reached similar 
titers. Interestingly, all mice infected with rMERS-MA-∆5 died while all the animals infected with the parental virus 
survived, indicating that rMERS-MA-∆5 was more virulent than the parental one. Lung damage, interferon and pro-
inflammatory cytokines expression analysis is in progress. Overall, these data indicated that the gene 5 sequence 
present in the mouse-adapted virus had a function modulating MERS-CoV pathogenesis. 
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Ebola virus (EBOV) is a negative-sense single-stranded RNA virus that enters target cells via macropinocytosis, 
induced by binding of the virus to cell surface components. Previous publications have identified T-cell 
immunoglobulin and mucin domain 1 (TIM-1), the Axl/Tyro3 TAM family, and Niemann-Pick C1 (NPC 1) as receptor 
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candidates for filoviruses entry. 
The aim of this project is to use both lentiviral and filoviral virus-like particle systems to study the cell biology of Ebola 
virus entry and tropism. 
We use pseudotyped lentiviral particles to measure virus like particle (VLP) entry. To study EBOV entry specifically, 
we established an enzymatic-assay using VLPs containing β-lactamase tagged to the major viral matrix protein 
VP40 and the EBOV glycoprotein. 
Using pseudo-typed lentiviral and filoviral VLP systems, we confirm that NPC1 is an absolute requirement for 
filovirus entry, but that TIM-1 is necessary only in some cell lines. Macropinocytosis inhibitors block the entry of all 
filoviral pseudotyped particles, regardless of viral background. Furthermore, TIM-1 requirement in entry can be 
circumvented by spinoculation, implying that it is only necessary for initial attachment. While examining different cell 
lines, we have found evidence of clonal differences in human tumour cells that differentially effect the 
permissiveness for Ebola vs Marburg entry. This appears independent of known entry factors and is not rescued by 
in vitro GP cleavage. Moreover, heterokaryon analysis suggest the existence of an unidentified EBOV entry cofactor. 
The systems we established give us the possibility to investigate the EBOV entry. We will adapt these systems to 
perform a targeted siRNA screen against cytoskeleton regulators identified by RNA sequencing to uncover novel 
cellular cofactors. This will yield further information on EBOV entry, detailing the important mechanism of 
macropinocytosis and cytoskeletal rearrangement. 
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Influenza A virus has the ability to infect the respiratory tract in a broad spectrum of hosts such as birds, humans, 
pigs, marine mammals and horses. A crucial determinant of the broad host tropism of the virus is the hemagglutinin 
(HA) protein. Influenza A carries hundreds of trimeric hemagglutinins proteins on its viral envelope that interact with 
various sialylated glycans on a host cell. This interaction represents a multivalent binding event that is present in all 
the current receptor-binding assays, including those employing viruses or precomplexed HA trimers. To study the 
nature of such multivalent binding events, we fused a super folder GFP (sfGFP) to the C-terminus of trimeric HA to 
allow direct visualization of HA-receptor interactions without the need for additional fluorescent antibodies. The 
multivalent binding of the HA-sfGFP proteins was studied using glycan arrays and tissue staining. The HA-sfGFP 
with human-type receptor specificity was able to bind to a glycan array as the free trimer. In contrast, the HA-sfGFP 
with avian-type receptor specificity required multimerization by antibodies before binding to glycans on the glycan 
array could be observed. Interestingly, multimerization was not required for binding to tissues. The array data may be 
explained by the possible bivalent binding mode of a single human specific HA trimer to complex branched N-
glycans, which is not possible for the avian specific HA due to geometrical constrains of the binding sites. The fact 
that this specificity pattern changes upon interaction with a cell surface probably represents the enhanced amount of 
glycan orientations and variable densities vs. those on the glycan array. 
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Skin and mucosa are the main entry sites for herpes simplex virus 1 (HSV-1) and it is still an open question how the 
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virus invades these highly protective tissues to reach its receptors and initiate infection. To resolve the conditions 
under which HSV-1 successfully enters skin in vivo, we need to understand, which physical skin barriers play a 
major role during invasion, and how the virus can overcome them. To identify the mechanisms underlying the 
effective entry of HSV-1 into tissue, we established an ex vivo infection assay which allows studies of physical 
barriers that restrict viral invasion into epidermis as well as into the underlying dermis of murine and human skin. 
Surprisingly, we unravelled limited viral invasion into human oral mucosa, the primary entry site in vivo, after 
mechanical wounding. We have further revealed that functional tight junctions act as major physical barrier next to 
the cornified layer of skin. As infection efficiency strongly increased with enhanced paracellular permeability in 
stratified cultures of E-cadherin-deficient keratinocytes, we postulate that dysfunctional skin barriers have to precede 
HSV-1 invasion. To investigate whether the higher susceptibility to HSV-1 infection of skin from atopic dermatitis 
patients is due to dysfunctional epidermal barriers, we initiated ex vivo infection studies. Notably, we observed a 
nearly generalized infection in the stratum granulosum of eczematic skin whereas infection of healthy human skin 
was limited to the sample edges. This experimental tool now offers the possibility to unravel the link between 
epidermal barrier defects and enhanced HSV-1 penetration in a disease model.  
 

 
 
S1C - Session 1C: Viruses and receptors + glycovirology 

 
Oral presentation 
 
O14 
 
N-glycolylneuraminic acid as a receptor for influenza A viruses 

P De Vries 
Utrecht University, UTRECHT, The Netherlands 
 
 
Influenza A viruses originate from wild waterfowl but can infect other species by adapting their receptor specificity. 
One species barrier is the differential expression of sialic acid, which can either be α2,3-linked for avian viruses or 
α2,6-linked for human viruses. Adaptation of influenza viruses to these differentially linked sialic acids has been 
subject of intense research. However, influenza A virus hosts also express other species-specific sialic acid 
derivatives. One major modification at C-5 is N-glycolyl (NeuGc), instead of N-acetyl (NeuAc), which is 
predominantly expressed in pig and equine respiratory tracts. NeuGc is a mammalian-specific modification, but is not 
synthesized in humans, ferrets, seals and dogs, which are all hosts for influenza A virus. To analyze HA adaptation 
to either NeuAc or NeuGc, we created a novel sialoside array containing both modifications with human- and avian-
type linkages on biological relevant N-glycans. Binding studies with this array, using a representative set of HA 
proteins, revealed that avian, human and equine HAs bind either NeuGc or NeuAc. The NeuGc binding specificity 
was revealed at the atomic level for both an H5 Y161A mutant and an equine H7 protein. We further demonstrate 
that influenza neuraminidases can cleave NeuGc efficiently, and tissue binding studies reveal that NeuGc specificity 
of HA abrogates interaction with the epithelium of NeuGc-negative canine trachea. The exclusive manner in which 
influenza A viruses differentiate between NeuGc and NeuAc, and the fact that no NeuGc binding virus currently 
circulates in nature, is indicative of a strong evolutionary and selective pressure against NeuGc binding. 
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Introduction 

Our understanding on viral evolution is mostly derived on prediction models rooted on the examination of current 
viral diversity alone. Thus, the study of viruses from historical sources, even over short timescales, is essential to 
provide a higher calibration and resolution for the assessment of viral emergence, fitness and adaptation. As most 
ancient human remains and museum specimen are skeletonized, it is of utmost importance to evaluate viral DNA 
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occurrence in bones. 
Aims 

We aim at characterizing the DNA of human viruses persisting in bones. 
Methods 

Cortical femoral bone samples were collected from 32 recently deceased individuals. The DNA was extracted using 
an accredited method of known efficiency for downstream DNA analysis from bone. 
The viral genomes were investigated using i) in-house quantitative PCRs (for human parvovirus B19 (B19V), 
Epstein-Barr virus (EBV) and torque teno -virus (TTV)), and ii) in-solution-capture enrichment (multiplex detection of 
persistent/latent human DNA viruses) with virus-specific biotinylated RNA baits followed by next-generation 
sequencing (NGS) in the Illumina platform. 
Results 

Viral DNAs were detected in human femoral bone with prevalences of 73, 60 and 20 % for TTV, B19V and EBV, 
respectively. Sequences of the families Parvoviridae, Anelloviridae, Polyomaviridae and Herpesviridae were 
identified and characterized. 
Conclusion 

This work expands our knowledge of viral bioportfolio to human bone and yields a novel NGS-based approach for 
the detection of DNA viruses in contemporary and archival human tissues. Thus, bone may withhold an invaluable 
window to the past, providing evidence on viral origin and evolution. 
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Introduction BK polyomavirus-associated nephropathy is a major threat for kidney transplantation (KTx) recipients. 

BKPyV that causes persistent infection after childhood exposure is subdivided into four genotypes, I-IV, and a 
number of subtypes. Genotypes I and IV, and to a lesser degree II-III, represent separate serotypes. The individual 
role of each BKPyV genotype in the development of BK polyomavirus-associated nephropathy is poorly understood. 
 
Aim To determine the relevance of BKPyV genotype in the development of BKPyV viremia and BKPyV-associated 

nephropathy within one year after KTx. 
 
Methods In a retrospective cohort of 386 living kidney donor-recipient pairs, donor and recipient sera obtained 

before KTx were BKPyV serotyped against genotype I-IV VP1 antigens with a multiplex bead-based immunoassay. 
The replicating BKPyV genotype in viremic recipients after KTx was determined with genotype-specific real-time 
PCR and confirmed by sequencing. 
 
Results Donor and recipient BKPyV serotype distribution was dominated by genotype Ib (>80%), II, III and IV, 

respectively, and did not differ among donors and recipients. The BKPyV donor and recipient serotype nor donor-
recipient serotype-(mis)match was associated with development of BKPyV viremia and nephropathy after KTx. We 
did observe a significant correlation between donor BKPyV serotype was and the replicating genotype in viremic KTx 
recipients (p < 0.001). 
 
Conclusions KTx donor and recipient BKPyV serotyping and genotyping shows no evidence for BKPyV genotype-

specific virulence in causing viremia and nephropathy after KTx. BKPyV serotyping does indicate the donor is the 
source of the pathogenic BKPyV isolate in viremic KTx recipients. 
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Introduction: 

Varicella Zoster Virus (VZV) infection causes chickenpox and leads to the establishment of latency of the virus in 
peripheral neurons. Reactivation results in Herpes Zoster, a debilitating disease often followed by the difficult-to-treat 
chronic pain (post-herpetic neuralgia). Our current model for VZV latency and reactivation in neuron culture uses 
antiviral drugs to block lytic infection, but these can damage latent DNA, complicating interpretation. 
Aim: 

To develop an efficient model for latency and reactivation in human embryonic stem cell- (hESC) derived neurons 
that uses conditional replication VZV. 
Method: 

A VZV pOkaBAC expressing eGFP was engineered to contain a degron from dihydrofolate reductase (DHFR) of E. 
coli fused to ORF29 (DHFR29VZV), using red recombination. Cell-free DHFR29VZV made in presence of 
trimethoprim (TMP), an inhibitor of the degron, was used to infect hESC-derived neurons in the presence or absence 
of TMP. Neurons infected in the absence of TMP were a) harvested and analyzed for the presence of VZV genomes 
using PCR or b) treated with sodium butyrate (NaB) and TMP to attempt to induce them to enter the lytic cycle 
(reactivate). 
Results: 

21 days post-infection, neurons and ARPE19 cells infected in the presence of TMP showed a productive, spreading 
infection, based on GFP fluorescence. By contrast no GFP signal was observed in neurons infected without TMP in 
the media, but these neurons contained viral DNA. Strikingly, treatment of the GFP- neurons with NaB and TMP 
renewed expression of GFP and virus spread, simulating viral reactivation. 
Conclusion: 

Infection with VZV engineered to contain a DHFR degron motif to an essential viral protein eliminates the need to 
use antiviral drugs to block lytic infections during establishment of latency. This conditional infection system does not 
damage latent genomes, and is an important advance in studying VZV latency and reactivation. 
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Acute haemorrhagic conjunctivitis (AHC) is a painful and contagious eye disease associated with ocular swelling, 
watering and extensive subconjunctival haemorrhaging. The main causative agent of AHC is Coxsackievirus A24v 
(CV-A24v), an Enterovirus within the Picornaviridae which emerged from a non-pathogenic form of the virus, CV-
A24. At present, there are no available vaccines or antivirals for prevention or treatment of viral AHC. We aimed to 
determine the molecular basis of CV-A24v receptor recognition and genome uncoating in order to identify targets for 
antiviral therapy. 
In this study, we utilise CRISPR-Cas9, cryo-electron microscopy (cryo-EM) and X-ray crystallography. 
Intracellular adhesion molecule 1 (ICAM-1) was identified as an essential proteinaceous receptor for CV-A24v using 
neutralisation assays and CRISPR-Cas9 knockout of the ICAM-1 gene. To determine the interaction of ICAM-1 and 
CV-A24v we used single-particle cryo-EM analysis on a complex between a recombinant D1-D2 fragment of ICAM-1 
and purified CV-A24v virions. The resulting 3.9 Å structure allowed us to identify the critical residues responsible for 
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ICAM-1 binding. Furthermore, we determined the cryo-EM structure of the expanded CV-A24v virion pre and post-
genome release (4.3 Å and 3.3 Å resolution respectively). This allowed us to characterize the conformational 
changes which occur in the hydrophobic pocket during genome release. Despite having an atypical branched pocket 
factor, we show that CV-A24v is robustly inhibited by the capsid binding compound pleconaril and using X-ray 
crystallography, we show how the hydrophobic pocket is rearranged to accommodate this linear drug molecule.  
Together, these data provide snapshots of the early-events in the CV-A24v lifecycle, namely receptor binding and 
genome uncoating. Furthermore, we show that pleconaril can effectively inhibit CV-A24v infection in cell culture and 
we describe the rearrangement of the capsid required to accommodate a linear drug molecule in a pocket that has 
evolved to bind a branched pocket factor. 
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The World Health Organization has listed Nipah virus (NiV), a virus that causes severe and often lethal respiratory 
and neurological disease in humans, as an emerging pathogen likely to cause major epidemics or even pandemics. 
The recent NiV outbreak in Kerala, India with 23 cases and 21 deaths again stressed the urgent need to develop 
prophylactic and therapeutic countermeasures against NiV. To date, very few antivirals have shown efficacy in 
animal models of NiV disease. Remdesivir (formerly GS-5734) is a nucleotide analog prodrug with broad-spectrum 
antiviral activity that was shown to inhibit filovirus, coronavirus and paramyxovirus replication; remdesivir showed 
potent antiviral activity against both Malaysian and Bangladesh (NiV-B) genotypes of NiV in vitro. Here, we tested 
the efficacy of remdesivir against NiV-B in African green monkeys, the gold standard model of NiV disease. Animals 
were inoculated with a lethal dose of NiV-B and a once-daily intravenous remdesivir treatment was initiated one day 
later and continued for 12 days. Mild respiratory signs were observed in 2 of 4 treated animals, whereas all control 
animals developed severe respiratory disease signs. In contrast to control animals, which all succumbed to the 
infection on day 7 or 8 after challenge, all remdesivir-treated animals survived the lethal challenge, indicating that the 
compound is a promising antiviral treatment for NiV infection. 
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Introduction: Influenza viruses are major respiratory pathogens responsible for both seasonal epidemics and 

occasional pandemics worldwide. The current available treatment options have limited efficacy and thus the 
development of new antivirals is highly needed. We previously reported the identification of influenza virus inhibitors 
that act by targeting the protein-protein interactions between the PA-PB1 subunits of the viral RNA polymerase. We 
also proposed a pharmacophoric model that highlighted the chemical features crucial to impart potent anti-PA−PB1 
activity. 
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Aims: In this study, we aimed at characterizing the antiviral properties of a series of cycloheptathiophene-3-

carboxamide compounds as well as at investigating their propensity to induce drug resistance. 
Methods: Taking advantage of the information emerged from the pharmacophore, we developed a new series of 

PA-PB1 inhibitors with a cycloheptathiophene-3-carboxamide scaffold. These compounds were characterized by 
several biochemical and cell-based assays. 
Results: Our results show that some of the compounds possess potent, broad-spectrum anti-influenza activity as 

they efficiently inhibited the replication of several strains of influenza A and B viruses, including an oseltamivir-
resistant clinical isolate, with nanomolar to low-micromolar potency. Some compounds also specifically inhibited the 
PA−PB1 binding in vitro and interfered with the influenza A virus polymerase activity in a cellular context, without 
showing cytotoxicity. The most active PA-PB1 inhibitors showed to possess a drug resistance barrier higher than 
that of oseltamivir and other anti-influenza drugs. Indeed, no viral variants with reduced susceptibility to the selected 
compounds emerged after serial passages of influenza A virus under drug selective pressure. 
Conclusion: Overall, our studies identified potent PA-PB1 inhibitors that could have major advantages over other 

anti-influenza compounds, thus representing promising candidates for the development of new anti-influenza drugs. 
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The majority of all non-bacterial gastroenteritis outbreaks are caused by noroviruses, infections are self-limiting in 
healthy individuals but can last much longer in immunocompromised individuals. Norovirus genotype GII.4 causes 
80% of all outbreaks, with new variants frequently emerging. Currently, no licenced vaccines or therapeutic drugs 
are available. Here we study whether chronically infected immunocompromised individuals could be a reservoir for 
newly emerging strains and the potential of nitazoxanide, ribavirin and human immunoglobulin for therapeutic use in 
these patients. 
Samples from 16 patients chronically infected with norovirus were subjected to sequencing with Illumina. The effect 
of nitazoxanide and ribavirin on norovirus replication was tested in vitro in organoids. The use of nitazoxanide, 
ribavirin and human immunoglobulin for treatment of chronic norovirus infections was assessed by empirical 
treatment of a patient. Samples obtained during treatment were sequenced with Illumina. 
Patients were immunocompromised due to transplantation, leukaemia or immunological disorders and shed virus for 
average 352 days. Three patients were infected with GII.4 with a large genetic distance from known GII.4 strains. All 
within-host GII.4 viral populations showed amino acid changes at antigenic epitopes over time, indicative of some 
immune pressure. The use of ribavirin and nitazoxanide had limited effect on norovirus replication in vitro and did not 
result in reduced virus titers in a chronically infected patient. Treatment of a patient with oral human immunoglobulin 
resulted in virus clearance even though this virus had a large genetic distance to circulating viruses. 
We detected viruses that are genetically distinct from circulating viruses, and immunocompromised hosts therefore 
may contain a reservoir for emerging strains. Future studies need to determine whether these strains are of risk to 
other patients and general population. Finally, a better understanding of norovirus variants detected in 
immunocompromised patients will guide the development of vaccines and treatment strategies for these patients. 
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The 2016/2017 highly pathogenic avian influenza virus (HPAIV) H5Nx clade 2.3.4.4b outbreak was the most severe 
ever reported in Germany with high mortality rates not only among domestic birds, but also in wild birds. 
Mallard ducks have been kept as sentinels for circulating field AIV in an aviary located at the shallows of the Baltic 
coast in close contact to wild waterfowl and migratory birds. The mallards were regularly tested for AIV infection. 
Between August 2017 and October 2018, four low pathogenic (LP) AIV infections of individual mallards were 
confirmed - H1N3, H3N8, H4N6 and HxN9. One month prior to the HPAIV study, all mallard ducks were tested 
seropositive in an IAV NP-ELISA, and two out of seven had H5-specific antibodies. 
To study dynamics of HPAIV H5N8 clade 2.3.4.4b infection after a prior natural field exposure to LPAIV, seven 
LPAIV exposed mallards were challenged with HPAIV H5N8. The surviving ducks were re-challenged with the 
homologous HPAIV H5N8. For both challenge infections, virus transmission to seronegative juvenile Pekin contact 
ducks was investigated. Seronegative adult Pekin ducks served as a control group. 
Summarizing the results, during the first challenge infection all control group ducks died peracutely or had to be 
euthanized due to severe neurological symptoms. However, although one mallard duck died, the mallards showed 
only very few clinical symptoms, but three out of four contact juvenile Pekin ducks died. H5-specific antibodies were 
detectable in all surviving birds. Infectious virus could be isolated from several pond and drinking water samples. In 
contrast, after the homologous H5N8 re-challenge, neither inoculated nor contact ducks showed any clinical 
symptoms, nor was an AI-specific antibody titer increase or seroconversion of contact animals determined. 
In conclusion, the study simulated an HPAIV H5N8 outbreak under semi-natural conditions with LPAIV-exposed 
waterfowl. Mallards with preceding LPAIV immunity, did not show any severe clinical or fatal disease, but sufficient 
virus shedding caused fatal illness in naïve contact ducks. In contrast, H5N8-convalescent animals developed a very 
robust immunity when re-challenged with the homologous virus shown by the absence of virus shedding and 
seroconversion of the contact animals. 
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Introduction. Host tropism of Influenza A viruses (IAV) is determined by the specificity of the hemagglutinin (HA) 

binding to sialic acid (SIA) receptors, and the neuraminidase (NA) receptor-destroying enzyme required for virion 
release from cells and decoy receptors like mucus. The HA/NA/receptor balance is crucial for virus fitness but poorly 
understood. Virus binding to SIA receptor-coated surfaces is polyvalent in nature and cannot be described by 
equilibrium kinetics models, thereby hampering the use of endpoint binding assays. Quantification of virus particle 
binding to SIA receptor-coated sensors by biolayer interferometry (BLI) opens novel ways to determine the HA/NA 
balance in real time and allows to study the effects of mucus and antibodies on receptor binding. 
Aim. We aim to obtain quantitative and mechanistic insight into the dynamics of the HA/NA/receptor balance by the 

development of BLI-based real-time binding assays. 
Methods. A set of recombinant IAVs harboring different combinations of HA and NA was used for studying their 

binding to, and release from, BLI sensors coated with synthetic SIA receptors or specifically engineered 
sialoglycoproteins. 
Results. BLI revealed virtually irreversible IAV binding to surfaces coated with synthetic sialosides or engineered 

sialoglycoproteins in the absence of NA activity, making equilibrium-binding models not applicable. Both HA and NA 
contributed to the initial binding rate. Extreme avidity resulting from multiple low-affinity HA-SIA interactions gave rise 
to a dynamic binding mode, in which NA activity was driving rolling of virus particles over the receptor surface until 
receptor density was sufficiently decreased to allow virus dissociation. Addition of competing receptors or antibodies 
to receptor surfaces loaded with virus induced virus dissociation. 
Conclusions. Quantitative BLI analysis enabled functional examination of the HA/NA/receptor balance which 

governs this dynamic and motile interaction that is expected to be crucial for penetration of the mucus layer and 
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subsequent infection of cells. 
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Introduction: Global concern persists that highly pathogenic avian influenza A(H5N1) viruses will evolve into viruses 

that can efficiently transmit between humans and cause a severe influenza pandemic. Estimating the risk of such a 
pandemic scenario is difficult due to limited understanding of their zoonotic potential and human adaptive 
requirements. While successful airborne transmission between humans has not yet been detected, studies in animal 
models have shown that with only a few amino acid substitutions in the polymerase complex and hemagglutinin this 
capability can be obtained. It remains unclear if such adaptive pathways are explored by the virus during human 
infection. 
Aims: To increase our understanding of influenza A(H5N1) diversity and evolution during human infection and 

potentially identify and characterize unrecognized adaptive pathways. 
Methods: We performed overlapping amplicon-based whole genome next generation sequencing on 71 clinical 

specimens obtained from 44 Indonesian influenza A(H5N1)-infected patients. We selected substitutions of interest in 
the polymerase subunits PB2, PB1 and PA. For each variant the in vitro polymerase activity was characterized. 
Results: Many variants identified in our cohort were found more frequently in available influenza A(H5N1) 

sequences of human isolates compared to avian isolates. In addition, we identified over 450 previously unreported 
variants. In vitro characterization of the polymerase activity of selected PB2 and PB1 mutants revealed large 

increases in polymerase activity for several of these variants. Interestingly, a subset showed similar polymerase 
activity as the well-established human adaptive PB2 E627K substitution. 
Conclusion: This study highlights the highly dynamic virus populations during human A(H5N1)-infection. Novel 

variants were detected with large increases in polymerase activity, a key element for human adaptation of highly 
pathogenic avian influenza viruses. This suggests alternative adaptive pathways that warrant further investigation to 
unravel potential novel routes of human adaptation. 
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Determining the replication kinetics and cellular tropism of the ruminant-associated Influenza D virus on 
human derived airway epithelial cells. 
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Influenza D virus (IDV) is the newest genus in the Orthomyxoviridae virus family and was first observed among 
swine with influenza-like symptoms in 2011. IDV-directed antibodies have been detected in a broad range of 
livestock animals like camelids, cattle and small ruminants, revealing a wide host tropism. Interestingly, IDV-directed 
antibodies are also observed in humans, albeit only in those with occupational exposure to livestock. Therefore, to 
analyze if IDV has a zoonotic potential towards humans, we inoculated well-differentiated primary human airway 
epithelial cell (hAEC) cultures from three biological donors with the D/Bovine/Oklahoma/660/2013 strain at 33°C and 
37°C. In addition, we sequentially passaged IDV further on naïve hAEC cultures to determine whether infectious 
progeny virus is produced. We monitored the production and secretion of viral progeny using quantitative real-time 
PCR and virus titration. This revealed that IDV is able to efficiently replicate in hAEC cultures and can be 
sequentially passaged at both 33°C and 37°C. Moreover, due to the similarity of IDV with the human-associated 
Influenza C virus (ICV), we compared the viral kinetics and cell tropism of both viruses. This shows that both viruses 
have similar replication kinetics and share a cell tropism preference for ciliated cells. Collectively, these results might 
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indicate why humans with occupational exposure to livestock develop IDV-directed antibodies and might provide 
more insight into the zoonotic potential of IDV. 
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Positive-sense RNA viruses hijack intracellular membranes that provide niches for viral RNA synthesis and a 
platform for interactions with host proteins. However, little is known about host factors at the interface between 
replicase complexes and the host cytoplasm. To define the coronaviral replication/transcription complex (RTC) 
molecular microenvironment, we used two independent proximity-dependent labelling approaches followed by mass 
spectrometry identification of replicase-proximal factors. 
The engineering of a biotin ligase into the Murine hepatitis virus RTC identified >500 host proteins recorded during 
the entire course of infection. siRNA-silencing of each RTC-proximal host factor demonstrated the importance of 
vesicular trafficking pathways, ubiquitin-dependent and autophagy-related processes, and translation initiation 
factors for efficient viral replication. Notably, detection of translation initiation factors at the RTC was instrumental to 
visualize and demonstrate active translation proximal to replication complexes of several coronaviruses. 
Furthermore, the embedding of an APEX2 peroxidase in the coronavirus RTC allowed the identification of RTC-
proximal host factors at defined time points, and thereby, provided a dynamic, high resolution molecular landscape 
of virus-host interactions at the site of viral RNA synthesis. 
Collectively, we establish spatial, functional, and temporal links between viral RNA synthesis and diverse host factors 
of unprecedented breadth. Our data may serve as a paradigm for other positive-strand RNA viruses and provide a 
starting point for a comprehensive analysis of critical virus-host interactions that represent targets for therapeutic 
intervention. 
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Viral invasion of the CNS: how neurotropic viruses hitch a ride on monocytes to cross the blood-brain 
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Neurotropic viruses like Zika virus (ZIKV) and HIV-1 invade and persist in the central nervous system (CNS), causing 
severe neurological diseases. It is proposed that, to invade this tissue, neurotropic pathogens may hitch a ride on 
immune cells that will cross the blood-brain barrier (BBB). Yet, the underlying molecular mechanism responsible for 
viral dissemination through a mature, highly impermeable BBB remains obscure. Here, we characterized the 
molecular events involved in monocyte transmigration through the BBB and the influence of ZIKV and HIV-1 during 
this process. First, we showed that both ZIKV and HIV-1 significantly enhance transmigration of human primary 
monocytes through a BBB endothelium. Differential proteomics analyses revealed that ZIKV induces a strong pro-
adhesion phenotype in monocytes, while remaining immunologically silent. In contrast, monocytes exposed to HIV 
build a robust antiviral immune response but no increased adhesion properties. Using a novel zebrafish embryo 
xenotypic system, we further demonstrated that ZIKV significantly increases circulating human monocyte arrest onto 
endothelia and transmigration in vivo. As we found ZIKV-infected monocyte-derived cells in the brain of a human 
fetus with microcephaly, we further investigated the relevance of ZIKV-infected monocyte in an ex vivo organotypic 
mouse cerebellar slice culture model. We showed that ZIKV-infected monocytes, but not cell-free virus, altered the 
cytoarchitecture of the cerebellar lobules and were able to transfer the infection to primary human neural progenitor 
cells. ZIKV infection and ZIKV-induced cerebellar damage were both abolished upon treatment with the broad-
spectrum antiviral ZCL278. Together, our data demonstrates that ZIKV and HIV-1 manipulate the transmigration 
properties of monocytes and favor the “Trojan horse” strategy, representing a viable route for viral dissemination into 
the CNS. In parallel, we have developed a unique toolbox of techniques that can be used to study, in vitro and in 
vivo, the transmigration process of infected immune cells. 
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While it has been known for almost 40 years that a wide range of virally encoded RNAs, including mRNAs, are 
extensively modified by addition of a methyl groups to individual nucleotide residues, including the N

6
 position of 

adenosine (m
6
A) and the C

5
 position of cytosine (m

5
C), the functional consequences of these epitranscriptomic 

modifications have remained unclear. However, the higher prevalence of m
6
A and m

5
C across mRNAs encoded by 

multiple different viral species, when compared to host cell mRNAs, clearly implies that both m
6
A and m

5
C favor 

some aspect(s) of the viral replication cycle. More recently, the identification of the factors that add m
6
A to mRNAs, 

especially the m
6
A “writer” METTL3, and the definition of factors that bind m

6
A on mRNAs, including the key m

6
A 

“reader” YTHDF2, have allowed the phenotypic consequences of m
6
A addition to be more fully characterized. Using 

overexpression and genetic ablation strategies, as well as by mapping and mutationally inactivating specific viral 
mRNA m

6
A addition sites, we have now examined the effect of m

6
A in the context of three distinct viral families: the 

lentivirus HIV-1, the paramyxovirus influenza A virus (IAV) and the polyomavirus SV40. In all three cases, we 
observe that addition of m

6
A strongly enhances viral mRNA and protein expression, and hence replication, and, in 

the case of IAV, also increases pathogenicity in vivo. Moreover, we have recently mapped several m
5
C residues on 

the HIV-1 RNA genome and we have also identified the host NSUN2 protein as the writer for this mRNA 
modification. Again, we observe that mutational ablation of NSUN2 expression by gene editing substantially reduces 
HIV-1 replication in culture. Together, these data suggest that viruses have evolved to use host cell epitranscriptomic 
mechanisms to enhance viral replication potential. 
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V Kinast
1
, A. Plociennikowska

2
, A. Kusuma

3
, D Todt

1
, RJP Brown

3
, T Boldanova

4
, Y Zhang

5
, M Friesland

3
, M 

Engelmann
1
, G Vieyres

3
, FWR Vondran

6
, MH Heim

4
, R Bartenschlager

2
, T Pietschmann

3
, E Steinmann

1
 



   

19/253 

1
Ruhr-University Bochum, Faculty of Medicine, BOCHUM, Germany 

2
Department of Infectious Diseases, Molecular Virology, Heidelberg University, HEIDELBERG, Germany 

3
TWINCORE, Institute for Experimental Virology, HANNOVER, Germany 

4
University of Basel, Department of Biomedicine and Division of Gastroenterology, BASEL, Switzerland 

, Germany 
6
Hannover Medical School, ReMediES, HANNOVER, Germany 

 
 
BACKGROUND & AIMS: Hepatitis C virus (HCV) is a positive-strand RNA virus that primarily infects human 

hepatocytes. HCV infection constitutes a global health problem with 71 million people currently chronically infected. 
Recent studies have reported that C19orf66 is expressed as an interferon (IFN)-stimulated gene; however, the 
intrinsic regulation of this gene within the liver as well as its antiviral effects against HCV remains elusive. 
METHODS: Expression of C19orf66 was quantified in both liver biopsies and primary human hepatocytes, with or 

without HCV infection. Mechanistic studies of the potent anti-HCV phenotype mediated by C19orf66 were conducted 
using state-of-the-art virological, biochemical and genetic approaches as well as correlative light and electron 
microscopy and transcriptome analysis. 
RESULTS: Upregulation of C19orf66 mRNA in both primary human hepatocytes upon HCV infection and in the liver 

of chronic hepatitis C (CHC) patients could be observed. In addition, pegIFNα/Ribavirin therapy induced C19orf66 
expression in CHC patients. Transcriptomic profiling of hepatoma cells ectopically expressing C19orf66 revealed no 
induction of other antiviral genes. Expression of C19orf66 restricted HCV infection, whereas CRIPSPR/Cas9 
mediated knockout of C19orf66 attenuated IFN-mediated suppression of HCV replication. Studies with subgenomic 
HCV replicons and an expression system revealed that C19orf66 expression impairs HCV-induced elevation of 
PI(4)P, alters the morphology of the viral replication organelle designated membranous web and thereby targets viral 
RNA replication. 
CONCLUSION: C19orf66 is an IFN-stimulated gene, which is upregulated in hepatocytes within the first hours post 
IFN-treatment or HCV infection in vivo. The encoded protein possesses specific antiviral activity against HCV and 
targets the formation of the membranous web. Our study identifies C19orf66 as an IFN-inducible restriction factor 
with a novel antiviral mechanism specifically targeting HCV replication. 
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SIRT1 modulates the sensitivity of prostate cancer cells to VSV oncolysis 
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Oncolytic virotherapy represents a promising experimental cancer strategy, based on the use of genetically modified 
viruses to selectively infect and kill cancer cells. Vesicular stomatitis virus (VSV) is a prototypic oncolytic virus that 
induces cancer cell death through activation of the apoptotic pathway, although intrinsic resistance to oncolysis is 
found in some cell lines and many primary tumors, as a consequence of residual innate immunity to the virus. In the 
effort to improve OV therapeutic efficacy, we previously demonstrated that different agents, including histone 
deacetylase inhibitors (HDIs), functioned as reversible chemical switches to dampen the innate antiviral response 
and improve the susceptibility of resistant cancer cells to VSV infection. In the present study, we demonstrate that 
the NAD+-dependent histone deacetylase SIRT1 plays a key role in the permissivity of prostate cancer PC-3 cells to 
VSV∆51 replication and oncolysis. HDI-mediated enhancement of VSV∆51 infection and cancer cell killing directly 
correlated with a decrease of SIRT1 expression. Furthermore, pharmacological inhibition as well as silencing of 
SIRT1 by siRNA was sufficient to sensitize PC-3 cells to VSV∆51 infection, resulting in augmentation of virus 
replication and spread. Mechanistically, HDIs such as Vorinostat and Resminostat up-regulated the microRNA miR-
34a that regulated the level of SIRT1. Altogether, our findings identify SIRT1 as a viral restriction factor that limits 
VSV∆51 infection and oncolysis in prostate cancer cells. 
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VSV-GP combines the tumor cell killing efficacy of Vesicular Stomatitis Virus with an enhanced safety profile, making 
it an excellent oncolytic virus candidate for clinical development. Here, we evaluated VSV-GP for the treatment of 
head and neck squamous cell carcinomas (HNSCC). 
In a human xenograft mouse tumor model of HNSCC, SW-579, VSV-GP treatment resulted in a solid response in 
most animals with some lasting remissions. We confirmed the ability of VSV-GP to infect and kill human tumor cells 
in a more translational setting by infecting primary tissue slices obtained from fresh biopsies of HNSCC patients. 
We next tested the effect of VSV-GP treatment on anti-tumor immunity in the SCC VII syngeneic mouse model of 
HNSCC. Upon intratumoral (i.t.) treatment VSV-GP replication is restricted by innate anti-viral immunity, in this 
model. Nevertheless, i.t. treatment resulted in approx. 50% remissions and long term survival of treated mice. We 
hypothesised that these effects are due to a virus-induced anti-tumor immune response and confirmed this by 
expression and immunohistological analysis of treated and control tumors, where we observed enhanced immune 
infiltration in regressing tumors. We re-challenged cured animals and found that they were protected from tumor 
growth, in contrast to naïve, age matched control animals that readily developed tumors. 
In conclusion, VSV-GP kills tumor cell efficiently, but also induces a strong and durable anti-tumor immune response 
and immunological memory formation. This makes VSV-GP a potent oncolytic virus to treat HNSCC and a good 
candidate for combination therapy with other immune therapies. 
 

 
 
S2D - Session 2D: Viruses and cancer 

 
Oral presentation 
 
O33 
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Introduction and aims 

Oncolytic virotherapy is an emergent cancer treatment approach, which uses replication competent viruses to 
destroy cancer cells and to stimulate anti-cancer immune responses. Serious drawbacks include insufficient control 
measures to stop replication and spread of the cytotoxic agents. We have now re-engineered naturally non-lytic 
RABVs (1) to instigate strong cytotoxicity in response to a clinically approved drug, and (2) the propagation of which 
can be halted by the drug. 
Methods and results 

We have generated recombinant RABV whose protein expression depends on the function of autocatalytic hepatitis 
C virus (HCV) NS3/4A protease tags (“SMASh-tags”, Chung et al., 2015), and which can be inhibited by clinically 
approved direct-acting antiviral agents of the Previr group. While RABVs expressing SMASh-tags fused to viral 
proteins (SAD N-SMASh, SAD P-SMASh) or to nonviral proteins (SAD YFP-SMASh) retained their non-cytolytic 
growth in the absence of an inhibitor, immediate cell death was initiated by addition of previrs. 
Drug-dependent cell death involved activation of multiple caspases (Casp-3,-7,-8), and occurred in non-cancer and 
cancer cell lines, including human and mouse glioma and melanoma cells. A genome wide CRISPR/Cas9 KO 
screen in HEK 293T did not result in the identification of any surviving cell, and experiments involving individual KO 
of key death proteins indicated activation of multiple death pathways. In case of viruses carrying the SMASh-tags at 
essential viral proteins (N, P) further replication of the viruses was also terminated by the drug. 
Conclusion 

Tagging RABV proteins with this drug-dependent suicide-tag provides to our knowledge the first conditionally 
cytotoxic and controllable rhabdoviruses. Both features are responsive to a clinically approved oral drug. The novel 
RABV-SMASh viruses or other non-lytic rhabdoviruses like VSV-M mutants are particularly suited for oncolytic 
approaches, but also for improving both safety and immunogenicity of conventional live virus vaccines. 
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Mammalian reovirus is a double-stranded RNA virus that selectively infects and lyses transformed cells. Reovirus 
infection has not been associated with severe pathology in humans, making it an attractive oncolytic agent. Oncolytic 
reovirus administration has been well tolerated by cancer patients in clinical trials, but its anti-cancer efficacy as a 
stand-alone therapy remains to be enhanced. Genetic modification of the viral genome can facilitate the 
development of reoviruses with improved anti-cancer potential. We and others have previously demonstrated the 
feasibility of producing replication-competent reoviruses expressing a heterologous transgene. Here, we describe the 
generation of recombinant reoviruses expressing murine (mm) or human (hs) GM-CSF (rS1-mmGMCSF and rS1-
hsGMCSF, respectively). In infected cell cultures, the secretion of GM-CSF protein was demonstrated by ELISA. 
The secreted mmGM-CSF protein was functional in cell culture, evident from its capacity to stimulate the survival 
and proliferation of the GM-CSF-dependent dendritic cell (DC) line D1, and by its ability to generate DCs from murine 
bone marrow cells. Importantly, in a murine model of pancreatic cancer we found a systemic increase in DC and T-
cell activation upon intra-tumoral administration of rS1-mmGMCSF. These data demonstrate that reoviruses 
expressing functional GM-CSF can be generated and have the potential to increase anti-tumor immune responses. 
The GM-CSF-expressing reoviruses represent a promising novel agent for application in oncolytic virotherapy 
strategies. 
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Metagenomic sequencing of urban sewage is a promising strategy to monitor human viral pathogen circulation. The 
advantage of sewage samples is that they are easy to obtain and are anonymized. We present a global snapshot of 
the urban sewage virome to assess its potential for catch-all human viral pathogen surveillance. 
We sampled raw sewage from 81 high density urban environments in 62 countries spanning all continents, enriched 
samples for viral genomes, and performed untargeted metagenomic sequencing. We developed a custom 
bioinformatic workflow to annotate the 512 million raw reads and to determine virome patterns across the samples 
based on geographical location and socioeconomic status of the country of origin. 
Our analysis found annotations for more than 50 viral families. Most abundant were bacteriophages of the families 
Siphoviridae and Myoviridae (0.83% and 0.45% of the processed reads), which were found in all samples. Most 

samples contained viruses related to the consumption of vegetables, such as pepper mild mottle virus (87%) and 
cucumber green mottle mosaic virus (68%) but no distinct geographical pattern was apparent. Partial genomes 
(>400 nt) of human pathogenic viruses, such as astrovirus (11 sites, 1557 reads), enterovirus (36 sites, 570 reads), 
and aichivirus (33 sites, 1100 reads) were identified. Also, animal related viruses were found, such carnivore 
protoparvovirus (11 sites, 614 reads), showing the potential for not only known human pathogen surveillance but 
also for the detection of viruses with zoonotic potential. 
Our study shows that sewage has the potential to monitor for human pathogenic viruses and for (novel) emerging 
viruses. Monitoring for environment and diet-related viruses could be used to signify changes in the urban 
environment and/or dietary practices. Longitudinal studies of urban sewage will shed light on the effect of timing of 
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sampling, which will put the virome patterns found in this study in perspective. 
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Introduction: A large number of viruses can be detected in sewage waters, this viral diversity reflects what is 
circulating in the local population. Metagenomic sequencing by describing all nucleic acids present in a sample may 
be a useful approach to appreciate genomic diversity undetectable by medical doctors. 
Aims: Compare the viral diversity in samples collected over a 12 years period by optimizing a method allowing the 
characterization of complete viral genomes. 
Method: A total of 7 sewages samples collected in south western France during winter periods from 2006 to 2018 
and kept frozen at -20°C were selected. Human enteric viruses have short RNA genomes and are present at low 
abundance compared to the overall microbiome making their detection difficult. To tackle this challenge, we 
optimized concentration steps through the use of PEG (polyethylene glycol) precipitation combined or not with 
sodium pyrophosphate elution. During RNA extraction, purification steps were added and library were prepared on 
extracts obtained using both methods including a negative and a positive control. Output sequencing data were 
treated using a bio-informatics pipeline. Briefly, raw reads were quality trimmed before de novo assembly followed by 
BLAST analysis. 
Results: The viral fraction represent 3.5% to 44.2% of the total reads in samples. If we consider only contigs larger 
than 500 bp, different viral sequences were identified such as astrovirus, picobirnavirus, picornavirus, picobirnavirus, 
rotavirus, sapovirus and norovirus, with a total number of contigs per sample from 18 to 999. Norovirus represent 4 
reads to 24152 reads of the samples, large portion of the genome have been assembled with N50 between 0 and 
705. 
Conclusion: Interestingly multiple strains of norovirus were detected in the time lapse covered by the sampling. But 
the high diversity of strains in the samples complexify assembly and may explain low values of N50. 
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Introduction 
 
Dengue virus (DENV) transmission occurs in 128 countries and half the global population is at risk of infection. 
Current methods for DENV genome amplification, amplifiy parts of the genome in at least 5 different segments and 
then combines the output to make up a full genome. This process is laborious, costly and requires at least 10 
primers per serotype incrseaing PCR bias. It also limits the scientific use of viral genomic data as it is impossible to 
accurately reconstruct within host full length viral variants with fragmented genomes. 
 
Methods 
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In this submission we describe a pan-serotypic full length dengue genome amplification method with a single nested 
PCR that is easy to use, cost effective and subject to less PCR bias. The full length amplicons were subsequently 
sequenced with Oxford nanopore technology (ONT) which generates single reads greater than the entire length of 
the viral genome making it possible, for the first time, to amplify and sequence the entire DENV genome as a single 
entity. 
 
Results 
 
The experimental protocol has been successfully tested to amplify DENV serotypes 1 and 2 (serotypes 3 and 4 will 
be tested once samples are available). Oxford nanopore technology sequenced these amplicons as whole 
molecules. The relatively high error rate of ONT was offset by depth of coverage to generate an accurate consensus 
sequence per patient. With barcoding and multiplexing of samples, up to 20 samples were included in the same 
sequencing run increasing cost effectiveness. 
 
Conclusions 
Availability of full length, within-host viral variant genomic data without the need for haplotype reconstruction is a 
major breakthrough in viral genomics in DENV and other RNA virus research as it helps to determine the epistatic 
interactions of viral genomes with confidence. ONT uses a portable sequencer that can be used in remote locations 
making it possible to generate real-time viral genomic data in research and clinical diagnostics. 
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Flaviviruses such as dengue, Zika, West Nile and tick-borne encephalitis viruses (DENV, ZIKV, WNV and TBEV, 
respectively) are important human and zoonotic pathogens. Their specific serological detection is severely 
compromised by the high degree of cross-reacting antibodies produced during flavivirus infections. The emergence 
of some flaviviruses in areas already endemic for others leads to massive co-circulation, as observed for example 
with ZIKV and DENV in South America or WNV and TBEV in some European countries. As clinical symptoms are 
similar in many cases there is a high demand for reliable serological differentiation of these infections. The envelope 
(E) protein is a major target of the humoral immune response and its highly conserved fusion loop domain binds the 
majority of cross-reacting antibodies. Therefore, we inserted mutations in the fusion loop domains of E proteins from 
different flaviviruses and developed ELISA-based tests to detect and differentiate IgM and IgG antibodies in human 
and equine serum samples from areas endemic for one or more flaviviruses. The analysis included multi-parameter 
measurements to monitor the time-course of ZIKV-antibody production in DENV-experienced individuals and to 
differentiate DENV serotypes. Results suggest that this diagnostic system has high sensitivity and specificity and can 
be used in areas where co-circulation of flaviviruses is observed. 
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Introduction: Serological techniques are important for virus diagnosis in both plant and animal species, including 

humans. Dot-ELISA (DE) is an inexpensive and sensitive method, widely used in epidemiology. Still, uniform criteria 
for sample discrimination and false positive (FP)/false negative (FN) scoring thresholds are lacking. FP and FN are 
reversely-related, inherently random variables in binary classification. In ELISA tests, their error rates must be pre-
determined on a case-by-case basis, with the preference of one over the other influencing the outcome of diagnosis. 
 
 
Aims: We aimed to develop a diagnostic method for non-subjective DE sample discrimination and cutoff estimation. 

 
 
Methods: A machine learning approach using Python and R programming languages was employed to train an 

algorithm for DE output evaluation based on image analysis. NBT-BCIP-processed nitrocellulose membranes dotted 
with serial dilutions of a model virus (Lettuce big-vein associated virus) were scanned to images and pixel RGB 
values (i.e. Red, Green, Blue) along with X-Y coordinates of positive or negative dots were collected. Training was 
supervised by a logistic regression model, using RGB and infection status (positive/negative) as exploratory and 
dependent variables, respectively. For testing unknown samples, DE images were converted to matrices holding X-Y 
and RGB information. The status-predicted probability for each pixel was calculated based on the trained algorithm. 
A Receiver Operating Characteristic (ROC) curve was created, disclosing cutoffs associated with different Sensitivity 
vs. (1-Specificity) ratios. Images were subsequently reconstructed by pixels having probabilities above an accepted 
cutoff, thus revealing the truly positive dots with a certain probability of success. 
 
 
Results: Cross-validation tests yielded sensitivity and specificity values of 0.994 and 0.995, respectively, reflecting 

the excellent diagnostic performance of the proposed method. The close-to-unity (~1) area under the curve 
(AUC=0.997) corroborated this finding. 
 
 
Conclusion: Image analysis-based machine learning is a very promising tool for output evaluation in serologic 

screening DE applications. 
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Monolayer cell cultures represent a functional approach to virus propagation and characterization. However, in a 
conventional cell monolayer the biological characteristics of virus-host interaction may be altered compared to an in 
vivo infection. Further, not every virus can be grown on a cellular monolayer. Three-dimensional (3D) cell cultivation 
methods can overcome these problems, as cells show a more in vivo-like growth and expression profile. Therefore, 
3D-cultivation is a new and promising option to propagate and to characterize viruses difficult to cultivate using 
conventional methods. To benefit from the advantages of 3D-culture for virus infection studies, we aimed at 
establishing an easy-to-handle cell culture platform with a bioprinted 3D-cell matrix, which can be applied to virus 
diagnostics and virus characterization. 
To establish a 3D-cell culture array, cells of different tissues and host origin were cultured on different 3D-bioprinted 
matrices in a harmonized common medium and characterized for morphology, viability, proliferation, and apoptosis. 
On the most appropriate matrix these cells could be cultivated as mono- or combined co-cultures for at least one 
week. The resulting 3D-cell cultures were infected with different viruses including Cowpox virus (CPXV) and Feline 
calicivirus (FCV) which differ in host range and tissue tropism. The transparent matrix enabled an easy monitoring of 
cells and infection on the 3D-matrix even via live-cell microscopy. 

In conclusion, we established an enhanced, standardized and easy-to-handle bioprinted 3D-cell culture system. 
Furthermore, the innovative multicellular array is suitable for easy and sensitive monitoring and subsequent 
characterization of tissue tropism and host range of different DNA and RNA viruses. The diagnostic tool will be 
further characterized for sensitivity and preliminary in vivo-related characterization of diagnostic samples with 
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unknown viruses. 
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Studying the preliminary steps of pathogen infection is a crucial challenge in biology, and a key in medicine for 
deciphering attachment and entry mechanisms. Virus entry, i.e the binding and the consecutive internalization 
pathways, is largely defined by the preliminary interactions between viral particles and cell surface molecules.  
Infection by herpesviruses is remarkably more complex than infection by other viruses, as it requires the concerted 
effort of multiple viral glycoproteins. Among the different glycoproteins, some bind host receptors and are absolutely 
required for entry, while others enhance viral entry efficiency by promoting binding to attachment factors (e.g. 
glycosaminoglycans (GAGs)), which allows tethering and concentrating viral particles at the cell surface. 
 As the molecular details underlying cell-virus interactions remain poorly understood, elucidating the complex 
interplay between virions and cell surface molecules is necessary for a full understanding of how these remarkable 
agents invade their hosts. 
 Using recent developments of force-distance curve-based atomic force microscopy, we force-probe at the single-
virion level the binding strength of viral particles towards cellular GAGs. Observations were corroborated using flow 
cytometry, electron microscopy and ELISA. 
 We found that gp150, the major envelope glycoprotein of Murid herpesvirus-4, does not establish direct binding to 
glycosaminoglycans but rather prevents other glycoproteins from simultaneous multiple bindings. We showed that 
this regulatory mechanism instantaneously occurs after virus landing and that, by controlling the number of bonds 
established with the cell surface, gp150 defines the diffusion potential of the particles on the cell surface and 
prevents virus confinement.  
 In the near future, this quantitative method will enable us to decipher how cell surface molecules (e.g. receptors) are 
regulated and involved in virus entry, but could also provide a tool to quantify the effect of molecules interfering with 
viral entry and therefore help the screening of novel drugs fighting virus infection. 
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Rift Valley fever virus (RVFV) is an arbovirus that causes recurrent epidemics and epizootics throughout the Arabian 
Peninsula and Africa. Heterodimers of two membrane-anchored glycoproteins, Gn and Gc, form pentameric and 
hexameric assemblies on the virion surface in an icosahedral organization. The Gn subcomponent of the assembly 
has been proposed to shield the cognate Gc from premature fusogenic rearrangements and is a primary target of the 
neutralizing antibody response. To investigate the molecular basis of RVFV neutralization, we used recombinantly-
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derived RVFV Gn as an immunogen to raise a class of neutralizing monoclonal antibodies (nAbs), which exhibits 
protective efficacy in a mouse infection model. Structural characterization reveals that these nAbs target the 
membrane distal head region (domain B) of RVFV Gn and suggests that virus entry into a host cell is prevented by 
blocking fusogenic rearrangements of the Gn-Gc lattice. Analysis of 98 RVFV genome sequences, sampled between 
1951 and 2010, confirms that this region of the RVFV Gn-Gc assembly is under selective pressure and constitutes a 
site of vulnerability on the virion surface. This work provides an initial benchmark for the derivation of potent 
therapeutic nAbs from immunization or convalescent sera that can be used for the treatment of RVFV infection. 
Furthermore, these data provide a structure-based blueprint for the rational design of immunotherapeutics and 
vaccines capable of preventing RVFV infection and a model for understanding antibody-mediated neutralization of 
phleboviruses, more generally. We expect that the identification of additional spatially distinct neutralizing epitopes 
on the capsomeric RVFV Gn-Gc assembly will be an important consideration for the development of synergetic 
combinations of anti-RVFV nAbs.  
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Hepatitis C virus evasion from the host humoral immune response largely relies on the high sequence variability of 
its surface glycoproteins, E1 and E2. The latter is the most variable HCV protein and displays three hypervariable 
regions, with the N-terminal hypervariable region 1 (HVR1) acting as an immune decoy and directly shielding the 
CD81 binding site on E2. Remarkably, it was also recently identified a broader protective role of HVR1 involving 
several non-overlapping neutralizing epitopes. 
Given HVR1 sequence variability, we tested whether its protective role varies among different HCV strains and 
modeled its structure to establish a structure-function relationship that recapitulates HVR1 protective role. In details, 
we first swapped HVR1 sequences between different HCVcc reference isolates and compared chimeras and 
parental strains sensitivity to neutralization. Subsequently, we modeled in silico the structures of the region spanning 
HVR1 and epitope I from the tested strains and studied their properties in molecular dynamics (MD) simulations. 
The results herein presented suggest that HVR1 sequence is a main determinant of HCV overall sensitivity to 
neutralization, as the HVR1 sequences of resistant strains confer protection to sensitive strains and vice versa. 

These differences are due to a sequence-specific interplay between HVR1 and epitope I. Indeed, while the entire 
region is highly plastic, MD simulations highlighted favored topologies shared among resistant or sensitive HVR1-
epitope I sequences. Finally, the same structural features were identified in HVR1-epitope I sequences 
representative of HCV evolution in a patient who spontaneously resolved the infection. 
The presented results remark the global protective role of HVR1 and how it can drastically vary in response to few 
mutations, emphasizing the extremely elevated potential of HCV to evade the host immune response. On the other 
hand, these results might aid the identification of the ideal E1E2 constructs to be used in HCV vaccinology. 
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Introduction - During coronavirus infection, the viral RNA-synthesizing machinery associates with modified 
endoplasmic reticulum membranes, which are often collectively referred to as the replication organelle (RO). While 
double-membrane vesicles (DMVs) seem to be a pan-coronavirus RO motif, studies to date describe an assortment 
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of additional membrane elements that seem to differ per coronavirus genus. These include convoluted membranes 
(CM), induced by alphacoronaviruses and betacoronaviruses, and zippered ER and double-membrane spherules 
(DMSs), reported only for gammacoronaviruses. Despite much speculation, it is still unclear with which element(s) of 
the coronavirus RO viral RNA synthesis is associated. 
Aims - Further analyze the differences and similarities in the RO induced by coronaviruses from different genera, 
and determine the sublocalization of viral RNA synthesis in the infected cell. 
Methods - We used newly-developed sample preparation protocols and electron tomography for a detailed 
ultrastructural analysis. Autoradiography followed by EM was used to detect metabolically labeled newly-synthesized 
viral RNA. 
Results & Conclusions - We show that DMSs are not exclusive of gammacoronaviruses as they also form during 
alphacoronavirus and betacoronavirus infections. Zippered ER, typical of gammacoronavirus infection, can adopt 
increasingly branching configurations which ultimately resemble CM. Hence, our results strongly suggest that the 
replication organelle of all coronaviruses comprises the same basic types of virus-induced double-membrane 
structures, namely, DMVs, CM/zippered ER and DMSs, which would constitute a membrane network connected to 
the ER. Metabolic labeling of newly-synthesized viral RNA followed by autoradiography revealed that viral RNA 
synthesis is associated with DMVs in cells infected with MERS-CoV (betacoronavirus) and IBV (gammacoronavirus). 
In contrast, no newly-synthesized RNA signal was associated with DMSs, CM or zippered ER. Our results 
demonstrate that DMVs are bona fide replication compartments and brings them back to center stage as the likely 
hub of coronavirus RNA synthesis in the infected cell. 
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Tomato yellow leaf curl virus (TYLCV) is a member of the family Geminiviridae and contains a monopartite circular 
single-stranded DNA genome that encodes for several viral proteins. TYLCV causes large yield losses in tomato 
production and breeding for resistance against TYLCV is used to combat this viral disease. We have recently cloned 
the resistance gene Ty-1, which codes for an RNA-dependent RNA polymerase. In comparison to susceptible 
tomato Moneymaker (MM), Ty-1 bearing tomato lines produced relatively higher amounts of TYLCV-specific small 
interfering RNAs (siRNA). Furthermore, the methylation of cytosines in the viral DNA genome was higher compared 
to viral DNA collected from susceptible tomato MM. This altogether implicated that Ty-1 confers resistance by 
enhancing transcriptional gene silencing (TGS). Considering that post transcriptional gene silencing (PTGS), leading 
to a degradation of RNA target molecules, primarily relies on 21 nucleotide(nt) sized siRNAs and TGS, leading to 
methylation of cytosines within DNA target sequences, relies on 24nt-sized siRNAs respectively, we were interested 
to find out which of the RNAi pathways is enhanced by Ty-1. To this end, siRNAs were isolated from systemically 
infected leaves of Ty-1 encoding tomato plants and susceptible MM plants and send for Next Generation 
Sequencing. The viral siRNA profile from Ty-1 lines revealed several changes relative to the profile collected from 
MM. Firstly, the siRNAs were more equally distributed over the viral genome in Ty-1 lines, resulting from increased 
transitive silencing. Secondly, 21nt siRNAs were clearly reduced in Ty-1 plants, indicating Ty-1 is not enhancing the 
PTGS response. Instead, and thirdly, the production of 22nt and 24nt siRNAs were enhanced in Ty-1 plants. The 
results will be discussed in light of antiviral RNAi responses in plants to phloem restricted geminiviruses, and to RNA 
and DNA viruses in general. 
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Virus infections are accompanied by massive production of viral small interfering RNAs due to the plant antiviral 
RNA silencing machinery. In addition, plant viruses with RNA genome infecting Arabidopsis were recently shown to 
trigger the production of virus-activated (va) endogenous siRNAs, that in turn drive a cis-silencing of gene 
expression. Our studies aimed to carry out a functional characterization of va-siRNAs in the case of crop plants 
infected by plant viruses having DNA genome.  
By NGS and bioinformatics, we have characterized small (s)RNA populations in Brassica rapa and B. napus infected 
by Cauliflower Mosaic Virus (CaMV), a plant pararetrovirus (double-stranded DNA genome). We found that CaMV 
infections were accompanied by the production of endogenous sRNA of 21- and 22-nucleotide in length, bona fide 
va-siRNA, from diverse protein-coding genes (CDS). A large proportion of the CDS generating va-siRNAs encode 
several components of the photosynthetic machinery. Accordingly, we revealed a significant down-regulation of 
transcripts generating va-siRNA, likely due to cis-silencing of gene expression.va-siRNAs were also found in a 
different plant pathosystem, i.e. Solanum lycopersicum-Tomato Leaf Curl Yellowing Sardinia Virus (TYLCSV), a 
plant virus with single-stranded DNA genome. Similarly to CaMV infections, some va-siRNAs in tomato explained 
cleavages of several mRNAs annotated as defense-related proteins and components of the photosynthetic pathway. 
However, in tomato functional va-siRNAs appeared to drive trans-silencing of gene expression.Accordingly to RNA 
virus infections, here we confirm that either CaMV or TYLCSV infections triggered va-siRNA. va-siRNAs were from 
the different class of genes depending on the taxonomic family to which the host belongs. Several components of 
the photosynthetic machinery were main targets of va-siRNAs thus revealing unifying qualitative features among 
plants infected from viruses of either RNA or of DNA genomes. Outputs of these data explain part of the phenotype 
plasticity in plants. 
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In eukaryotic cells, the 5’-7mG cap structure is indispensable in formation of stable and functional mRNA transcripts. 
Many viruses are able to cap viral transcripts by means of a methyl transferase activity within their viral RNA 
polymarese. However, viruses from the family Orthomyxoviridae and order Bunyavirales lack this activity, and 
instead use a mechanism called cap-snatching to provide a 5’Cap to viral transcripts. This process is well 
characterized for the nuclear replicating Infuenza virus and involves cleaving of 5’ cap-leader sequences from host 
mRNAs and their use to prime viral genome transcription. To this end, the viral polymerase of Infuenza virus binds to 
the C-terminal domain of the cellular RNA polymerase II and uses nascent mRNAs as source for cap-snatching. For 
the cytoplasmic replicating viruses from the order Bunyavirales, this process still remains elusive. So far, a cap-
binding domain has not been identified within their polymerase, but for some viruses the nucleocapsid (N) protein 
has affinity to messenger RNAs, amongst which the animal infecting Hantavirus. For this virus, the N protein has 
also been observed to co-localize to RNA processing bodies. To investigate the role of the N protein from the 
cytoplasmic replicating members of the Bunyavirales in cap-snatching we have started, as a first step, to in situ 
localize N from a selected set of plant- (Tomato spotted wilt orthotospovirus) and animal-infecting (e.g. 
Schmallenberg orthobunyavirus and Hantaan orthohantavirus) viruses in animal and plant cells relative to 
cytoplasmic RNA granules. Our results show that the N protein of these viruses colocalizes with processing bodies 
(PBs) and stress granules (SGs), preferentially to SGs that are spatially linked with PBs, but (hardly) not with U 
snRNP bodies (UBs). The results and the role of RNA granules as source for capped RNA for these viruses will be 
discussed. 
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There is increasing evidence that, similar to mammalian cells, plant cells also utilize stress granules (SGs) for 
posttranscriptional gene control. Surprisingly, composition, function, and (dis)assembly mechanism of plant SGs is 
poorly investigated. Furthermore, there are only a few studies, which link biotic stress, e.g. virus infection with plant 
SGs, whereas there are numerous studies describing the role and the importance of SGs in counteracting viral 
infections in human or animal diseases. Thus, we are currently characterizing the G3BP-like protein family of 
Arabidopsis thaliana, key proteins for SGs formation. We can show that all 7 members of this family form 
cytoplasmic-localized granules upon heat shock and co-localize with known SG marker proteins. Moreover, the 
nuclear shuttle protein (NSP) of the begomovirus Abutilon mosaic virus (AbMV), which harbors a ‘FVSF’-motif at its 
C-terminal end, interacts with one the AtG3BP-like proteins, as does the ‘FNGSF’-motif containing NSP of Pea 
necrotic yellow dwarf virus (PNYDV), a member of the Nanoviridae family. P1 of Turnip mosaic virus (P1-TuMV) 
harbors an FGSF-motif and FGSL-motif at its N-terminal end. These motifs are also predicted to be a binding motif 
for the host protein G3BP. This suggests that also P1-TuMV interacts with G3BP to control and regulate plant SGs to 
optimize cellular conditions for the production of viral proteins. We show that SG formation upon stress is conserved 
between mammalian and plant cells and that plant viruses follow a similar strategy to inhibit plant SG function as it 
has been shown for their mammalian counterparts. 
 

 
 
S4A - Session 4A: Comparative pathogenesis 

 
Oral presentation 
 
O49 
 
The pathogenesis of measles skin rash 

BM Laksono
1
, P Fortugno

2
, S Cordisco

2
, BM Nijmeijer

3
, S van Nieuwkoop

1
, RD de Vries

1
, TBH Geijtenbeek

3
, T 

Kuiken
1
, F Brancati

2
, RL de Swart

1
 

1
Erasmus MC, ROTTERDAM, The Netherlands 

2
Istituto Dermopatico dell'Immacolata, ROME, Italy 

3
Amsterdam Infection and Immunity Institute, AMSTERDAM, The Netherlands 

 
 
Introduction 

Although maculopapular skin rash is typical for measles, there is little information on its pathogenesis. Measles virus 
(MV) infects immune or epithelial cells by binding to the cellular receptors CD150 or nectin-4, respectively. 
Histopathological findings from human and non-human primate (NHP) measles skin rash showed infected 
mononuclear cells and keratinocytes in the epidermis and in the dermal superficial area, most especially around hair 
follicles and near sebaceous glands. 
Aims 

We hypothesise that measles skin rash is initiated by infection of skin-resident immune cells in the dermis by 
circulating MV-infected lymphocytes. The infection then spreads to the nearby epidermis, before it is cleared by 
infiltrating MV-specific T cells a few days later, causing hyperaemia and oedema. 
Methods 
We investigated the susceptibility and permissiveness of primary human keratinocytes to in vitro MV infection. 
Furthermore, we infected human skin tissues, with or without prior enzymatic separation, with MV ex vivo. To confirm 
our ex vivo findings, skin tissues were collected from MV-infected NHPs and analysed by immunohistochemistry. 
Results 

Nectin-4
+
 cells were found in higher frequency in differentiated keratinocytes than in proliferating ones. This high 

nectin-4 expression resulted in higher susceptibility and permissiveness following in vitro MV infection. In human and 

NHP skin tissues, infected cells were detectable in both dermis and epidermis. Infection of mononuclear cells in the 
skin was found several days prior to the appearance of the rash. These infected cells were often found near 
sebaceous glands, dermal lymphocyte clusters and in the epidermis. 
Conclusion 
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MV skin infection begins in the dermal area, especially near sebaceous glands and in memory lymphocyte clusters. 
The infection spreads from the dermal papillae to the basal epidermis. Once in the epidermis, the infection spreads 
superficially, most likely due to the higher level of nectin-4 on differentiated keratinocytes. Onset of rash is associated 
with viral clearance. 
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Bluetongue is a vector-borne disease of ruminants caused by bluetongue virus (BTV). BTV can infect essentially all 
domestic and wild ruminants but the clinical outcome of infection differs substantially between host species. Clinical 
disease induced by BTV, including haemorrhagic fever in severe cases, is normally evident only in sheep. 
Conversely, cattle are more resilient to BTV infection, as they develop high levels of viremia and can be reservoirs of 
infection, but rarely show clinical signs. Here, we concentrated on BTV-host cell interactions using primary cells as 
an experimental system. First, we determined that BTV reaches higher titres in ovine cells, compared to bovine cells 
although it induces comparable levels of antiviral cytokines in both cell types. Importantly, these differences are 
abolished by inhibiting the Jak/Stat pathway. In addition, pre-treatment with interferon (IFN) severely hampers BTV 
replication in bovine, but not in ovine, primary cells. These data suggest that bovine, unlike ovine, IFN-stimulated 
genes (ISGs) are effective in controlling BTV replication. Using a high-throughput flow cytometry approach, we 
screened an expression library of over 300 bovine ISGs to identify genes with antiviral properties against BTV. We 
have successfully identified a subset of bovine ISGs which negatively impact BTV replication (by at least 50%). The 
restricting potential of the sheep orthologues to the bovine ISGs of interest are currently being investigated using a 
similar over-expression approach. We have identified species-specific differences, with the ovine genes showing 
either similar or decreased levels of restriction compared to their bovine counterparts. Our study provides novel 
insights to understand the molecular determinants related to disease severity and clinical outcome between host 
species. 
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Viruses rely on the intracellular host machinery for replication, production of viral proteins and assembly. However, 
outside cells, as nanosized obligate intracellular pathogens, viruses share many biophysical properties with 
nanoparticles. Based on this biophysical equivalence, we hypothesized that viruses accumulate a host-derived 
protein corona layer in extracellular environments similar to nanoparticles. Here we show that respiratory syncytial 
virus (RSV) and herpes simplex virus 1 (HSV-1) accumulate rich and distinctive protein coronae in different biological 
fluids including human plasma, human bronchoalveolar lavage fluid, non-human primate plasma, and fetal bovine 
serum. Moreover, we show that corona pre-coating differentially affects viral infectivity and immune cell activation. 
Additionally, we demonstrate that viruses can bind amyloidogenic peptides in their corona and catalyze amyloid 
formation via surface-assisted heterogeneous nucleation. Importantly, we show that HSV-1 catalyzes the nucleation 
and accumulation of the amyloid-beta (Aβ42) peptide, which is the major constituent of amyloid plaques in 
Alzheimer’s disease, in-vitro and in-vivo in Alzheimer’s disease animal models. Our results provide a proof-of-

concept for the presence of an extensive and dynamic viral protein corona layer that is critical for viral-host 
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interactions. Unlike the viral genome-coded surface proteins, the viral protein corona is an acquired structural layer 
that is dependent on the viral microenvironment resulting in different viral identities based on the target tissue and 
the target organism. Additionally, the demonstration of corona-driven heterogeneous nucleation of amyloids 
illustrates convergence between viral and amyloid pathologies suggesting a direct physical mechanistic link that 
warrants further investigation. 
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Rabies virus (RABV) is a highly neurotropic virus that spreads through the peripheral and central nervous system 
(CNS) via trans-synaptic spread by budding and entry at synaptic membranes. In the brain, infection of not 
synaptically connected cells is limited, making RABV a powerful tool for trans-synaptic mapping of connected 
neurons. 
Restriction of RABV cell tropism to brain neurons may be determined at two levels: highly regulated release of RABV 
virions at synaptic membranes may limit infectious virus release to the extracellular space and strong innate immune 
responses by infected astrocytes may lead to abortive infection. Indeed, the latter has been demonstrated for lab 
adapted RABV strains. However, the potential of highly virulent field RABVs to infect non-neuronal cells in vivo and 

its contribution to virulence is unclear. 
Here, using 3D immunofluorescence imaging of solvent-cleared brain tissue slices, we compared the cell tropism of 
attenuated vaccine virus SAD L16, lab-adapted challenge virus CVS-11 and two field RABV derived from Dog and 
Fox. Independent of the degree of attenuation or lab adaptation, all viruses mainly infected neurons. However, 
although much less frequent, field RABV infections also led to strong virus protein expression in non-neuronal, 
GFAP-positive astrocytes. In contrast, astrocyte infection was not detectable for lab-adapted RABVs. This, together 
with increased cytopathic appearance of lab strain-infected neurons, supports a model in which efficient replication of 
field RABV in astrocytes represents a backup immune evasion mechanism that may prevent local antiviral 
responses in a situation where virus release in not entirely restricted to synaptic membranes. 
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Zika virus (ZIKV) infections and suspected microcephaly cases have been recently reported in Angola, but limited 
data are available on the origins, epidemiology, and diversity of the virus. Here, we provide a comprehensive study 
of the recent ZIKV outbreak in Angola, including the first genomic investigation of ZIKV Asian lineage in Africa. 
 
Serum samples from 54 suspected ZIKV cases, 76 suspected microcephaly cases, and 24 mothers of infants with 
suspected microcephaly were received by the Angolan Ministry of Health. Computed tomographic brain imaging and 
serological assays (PRNT) were conducted on one microcephalic infant. All sera were tested for ZIKV by RT-qPCR. 
349 samples from HIV+ patients and 336 samples from patients suspected of chikungunya virus or dengue virus 
infection were also tested. Portable sequencing was used to generate Angolan ZIKV genome sequences, including 
from a ZIKV+ neonate with microcephaly born in Portugal to an Angolan resident. Genomic and mobility data were 
analysed to investigate the date of introduction and geographic origin of ZIKV in Angola. 
 
Four autochthonous cases were ZIKV positive via RT-qPCR, with positive samples collected between December 
2016 and June 2017. Viral genomes were generated for two of these cases, and from the neonate with microcephaly 
identified in Portugal (the first ZIKV genome associated with causing microcephaly in Africa). Genetic analyses and 
human mobility data indicate that ZIKV was introduced to Angola from Brazil between July 2015 and June 2016. This 
introduction likely initiated local ZIKV circulation in Angola that continued until June 2017. Our analyses confirm the 
autochthonous transmission of the ZIKV Asian lineage in continental Africa. The scanned microcephaly case 
showed brain abnormalities consistent with congenital Zika syndrome and serological evidence for ZIKV infection. 
Conducting ZIKV surveillance throughout Africa is critical in the light of presented evidence for autochthonous ZIKV 
transmission in Angola, and associated microcephaly cases. 
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Flaviviruses replicate in a wide variety of species and have a broad cellular tropism. Zika virus (ZIKV), Japanese 
encephalitis virus (JEV) and West Nile virus (WNV) can be isolated from various body fluids have been detected in 
nasopharyngeal swabs. Consequently, we evaluated the cellular tropism and host responses upon ZIKV, JEV, WNV, 
and Usutu virus (USUV) infection using a relevant model of the human upper respiratory tract epithelium based on 
primary human nasal epithelial cells (NECs) cultured at the air-liquid interface. NECs were susceptible to all the 
viruses tested and confocal analysis showed evidence of infection of ciliated, non-ciliated and basal cells. Each 
flavivirus productively infected NECs, leading to apical and basolateral live virus shedding with particularly high basal 
release for JEV and WNV. As demonstrated by a paracellular permeability assay, the integrity of the epithelium was 
not affected by flavivirus infection suggesting an active release of live virus through the basolateral surface. Also, we 
detected a significant secretion of interferon type III and the pro-inflammatory cytokine CXCL10 upon infection with 
JEV. Taken together, our data suggest that the human upper respiratory tract epithelium is a target for flaviviruses 
and could potentially play a role in the spread of infection to other body compartments through basolateral virus 
release. Undoubtedly, further work is required to evaluate the risks and define the adapted measures to protect 
individuals exposed to flavivirus-contaminated body fluids. 
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Introduction 
Dengue virus (DENV) causes an estimated 390 million infections around the world annually, severe forms of disease 
are marked by vascular leakage. Endothelial cells are directly responsible for vascular homeostasis and are highly 
responsive to circulating mediators but are not commonly infected. DENV encodes 10 proteins; one protein (NS1) is 
secreted from infected cells and accumulates in blood. NS1 has been implicated in the pathogenesis of vascular 
permeability, but the mechanism is not understood. 
Aims 
Determine the mechanism by which DENV-NS1 protein modulates endothelial cell homeostasis and vascular 
permeability. 
Methods 
NS1, native, purified. Primary human endothelial cells (EC), pass 3-6. Confocal immunofluorescence microscopy 
(IF): cells permeabilized and stained with validated antibodies. RNAseq: cells stimulated for 4hrs, analyzed with 
Illumina platform and Qiagen-IPA software. Trans-endothelial electrical resistance (TEER): measured electrical 
resistance across EC monolayers in permeable supports using a specialized electrode. Western-blot (WB): using 
validated antibodies. 
Results 
IF demonstrated that NS1 is rapidly internalized by EC into endosomes and accumulates over time. RNAseq and 
pathway analysis showed a significant upregulation of functions associated with EC homeostasis and vascular 
permeability, including binding and adhesion. Functional significance assessed by TEER showed that NS1 protein 
induced rapid and transient loss in the barrier function with enhanced permeability observed within 3h post-
treatment. To understand mechanistically NS1 pathogenesis, we evaluated signaling pathways relevant for EC 
permeability; WB analysis of NS1-stimulated EC showed a clear dose dependent activation of p38 after 1h post-
treatment, returning to basal levels after 4h. 
Conclusion 
EC undergo activation and changes in homeostatic functions after internalization of NS1. This protein induces a 
rapid and transient decrease in EC barrier function. NS1 protein activates the stress response MAP kinase p38 
pathway in EC. Taken together, our data suggest that DENV-NS1 may significantly contribute vascular permeability 
observed in severe Dengue disease. 
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Many newly or re-emerging arboviral diseases, such as chikungunya, dengue, and zika viruses, are transmitted by 
the yellow-fever mosquito, Aedes aegypti. Several conserved immune pathways are involved in mosquito antiviral 
immunity, and subsequently affect its vector competence that is the ability for virus transmission. RNAi machinery is 
the most effective innate immune system that acts against arboviruses in mosquitoes; among them, the role of 
mosquito exogenous siRNA and piRNA pathways is increasingly better understood. However, knowledge remains 
scarce regarding the interactions between the mosquito cellular miRNA pathway and arboviruses. By using 
prediction tools with distinct algorithms, several miRNA binding sites were commonly found within different 
genotypes/and or lineages of chikungunya, dengue, and zika viruses, suggesting that the predicted miRNA 
candidates might participate in regulating arboviral replication in Ae. aegypti. We have proved the potential antiviral 
efficacy of miRNA, by generating several genetically modified Ae. aegypti that are expressing anti-CHIKV and DENV 
synthetic miRNAs. Compared to wild-type mosquitoes, the transmission efficiencies of CHIKV and DENV were 
reduced in the antiviral miRNA expressing mosquitoes, underlining the importance of the mosquito miRNAs in vector 
competence. 
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Dengue virus (DENV) and Zika virus (ZIKV) represent major public-health threats all over the globe. Several hundred 
million people are infected by DENV, and the same populations are at risk to ZIKV. Due to severe and potentially 
fatal disease outcome, there is an urgent need for safe and efficacious vaccines against these viruses. 
To explore the potential of E-protein based subunit vaccines, we have compared the immunogenicity of ZIKV and 
DENV1-4 soluble recombinant E (rE) subunits to rE molecules immobilized nanoparticles (NP-rE). In monovalent 
formulations, we see a strong increase of neutralizing antibody responses (500-1000 fold) upon antigen particulation. 
When combined in tetravalent formulations, DENV1-4 NP-rE induced significantly higher serotype-specific 
neutralizing antibody titers and a more balanced Th1-Th2 response compared to soluble rE subunits. 
Vaccine trial results have demonstrated the importance of the “quality” of a neutralizing response for developing 
durable protective immunity. Neutralizing Ab quality refers to the capacity to recognize serotype-specific and 
complex structural targets on the virion surface. These quaternary epitopes are only displayed on flavivirus E protein 
homodimers, but not monomers. However, under physiological conditions, ZIKV and DENV rE subunits are present 
as monomers, therefore lacking any quaternary epitopes. 
To further improve rE immunogenicity, we have induced the formation of stable E-homodimers, that were efficiently 
recognized by human Abs directed to quaternary structure epitopes. Most importantly, mice immunized with 
immobilized DENV and ZIKV rE-homodimers developed more rapid and higher neutralizing Ab responses (~1000 
fold) compared to animals immunized with monomers. In addition, homodimer subunits induce antibody panels that 
target different regions of the virus compared to monomers, which mainly induce an E-domain III focused response. 
Our data indicates that targeting quaternary epitopes present on E-homodimers displayed on particles induces a 
fundamental different and higher quality immune response compared to E-monomers, therefore enhancing the 
chances of protection. 
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Introduction 

In 1997, highly pathogenic avian influenza (HPAI) viruses of the A/goose/Guangdong/1/96 (H5N1) lineage emerged. 
Since, they have continued to cause outbreaks in poultry globally, with occasional human infections, raising 
concerns about a new pandemic. Due to continued circulation for 20 years, the hemagglutinins (HAs) of HPAI H5 
influenza viruses evolved into distinct genetic and antigenic clades, posing a serious challenge to pandemic 
preparedness and vaccine design. 
Aim 

To quantify and visualize the global antigenic diversity of H5 HA in an antigenic map and to rationally design 
immunogenic, broadly reactive, H5 vaccine candidates. 
 
 
Methods 

Recombinant viruses carrying synthetic HA genes of globally representative H5 viruses were generated. A subset of 
these viruses was used to raise post-infection antisera in ferrets. Results from hemagglutination inhibition (HI) 
assays were used to compute an antigenic map using multidimensional scaling algorithms to visualize the antigenic 
relatedness between viruses and antisera. The antigenic map was used to rationally design vaccine candidates 
aimed to provide protection against a broad range of H5 HPAI viruses. Ferrets were vaccinated with these vaccines 
and the height and breath of the immune responses were assessed in HI assays. 
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Results 

The antigenic map contained 108 H5 viruses and 24 post-infection sera, spanning the global evolution and antigenic 
diversity of HPAI H5 viruses from 1997 to 2016. Antigenic diversity increased rapidly in the first 10 years of 
circulation, but more recent lineages continued to cross-react with older ones. Post-vaccination sera raised against 
rationally designed vaccine candidates reacted with a HI titer >40 – a correlate of protection – with up to 65% of H5 
strains tested. 
  
Conclusion 

The designed vaccine candidates induced antibodies that cross-reacted with most H5 HPAI viruses, including strains 
explicitly selected to be outliers. Further evaluation of these vaccines upon challenge with a HPAI H5 virus in ferrets 
is warranted. 
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Purpose: We have developed a live recombinant measles vector-based vaccine to prevent Chikungunya disease 
(MV-CHIK). Previously, the safety and immunogenicity was demonstrated in a Phase 1 clinical trial (EudraCT: 2013-
001084-23). Here, we will present the final data of a Phase 2 clinical trial in 263 healthy, volunteer adults 
(NCT02861586). Chikungunya is a rapidly spreading viral disease affecting significant parts of the Americas, India 
and South East Asia. In the majority of patients, the febrile acute disease turns into a chronic disease causing 
severe, debilitating arthritis that can last years post-infection. So far, no vaccine or treatment has been licensed. 
Methods & Materials: The clinical trial was double blinded, randomized, active - and placebo-controlled, with the 
objective to evaluate the optimal dose in regard to immunogenicity, safety and tolerability in healthy adult volunteers. 
Immune responses were determined by induction of neutralizing antibodies (PRNT). 
Results: The vaccine presents with a safety profile in humans that is comparable to the approved control vaccine in 
the trial. Overall frequency of solicited and unsolicited adverse events (AEs) was low (not more than 30%) and all 
events were transient. No vaccine related Serious AEs (SAE) were observed. The vaccine induced neutralizing 
antibodies after a single immunization in up to 93% in the high dose group. A boost substantially increased the 
neutralizing antibody titers and seroconversion rate. In addition, CHIKV specific T-cell responses were induced 
following vaccination. Interestingly, the vaccine induced a functional immune response even in the presence of pre-
existing anti-measles immunity as demonstrated in a subset of subjects who received a measles prime immunization 
prior to the Chikungunya vaccine. 
Conclusion: The data show that the live recombinant MV-CHIK vaccine is a safe and tolerable vaccine that induces a 
robust immune response. The data clearly path the way for preparing a late stage clinical development program. 
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Rift Valley fever virus (RVFV) is a mosquito-borne bunyavirus that causes severe and recurrent outbreaks on the 
African continent and the Arabian Peninsula and continues to expand its habitat. RVFV induces lethal disease in 
newborns and abortion in pregnant ruminants. The viral genome consists of a small (S), medium (M) and large (L) 
RNA segment of negative polarity. The M-segment encodes a glycoprotein precursor protein that is co-translationally 
cleaved into the two structural glycoproteins Gn and Gc. The Gn protein is involved in receptor attachment, whereas 
Gc is required for viral fusion. Using reverse genetics, we have split the M-genome segment into two M-type 
segments encoding either Gn or Gc, resulting in a four-segmented RVFV (RVFV-4s). RVFV-4s grows efficiently in 
tissue culture but was shown to be completely avirulent in mice, lambs, calves, pregnant sheep and marmosets. 
Furthermore, the vaccine virus was shown to induce sterile immunity in lambs, goat kids and calves after a single 
vaccination. We additionally show that RVFV-4s prevents viremia and abortion in pregnant sheep, the most 
susceptible target animals. Mock vaccinated ewes displayed high viremia and aborted within 7 days post challenge, 
whereas no challenge virus was detected in the blood of vaccinated ewes and no vertical transmission to the fetuses 
of these animals was observed. Altogether, we demonstrate that RVFV-4s induces sterile immunity in lambs, goats, 
calves and pregnant ewes after a single vaccination, demonstrating that this novel vaccine optimally combines 
efficacy with safety. 
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An insect-specific flavivirus produces a unique subgenomic RNA and high amounts of siRNAs 
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Flaviviruses subvert the host RNA decay machinery to produce subgenomic flavivirus RNA (sfRNA) in infected cells. 
These sfRNAs are the products of the 5’-3’ exoribonuclease XRN1/Pacman stalling on secondary RNA structures 
located in the 3’untranslated region (3’UTR) of the viral genomic RNA (gRNA). Kamiti river virus (KRV) is an Aedes 
mosquito specific virus, belonging to the group of classical insect-specific flaviviruses (cISF). KRV has a unique 1.2 
kb long 3’UTR, only 40% of which is homologous to its closest family member, cell-fusing agent virus (CFAV). 
Sequence alignment and structure prediction suggest that two XRN1-resistant stem loops produce a short (~400b) 
and a long (~1kb) sfRNA. This is confirmed by northern blot analyses, revealing a relatively high copy number of 
sfRNA compared to gRNA. XRN1 knockout mosquito cells generate two different sfRNAs, suggesting that (1) other 
5’-3’ exoribonuclease compensate for the lack of XRN1, and (2) unknown secondary structures can provide 5’-3’ 
exoribonuclease-resistance within the 3’UTR. Interestingly, small RNA profiling of infected cells reveal that nearly all 
KRV-derived siRNAs stem from the 3’UTR region of the viral genome and that these siRNAs are produced in high 
quantity. This in stark contrast to other tested representatives of the Flavivirus genus, including CFAV, in which 
siRNAs were evenly distributed across the viral genome. We suggest that KRV developed a unique mechanism to 
escape mosquito innate immune response. 
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Whiteflies of the Bemisia tabaci complex (Hemiptera: Aleyrodidae) are among the main insect pests of agricultural 
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crops worldwide. Whiteflies are highly polyphagous, presenting high reproduction rates and ability to disperse to new 
environments. The losses caused by this hemipteran are enormous, mainly derived from the transmission of plant 
viruses, such as begomoviruses and criniviruses. In addition, this insect is able to rapidly develop insecticide 
resistance, decreasing effectiveness of chemical control. In this context, the development of virus-based 
bioinsecticides is an interesting approach for this insect control. Here, a novel single-stranded RNA virus was 
detected in a whitefly (Bemisia tabaci) sample subjected to high-throughput sequencing. The 8293 nt-long genome 
presents a polyadenylated 3’ end, and contains two ORFs encoding putative 1596 and 849 aa-long proteins. These 
putative proteins display significant similarity to replicase and capsid polyproteins, respectively, of discitroviruses. Its 
complete genome sequence shared the highest nucleotide identity (59.8%) with cricket paralysis virus (family 
Dicistroviridae, genus Cripavirus). Phylogenetic analyses showed that this new virus putative protein sequences 
clustered with those from members of Dicistroviridae. However, the replicase and capsid polyprotein sequences 
clustered with those of members of different genera, respectively to Aparavirus and Cripavirus. RT-PCR using newly 
collected adult and nymph whitefly samples confirmed the presence of this virus in field populations of B. tabaci. 
Genome sequence and organization, and polyproteins comparison indicate that this virus is a new species of the 
family Dicistroviridae. The name Bemisia-associated dicistrovirus 1 (BaDV-1) is proposed for this virus. Recent 

results show that BaDV-1 negative strand can be detected in nymphs, suggesting that the virus replicates in this 
stage. Currently, an infectious clone of BaDV-1 to be used in pathogenicity studies is under construction. 
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The apolipoprotein B editing enzyme catalytic subunit 3 (APOBEC3) is a family of DNA cytosine deaminases that 
mutate and inactivate viral genomes by single-strand DNA editing, thus providing an innate immune response 
against a wide range of DNA and RNA viruses. The currently available data on APOBEC3 editing mechanisms upon 
HCMV infection remain incomplete. 
In the present study, we have assessed gene expression and deaminase activity of various APOBEC3 gene family 
members in HCMV-infected primary human foreskin fibroblasts (HFFs). Specifically, we show that two APOBEC3 
family members, namely APOBEC3G (A3G) and, to a lesser degree, APOBEC3F (A3F), are strongly induced in 
HCMV-infected HFFs. We further demonstrate that HCMV-mediated induction of A3G expression is mediated by 
interferon beta (IFN-β), which is produced early during HCMV infection. However, knockout or overexpression of 
A3G does not affect HCMV replication, indicating that A3G is not a restriction factor for HCMV. Finally, through a 
bioinformatics approach, we show that HCMV has evolved mutational robustness against IFN-β by limiting the 
presence of A3G preferred nucleotide motifs (hot spots) in essential open reading frames (ORFs) of its genome. The 
results may shed light on the antiviral potential of APOBEC3 activity during HCMV infection as well as the viral 
counteracting mechanisms under A3G-mediated selective pressure. Overall, our findings uncover a novel immune 
evasion strategy by HCMV with potential implications for HCMV infections. 
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Introduction: Cytomegaloviruses (CMVs) have developed multiple immune evasion strategies, some of which are 
mediated by viral genes originally acquired from their hosts. CD48 is a GPI-anchored protein that contains an 
ectodomain composed by two immunoglobulin (Ig) domains. Via its N-terminal Ig domain, CD48 recognizes the cell 
surface receptor 2B4, triggering signal transduction events that regulate NK cell functions. Previous work from our 
group reported the presence of several CD48 homologs encoded by the genomes of different viruses, including 
CMVs. However, their biological relevance remains unknown. 
Aims: To functionally characterize A43, the viral CD48 homolog that exhibits the highest amino acid identity with host 
CD48. 
Methods: Expression of A43 in infected cells was examined by RT-PCR, ELISA and flow cytometry. Different Fc 
fusion proteins, containing the ectodomains of A43, 2B4 or CD48 were generated to carry out SPR kinetic analysis 
and blocking assays. Human NK cells (YT and primary NK cells) and CD48-expressing cells were used in several 
functional assays, such as cell-adhesion, conjugate and immune synapse formation, or NK cell cytotoxicity. 
Results: We show that A43, which is expressed by owl monkey CMV, is an immediately early soluble protein. Kinetic 
studies revealed that A43 binds to host 2B4 with high affinity and stability, being able to block the interaction of 2B4 
to its natural ligand, CD48. Remarkably, this viral protein also binds with high efficiency human 2B4. We 
demonstrate that soluble A43 is capable to impair immune cell-conjugate formation, interfere with the establishment 
of the mature NK cell immune synapse, and abrogate 2B4 mediated-NK cell cytotoxicity. These findings indicate that 
A43 serves as a CD48 decoy receptor. 
Conclusion: Thus, our findings emphasize the relevance of the CD48:2B4 axis in the antiviral responses and unveil a 
novel example of the immune evasion tactics developed by viruses. 
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Introduction 

Pestiviruses are single-stranded RNA viruses of about 12.3kb that belong to the family Flaviviridae. These viruses 
usually infect members of the order Artiodactyla, including ruminants and pigs. However, rat and bat pestiviruses 
have also been described. 
Aims 
Characterization of a novel pestivirus species in harbor porpoises (Phocoena phocoena). 
Methods 

Brain and lung tissue samples from three stranded harbor porpoises from the North Sea with lesions suspected of 
viral etiology were processed for next generation sequencing. Briefly, nucleic acids were isolated and random 
amplification was performed using a modified system independent single primer amplification protocol. A DNA library 
was then prepared and sequenced on an Illumina MiSeq system. High-throughput data was analyzed using an in 
house metagenomics pipeline followed by de novo assembly and phylogenetic analyses. 
Results 

A novel pestivirus was identified in two out three harbor porpoises investigated. Construction of the complete 
genome of 12,061bp was performed by de novo assembly of sequence reads and rapid amplification of cDNA ends. 
Sanger sequencing of the full-length genome was also performed to confirm sequenced data. Alignment of the 
complete genomes of pestivirus species showed that the virus is evolutionary closest to porcine Linda virus (58.2%) 
and porcine Bungowannah virus (57.5%) at the nucleotide level, forming together one clade by phylogenetic 
analyses. In situ hybridization of different organs of pestivirus-positive porpoises stained positive, showing strong 
granular staining in the cytoplasm of multiple cell types. Screening results of organ samples from >100 stranded 
cetaceans by RT-PCR will be presented. 
Conclusion 

The identification of a novel pestivirus in harbor porpoises suggests that the host spectrum of pestiviruses extends to 
members of the order Cetacea (whales, dolphins, and porpoises), which are considered to have evolved from 
artiodactyls (even-toed ungulates). 
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Brazil has recently been hit by a series of explosive epidemics caused by arboviroses, such as Zika virus (ZIKV), 
chikungunya virus (CHIKV) and, more recently, yellow fever virus (YFV). Combined with an ever increasing mobilty 
of human populations, the abundance of competent vector species and the rapid pace at which these viruses evolve 
highlight the continuous need to monitor arbovirus transmission across populations. To track the spread of ZIKV, 
CHIKV and YFV in Brazil, we used a suite of epidemiological, spatial, and portable genomic sequencing approaches. 
Analyses of nearly 500 complete genomes generated in Brazil, including isolates from humans, non-human 
primates, and mosquitoes, helped to identify the epidemic origins, main mode of transmission, key patterns of 
arbovirus spread, and mutations associated with disease severity. Results were shared with national and 
international public health authorities immediately upon generation. Our findings provide unprecedented detail on the 
evolution and spread of emerging and re-emerging viruses in the Americas, and establish a genomic framework for 
monitoring arbovirus transmission that will contribute to global strategies to eliminate future arbovirus epidemics. 
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Introduction 

Bluetongue virus (BTV) is a vector-borne virus spread by biting midges and the cause of bluetongue, an important 
infectious disease of ruminants. In 2006, a large outbreak of BTV serotype 8 began in Europe. The outbreak 
eventually affected 16 countries and caused extensive economic damage to the livestock industry before being 
controlled in 2009 by massive vaccination. Following a period of 5 years without new reported cases, BTV-8 re-
emerged in France in 2015. To date, the mechanisms behind the virus’ initial dissemination and its surprising re-
emergence remain poorly understood. 
Aims 

Applying next generation sequencing to blood samples taken serially across both outbreaks, we aimed to a) 
investigate the temporal and spatial dynamics of BTV spread across the continent and b) study the factors leading to 
the re-emergence of the virus. 
Methods 

We have currently sequenced the full genome of over 100 BTV-8 samples from across the outbreak. We used novel 
data integration techniques to combine genome sequences and their metadata with OIE recorded cases, and 
climatic and agricultural variables into one spatially and temporally explicit phylogenetic model. 
Results 

We found evidence for both localised transmission and long-distance movements driving the initial spread of BTV-8 
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in Europe. We also found that between 2009 and 2015, the virus accumulated significantly fewer mutations than 
expected based on estimates derived from outbreak cases. This implies that the transmission of the virus was 
qualitatively different in the period without reported cases. 
Conclusion 

Our results show that BTV spreads through a combination of mechanisms and our results give novel insights into the 
persistence of the virus in between outbreaks. The virus that re-emerged in France in 2015 appears to have been 
replicating at a far lower rate for several years than viruses involved in ongoing transmission. Potential biological 
reasons for this will be discussed. 
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First described in 1952, chikungunya (CHIKV) virus has recently evolved from causing local outbreaks in Africa to 
causing major epidemics around the globe. In 2014 Brazil detected autochthonous transmission of two distinct virus 
lineages, the East Central South African (ECSA) and the Asian virus lineage. Contrary to other countries in the 
Americas where the Asian lineage dominates, the ECSA lineage spread rapidly in Brazil causing large outbreaks 
characterized by high rates of symptomatic infections. However, due to the scarcity of available genome data, little is 
known about the evolution and spread of the CHIKV ECSA American clade (ECSA-Am). Using on-site nanopore 
sequencing, we generated 75 virus genomes from clinical samples collected across all geographic regions in Brazil. 
We then performed spatial and genetic analyses of the ECSA-Am clade to better understand its evolutionary history 
and spread. Bayesian estimates and epidemiological data place the ECSA-Am origin in the Brazilian Bahia state, 
northeast Brazil (Brazil-NE) in late May 2014. From there, the ECSA-Am clade spread across Brazil-NE, which acted 
as the main transmission hub to other regions in the country. Also, we found international spread from Brazil-NE to 
Haiti around mid-2016. Nucleotide evolutionary rates of the ECSA-Am were comparable to other epidemic lineages, 
but substantially higher than non-epidemic ones. Of 17 non-synonymous mutations that are unique to the ECSA-Am 
lineage, 2 mutations (I111V and E280D) to the nsP4 polymerase were found to be under positive selection. Mapping 
of these substitutions onto a known structural homologue revealed that they likely locate to functionally accessible 
surfaces, and thus may have an effect on polymerase functionality. Our genomic and epidemiological analysis of the 
CHIKV epidemic reveals the establishment and country-wide spread of the ECSA-Am lineage in Brazil, and sets the 
stage for future studies linking virus mutations with disease severity. 
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Zika virus (ZIKV) is a member of the Flaviviridae family and recent outbreaks have shown that it is highly infectious 
and has been associated with abnormal fetal brain development. ZIKV is transmitted through mosquito bites and 
sexual contact. However, little is known about first cell targets and subsequent viral dissemination as well as immune 
responses induced by infection. Here we investigated the role of dendritic cell (DC) subsets in ZIKV infection of 
human skin and vaginal mucosa, the initial tissues involved in infection. Therefore, human primary DCs were 
isolated from skin, buffy coats and vaginal mucosa and infected with a wild-type ZIKV strain. Moreover, we used an 
ex-vivo infection model from skin and also embryonic neuronal cells as target cells during the different assays. 
Notably, mucosal and epidermal Langerhans cells did not become infected by ZIKV, whereas in contrast ZIKV 
efficiently infected human submucosal DCs. Infected DCs transmitted the virus to target cells, including neuronal 
cells, suggesting that DCs are involved in ZIKV dissemination. ZIKV infection of DCs further induced a strong type I 
Interferon (IFN) response, DC maturation and expression of pro-inflammatory cytokines. The type I IFN response 
limits ZIKV infection as inhibition of IFN receptors enhanced ZIKV infection. These data strongly suggest that 
submucosal DCs are one of the first target cells for ZIKV and are involved in induction of innate and adaptive 
immunity to the virus. Dissecting the adaptive immune responses as well as viral dissemination is important to 
develop strategies to prevent ZIKV-associated pathologies. 
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In the pathobiology of ZIKA infections, placental crossing represents one of the most critical aspects of the host-virus 
interaction, and yet the mechanisms underpinning this feature are poorly understood. A growing body of literature 
suggests that ZIKA viruses can target the placenta at all stages of pregnancy, residing in particular at the level of the 
fetal macrophages, the Hofbauer cells. In our studies, we aimed at understanding whether replication in the placenta 
is a strain-dependent feature prone to adaptation. We decided to compare the progenitor MR766 virus with three 
strains belonging to the currently circulating Asian lineage isolated from patients in the Pacific, South and Central 
America. To define the specific phenotypes of replication in the placenta, villous explants collected from cesarean 
sections were challenged with different doses of the viruses. Supernatants and explants were processed by means 
of qRRT-PCR, immunohistochemistry, infectivity and transcriptome analyses. Results indicated that all of the strains, 
including the African progenitor, have the ability to establish an infection in the placenta, even at very low doses. 
Nonetheless, differences in the magnitude of infectivity were significant and ranged from 2 to 3 Log. Interestingly, the 
strain isolated from a placenta was the most efficient at replicating and recorded the lowest placenta infectious dose 
50%. Inspired by these results, we tested the direct attachment to term placentas using labeled viruses, and realized 
that for this strain in particular binding was more abundant, localizing in specific parts of the syncytiotrophoblast, 
while for other strains it was weaker or almost non-existent. Although based on ex vivo tissues, these results clearly 
show that not all ZIKA strains behave in the same way in the placenta. Characterizing these differences in replication 
and attachment will prove crucial for the identification of virulence and vertical transmission markers upon 
sequencing of diagnostic samples. 
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Introduction: Zika virus (ZIKV) infection is typically characterized by a mild self-limiting disease presenting with 

fever, rash, myalgia and arthralgia and severe fetal complications during pregnancy such as microcephaly, and 
arthrogyropsis. Virus-induced arthralgia due to perturbed osteoblast function has been described for other 
arboviruses. 
Aims: In this study, we investigated the role of osteoblasts in ZIKV infection and bone-related pathology. 
Methods: The effects of ZIKV infection on osteoblast differentiation, and function were monitored by quantifying 

activity and gene expression of key biomarkers, using human bone marrow-derived mesenchymal stromal cells 
(MSCs, osteoblast precursors). 
Results: MSCs were induced to differentiate into osteoblasts and we found that osteoblasts were highly susceptible 

to ZIKV infection. While infection did not cause a cytopathic effect, a significant reduction of key osteogenic markers 
such as ALP, RUNX2, calcium contents and increased expression of IL6 in ZIKV-infected MSCs implicated a delay 
in osteoblast development and maturation, as compared to uninfected controls. Moreover, in order to identify key 
pathways affected due to ZIKV infection, we performed host transcriptomic response analysis using next-generation 
RNA sequencing. These data show that ZIKV infected osteoblasts mount a robust interferon response as expected, 
but these cells also exhibit modifications in cell cycle and lipid metabolism related pathways. 
Conclusion: In conclusion, we have developed and characterized a new in vitro model to study the role of bone 

development in ZIKV pathogenesis, which will help to identify new targets for developing therapeutic and preventive 
measures. 
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Introduction: 
Zika virus (ZIKV) is a mosquito-borne member of the genus Flavivirus, family Flaviviridae. Uncommon to flaviviruses, 
ZIKV infection was associated with novel disease manifestations including aberrant fetal development, neonatal 
microcephaly and Guillain-Barre syndrome in adults during the emergence and massive outbreak in South America. 
Understanding the mechanisms underlying the exceptional pathogenicity of ZIKV, especially the fetal infection, is a 
prerequisite for the development of prevention and therapy strategies. However, the current understanding of ZIKV 
geno-phenotypic properties are restricted by the available sequence data, which mostly represents samples 
collected at single time points and from adult patients.  
 
Aims: 
The aim of the study was to pin-point potential changes and adaptations in ZIKV genome during the fetal 
development and around the time of transmission from mother to foetus. 
 
Methods: 
We used NGS to determine the viral quasispecies in a unique set of samples consisting of sequentially collected 
samples (blood, placenta, umbilical cord and foetal brain) of a gravid woman from the day of the onset of fever to the 
abortion of the fetus at gestation week 21. All the samples were pre-determined as ZIKV RNA positive by real-time 
qRT-PCR, and RT-PCR amplification was applied prior to NGS sequencing. In addition, we compared the obtained 
sequences to our previously reported cell culture isolates originating from the fetal brain sample and a global set of 
ZIKV genomes. 
 
Results: 
The results show that ZIKV undergoes within host evolution from mother to the foetus, and that there is tissue-to-
tissue variation in viral quasispecies. Furthermore, cell culture passaging apparently induces specific mutations. 
Specific mutations were identified in M, NS1, NS2B, NS3 and NS5 genes. Of these, a foetus-specific mutation in 
NS1 dimerization interface affected NS1 dimer stability in vitro.  
 
Conclusion: 
These results provide new insight to ZIKV evolution within human host and elucidate potential viral factors involved 
in foetal infection. 
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The 2013-2016 outbreak of Zaire ebolavirus (EBOV) in West Africa was unprecedented in scale and has sparked a 
great deal of interest into the pathogen. EBOV is the most pathogenic species in the family Filoviridae. Early 
symptoms are non-specific and flu-like, but these rapidly dissolve into systemic issues, frequently resulting in death. 
Fatal infections are associated with uncontrolled inflammation, while survivors have an initial robust antiviral 
response followed by an effective antigen-specific response. However, there are a myriad of other factors influencing 
patient outcome, including viral load and co-infections. The elucidation of these factors could have major therapeutic 
implications.  
 
Illumina RNA-sequencing was performed on 179 outbreak patient samples in order to assess which genes, if any, 
are differentially expressed in fatal verses non-fatal infections.  
 
Here we demonstrate that higher viral load and malaria co-infection are correlated with poor patient outcome. The 
RNA-seq data allowed us to explore various avenues of research. There are a number of genes that are differentially 
expressed according to patient outcome – e.g. those associated with blood clotting and complement regulation. 
These data allowed the employment of a machine learning technique in order to create a genetic profile for an 
average survivor – able to predict patient outcome with 85% accuracy, suggesting that the response of survivors is 
different to that of fatalities during EBOV infection.  
 
The identification of these differentially expressed genes could illuminate some of the factors influencing patient 
outcome. This, along with the formation of a “survivor profile”, could have clinical implications in the future, both in 
terms of novel therapeutics and allocation of hospital resources. We have been able to recreate this using Nanopore 
sequencing technology, which provides opportunity for real-time sequencing of samples in the field.  
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Introduction: 

Due to a lack of licensed vaccines or treatments, MERS-CoV, Nipah virus, and Lassa virus are identified by CEPI 
and the WHO as pathogens requiring urgent investment into development of prophylactic countermeasures. The 
ChAdOx1 vector is a replication-deficient simian adenovirus vector which has been used to produce several 
vaccinesthat been shown to be protective against infection with Rift Valley Fever Virus and Zika virus, which are now 
in clinical development. 
Aims: 

To assess the pre-clinical immunogenicity and efficacy of ChAdOx1-MERS-CoV, ChAdOx1-Nipah and ChAdOx1-
Lassa vaccines. 
Methods: 
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Small animal models were used to assess the initial immunogenicity and efficacy in a prime and prime-boost 
schedule. hDPP4 mice for MERS-CoV, Syrian hamsters for Nipah virus and Hartley guinea pigs for Lassa virus were 
used as small animal models. Animals were challenged with a uniformly lethal dose of either of the three viruses. For 
each of the studies, ChAdOx1-GFP was used as control vaccine. Analyses of clinical parameters, serology, virology 
and histopathology were used to determine efficacy. The ChAdOx1-MERS-CoV vaccine was further evaluated in the 
rhesus macaque model. 
Results 

The ChadOx1 platform provided protection against lethal challenges in the small animal models with MERS-CoV, 
Nipah virus and Lassa virus challenges, in both prime and prime-boost vaccination. ChAdOx1-MERS-CoV protected 
rhesus macaques against clinical signs and gross pathological lesions. Virus titers were significantly reduced in BAL 
samples obtained from rhesus macaques of each of the vaccinated groups compared to the control group. 
Conclusion 

We show that ChAdOx1-platform provides uniform protection against lethal diseases in hDPP4 mice challenged with 
MERS-CoV, Syrian hamsters challenged with Nipah virus Bangladesh and Nipah virus Malaysia, and Guinea pigs 
challenged with Lassa virus. Furthermore, ChAdOx1-MERS-CoV provides full but not sterile protection against 
MERS-CoV in rhesus macaques. The ChAdOx1-Nipah and ChAdOx1-Lassa vaccines will be further evaluated in 
non-human primate models. 
 

 
 
S5C - Session 5C: Focus on BSL4 pathogens 

 
Oral presentation 
 
O76 
 
The promiscuous virus: filoviruses use redundant cell surface proteins for productive entry regardless of 
the cellular background. 

F.J.Z.B. Zapatero-Belinchon
1
, E.D. Dietzel

2
, O.D. Dolnik

2
, K.D. Döhner

2
, R.C. Costa

2
, B.H. Hertel

2
, B.V. Veselkova

2
, 

J.K. Kirui
2
, A.K. Klintworth

2
, M.P.M Manns

2
, S.P. Pöhlmann

2
, T.P. Pietschmann

2
, T.K. Krey

2
, S.C. Ciesek

2
, G.G. 

Gerold
2
, B.S. Sodeik

2
, S.B. Becker

2
, T.v.H. Von Hahn

2
 

1
Hannover Medical School, HANNOVER, Germany 

, Germany 
 
 
Filoviruses have a wide cell tropism infecting all cell types with the exception of lymphocytes. Viral cell entry critically 
requires the intracellular factors cathepsins B and L, two-pore channels 1 and 2, and the bona fide receptor 
Niemann-Pick Disease C1. In contrast, virion cell binding seems to be an unspecific process. Numerous plasma 
membrane proteins belonging to the families of c-type lectins, TAM tyrosine kinase receptors, and the T-cell 
transmembrane, immunoglobulin, and mucin (TIM) family have been implicated in filovirus uptake in a cell-
dependent manner but none have been unequivocally shown to be critical for entry. 
We have identified neuroblastic SH-SY5Y cell line as an adherent non-lymphocytic cell line fully and specifically 
resistant to filovirus glycoprotein-driven transduction and authentic filovirus infection. We showed that this cell line is 
not expressing a dominant restriction factor that blocks entry nor it is lacking any of the essential intracellular factors. 
We could then pinpoint cell attachment as the impaired filovirus entry step by EBOV glycoprotein binding 
experiments. A hierarchical clustering analysis of surface factors gene expression between these cells and other 
susceptible and resistant cell lines failed to correlate susceptibility to the expression of a specific reported surface 
factor. Finally, we could rescue filovirus susceptibility in SH-SY5Y cells by the ectopic individual expression of either 
the c-type lectin DC-SIGN, the tyrosine kinases Axl or Mer, or the TIM family protein TIM-1 providing conclusive 
experimental evidence for the redundant role of cell surface entry factors in filoviral entry. 
Our study highlights the crucial role of filoviral cell attachment for productive viral entry, confirms the current filoviral 
cell binding model of promiscuous surface factor usage, and suggests the importance of SH-SY5Y cells as new tool 
to study filovirus-host entry interactions. 
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Introduction: Nipah virus (NiV) is an emerging bat-borne paramyxovirus that causes acute respiratory disease and 

severe encephalitis, with case fatality rates ranging from 40”�75%. In addition to acute encephalitis, several cases 
of seemingly persistent and relapsing NiV encephalitis have been observed. The World Health Organization has 
recognized NiV as posing great risk for large outbreaks or pandemics, and placed NiV on a list of pathogens in 
critical need of research, vaccine development, and antiviral therapeutics. 
Aims: Despite these concerns, very few studies have directly addressed CNS infection, and results of neuronal 
infection, evasion of immune responses in the CNS, persistence, and relapse remain unknown. 
Methods: Here, we utilized a human neural stem cell derived neuron/astrocyte co-culture system to provide a first 
detailed characterization in infected primary human neuronal cells. 
Results: NiV Malaysia strain replicated in both neurons and astrocytes, inhibited inflammatory cytokine and 
chemokine production, and produced very delayed interferon-β responses. In addition, the related Hendra virus and 
NiV Bangladesh strain induced a small increase in CCL5 and CXCL10 expression and replicated to higher virus 
titers. While Interferon-β treatment significantly reduced viral titer, apoptosis, cytotoxicity, and syncytia formation, 
treatment with interferon-γ could not control NiV infection in this in vitro system, but was able to significantly reduce 
apoptosis and cytotoxicity. Additionally, interferon-β preferentially protected astrocytes from NiV infection compared 
to neurons. Interferon treatments also increased the production of the lymphocytic chemokines CXCL10 and CCL5. 
Conclusions: These results suggest that in vivo astrocytes may be protected from NiV infection by the type I 
interferon response. Additionally, while the type I interferon response reduced viral infection, it was not able to fully 
eliminate it. These findings suggest that the type I interferon response may play a role in establishing a persistent 
infection. 
 

 
 
S5D - Session 5D: Focus on veterinary diseases 

 
Oral presentation 
 
O78 
 
Ancient endogenous African swine fever virus-like elements in a soft tick genome - a virus-vector 'arms 
race'? 

JH Forth
1
, LF Forth

1
, S Lycett

2
, L Bell-Sakyi

3
, GM Keil

1
, A. Karger

1
, S Blome

1
, A. Wissgott

4
, S Calvignac-Spencer

5
, J 

Krause
4
, D Höper

1
, H Kampen

1
, M Beer

1
 

1
Friedrich-Loeffler-Institut, GREIFSWALD, Germany 

2
Roslin Institute, University of Edinburgh, EDINBURGH, United Kingdom 

3
Institute of Infection and Global Health, University of Liverpool, LIVERPOOL, United Kingdom 

4
Max Planck Institute for the Science of Human History, JENA, Germany 

5
Robert Koch Institut, BERLIN, Germany 

 
 
Introduction: 

In recent years, numerous viruses have been identified integrated into the host genome as endogenous viral 
element (EVE) improving the knowledge on viral phylogeny and providing data on the host- and distribution range of 
ancient and modern viruses. For the devastating suid pathogen and only known DNA-arbovirus, African swine fever 
virus (ASFV), neither closely related viruses nor integrated viral elements have yet been identified. Despite its 
occurrence on four continents, almost 100 years of intensive research and the current dramatic spread through 
Europe and Asia, ASFV remains the only member of the genus Asfivirus and the family Asfarviridae. 
Aims: 

We aimed to identify ASFV-like viruses or endogenous viral elements in the natural tick vector of ASFV, 
Ornithodoros moubata. 
Methods: 
We analysed O. moubata cell lines and ticks for ASFV-like sequences using NGS-based deep sequencing 
strategies. For further characterisation, we used PCR, qPCR, phylogenetic and BEAST-analyses and addition data 
was generated in tick infection experiments. 
Results: 

We identified numerous endogenous ASFV-like (EASFL)-elements in the mostly uncharacterised genomes of O. 
moubata cell lines, ticks from lab colonies and 100 years old field ticks. These EASFL-elements show nucleotide 

identities of up to 85 % to 13 complete and 18 partial ASFV genes. While their endogenous nature was proven by 
the detection of neighbouring tick genes, BEAST analyses estimated the time-to-most-recent-common-ancestor for 
ASFV and the EASFL-elements to be around 30000 years. Results from tick infection experiments further suggest 
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that the EAFSL-element might be associated with a tick defence mechanism against ASFV infection in O. moubata. 
Conclusion: 

We believe that our discovery of EASFL-elements is pivotal to a better understanding of the evolutionary dynamics 
and genetic variability of ASFV, leading to the emergence of new viral subtypes and the role of endogenous viral 
elements in the “arms race” between viruses and their hosts. 
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Introduction - Short-chain fatty acids (SCFA), such as sodium butyrate (SB), propionate (SPr), and acetate (SAc), 

are metabolic end-products of the fermentation of dietary fibers. Based on their interplay with the host immunity, they 
are linked with multiple beneficial effects on mammalian health, especially during respiratory and systemic disorders. 
Equine herpesvirus-1 (EHV1) is an ancient alphaherpesvirus, primarily replicating in respiratory epithelium, and 
disseminating through the body via a cell-associated viremia in leukocytes. EHV1 infected monocytes and T-
lymphocytes transmit virus to the endothelium of the endometrium or central nervous system, causing reproductive 
or neurological disorders. Aims - Based on the proven importance of SCFA on the overall physiology of mammals 

and the delicate balance of the equine gut-microbiome, we examined whether fluctuations of SCFA-levels influence 
the EHV1 pathogenesis. Methods - SCFA-receptors were visualized in respiratory and lymph nodal tissues by 

immunofluorescence staining. EHV1-replication was analyzed in SCFA-pretreated EHV1-inoculated respiratory 
mucosa-explants, monocytic cells and T-lymphocytes. In parallel, EHV1-inoculated immune cells were co-cultured 
with SCFA-pretreated endothelial cells. Results - SCFA-receptors were detected within the respiratory epithelium, at 

the leukocyte and endothelial cell-surface. Pretreatment with(out) SB, SPr, or SAc did not change the number of viral 
plaques or virus titer during a primary viral replication. Only SPr reduced the plaque-latitudes. Similarly, SCFA did 
not alter the number of infected mononuclear cells. SCFA-treatment of endothelial cells prior to co-cultivation with 
EHV1-inoculated mononuclear cells, resulted in a reduced number of adherent immune cells to the endothelium and 
reduced viral transfer from infected mononuclear cells to endothelial cells. This may be explained by a SCFA-
mediated down-regulation of ICAM1 and VCAM1 on the endothelium. Conclusions - SCFA shape the EHV1 

pathogenesis, mainly at the target endothelium, in favor of the horse. Our findings have significant implications to 
develop innovative therapies, to prevent the devastating clinical outcome of EHV1. 
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Influenza D virus (IDV) was first isolated from a swine in 2011, but in bovines has been commonly associated with 
one of the most important diseases affecting the cattle industry, the bovine respiratory disease complex. Although 
the ecology of IDV is poorly understood, serosurveillance studies indicate that the majority of farmed quadrupeds are 
susceptible to this virus. In our study, we investigated whether IDV can replicate in ovine respiratory explants, given 
the importance of sheep in underdeveloped areas of the world where is often farmed in multi-species grazing 
systems. Briefly, we infected ovine ex-vivo cultures of nose, trachea and lung with two Italian IDV strains of either 
bovine (IDV-BOV) or swine (IDV-SW) origin. A bovine parainfluenza 3 virus (PI3V) was used as a positive control 
pathogen. Supernatants of the explant cultures were collected and titrated for infectivity while cell tropism was 
evaluated by means of immunohistochemistry, at 72 hours post-infection. Both strains replicated in all three tracts of 
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the ovine respiratory apparatus, but IDV-BOV recorded significantly higher titers than IDV-SW, at all times 
irrespective of tissue type. In particular, IDV-BOV reached similar viral loads to the ones of PI3V at the level of the 
nasal and tracheal mucosa. On the other hand, replication of IDV-SW was generally weak. Immunohistochemistry 
confirmed a preference of these viruses for ciliated cells at the level of the upper respiratory tract. Our results are 
consistent with previous serosurveillance data obtained for sheep and indicate IDV as a possible respiratory 
pathogen of this species. Interestingly IDV-BOV and IDV-SW showed a different replicative pattern despite the close 
genetic similarity (99%) and similar receptor binding abilities. In vivo studies are needed to evaluate the impact of 

this virus in sheep farming and subsequently define the role of this species in the overall ecology of IDV. 
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In the Netherlands, three commercial poultry farms and two hobby holdings were infected with the highly pathogenic 
avian influenza (HPAI) H5N6 virus in the winter of 2017-2018. The H5N6 virus is a reassortant of the HPAI H5N8 
clade 2.3.4.4 group B virus that was detected in Eurasia in 2016. During the winter the H5N6 virus was also detected 
in several wild birds found dead. However, wild bird mortality was limited compared to that caused by the H5N8 
group B virus in 2016-2017. The H5N6 virus was not detected in wild birds after March, until infected wild birds were 
found again in August. In this study, the complete genome sequences of the poultry and wild bird viruses were 
determined to study their genetic relationship. This showed that the outbreaks in poultry were not the result of farm-
to-farm transmissions, but rather resulted from separate introductions from wild birds. Wild birds infected with viruses 
related to the first outbreak in poultry were found at short distances from the farm, within a short timeframe. 
However, no wild bird viruses related to outbreak 2 and 3 were detected. The H5N6 virus isolated in August shares a 
common ancestor with the virus detected in outbreak 1. This suggest long-term circulation of the H5N6 virus in the 
local wild bird population. In addition, the pathogenicity of the H5N6 virus for ducks was determined, and compared 
to that of the H5N8 viruses detected in 2016 and 2014. A similar high pathogenicity was measured for the H5N6 and 
H5N8 group B viruses. This suggests that biological or ecological factors in the wild bird population may have 
affected the mortality rates during the H5N6 epidemic. These observations suggest a different infection dynamics for 
the H5N6 virus in the wild bird population, compared to the H5N8 virus in 2016-2017.  
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In the three decades since AZT was licensed to treat HIV, an arsenal of antitretroviral therapy (ART) medicines has 
been assembled, transforming the outcome of the infection into a chronic, treatable disease. This tremendous 
progress has some significant downsides. ART must be taken for life, with associated toxicities. Further, a spectrum 
of comorbidities affect HIV-positive individuals, who display high levels of immune system activation. Therefore, the 
goal of a functional cure, i.e., undetectable viremia in absence of ART, is being pursued using various approaches. 
Methods attempting excision of HIV or of its receptor CCR5 from the genome of host cells, are limited by the efficacy 
of currently available gene delivery vectors. The “shock and kill” attempts to reactivate latent HIV to then eliminate it 
with HIV-specific CTLs (and ART) is ineffective in both phases. Immune-based therapies are unlikely to become 
available in the short-medium term to underdeveloped nations. We propose an alternative approach, “block and kill”, 
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i.e., to prevent reactivation of HIV while inducing apoptosis of HIV-infected cells. We are pursuing a cellular target 
involved in T cell activation, the human paracaspase Mucosa-associated lymphoid tissue lymphoma translocation 
protein 1 (MALT1). MALT1 is expressed specifically in lymphocytes and macrophages. Our data show that inhibition 
of MALT1 eventuates in a) antiviral activity in T cells and macrophages, with IC50 similar to that of the ART drug 
Tenofovir; b) inhibition of reactivation of latent HIV from lymphoblastoid T cells; c) increased apoptosis in primary 
cells infected in vitro with HIV, but not in cells that are not infected; d) decreased levels of expression of markers of T 
cell activation. Therefore, we propose MALT1 inhibition as a means to decrease HIV reactivation, abate proviral load 
(by selective apoptosis of infected cells), and decrease immune activation, towards a functional cure for HIV 
infection. 
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Introduction: 

In HIV-infected individuals on antiretroviral therapy (ART), HIV latency is the major barrier to a cure. HIV persists 
preferentially in CD4

+
 T-cells expressing multiple immune checkpoint (IC) molecules. 

Aim: 

To determine whether IC molecules have a role in maintaining HIV latency and if blocking IC molecules with 
antibodies (IC blockers: ICB) alone or in combination, can reverse latency. 
Methods: 

Resting CD4
+
 T-cells, isolated from blood of HIV-uninfected individuals, were stained with the proliferation dye 

eFluor670, co-cultured with syngeneic monocytes and infected with full length CCR5-tropic EGFP-reporter HIV. On 
day 5 post-infection, non-proliferating (eFLuorhi) and proliferating (eFluorlo) CD4+ T-cells that were not productively 
infected (EGFP-) and thus potentially latently infected were sorted. Expression of the IC molecules: cytotoxic T 
lymphocyte-4 (CTLA-4), T-cell immunoglobulin and mucin-domain containing-3 (TIM-3), B- and T-lymphocyte 
attenuator (BTLA), T-cell immunoreceptor with Ig and ITIM domains (TIGIT), or programmed death-1 (PD-1), were 
determined. To assess the ability of ICB to reactivate latency, sorted cells were cultured: 1. alone (background 
EGFP); 2. with anti-CD3/anti-CD28+IL-7+IL-2 (max EGFP/latency reactivation); 3. with one or more ICB / 
corresponding isotype control(s) in the presence of monocytes (mono), with or without SEB; or 4.with classic latency 
reversing agents including vorinostat and bryostatin. Raltegravir and T20 (an HIV integrase and fusion inhibitor, 
respectively) were added to all reactivations to prevent subsequent rounds of infection. 
Results: 

Latent infection was enriched in proliferating cells expressing PD-1 and in non-proliferating cells expressing CTLA-4, 
TIM-3, BTLA or PD-1. ICB reversed HIV latency in both proliferating and non-proliferating CD4+ T-cells, but only 
when multiple ICB were used or when an ICB was combined with an additional T-cell activating stimulus 
(ICB+mono+SEB). Latency reversal was higher following IC blockade compared to classical latency reversing 
agents. 
Conclusion: 

Combination IC blockade should be further explored as a strategy to reverse HIV latency. 
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Results of a phase 2 Clinical Trial to assess safety and efficacy of Myrcludex B in combination with PegIFNa 
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Introduction: Myrcludex B (MyrB) is an NTCP-receptor specific entry inhibitor for HBV and HDV. MyrB was studied in 
a phase 2 trial in HBV/HDV co-infected patients. 
Methods: 60 HBeAg-negative patients with chronic HBV/HDV co-infection were randomized in 4 arms. Patients 
received 180 µg PEG-IFNα once weekly (A) or MyrB s.c. at 2mg (B) or 5mg (C) once daily plus PEG-IFNα, or MyrB 
alone (D) for 48w. Treatment-free follow-up was 24w. Primary endpoint was serum HDV RNA negativation at w72; 
secondary endpoints included HDV RNA negativation at w48, ALT normalization, and >1log HBsAg reduction. 
Results: MyrB was well tolerated with 123 drug-related AEs at w48 mainly caused by total bile acid increase. No 
SAE was reported during treatment. At w48, serum HDV RNA levels declined in all MyrB arms (median reductions: 
4.59 log10 IU/ml in B (n=15), 5.33 log10 IU/ml in C (n= 14), and 2.47 log10 IU/ml in D (n=14)). PEG-IFNα alone 
reduced HDV RNA by 1.95 log10 IU/ml. HDV RNA was undetectable in 2/15 (A), 10/15 (B), 8/14 (C) and 2/14 (D) 
patients at w48. ALT normalization at w48 was pronounced in D (10/14) compared to 4/14 in A, 4/15 in B and 6/15 in 
C. HBsAg declined by >1log10 in 7/15 (B) and in 3/14 (C) patients treated with MyrB/PEG-IFNα combination. No 
HBsAg change was observed under monotherapy. Paired biopsies (arm D) showed intrahepatic HDV RNA decline 
and reduction in necroinflammation (6/8) and liver fibrosis (4/8) at w48. All arms showed strong reduction of HDAg-
positive cells. 
Conclusion: This study provides first evidence that entry inhibition by Myrcludex B in combination with PEG-IFNα 
bears curative potential for chronic HDV and HBV infection. 
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Introduction: A characteristic feature of many infections is that only a proportion of exposed individuals develop 

clinical disease, such as in the case of West Nile virus (WNV) infection, which is associated with severe 
neuroinvasive disease in less than 1% of infected patients. The genetic basis of the inter-individual variability in the 
response to infections is poorly understood. 
Aim: Development of an in vitro model based on patient-specific induced pluripotent stem cells (iPSCs) to 

investigate individual susceptibility to WNV and other neurotropic flaviviruses. 
Methods: iPSCs were generated from PBMCs of two patients with previous WNV encephalitis without co-morbidity 

(cases) and two blood donors with asymptomatic WNV infection (controls). Patient-specific iPSCs were differentiated 
into neural stem cells (NSCs) and infected with WNV lineage 1, ZIKV Asian lineage, and USUV lineage Europe 1 at 
different MOI. Viral replication kinetics, cytopathic effect, and expression of host genes involved in innate antiviral 
response were investigated. 
Results: USUV and WNV replicated more efficiently, yielding 10 and 100 fold higher viral load and inducing 30% 

and 70% higher cell mortality, respectively, in NSCs derived from cases than in NSCs derived from controls. Several 
genes involved in the antiviral IFN pathway were significantly upregulated after USUV, ZIKV and WNV infection, but 
the general trend indicated an attenuated response in NSCs derived from WNV encephalitis cases as compared to 
the response in NSCs derived from asymptomatic controls. These phenotype data were correlated with genome 
sequencing results of iPSCs from cases and controls. 
Conclusions: NSCs derived from patients with WNV encephalitis were more susceptible to WNV and USUV 

replication and cytopathic effect than NSCs derived from subjects with asymptomatic infection. This increased 
susceptibility to neurotropic flaviviruses was associated with a significantly attenuated innate antiviral response. 
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Introduction 
Yellow fever virus (YFV) infection results in death in approximately 50% of symptomatic individuals. Here we 
characterized markers of viral infection in a cohort of patients during the 2018 outbreak in the outskirts of Sao Paulo 
City, Brazil. 
Aims 
To identify clinical and laboratory predictors of mortality in a cohort of yellow fever-infected patients 
Methods 
We enrolled YFV-infected patients confirmed by reverse-transcriptase-polymerase-chain-reaction assay or by 
autopsy. We sequenced the complete viral genomes and evaluated demographic, clinical and laboratory findings 
and determined whether any of these measurements correlated with outcome (death). 
Results 
Of 76 YFV cases enrolled, 27 (36%) died within 60 days of follow-up. Whole-genome sequences clustered with the 
South American genotype I, sub-genotype E. Older age, male sex, higher leukocyte and neutrophil counts, higher 
alanine and aspartate aminotransferase (AST), bilirubin and creatinine, prolonged prothrombin time, and higher 
YFV-RNA plasma virus load (VL) were associated with higher mortality. In a multivariate regression model, older 
age, elevated neutrophils, elevated AST and higher viral load remained independently associated with death. All 11 
patients with neutrophil counts of ≥ 4,000/ml and VLs of ≥ 5.1 log10/ml died (100%, 95% CI 72-100%), compared to 
only 3 out of 27 among (11%, 95% CI 2-29%) patients with neutrophil counts of < 4,000/ml and VLs of < 5.1 log10/ml. 
Conclusion 
This is the first prospective cohort describing the predictors of mortality after YFV infection. Our findings support the 
important role of the virus in disease pathogenesis and identify older age, higher neutrophil counts, higher AST 
levels as markers that predict death. These findings should help guide clinical decision-making and resource 
allocation in the care of YFV-infected patients. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA02 
 
Host genetics control susceptibility to Zika virus in Collaborative Cross mice 

C Manet, E Simon-Lorière, G Jouvion, D Hardy, M Prot, M Flamand, A. Sakuntabhai, X Montagutelli 
Institut Pasteur, PARIS, France 
 
 
Zika virus (ZIKV), a re-emerging mosquito-borne flavivirus, has been responsible for worldwide epidemics over the 
past decade. The recent explosive spread of ZIKV has been associated with major variations in clinical 
manifestations and congenital afflictions among infected populations. This variability in disease severity and 
pathogenesis is due to multiple factors, which likely include host genetic determinants. 
Our aim is to identify host genetic factors which control increased susceptibility or resistance to ZIKV infection, using 
complementary genetic approaches. Mouse genetic reference populations, such as the Collaborative Cross (CC) are 
particularly suited to this aim. The CC is a collection of new mouse inbred strains which encompasses large genetic 
and phenotypic diversity. We investigated the influence of genetic background on susceptibility to ZIKV infection in 
CC mice which type I interferon (IFN) response was antagonized by anti-IFNAR1 antibody. To gain understanding of 
the mechanisms underlying in vivo susceptibility differences, we also studied the response to ZIKV infection in 

primary fibroblasts and macrophages derived from a few CC mouse strains. 
The genetic diversity of the CC panel enabled phenotypes ranging from complete resistance to severe symptoms 
and death with large variations in the peak and rate of decrease of plasma viral load, in brain viral load and in brain 
histopathology. ZIKV replication rate in infected primary cells was increased in the most susceptible CC strain and 
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associated with a delayed induction of the type I IFN response. Interestingly, we identified, in a few mouse strains, 
correlated phenotypes between Zika and Dengue infections, suggesting shared mechanisms of susceptibility to 
these closely-related flaviviruses. 
Our results demonstrate the critical importance of host’s multiple genetic variants on its susceptibility to ZIKV 
infection and provide new mouse models to investigate the mechanisms of human ZIKV disease and other flaviviral 
infections. 
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Introduction 
Baculoviruses orally infect insect larvae when these consume viral occlusion bodies (OBs). The OBs contain 
occlusion-derived viruses (ODVs), which are released in the alkaline midgut. The ODVs infect midgut epithelial cells 
through the action of at least nine different ODV-envelope proteins, called per os infectivity factors (PIFs). Eight of 
the nine PIFs form an entry complex. When one of these PIFs was precipitated in a co-immunoprecipitation study, 
ODV-envelope protein Ac108 was identified together with other components of this complex, suggesting that this 
protein is also involved in oral infectivity.  
Aims 
This study aimed to establish whether Ac108 is the tenth PIF-protein and to confirm that this protein is part of the 
entry complex. 
Methods 
An ac108 mutant was constructed from bacmid-derived Autographa californica multiple nucleopolyhedrovirus 
(AcMNPV) by deletion of this gene’s start codon via homologous recombination. Also an HA-tagged repair mutant 
was constructed with the bac-to-bac system. The oral infectivity of the resulting viruses was tested in droplet-feeding 
assays with Spodoptera exigua larvae. Furthermore, fluorescently labelled ac108 mutant ODVs were generated and 
used to follow their interaction with isolated primary midgut cells of S. exigua larvae by confocal microscopy. The 
association of Ac108 with the complex was determined by western blot analysis under non-denaturing conditions. 
Results 
Inactivation of the ac108-gene abolished the ODV oral infectivity in S. exigua larvae, while this was completely 
restored in the repair mutant. Furthermore, imaging of fluorescently labelled ODVs revealed that the ac108 mutant 
failed to enter the larval midgut cells. Western blot analysis of the HA-tagged repair mutant confirmed that the Ac108 
protein is a constituent of the entry complex and showed that complex formation was abolished in the ac108 mutant 
virus. 
Conclusion 
We conclude that the ac108-gene encodes a PIF and that the Ac108-protein is an essential constituent of the entry 
complex. 
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Tunneling nanotubes (TNTs) are actin-containing membranous conduits that connect neighbouring cells and that 
allow intercellular transfer of molecular information, thereby representing a novel and still poorly understood mode of 
intercellular communication. Different viruses appear to have developed mechanisms to abuse TNTs to spread more 
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efficiently. We previously showed that the conserved alphaherpesvirus US3 protein kinase induces long cell 
projections that contact distant cells and promote intercellular virus spread. Based on the morphological 
characteristics that define TNTs, we now show that these US3-induced structures constitute TNTs. Importantly, we 
found that, besides promoting intercellular transport of virus particles, these US3-induced TNTs allow intercellular 
transfer of molecular information, even in US3-transfected cells, so in the absence of other viral proteins. A 
remarkable difference between US3-induced TNTs and most TNTs described in literature is their stability as US3-
induced TNTs remain stable up to several days whereas other TNTs often have lifespans of only a few minutes or 
hours. In line with this, we found that US3-induced TNTs contain microtubules that are stabilized by post-
translational modifications. Further in line with their remarkable stability, US3-induced TNTs and connected cells 
remain attached to each other even when connected cells move relative to each other. We found that the contact 
area between US3-induced TNT and connected cell is enriched in components of adherens junctions, namely beta-
catenin and E-cadherin, which may explain this stable adhesion. Transmission electron microscopy (TEM) showed 
that virus particles were transported through US3-induced TNTs as enveloped virus particles individually wrapped in 
transport vesicles. Virus particles were found to be released over the entire length of the TNT, including at the 
contact area with connected cells. These data provide new structural insights in US3-induced TNTs and how they 
may contribute to alphaherpesvirus spread and the transfer of molecular information from infected to uninfected 
cells. 
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African swine fever virus (ASFV) is a lethal viral disease of pigs which is endemic in most sub-Saharan African 
countries and continues to conquer new territories with its recent incursions into Georgia, Eastern European 
countries, Russian Federation, and lately, China. This geographical expansion is a major economic threat to global 
pig industry thus underscoring urgent need to employ enabling technologies to generate efficacious vaccine to 
combat this disease. 
Previous approach to generate genetically attenuated ASFV vaccine involved the use of classical homologous 
recombination technique which is hampered by low recombination efficiencies between the ASFV genome and the 
introduced plasmid. Due to this low efficiency, this strategy often requires selectable markers, consequently 
necessitating additional manipulations to remove them. This is further complicated by the need for extensive 
screening to isolate the mutant virus (with the desired modification) from the more abundant parental (wild-type) 
viruses. This procedure involves time-consuming successive rounds of plaque purification which may in itself alter 
the virus in undesired way hence posing challenges in the isolation of the true mutant. 
To circumvent these challenges, we are employing CRISPR/Cas9 and innovative synthetic biology approaches to 
fast-track rational development of ASFV vaccine candidates. Using CRISPR/Cas9, we have deleted ASFV gene(s) 
via both NHEJ and HDR mechanisms as a proof of principle towards obtaining attenuated ASFV vaccine candidate. 
Our synthetic biology system is based on Transformation-Assisted-Recombination (TAR) cloning to assemble 
fragments with overlapping sequences into complete ASFV genome that contains genome-wide modifications using 
yeast’s homologous recombination machinery. Guided by sequence and bioinformatics analyses, the ~170 kb ASFV 
genome was divided into multiple fragments and individual fragments isolated by TAR cloning. Individual cloned 
fragments are validated by sequencing, modified as desired and reassembled into a complete synthetic genome. 
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Introduction. Within the framework of the national eradication program for Bovine Herpesvirus 1 (BoHV1) in France, 

the proportion of certified herds which experienced unexplained singleton reactors steadily increased to reach 95% 
in 2015, strongly hampering evolution of the epidemiological situation. 
Aims. The aim of this study was to collate and evaluate serological data to gain insight into these epidemiological 

unfeasible BoHV1 seropositive animals. 
Methods. Preliminary evaluation of the performances of BoHV1 ELISA kits was performed using a collection of 997 

sera. Thereafter, a comprehensive analysis of 2551 singleton reactors (1935 certified herds) detected in 2014-2016 
was carried out on a basis of optimized gB ELISAs (Idexx and IDVet), combined with viral neutralization test (VNT) 
and/or gE ELISA. Seroprevalence for BoHV2 at the national level and among BoHV1 singleton reactors was 
estimated by indirect ELISA (IDVet). 
Results. Evaluation of the performances of BoHV1 ELISA kits revealed a relatively low specificity of gB ELISAs 

(93.2% and 97.5% for gB-IDVet and gB-Idexx, respectively). Reassessment of the cut-offs led to a specificity and a 
sensitivity higher than 99.3%. Characterization of singleton reactors detected in 2014-2015 revealed that 50% of 
sera reacted below the optimized cut-offs in both gB ELISAs. These weak-positive reactions did not increase over a 
6-week interval and tested negative by VNT. Less than 5% of singleton reactors detected in 2015-2016 were 
confirmed by gE ELISA. Screening for BoHV2 antibodies revealed an increased reactivity of positive sera in BoHV1 
ELISAs, and a prevalence among singleton reactors higher than the between-herd prevalence observed at the 
national level (93% versus 54%). 
Conclusion. These results provided suitable analytical strategies to limit the occurrence of false-positive BoHV1 

reactions and inappropriate withdrawal of the BoHV1-free status, without alteration of diagnostic costs and reliability 
of eradication programs. 
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Introduction: Astroviruses (AstV) are single-stranded, positive-sense RNA viruses, best known for causing diarrhea 

in humans. In other mammals, their role in gastroenteritis remains unclear. Recently, distinct neurotropic astrovirus 
genotype species were found in association with encephalitis in humans and several ruminant species, including 
cattle and sheep. In humans, the occurrence of encephalitis-associated astroviruses in stool samples was shown, 
suggesting that the infection spreads from the gastrointestinal tract to the brain; whether a similar pathogenesis 
occurs in ruminants remains unknown. 
Aim: The aim of this study is to determine the spectrum of astrovirus genotype species in ruminants’ feces, including 

neurotropic strains and to find evidence for potential interspecies transmission. 
Methods: Total RNA was extracted from 164 fecal samples of sheep, goat, alpaca, llama, giraffe, ibex, deer and 

chamois. All samples were screened by specific qRT-PCR as well as by a heminested pan-astrovirus RT-PCR with 
degenerated primers, aiming to detect a wide spectrum of astroviruses. Positive samples were submitted to next-
generation sequencing (NGS) and resulting reads were assembled de novo to determine extended viral genome 
sequences and perform a phylogenetic comparison as well as a recombination analysis. 
Results: The presence of neurotropic astroviruses in small ruminants’ feces could not be demonstrated. NGS 

results of samples positive in the pan-astrovirus RT-PCR suggest the first identification of astroviruses in goats and 
the discovery of multiple new genetic variants of astroviruses in different ruminants. Additionally, multiple putative 
recombination events in four of five newly discovered full-length genome sequences were predicted. 
Conclusion: This work describes novel astrovirus genotype-species in sheep and goats and enables the so far first 

description of astroviruses in goats. The high genetic similarity and predicted recombinations between some of these 
astroviruses suggest interspecies transmission events. 
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Introduction: 

In the majority of cattle with non-suppurative encephalitis, attempts to identify a causative virus remain unsuccessful, 
posing a potential risk to human and animal health. In a series of recent studies candidate viruses were identified by 

viral metagenomics in brain tissues of neurologically diseased cattle with non”�suppurative inflammatory lesions. 

One of the candidate viruses, Parainfluenza Virus 5 (PIV”�5) was identified in three animals. 
Aim: 

The aim of this study is to further investigate the role of PIV-5 infection in bovine non-suppurative encephalitis and to 
characterize PIV-5 brain isolates. 
  
Methods: 

Whole genome virus sequences were generated from all three infected brain tissues. Where next generation 
sequencing data were incomplete or lacking the gaps were filled by sanger sequencing and RACE. Paraffin 
embedded tissue slides of the infected brains were investigated in situ for viral antigens and RNA by 
immunohistochemistry and in situ hybridization. Finally, infection trials using frozen brain tissues were conducted in 
vero cells and bovine primary neurons. 
  
Results: 

The PIV-5 sequences gained from all three infected brains are identical to one another and show a genetic variation 
of 1.8% to the closest related PIV-5 strain. PIV-5 antigens and RNA were demonstrated in neurons of the brainstem 
in one of the three positive brain tissues. However, it was not possible to cultivate the virus in vero cells or bovine 
primary neurons directly from frozen infected brain material. 
Conclusion: 
The in-situ results show that PIV-5 infections of neurons occur naturally in-vivo. The genetic variation to other PIV-5 

strains and the identical genome sequences of these PIV-5 brain isolates suggest the presence of genetic viral 
determinants of neuroinvasiveness in cattle. To further investigate putative viral factors involved in PIV-5 
neurovirolence in cattle in vitro, an established PIV-5 reverse genetics system will be genetically adjusted and 
characterised in different cell culture system. 
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Introduction 

Coronaviruses (CoVs) are known for their high mutation rate and potential for cross-species transmission. In cats, 
infections with feline coronaviruses (FCoVs) are widespread. Feline aminopeptidase N can facilitate entry of feline 
and non-feline coronaviruses in vitro. Thus, cats might become infected with CoVs of other species. The S1 receptor 
binding subunit of the CoV spike protein is immunogenic and possesses low amino acid sequence identity among 
coronavirus species, making it a suitable antigen for serologically monitoring of cross-species transmission. 
Aims 

Detection of CoV infections in cats via serological investigation using S1 proteins of different CoVs. 
Methods 

In total 137 cat field sera and 25 FCoV-specific antisera were screened by ELISA for antibodies against S1 of 12 
different CoVs, including human CoVs (MERS, SARS, 229E, HKU1, OC43 and NL63), porcine CoVs (PEDV, TGEV, 
PDCoV), bovine CoV (BCoV) and FCoV type 1 and 2. 
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Results 

Antibodies against FCoV type 1 and 2 were detected in 54.7% and 19.0% of the sera, respectively. Cross-reaction 
between the two types was shown. Intriguingly, antibodies were also detected against the S1 of PEDV (19.7%), 
TGEV (10.9%), PDCoV (5.8%) and HCoV-229E (11.7%). Likewise, PEDV- and TGEV-positive sera were also 
shown to be positive for FCoV S1. Some FCoV-specific antisera showed cross-reactivity against PEDV and TGEV in 
the S1 ELISA and neutralization assay suggesting the existence of cross-reacting antibodies. No cross-reactivity 
against HCoV-229E or PDCoV was found with these sera. 
Conclusion 

Despite the low amino acid sequence identity, we demonstrated cross-reactivity between FCoV type 1 and 2. Also 
cross-reactive antibodies against TGEV and PEDV could be observed. A few cats were shown to have antibodies 
exclusively against HCoV-229E and PDCoV, which might be elicited by infection with these or related viruses. The 
potential role of cats in cross-species transmission of CoVs remains to be further elucidated. 
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Zika virus (ZIKV) has recently become dispersed throughout the tropics and sub-tropics, causing epidemics 
associated with congenital disease and neurological complications. There is currently no commercial vaccine for 
ZIKV. In this study, we describe the initial development of a chimeric virus containing the prM/E proteins of a ZIKV 
epidemic strain incorporated into a yellow fever 17-D attenuated backbone. Using the versatile and rapid ISA 
(Infectious Subgenomic Amplicons) reverse genetics method, we compared different constructs and confirmed the 
need to modify the cleavage site between the pre-peptide and prM protein. Genotypic characterization of the 
chimeras indicated that the emergence of compensatory mutations in the E protein was required to restore viral 
replicative fitness. Using an immunocompromised mouse model, we demonstrated that mice infected with the 
chimeric virus produced levels of neutralizing antibodies that were close to those observed following infection with 
ZIKV. Furthermore, pre-immunized mice were protected against viscerotropic and neuroinvasive disease following 
challenge with a heterologous ZIKV strain. These data provide a sound basis for the future development of this ZIKV 
vaccine candidate. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA11 
 
Ranavirus genotypes in the Netherlands and their potential association with virulence in water frogs 
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Ranaviruses are pathogenic viruses for poikilothermic vertebrates worldwide. The identification of a common midwife 
toad virus (CMTV) associated with massive die-offs in water frogs (Pelophylax spp.) in the Netherlands has 
increased awareness for emerging viruses in amphibians in the country. Complete genome sequencing of 13 
ranavirus isolates collected from ten different sites in the period 2011-2016 revealed three CMTV groups present in 
distinct geographical areas in the Netherlands. Phylogenetic analysis showed that emerging viruses from the 
northern part of the Netherlands belonged to CMTV-NL group I. Group II and III viruses were derived from the 
animals located in the center-east and south of the country, and shared a more recent common ancestor to CMTV-
amphibian associated ranaviruses reported in China, Italy, Denmark, and Switzerland. Field monitoring revealed 
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differences in water frog host abundance at sites where distinct ranavirus groups occur; with ranavirus-associated 
deaths, host counts decreasing progressively, and few juveniles found in the north where CMTV-NL group I occurs 
but not in the south with CMTV-NL group III. Investigation of tandem repeats of coding genes gave no conclusive 
information about phylo-geographical clustering, while genetic analysis of the genomes revealed truncations in 17 
genes across CMTV-NL groups II and III compared to group I. Further studies are needed to elucidate the 
contribution of these genes as well as environmental variables to explain the observed differences in host 
abundance. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA12 
 
Interspecific reassortment events between orthotospoviruses (Family Tospoviridae; Order Bunyavirales) 

A. Silva de Oliveira
1
, JM Fagundes Silva

1
, M Martins Severo de Almeida

1
, R Kormelink

2
, T Nagata

1
, R Resende

1
 

1
University of Brasilia, BRASILIA, Brazil 

2
Wageningen University, WAGENINGEN, The Netherlands 

 
 
Orthotospoviruses (family Tospoviridae; Order Bunyavirales) are plant viruses transmitted by thrips, compromising 
the production and quality of vegetables worldwide. Groundnut ringspot virus (GRSV) and tomato chlorotic spot virus 
(TCSV), which mostly circulate in the West, share several biological and genetic characteristics. To infer about their 
evolutionary history, we high-throughput sequenced the tripartite RNA genomes of the first and original GRSV and 
TCSV isolates reported in the 1990s. Phylogenetic trees suggested that these viruses share one of their RNA 
genomic segments. To evaluate which virus could be harboring the most ancient genomic segment, we estimated 
nucleotide diversity as well as the time to most recent common ancestor. Our results indicated that TCSV may have 
incorporated a genomic segment from GRSV upon a reassortment event and, that the parental genotype of TCSV 
still remains to be identified or was eliminated. 
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Introduction: The 2015-2016 Zika virus (ZIKV) outbreak affected many countries in the Americas. In order to predict 

the risk of new ZIKV outbreaks in these regions, information about the ZIKV seroprevalence is necessary. Therefore 
we conducted this ZIKV seroprevalence study in Suriname. Furthermore, based on the hypothesis that pre-existing 
cross-reactive flavivirus antibodies can enhance a subsequent ZIKV infection in ZIKV naïve persons, we tested a 
subset of sera of this cohort for ZIKV infection enhancing capacities. 
Aims: To determine the ZIKV seroprevalence in Suriname and to assess the potential risk of antibody dependent 

enhancement (ADE) of ZIKV infection in this population. 
Methods: In total, 770 samples were collected from inhabitants of Suriname in an urban area and two rural villages 

in the rainforest. All samples were tested with a ZIKV IgG ELISA and a ZIKV virus neutralization assay. For the ADE 
assay, U937 cells were infected with ZIKV alone or ZIKV that was pre-incubated for one hour with serially diluted 
sera from this cohort. Levels of virus replication were determined by PCR, 48 hours after infection and compared to 
the condition where no serum was added. 
Results: Neutralizing antibodies against ZIKV were detected in 35.1% of all the participants. The ZIKV 

seroprevalence in the urban area was 38.2% while in the population of the remote inland village this was 24.5%. 
ADE of ZIKV was observed in a small proportion of the tested sera. 
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Conclusion: These results indicate that ZIKV was wide spread across urban and rural areas of Suriname and that a 

significant amount of this population can still be infected with ZIKV. ZIKV ADE was observed in some samples, but 
whether this is of clinical relevance for subsequent exposure to ZIKV remains to be determined. 
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Nanopore-based whole genome sequencing of emerging viruses: a case study during an USUV outbreak 
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Usutu virus (USUV) is a mosquito-borne flavivirus which is currently circulating in Western Europe where it is 
causing a massive die-off of mainly common blackbirds. In the Netherlands USUV was for the first time detected in 
2016 when it was identified as the likely cause of an outbreak in blackbirds and captive owls. In collaboration with the 
Dutch Wildlife Health Center and the Veterinary Pathology centre of Utrecht University dead birds were collected, 
dissected and tissues were sent to the ErasmusMC for further investigation. Since no protocol for whole genome 
sequencing of USUV has been described and tissue samples are generally difficult sample types for metagenomic 
sequencing, an USUV specific amplicon based approach was set up. This method was initially set up for Ion Torrent 
sequencing but due to advances in sequence technologies it was adjusted to be compatible with the MinION 
sequencing technology. Based on cross validation of MinION sequencing compared to the more established Illumina 
platform and Ion Torrent platform we show that MinION sequencing can give similar accuracy compared to the 
established NGS platforms and therefore we have chosen to work with the more user-friendly MinION platform in our 
study. The usefulness of the developed MinION-based targeted USUV sequencing was demonstrated by whole 
genomes sequencing of 115 USUV strains from blackbirds which helped us in gaining a better insight into the 
epidemiology of USUV in the Netherlands. 
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Foot-and-mouth disease virus (FMDV) displays various epitopes on the capsid outer surface. Five neutralising 
antigenic sites have been identified in serotype O FMDV using murine monoclonal antibodies. In addition, there is 
evidence of the existence of other, yet unidentified epitopes, which are believed to play a role in antibody-mediated 
protection. However, the relative importance of different epitopes in FMD vaccine induced-protection has not been 
ascertained to date in great details. 
Comparison of the ability of bovine antisera to neutralize a panel of serotype O FMDV identified three novel putative 
sites at VP2-74, VP2-191 and VP3-85, where amino acid substitutions correlated with changes in sero-reactivity. 
The impact of these positions was tested using site-directed mutagenesis to effect substitutions at critical amino acid 
residues within an infectious copy of serotype O FMDV. 
Using reverse genetics technique a series of recombinant viruses were generated in this study out of which two 
recombinant viruses, (1) by substituting the critical amino acid residues of the five neutralising antigenic sites of a 
FMDV type O cDNA clone (5M), and (2) by adding two additional substitutions at position VP-74 and VP2-191 (M6), 
are noteworthy. Serological characterisation of 5M and M6 recombinant viruses revealed 56% and 74% reduction in 
neutralising antibody titre reflecting the significance of these residues in the antigenicity of the virus. However it is 
possible that more unidentified epitopes may exist as 100% reduction in neutralization was not observed. Work is 
on-going in our laboratory to identify additional capsid amino acid residues that could have an impact on the 
antigenic nature of the virus. 



   

58/253 

 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA17 
 
Size matters: characterization of viral and host transcript isoforms during AcMNPV infection using long-
read sequencing 

NM Moldován, ZC Csabai, ZBa Balázs, DT Tombácz, ZBo Boldogkoi 
University of Szeged, SZEGED, Hungary 
 
 
Introduction 
The Autographa californica multiple nucleopolyhedrovirus (AcMNPV) is an insect virus belonging to the 
Baculoviridae family. Its 134 kbp long double-stranded circular DNA genome encompasses 150 tightly packed open 

reading frames. Gene expression of the AcMNPV happens in three phases: early, late and very late. Short-read 
sequencing techniques were previously used to elucidate the structure, function and expression characteristics of 
the AcMNPV and host transcriptome during viral infection. These techniques can not tackle the overlapping nature of 
the viral transcriptome, providing limited information about the transcript isoforms. 
Aims 

We used long-read sequencing of the AcMNPV and Sf9 RNAs to discover novel length and splice isoforms, and to 
characterize viral and host gene expression during infection, focusing on transcript isoforms. Additionally we analyze 
the epitranscriptome using direct RNA sequencing. 
Methods 

The Sf9 cell line was inoculated with AcMNPV and incubated for nine post infection time points. Total RNA was 
isolated from the samples, followed by poly(A) selection for MinION and PacBio libraries or ribodepletion for the cap-
selected MinION library. The libraries were sequenced using the Oxford Nanopore Technologies’ MinION and the 
Pacific Biosciences’ Sequel systems. Previously sequenced direct RNA data was retrieved for the epitranscritome 
analysis. 
 
Results 

In this work we increased the number of know transcript isoforms for both the AcMNPV and the host. We 
characterized the expression dynamics of these isoforms, and demonstrated the acting of host and viral RNA 
polymerases on different length variants of the same gene. Furthermore we detected nucleotide modifications on the 
viral and host RNAs. 
 
Conclusion 

The AcMNPV is widely used in insect protein expression systems and as a pesticide. Our work shed light on the 
intricate transcriptional landscape of the virus and on the changes of gene expression of the host cell in response to 
infection on the level of transcript isoforms. 
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Rift Valley fever (RVF) is viral infectious disease caused by Rift valley fever virus (RVFV) belonging to genus 
Phlebovirus family Phenuiviridae. The symptoms of RVF commonly include a bleeding and fever and can progress 
into severe condition such as high fever, low blood pressure, multiple organ failure and even death in a few patients. 
Since there is no effective vaccine or medicine for human against RVFV, suspected or confirmed patients are 
depend on the supportive treatment. Therefore accurate and rapid diagnosis is essential to prevent the spread of 
RVFV and reduce deaths by the disease. 
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 The aim of this study was to develope the method for detecting all RVFV genotypes. We generated two specific 
primer/probe sets targeting conserved M or S segment respectively and established two independent one-step real-
time RT-PCR assays. For evaluation of developed assays, full length M or S segment RNA of 7 RVFV strains was in 
vitro transcriped from DNA clone by T7 promoter. The sensitivities were calculated to be 10~10

2
 copies/μl of limit of 

detection for both real-time RT-PCR assays. There was no cross-reactivity with the other RNA viruses, including 
CCHFV, LV, SFTSV, Hantavirus, EBOV, MARV, ZIKV, WNV, and MERS.  
 Consequently these results demonstrate that the developed real-time RT-PCR assays is applicable for universal 
detection of RVFV. 
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Crimean-Congo hemorrhagic fever virus (CCHFV), a tick-born virus causing hemorrhagic fever with case fatality rate 
up to 30%, belong to genus Orthonairovirus of family Nairoviridae. Since it was first reported in Crimea in 1944, 
CCHFV has been gradually spread to Africa, Southeastern Europe, the Middle East and Asia. CCHFV is generally 
classified into seven genotypes based on the S segment genome. Because of the high genetic diversity of CCHFV, 
detection of all CCHFV genotypes is the key point for genetic diagnosis of the disease. 
 In this study, we developed two independent one-step real-time RT-PCR assays to simultaneously detect all 7 
genotypes of CCHFV. Specific primers and TaqMan probes corresponding to conserved L or S segment of CCHFV 
were designed by sequence alignment analysis of 7 strains selected from each group. For evaluation of developed 
real-time RT-PCRs, partial L segment or full length S segment RNA of the 7 strains was in vitro transcripted from 
DNA clone by T7 promoter. The sensitivity analysis using in vitro transcripted RNA showed the limit of detection of 
10~102 copies/μl for S segment real-time RT-PCR and 10~103 copies/μl for L segment real-time RT-PCR. The 
specificity analysis using viral RNA panels of RNA viruses (RVFV, LV, SFTSV, Hantavirus, EBOV, MARV, ZIKV, 
WNV, and MERS) shown that none of the virus was detected.  
 These results suggest that our one-step real-time RT-PCRs can be used for accurate diagnosis of CCHF in 
suspected patient as well as for surveillance analysis in ticks and animals. 
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Introduction 
Norovirus constitutes the most frequently identified cause of disease outbreaks associated with untreated 
recreational water. When investigating outbreaks related to surface water, it is important to consider all possible 
sources of contamination. In addition to human stool or sewage, potential contamination of recreational water by bird 
feces has been suggested, and a recent publication demonstrating human noroviruses in feces of wild birds 
suggested to consider this in future water-related norovirus outbreaks. 
Aims 
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To assess potential for contamination by bird feces in a norovirus outbreak occurring in a natural playground setting 
Methods 
Upon notification of cases associated with an outdoor playground, the premise was inspected by health officers, and 
playground water as well as human and bird fecal specimens were tested for norovirus GI and GII. Public social 
media was monitored to obtain an estimate of the total outbreak magnitude. 
Results 
21 cases were reported and monitoring of public social media revealed an estimate of at least 80 potential 
(secondary) cases. 4/4 returned human stool specimens tested positive for norovirus GI.P2-GI.2 whereas 6/6 bird 
fecal specimens and 6/6 playground water specimens tested negative. 
Conclusion 
Norovirus was concluded to be the most likely cause of the outbreak, but there was no evidence for transmission via 
waterfowl and the virus type identified is known as human norovirus. Visual inspection of an outbreak setting can aid 
in risk factor assessment. Given the potential for environmental contamination, advice was given for future 
investigations as well as natural playground design from a One Health perspective. 
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Introduction: Feline herpesvirus type 1 (FHV-1) and feline calicivirus (FCV) are considered to be etiological factors 

for feline upper respiratory tract disease (URTD) known as cat flu. The most common clinical manifestations of the 
disease include oral/nasal discharges, conjunctivitis and sneezing. While the disease itself is rarely severe, bacterial 
superinfections pose a danger for young or immunocompromised cats and may be fatal if not managed 
appropriately. Further, the ocular herpetic disease is common and may lead to vision loss. Moreover, recently FCV-
associated outbreaks with hemorrhagic-like fever symptoms or mortality rates up to 60% were reported within 
catteries. The approved treatment focuses on prevention of superinfections and no specific drugs are currently used. 
Although most of the compounds applied in human herpetic diseases cannot be administrated systemically in cats 
due to their toxicity, penciclovir and its derivatives offer promising effectivity and safety profile. However, compounds 
active against both pathogens were not reported previously. 
Aims: The main aim of this study was to develop synthetic polymers that exhibit antiviral potency against FHV-1 and 
FCV, known as main etiological factors of cat flu. 
Methods: Cytotoxicity was evaluated using XTT assay. Antiviral potency and mode of action was resolved using 

confocal microscopy, quantitative RT real-time, virus titration methods. 
Results: In this study polymers that hamper replication of both viruses were reported, moreover, safety of the 
compounds was previously described. Mechanistic studies showed that tested compounds interact with FHV-1 virion 
and block its interaction with the host’s cell. Interestingly, polymers exhibited different mode of action during FCV 
infection, as they hampered mainly virus replication, slightly inhibiting virus entry to the cell. 
Conclusions: Presented research may yield new strategies for the treatment of the acute respiratory disease in 
cats, as the tested polymers are capable of hampering two viruses recognized as etiological factors of the disease. 
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The Chikungunya virus (CHIKV) is an emerging mosquito-borne virus which has widely spread around the world in 
the last decade. The virus is transmitted between human hosts by Aedes mosquitoes, in particular Aedes aegypti. 

However, a single amino acid mutation in the envelop protein (E1) of CHIKV has improved the viral transmission by 
Aedes albopictus. This mosquito is an invasive species, native to South-East Asia that has globally expanded its 
geographical distribution by taking advantage of human transportation and trade. In Europe, Ae. albopictus is 
currently established in more than 20 countries including France where the mosquito was introduced in 2004. The 
transmissibility of mosquito-borne viruses can be affected by a combination of both intrinsic and extrinsic factors. 
Since mosquitoes are poikilothermic insects, environmental temperature is of particular importance. Indeed, 
temperature can shape transmission of pathogens through direct effects (viral replication) and/or indirect effects (via 
vector immune system). The link between temperature and virus transmission is very complex and remains poorly 
defined. 
The aim of the project is to better understand how temperature affects mosquito-virus interactions. To meet this 
objective, we generated thermosensitive CHIKV variants in order to determine how temperature influences viral 
population dynamics and diversity. Afterward, we will measure in vivo and in vitro replicative and competitive fitness 
of the temperature-selected CHIKV. Finally, we will study the molecular responses of Ae. albopictus to infection 
shaped by temperature using whole transcriptomic analysis. Genes whose expression will be modified by infection 
and temperature exposure will be identified and characterized at the functional level. 
Low temperatures could modify interactions between CHIKV and Ae. albopictus and contribute to select CHIKV 

variants more adapted to temperate conditions. Identifying determinants that make CHIKV more competent for 
transmission by Ae. albopictus of temperate countries will help to predict emergence of epidemic strains. 
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Polyomaviruses (PyVs) belong to a family of small, naked, icosahedral, DNA viruses found in a broad range of 
animal hosts. PyVs typically infect their hosts asymptomatically, but, in some instances, they have been associated 
to disease or tumours. 
In this study, we intended to screen for, to characterize phylogenetically and to isolate in vitro PyVs of non-human 
origin. A total of 163 faecal samples were screened, 144 from non-human primates (NHP), including 36 species from 
seven families, covering all major taxonomic groups, 15 from bats, three from house mice and one from a greater 
white-toothed shrew, by the amplification, by nested PCR, with degenerate universal primers, of a 260 bp genome 
region encoding the VP1 capsid protein. All faecal suspensions produced were inoculated into continuous cell lines 
(Vero E6 and A549) for viral isolation. The identity of host species with positive samples was confirmed by 
cytochrome b gene sequence analysis. 
PyV DNA was detected in 17 samples (10.4%), 15 from NHP (brown capuchins, golden lion tamarins, Bolivian 
squirrel monkeys, hamadryas baboons and common chimpanzees) and two from lesser horseshoe bats. Viral 
isolation in cell culture was not achieved. 
Phylogenetic analysis determined that two sequences, amplified from golden lion tamarins and hamadryas baboons, 
presented high identity to rodent PyVs, and another four, from Bolivian squirrel monkeys, brown capuchins and 
lesser horseshoe bats, seem to correspond to new PyVs (or to PyVs without the full genome in international 
databases). Circulation of two phylogenetically distinct PyVs in Bolivian squirrel monkeys and a high rate of infection 
in common chimpanzees were detected. 
Considering the close phylogenetic relationships between bat and NHP PyVs, and the close evolutionary proximity of 
the latter hosts to humans, it seems of particular interest to assess by phylogenetic studies the possibility of a 
zoonotic transmission of those viruses to humans. 
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siRNAs are the central players of RNAi in plants, fungi, insects, nematodes and mammals. Plant DCLs are encoded 
by multigenic families and fall into four clades containing orthologs of DCL1, DCL2, DCL3 and DCL4 genes originally 
discovered in Arabidopsis thaliana (At) and conserved in all plants, including Nicotiana benthamiana (Nb). In At, 

DCL1 primarily generates 21-22 nt miRNAs, while DCL4, DCL2 and DCL3 mainly generate 21, 22 and 24 nt 
endogenous siRNAs, respectively. Upon viral infection, all four DCLs generate viral siRNAs: DCL4 and DCL2 
produce 21 and 22 nt siRNAs in defense against cytoplasmic RNA viruses, while DCL3 and, less efficiently, DCL1 
produce 24 and 21 nt siRNAs in defense against nuclear DNA viruses. The application of siRNAs for crop protection 
is still limited, mainly because of poor knowledge about the biogenesis and function of distinct siRNA size-classes. 
A HA-tagged version of theNb DCL4 (HANbDCL4) was cloned under the control of the copper-inducible promoter 
CUP1, transformed into Saccharomyces cerevisiaeYPH499 cells and successfully expressed. The protein 
expression was detected by Western blot analysis and varied along with the growth temperature. Differential 
centrifugation of protein extracts was used to separate a membrane-enriched and soluble cytoplasmic fractions. 
Western blot analysis showed that HANbDCL4 was mostly associated to the cell membrane fraction. In addition, it 
was only partially removed after 0.1 M Na2CO3or 1 M KCl treatments. The partial association of HANbDCL4 to cell 
membranes was confirmed by immunofluorescence analysis of yeast cells, in which the expressed HANbDCL4 was 
mostly detected close to the nuclear membrane. HANbDCL4 was expressed in yeast cells together with the 
cymbidium ringspot virus defective interfering (DI) RNA and RNA dependent RNA polymerase (p92). Robust DI RNA 
replication was not affected by HANbDCL4 expression. By small RNA-seq preliminary evidences were obtained that 
HANbDCL4 is functional in generating sRNAs of viral origin when expressed in the tombusvirus-S. cerevisiae 

heterologous system. 
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Hard ticks (Ixodidae) are known as a vector for many viral, bacterial, and protozoan infections of humans and 
animals. Recent metagenomics studies showed that hard ticks, like other arthropods, harbor plenty of divergent 
RNA-viruses that are closely related to known viruses or which have formed new distinct taxa. The viral diversity 
carried by different tick species remains insufficiently studied. Today there are only few studies on the viral diversity 
in European Ixodes and Hyalomma ticks. In the present work we characterized the virome of the I. persulcatus, I. 
ricinus, H. marginatum, H. scupense, and H. anatolicum ticks, distributed in European part of Russia. 

The tick pools were disrupted and homogenized in Dounce tissue grinder in STE buffer. The suspension was 
clarified and the virus particles were precipitated by ultracentrifugation. Total RNA was isolated from virus pellet 
followed by high-throughput sequencing with MiSeq device. 
Analysis of NGS data revealed complete or near-complete genomic sequences of new viruses related to different 
families of the Bunyavirales and Mononegavirales orders. Phlebovirus-like viruses were found in H. scupense, H. 
anatolicum, and I. persulcatus ticks. Nairovirus-like viruses were found in all analyzed pools of I. persulcatus and I. 
ricinus ticks. In addition, the viruses that belong to unassigned clade (formed by Bronnoya virus) of the bunyaviruses 
were found in I. ricinus and H. marginatum ticks. Two new mononegaviruses related to unclassified Taishun virus 
and Suffolk virus were found in H. scupense and I. persulcatus ticks, respectively. 

Tick-specific mononegaviruses and bunyaviruses are common in Ixodes and Hyalomma ticks. It’s interesting that 
known nairovirus-like viruses appear to be specific for Ixodes spp. only. The discovered viruses are apparently tick 
symbionts that are not able to replicate in vertebrate cells. However, their discovery provides a new insight on the 
origin and evolution of arboviruses and vertebrate viruses in general. 
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The clinical symptomatology of dengue fever, similar to the other febrile illnesses caused by arthropod borne viruses 
requires lab tests for an accurate diagnosis. PCR is highly specific and sensitive, although only useful during the 
acute phase of the disease. When a sample is collected after this phase, the diagnosis must be based on serology. 
In endemic areas, asymptomatic arboviral infections could complicate the diagnosis. Here, the detection of IgM and 
IgG levels must be interpreted cautiously. The persistence of IgM/IgG levels after onset of symptoms (AOS) needs to 
be better clarified and understood. We evaluated the antibody responses in 15 PCR positive dengue patients, all of 
them referred as their first time diagnosed with dengue. Patients were recruited during the dry season of 2018, in two 
dengue endemic areas in Peru. An outbreak of dengue occurred in both places in 2017. At least two samples from 
each patient was collected, the first in the acute phase of the disease (<9 days AOS). Second and/or third samples 
were collected up until day 210 AOS. IgM and IgG levels were measured with a commercial ELISA kit. Eight vs ten 
out of the fifteen samples were positive to IgM and IgG levels in the acute sample, respectively. The IgM/IgG 
antibody levels were highly variable among the positive ones. Seroconversion was not seen in all patients. IgM 
levels were detected up until day 210 AOS. Acute samples IgM neg / IgG neg, were considered as primary infection. 
Even though there was a limited number patients, a variability in antibody responses was clearly noticeable in both 
levels and duration. The study of antibody kinetics over time after primary and secondary dengue infection is 
particularly important in endemic areas were IgM levels in an acute sample could be misinterpreted as a recent 
infection. 
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Introduction. Canine morbillivirus (CDV) is the etiological agent of a highly contagious disease that affects domestic 

dogs and a wide range of host species. CDV has been considered a pathogen with multiple cellular tropism and 
different receptors have been described, such as Nectin-4, in epithelial cells and SLAM, in mononuclear cells, and 
adhesion to cellular receptors is mediated by glycoprotein Hemagglutinin (H). Amino acid sequence similarities 
between canine and other species cell receptors can delimit the cross-species transmission potential of CDV. 
 
Aim. To model the H glycoprotein of the CDV of a reference and Colombian (Suramerica-3 lineage) strains, besides 

canine cellular receptor; and evaluate, in silico, their interaction with canine and human cellular receptors.  
 
Methods. The H glycoprotein sequences were compared by phylogenetic construction using MEGA7.0. The 

homology modeling was performed using the software Modeller©. Crystallized structures of Measles virus (MeV) 
haemagglutinin (PDB: 2RKC) and human receptors (PDB: 3ALX and 4JGT) were used as templates. The models 
were validated computationally. Finally, the in silico interaction of the cellular receptors with either MeV or CDV H 
proteins was determined using Clus Pro and with a domain from those proteins employing Autodock Vina. 
 
Results. The models obtained by Modeller© were similar to the template crystallographic structure, with RMSD 
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values less than 0.95Å. To all models, the amino acids in energetically favorable regions was higher than 95%. The 
post-docking analysis showed binding energies ranged from -4.1 to -5.8 Kcal/mol for the reference and Colombian 
strains with canine and human receptors comparing with a homologous domain of the H protein of MeV when 
applying both docking methodologies. 
 
Conclusion. Using computational tools, the H protein of CDV was modeled and its possible union with human 
receptors was evidenced, comparing with canine cellular receptors, explaining, in silico, its cross-species 

transmission potential. 
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Infectious bovine rhinotracheitis (IBR) is a respiratory and reproductive cattle disease caused by bovine 
alphaherpesvirus type 1. It is considered one of major cattle diseases present in worldwide. The virus is composed 
of several glycoproteins on its envelope, such as the glycoprotein B (gB), which is important for the attachment and 
fusion with the cell. The gB is considered as immunogenic and immunodominant, so it has been utilized for 
prophylaxis and diagnostic. In Mexico, the IBR seroprevalence is above 70% in several regions, because of this, it is 
necessary to implement an accurate diagnostic test with the possibility to develop a posteriori multiplex test, the 
luminex platform offers both options. In this work, we produced a recombinant fragment of gB to prove it as antigen 
in a luminex diagnostic test. In order to produce this fragment, a wild strain of the virus was spread in the MDBK 
cells, subsequently the DNA was obtained and we designed the primers to amplify the domain 2 of gB (Forward 5’-
GTG GGA TCC CTC GCG CCC GCG CG-3’ and Reverse 5’-CGG AAG CTT GGC CAC GAC AAA GCC-3’). 
Afterwards, the fragment was cloned into the pET-28b vector and transformed in the One shot™BL21 Star™ (DE3) 
E. coli. After, the bacterias were grown up and the production of protein was induced with 1mM of Isopropyl β-D-1-

thiogalactopyranoside (IPTG). The recombinant protein was obtained by affinity chromatography and we verified its 
purity with SDS-PAGE and western blot with antihistidine antibodies and sera from positive cows to IBR. We think 
that the recombinant protein can be useful to different diagnostic test like ELISA, dot blot, and Luminex. 
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Introduction: The Feline Leukemia Virus (FeLV) is a virus belonging to the Retroviridae family; it was the first feline 

retrovirus discovered and is one of the agents with the greatest impact on the health and ecology of the feline 
populations of the world. It is associated with the presence of multiple syndromes of fatal disease, including the 
development of lymphomas. In Colombia FeLV studies are few and most of them have a clinical focus. There are 
few studies on the prevalence of infection and studies have never been carried out to clarify which variant or viral 
subgroup of FeLV is circulating in our country.  
Aim: The objective of this study was to evaluate the prevalence and molecular characterization of FeLV present in 

cats of the Metropolitan Area of “�”�the Valle de Aburrá.  
Methods: Sampling of domestic cats and shelters was carried out, in females (n = 54) and males (n = 46), most of 
them apparently healthy according to the owner’s report. Immunochromatography test, RT-PCR and Sequencing we 
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as performed. 
Results: By Immunocromatography it was confirmed that 59.44% ([CI] = 49.81% and 69.06%) of felines were 
seropositive to FeLV. Molecular verification of felines by RT-PCR for U3LTR fragment of 707 nucleotides, 30% 
(30/100) were positive.  
Conclusion: the subgroup characterized in the Valle de Aburrá was the FeLV-A, the frequency of presentation of 
leukemia by molecular tests represented in 30% is high; however, studies on the behavior of the virus in our feline 
populations are lacking to determine the prevalence throughout the country. Funding CONADI-INV1883 
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Introduction: Feline coronavirus (FCoV), an endemic virus of worldwide distribution, which has a high transmission 
rate by direct contact, it causes a fatal systemic infection known as Feline Infectious Peritonitis (FIP). Nonetheless, 
the FIP will be developed in approximately 10% of seropositive cats to FCoV. FCoV is a positive chain RNA virus 
belonging to the Coronavirinae subfamily, genus Alphacoronavirus.  
Aim: Characterizing serologically and molecularly the FCoV infection in cats in Bucaramanga city, through a 
descriptive, cross-sectional study, where 96 felines were sampled (serum and feces). An ELISA technique was used 
(ImmunoComb®) RNA and RT-PCR extraction of the nps14 gene was done, the fragments obtained were 
sequenced using the SANGER method. The obtained sequences were analyzed by bioinformatics. MEGA 7, 
ClustalW, Mr. Bayes.  
Methods: A real prevalence of 84.6% was obtained in the evaluated population ([CI]= 77.43% y 91.85%). Among the 
evaluated variables, seropositivity was found in 76% of the males, 24% of the females, 66% of the group <1 year, 
77% between 1 and 3 years, 61% of the group > 3 years, 69% of the group were mixed-race, 100% of the group 
were pure breed. 74% of the sterilized individuals and 62%. Only the age range of 1-3 years showed statistical 
significance P = 0.04. The RT - PCR showed the presence of the virus in 66 of the 96 samples evaluated, 
evidencing 13 false positives and 12 false negatives. The phylogenetic analysis showed the circulation of FCoV type 
I in the evaluated population, with the presence of three clusters evolutionarily related to strains reported in Japan, 
Holland and Indonesia.  
Conclussion: It was concluded that FCoV is an endemic virus presented in the feline population of Bucaramanga, 
which suggests a high risk of FIP. Isolated FCoVs show high genetic variability, which makes difficult to generate 
control strategies. Funding: CONADI INV1881 
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Introduction - Elephant endotheliotropic herpesvirus haemorrhagic disease (EEHV-HD) is the most significant cause 
of death in captive juvenile Asian elephants (Elephas maximus) and is also known to affect wild populations. The 
peracute progression of clinical disease can result in death within days. However, there have been several milder 
forms of disease where animals survived. The inability to culture EEHVs in vitro has hindered the search for efficient 
prophylactic and therapeutic approaches. The innate immune response plays a critical role in controlling herpesvirus 
infections and interferons (IFNs) are increasingly being utilised in humans as an additional therapy.  
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Aims - Characterise the Asian elephant innate immune system and test the hypothesis that EEHV infections are 
mediated in-part by the IFN system. 
Methods - Asian elephant IFN alpha, beta, omega and lambda genes were sequenced and recombinant IFN alpha 
and beta proteins were expressed using a bacterial system. To test the antiviral efficacy of these recombinant Asian 
elephant proteins in vitro, primary Asian elephant fibroblast cells were screened for viruses that replicate therein. In 
addition, Asian elephant-specific quantitative polymerase chain reaction (qPCR) assays were developed for a panel 
of cell signalling molecules and IFN-stimulated genes (ISGs) for gene expression analysis to measure the effect of 
IFN inducers. 
Results & Conclusions – Recombinant Asian elephant IFN alpha and beta proteins were successfully expressed and 

purified. Primary elephant fibroblasts were found to support the lytic replication of bovine herpesvirus 1 (BHV-1). This 
allowed assessment of antiviral activity of both human and Asian elephant type I IFNs in vitro to identify candidates 
for clinical application. Furthermore, these recombinant IFNs can also be utilised to develop ELISAs to investigate 
IFN dynamics in EEHV infection. qPCR assays to quantify the innate immune response are also valuable tools to 
determine the effect of IFNs on elephant cells and against EEHV. 
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Introduction: Severe fever with thrombocytopenia syndrome (SFTS) virus is a novel phlebovirus in the family of 
phenuiviridae and a causative agent of an emerging disease in China, Japan, and the Republic of Korea (ROK). This 
virus is mainly transmitted by tick biting and Haemaphysalis longicornis serve as a main vector for SFTS virus 

circulation and transmission. Since the first human case of SFTS has been identified in Korea in 2013, 605 patients 
(127 deaths, case-fatality rate 20.9%) with SFTS were reported from 2013 to 2017. 
Aims: The purpose of this study is to investigate the prevalence of SFTS virus in dogs and attempt to isolate SFTS. 
Methods: Canine sera were collected from 103 dogs from June to October 2016. Viral RNA was extracted from sera 
using Gene-spin viral DNA/RNA extraction kit. To isolate SFTS virus from positive canine serum, mammalian cell 
culture system has been used. After cell monolayers formed, positive serum was added into 12 well plates. The 

plates were then incubated at 37�'� with 5% CO2 for 5 - 7 days. For identification of the isolated virus, viral RNA 
was extracted from the supernatant of passaged and infected cells. The enzyme-linked immunosorbent assay were 
conducted using recombinant Gn, Gc, and Np protein of SFTS virus. 
Results: Of 103 sera, 3 (2.9%) sera were positive for the S, M, and L segment of SFTSV on RT-PCR. In only 1 of 3 
positive samples, cytopathic effect was observed at day 5. The S, M, and L segments of the viral isolate were 
sequenced. Furthermore, 38 (36.9%) of 103 sera were seropositive. 
Conclusion: This study reports the first isolation of SFTS virus from animals in the ROK. 
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We demonstrated successful expression VP2 proteins of porcine parvovirus antigenic proteins in Nicotiana 
benthamiana. Guinea pigs and pigs immunized with transgenic plants expressing VP2 proteins generated both 
humoral immune responses to PPV. 
Porcine parvovirus (PPV) is a causative agent of reproductive failure in pregnant sows. Classical inactivated vaccine 
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is extensively used to control PPV infection, but problems concerning safety, such as incomplete inactivation may 
occur. To solve these problems, plants are considered and a vehicle for extensive production of recombinant 
proteins and as a promising alternative to proper platforms. Here, we demonstrate successful production of 
recombinant protein vaccine by expressing codon-optimazed complete VP2 proteins of PPV in Nicotiana 
benthamiana. To examine immunogenicity, guinea pigs and pigs were injection extracted from the leaves expressing 
the VP2 antigens (2 times at 2-week intervals). The ability of serum antibodies to neutralize the infectivity of porcine 
parvovirus was further examined by a serum HI and neutralization assay were determined to be 1:2-1:2. Thus, plant-
derived VP2 proteins provide an alternative platform for producing an effective subunit vaccine against PPV. 
Porcine parvovirus (PPV) is a causative agent of reproductive failure in pregnant sows that is characterized by 
stillbirths, mummified fetuses, and early embryonic death. PPV is a member of the genus Parvovirus, subfamily 
Parvovirinae, family Parvoviridae. PPV has a single-stranded DNA genome of approximately 5 kb. PPV is a non-
enveloped, minus stranded and negative-sense small DNA virus. The viral capsids are composed of VP1, VP2, and 
VP3. VP2, the major structural proteins, can elicit PPV-specific neutralizing antibodies. 
The PPV VLPs have been considerably studied owing to their ability to produce a whole range of immune 
responses. 
Previously, plant-based anti-PPV vaccines expressing different antigenic proteins derived from the virus were 
developed. VP2 proteins was used successfully as an antigen and expressed in tobacco. 

Here, we aimed to develop a plant-based subunit vaccine against PPV by expressing codon-optimazed in Nicotiana 
benthamiana. Thus, plant-derived VP2 proteins provide an alternative platform for producing an effective subunit 
vaccine against PPV. 
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Emerging porcine parvovirus 2-6 and porcine circovirus type 3 were a newly emerging virus with unknown 
patohgenesis. The objective of this study was to investigate the prevalence reates of classical PPV1 and recently 
recognized PPV2-6 in whole blood and lung samples from pigs. Lung tissues obtained from 579 pigs and 50 blood 
samples from fattening pigs in slaughter house (SH) and 164 pigs with aborted pig fetus in Korea were tested for 
porcine parvoviruses (PPVs), porcine cirovirus type 2 (PCV2) and porcine circovirus 3 (PCV3), and their complete 
capsid genes were sequenced. The detection of PPV1, PPV2, PPV3, PPV4, PPV5, PPV6, PCV2 and PCV3 in lung 
tissue in SH was 59.8%, 73.6%, 72.7%, 53.4%, 63.4%, 65.5%, 69.4% and 57.5%, respectively, in blood samples 
was 38.5%, 3.1%, 6.0%, 42.0, 16.0%, 38.0%, 0% and 0%, and, 21.9%, 20.5%, 16.9% 8.8%, 23.3%, 22.8%, 16.5%, 
16.5%, respectively. Overall, PPV1, PPV4, PPV5, PPV6 had the both highest prevalence rates in lung tissues 
(53.4~65.5) and whole blood samples (16.0~42.0) in SH. Interestingly, PPV2-3, PCV2-3 had the highest prevalence 
rates (57.5% ~ 73.6%) in lung tissues whereas, had the low prevalence rates in whole blood samples (0~6.0%). 
Additionally, the discoved of All recently classical PPV, emerging PPV2-6 and PPV2-3 genotypes were co-infected 
pigs in South Korea. The highest prevalence rate of PPV2-3 and PCV2-3 in alone lung tissues provides valuable 
information for the further study of the pathological porcine respiratory diseases complex correlation between 
pathogens shightly detected viremia in fattening pigs. A phylogenetic analysis based on the complete major capsid 
genes of PPV1-6 and PCV2-3 suggested that Korea PPV1-6 and PCV2-3 showed a slight variation and relation 
difference reference genes. 
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Swine influenza A virus (H1N1) was derived from several viruses circulating in swine, and the initial transmission to 
humans occurred several months before recognition of the outbreak. Genetic reassortment in pigs allows for the 
generation of novel influenza viruses and further demonstrates that pigs can serve as intermediate hosts and act as 
“mixing vessels” for human, swine, and avian influenza viruses. To date, mortality associated with pandemic A/H1N1 
2009 influenza has been reported with variable completeness worldwide and in particular subgroups, including 
inpatients, patients in critical care, pregnant women, and children. 
Here, we report on a complete sequence of H1N1 influenza virus that was identified in nasal swabs taken from 
domestic pigs on farms located in Gyeongbuk Province in Korea in 2016. H1N1 Swine influenza virus (SIV) was 
isolated in specific pathogen free (SPF) embryonated chicken eggs with supernatants of the homogenized swine 
nasal swab collected. RNAs were extracted from lung tissue samples using an RNA extraction kit (Qiagen, Inc., 
Germany). PCR amplifications were generated by reverse transcription PCR using influenza-specific primers as 
protocols described (10). The sequences in plasmids were confirmed by DNA sequencing (Macrogen, Korea). The 
sequences were analyzed and assembled using DNASTAR version 5.0. 
The genome of A/swine/Korea/61/2016 (H1N1) strain consisted of the following eight gene segments: polymerase 
(PB2, PB1, and PA), hemagglutinin (HA), nucleoprotein (NP), neuraminidase (NA), matrix protein (M), and 
nonstructural protein (NS). The sequence of the PB2 gene consisted of 2,341 nucleotides (nt), the PB1 gene 2,341 
nt, the PA gene 2,233nt, the HA gene 1,776 nt, the NP gene 1,564 nt, the NA gene 1,428 nt, the M gene 1,027 nt, 
and the NS gene 890 nt. Phylogenetic analyses showed relatedness of the HA gene to those of the 2009 pandemic 
strains (up to 98% nt identity with reference strains), including the Sao Gabriel human strain (98%), whereas the NA 
gene was more similar to that of a Guangdong human strain from 2009 (97%). It is therefore imperative that human-
to-animal, or possibly animal-to-human, transmissions of the pandemic 2009 influenza virus (especially events 
involving pig herds) are closely monitored. Phylogenetic analyses showed relatedness of the HA gene to those of the 
2009 strains (up to 96.5% nucleotide identity with the LACENRS-1626 strain) and human isolates, while the NA gene 
was found to be more similar to the Guangdong human-derived H1N1 SIV strains (96.4% nucleotide identity). These 
findings suggest that the H1N1 strain evolved from human-to-swine through reassortment. 
Thus, the A/swine/Korea/61/2016 influenza virus strain is a previously unregistered circulating reassortant variant of 
the human-to-swine H1N1 subtype in the Korean domestic pig population. 
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Introduction: West Nile virus (WNV) is a mosquito-transmitted flavivirus. Since 2010, WNV lineage 2 was the cause 

of major outbreaks throughout central and southeastern Europe. Greece was one of the most WNV-affected 
European countries in 2018 with high number of recorded human cases. 
Aim of the present study was to reconstruct the origin and pathways of the recent (2018) WNV incursions in Greece 

in order to investigate the phylogeography of the virus. 
Methods: Whole genome sequences were obtained from WNV strains of human (n=2), equine (n=1), avian (n=1), 

canine (n=1) and mosquito (n=4) origin detected in northern Greece during the 2018 outbreak. A PCR-based 
approach was applied on an Ion Torrent PGM machine. Sequences were aligned with full-length viral genome 
sequences available in the GenBank database. Phylogenetic analysis was performed using a Bayesian MCMC 
method implemented in BEAST v1.10.4. The geographical analysis was made using the continuous time Markov 
chain process over discrete sampling locations and the Bayesian Stochastic Search Variable Selection (BSSVS) 
model. 
Results: Bayesian discrete phylogeographic analysis indicated 3 independent novel introduction events of WNV into 

Greece, dating back to 2017. Two were from Hungary and one from Bulgaria. The Greek WNV sequences of 2018 
segregate into a highly significant clade that includes all isolates from southeastern Europe. The phylogeographical 
reconstruction suggests that this distinct clade originated back to 2007 from an ancestor located in Hungary. The 
Bayesian skygrid plot revealed a rebound of the effective number of infections during 2018, after a 3-year period of 
decline. 
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Conclusions: Results of the study showed that Hungary plays a central role in the emergence and spread of novel 

WNV strains in Europe, and specifically in the Balkan region. Further analysis of additional WNV lineage 2 whole 
genome sequences will increase the knowledge on WNV evolution in space and time. 
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Introduction: Zika virus (ZIKV) is an emerging mosquito-transmitted flavivirus. The most ZIKV infections in humans 

are asymptomatic or mild with self-limiting clinical manifestations but major complications and long-term sequelae, 
include congenital birth defects, neurologic disorders and prolonged risk for sexual transmission of this virus, being 
the pregnancy woman group of the most risk. Objective: The objective of this study was the evaluation of five 
commercially avalable serologic assays for the detection of anti ZIKV IgM. Materials and Methods: In the present 

study was used a sera panel of 200 samples, including 100 positive and 100 negative ZIKV samples, all 
characterized by the different standard disgnostic assays. ZIKV anad dengue samples were collected between five 
and seven days of onset of symptoms. Results: Evaluated assays showed acceptable specificities and diversity 

sensitivities. The highest sensitivity was found for DIAPRO-ELISA (87.8%), following by IBL-MAC-ELISA (64.9%) 
and Mikrogen-Inmunoblot (52,0%). In the rest test were poor (Euroinmun: 15.6% and Artron: 18.0%). Also the 
strongest agreement with the reference standard was found by DIAPRO-ELISA (kappa: 0.87), for IBL and Mikrogen 
was moderate (kappa: 0.56 ans 0.45) and poor for Euroinmune and Artron (kappa: 0.16 and 0.02). Generally, the 
cross-reactivity for negative specimens as lower with the exception of Artron-RT assay. Only DIAPRO-ELISA assay 
showed a similar IgM detection to ZIKV cases without (87.0%) and previous (88.0%) immunity to DENV infection. 
Conclusions: An available and sustainable surveillance for risk individual groups to ZIKV infection is necessary and 

the serological methods offer a good alternative. Between five evaluated assays, DIAPRO-ELISA provide the best 
assessed parameters used for serum samples collected between five and seven days of onset of symptoms. IBL 
and Mikrogen assay could be improved in IgM detection with predective good results in future assessments. 
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Blood-feeding Aedes aegypti mosquitoes are responsible for the transmission of several arthropod borne 
(arbo)viruses that cause debilitating diseases such as dengue and Zika. The mosquito antiviral immune response is 
a key determinant for arboviral disease burden, as efficiency of virus transmission to vertebrate hosts depends on 
viral titers in the mosquito vector. Antiviral immunity in insects is largely based on small RNA-guided repression of 
target RNA by small interfering RNAs. Recently however, is has been shown that viral RNA is also processed into 
PIWI-interacting (pi)RNAs in Aedes mosquitoes, both in vivo and in cell culture. In Ae. aegypti, the PIWI proteins 
Piwi5 and Ago3 are partners in a ping-pong amplification loop that is essential for de novo biogenesis of viral 

(v)piRNAs. Further knowledge about vpiRNA biogenesis, however, is lacking.  
 As Tudor proteins facilitate multiple processes in piRNA biogenesis in many genetic model organisms, we evaluated 
the involvement of this protein family in vpiRNA biogenesis in Ae. aegypti by performing a functional knockdown 
screen. Knockdown of the Tudor protein AAEL012437, which we termed Veneno (Ven), results in strong depletion of 
vpiRNAs. Small RNA deep-sequencing revealed that Ven knockdown reduces vpiRNA production dramatically, 
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whereas transposon- and mRNA-derived piRNA levels are only mildly affected. Ven accumulates in distinct 
cytoplasmic granules, to which it may recruit the piRNA biogenesis machinery to promote efficient vpiRNA 
biogenesis. In accordance with this, proteomic analyses show that Ven associates in a multimolecular complex 
involving the ping-pong partners Ago3 and Piwi5, along with orthologues of Yb and Vasa. Hence, we propose that 
Ven lies at the core of vpiRNA biogenesis by providing a platform for efficient ping-pong amplification involving Piwi5 
and Ago3. 
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Introduction: Domestic pigs are a well-recognized reservoir of hepatitis E virus (HEV) and food-borne transmission 

of HEV via consumption of liver and meat products has been described. 
Aims: The aim of the present study was to assess a variety of pork liver and meat-products in retail stores for the 

presence of HEV RNA (n=521). 
Methods: Nucleic acids were extracted from FastPrep 24-5G clarified homogenates and subsequently the levels of 

HEV RNA were quantitatively assessed using RT-qPCR. Controls were implemented for extraction efficiency and 
RT-qPCR inhibition. Positive samples were reanalysed using a nested typing RT-PCR and fragments (493 nt) were 
sequenced. 
Results: HEV RNA was detected in 13% of the raw liver samples (n=79) and about 70% of liverwurst (n=99) and 

liver pate samples (n=90). None of the pork chops, fresh sausages or wild boar meat tested positive. Sequence 
analyses revealed mainly genotype 3c, but also some 3a and 3f strains. One strain derived from a liver sample was 
100% (493 nt) identical with one isolated from a HEV case with onset of disease close in time and geography, 
although no direct epidemiological link could be established. The highest level of HEV RNA contamination was 
observed in liver (reaching up to 10

6
 copies/g), followed by liverwurst and liver pate (up to 3 x 10

4
 copies/g and 7 x 

10
4
 copies/g respectively). Liverwurst and liver pate undergo heat treatment (information dd. Mid 2017) that may be 

sufficient to inactivate HEV, but still is dependent on the duration of the heat treatment and temperatures applied, the 
food composition and the initial viral load. 
Conclusion: The results revealed a higher prevalence of HEV RNA in liverwurst, liver pate and liver samples than 

recently have been reported. Consumption of raw liver as well as liverwurst and pate should be avoided by persons 
at risk. 
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Introduction: Outbreaks of norovirus and hepatitis A virus are associated with the consumption of bivalve molluscs. 

Bivalve molluscs such as oysters and mussels bio-accumulate viral particles and bacteria during filter feeding. 
Bivalve molluscs are generally submitted to a process called depuration to meet regulatory criteria based on the level 
of E. coli contamination. Regulatory criteria for norovirus and hepatitis A virus in molluscs currently do not exist. 
Aims: International trade in bivalve molluscs is extensive. In the present study, we aimed to establish the levels of 

norovirus and hepatitis A virus contamination in oysters and mussels that are harvested in north-western European 
coastal areas at different points along the food chain, before and after depuration and packaging for retail. 
Methods: Sensitive one-step RT-qPCR assays and quality assurance controls (ISO 15216-1:2017) were used to 
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quantitatively assess the levels of norovirus GI, norovirus GII and hepatitis A virus in oyster and mussel 
gastrointestinal tissue. Sampling was performed directly after landing from so-called ‘big-bags’, after depuration in 
dispatch centers and in ready-to-eat products taken from retail stores. 
Results: Over 650 samples were collected and analyzed across winter months during the period of 2013 to 2017. 

Incidence of hepatitis A virus RNA in bivalve molluscs was extremely low (0.3%). However, over one third of the 
samples tested positive for the presence of norovirus RNA. Mixed contamination with both GI and GII was a 
common occurrence. Viral genome copy numbers detected in bivalves were stratified by location of sampling across 
the food chain and by seasonality, and ranged from undetectable levels to 4 log10 copies per gram digestive tissue. 
Conclusion: In an attempt to reduce viral infection related to consumption of molluscs, the European Union is 

planning to impose regulatory baselines in 2019. Ahead of this time, we present a comprehensive overview of the 
five-year incidence and contamination levels of norovirus and hepatitis A virus in bivalve molluscs, monitored across 
the food chain. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA46 
 
Variability of Zika virus incubation period in humans 

TF Fourié, GG Grard, ILG Leparc-Goffart, SB Briolant, AF Fontaine 
French Armed Forces Biomedical Research Institute, MARSEILLE, France 
 
 
Introduction: Zika virus (ZIKV) responsible for vector-borne disease has recently emerged in numerous tropical 
countries worldwide. Despite multiple importation of the virus through travelers and presence of competent 
mosquitoes, Europe is for now spared from active vector-borne transmission. Estimating arboviral incubation periods 
is complicated due to the impossibility to identify the date of infectious mosquito bite leading to a symptomatic 
infection in humans. 
Aims and methods: In our study, we estimated ZIKV incubation period distribution using time-to-event models 
adapted to interval censored data based on declared date of travels from 123 symptomatic travelers returning to 
France from areas with active ZIKV transmission. It is the first ZIKV incubation period study based on a uniquely 
large cohort with RT-PCR diagnosis. 
Results: The median time and 95

th
 percentile of ZIKV incubation period was estimated to 6.8 days (95% CI 5.8, 7.7 

days) and 15.4 days (95% CI 12.7, 19.7 days), respectively. 
Conclusion: Our results strengthens previously published estimations. Determining the incubation period for ZIKV is 
beneficial to improve protection guidelines and refine epidemiological models in order to better predict and control 
the ZIKV emergence threats in Europe. 
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Introduction: In September 2016, the World Health Organization confirmed a Rift Valley fever (RVF) outbreak in 
Niger. Epidemiological surveillance was then reinforced among French armed forces deployed in Niger, Chad and 
Mali. End of October 2016, a probable case of RVF was identified in a service member sampled in Mali earlier that 
month. 
Aims and methods: An international epidemiological investigation was conducted to confirm this case and identify 
other RVF cases among service members deployed in Mali at the time of the alert. 
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Results: The initial probable case was not confirmed, and 3 other probable cases were detected and confirmed with 
serological and molecular diagnosis. RFV viral persistence was detected in whole blood by RT-PCR up to 67 days 
while serum and plasma were cleared. Moreover, at the time of diagnosis, patients were on leave in Europe 
including France (metropolitan and Guyana) and Greece where the presence of competent vectors is documented. 
Conclusion: The persistence of other arboviruses such as West Nile virus in whole blood has been observed but we 
describe it here for RFV virus for the fist time. Military population, due to exposure to tropical infectious diseases 
during their deployment, is highly susceptible to import pathogens in Europe and must be intensively monitored 
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Introduction: Norovirus (NoV) is a small, ssRNA non-envelopped virus known as the major cause of human 
gastroenteritis worldwide. NoV is characterized by an important diversity and a high resistance in the environment. 
Three genogroups (G), GI, GII and GIV are able to infect humans. NoV circulate in the marine environment when 
water is contaminated by human faeces. Oysters farmed in coastal areas can accumulate NoV in their tissues and 
generate outbreaks. 
Aims: A metagenomics approach is applied to study the diversity of NoV circulating in the environment. In low 
contaminated oysters samples, we compared agnostic deep sequencing and a capture- based approach (VirCap-
Seq by Roche) to select human enteric virus. 
Methods: Three raw sewage samples were collected from a sewage treatment plant in France and were used to 
contaminate oysters (Crassostrea gigas) during 24-hours in separate seawater tanks. Optimized elution protocols 
were used to recover NoV from sewages and contaminated oysters and Illumina MiSeq technology was used to 
study NoV diversity. Family-specific viral contigs were classified and sorted by SLIM, then final NoV contigs were 
genotyped using the online Norovirus genotyping tool v2.0. 
Results: In sewage samples, 14 NoV GI sequences were identified for which 6 were complete genomes. For NoV 
GII, 9 sequences were identified, three of them representing more than 50% of the genome. In oyster samples, the 
capture-based approach yielded 9 different NoV GI sequences and 4 for NoV GII. Direct deep sequencing of oyster 
samples showed a small amount of short NoV reads (<500bp). 
Conclusion: We were able to retrieve long NoV sequences (full or half-genome) that are important for strain 
identification of this highly variable virus. For low contaminated samples such as oysters, the capture-based 
approach is essential to allow metagenomics analysis, but still method developments are needed to increase the 
recovery of viral particles. 
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Reverse genetics is a critical tool to decrypt the biological properties of arboviruses. However, whilst reverse 
genetics methods have been usually applied to vertebrate cells, their use in insect cells remains uncommon due to 
the conjunction of laborious molecular biology techniques and of specific difficulties surrounding the transfection of 
such cells. To leverage reverse genetics studies in both vertebrate and mosquito cells, we designed an improved 
DNA transfection protocol for insect cells and then demonstrated that the simple and flexible ISA (Infectious 
Subgenomic Amplicons) reverse-genetics method can be efficiently applied to both mammalian and mosquito cells 
to generate in days recombinant infectious positive-stranded RNA viruses belonging to genera Flavivirus (Japanese 
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encephalitis, Yellow fever, West Nile and Zika viruses) and Alphavirus (Chikungunya virus). Additionally, this method 
was successfully applied on mosquito cell line to rescue an insect specific Flavivirus such as Kamiti River. This 
method represents an effective option to potentially overcome technological issues related to the study of 
arboviruses. 
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Rift Valley fever virus (RVFV) is a mosquito-borne negative-strand RNA virus of the order Bunyavirales. RVFV is 
pathogenic to domesticated and wild ruminants, of which sheep are the most likely to develop severe disease. 
Infection of newborn lambs results in high mortality rates and infection during gestation results in abortion. Humans 
can be infected via the bite of a mosquito or via contact with contaminated animal tissues. Most human infections 
manifest as a transient febrile illness, although a minority of patients develop encephalitis or hemorrhagic fever, 
which may have a fatal outcome. Classical veterinary vaccines are available in some countries where the virus is 
endemic and next-generation vaccines of improved safety and efficacy are under development. A human vaccine is 
not yet available. Candidate vaccines are generally evaluated first in mouse models and subsequently in target 
species. Several ruminant challenge models have been developed, in which different inoculation routes are used. It 
has, however, remained unclear how accurate these challenge models represent natural exposure to the virus. In 
the present work, RVFV was efficiently transmitted among European-breed sheep via infected Aedes aegypti 

mosquitoes, resulting in high fever, viremia and clinical signs in all mosquito-exposed animals. Thereby, a highly 
robust mosquito challenge model is available that can be used to evaluate the efficacy of next-generation vaccines 
against natural exposure to the virus. 
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Recently a novel member of the family Hepadnaviridae (domestic cat hepadnavirus, DCH), similar to human 
hepatitis B (HBV), has been identified in a domestic cat with large cell lymphoma. 
In order to gather additional information on DCH, we analyzed sera collected from household cats with different age 
(0-15 years) and clinical histories, obtained from veterinary diagnostic laboratories. We screened the serum samples 
using consensus and specific PCRs and a quantitative PCR (qPCR). Overall, we detected hepadnavirus DNA in 
42/390 (10.8%) sera. The prevalence of DCH DNA was 17.8% (31/174) in sera collected from cats with suspected 
diagnosis of infectious diseases (e.g. FIV and/or feline leukemia (FeLV)) and 5.1% (11/216) in sera submitted to 
laboratory for other causes. This difference was statistically significant (p-value <0.05) The prevalence of DCH was 
higher in 4-7 month-old cats (20.5%, 8/39) although without statistically significant difference (p>0.05) compared to 
other age groups. Moreover, there was no significant difference in terms of prevalence (p>0.05) between male 
(11.4%, 25/219) and female (9.9%, 17/171) individuals. 
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We reconstructed the complete genome of the Italian DCH strain Cat ITA/2018/165-83, of approximately 3.2 kb, 
which had 97.0% nucleotide sequence identity to the Australian reference strain Cat AUS/2016/Sydney. 
Out of 42 DCH-infected cats, we could retrieve information on hematologic and serum biochemical parameters for 20 
animals. In 10 of these, increased levels of markers indicative of structural or functional liver damage (i.e. AST, ALT, 
ALP, GGT and total bilirubin) were present. In 7 out of 10 animals with suspected hepatic disease, DCH load was > 
10

4
 genome copies per mL, that for HBV is indicative of active replication and damage of liver tissues. 

The presence of DCH in the sera may pose unexpected risks in feline transfusion medicine. Gathering 
epidemiological data will help assessing the possible pathogenic role of DCH in cats. 
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Introduction 
 

Equine hepacivirus (EqHV), the closest known genetic homologue of hepatitis C virus, infects equids. In addition to a 
shared sequence homology of approximately 50%, these viruses share biological properties such as hepatotropism, 
acute and chronic infection stages and bloodborne transmission. Since initial reports in 2011, EqHV has been 
detected in horse populations from more than twelve countries, across five continents. Seroprevalence of up to 
61.8% and ribonucleic acid (RNA) prevalence between 0.9 and 34.1% are reported. EqHV detection in donkeys 
confirmed cross-species transmission. Investigations have yielded no evidence of zoonotic transmission.  
 
Aims 
 

Molecular and serological indications of EqHV infection had never been reported in equids on the African continent. 
Investigation of EqHV prevalence in South African horses and zebras would contribute to understanding the global 
epidemiology of this virus.  
 
Methods 
 

Serum samples from South African Thoroughbred foals (n=454) and zebras (n=382) were analysed for anti-EqHV 
antibodies by luciferase immunoprecipitation system (LIPS), and for EqHV RNA by quantitative real-time polymerase 
chain reaction (qRT-PCR). Additionally, zebra liver samples (n=59) were analysed for EqHV RNA. Identified EqHV 
isolates were sequenced, with subsequent phylogenetic analysis.  
 
Results 
 

Antibodies were detected in 83.7% of horse serum samples - the highest seroprevalence reported in an equine 
population to date. The RNA prevalence of 7.9% among horses was within previously reported ranges. Phylogenetic 
analysis revealed that South African EqHV strains did not cluster separately from EqHV strains circulating on other 
continents. No evidence of EqHV was found in samples which originated from zebras.  
 
Conclusions 
 

Anti-EqHV antibodies are frequently detected in South African Thoroughbred foals, indicating circulating EqHV with 
high prevalence. Furthermore, closely related strains of EqHV are circulating worldwide, suggesting low selection 
pressure on this virus. Unlike horses and donkeys, EqHV does not appear to infect zebras, the third member of the 
family Equidae. 
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Introduction: The oil industry is sever affected by biocorrosión, the main group of bacteria associated with this 
problem are the sulfate-reducing bacteria (SRBs), who have the ability to generate hydrogen sulfide (H2S) and 
produce large economic losses. Studies report that the global cost of losses is around $2.5 trillion USD per year, 
while in Colombia it exceeds $85 million USD per year. Due to this, strategies to control the burden of SRBs have 
been designed, but these are very expensive and toxic for animal, plants and humans. As alternative, the study of 
bacteriophages has increased in recent years and has positioned itself as an excellent option to face this problem. 
Objective: Isolation and characterization of bacteriophages against SRBs isolated in oil wells with souring problems 
as a promising control strategy. 
Methodology: 12 SRBs strains isolated from Colombian oil fields were used as host strains for the bacteriophages 
isolation. Anoxic black sludge samples with presence of H2S were taken near to petroleum pipelines and were 
enriched to increase the number of viral particles. Top agar and decrease of absorbance assays were carried out to 
isolate bacteriophages, then they were purified and host range test were performed before genomic and microscopy 
characterization. 
Results: Four bacteriophages were isolated and named FAE10, FAE11, FAE13 and FAE22. The host range against 
the 12 SRBs prove that each one have lytic activity at least against four different bacteria and it was found that all 
phages can infect bacteria of different genera such as Desulfovibrio, Pseudomonas and Citrobacter, which 

suggesting that bacteriophages has a wide host range. 
Conclusion: Our work, postulates bacteriophages as strategies of control of biocorrosion in oil industry; therefore, it is 
important to continue with trials that allow determining the effect of these against bacterial consortiums in reactor and 
on the field pilot assays. 
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Introduction: The virulent strains of the African swine fever virus (ASFV) can cause near 100% mortality among 

domestic swine. The ASFV was introduced in Eastern Europe in 2007. In Hungary it was first identified in 2018. 
Mainly two genes (EP153R and the EP402R) determine the serotype of the virus, while genotyping is based on the 
sequence of the B646L gene. The multigene family (MGF) genes play important roles in the virulence of the virus. 
Goal: To develop a simple and reproducible method to sequence and characterize ASFV strains. 
Methods: The virus was isolated from organ samples of a wild boar carcass on porcine alveolar macrophages. 

Three days p.i. the supernatant was treated with RNase and DNase to eliminate host DNA and RNA. Host DNA/viral 
DNA ratio was monitored by virotype ASFV PCR Kit. The viral genome was purified with Roche High Pure Viral 

Nucleic Acid Kit. Viral DNA was amplified with REPLI-g Mini Kit, and sequencing was performed on Ion Torrent PGM 
platform and Illumina MiSeq system. 
Results: We isolated and sequenced an ASFV strain from a wild boar. Our sequence (ASFV_HU_2018) was 

compared to ASFV sequences from GenBank. The ASFV_HU_2018 belongs to genotype 2 and shows more than 
99% identity to the isolates from Georgia, Estonia and Poland (Georgia_2007/1, ASFV/POL/2015/Podlaskie, 
Estonia_2014). There was no mutation in the EP153R, EP402R and B646L genes comparing the four viruses. The 
MGF_360-1L contains a deletion and MGF 360-16R has a frameshift mutation similar to ASFV/POL/2015/Podlaskie. 
Conclusion: It was determined that ASFV_HU_2018 is a close relative of Georgia_2007/1. Most of the mutations 

were found in the variable MGF genes, while no sequence change was identified in the most conservative regions of 
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the virus. The closest relative of the ASFV_HU_2018 is a Polish isolate (ASFV/POL/2015/Podlaskie). 
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Introduction: Porcine reproductive and respiratory syndrome virus (PRRSV) was first identified in Hungary in 1995. 

The prevalence of the virus started to rise in the mid-2000s and a highly divergent PRRSV population was formed in 
Hungary. 
Goals: To determine the extent of the PRRSV infection in the Hungarian pig farms and study its divergence. 
Methods: Nucleic acid was extracted from field samples and the presence of PRRSV was diagnosed with RT-PCR. 

The PRRSVs were isolated from positive samples on porcine alveolar macrophages. Viral RNAs were extracted with 
QIAamp Viral RNA Mini Kit. Superscript III was used for cDNA synthesis. Full genome sequencing were performed 
on Ion Torrent platform. Recombination events were identified by SimPlot analysis. 
Results: 72 industrial pig farms were probed in 2016 and 46 pig herds were diagnosed as positive for PRRSV. 

Altogether 60 ORF5 sequences were obtained from the positives samples. Full genome sequences of six isolates 
were determined. Based on the phylogenetic tree using ORF5 sequences, the six isolates belong to 1 
(HUN60077/16) lineage, 1G (HU24924), 3D (HU19401, HU19483) and 3F (HU18755, HU18861) clads. Compared 
to Lelystad, HU19401 (88.1%) has shown the closest nucleotide similarity, and the biggest difference was revealed 
in HU18755 (similarity to Lelystad 84.7%). The HUN60077/16 isolate has 92.3% similarity values with Amervac. 
HU18755, HUN60077/16 and HU18861 seem to be recombinant viruses, and a potential recombination event was 
also detected in HU19401. 
Conclusion: The Hungarian PRRSV strains show high genetic diversity. At least fifty percent of the six fully 

sequenced genomes are recombinant. Infection by multiple PRRSVs is probably a frequent event in Hungarian 
farms and this might have led to the emergence of the recombinants. In fact, 11 pig herds from the 46 were 
diagnosed with multiple PRRSV strains. 
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Spatio-temporal development of Usutu virus immune responses in wild blackbirds in the Netherlands, 2016-
2018. 
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Usutu virus (USUV; family Flaviviridae, genus flavivirus) is a bird-borne virus that is transmitted by mosquitoes. The 
first discovery of the virus in Europe dates from 1996 in Italy. Currently, the virus is endemic in large parts of Europe, 
including the Netherlands where it has been circulating at least since 2016. Circulation of USUV results in die-offs, 
mainly among Passeriformes and captive Strigiformes birds and in particular blackbirds (Turdus merula) and captive 
great grey owls (Strix nebulosa). The presence of Usutu virus in the Netherlands was first noticed early April 2016, in 
a blackbird that was sampled in a pilot of live bird surveillance for zoonosis. Blackbirds are especially vulnerable to 
Usutu virus disease and demonstrate severe complaints like encephalitis, neural, splenic and hepatic necrosis, and 
myocardial degeneration. As part of a surveillance program for the presence of viral zoonoses in wild birds, wild 
blackbirds were (re) captured, sampled and released in the Netherlands in the period 2016-2018. In total 678 serum 
samples were collected from 545 unique blackbirds. Here, we report the spatio-temporal development of immune 
responses in these blackbirds, both at the population and the individual bird level. The latter in case unique birds 
were sampled more than once in the study period. All serum samples were first tested by protein microarray 
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containing recombinant proteins representing amongst others NS1 from USUV and the closely related bird-borne 
West Nile virus (WNV). Positive results were confirmed by comparative virus neutralization tests. Our results show a 
gradual increase at the population level of the presence of USUV specific antibodies in blackbirds, increasing to 15% 
in 2018. Analysis in recaptured blackbirds showed several seroconverions and detectable antibody levels for more 
than a year. 
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Introduction: Porcine reproductive and respiratory syndrome virus (PRRSV) cause one of the most widespread and 

economically important diseases in swine industry. The outbreaks caused by the virus are characterized by 
reproductive losses in sow herds and increased mortality in young pigs, but pigs can also be asymptomatic carriers. 
Aims: Determine the phylogenetic relationship of PRRSV strains obtained directly from serum samples through 

shotgun metagenomics and sequence classification methods. 
 
 
Methods: Viral RNA was isolated using the QIAmp® Viral RNA kit (Qiagen) from 14 PRRSV RT-PCR positive 

samples from three different farms in Germany (2017-2018). cDNA libraries were prepared with the Kapa HyperPrep 
kit (Roche) and sequenced on a NextSeq 500 instrument (Illumina). The raw reads were trimmed, mapped against a 
Sus scrofa genome and de novoassembled using CLC Genomics Workbench v11.0.1. The phylogenetic analysis 
was performed using the maximum likelihood method, based on the GTR model, with a robustness of 500 bootstrap 
replications, using selected genomes from NCBI. A pairwise comparison was performed using the viral sequences of 
the available vaccines. 
 
 
Results: From 14 samples we were able to recover 3 nearly complete PRRSV genomes (≈ 13 kb) from the three 

different farms. All strains belonged to Type 1. The genomes differed more than 30%-33% at the nucleotide level. 
Using the phylogenetic analysis, one strain was closely related with a strain from Spain (Cresa-3267-2006) and the 
other two were closely related with previously isolated strains from Germany. Additionally, the pairwise comparison 
against the available vaccine sequences showed that AMERVAC vaccine contained viruses most similar to our 
isolates, however with a homology of only 86%. 
Conclusion: From the near complete genomes studied, three different PRRSV strains were detected suggesting 

that no transmission between farms occurred.Shotgun metagenomics directly from serum samples proved to be 
useful for the rapid surveillance of PRRSV. 
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Introduction 
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Hepatitis E virus genotype 3 (HEV3) is an emerging zoonotic agent whose main reservoirs are pigs and wild boars. 
HEV3 is widespread among Italian domestic pigs but to date little is known about the presence of HEV in the wild 
population of north-eastern Italy. In spring 2017, for the first time HEV was detected in wild boars captured in the 
Regional Park of the Euganean Hills (north-eastern Italy), an area characterized by an overpopulation of wild boars 
and a great number of swine farms. 
Aim 

Core of our work was the phylogenetic characterization of the complete genome of 2 HEVs and of ORF1/ORF2 
partial sequences of 7 HEVs detected in wild boars in the Euganean Hills area. 
Methods 

Full genome amplification was obtained using specific primers designed for the present study. An Illumina Miseq 
platform was used to sequence the complete genomes. Three sequence datasets were generated and analysed: the 
first included complete genomes, the second partial ORF1 and the third partial ORF2 sequences. 
Results 

Phylogenetic analyses showed that the Italian viruses clustered separately from previously identified subtypes within 
genotype 3, suggesting the identification of a novel genotype 3 subtype. Moreover, the analysis of partial ORF2 
sequences showed the closest similarity with wild boars strains detected in central Italy (Tuscany region) and a 
human case reported in northern Italy (Veneto Region). 
Conclusions 

The Euganean Hills area is a naturalistic oasis in the heart of the Veneto Region plain and represents one of the 
main tourist and excursion destinations in the Region. The report of zoonotic HEVs in this territory should be 
considered of utmost importance in a public health perspective. 
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The nuclear export of cellular and viral mRNAs in metazoan is mainly achieved by the TAP/p15 exportins and their 
associated TREX complex, or, alternately, by exportin CRM1 (XPO1). In plants this process still remains poorly 
described and even unknown for phytoviruses. We study the mRNAs nuclear export of the plant pararetrovirus 
CaMV. 
In order to identify the export pathways used by CaMV, we transfected Arabidopsis thaliana protoplasts with a viral 
genome encoding vector, in the presence or not, of export inhibitors. After treatment with XPO1 inhibitor Leptomycin 
B, CaMV mRNAs nuclear export decreased, as it did in xpo1 mutants, suggesting that XPO1 is involved in this 
process. Moreover, using TREX complex mutant protoplasts mos11 and aly1aly2, we also observed a decrease in 
viral mRNAs export, and mutant plants mos11 and x4aly displayed a partial resistance to CaMV infection. These 
results strongly suggest that both XPO1 and the TREX complex are important for CaMV mRNAs export. 
To identify cis-acting viral mRNA sequences, we performed protoplast competition experiments with short viral RNA 
fragments overexpressed in order to outcompete full-length viral mRNA export. We observed a decrease in full-
length viral mRNA export when its 5’NTR is overexpressed, thus suggesting its recognition by the export machinery. 
Virus encoded proteins often participate in the nuclear export of their mRNAs. In order to check whether this is also 
the case of CaMV, we generated mutants that don’t express either the viral retrotranscriptase, or any viral protein 
and observed, in both cases, a strong inhibition of viral mRNAs export that suggests the involvement of CaMV RT in 
this process. 
Here we describe, for the first time, the nuclear export of viral mRNAs in plants. In order to export its mRNAs CaMV 
uses both the XPO1 and TREX export pathways, a cis-acting RNA element and its retrotranscriptase. 
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Introduction 

Dengue transmission is spatially focal with significant clustering of cases (hotspots). However, dengue incidence is 
usually underestimated since it is based on reported symptomatic cases while inapparent dengue cases are not 
considered. 
Aim 

We aimed to identify persistent hotspots in space and time of inapparent and symptomatic dengue infections in a 
highly endemic area of Venezuela. 
Methods 

Four annual cross-sectional seroepidemiologic surveys (n≈500-2000) were performed in Maracay city, Venezuela 
between 2010-2013, using a capture dengue IgM ELISA assay. Individuals with positive IgM were defined as having 
had a recent infection. Those with IgM(+) and no recollection of fever or other symptoms suggestive of dengue 
disease during the previous three months, were considered inapparent dengue cases. Dengue hot spots were 
identified using a local measure of spatial association (Local Getis statistic (Gi*(d)). 
Results 

The average recent dengue seroprevalence was 10%, of which 66% were defined as inapparent infections. Recent 
dengue infections showed a great spatial heterogeneity in each of the studied years. Significant hotspots at 
household and block level were identified for recent dengue seroprevalence at a distance of 20 and 90 meters, 
suggesting that relevant features modulating dengue transmission occur at such focal scale. Importantly, half of the 
households identified as hotspots were constituted entirely by inapparent dengue cases. 
Conclusions 

Hotspot houses exhibit a series of risk factors that enhance dengue transmission. When a hotspot household is 
entirely constituted by inapparent dengue cases, this house goes undetected by the public health services and 
keeps providing sufficient conditions for Aedes aegypti to breed and for transmission to continue. Our results raise 
important questions about the effectiveness of the vector control current approach which targets areas reporting 
symptomatic cases only. 
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Tilapia is an important global source of dietary protein, especially in developing countries. Massive losses of tilapia 
were identified in Israel and recently, the agent responsible for these disease outbreaks has been identified as a 
novel virus, named ‘tilapia lake virus’ (TiLV). Since then, TiLV has been identified as an emerging pathogen, 
responsible for many outbreaks around the world, risking the global tilapia industry, to a level that warrant a special 
alert by the Food and Agriculture Organization of the United Nations (FAO). 
We found that TiLV genome is made of 10 negative-sense RNA segments, each contains one major open reading 
frame (ORF). One ORF shares only weak homology to the polymerase subunit (PB1) of the influenza C virus, while 
the other nine ORFs share no homology to any known sequences. Thus, no prior knowledge regarding TiLV protein 
functions exists. 
Genomes of negative-strand RNA viruses are covered with multiple copies of a single viral nucleoprotein (N), to form 
nucleocapsids. N proteins specifically interact with viral genomes but do not bind specific RNA sequences. 
Accordingly, TiLV is expected to encode at least one N-like protein. To identify such non-specific RNA binding 
protein(s), we performed a targeted screen employing the yeast three-hybrid system. To this end, we expressed in 
the L40-coat yeast strain different TiLV proteins together with a non-TiLV RNA and tested for the activation of lacZ 
reporter (which occurs upon binding of the tested protein to the RNA). One of the tested proteins showed such 
significant activation, suggesting that it is the N protein. Although bioinformatics analyses have not revealed clear 
RNA-binding motifs in its protein sequence, several scattered starches of positive residues may function in such 
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interaction. Identification of TiLV RNA-binding protein(s) is crucial for the understanding of the replication cycle of this 
emerging pathogen. 
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Tomato spotted wilt virus (TSWV) is the type-species of the Tospoviridae family (order Bunyavirales) and one of the 
most devastating plant viruses due to its virulence, wide host range and the difficulty of efficiently controlling its 
insect-vector. Currently, two resistance genes are available for commercial resistance breeding against TSWV: Sw5-
b and Tsw, in tomato and pepper, respectively. Several cases of resistance-breaker strains of TSWV have been 
reported that emphasize the need to search for new sources of resistance. Recessive resistance, i.e. resistance 
provided by the lack of host susceptibility factors, constitutes a novel, durable and highly efficient strategy for plant 
protection. To identify host genes encoding proteins required for TSWV infection, we have established and optimized 
an unbiased high-throughput virus-induced gene silencing (VIGS) assay employing a random cDNA library of the 
Solanaceous model plant Nicotiana benthamiana. The establishment of an ad hoc protocol was necessary due to 

the outstanding capacity of TSWV to move systemically and overcome VIGS. Here we show how TSWV behaves 
differently upon VIGS of some of our candidate susceptibility genes (1, 2 and 3) when N. benthamiana plants are 
challenged with TSWV at two distinct time points post-VIGS. Not only is the time span between the initiation of VIGS 
of the host gene and TSWV inoculation important, but also the age at which plants are Agro-infiltrated for initiating 
the VIGS has a severe impact on the outcome of TSWV infection, as will be shown and discussed for candidate 
susceptibility gene 4. 
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Introduction: Dengue viruses (DENV) have diverged as four distinct serotypes (1-4), encompassing different 

genotypes, all causing dengue fever. In Venezuela, different serotypes co-circulate causing major periodical 
outbreaks. Few studies have focused on DENV lineage surveillance in Venezuela and the genetic dynamics in the 
context of consecutive outbreaks. 
Aims: To characterize the intra-serotypic genetic dynamics throughout Venezuelan outbreaks. 
Materials/methods: Dengue incidence data (1997-2014) were obtained from the National Surveillance System of 

the Venezuelan Ministry of Health. Whereas full polyprotein nucleotide sequence of DENV serotypes from this study 
(n=31) and complete genome sequences of Venezuelan DENV isolates retrieved from GenBank (n=261) 
representing the four serotypes were used to perform phylogenetic analysis. Each DENV dataset was used for 
phylogeny estimation using a Bayesian framework as implemented in BEAST v1.8.4. Additionally, selection pressure 
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was assessed with several methods implemented in HiPhy. 
Results: The Bayesian Skyride reconstruction of the data described a tendency of the DENV relative genetic 

diversity (Net) to decay in all serotypes except in DENV-2 in which it remained constant. In addition, the 
reconstruction showed a major impact of the DENV-3 epidemic of 2001 on the dynamics of the viral populations of 
DENV-1, 2 and 4 until 2004. Episodic positive selection events (dN/dS>1) were detected in some branches. The 
changes occurred in structural and non-structural proteins. However, purifying selection (dN/dS<1) was found to be 
the most frequent mechanism underlying DENV evolution. 
Conclusion: The introduction of different DENV serotypes and the increase on the frequency of outbreaks has 

shown an interesting dynamic that has shaped the genetic diversity among DENV populations in Venezuela. The 
episodic positive selection events suggest that some genetic changes became fixed in the population. Yet purifying 
selection was the dominant force that drove the genetic evolution of the virus by elimination of the population 
mutations carrying deleterious amino acid substitutions. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PA64 
 
An eight-year (2011-2018) nationwide environmental surveillance of Hepatitis E virus in urban wastewaters 
in Italy 

G La Rosa
1
, M Iaconelli

2
, G Bonanno Ferraro

2
, P Mancini

2
, E Suffredini

2
, D De Medici

2
, S Della Libera

2
, F Bignami

2
, 

C Veneri
2
, AR Ciccaglione

2
, R Bruni

2
, S D'Amato

2
, G La Rosa

2
 

1
Istituto Superiore di Sanità, ROME, Italy 

, Italy 
 
 
Hepatitis E virus (HEV) is an emergent causative agent of acute hepatitis, responsible for substantial morbidity and 
mortality in the world. HEV comprises seven genotypes (G1-G7) showing different geographic distributions and host 
ranges. Four major HEV genotypes infect humans (G1 to G4): G1 and G2 cause large waterborne outbreaks in 
developing countries, while G3 and G4 are prevalent in non-endemic countries, where transmission is mostly 
zoonotic, with swine as primary reservoir. 
To provide insights into the epidemiology of HEV in Italy, we conducted a large-scale molecular epidemiological 
investigation in urban sewages over an eight-year period (2011-2018). A total of 1093 sewage samples from 48 
wastewater treatment plants (WTPs) were collected in all the 20 Italian regions, with 401 samples taken in Northern, 
262 in Central and 430 in Southern Italy. 
Broadly reactive primers targeting ORF1 gene were used to detect HEV by RT-nested-PCR followed by amplicon 
sequencing. Real-time qPCR was also performed to attempt quantification of positive samples. 
HEV RNA was detected in 63 urban sewage samples (5.7%). Of these, 45 were characterized as G3 and 18 as G1. 
The G3 sequences detected in urban wastewaters showed high identity with human sequences detected in 
autochthonous cases (no travel history) and swine sequences in Italy. The G1 sequences showed 100% nt identity 

with HEV strains detected in Italian patients travelling abroad (India and Thailand). 
No marked geographic differences were found across Italy, however higher positivity rate was reported in Central 
Italy (6.9% compared to 5.1% in the North and 5.7% in the South). 
In conclusion, we found a relatively low frequency of HEV RNA-positive samples in urban wastewaters, in agreement 
with similar studies in other non-endemic countries. A predominance of G3 strains was detected, however, G1 
strains were also identified, pointing to the circulation of this genotype also in non-endemic areas. 
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Aichi virus (AiV) has been proposed as a causative agent of human gastroenteritis potentially transmitted through 
contaminated food or water. It is globally distributed and has been detected in various types of water environments 
including sewage, river water, and groundwater, frequently in higher frequency and greater abundance than other 
enteric viruses. In Italy, a few clinical studies indicate that AiV may be associated with diarrhea cases in pediatric 
patients. 
Aim of the present study was to investigate the occurrence and genetic diversity of AiV in Italy through monitoring of 
wastewater samples collected between 2016 and 2018. 
A total of 196 untreated sewage samples were collected from 19 treatment plants, throughout Italy. Sewage 
concentration was performed by PEG-dextran separation, according to the WHO guidelines for environmental 
poliovirus surveillance. Samples were processed and analysed by real-time RT-qPCR and RT-nested-PCR targeting 
the 3C/D junction region of AiV genome. 
AiV RNA was detected in 180/196 samples (91.8%; C.I. 95%: 87.1% - 95.0%) by real-time RT-qPCR, 46/48 (95.8%) 
collected in Northern, 51/56 (91.1%) in Central, and 83/92 (90.2%) in Southern Italy. No statistically significant 
difference in AiV occurrence was found in the three areas and positive samples were detected throughout the year 
without a clear seasonality. Viral load ranged between undetectable and 2.3×10

6
 genome copies (g.c.)/L (geometric 

mean = 3.5×10
4
 g.c./L). Of the 196 positive samples, 102 were amplified by nested-PCR and 40 (all characterized as 

AiV-1 genotype B) provided good quality electropherograms by sequencing analysis, while the remaining gave 
mixed electropherograms. Amplicon-based Next Generation Sequencing is ongoing to identify single AiV strains in 
mixed samples and reveal less prevalent strains potentially concealed by the predominant ones. 
In conclusion, we found a high prevalence of Aichivirus in samples from sewage, in line with other environmental 
studies performed worldwide. Further studies on the occurrence and fate of AiV in water environments are needed to 
better understand their epidemiology, geographical distribution, and potential for waterborne transmission. 
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Zika virus (ZIKV) has recently emerged as a global health concern due to its widespread diffusion and its association 
with severe neurological symptoms and microcephaly in newborns. However, the molecular mechanisms 
responsible for ZIKV pathogenicity remain largely elusive. Here, we used primary human neural progenitor cells 
(hNPC) and the neuronal cell line SK-N-BE2 in an integrated proteomics approach to characterize cellular responses 
to viral infection on proteome and phosphoproteome level as well as affinity proteomics to identify cellular targets of 
all ZIKV proteins. This approach identified 388 ZIKV-interacting proteins, unraveling ZIKV-specific and pan-flaviviral 
activities as well as host factors with known functions in neuronal development, retinal defects and infertility. 
Moreover, our time-resolved phosphoproteome analysis identified 1,295 phosphosites specifically up- or down-
regulated upon ZIKV infection, indicating a profound dynamic modulation of fundamental signaling pathways such as 
AKT, MAPK/ERK and ATM/ATR, and providing plausible mechanistic insights into the proliferation arrest elicited by 
ZIKV infection. Our integrative approach highlights non-structural protein 4B (NS4B) as one of the disease 
determinant likely targeting fundamental neuronal differentiation processes, and identifies a number of previously 
undisclosed ZIKV host-dependency factors, providing a comprehensive framework for a system-level understanding 
of ZIKV-induced perturbations at the protein and cellular pathway level. 
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, Germany 
 
 
1. Introduction 

Recently, an equine parvovirus (EqPV) has been identified in association with equine serum hepatitis, also known as 
Theiler’s disease. This disease was first described in 1919 by Arnold Theiler and is often associated with 
pretreatment of blood products in equines. So far, the virus was described only in the USA and China.  
 
2. Aims 

This study aimed to develop diagnostic tools for the detection of EqPV in horses and characterizes the course of 
infection and cross-transmission of EqPV. 
 
3. Methods 

Serum samples of horses, donkeys, zebras and humans with occupational exposure to horses were used for 
analyses. Luciferase Immunoprecipitation System Assay (LIPS) was performed to detect antibodies against the 
virion protein (VP). Viral DNA was automatically extracted from serum samples. 2 µl extracted DNA or standard 
plasmid dilution were used in probe-based quantitative PCR. 
 
4. Results 

Diagnostic assays to detect viral DNA and EqPV-specific antibodies were developed. In an isolated horse cohort 
from Germany, several samples showed presence of viral DNA and antibodies against the EqPV in a longitudinal 
manner over five years. Viral titers up to 2.5 x 10

5
DNA copies/ ml serum were detected. EqPV was able to cause 

chronic infection and viral infection could be cleared in individual horses with a simultaneous emergence of VP-
specific antibodies. Clearance of infection was possible even after several years of persistent infection. Samples of 
other equid species were tested negative for the presence of antibodies and DNA. Additionally, no viral DNA or 
antibodies were detected in a human study cohort with frequent horse contact compared to a cohort without horse 
contact. 
5. Conclusion 

The equine parvovirus, as potential viral agent of Theiler’s disease, is circulating in horses in Germany and can 
cause chronic infections. No evidence for cross-species transmission to other equids or humans was found. 
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Coxiella burnetii, which causes Q fever, is a highly infectious agent that is widespread around the world. During the 

last decades, the number of cases reported in Bulgaria varied from year to year. 
Our aim was to describe laboratory data from the serological and PCR survey of C. burnetii among human and 
domestic ruminants in Bulgaria in the period 2011-2017, with consideration given to risk factors and possible 
underdiagnosis and underreporting. 
In total, 1430 human and 6 589 bovine and small ruminant blood samples from all over the country were tested in 
the period 2011 - 2017. A total, 500 out of domestic ruminants detected positive. Seropositive animals were found in 
all areas of the country from which samples were taken. Antibodies against Coxiella burnetii were found in 4.81% of 
cattle, 5.94% of sheep and 5% of goats. From all tested human samples, 139 human sera (10 %) were C. burnetii 

phase II IgM positive and 125 of them (90%) were also PCR confirmed. The human laboratory confirmed cases 
corresponding to an average annual incidence of 0.27 cases per 100 000 population. No seasonality or trend in 
reported cases was observed. Cases were mostly sporadic, with two small outbreaks occurring in 2017. Males are 
affected more by the disease with a 1.4 male/female ratio. Identified risk factors are occupational exposure and 
consumption of milk and dairy products, although exposure data is incomplete. The two outbreaks in 2017 involved a 
total of 18 cases among the rural population, with one linked to consumption of milk and dairy products, and the 
other – to occupational exposure.  
Both involved good practices like active case finding and collaboration between public health and veterinary 
authorities. 
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The majority of medically important flaviviruses, such as Zika (ZIKV), West Nile (WNV), yellow fever and dengue 
virus are transmitted to humans predominantly by Aedes or Culex mosquitoes. During infection of mammalian and 
mosquito cells, flaviviruses produce the highly abundant, non-coding subgenomic flavivirus RNA (sfRNA). The 
production of sfRNA is conserved for all flaviviruses, including those specific to insects, which implies an important 
function of sfRNA during infection of mosquitoes. We previously showed the importance of sfRNA for WNV 
transmission by Culex mosquitoes, however its role in Aedes mosquitoes is unknown and the mechanism that 
underlies sfRNA-mediated transmission remains enigmatic. Here, we use an sfRNA-deficient ZIKV mutant to 
demonstrate that sfRNA is essential for the transmission of ZIKV by Ae. aegypti mosquitoes. By comparison of 
infectious blood meals and intrathoracic injections, we demonstrate that ZIKV sfRNA is a key driver to overcome the 
mosquito midgut barrier and to systemically infect the mosquito. Viral small RNA deep sequencing of mosquitoes 
infected with wildtype or sfRNA-deficient ZIKV indicates that sfRNA modulates the mosquito RNAi response. To 
better understand the molecular mechanism of sfRNA-mediated virus transmission, we employed an RNA-affinity 
purification method to detect Ae. aegypti proteins that specifically bind to ZIKV or WNV sfRNA. We uncover that 
sfRNA specifically interacts with a limited set of mosquito proteins that are normally found in processing bodies and 
stress granules. The protein with the highest affinity to sfRNA, the DEAD-box helicase ME31B, displayed antiviral 
activity against ZIKV and WNV in Ae. aegypti cells. This suggests that sfRNA sequesters ME31B to promote 
flavivirus replication in the mosquito midgut, subsequently leading to transmission via the mosquito saliva. These 
results establish sfRNA as a key determinant of flavivirus transmission by both Culex and Aedes mosquitoes and 

contribute to our understanding of the molecular interactions of this fascinating non-coding RNA. 
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Autographa californica nucleopolyhedrovirus (AcMNPV) normally causes lethal infection in insects. Nevertheless, 
many insects harbour persistent infections throughout their life without obvious harm. The mechanisms responsible 
for the establishment and maintenance of a persistent virus infection are unknown and studying this state in vivo is 
difficult. A partial solution is provided by a clonal cell line (C20) derived from Trichoplusia ni (Hi5) cells that is 
persistently infected with an AcMNPV p10 deletion mutant. This cell line has been in culture continuously for over 
seven years (>160 passages), produces low levels of budded virus (<10

5
 pfu/ml), can survive for up to one month 

before requiring sub culture and is largely resistant to virus superinfection. 
Whole virus genome sequencing revealed over 30 coding regions have suffered non-synonymous mutations from 
the original virus and nine essential genes were affected. These included significant deletions in p95 (orf83; capsid-
associated protein) and egt/DA26 (orf16; putative capsid-associated protein) as well as SNPs in gp64 (GP64; 
envelope fusion protein). However, RNA sequencing revealed all AcMNPV genes were expressed and when this 
virus was amplified in Spodoptera frugiperda cells, near normal infectivity titres were obtained. Intriguingly, although 
budded virus productivity by C20 cells is low, the virus has a defective fp25k since early passaging of the cells. 
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Confocal microscopy studies and RNA sequencing suggested the superinfection blockage is in the binding and 
uptake steps since genes required for the endocytic pit formation were repressed. Similar methods and P10 analysis 
indicated a secondary infection is possible in a subpopulation of the cells although it is only maintained for a short 
time. These initial results provide us with an insight into how a normally lethal baculovirus infection may adapt to 
survive in a non-lethal state and pave the way for future study of persistent virus infections in vivo. 
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Recent Zika (ZIKV), Chikungunya (CHIKV), Yellow Fever (YFV) and Dengue (DENV) outbreaks have had a major 
impact on the Brazilian health system, with the emergence of pathologies such as neonatal microcephaly, Guillain-
Barré syndrome and the high mortality rate caused by YFV causing a public health crisis. The knowledge acquired 
with the study of these outbreaks through Zika in Brazil Real Time Analysis Project (ZIBRA) has fundamentally 
changed our understanding of arboviral ecology, but we still don’t have detailed insights on the genetic factors that 
could be related to the emergence of new severe pathologies or to the success of YFV in crossing the zoonotic 
ecological barrier.  
In this context, we aim to use machine learning techniques (MLT) to analyze large quantities of complete arbovirus 
genomes, searching for genetic signatures that may be associated with the emergence of pathologies and virus 
epidemic success. 
At the current stage we have curated a database consisting of whole or near whole-genome ZIKV sequences, 
representative of vast geographic regions of Brazil and abroad, and are testing and validating the first MLT models.  
We have already applied Random Forests to perform the analysis of a particular region of the Zika virus’ genome 
that encodes the non-structural protein NS-5 as a proof of concept. We were able to perform attribute selection 
based on Gini index and Accuracy index decrease, highlighting genomic positions that are statistically significant in 
differentiating between African and American strains. 
This procedure will be extended to whole genomes and to other viruses, such as YFV, and the results could 
contribute to the research and development of new treatments (antiviral medicines or vaccines), understanding of 
clinical determinants as well as identification and monitoring of lineages, favoring the capacity and preparation of 
public health systems. 
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Toscana virus (TOSV) and West Nile virus (WNV) are emerging arboviruses. Phlebotomine sand flies transmit 
TOSV, while Culex mosquitoes are vectors of WNV. TOSV and WNV are neurovirulent and can cause meningitis, 

encephalitis or meningoencephalitis. Sofia district is endemic for WNV. Studies on TOSV have never been 
conducted in Bulgaria. To assess local circulation of TOSV and WNV in Sofia district, serum samples from 100 
apparently healthy residents of the district were tested for TOSV-specific and WNV-specific IgG antibodies. 
Seroprevalence rates of 13% and 10% respectively were found. In addition, WNV neuroinvasive infections were 
confirmed in 5 residents of the district in 2018, while only 2 patients with WNV were detected in the last five years. In 
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two of these cases, WNV genome was detected by RT-PCR in blood and urine samples, in one case WNV-specific 
antibodies were found in CSF sample, and in the rest two cases the specific antibodies were found in serum 
samples. Generally, unexpectedly high number of WNV neuroinvasive diseases were detected in 2018 in Bulgaria. 
Results of the seroprevalence studies showed that TOSV and WNV are wide-spread in the capital district. 
Neuroinvasive infections caused by the two viral pathogens should be suspected and included in the differential 
diagnosis of viral meningitis and/or encephalitis especially in the summer time. 
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Geminiviral single-stranded circular DNA genomes replicate in nuclei so that the progeny DNA has to cross both the 
nuclear envelope and the plasmodesmata for systemic spread within plant tissues. For intra- and intercellular 
transport, two proteins are required: a nuclear shuttle protein (NSP) and a movement protein (MP). Co-
immunoprecipitation of MP from Abutilon mosaic virus (AbMV) in the presence of Rep

AbMV
, followed by mass 

spectrometry identified potential novel MP
AbMV

-host interaction partners: the peptidyl-prolyl cis-trans isomerase 
NIMA-interacting 4 (Pin4) and stomatal cytokinesis defective 2 (SCD2) proteins. Possible roles of these putative 
interaction partners in the begomoviral life cycle and cytoskeletal association modes are presented. 
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Enterovirus D68 (EV-D68) outbreaks were only infrequently reported until 2014 when EV-D68 caused a widespread 
outbreak of severe respiratory diseases in the USA. In addition, this outbreak was associated with cases of acute 
flaccid myelitis (AFM). Since then EV-D68 causes bi-annual epidemics with cases of AFM. However, the 
pathogenesis of EV-D68 associated central nervous system (CNS) disease is largely unknown, as well as viral 
factors—associated with different clades—that contribute to it. In this study, we investigated the infection efficiency 
and replication kinetics of different EV-D68 clades in neuroblastoma cells and RD cells. Six individual EV-D68 
isolates (clade A1, A2, B1, B2/947, B2/039, B3) and Fermon prototype strain were included. In addition, original 
clinical material and virus stocks were sequenced. Even though all viruses were able to replicate in neuroblastoma 
and RD cells, isolate B2/947, B3 and Fermon replicated to higher titers and infected more neuroblastoma cells. 
Genotypic analysis suggests that an amino acid substitution in capsid protein VP1 (E271K) was associated with 
efficient infection and replication. This specific mutation was not present in the original clinical material, which 
suggests that this mutation was acquired during passaging on RD cells. Taken together, these data show that EV-
D68 isolates from different clades are able to replicate in neuroblastoma cells and that this is not a clade-specific 
feature. Ongoing studies should reveal the effect of specific mutations in the VP1 on attachment, infection and 
replication. 
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Influenza neuraminidase (NA) plays a crucial role in the release of influenza A virus (IAV) from infected cells by 
cleaving sialic acid residues from cellular and viral glycoproteins. There is evidence that the receptor-binding activity 
of hemagglutinin (HA) and the receptor-destroying activity of NA needs to be balanced. In the present study, this 
dogma was revisited by employing recombinant chimeric vesicular stomatitis virus (VSV) expressing the HA of the 
highly pathogenic avian IAV A/chicken/Yamaguchi/7/2004 (H5N1) along with NAs from different human and avian 
IAV. Mutational analysis was performed to address the importance of the NA stalk region in viral replication. Cell 
surface transport and sialidase activity of various NAs were also determined. Finally, recombinant reassortant IAV 
were generated combining 6 RNA segments of A/chicken/Yamaguchi/7/04 (H5N1) with the HA and NA segments 
from various low-pathogenic avian IAV. Replication kinetics of reassortant IAV were performed on MDCK cells and 
transmission experiments were done in chickens. We observed that various NAs of different subtypes could be 
paired with foreign HAs without affecting virus replication in MDCK cells. Only a few HA/NA combinations were found 
that resulted in virus attenuation. Importantly, the HA of A/chicken/Ibaraki/1/05 (H5N2) could be paired with either 
homologous N2 (with stalk deletion), full-length N2 of A/turkey/Wisconsin/1/66 (H9N2), N1 (with stalk deletion) of 
A/chicken/Yamaguchi/7/04 (H5N1), or the full-length N1 of A/duck/Hokkaido/Vac-1/04 (H5N1) without compromising 
virus transmission in chickens. Our data suggest that many different NAs cooperate well with various H5 
hemagglutinins, which facilitates the formation of reassortant viruses in nature. 
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Aims: Antibodies directed against the conserved regions within the influenza A haemagglutinin (HA) protein are 

detected at low frequency in humans. These antibodies display a broad reactivity against divergent influenza virus 
strains and could potentially offer broad protection. The in vivo protective effect of these antibodies are mainly 
mediated through Fc receptor effector functions. While antibody-dependent phagocytosis (ADP) of anti-HA 
antibodies has been demonstrated in human sera and sera from influenza virus infected macaques, it is not known 
whether ADP can also be induced by vaccination and what the relative strength of ADP responses is in comparison 
to other antibody functions. 
Methods-Results: Using a cohort of influenza virus infected and immunized macaques we demonstrate that 

infection as well as immunization can induce high titer ADP responses against HA, which are of 100-1000 times 
higher potency than virus inhibitory functions including antibody-dependent cell-mediated cytotoxicity (ADCC), virus 
neutralization (VN) and haemagglutinin inhibition (HAI). ADP activity was equally high against HA of heterologous 
influenza strains, in contrast to virus inhibitory functions, which were all greatly diminished. ADP was measured on 
THP-1 cells but was also observed in primary peripheral blood monocytes and neutrophils. Furthermore, at high 
serum dilution enhanced infection of monocytes as well as myeloid dendritic cells (mDC) was observed. 
Conclusions: Influenza virus infection as well as immunization against HA can induce high titer ADP responses that 

can potentially enhance influenza virus infection of primary phagocytic and dendritic cells.  
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Human respiratory syncytial virus (HRSV) is the most important viral cause of severe respiratory tract disease in 
infants. Although the majority of HRSV infections remains restricted to the upper respiratory tract (URT), a small 
percentage proceeds to infection of the lower respiratory tract (LRT). Our understanding of the factors that determine 
whether infected individuals develop mild URT disease or severe LRT disease is limited. For this reason, we want to 
study early pathogenesis of two recombinant viruses based on clinical HRSV isolates (subgroup A and B) and 
compare this to the lab-adapted HRSV strain A2 in cotton rats. 
Recombinant HRSV subgroup A (rHRSV-A11, unpublished) and subgroup B (rHRSV-B05, Lemon et al., J. Virol. 
2015) strains, both expressing enhanced green fluorescent protein (EGFP) from an additional transcription unit 
(ATU) at the 5

th
 position in the genome, were generated based on viral genome sequences obtained from clinical 

specimens and compared to a laboratory-adapted HRSV strain (rHRSV-A2, ViraTree LLC), also expressing EGFP 
from an ATU at the 5

th
 position in the genome. Cotton rats were inoculated intra-nasally with 10

4
 TCID50 rHRSV and 

were observed on a daily basis. Three animals were sacrificed at 1, 2 and 3 days post-inoculation, capturing the 
early dissemination of the virus in the respiratory tract. Viral loads in the URT and LRT were determined and tissue 
samples were examined by histology and immunohistochemistry. 
Virology as a discipline has long depended on performing experiments with viruses that were isolated and blindly 
passaged multiple times in vitro. This can lead to genetic and phenotypic changes and the generation of high-titer, 

laboratory-adapted viruses with diminished virulence in animal models of disease, like rHRSV-A2. Here we show 
that two recombinant viruses based on clinical HRSV isolates behaved similar to rHRSV-A2 in terms of pathogenesis 
and early dissemination throughout the respiratory tract. 
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Introduction. Live attenuated influenza vaccines (LAIV) are 6:2 genetic reassortants which contain the 

hemagglutinin (HA) and neuraminidase (NA) segments from circulating influenza viruses to induce protective 
immune responses and the six genes from Master Donor Viruses (MDV) to provide cold-adapted, temperature 
sensitive and attenuated phenotype. LAIVs based on MDV A/Leningrad/134/17/57 (Len/17) virus are made by 
conventional reassortment in eggs, a process that can induce egg adapted changes. Aim. We aimed to determine 

how specific amino acid substitutions, acquired in the HA during vaccine generation, impact stability and antigenicity. 
Methods. Len/17 based A(H3N2) LAIVs (CDC-LV18A, CDC-LV19A, CDC-LV20A and CDC-LV21A), generated for 

2018 and 2019 seasons, were genetically and antigenically characterized. LAIVs were analysed for stability by 
incubation at various temperatures or pH and then the impact of the treatment on virus infectivity was determined. 
The effect of specific HA substitutions on virus stability was tested using reverse genetics. Results. All LAIVs passed 

two way HI testing, indicating they are antigenically similar to their respective parental egg isolates. The analysis of 
LAIVs stability revealed that CDC-LV18A was more stable compared to the parental virus. A T203I substitution in 
antigenic site D of HA CDC-LV18A was shown to be responsible for the increase of stability. However, T203I also 
affected the antigenicity of LAIV, since ferret serum against parental egg isolate did react well with original non-egg 
or other circulating influenza viruses but serum against CDC-LV18A did not. Changes at L409I and H435Y in the HA 
stalk of CDC-LV19A decreased its thermal stability compared to original egg isolate but had no effect on antigenicity. 
Conclusion. Overall, the data indicate that egg adapted changes in HA can affect antigenic properties of vaccine 

and that analysis of virus stability should be considered during the influenza vaccine virus selection, development 
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and production process. 
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In 2015, first evidence of tick-borne encephalitis virus (TBEV) circulation in the Netherlands was found. Six of 297 
roe deer sera, collected in 2010, were serologically positive for TBEV. Five of these sera were collected in close 
proximity of each other, at national park Sallandse Heuvelrug. Two tick pools collected at this location were RT-PCR-
positive for TBEV. A near complete viral genome was sequenced from the TBEV-positive tick pools. It was 
determined to be a TBEV strain diverging from currently known TBEV-Eu strains by 9% on nucleotide and 2% on 
amino acid level, respectively. 
Here, we aimed to reconstitute TBEV Salland and study its pathogenic potential using human cell lines. As no tick 
homogenate was available for virus isolation, the viral genome was reconstituted using infectious subgenomic 
amplicons. Six days after electroporation of the amplicons into cells, extensive CPE was observed. The presence of 
infectious TBEV Salland in the supernatant was confirmed via plaque assay, qRT-PCR and sequencing via NGS. 
Moreover, the viral genome was stable after one passage on Vero cells. Growth kinetics of TBEV Salland were 
compared with the TBEV-Eu reference strain Neudorfl and the highly pathogenic/neurotropic TBEV-Eu strain Hypr 
on both A549 (human alveolar epithelial) and SK-N-SH (human neuroblastoma) cells. Initial results show that in both 
cell lines, Salland has comparable growth kinetics to the pathogenic Hypr strain and grows to higher titers than 
Neudorfl. Measurements on the induction of CPE and sensitivity to interferon are currently ongoing. 
In summary, we will present the successful reconstitution of TBEV Salland and its initial characterization in human 
cell lines. As two out of five autochthonous TBEV patients live close to the Sallandse Heuvelrug, it is likely that TBEV 
Salland can cause symptoms in humans. Consequently, the extent of its pathogenicity is important information for 
public health and clinicians. 
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Introduction: Based on the serological reactivity of the influenza A virus surface glycoproteins, hemagglutinin (HA) 

and neuraminidase (NA), eighteen HA (H1-H18) and eleven NA (N1-N11) variants have been identified in aquatic 
birds and bats. Many HA subtypes have been structurally characterized, but several subtypes still require 
characterization. 
Aim: To better understand all of the HA subtypes at the molecular level. 
Methods: The ectodomains of all HAs were synthesized as codon optimized genes for insect cell expression. 

Proteins recovered from the supernatant were purified by metal affinity and size exclusion chromatography (SEC). 
For structural analyses, proteins were concentrated, crystallized and diffraction data were collected at the Advanced 
Photon Source. The crystal structures were determined by molecular replacement. Receptor binding studies of the 
HAs were analyzed using glycan microarrays. 
Results: HA structures from an A(H4N7) (A/swine/Missouri/A01727926/2015), an A(H8N4) 

(A/Turkey/Ontario/6118/1968), an A(H11N9) (A/Duck/Memphis/546/1974), an A(H14N5) A/Mallard/Gurjev/263/1982, 
and an A(H15N9) (A/Wedge-Tailed Shearwater/Western Australia/2576/1979 were determined by X-ray 
crystallography at 2.2Å, 2.3Å, 2.8Å, 3.0Å and 2.5Å resolution respectively. The overall structure of the HA monomer 
for all viruses has the typical shape with a globular head containing the receptor binding site (RBS), a membrane-
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proximal domain including a central helical stalk and the HA1/HA2 cleavage site. To gain further insight into the 
interactions of these viruses with host receptors, glycan-binding analyses of their recombinant HAs were performed. 
The data show that swine H4 has a weak and sporadic human-like receptor binding, whereas all avian HAs maintain 
the strict avian-like receptor binding preference. 
Conclusion: Our studies provide a deeper appreciation and understanding of the structure of all HA subtypes. To 

date, none of the zoonotic influenza viruses have displayed efficient human-to-human transmission, but the growing 
numbers of human infections by different subtypes of influenza viruses raise concerns of causing a global pandemic. 
Continuous worldwide surveillance is needed. 
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Utility of human in vitro data in risk assessments of influenza virus using the ferret model 
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Introduction: As influenza viruses continue to cross the species barrier to cause human infection, the establishment 

of risk assessment rubrics has sought to improve pandemic preparedness efforts. In vivo pathogenicity and 
transmissibility evaluations in the ferret model represent a critical component of this work. However, the relative 
contribution of in vitro assessments to these rubrics has not been closely examined. 
Aim: To better delineate the ability of in vitro assessments of viral replication to serve as a predictive readout for 

influenza virus pathogenicity in the ferret model. 
Methods: Ferrets were inoculated with an expansive panel of human and zoonotic influenza A viruses (inclusive of 

high and low pathogenicity avian and swine-origin influenza viruses associated with human infection outbreaks) 
under a consistent protocol. Replication kinetics for all viruses were concurrently tested in a human bronchial 
epithelial cell line (Calu-3). Statistical analyses were conducted using R. 
Results: Calu-3 titers did not predict viral failure to replicate in any ferret tissue examined (nasal turbinates, trachea, 

or lung). Amongst viruses that replicated to detectable levels, titers in all three tissues, in addition to ferret nasal 
wash specimens, correlated positively with peak titer in Calu-3 cells. Additional phenotypic and molecular 
determinants of influenza virus virulence and transmissibility in ferrets were evaluated in the context of Calu-3 cell 
replication data, with varying outcomes. The utility of in vitro replication ability at 37C vs 33C culture temperature to 
predict in vivo results was also examined. 
Conclusion: There is a need to rigorously assess the capacity of in vitro experiments to support in vivo 

assessments of influenza virus pandemic risk. Meta-analyses inclusive of influenza viruses that present with a 
diverse range of pathogenicity and transmissibility phenotypes in ferrets can provide critical information supporting 
the most rigorous and appropriate contextualizion of concurrent in vitro experiments towards pandemic 
preparedness. 
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Introduction: During the years 2016-2017, an epidemic outbreak in Europe saw the incursion of new highly 
pathogenic avian influenza viruses (HPAIV) of H5 clade 2.3.4.4b. Both wild birds and poultry were mainly affected by 
H5N8 reassortants, with H5N5 reassortants also detected. Starting in 2017 and continuing in 2018, novel H5-HPAIV 
reassortants carrying a N6 segment emerged. The tendency of HPAIV of clade 2.3.4.4b to reassort frequently raises 
concerns to its possible domination in future outbreaks, both in Europe and worldwide, and a shift in its 
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pathogenicity. 
Aims: By investigating full genome sequences of various 2.3.4.4b isolates and executing animal testing in ferrets, the 
main animal model for human influenza, the origin and reassortment as well as its zoonotic potential and possible 
cross-species infection was evaluated. 
Methods: Samples were sequenced with next generation sequencing methods and classified applying phylogenetic 
network analysis on the full genome sequences. The pathogenicity and zoonotic potential of three representative 
viruses of H5N8, H5N5 and H5N6 subtypes was assessed by experimental inoculation of ferrets. 
Results: The phylogenetic analysis revealed multiple individual entries of different reassortants into Europe indicating 
a genetic backbone with high reassortment potential. The H5N5 and H5N6 subtypes both represent mosaic 
reassortants from HPAIV H5N8 found in Europe during the 2016-2017 epizootic. The sequences do not show typical 
mutations indicating a shift to mammalian hosts. The inoculated ferrets did not show respiratory symptoms or 
influenza related changes in body weight and temperature. All ferrets seroconverted. 
Conclusion: This study showed no enhanced zoonotic potential for the analysed H5N5/H5N6 subtypes. Although 
only a mildly virulent phenotype was determined in ferrets for clade 2.3.4.4b H5 viruses, the multiple infections in 
mammalian hosts by HPAI H5N6 2.3.4.4c viruses and single human infections in clade 2.3.4.4d and 2.3.4.4b 
indicate the necessity of zoonotic risk awareness of any H5Nx reassortant. 
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Introduction 

Measles paradoxically causes both immune suppression and immune activation. In experimentally infected non-
human primates, measles virus (MV) infects and depletes CD150

+
 memory lymphocytes. Based on this finding, we 

postulated a model to explain the measles paradox. We hypothesized that infection and depletion of memory 
lymphocytes leads to the loss of pre-existing memory lymphocytes, resulting in immune amnesia. This depletion is 
masked by rapid expansion of MV-specific lymphocytes. 
Aims 

A measles outbreak amongst unvaccinated children in the Dutch Orthodox Protestant community provided a unique 
opportunity to test our hypothesis in naturally infected measles patients. 
Methods 

We performed an observational cohort study and enrolled more than 100 unvaccinated children. To determine levels 
of virus shedding and phenotypes of MV-infected cells (Cohort A), nose and throat swabs and blood samples were 
collected from 23 patients with clinical signs of prodromal measles. To determine whether lymphocyte subsets were 
depleted, we collected paired blood samples from healthy children before and after measles (Cohort B) for 
phenotypic analysis of PBMC by flow cytometry. 
Results 
The majority of Cohort A specimens was collected during the prodromal stage of measles, i.e.before the onset of 
rash. Virus shedding from the nose was higher than that from the throat. In the PBMC, we detected MV-infected 
memory CD4

+
and CD8

+
T cells and naive and memory B cells. In Cohort B, we found reduced frequencies of 

circulating memory B cells and increased frequencies of regulatory T and transitional B cells after measles.  
Conclusion 

We show that measles viraemia in prodromal measles is largely mediated by MV-infected memory lymphocytes. We 
also show that measles has a lasting impact on circulating lymphocyte subsets. These data support our immune 
amnesia hypothesis and offer an explanation for the previously observed long-term effects of measles on host 
resistance. 
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Genetic analysis indicates low pathogenic avian influenza (LPAI) virus spread between poultry farms in the 
Netherlands, 2006-2016 
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Poultry can become infected with low pathogenic avian influenza (LPAI) viruses via (in)direct contact with infected 
wild birds, or by transmission of the virus between farms. In this study, we aimed to assess the contribution of 
between-farm transmission to the incidence of LPAI virus infections in commercial poultry in the Netherlands. We 
analysed 220 LPAI incursions in poultry that were detected by serological and virological monitoring between 2006 
and 2016. We identified 35 cases of potential between-farm transmission, of which ten formed geographical clusters. 
In nine cases, two or more viruses were isolated. These potential between-farm transmission cases were further 
studied by genetic and epidemiological analysis. Whole genome sequence analysis identified highly similar viruses 
in seven cases involving 16 farms. In two cases, viruses contained identical deletions in the neuraminidase stalk 
region, which strongly suggests between-farm transmission. We also identified minority variants at sites that varied 
between viruses at consensus level, providing additional indications of between-farm transmission. Spatiotemporal 
analysis demonstrates that genetically closely related viruses were detected within a median time interval of 8 days, 
and the median distance between the infected farms was significantly shorter compared to farms infected with 
genetically distinct viruses (6.3 vs. 69.0 km; p<0.05). Although separate introductions from the wild bird reservoir 
cannot be excluded, our study indicates between-farm transmission in seven out of nine virologically analysed 
cases. Based on these findings, it is likely that between-farm transmission contributes considerably to the incidence 
of LPAI infections in poultry. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PB13 
 
Novel HSV-1 based oncolytic viruses for the immunotherapy of solid tumors with an immunosuppressive 
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Introduction 

Many tumors surrounded by an immunosuppressive tumor microenvironment (TME), like triple negative breast 
carcinoma, are resistant to immunotherapy. Oncolytic viruses (OVs) selectively replicate in cancerous rather than 
healthy cells. OVs are promising immunotherapeutic agents for cancer treatment, as they provide immunogenic 
stimuli in the TME. Simultaneously, they can be gene therapy vectors. The HSV-1-based talimogene laherparepvec 
(Imlygic®, Amgen) was approved for clinical use in the EU and the US. 
Aims 

Generation of an array of oncolytic viruses optimized to target the complex immunosuppressive features of the TME. 
Methods 

Herpes simplex virus type 1 (HSV-1) genome was modified by bacterial artificial chromosome (BAC) mutagenesis in 
a strain of Escherichia coli allowing lambda-red recombineering. Viral stocks were reconstituted by lipofectamine 
transfection of BAC DNA into 293T cells. We measured the replicative capacity of the recombinant viruses in 
mammary tumoral cell lines, and in tumoral and non-tumoral murine mammary organoids. The expression of 
transgenes was evaluated. 
Results 

The Us12 gene was deleted from the parental BAC. This shifts the expression kinetics of the Us11 gene from late to 
immediate early, enhancing viral replication, without affecting safety. Recombinant viral genomes were generated by 
insertion within the UL55-UL56 intergenic region of therapeutic genes, including one encoding a single chain 
antibody targeting CCR4, expressed on regulatory T cells. Another HSV-1 genome carrying the enhanced green 
fluorescent protein gene was produced. Recombinant viruses efficiently replicated in breast cancer cell lines in vitro 
and in tumoral murine mammary organoids, but not in non-tumoral organoids. Exogenous genes were also 
expressed. 
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Conclusions 

We are inserting further therapeutic genes including soluble Programmed cell Death-1 (sPD-1), human IL-12, and 
FMS-like tyrosine kinase 3 ligand (Flt3L) in a Δγ34.5/ΔUs12 BAC. Next steps will include in vitro characterization of 
the new viruses and testing viral therapeutic efficacy on an in vivo model 
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Introduction 

Some viruses infect and lyse cancer cells and therapy with these so-called oncolytic viruses is an alternative 
treatment for cancer patients. Application of human viruses is not always successful, and therefore animal viruses 
are also being investigated for their oncolytic capacity. Excretion of these viruses by patients may, however, result in 
release of virus into the environment and subsequent infection of livestock animals. 
 
Aim 

This study aimed to estimate the probability that use of Seneca Valley virus (SVV) in oncolytic therapy would result in 
a disease outbreak in pigs in the Netherlands. 
Methods 

A quantitative microbial risk assessment (QMRA) was performed to estimate the probability that excretion of SVV by 
patients would result in clinical disease at pig farms. The daily dose of SVV ingested by pigs via drinking water was 
calculated taking into account the excretion of SVV by patients in their faeces, inactivation of virus by sewage 
treatment, dilution of virus in river water, and inactivation of virus by treatment for drinking water production. Dose-
response parameters estimated from animal experiments were used to estimate the probabilities for infection and 
clinical disease of pigs. 
Results 

The probability that discharge of SVV results in clinical disease at pig farms is very low. Even in the worst-case 
scenario of low inactivation by drinking water treatment and consumption of the contaminated water on a large farm, 
this probability is less than 10

-8
 with 95% certainty. 

Conclusions 

Use of animal viruses in oncolytic therapy might pose a risk to the livestock sector. Hence, a risk assessment is 
warranted before admission to use these viruses. Based on QMRA, we conclude that after use of SVV as oncolytic 
therapy the risk of disease outbreak in pigs is very low, despite high uncertainty for some input parameters. 
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Co-expression of the duck ring finger protein (RNF-135) and RIG-I in chicken DF-1 cells leads to high 
protection against influenza A viruses 
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Influenza A viruses (IAVs) represent a constant threat for humans and animals. Due to the antigenic drift that may 
cause recurrence of influenza pandemics and the inconsistent cross-reactive AIV-antibody responses observed in 
the field, it is necessary to find new control strategies by focusing on host genes and how they may affect IAV-
replication. 
In mammal, it is known that RNF135 promotes lysine 63-linked polyubiquitination of the C-terminal region of RIG-I 
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which facilitates RIG-I-mediated type I interferon induction. Since the chicken lacks RIG-I and RNF-135, we cloned 
both genes from the duck and used DF-1 cells to investigate the possible effect of RNF-135 in the activation of RIG-I, 
which could be beneficial for the host during influenza infection. Preliminary data indicated higher protective effect 
against IAV in RNF-135/RIG-I co-expressing cells compared to those expressing RIG-I alone. 
We conclude that the co-expression of RNF-135 along with RIG-I in chicken cells may lead to sustainable RIG-I 
activation and contribute to better protection against IAV. Further studies are being conducted to further characterize 
the interaction of RNF-135 with RIG-I in chicken cells, which may open the door for new therapeutic approaches in 
the future. 
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Oncolytic viruses are widely used popular tools that fulfil the requirement of a painless cancer treatment. A minimum 
of eleven viruses including Adenovirus have entered clinical trials against a wide range of advanced cancers. 
Adenovirus is the oldest and most widely used among the oncolytic viruses. The most tactful way to construct the 
oncolytic virus is firstly to make it replication defective and secondly to engineer it to induce apoptosis. Following 
adenovirus infection E1A gene releases Rb from E2F which in a downstream pathway induces p53 and Bax or P21 
leading to apoptosis or cell cycle arrest respectively. Based on this phenomenon we constructed our oncolytic vector 
AdC68-SP-E1A/ΔE1B/ΔE3. We used chimpanzee adenovirus serotype 68 genome background to deal with the 
conventional problems related to human adenovirus based vectors. The aim of our study is to generate a novel 
chimpanzee adenovirus based oncolytic vector to avoid the AdHu related limitations and to get the maximum 
oncolytic effect by conducting minimum changes in the adenoviral genome. AdC68-SP-E1A/ΔE1B/ΔE3 was 
constructed using direct cloning method. The oncolytic effect was tested in carcinoma cell lines like SiHa, Huh7 and 
NCI-H508. Viral replication and E1A expression in the cell lines were checked using quantitative PCR. Cellular 
cytopathic effect was tested by MTT assay. The apoptosis was detected by flowcytometric analysis and western blot 
was used to determine the apoptotic pathway. The oncolytic virus can effectively replicate in the mentioned 
carcinoma cells causing extensive morphological changes and cell death after 24 to 48 hour infection. The infection 
caused cytopathic effect leading to cancer cell death. Flowcytometric analysis and western blot showed that the 
infected cells undergoing apoptosis. AdC68-SP-E1A/ΔE1B/ΔE3 successfully induces apoptosis in human carcinoma 
cells. The in vivo effect is currently under study and we conclude that the vector has the potential to effectively 
destroy cancer cells. 
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A novel subclade 2.3.4.4 HPAI H5N8 was initially isolated from domestic ducks in eastern China in 2010 and caused 
two waves outbreaks in domestic ducks and migratory birds since 2014. Currently, two distinct H5N8 virus groups 
have been identified, group A (Buan2-like) and group B (Gochang1-like). The available evidence strongly suggests 
that the HPAI H5N8 subclade 2.3.4.4 viruses were introduced and spread globally by migratory birds. Here, we 
present evidence that a group B H5N8 virus emerged in Qinghai Lake, an important breeding and stopover site for 
waterfowl along the Central Asian Flyway, and spread globally. 
In May 2016, a highly pathogenic avian influenza A (H5N8) virus caused fatalities among wild migratory birds (three 
species) in Qinghai Lake, China. A phylogenetic analysis indicated that QH-H5N8 is the descendant of an 
unidentified triple-reassortant strain. The reassortment event may have occurred in waterfowl, and can be traced 
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back to early 2016. Early-summer long-distance movements of wild migratory birds from unknown southern sites to 
northern breeding grounds resulted in the introduction of H5N8 to Qinghai Lake and even to Ubsu-Nur Lake, 
infecting a diversity of breeding waterbirds. Through surveillance of wild migratory birds around Qinghai Lake in 
China between 2016 and 2018, we revealed that the H5N8 was introduced into Qinghai Lake bird populations, with 
distinct gene constellations in 2016 and 2017. A global analysis of QH-H5N8-related viruses showed that avian 
influenza viruses with low pathogenicity in wild birds contributed to the high diversity of genotypes; the major 
reassortment events possibly occurred during the 2016 breeding season and the following winters, accompany 
spreading globally via multiple migration flyways. Continued circulation of QH-H5N8-related viruses among wild birds 
has resulted in the global distribution of high genotypic diversity. Thus, these viruses pose an ongoing threat to wild 
and domestic bird populations and warrant continuous surveillance. 
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The hemagglutinin (HA) of the H3N2/1968 pandemic influenza virus was derived from an avian ancestor and was 
separated from the closest characterized avian HAs by eight amino acid substitutions (F-2L in the signal peptide; 
R62I, D81N, N92K, A144G N193S, Q226L and G228S in the mature protein). The substitutions Q226L and G228S 
enabled HA binding to 6-linked sialic acid receptors in humans and were essential for the avian-to-human 
adaptation. We found previously that some of the other 6 substitutions could also be required for the emergence of 
the pandemic virus, however, their identity and specific role in the adaptation remain unknown. 
To address these questions, we generated 2:6 recombinant PR8-based influenza viruses containing HA and NA of 
A/Hong Kong/1/1968 (H3N2) and differing by single amino acid substitutions in corresponding 6 positions of the HA. 
We characterized effects of the substitutions on membrane fusion properties, receptor binding activity and replication 
efficiency. 
Neither individual substitutions, nor their combination affected pH optimum of HA conformational transition and viral 
cell entry. A combination of 5 avian-type substitutions increased receptor-binding avidity of the pandemic virus HA; 
the substitutions in positions 62, 81 and 193 were primarily responsible for this effect. Single avian-type substitutions 
in positions 62, 81, 92 and 144 of the pandemic HA reduced virus fitness in competitive replication experiment in 
differentiated cultures of human airway epithelial cells. 
We conclude that no changes in the HA conformational stability were required for the avian-to-human adaptation. 
Our results suggest that substitutions R62I and D81N in the HA facilitated adaptation by optimizing HA binding to 
receptors in humans. 
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Introduction 
Influenza A viruses evolve rapidly, allowing them to escape pre-existing immunity by the accumulation of mutations 
in a process known as antigenic drift. Antigenic drift is a feature of not only the hemagglutinin (HA) but also the 
neuraminidase (NA) glycoprotein. While the antigenic properties of HA have been studied extensively and are being 
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monitored each season for vaccine strain selection, NA drift has been largely neglected. Increasing evidence shows 
the importance of also considering the antigenic properties of NA in vaccine strain selection, especially in influenza 
seasons where the HA in the vaccine matches poorly with the circulating strains. 
Aims 
To investigate the antigenic evolution of N2 NA from its introduction in humans in 1957 until 2012 and to 
subsequently determine the molecular basis of NA drift. 
Methods 
We assessed the antigenic properties of more than 250 virus strains in a NA inhibition assay known as the enzyme-
linked lectin assay (ELLA). In this assay the ability of antisera to inhibit sialic acid cleavage by NA is quantified. We 
then applied multidimensional scaling (MDS) to visualize the resulting data in an antigenic map. 
Results 
Similar to H3 HA, the N2 NA antigenic map showed a gradual antigenic evolution. In contrast to H3 HA, the map of 
N2 NA appeared less clustered. We roughly identified 6 groups of antigenically related NAs over the investigated 
time course. Based on these groups and NA sequence analysis, several amino acid substitutions were identified that 
are likely to affect NA antigenicity and are currently being tested experimentally. 
Conclusion 
The results presented in this study are another piece of the puzzle of the complex antigenic evolution of A(H3N2) 
viruses, and show the importance of taking antigenic properties of NA into account during vaccine strain selection. 
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Introduction and Aim: While there is an ongoing debate about the biological activity of IFN-α subtypes, we found 

only quantitative differences in their ability to block HIV ex vivo. Currently, we study PASylated (PAS) IFN subtypes 
with distinct IFNAR affinity in humanized mice for their biological effects and ability to block HIV. Notably, PASylation 
increases their half-lives 10x. 
Methods: First, we compared the activity of the PAS IFNs to the wild-type (WT) IFNs by using RPE-ISRE reporter 

cells. We then evaluated the PAS IFN’s anti-HIV activities in ex vivo HIV-infected human PBMCs. We are currently 
determining the optimal dose/schedule for the PAS IFN treatment in humanized mice. 
Results: We found that PAS IFNs induce luciferase expression to a lesser extent than their WT counterparts. 

Similarly, PAS IFNs were less effective against HIV than the WT IFNs. The high affinity PAS IFN-α14 and YNS 
blocked HIV replication more efficiently than IFN-α2. In vivo data showed a dose-dependent stimulation of ISGs and 
a shift of the naïve T cell population towards an effector phenotype with IFN-α2 being equally potent as IFN-α14. 
Conclusion: High affinity IFNs are more potent at an equimolar dose in our ex vivo cellular assays. PASylation 

appears to decrease IFNs’ potency, which we believe may be due to steric hindrance of the long tail. Strikingly, PAS 
IFN-α2 and IFN-α14 resulted in similar upregulation of ISGs in humanized mice treated three times a week. This 
dose schedule, however, appears to be too frequent as the ISGs prior to the next dose are still increased, which 
might result in immune exhaustion. 
We are currently working on refining the dosing schedule in vivo. We will then compare WT with PAS IFNs and 

explore their effects on HIV-infection in humanized mice. 
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The presence of T cell reservoirs in which HIV establishes latency by integrating into the host genome represents a 
major obstacle to a HIV cure and has prompted the development of different strategies aimed at eradication of HIV 
from latently infected cells. The “Shock and kill” strategy is one of the most pursued approaches directed towards the 
elimination of viral reservoirs; although several Latency-Reversing Agents (LRAs) have shown promising reactivation 
activity, they have failed to eliminate the cellular reservoir. Here, we evaluated a novel immune-mediated approach 
to clear the HIV reservoir, based on the combination of innate immunity stimulation and epigenetic reprogramming. 
The combination of the STING agonist cGAMP and the FDA-approved histone deacetylase inhibitor Resminostat 
resulted in a significant increase in HIV proviral reactivation and specific apoptosis in HIV-infected cells in vitro. A 
reduction in HIV-harboring cells was also observed in CD4+ T central memory (TCM) cells in a primary cell model of 
latency, where Resminostat alone or together with cGAMP induced high levels of selective cell death. Finally, high 
levels of cellular-associated HIV-RNA were found in PBMCs obtained from individuals on suppressive ART treated 
with Resminostat or cGAMP, although no synergistic effect was detected with the combination. Collectively, these 
results represent a promising step towards HIV eradication by demonstrating the potential to reduce the viral 
reservoir and induce specific death of HIV-infected cells. 
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Introduction: Alternative splicing of cellular mRNAs is a key regulatory process that expands the diversity of 

proteins that can be expressed from a given gene, and can modulate the stability and translation of mRNAs. 
Alteration of host cell splicing is a common feature of several viral infections but has not yet been characterized in-
depth in the case of influenza A virus (IAV) infections.  
 
Aims: Assess at a transcriptome-wide level which alternative splicing events (ASEs) are modulated by IAV infection. 

 
Methods: HiSeq Illumina sequencing of polyA+ RNAs isolated from mock- or IAV-infected A549 cells was 

performed. Sequencing data were analyzed using the KisSplice pipeline, which enables de novo calling of ASEs and 
therefore can identify so far non-annotated ASEs. Statistical comparison between samples from four independent 
experiments was carried out to identify significant ASEs that are differentially regulated between control and infected 
cells using KissDE. 
 
Results: We identified 1,101 ASEs (exon skipping, intron retention, alternative donor or acceptor sites, multiple exon 

skipping), corresponding to 818 genes, that undergo differential splicing upon infection with the A/WSN/33 virus. 
Among these, exon skipping events were overrepresented compared to among non-differentially regulated ASEs. 
Gene ontology analysis revealed that chromatin modification, cell division and RNA metabolism are well represented 
among the top 20 biological processes associated with differentially spliced genes. In addition, genes encoding key 
factors of the innate immune response were found to be differentially spliced. Validation of a selected subset of 30 
ASEs by RT-PCR demonstrated the robustness of the bioinformatics analysis. Some of the validated ASEs are 
currently subjected to further functional analysis.  
 
Conclusion: Our study reveals significant alterations of cellular splicing events in response to IAV infection, which 

might relate to so far uncovered mechanisms by which IAVs modulate cellular gene expression to promote viral 
replication or to limit the antiviral response. 
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Selective pressures driving the emergence of highly pathogenic influenza virus in avian hosts 
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Richard 
Erasmus MC, ROTTERDAM, The Netherlands 
 
 
Background: Highly pathogenic avian influenza viruses (HPAIV) threaten animal and human health. HPAIV of the 

subtypes H5 and H7 emerge from low pathogenic avian influenza virus (LPAIV) precursors upon transmission from 
wild waterfowl, their reservoir, to poultry. The HPAIV phenotype results from the acquisition of basic amino acids in 
the hemagglutinin cleavage site (multi basic cleavage site, MBCS). The MBCS is cleaved by ubiquitously expressed 
furin-like proteases which promotes severe systemic disease in poultry. Contrarily, wild bird species generally show 
milder symptoms without systemic spread during HPAIV infection and direct emergence of HPAIV in wild ducks has 
never been observed. It is currently unknown why and how HPAIV exclusively emerge in poultry. Aim: We address 
the drivers behind the selection of HPAIV in poultry (chicken) and reservoir host (duck) following de novo HPAIV 

generation. Furthermore, we aim to understand how a minority of HPAIV competes with LPAIV that are already 
productively infecting epithelial cells. Method: We inoculated chickens, respiratory explants, and embryonated eggs 

from chickens and ducks with a mixture of HPAIV (wild-type; 1%) and LPAIV (HPAIV ΔMBCS; 99%) to mimic the 
emergence of HPAIV. The proportion of both viruses was determined by means of RT-qPCR utilizing probes with 
fluorophores that differentially recognize viral HA RNAs from HPAIV and LPAIV. Results: In adult chickens, the 

HPAIV was selected in 2 out of 3 animals . A minority of chicken embryonated eggs contained allantoic fluid positive 
for HPAIV, while HPAIV was predominantly detected in embryonic tissues. LPAIV was mostly detected in the 
respiratory explants of both chicken and duck. Conclusion: HPAIV can outcompete productive LPAIV infection in 

chickens and chicken embryonated eggs. The results of current duck experiments, the tropism of HPAIV, and 
protease expression in tissues from different species will give insight in how HPAIV are selected from LPAIV 
precursors. 
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Genetic reversion of an attenuated reassortant influenza virus reveals a functional interplay between PB2 
and PA for viral polymerase dimerization 
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Introduction: The influenza A virus polymerase (FluPol) consists of three subunits, PB2, PB1 and PA. We observed 

that a reassortant virus whose PB2 segment derives from the A/WSN/33 (WSN) virus in an otherwise A/PR/8/34 
(PR8) backbone is attenuated compared to wild-type (WT) PR8, despite a 97% identity between the PR8- and WSN-
PB2 proteins. 
Aims: We aimed to understand the molecular basis for the restriction of genetic reassortment between genetically 

close FluPol genes. 
Methods: Phenotypic revertants obtained after serial passages were sequenced. Viruses bearing combinations of 

mutations observed in the revertant were rescued and their infectious titers and plaque phenotypes determined. 
Strand-specific RT-qPCR was used to assess general accumulation of v-, m- and c-RNAs in infected cells. 
Polymerase and dimerization activities of WT and chimeric FluPol complexes were measured using plasmid-based 
mini-genome assay and protein complementation or co-immunoprecipitation, respectively. 
Results: A phenotypic revertant bearing a PB2-D701N back substitution and three extragenic substitutions (PB1-

M195T, PA-L28R and PA-E349K) had growth properties similar to WT PR8. Interestingly, the two PA mutations 
were sufficient to restore close to WT infectious titers and plaque phenotypes, as well as WT levels of FluPol activity 
in the minigenome assay. The accumulation of v-, m- and c-RNAs was lower in cells infected by the PR8xWSN-PB2 
virus or by viruses bearing any isolated mutation compared to WT but was significantly restored with the two PA 
mutations. Several lines of evidence suggest that the PA-L28R and PA-E349K mutations on PR8-PA are correcting 
a defect in vRNA synthesis induced by reassortment with WSN-PB2. Interestingly both PA mutations are surface 
exposed and impact FluPol dimerization, which supports the model for a trans-activating FluPol being required for 
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vRNA synthesis. 
Conclusion: Reassortment among genetically close FluPol genes can be restricted due to an imbalance between 

replication and transcription activities that is regulated by FluPol dimerization. 
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Evaluating tat/rev induced limiting dilution assay for clinical trial application 

C. Lungu, R.J. Overmars, R.J.J. Beerkens, J.J.C. Voermans, J.J.A. van Kampen, R.A. Gruters, C.A.B. Boucher 
Erasmus Medical Center, ROTTERDAM, The Netherlands 
 
 
Several strategies aimed at reducing/eradicating long-lived HIV reservoirs are being tested in clinical trials. There is 
a critical demand for sensitive and accurate assays to evaluate the efficacy of these strategies. The quantitative viral 
outgrowth assay (qVOA) is commonly used to measure replication-competent provirus in resting CD4+ T cells. 
However, it is laborious and requires a large sample input. Moreover, the assay likely underestimates reservoir size. 
The tat/rev induced limiting dilution assay (TILDA) was developed to measure the frequency of peripheral CD4+ T 
cells harboring inducible latent HIV provirus as a proxy for replication-competent provirus. This assay requires a 
lower sample input and less time to perform than qVOA, which makes it more suitable for high throughput and 
clinical trial application.  
We tested the performance of TILDA for application in a clinical setting. 
 
CD4+ T cells were isolated from PBMC of ART-suppressed HIV-infected patients and bulk-stimulated with PMA and 
Ionomycin for 14 hours. After stimulation, cells were counted and plated in limiting dilution. Tat/rev msRNA 
transcripts were measured by two-step or one-step RT-qPCR. Positive wells in each dilution were counted and the 
frequency of inducible cells per million were estimated by maximum likelihood method. Serial dilutions of an in vitro-
transcribed tat/rev RNA template and ACH-2 cells were used as positive controls in validation experiments. 
 
TILDA performed using different two-step RT-qPCR kits yielded similar results. One-step RT-qPCR was less 
sensitive. Inter-assay variation (CV) for a low reservoir sample was 36% (n=4) and 0.3% for a higher reservoir 
sample (n=2). In one sample, mismatches in the HIV probe sequence resulted in reduced fluorescence signal and 
higher assay variation (CV=60%). 
 
TILDA has been adapted for use in a clinical setting and yields reproducible results, however the feasibility and 
potential added value in clinical trials needs to be tested. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PB27 
 
Lytic Reactivation of the Kaposi's Sarcoma-Associated Herpesvirus (KSHV) is Associated with Major 
Nucleolar Alterations 

N. Atari, R K. Shanmugha, V Chikne, S Michaeli, R Sarid 
Bar-Ilan university, RAMAT-GAN, Israel 
 
 
The nucleolus is a subnuclear compartment whose primary function is the biogenesis of ribosomal subunits. Certain 
viral infections affect the morphology and composition of the nucleolar compartment and influence rRNA 
transcription and maturation. However, no description of the nucleolar morphology and function during infection with 
KSHV is available to date. 
By using immunofluorescence microscopy, we have documented an extensive destruction of the nuclear and 
nucleolar architecture during lytic reactivation of KSHV. Redistribution of key nucleolar proteins, including the rRNA 
transcription factor UBF, the pre-rRNA processing factor Fibrillarin, and the nucleolar phosphoproteins 
Nucleophosmin and Nucleolin was documented. A complete co-localization of UBF and the RNA polymerase I 
subunit RPA194 was observed, whereas UBF did not co-localize with Fibrillarin. Both Fibrillarin and UBF did not 
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colocalize with PML nuclear bodies. In addition, no colocalization was detected between Nucleolin, Fibrillarin and the 
KSHV DNA processivity factor ORF59 known to localize in viral replication compartments. Fluorescent in situ 
hybridization, combined with immunofluorescence, revealed a complete overlap between Fibrillarin and ITS-1, which 
represents the primary rRNA product, whereas UBF and ITS-1 only partially overlapped. No accumulation of pre-
rRNA intermediates was evident by Northern blot analysis, suggesting that processing of pre-rRNA proceeds 
properly. 
Taken together, our results suggest that rRNA transcription and processing persist during lytic reactivation of KSHV, 
yet they appear to be uncoupled. Whether the observed nucleolar alterations favor productive infection or signify 
cellular anti-viral responses remain to be determined. 
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Improving safety and efficacy of the oncolytic Newcastle Disease virus 
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Introduction 
In the last few decades, the application of oncolytic viruses (OVs) in cancer patients has shown to be a promising 
treatment strategy with encouraging results for a variety of tumors.  OVs selectively infect and damage tumours 
either by directly killing tumour cells or by promoting an anti-tumour response towards all tumour cells. We have 
shown that a mesogenic Newcastle Disease Virus (NDV, containing a multibasic cleavage site in the fusion protein) 
has significant antitumor effect in in vitro as well as in vivo tumor models. However, mesogenic strains may pose 
environmental risks, as poultry is susceptible to NDV infection. 
Aims 
We aimed to generate a NDV that is avirulent in poultry, but has similar oncolytic and oncolytic potential in humans 
as the mesogenic virus. 
Methods 
In this study, we deleted the V protein, an avian specific IFN antagonist, in a mesogenic NDV. We used several 
genomic strategies to delete V, because the open reading frame of V is overlapping with the frame of the essential 
phosphoprotein P. Subsequently, four ΔV viruses were obtained and their characteristics were determined to 
investigate their avian specificity and oncolytic effect. 
Results 
The ΔV viruses were found to be both attenuated in avian cell lines as well as in embryonated duck and chicken 
eggs compared to the control mesogenic virus. In addition, deleting the V protein had minimal effect on the oncolytic 
effect of these mutant viruses compared to control viruses. Infection experiments in chicken will ultimately proof the 
environmental safety of these mutant viruses. 
Conclusion 
So far, these results show that the virulence of mesogenic NDV can be reduced without severly affecting its oncolytic 
effect. Our infection experiments in chicken will determine whether these ΔV viruses are safe to be used in oncolytic 
viro therapy studies. 
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In ferrets: H1N1 immunity increases central and respiratory CD8 and CD4 T-cells upon infection with 
pandemic H2N2 influenza and reduces disease 

JM de Jonge, H van Dijken, F de Heij, K van de Ven 
National Institute for Public Health and the Environment (RIVM), BILTHOVEN, The Netherlands 
 
 
H2N2 influenza caused the 1957 pandemic and stopped circulating in 1968. However, reintroduction from bird 
reservoirs is an increasing risk as H2N2 immunity wanes. Cross reacting T-cells could provide protection against 
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H2N2. 
The ferret is one of the better models to study influenza disease and vaccine efficacy. However, tools to analyze 
cellular immunity are limited. We developed techniques to isolate lymphocytes from perfused ferret lungs and nasal 
turbinates (NT) and optimized IFNy T-cell assays. We then investigated if immunity to H1N1 increases T-cell 
responses and reduces disease upon infection with pandemic H2N2. 
Ferrets were either primed with pH1N1 or not primed and four weeks later infected with 1957 pandemic H2N2. The 
experiment was controlled by non-infected ferrets. Two weeks after H2N2 infection, ferrets were sacrificed and 
isolated lymphocytes from lung, nasal turbinates, blood and spleen were restimulated with live virus or peptide pools 
encoding internal H2N2 proteins. 
Pre-existing immunity to H1N1 leads to increased CD8

+
 T-cell numbers in the lung lavage and nasal turbinates upon 

H2N2 infection and higher IFNy responses against IAV. In Lung, spleen and blood cross-reactive CD4
+
 and CD8

+
 

IFNy responses against H1N1, H2N2 and H3N2 were detected. In the lung, CD8
+
 T-cell responses were especially 

dominant and present in higher numbers compared to spleen and blood. Furthermore, ferrets with pre-existing H1N1 
immunity displayed reduced fever and weight loss upon H2N2 infection. 
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Cell-specific host response to influenza A virus infection in primary human airway epithelial cells 
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Institute of Virology and Immunology, BERN, Switzerland 
 
 
The pseudostratified respiratory epithelium is the main entry port for respiratory pathogens and is an important 
barrier to infection. Herein the innate immune system has a major protective role as the first line of defence against 
respiratory pathogens, such as influenza A viruses. However, how different components from the innate immune 
system are distributed within individual cell types of the respiratory epithelium and how this influences the response 
dynamics during viral infection is largely unknown. To unveil how the innate immune system components are 
distributed within the human respiratory epithelium and how specific cell populations react to viral infection, we 
infected primary human airway epithelial cell (hAEC) cultures with Influenza A/Hamburg/4/2009 (WT) or mutant 
(NS1R38A) virus to provoke an innate immune response. Eighteen hours post-infection we analysed the distribution 
and expression of both viral and host transcripts among the heterogenous airway epithelial cell populations by 
employing an unbiased single cell RNA-sequencing approach. In total, we obtained more than 19’000 single cell 
transcriptomes from the mock, WT and NS1R38Avirus-infected cultures. Under all conditions we identified the 
canonical basal, ciliated, secretory and goblet cell types, including the recently identified preciliated and ionocyte 
subsets. Interestingly, we observed a large heterogeneity in the viral burden among the infected hAEC cultures, as 
well as a significant decrease in both ciliated and goblet cell populations. Furthermore, pronounced differential and 
cell type specific innate immune responses were observed in both the WT and NS1R38A virus infected hAEC cultures. 
Altogether, these results provide us with detailed information on the viral heterogeneity and contribution of individual 
cell types to the antiviral response during an influenza A virus infection in the context of human respiratory 
epithelium. 
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Aims 

 Platelets are increasingly recognized as essential components of the immune system apart from their roles in 
hemostasis and thrombosis. For instance, it has been shown that platelets are among the first cells to arrive at an 
infection site orchestrating innate and adaptive immune responses. Interestingly, acute loss of platelets 
(thrombocytopenia) is also a common symptom during (severe) influenza. For instance, it was observed globally in 
14% of hospitalized cases during the 2009 A/H1N1 pandemic. Low platelet count was associated with severe lower 
respiratory tract (LRT) infection and found to be a predictor of poor clinical outcome that year. We aimed to better 
understand the underlying mechanism of influenza-induced thrombocytopenia. 
Methods and results 

 We observed, in a clinical study, that virus load in 2009 A/H1N1 patients correlated with platelet count. This 
observed inverse relationship could be reproduced in the influenza ferret model. Virus-induced thrombocytopenia 
was most pronounced in the animals with a LRT infection: It was absent in A/H3N2 (0%), moderate in A/H1N1 (28%) 
and highest in the A/H5N1 (75%) virus-infected animals. In search for an explanation of this relationship we found 
that influenza viruses are rapidly phagocytosed by platelets using TEM and flow cytometry. Virus uptake was 
dependent on the presence of sialic acid receptors on platelets, which were partly lost due to the activity of the virus 
neuraminidase. As influenza virus antigen could be detected in spleen and liver macrophages of ferrets with a virus-
induced thrombocytopenia we hypothesize that the hepatic clearance pathway may be important during influenza 
virus infection. 
Conclusion 

 Understanding the role of thrombocytopenia during virus infections and recognition of this newly identified 
physiological host response mechanism by which viruses are cleared in the liver and spleen illuminates the 
pathophysiology of influenza and may afford potential new treatment options for influenza and maybe other virus 
infections. 
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RNA viruses promote activation of the NLRP3 inflammasome through cytopathogenic effect-induced 
potassium efflux 
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Early detection of viruses by the innate immune system is crucial for host defense. The NLRP3 inflammasome, 
through activation of caspase-1, promotes the maturation of IL-1b and IL-18 that are critical for antiviral immunity and 
inflammatory response. However, the mechanism by which viruses activate this inflammasome is still debated. Here, 
we report that the replication of cytopathogenic RNA viruses like VSV or EMCV induced a lytic cell death leading to 
potassium efflux, the common trigger of NLRP3 inflammasome activation. This lytic cell death was not prevented by 
a chemical or genetic inhibition of apoptosis, pyroptosis or necroptosis but required the viral replication. Hence, the 
viruses that stimulated type I IFNs production after their sensing did not activate NLRP3 inflammasome due to an 
inhibition of their replication. In contrast, NLRP3 inflammasome activation induced by RNA virus infection was 
stimulated in IFNAR or MAVS deficient cells consequently to an increased viral replication and ensuing lytic cell 
death. Therefore, in a context of inefficient IFN response, viral replication-induced lytic cell death activates of the 
NLRP3 inflammasome to fight against infection.  
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Introduction: Interspecies transmission of avian influenza viruses from birds to humans can be significantly 

facilitated by the presence of mammalian-adaptive substitutions. The glutamic acid (E) to lysine (K) mutation at 
position 627 of PB2 protein is known to cause enhanced virus infection and virulence in mammals. However, how 
this substitution mediates host response remains obscure. 
 
 
Aims: This study aims to compare and understand the dynamic transcriptional profiles of a mammalian host infected 

by an H5N1 virus with either E or K substitution at position 627 of PB2 protein. 
Methods: Groups of C57BL/6 mice were inoculated with an H5N1 virus carrying either PB2-627 E or K at different 

doses. Tissues were collected daily for up to 7 days for postmortem examination, virus titration, RNA sequencing 
and comparative analysis of their transcriptional profiles. 
 
 Results: At the same inoculation dose, H5N1-627K virus replicated more efficiently in the mouse lungs and cause 

more virulence than the 627E counterpart. A higher dose of H5N1-627E virus inoculation would lead to enhanced 
virus replication in lungs and body weight loss comparable to that of the low-dose 627K-infected group. However, 
only H5N1-627K virus could be recovered from the brain of infected mice. In fatal infections, both viruses induced 
cytokine storms and oxidative stress, resulting in tissue damage and repression of lipid metabolism that 
compromised recovery. Even though both H5N1-627K and high-dose H5N1-627E induced strong leukocyte 
infiltration in fatal infections, only H5N1-627K recruited natural killer (NK) cells and activated expression of their 
receptors. In mild infections, MHC class II and mucin-related genes were more activated. 
Conclusion: H5N1 virus with E627K substitution had higher replication ability and were able to induce more 

aberrant host immune responses. Activation of NK cells and enhance the spread of the virus in the central nervous 
system may be associated with this substitution. 
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natural HP H4N2 avian influenza virus 
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Introduction 

Highly pathogenic (HP) avian influenza viruses (AIVs) have an intravenous pathogenicity index (IVPI) ≥1.2, or are H5 
and H7 viruses with a polybasic cleavage site (pCS) in the hemagglutinin (HA). Few non-H5/H7 viruses fulfill the 
criteria of HPAIVs; nevertheless, it remains unknown why these viruses did not spread in poultry. 
Aim 
In 2012, an avirulent H4N2 virus with a pCS (

322
PEKRRTR/G

329
) was isolated from quails in California. Here, we 

investigated the minimal genetic constellation for the emergence of HPAIV H4N2 using three different approaches: 
after insertion of mutations (T327K or T327R) in the pCS, reassortment with HPAIVs H5N1 or H7N7, and passaging 
in chicken eggs (designated EP20). 
Methods 

Recombinant viruses were generated using reverse genetics. Virulence and transmission were assessed in chickens 
via intravenous (IV) and/or oculonasal (ON) infections. 
Results 

Replication and chicken-to-chicken transmission of H4N2 were compromised by increasing the basic amino acids in 
the CS, but restored after reassortment with HPAIV H5N1, although not with HPAIV H7N7. The NA, NS and NP 
gene segments of HPAIV H5N1 contributed, together, to the high virulence of H4N2 virus. Moreover, EP20 exhibited 
HP phenotype after IV and ON infection. EP20 possessed 10 mutations in PB2, PB1, HA, NA and M proteins with 
four mutations in or juxtaposed to the pCS. Interestingly, these mutations were found as minor populations in the 
wild-type isolate, which have been selected after passaging in eggs and chickens. 
Conclusion 

Expansion of the pCS compromised H4N2 virus fitness in-vitro and in-vivo. NA, NP and NS (from HPAIV H5N1) or 
PB2, PB1, NA and M (serial egg passages), besides the HACS, are essential for emergence of non-H5/H7 HPAIV. 
The lower fitness of H4N2 with pCS and the need for specific gene constellations to exhibit high virulence are 
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potential factors why non-H5/H7 viruses did not evolve to HPAIVs. 
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In the last two decades, the frequency and impact of highly pathogenic avian influenza (AI) outbreaks in Africa have 
increased, mainly as a consequence of the spread of the HPAI viruses of the H5 subtype descendent of the H5N1 
virus A/goose/Guangdong/1/1996. West Africa has been an important point of virus introduction during the recent 
epidemics and seems to have played a crucial role in the virus spread within the continent. 
Within this challenging scenario, the World Organisation for Animal Health (OIE) endorsed the international 
laboratory partnership project, known as twinning, between the Istituto Zooprofilattico delle Venezie (IZSVe) and the 
National Veterinary Research Institute (NVRI), Vom, Nigeria. The project is designed to make the OIE Reference 
Laboratory expertise available to the candidate Institute by establishing an appropriate and close working 
relationship, aiming at the improvement of the technical and scientific capacity of the NVRI laboratory. 
In 2018, the IZSVe organized practical and theoretical training activities dedicated to AI diagnosis, characterization, 
disease response and control. Specific topics covered were classical and molecular diagnostic methods, 
epidemiology and Geographic Information System (GIS) methods. Besides sharing knowledge and technical 
scientific skills, the project allowed the Nigerian colleagues to acquire a greater awareness of the importance of 
establishing a system of quality assurance and of upgrading the management of biosafety and biosecurity measures. 
On the other hand, the IZSVe laboratory was provided with reference African viruses and was given the opportunity 
to apply different protocols and to evaluate their efficacy on the strains circulating in West Africa. 
The project will encourage the development of a strong network in the region, aimed at promoting a scientific and 
professional dialogue among the key players, having as its final objective to support NVRI progress towards 
becoming a point of reference for AI diagnosis and control in Africa. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PB37 
 
Prevalence of all known human polyomaviruses determined by multiplex serology and quantitative PCR in 
blood of healthy blood donors 

M.C.W. Feltkamp
1
, S. Kamminga

2
, E. Van der Meijden

2
, C.S. De Brouwer

2
, H.L. Zaaijer

3
 

1
Leiden University Medical Center, LEIDEN, The Netherlands 

, The Netherlands 
3
Sanquin, AMSTERDAM, The Netherlands 

 
 
Introduction The number of identified human polyomaviruses (HPyVs) has recently increased up to fourteen. In 

immunocompromised and elderly patients, HPyVs are known to cause disease, such as nephropathy (BKPyV), 
progressive multifocal leukoencephalopathy (JCPyV) and skin cancer (MCPyV), while healthy individuals remain 
persistently infected without symptoms. Whether latent HPyV infections are accompanied by viremia and whether 
blood-circulating HPyVs are potentially infectious, for example for transfusion-receiving immunosuppressed patients, 
is largely unknown. 
 
Aim To determine the (sero)prevalence and load of all known HPyVs in blood of healthy individuals. 

 



   

105/253 

Methods Lab-developed quantitative PCR and bead-based serology to detect HPyV-specific DNA and IgG 

antibodies, respectively, was validated and multiplexed. QPCR was performed on large volume (1 ml) DNA-extracts 
of serum from 1016 Dutch blood donors. PCR results with a Ct-value ≤ 40 were considered positive. The same 
sample set was analysed for HPyV VP1-specific antibodies in Luminex. 
 
Results For most HPyVs the seroprevalence was high (60-100%), except HPyV9 (~20%) and HPyV12, NJPyV and 

LIPyV (<5%). The median number of HPyV coinfections was nine. HPyV DNA in blood was detectable in 5% of the 
population, with a maximum viral load of 452 copies/ml. The most prevalent polyomavirus was MCPyV, detected in 
39 samples (3,8%), followed by JCPyV (0.5%), TSPyV (0.5%) and HPyV9 (0.4%). The other HPyVs were very rarely 
detected. Amplicon sequencing confirmed the presence of viral DNA. Especially for JCPyV, a strong correlation was 
observed between DNA detection and seropositivity, as well as seroreactivity (IgG level), for the cognate HPyV. 
 
Conclusion Except for some novel HPyVs, polyomavirus (co)infection is common in healthy individuals, which 

occasionally is accompanied by DNAemia. Further study is needed to determine the presence and infectivity of intact 
HPyV in donor blood products, and the potential risk of HPyV infection for immunocompromised recipients. 
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Introduction 

Specific drugs to treat HPV-related carcinomas are still urgently needed. The HPV E6 oncoprotein has been 
proposed as the main target for cancer treatment, since its sustained expression and transforming activity are linked 
to tumor progression. Mechanistically, E6 interacts with the cellular ubiquitin ligase E6AP and the oncosuppressor 
p53 to promote p53 degradation. 
Aim 

Our aim was to identify specific inhibitors of the E6-p53 protein-protein interaction, able to inhibit the E6-mediated 
p53 degradation and hence restore p53 intracellular levels. 
Methods 

Taking advantage of the crystal structure of the E6/E6AP/p53 trimeric complex, we performed an in silico screening 
of small-molecule libraries against a region involved in the E6-p53 interaction corresponding to a highly conserved 
alpha-helix (α2) in the N-terminal domain of E6. Cell-based functional assays were then employed to characterize 
the ability of the selected hits to inhibit the E6-p53 interaction. In addition, the antitumoral activity of the most 
promising compounds in HPV-positive cells and their mechanism of action were investigated. 
Results 

We identified 29 candidate inhibitors of the E6-p53 interaction. Among them, 3 compounds were capable of inhibiting 
the degradation of p53 induced by E6 in a cellular context. Follow-up experiments showed that one of these 
compounds (compound 12) significantly and specifically affects the viability and proliferation of HPV-positive cancer 
cells. Furthermore, we confirmed that compound 12 is able to restore p53 intracellular levels and transcriptional 
activity in HeLa cells. The characterization of the mechanism of action of compound 12 revealed that its anti-tumor 
activity in HPV-positive cancer cells is mainly due to cell cycle arrest and to cell senescence induction and, at a later 
stage, to induction of apoptosis. 
Conclusions 

These data provide the proof of concept that the E6-p53 interaction can be impaired by a single small molecule 
resulting in specific antitumoral activity against HPV-positive cancer cells. 
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Introduction 
Kaposi’s sarcoma associated herpesvirus (KSHV, HHV-8) is a gamma herpesvirus associated with several human 
malignancies, such as Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL), and multicentric Castleman’s 
disease (MCD). DNA methylation at CpG dinucleotides is an epigenetic mark dysregulated in many cancer types, 
but little is known about the impact of KSHV on the human genome. 
Aims 
To perform a comprehensive CpG methylation analysis of the human methylome in KSHV-infected cells and KSHV-
associated KS and PEL. 
Methods 
We performed Infinium HumanMethylation 450K and EPIC BeadChip arrays to obtain global methylation analysis in 
KSHV infected cells, and RNA-sequencing (RNA-seq) to be able to correlate these differentially methylated sites 
with gene expression.  
Results 
We performed Infinium HumanMethylation 450K and EPIC BeadChip arrays and identified panels of hyper and 
hypo-methylated cellular promoters in KSHV infected cells. We combined our genome wide methylation analysis 
with RNA-seq to add functional outcomes to the virally induced methylation changes. We were able to correlate 
many downregulated genes with promoter hyper-methylation, and upregulated genes with hypo-methylation. In 
addition, we show that treating the cells with a de-methylating agent leads to re-expression of these downregulated 
genes, indicating that indeed DNA methylation plays a role in the repression of these human genes. 
Conclusion 
 We have identified many hyper and hypo-methylated gene promoters and correlated their methylation with cellular 
gene expression. Comparison between de-novo infection and PEL, suggests that the virus induces initial hyper-
methylation followed with a slow increase in genome wide hypo-methylation. Genome wide analysis of CpG 
methylation in KS samples supports this model with initial directed hyper-methylation, followed with an increase in 
hypo-methylation as the KS progresses from Plaque to Nodule. This study extends our understanding of the 
relationship between epigenetic changes induced by KSHV infection and tumorigenesis. 
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Central nervous system (CNS) disease is the most common, and potentially fatal, extra-respiratory tract complication 
of influenza A virus infections. Even though the frequency varies between subtypes, it is currently poorly understood 
which viral factors are important for the ability to spread to, and replicate in cells of the CNS, and whether this 
requires within-host adaptation. Therefore, we determined the ability of seasonal (H3N2), pandemic (H1N1), and 
zoonotic (H5N1) influenza viruses to replicate in cells of the CNS (human neuroblastoma and astrocytoma cells), in 
vitro. Subsequently, we identified viral factors important for efficient replication, including attachment to host cells and 
trypsin-like protease independence. From experimentally infected ferrets, we compared viruses isolated from the 
CNS with those from the respiratory tract and characterized phenotypic changes associated with the detected amino 
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acid changes. 
In general, highly pathogenic H5N1 virus replicated most efficiently in all cells in vitro which was associated with 
more efficient attachment and infection. Removal of the multi-basic cleavage site (MBCS) from H5N1 virus 
attenuated, but did not abrogate, replication in vitro. In vivo, H5N1 viruses isolated from the cerebrum and CSF 
acquired two amino acid changes in the polymerase and one in the nucleoprotein gene which resulted in higher 
polymerase activity and subsequent virus production. 
Taken together, this study shows that in vitro both the ability to attach to host cells, and presence of an alternative 

hemagglutinin cleavage mechanism (e.g. MBCS) are important for efficient replication of influenza viruses in cells of 
the CNS. In addition, in vivo studies show that H5N1 virus in the CNS acquired mutations, which suggests that 
within-host adaptation is important for the ability to replicate and disseminate efficiently throughout the CNS. 
Combined, these data show that multiple viral proteins, such as hemagglutinin and the polymerase complex 
contribute to the neurotropic potential of influenza viruses. 
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INTRODUCTION:Cervical Cancer (CC) is the forth leading cause of death by cancer in women and Human 

Papilomavirus 16 (HPV16) is in more that 50% of this CC, becoming the most common high-risk virus worldwide. 
The main risk factor for CC is the persistent infection with high risk Human Papilomavirus (HPV-HR). AIM: To 

analyze the effect of HPV16 E6 oncoprotein variants E-G350, AA-a, AA-c, E-C188/G350, E-176/G350 in cell 
proliferation and in pro-apoptotic and anti-apoptotic gene expression in C33-A cells treated with cisplatin. 
METHODS: From cultures on C33-A cells transfected with HPV16 E6 gene of E-G350, AA-a, AA-c, E-C188/G350, 

E-A176/G350 variantes and E-prototype, we determined the mean inhibitory concentration (IC50) of cisplatin by cell 
proliferation assays with MTT. Then we treated with IC50 of cisplatin C33-A cells and analyzed their proliferation. 
The level expression of the pro-apoptotic genes (BAX, SLC25A6, CD70 and HIPK2) and anti-apoptotic genes 
(cIAP1, cIAP2 AND IGFR1) was analyzed by RT-qPCR. 
RESULTS: The C33-A-E-G350 and C33-A-AA-c variants require a higher concentration of cisplatin than C33-A-E-P 

to induce the death of 50% of population. Both C33-A-HPV16 E6 E-G350 and HaCaT-HPV16-E6 E-G350 cells were 
more resistant to treatment with cisplatin vs. E-prototype transfected cells. When we analyzed the expression of 
genes in response to treatment with cisplatin, we found overexpression of the antiapoptotic genes cIAP1, cIAP2 and 
IGF1R and of the proapoptotic genes BAX and SLC24A6 in the cells expressing E6 of the E-G350 variant. While the 
European variant E-A176/G350 overexpress cIAP1 and IGF1R genes. Interestingly, these genes decreased their 
expression with the AAs variants. 
CONCLUSION: The polymorphic changes in the E6 oncogene of the HPV16 variants are sufficient to alter cell 

proliferation and the expression of genes involved in apoptosis in response to chemotherapy. 
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Introduction 

In genetic code expansion, specific codons are re-allocated to encode unnatural amino acids (unAAs). These unAAs 
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possess new functional groups that enable the manipulation of protein structure and function in novel ways. 
Aim 

In order to study protein interactions during Influenza A virus (IAV) infection; we generated three transgenic cell lines 
of mammalian origin stably expressing an orthogonal (non-endogenous) aminoacyl-tRNA synthetase (aaRS)-tRNA 
pair. 
Materials and methods 

The orthogonal aaRS-tRNA pair, namely pyrrolysyl-tRNA synthetase (PylS)-pyrrolysine tRNA (PylT), directs the 
incorporation of pyrrolysine-based unAAs into proteins, in response to the amber stop codon (UAG). Pyrrolysine 
(Pyl), the 22

nd
 genetically encoded amino acid, is unique to methanogenic archaea of the order Methanosarcinales; 

hence, its orthogonality in mammalian cells. Following PiggyBac transposon-mediated integration of an optimized 
Methanosarcina mazei PylS/PylT cassette, all transgenic cells successfully incorporated the unAA Ne-2-

azidoethyloxycarbonyl-L-lysine (NAEK) into a GFP protein with an amber codon at position 150. To test the system 
on a viral protein, a mutant IAV nucleoprotein with an amber codon at position 101 (NP101) was generated. 
Results  

When transgenic cells were supplemented with NAEK, NP101 retained its functionality in viral replication and 
transcription processes. Moving on to photo-crosslinkable amino acids (PAAs) that are activated by ultraviolet (UV) 
light to form covalent bonds with neighboring molecules, transgenic cells generated from Methanosarcina barkeri 
PylS/PylT successfully incorporated 3′-Azibutyl-N-carbamoyl-lysine (DiAZK) into NP101. Upon exposure to UV light, 
NP101 mutants supplemented with 1mM DiAZK could efficiently crosslink to other NP monomers resulting in the 
formation of NP dimers and oligomers. 
Conclusion 

Altogether, this system allows for site specific incorporation of unAAs with varying functional groups that can be used 
for a wide range of techniques such as photo-affinity protein crosslinking and bioorthogonal labelling. Such 
techniques, if applied, could be of great impact to the field of virology. 
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Introduction: The influenza A and B are enveloped, single stranded RNA viruses belonging to the Orthomyxoviridae 

family. Influenza viruses differ in their serotypes and pathogenicity, but usually they can be propagated in 
embryonated eggs. However, some disadvantages are associated with the use of eggs for influenza virus 
propagation. Therefore, there is a demand for susceptible cell lines in both the industrial and scientific communities. 
Goals: Development of a novel immortalized cell line and investigation of its permissivity for different subtypes of 

influenza A and influenza B viruses. 
Methods: Ovaries were removed from the domestic duck embryos and the cells were separated by trypsin 

digestion. The confluent cultures were passaged at every three days. 
Avian influenza field isolates (H1N1, H3N8, H5N1, H5N2, H5N9, H7N1 and H10N4) were diluted in tenfold steps, 
Vero and our novel cell line (DuO240) were infected, and the viral titre were determined using immunofluorescence 
staining. 
The DuO240 cells were infected with human vaccine strains (MS01/17 NYMC X-275, MS-03/18 IVR-186, MS-05/18 
NYMC BX-69A), and the produced viruses were quantified using hemagglutination assay (HA). 
Results: The DuO240 cell line were more susceptible for all investigated avian influenza strains than the Vero cells. 

The differences extended between 0.5 and 5 order of magnitudes. The HA titer of the vaccine strains were 32 (X-
275), 16 (IVR-186) and 128 (BX-69A) in the supernatant of the infected cultures, respectively. 
Conclusion: The DuO240 cell line is suitable for isolation of avian originated influenza A virus strains, and it is more 

sensitive to these viruses than the Vero cell line. The DuO240 cell line can be applicable for human influenza 
vaccine production after further development. 
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Rabies is a fatal neurologic disease caused by a lyssavirus infection. Besides carnivores, bats are important natural 
reservoir hosts of various lyssaviruses that can transmit to humans. The pathogenesis of lyssavirus infection in bats 
is poorly known, making it difficult to prevent bat-origin lyssavirus infection in humans. Therefore, we aim to develop 
an experimental infection model using straw-coloured fruit bats (Eidolon helvum) and Lagos bat virus, an endemic 
lyssavirus in this bat species. In order to determine the viral dose resulting in 100% productive infection, bats in five 
groups (four bats per group) were inoculated intramuscularly with one of five doses, ranging from 10

0.1
 to 10

4.1
 

median tissue culture infectious dose (TCID50). The number of bats that displayed clinical signs were highest for the 
middle virus dose: 10

0.1
 TCID50, 1/4 bats; 10

1.1
. 2/4; 10

2.1
, 4/4; 10

3.1
, 2/4; 10

4.1
, 2/4. Clinically affected bats died or 

were euthanized. Three of four survivors in the two highest dose groups seroconverted, suggesting that high doses 
triggered strong immune responses that stopped infection before the clinical stage occurred. In contrast, only one of 
five survivors in the two lowest dose groups seroconverted, suggesting these doses were below the minimal infective 
dose for these bats. Incubation periods appeared to decrease with higher doses: 10

0.1
, 61 days; 10

1.1
, 7-12; 10

2.1
, 10-

17; 10
3.1

, 8-13; 10
4.1

, 8-9. The main lesion in all clinically affected bats was meningoencephalitis associated with 
lyssavirus-positive neurons, confirming viral neurotropism. Lyssavirus antigen was detected on tongue surface (5/11 
infected bats) rather than in salivary gland epithelium (0/11), suggesting viral excretion via tongue. Together, these 
results indicate the lyssavirus dose response in straw-coloured fruit bats follows the Goldilocks principle and that 
intramuscular inoculation of 10

2.1
 TCID50 of Lagos bat virus into straw-coloured fruit bats is an appropriate model to 

study lyssavirus pathogenesis in bats. 
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Introduction: Influenza A virus causes up to 5 million severe cases of infection every year. This can have serious 

repercussions on economic and health systems globally. The study of the molecular processes underlying the 
pathophysiology of the host is still one of the main goals of the scientific community. Challenge studies, in which 
healthy volunteers are deliberately infected with pathogens, can provide a unique insight into the immune response 
to viral respiratory infections. 
Aims: By means of transcriptome analysis, we sought to describe the temporal dynamics of the host response to 

influenza A infections and, at the same time, hallmarks of differential states of infections. 
Methods: In our research we performed a challenge study where 24 volunteers were intra-nasally infected with 

Influenza A H1N1 CA/04/09 virus. We looked at whole blood mRNA levels of 10 sequential days post infection and 
day 14 post infection. We used co-expression network analysis to group genes into modules that differed 
significantly between laboratory confirmed infections and negative infections. To assess the biological relevance of 
genes within each module, we combined network centrality measures and linear mixed-models for detection of 
differential expression. 
Results: We identified 12 transcriptional modules that described early activation of antiviral and inflammatory 
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response; and a late regulation of apoptosis and adaptive immunity. Across these modules we isolated 66 
differentially expressed hub genes that drove the host response across different stages of infection and were 
transcriptionally altered even after the virus was no longer measurable by traditional pathogen-based testing. 
Conclusion:The hub genes identified by this study could represent novel putative bio-molecular markers for 

prognostic assessment or development of therapeutic intervention in influenza infections. 
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Dengue (DENV) and Chikungunya (CHIKV) are considered a global public health threat. These RNA viruses are 
transmitted to human through Aedes mosquitoes which are endemic in tropical and subtropical countries. Studies on 
vector competence revealed that Aedes mosquito is capable of transmitting both viruses (either simultaneously or 
individually), and as a result, co-infecting humans. Coinfections can facilitate or hinder viral replication and 
transmission of at least one of the viruses involved, and might also affect the immune response of the host. Although 
DENV-CHIKV coinfection cases have been documented in many countries (including Mexico), little is known about 
DENV-CHIKV interaction and its possible association to severe clinical disease. Additionally, there is no report that 
addresses the study of coinfection in skin cells, which are the first cells that come into contact with the viruses when 
the mosquito feeds. Therefore, we analyzed the dynamics of DENV and CHIKV infection under two co-infecting 
scenarios: simultaneous infection and superinfection, using skin cell lines as a model. 
HMEC-1 and primary fibroblast culture were either infected simultaneously with CHIKV and DENV, or were first 
infected with one virus and the second virus was inoculated afterwards (superinfection). IFN-β levels were 
determined by ELISA. We observed that the viral titers of DENV and CHIKV decreased in both scenarios of 
coinfection, and it was independent of the cell culture used. Interestingly, Chikungunya viral titers were much higher 
than Dengue viral titers, contrary to what has been reported by other colleagues. These results suggest a possible 
suppression of DENV replication by CHIKV in skin cells. On the other hand, we observed an increased production of 
IFN-β at early hours of coinfection, suggesting an important role of this cytokine in the control of both viruses at the 
beginning of coinfection. 
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Introduction: Respiratory tract infections (RTIs) rank among leading causes of morbidity and mortality affecting the 

world’s population. Influenza and rhinovirus are the most prevalent aetiological agents responsible of mild to severe 
diseases. The host response to influenza and rhinovirus has been extensively studied; however, the temporal 
patterns of response in airway epithelial cells are still poorly understood.  
 Aims: We aimed at modelling common and distinctive temporal dynamics of host response to influenza and 

rhinovirus by means of gene expression profiling of human nasal epithelial cells (HNEpCs). 
 Methods: mRNA samples of HNEpCs infected with influenza A (pH1N1 Cal04/09) or rhinovirus were collected at 

24, 48 and 96 hour-post-infection (hpi). We used linear models to identify differentially expressed genes (DEGs) from 
microarray gene expression between each timepoint of infection and uninfected samples. Furthermore, we applied 
co-expression network analysis (WGCNA) to identify functional modules of tightly interconnected genes and 
determine their biological relevance by means of network centrality measures. 
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 Results: Based on DEGs analyses, influenza induced a prominent up-regulation of immune response signalling 

across each stage of infection and down-regulation of cilia assembly pathways during mid and late stage. On the 
other hand, rhinovirus infection was characterised by early induction of apoptotic and cell repair pathways and 
activation of class II antigen presentation genes at late stage. The co-expression network allowed to circumscibe 22 
highly connected genes that might play a key role in driving the distinctive transcriptional response for these two 
viruses. 
 Conclusion: Influenza virus is able to induce stronger activation of immune response in HNEpCs compared to 

rhinovirus in a time-specific manner. Impairment of mucociliary apparatus seems to be the direct consequence of 
dramatic apoptotic events in influenza infection. Overall, HNEpCs proved to be a valid model for the study of time-
course transcriptional response to respiratory viruses. 
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Highly pathogenic avian influenza A(H5N8) viruses first emerged in China in 2010 and by 2014 spread via migrating 
birds throughout Asia, Europe and The United States. Influenza A(H5N8) viruses reached the Netherlands by 
November 2014 causing 5 outbreaks among poultry farms and affected few wild birds. In 2016 the influenza 
A(H5N8) virus was reintroduced in the Netherlands causing more outbreaks in poultry farms and an extensive 
increase in dead wild birds compared to the 2014 outbreak. 
We aim to elucidate the difference in severity between the 2014 and 2016 outbreaks by characterizing the influenza 
polymerase complex function of influenza A(H5N8) isolates. We focus on the polymerase complex since several 
mutations are known to be important for host adaptation and virulence in mammalians (e.g. PB2 627K, PB2 D701N). 
The 2014 and 2016 outbreaks were caused by viruses with different segments coding for the polymerase complex 
due to reassortment events. 
We quantified the activity of the polymerase complex using a mini-genome assay. Interestingly, the 2014 influenza 
A(H5N8) viruses show a higher polymerase complex activity compared to the 2016 influenza A(H5N8) viruses in 
both human and various avian cell lines. No apparent difference in the balance between transcription and replication 
of the viral genome were observed. 
Inefficiency of the polymerase complex may result in the production viral RNAs which trigger host innate immune 
responses through RIG-I. We quantified the induction of the innate immune response in an interferon reporter assay. 
We demonstrated that 2014 influenza A(H5N8) viruses induced higher levels of interferon than 2016 viruses in a 
RIG-I dependent manner. 
In conclusions, we show that 2016 H5N8 viruses have a lower polymerase activity, despite more apparent outbreaks 
compared to 2014 H5N8 viruses. This might be (in part) explained by the accompanying lower induction of RIG-I 
mediated innate immune responses of these viruses. 
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Background 

Human bocavirus (HBoV) 1 is a human-pathogenic parvovirus causing respiratory tract disease in children. It 
persists in tonsillar tissues, but with unknown host-cell tropism. Parvovirus B19 has been shown to persist in tonsillar 
B cells. The aim of this study was to elucidate the host cell specificity, cellular entry, and viral activity of HBoV1 in 
tonsils and in lymphocyte cultures.  
 
Materials and methods 

Tonsillar tissues were collected from 20 children below 10 years of age who underwent tonsillectomy. B- and T-cell 
and monocyte fractions were isolated from the tonsils. Human monocyte and B-cell lines were infected with HBoV1 
in the presence or absence of HBoV1 IgG to disclose a possible antibody-dependent enhancement (ADE) of 
infection. HBoV1 DNA and mRNA were searched by PCRs in the tonsils, isolated tonsil cell subpopulations, and cell 
cultures. Flow cytometry and confocal imaging were used to visualize internalization of virus using fluorescent 
HBoV1 capsids (VP3-VLP-Alexa555). 
 
Results 

HBoV1 DNA was present at low viral loads in 3/20 (15%) tonsils. HBoV1 infection of monocyte and B-cell lines was 
non-productive, as shown by steady viral DNA levels in culture medium and absence of viral mRNA. However, the 
presence of HBoV1 IgG antibodies enhanced the viral uptake10- to 100-fold, and the effect was inhibited by Fc-
receptor blocking. Moreover, HBoV1 IgG also enhanced the expression of HBoV1-NP1 mRNA. Confocal analysis 
demonstrated that VLPs in B cells were internalized into endosomes and lysosomes. 
 
Conclusion 

HBoV1 persists in pediatric tonsils at low prevalence. We showed, in B-cell and monocyte cultures, internalization of 
HBoV1 by ADE and viral localization to endosomes and lysosomes, the infection route typical for parvoviruses. In B 
cells we furthermore showed viral mRNA expression and increase in viral DNA load. The study of HBoV1 
internalization in ex-vivo tonsillar B cells is ongoing. 
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INTRODUCTION 

Merkel cell carcinoma (MCC) is a rare type of skin cancer with a mortality rate between 33-46%. Around 80% of 
MCC cases are associated with integration of Merkel cell polyomavirus (MCPyV) in the genome of tumor cells and 
clonal expansion of transformed cells. MCPyV-positive (MCPyV

+
) tumor cells constitutively express two main viral 

oncoproteins: the small (sT) and large (LT) tumor antigens (TAs). Integrated MCPyV LT harbors truncating mutations 
that renders MCPyV replication defective but leave intact the retinoblastoma-binding domain, which is required to 
promote cell growth. 
AIMS 

The aim of this study was to investigate the CRISPR/Cas9-mediated genome-editing as a new approach to alter the 
genomic sequence of MCPyV TAs and impair proliferation of tumor cells. Additionally, further effects of this 
disruption were examined in MCPyV

+
 MCC cell lines. 

METHODS 

Two MCPyV
+
 cell lines (MS-1 and WAGA) were transfected with three different vectors expressing the Cas9 

endonuclease and specific sgRNAs: two sgRNAs that targeted the genomic region of the viral TAs or a non-targeting 
control. In addition, we evaluated the off-target activity of the targeting sgRNAs by transfecting HEK293T cells, a 
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MCPyV
-
 cell line that expresses the SV40 LT. 

RESULTS 

The TAs-targeting sgRNAs induced frameshift mutations in the sequence of the TAs that led to decrease levels of LT 
protein. TAs-targeting also impaired cell proliferation, caused cell cycle arrest and increased apoptosis, whereas the 
control HEK293T cells remained unaffected, as well as those cells expressing the non-targeting sgRNA. Moreover, 
WAGA cells had an altered expression of cellular proteins involved in cell cycle progression after CRISPR/Cas9 
editing. 
CONCLUSION 

The use of CRISPR/Cas9 system to target MCPyV TAs selectively impaired the proliferation of MCPyV
+
 cells, 

supporting its further validation as a potential therapeutic alternative for MCPyV
+
 MCC lesions refractory to classic 

treatment options. 
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Introduction: Avian influenza viruses represent a major public health concern, worldwide outbreaks raise the risk of 

a potential pandemic. In 2003 an epizootic of the highly pathogenic A(H7N7) in the Netherlands, lead to infection of 
89 persons and one deadly case. Serological proof of humans infected with avian influenza viruses is challenging, 
thereby the memory B cell response to avian (H7) infection in humans is poorly understood. 
Aims: Better understanding the memory B cell response to avian (H7) infection in humans, which could provide 

insights in serological targets and potential key to human infection risks. 
Methods: We investigated the epizootic A(H7N7) in the Netherlands, strain-specificity of serum antibodies was 

determined for infected individuals (n=19), contacts (n=21) and controls (n=16), using the innovative multiplex 
microarray, containing recombinant HA1 proteins. To unravel homotypic and heterotypic responses, the frequency 
and specificity of memory B cells was determined in 2 cases by expanding single clones from peripheral blood. 
Results: All cases had high antibody titers specific for A(H7N7)2003 (GMT>100), but H7 antibody reactivity was also 

detected in few contacts and controls (30%, titer >80), indicating detection of potential cross-reactivity through this 
approach. Ten of 123 HA1 reactive monoclonal antibodies isolated from the cases bound only to H7- HA1, whereas 
5 bound both H7 and other HA1 antigens, providing evidence for a specific response induced by avian influenza 
virus. We recovered at least four different H7 epitopal reactivities from the H7-specific memory B cells, though non of 
the H7 reactive Abs were able to neutralize H7 infection in vitro. 
Conclusions: Memory B cells were generated upon natural infection with H7N7 avian influenza virus, providing a 

means for retrospective detection of infection following exposure. These mAbs showed diverse cross-reactivity, 
including the recent endemic H7N9, which is a major burden in Asian countries. 
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Oncolytic viruses are an innovative cancer therapy, particularly because they involve and stimulate the immune 
system for long-lasting effects. The aim of the collaborative project “TheraVision” is to generate a highly selective 
HSV1-based vector which targets malignant human non-small lung cancer cells, a cancer which is associated with a 
high mortality rate (5-year survival rate for patients with stage III/IV <10%). The development involves virus-encoded 
expression of immune-stimulators, thus combining tumor-specific, virus-mediated oncolysis with T-cell-mediated 
immunotherapy. In order to assess the efficacy of these novel oncolytic viruses, there is the need to develop pre-
clinical tumor models that involve immune cells. 
As a proof of concept, human non-small cell lung cancer was established in the immunodeficient NSG mouse model. 
For this purpose, reporter cell lines for tumors (A549 and HCC827) were generated by stably expressing firefly-
luciferase in order to be detected by a sensitive light camera in vivo. Then, mice were challenged by subcutaneous 
inoculation of 2x10

5
 cells of bioluminescent cell lines A549-Luc or HCC827-Luc into the flank. The tumor volume was 

determined with calipers and weekly monitored by bioluminescent imaging. Detectable tumors were formed in mice 
that received A459-Luc or HCC827-Luc within two weeks or three weeks after inoculation, respectively. Moreover, 
the tumor growth showed a significant increase in bioluminescence intensity, which directly correlates with an 
increase in tumor size. 
To analyze the immunotherapeutic activity of newly developed oncolytic viruses, this tumor model still must be 
transferred into humanized mice with the appropriate human tumor in an allogenic immune environment that mimics 
the natural situation. Finally, a broadly applicable platform technology to test the efficacy of combined virus and 
immune therapies will be available for future endeavors. 
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Introduction: 

Oncolytic virus (OVs) are a new promising strategy against many types of cancers. Specifically, Glioblastoma cancer 
is known to have a poor diagnostic despite the improvement of classical treatments, justifying the search for new 
approaches among which the use of OVs. 
Glioblastoma is the most common and aggressive primary brain tumor in adults. It has been shown that GBM cells 
can escape the tumor mass and specifically invade the subventricular zones (SVZ). These cells, known as 
glioblastoma stem cells (GSC), have been shown to be CXCR4+ and to be attracted by CXCL12 secreted by the 
SVZ cells (1). As a new strategy, Herpes simplex virus (HSV) has been engineered to replicate exclusively in tumor 
cells and to be used as an oncolytic virus (oHSV).  
Aims: 

The aim of this project is to build an oHSV able to target specifically the GSCs and induce their apoptosis, 
constituting thereby a proof-of-concept of a “targeted” and “armed” oHSV.  
Methods and results:  

An oHSV virus with a modified glycoprotein targeting CXCR4 has been created using the “en passant” technique (2). 
Its capacity to infect only CXCR4+ cells has been analyzed by infection of glioblastoma cells lines that are negative 
or positive for CXCR4 (U87.MG.XCR4- or U87.MG.CXCR4+ respectively) and further quantification by qPCR of the 
viral genome copy number. Preliminary results showed a higher viral genome copy number in the cells over-
expressing CXCR4, indicating that the retargeting of oHSV allows to specifically infect a cell sub-population.  
Conclusions:  

Our preliminary results suggest that the retargeted oHSV is able to infect specifically CXCR4+ GBM cells. This virus 
will be further modified to increase its efficiency and will be armed with a gene able to trigger apoptosis. After its in 
vitro characterization, it will be evaluated in vivo in an orthotopic xenograft model.  
References: 

1. Goffart, N., Kroonen, J., Di Valentin, E., Dedobbeleer, M., Denne, A., Martinive, P., & Rogister, B. (2014). Adult 
mouse subventricular zones stimulate glioblastoma stem cells specific invasion through CXCL12/CXCR4 signaling. 
Neuro-oncology, 17(1), 81-94. 
2. Karstentischer, B., Einem, J. V., Kaufer, B., & Osterrieder, N. (2006). Two-step Red-mediated recombination for 
versatile high-efficiency markerless DNA manipulation in Escherichia coli. BioTechniques, 40(2), 191-197. 
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Introduction:Few studies focused on longitudinal evolution of high-risk HPV (HR-HPV) at anal and oral site in HIV+ 

MSM. 
Aim and Methods:We described pattern and longitudinal changes of high-risk HR-HPV detection and the 

prevalence of genotypes covered by the nonavalent HPV vaccine (vax-HPV) in oral and anal sites in 165 HIV+ 
MSM. The samples were collected at T0 and after 24 months (T1) and the presence of HPV was investigated with 
Inno-LiPA HPV Genotyping Extra II. Pearson’s chi-square test or by Fisher’s exact test were used as appropriate. 
Results:Median age was 44 years. At T0 and T1 frequency of HR-HPV was significantly higher in the anal site 

(65.4% vs 9.4% and 62.4% vs 6.8% respectively). Only 2.9% of subjects were persistently negative. All oral HR-HPV 
were single at T0 vs 54.6% at T0 (p=0.005) and vs 54.4% at T1 (p=0.002) at anal site. The lowest rate of 
concordance between oral and anal figure was found for HR-HPV detection: almost HR-HPV positivity figures both 
at anal and at oral site had different HR-HPV genotypes. The most frequently HR-HPV in anal swabs at T0 and at T1 
were HPV-16 and HPV-52. At T1 at anal site 37.5% of patients had different HR-HPV genotypes respect to T0, 
28.8% of subjects with 1 HR-HPV at T0 had an increased number of HR-HPV, patients on antiretroviral therapy 
(ART) showed a lower frequency of confirmed anal HR-HPV detection than untreated patients (p=0.03). 
The patients with only HR-vax-HPV at anal site were 54.6% at T0, 50.5% at T1 and 15.2% both at T0 and at T1. 
Conclusion:It is important to test overtime in multiple sites in HIV-MSM. ART seemed to protect from anal HR 

confirmed detection. Vaccination programs could reduce the increased complexity at anal site and the risk of the first 
HR-HPV acquisition at the oral site. 
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Influenza A viruses (IAVs) are enveloped viruses of the Orthomyxoviridae family (negative, single stranded, 

segmented RNA genome) responsible for animal and human acute respiratory diseases. The non-structural protein 
NS1 is a multifunctional, nucleocytoplasmic IAV protein, strongly expressed in the infected cell. It represents a major 
immune escape protein and virulence factor mainly via its ability to block the innate antiviral response. However, little 
is known about its dynamics in the cytoplasm and nucleus of the infected cell, on its preferred localization sites 
during the viral cycle, and how these dynamics determine NS1 functions. 
To study these phenomena by microscopic approaches, we modified the IAV WSN strain by reverse genetics for 
expression of NS1 fused in C-ter with the tRFP fluorescent tag. Interestingly, we observed that, in human cells 
infected with this modified virus, the NS1-tRFP protein concentrates in mobile cytoplasmic granular structures of 
increasing size that progressively concentrate in the perinuclear zone. These structures have never been described 
before. Moreover, we showed by immunofluorescence that in cells infected with native WSN strain, NS1 
concentrates in similar structures. These structures, visible in all WSN sensitive lines, have no significant 
colocalization with Golgi, mitochondria or endoplasmic reticulum. 
Interestingly, strains closely related to WSN do not form these structures, NS1 remaining diffuse in cytoplasm of 
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infected cells. Through the construction of WSN mutants, we showed that formation of these NS1-containing 
aggregates involves few specific residues of NS1 but also other viral proteins. We have purified these aggregates to 
study their precise protein content by mass spectrometry. Moreover, we found that viruses forming these structures 
(wtWSN) and isogenic NS1 mutants of WSN that do not, modulate innate immune response in vitro differently. 
Ongoing studies will help to understand the functional importance of these structures and their role as a factor of 
virulence in vivo. 
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Enveloped RNA viruses, such as influenza A virus (IAV), assemble and bud from the host cell plasma membrane. 
This process requires the assembly of the viral components and most likely host cell factors, such as the underneath 
actin cortex. Actin filaments are known to play a crucial role in cellular membrane deformations and protrusions. 
Actin reorganization can be regulated by Ras-related superfamily of small GTPases. Here, we studied the 
involvement of two main GTPases, Rac1 and RhoA, and some of their main effectors, in IAV replication and particle 
egress. Based on a minireplicon nanoluciferase assay, we report here that small interfering RNA (siRNA) mediated 
gene inhibition of Rac1 effectors, in A549 pulmonary alveolar human cells, has an effect on multiple round IAV 
infectivity. In addition, we previously set up a minimal system for Influenza A Viral particle production. In this study, 
we show that IAV particle release decreases in cells treated with siRNA targeting branched actin cofactors. Since the 
viral matrix protein M1 is the major linker protein which binds to both the viral complex to the cell plasma membrane, 
and initiates viral assembly and budding, we tried to identify any actin-related cellular proteins that specifically 
interact with M1 using an immunoprecipitation assay on our minimal system for M1-VLP production, and mass 
spectrometry. The proteomic data show an enrichment of M1 with the actin regulator Cofilin protein. We then further 
studied the localization of these actin cofactors with IAV by immunofluorescence coupled to optical microscopy. 
Thus, it appears that IAV particle egress is dependent upon two synergic Rac1 dependent signaling pathways 
governing actin nucleation and branching, and filament turnover. Our study thereby highlights a close relationship 
between branched and filamentous actin cytoskeleton dynamics in IAV egress. 
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Introduction.Virus-induced diseases of the central nervous system and the epilepsy in particular represent a 

significant burden to human health worldwide. A possible association between human herpesvirus-7 (HHV-7) 
positivity and drug-resistant epilepsy, especially hippocampal sclerosis has been suggested however no association 
between HHV-7 and epilepsy has been confirmed.  
Aim. Find out if HHV-7 infection could be involved in developing epilepsy.  
Methods. 53 patients with clinically confirmed diagnosis of epilepsy and 104 healthy controls were enrolled in the 

study. HHV-7 IgG class antibodies in blood plasma were detected using immunofluorescence assay, HHV-7 
genomic sequences in whole blood (WB) and cell-free blood plasma DNA were detected using nested polymerase 
chain reaction (nPCR) with primers complementary to U10 gene. From HHV-7 positive patients’ peripheral blood 
mononuclear cells RNA was extracted, complementary DNA (cDNA) synthesized and U57 gene detected by nPCR. 
HHV-7 load was detected using Realquality RQ-HHV-7 kit. Statistical analysis was performed using GraphPad Prism 
software version 7.0 for Mac. 
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Results. In 44/53 (83.0%) patients’ and 85/104 (81.7%) controls’ plasma samples anti-HHV-7 IgG class antibodies 

were found. HHV-7 genomic sequence was detected in 40/53 (75.5%) patients with epilepsy and in 63/104 (60.6%) 
controls’ WB DNA. In cell-free plasma DNA viral genomic sequence was found in 7/40 (17.5%) epilepsy patients and 
in none of controls. Using RT-PCR, HHV-7 U57 gene expression was detected in 15/40 (37.5%) and 1/63 epileptic 
patients and controls, respectively. In 6/15 (40.0%) patient samples plasma viremia was found. The highest median 
HHV-7 load was detected in the WB DNA of epileptic patients with persistent viral infection in active phase 
comparing to latent phase [1141 (IQR: 285.12. 2534.4) and 285.12 (IQR: 167.81- 708.33) copies/10

6
 cells, 

respectively]. 
Conclusion. These results show higher activity rate of HHV-7 in epileptic patients’ peripheral blood, thus indicating 

on HHV-7 possible involvement in the disease development. 
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In this study, the mechanisms underlying the oncolytic properties of Russian vaccine strain Leningrad-16 of measles 
virus (MV) against five metastatic melanoma cell lines (Mel Ibr, Mel Mtp, Mel Il, Mel Z, Mel Kor) derived from patients 
and human skin fibroblasts were investigated. 
Three out of five cell lines, Mel Il, Mel Ibr and Mel Z, died within 96 hrs after infection with MV, while two cell lines, 
Mel Mtp and Mel Kor, were less sensitive. Normal fibroblasts were not permissive for MV infection. The expression 
level of CD46 molecule, playing a role of receptor for attenuated strains of measles virus and upregulated on the 
surface of some tumor cells, varied from 21.56% to 87.67% on melanoma cells tested while the normal fibroblasts 
did not express CD46 (0.46%) explaining the difference in permissiveness to MV infection between normal and 
tumor cells but not the difference in sensitivity between melanoma cell lines. 
Induction of MV-mediated apoptosis occurred early (24 hrs post infection). Three cell lines, Mel Il, Mel Mtp and 
normal fibroblasts, expressed IFNβ mRNA at different level. The stability of IFNβ mRNA transcripts during infection 
with particular viruses is known to be dependent on protein kinase RNA-activated (PKR) activity preventing de-
adenylation of the IFNβ transcript. In our case, only one cell line among melanoma cells and normal cells induced 
expression of PKR gene, together with phosphorylation of PKR protein. Furthermore, all our melanoma cell lines 
expressed mRNA of pro-apoptotic IFNβ-induced genes. Thus, our data suggest that, in order to fully inhibit viral 
replication, joint expression of all antiviral factors is required, whereas in their isolated expression they act as pro-
apoptotic and anti-proliferative signals, mediating the death of tumor cells. 
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Viruses manipulate central machineries of host cells to their advantage. They prevent host cell antiviral responses in 
order to create a favourable environment for their survival and propagation. Measles virus (MV) encodes two non-
structural proteins MV-V and MV-C that counteract the host interferon response and regulate cell death pathways. 
Importantly, MV with abrogated expression of MV-C induces cell death earlier and to a larger extent than wildtype 
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MV. 
Thus, some cellular factors that are controlled by MV-C protein during viral replication could be components of cell 
death pathways. In order to determine which host factors are hijacked by MV-C, we captured both direct and indirect 
protein partners of MV-C protein expressed during the infection. For this we used a strategy based on recombinant 
viruses expressing tagged viral proteins followed by affinity purification and a bottom-up mass spectrometry-based 
proteomics analysis (Komarova 2013, MCP).  
A list of host proteins were identified to specifically interact with MV-C protein in different cell lines. These targeted 
proteins are embedded in a complex host interactome, enabling us to identify downstream effects of the infection 
and pinpoint key molecular mechanisms by using advanced computational tools recently developed in network 
biology.  
From this list of MV-C-specific partners, we have selected 160 proteins that belong to immunity and cell death 
biological pathways. Also, we tested which of these MV-C host protein partners directly interact with MV-C in living 
cells using split-luciferase based protein complementation assay (Cassonnet 2011, Nature Method).  
Studying MV-C interactions with host proteins is a prerequisite to reach a system level understanding of viral 
infection process that should help to develop both efficient MV-based recombinant vaccines and oncolytic agents. 
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Post-translational modifications of viral proteins and cellular factors are key strategies to regulate viral infection. We 
screened for host ubiquitin proteasome system (UPS) components, which target Influenza A virus (IAV) polymerase 
subunit PB2 to modulate viral infection. We characterized a RING-type E3-ubiquitin ligase, MGRN1, that appeared to 
critically regulate IAV replication and production.  
MGRN1 bound to PB2 from different strains of IAV regardless of their pathogenicity. Surprisingly, overexpression of 
MGRN1 led to reduction of PB2 ubiquitination for both H3N2 and pandemic H1N1 (H1N1pdm). Ubiquitination of 
H1N1pdm PB2 was restored to a limited level upon proteasome inhibitor treatment, but not of H3N2, suggesting an 
alternative degradation pathway of IAV PB2 manipulated by MGRN1. Attenuated PB2 ubiquitination was also 
observed using catalytically inactivated mutants of MGRN1 that could bind to PB2, indicating that it is the physical 
association between MGRN1 and PB2 that impairs the ubiquitination of the latter. MGRN1 deficiency resulted in 
elevated ubiquitination of IAV PB2 accompanied by compromised polymerase activity. But loss of MGRN1 caused 
attenuated virion release only in infection of H3N2, which might be attributed to a decreased level of H3N2 cRNA, 
but not in infection of H1N1pdm. Alignment of PB2 sequences revealed consistent mutations of lysine residues, 
which is the ubiquitin binding residue, between H1N1pdm and H3N2, indicating possible ubiquitination sites of IAV 
PB2.  
Our data implicates an atypical E3-ubiquitin ligase in the IAV life cycle that has the potential for being targeted by 
chemical inhibitors to attenuate specific IAV infection. This study will also contribute to a fundamental understanding 
of evolution of IAV, because the disparate responses to UPS regulation of PB2 between avian-origin H1N1pdm and 
long human-population-circulating H3N2 reflect the complexity of host adaptation of IAV. 
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Introduction and Aims Neurotropic viruses have developed sophisticated strategies to manipulate immune 

responses and facilitate their own dissemination and persistence: directly affecting lymphocytes and influencing the 
expression of modulatory molecules to temper immune responses. Taking advantage of a model of persistent 
Herpes simplex virus (HSV)-1 infection in the enteric nervous system (ENS), the neuronal network embedded in the 

gut wall, we are dissecting the long-term virus-immune system interplay. In this study we investigated how HSV-1 
manipulates the amplitude of adaptive immune responses by regulating local expression of immune-modulatory 
molecules. Methods C57/Bl6 mice were inoculated intranasally with HSV-1 (10

2
 pfu) and 4 weeks (W) later 

intragastrically (IG) with either HSV-1 (10
7
 pfu) or vehicle. Mice were sacrificed 1-10W after viral IG inoculum. In the 

ENS of the ileum we evaluated a) presence of HSV-1 DNA by PCR; b) neuronal expression of viral antigens and 
immune-modulatory molecules such as MHC-I, CD80, and PDL-1 by FACS analysis; c) distribution and phenotype 
of lymphocytic infiltrate by FACS and immune histochemical analysis; d) neuronal damage assessing neurofilaments 
integrity on ileal whole mounts by confocal immunofluorescence. Results HSV-1 DNA and viral antigens were 

detected in enteric neurons up to 10W after HSV-1 intragastric inoculum. Following viral challenge, myenteric 
neurons revealed a significant increase in MHC-I expression whereas the key co-stimulatory molecule CD80 was 
only slightly affected. Moreover, within 2-6W of viral challenge, almost 100% of HSV-1+ neurons expressed the 
checkpoint inhibitor molecule PDL-1. Although activated CD3+CD69+ T-cells infiltrated the myenteric ganglia, most 
of lymphocytes were exhausted CD3+CD8+PD1+ resulting in transient and mild neuronal damage. Conclusion 

Following infection of the ENS, HSV-1 manipulates the expression of immune-modulatory molecules enhancing 
neuronal expression of PDL-1 in infected neurons thus preventing severe neuronal damage and ensuring its 
persistence. 
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Rift Valley Fever Virus (RVFV) is a highly pathogenic arbovirus within the Bunyavirales order (family Phenuiviridae, 
genus Phlebovirus). It infects mostly domestic ruminants but also humans, and is endemic in the African continent 
and the Arabian Peninsula. RVFV can cause hemorrhages and hepatitis in humans and high abortion rates in 
livestock, leading to high morbidity and mortality. As a consequence, Rift Valley fever is named by the WHO as one 
of eight emerging diseases and RVFV is classified as a “category A” priority pathogen by the National Institute of 
Allergy and Infectious Diseases. The missing vaccine and therapeutics, and the massive gaps in the understanding 
of the replication cycle, make it necessary to screen for cellular host factors which are essential for RVFV cycle. 
We aim at identifying genes and pathways essential for RVFV, but not for the host itself, so we could target them by 
antivirals. This was done by using a forward genetic screening, in a library of haploid mouse embryonic stem cells 
(ESCs) that were mutagenized with a revertible genetrap, and then infected with the RVFV MP-12 strain. A haploid 
system allows a direct correlation between the mutation and the phenotype because of their missing second copy. 
Wild-type ESCs die from infection, while cells mutated in genes essential for RVFV cycle, survive the infection.With 
this approach, we were able to identify five genes of interest.These genes are currently being validated and under 
further investigation regarding their involvement in the RVFV replication cycle. By using a competitive growth assay 
the significance of three genes has been validated in the ESCs, using specific clones with the genetrap in the gene 
of interest, and are under further investigation in human cells. In the long term, we plan to investigate the importance 
of those genes for infection with different RVFV strains and other bunyaviruses. 
This method allows the identification of cellular factors of RVFV, may lead to a better knowledge of the viral cycle, 
and could be used for the development of specific and effective antiviral therapeutics. 
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The Bro1 domain of Alix rescues budding of Feline Immunodeficiency Virus mutants lacking a functional 
Tsg101 interacting motif 
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Introduction. Feline Immunodeficiency Virus (FIV), a non-primate lentivirus, causes an immunodeficiency syndrome 

in domestic cats that is strikingly similar to the acquired immunodeficiency syndrome (AIDS) in humans. FIV shares 
with the Human Immunodeficiency Virus (HIV) several biological features both in feline and human cells. Based on 
these similarities domestic cat has been proposed as a valid non-primate model for AIDS. However, FIV and HIV-1 
display relevant differences due to the fact that they have evolved alternative ways to overcome specific replication 
challenges. Thus, studies aimed at the identification of molecular and biological characteristics which are either 
common or significantly different between FIV and HIV-1 are relevant also to identify the molecular elements needed 
for the development of efficient FIV-based vectors that can be used to safely deliver trans-genes to human cells. 
Methods. We generated a series of FIV Gag mutants and we analyzed their ability to bud from human cells in the 

presence of different constructs expressing the apoptosis-linked gene 2-interacting protein X, Alix, which is known to 
be involved in HIV egress from infected cells. 
Results. Here we show that, in addition to the Tumor Susceptibility Gene 101 (Tsg101), one of the main ESCRT 

components, Alix plays a role in FIV budding. Furthermore, in agreement with what has been found with the HIV, we 
demonstrate that the Bro1 domain is involved in the ability of Alix to rescue FIV mutants lacking a functional Tsg101 
interacting motif, irrespective of Alix binding L-domains. However, in contrast with HIV-1, mutations which disrupt 
both CCHC motifs in nucleocapsid, do not abrogate this Alix mediated process. 
Conclusions. Our data illustrate a new example of conserved and divergent mechanisms between HIV-1 and FIV 

underlining the complex cellular-viral interplay involved in retroviral budding and warning in the use of FIV as a model 
for HIV studies. 
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Canine Distemper Virus (CDV) induces devastating epidemics in numerous wild species and exhibits potent cross-
species transmission. Although cell-exit represents an attractive target for drug design, the current knowledge of this 
process precludes the rationale development of antivirals, thereby warranting further mechanistic investigations. The 
CDV Matrix (M)-protein orchestrates viral assembly and budding of progeny virions at the plasma membrane. M-
protomers, composed of N- and C-terminal domains (NTD and CTD), likely assemble into dimers via a large binding 
interface. Furthermore, M-dimers may form high-order oligomers through two surface exposed α-helices located in 
M-NTD and M-CTD (α2 and α9, respectively). Formation of high M-oligomers is suggested to contribute to the 
mechanism of cell-exit. 
To investigate the potential role of both α-helices in high M-oligomers’ assembly and ensuing Virus-Like-Particles 
(VLPs) formation, we aimed at destroying those helical structures by introducing conserved and non-conserved 
amino acids at strategic positions. 
Production of VLPs was assessed by biochemical analyses as well as a newly developed NanoLuc Luciferase 
(NLuc)-based M-budding assay, which enables direct detection of VLPs in the cell supernatant. Cellular localization 
of generated mutants was determined by immunofluorescence. 
Strikingly among the various mutations introduced, some M-mutants exhibited strong impairments in VLPs formation, 
while displaying unaltered cell periphery accumulation, suggesting a deficiency in the M proteins’ network formation. 
Charge and/or hydrophobicity of specific residues seemed to be key features for efficient 
dimerization/oligomerization and therefore for regulating optimal cell-exit efficiency. Assessment of the M-mutants’ 
oligomerization profile is currently under investigation. 
Collectively, preliminary data suggest an important role of specific amino acids locating within the α-helices of CDV-
M in controlling membrane egress activity by perhaps regulating high oligomers assembly at the plasma membrane. 



   

121/253 

Furthermore, a stable cell-line expressing the NLuc-M fusion construct will be generated to initiate High-Throughput 
Screen (HTS)-based drug discovery campaigns to potentially identify novel cell-exit inhibitors. 
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Evaluation of the cellular pathway of Orthonairovirus infection in tick cell lines 
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Crimean-Congo hemorrhagic fever (CCHF) is a severe disease of humans caused by CCHF virus (CCHFV), family 
Nairoviridae, genus Orthonairovirus. Ticks of the genus Hyalomma are the principal vectors of CCHFV and can 
transmit the virus to mammalian hosts during blood feeding. Although the pathway of CCHFV infection in 
mammalian cells has been partially elucidated, no data are available for tick cells. The aim of our study is to 
investigate the entry of CCHFV into tick cells by adopting Hazara virus (HAZV) as a model. HAZV is an apathogenic 
virus closely related to CCHFV, and can be easily handled at BSL2 instead of in the BSL4 containment required for 
CCHFV. We selected a panel of compounds targeting cellular processes involved in CCHFV entry in mammalian 
cells, and we tested their cytotoxicity in Vero cells and the Hyalomma anatolicum tick cell line HAE/CTVM8. The 
ability of the compounds to inhibit HAZV 
infection was evaluated by measuring intracellular viral RNA by qRT-PCR. Firstly, we tested the compounds with 
Vero cells to verify that HAZV follows the same pathway as CCHFV to enter into mammalian cells. Then we 
analysed the effect of the compounds on HAZV infection in tick cells. Our preliminary results show that HAZV entry 
into tick cells requires clathrin-mediated endocytosis. In addition, as described for mammalian cells, alterations in the 
intraluminal pH of endosomes and cholesterol synthesis reduce the efficiency of viral infection. In conclusion, our 
results support the hypothesis that HAZV and CCHFV infect tick cells by the same pathway that they follow in 
mammalian cells. 
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Surface-exposed lysine residues of the Canine Distemper Virus Matrix protein contribute to membrane 
association and budding activity 
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The Matrix (M)-protein of Morbilliviruses coordinates viral packaging, membrane budding and particle formation. Two 
monomers presumably assemble to form dimers and higher oligomers. The current model of cell-exit postulates that 
M associates with lipids to ultimately trigger membrane budding at the plasma membrane. Recent data revealed that 
ubiquitination of a lysine residue within Nipah Virus M, likely mediated within the nucleus, played a key role in viral 
particle production. Based on a homology model of Canine Distemper Virus M, surface-exposed positively charged 
lysine (K) residues locating within C-terminal domain were selected for substitutions. The selected lysines were 
mutated into either arginine (R) or glutamic acid (E), and the derivative M-mutants submitted to assays investigating 
Virus-Like-Particle (VLP) production (biochemical analyses) and cellular localization (immunofluorescence). 
 
Preliminary data indicated that for proper function of M, amino acids 227, 228, 238, 265, 268, 277, 278 need to be 
positively charged. In contrast, non-conservative M-variants at these positions were deficient in budding and 
exhibited a clear cytosolic phenotype. These lysines remain potential candidates for membrane association, since 
structural integrity of M was not impaired, proven by co-immunoprecipitation. 
 
Remarkably, substituting residue K240 led to different profiles, while mutant M-K240R was inefficient in VLP 
production, M-K240E remained fully functional, although both M-proteins were properly localized at the cell 
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periphery. Supplementary, it has been assumed that K240 may play an important role during ubiquitination; thereby 
currently the effect of ubiquitination is investigated. Looking at the profile of K243, K243R and K243E were properly 
localized at the cell periphery. However, only K243R remained fully functional in VLP production. It may play an 
important role during oligomerization, considering its localization in an important domain, which contributes to the 
formation of oligomers. In summary, our preliminary data already revealed a potential role of some lysines in 
membrane association and budding activity. 
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HIV-1 genome encapsidation is mediated by interactions between structures in the genomic RNA (gRNA) and the 
nucleocapsid domain of Gag. The gRNA elements essential for its packaging have been primarily mapped to the 
highly conserved and structured 5’ UTR. However, whether other viral proteins or RNA elements outside of the 5’ 
UTR regulate packaging remains unclear. Since the gRNA serves as both the packaged genome and the mRNA for 
Gag and Gag-Pol, mutations in the viral genome can affect both packaging and viral mRNA translation. One solution 
to this problem is to analyse these elements in the setting of a lentiviral vector, which produces the gRNA and viral 
proteins from separate constructs. 
The HIV-1 viral protein Rev has a well characterised role in nuclear export of viral intron-containing RNAs. By binding 
the Rev responsive element (RRE), Rev mediates the nuclear export of unspliced gRNA and singly spliced mRNAs 
into the cytoplasm. In addition, Rev has been proposed to regulate the viral RNA in the cytoplasm, including gRNA 
packaging, though this is controversial. We have observed that when the RRE is deleted from the lentiviral vector 
genome or Rev is not expressed, lentiviral vector titres and genome encapsidation into virus like particles are 
severely reduced with only minor effects on cytoplasmic gRNA abundance. This suggests that the role of Rev and 
the RRE may potentially extend beyond purely operating as an RNA nuclear export signal and could represent a 
novel mechanism of genome encapsidation, which is currently under investigation. 
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Astroviruses are mostly known as a cause of gastroenteritis in humans, especially in infants. They are small 
nonenveloped viruses with a genome consisting of nonsegmented, single-stranded and positive-sense RNA. Three 
overlapping open reading frames (ORF) are recognized in their genome. ORF1a is translated either alone or 
together with ORF1b via a ribosomal frameshift mechanism. Both encode nonstructural proteins, whereas the capsid 
protein is translated from ORF2. Human astrovirus 1 is one of the most well-studied genotype species among 
astroviruses. An in vitro culture system based on an infectious cDNA clone strategy was described for this virus 
already years ago but remains relatively inefficient. In this approach, susceptible cells are transfected with in vitro 
transcribed full-length viral RNA, which results in protein translation, RNA replication and production of viral particles. 
On the other hand, a replicon strategy was never described for this virus up to now. Replicons encode all the viral 
proteins needed for RNA replication but lack the genome regions encoding structural proteins, thus preventing the 
assembly of viral particles. The aim of this project is to develop such a replicon system for human astrovirus 1. The 
replacement of ORF2 by reporter proteins will allow direct visualization of replicon replication within transfected cells 
as well as its quantification. Detailed comparisons of the RNA replication kinetics of the replicon compared to that of 
the infectious cDNA clone will determine whether this approach can be used as a rationale alternative to the latter 
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method. This will allow the study of viral RNA replication independently of the production of viral particles, which 
would be a convenient new option in the reverse genetics systems of human astrovirus 1 and could for instance be 
useful in applications such as antivirals screening. 
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Introduction: The viral protein Nef of Human Immunodeficiency Virus type 1 (HIV-1) has an important impact on the 

chemo-cytokine network, possibly contributing to the chronic inflammation observed during HIV infection. 
Plasmacytoid dendritic cells (pDCs), a dendritic cell subset specialized in type I interferon (IFN) production, play a 
pivotal role in HIV infection during which they seems to be involved in immune pathogenesis by contributing 
dichotomously to both immune activation and immunosuppression. 
Aim: We investigated the effects induced by Nef protein in not-infected pDCs with particular interest for the 

production of pro-inflammatory cytokines and extracellular vesicles (exosomes and microvesicles), small membrane 
bound vesicles through which Nef can be transferred to uninfected cells. 
Methods: As experimental model, we used a human plasmacytoid dendritic cell line that was treated with a highly 

purified myristoylated recombinant Nef protein generated from HIV-1 SF2 allele (myrNefSF2). To evaluate 
extracellular vesicles production, we used the commercially available BODIPY®-C16 fatty acid to label the cells 
ultimately producing fluorescent exosomes and microvesicles. 
Results: We observed that myrNefSF2 is internalized by about 50% of pDCs and induces the tyrosine 

phosphorylation of STAT1 and STAT2 protein after 3 hours and the production of ISG15, an IFN-induced protein, 
later on suggesting the release of cytokines including type I or type III IFN. Moreover, we observed that supernatant 
from pDCs treated with myrNefSF2 even if depleted of extracellular vesicles can induce STAT1 tyrosine 
phosphorylation after 30 minutes when used to treat the cells, indicating that most cytokines responsible for this 
activation are not associated with extracellular vesicles. Finally, Nef is incorporated in the exosomes, but not in the 
microvesicles, released by the treated cells and it reduces the production of exosomes by about 40%. 
Conclusions: Further studies are in progress to analyse the pDC response to treatment with exosomes containing 

Nef protein. 
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HIV-1 Nefsf2 protein increases the exosome production in thp-1 human monocytic cells differentiated with 
PMA 

F. Giannessi
1
, A. Aiello

1
, Z.A. Percario

1
, K. Fecchi

2
, M. Sargiacomo

2
, E. Affabris

1
 

1
Univerity of Roma tre, ROME, Italy 

2
Istituto Superiore di Sanità, ROME, Italy 

 
 
Background: Extracellular vesicles (EVs) are lipid bilayer-enclosed entities containing proteins and nucleic acids 

that mediate intercellular communication both in physiological and pathological conditions. EVs are discriminated for 
dimension and for their biogenesis process. Some vesicles are generated inside cells and once released into the 
extracellular milieu, are called exosomes (size 30-100nm), whereas others bud from the plasma membrane and are 
termed microvesicles (size 100-1000nm). Nef, a virulence factor of Human Immunodeficiency Virus (HIV), acts as an 
adaptor molecule inside the infected cell. It regulates viral production and induces immune-evasion. Importantly, it 
can also be transferred to uninfected cells through vesicles. 
Aim: We examined if recombinant myristoylated HIV-1 NefSF2(myrNefSF2) was able to affects the production of 

exosomes in THP-1 cells differentiated with PMA. 
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Material and methods: THP-1 monocytic cells, differentiated with PMA, were treated with myrNefSF2 and its 

mutants. It is known that THP-1 cells assume the phenotype of macrophages, a primary target of natural viral 
infection, when treated with PMA (phorbol-12-myristate-13-acetate). We used BODIPY®-C16 fatty acid to label the 
cells to produce fluorescent exosomes and microvesicles that we examined and quantified through flow cytometry 
analysis. The content of the vesicles was studied using Western Blot analysis. 
Results: We observed myrNefSF2 increases about twice the production of exosomes but not of microvesicles. The 

analysis of the vesicular production induced by cell treatment with Nef mutants suggests that some of its conserved 
domains influence exosomes production. All Nef proteins used in this work are incorporated into the exosomes 
fraction but not in the microvesicles fraction. Also, the produced exosomes, once used to treat the cells, can be 
internalized by differentiated THP-1 cells. 
Conclusions: Further studies are in progress to better understood the process and to analyze the effects induced by 

the exosomes containing myrNefSF2. 
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Chikungunya virus (CHIKV) causes fever and debilitating joint pain, with frequent long-term health implications and 
cumulating fatalities worldwide. The CHIKV life cycle is poorly understood which is reflected in the lack of specific 
antivirals or vaccines. 
The aim of this study was to investigate the involvement of cellular chloride channels in the life cycle of CHIKV. 
To determine if the activities of cellular chloride channels (Cl

-
-channels) are required during CHIKV replication, we 

applied broad-ranging pharmacological inhibitors to mammalian and invertebrate cells. Their effect on the CHIKV 
infectious cycle and genome replication was investigated by plaque assay, a luciferase-based sub-genomic replicon, 
qRT-PCR, protein pull-downs and Western blot analysis. Knock-down of specific Cl

-
-channel proteins was mediated 

by siRNA. 
The Cl

-
-channel inhibitors DIDS, 9-ACA and NPPB significantly reduced the titre of released CHIKV progeny in a 

dose-dependent manner, suggesting that Cl
-
-channels are pro-viral factors. Analysis of viral protein expression and 

time-of-inhibitor-addition studies indicated that CHIKV requires Cl
-
-channels at post-entry and pre-egress stages. 

Replication of the sub-genomic replicon was restricted and genome copy numbers reduced by Cl
-
-channel inhibition, 

implying that Cl
-
-channels are required for efficient genome replication. siRNA knock-down identified the chloride 

intracellular channels (CLIC) 1 and 4 as required for CHIKV replication and protein pull-downs demonstrated that 
CLIC1 specifically interacts with the viral protein nsP3 – an essential component of the CHIKV replicase complex. 
We hypothesise that the Cl

-
channels identified in the current study play a role in formation or maintenance of the 

membranous viral replication-complexes, in both human and mosquito host cells. These findings advance our 
understanding of CHIKV replication in the two host environments and identify drugs/druggable targets for treatment 
and prevention of CHIKV disease. 
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Guinea fowl coronavirus diversity: determining receptor affinity and tissue tropism. 
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Coronaviruses in poultry cause huge welfare problems and subsequent economical losses. Guinea fowl coronavirus 
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(GfCoV) causes fulminating enteritis that can result in a daily death of 20% in guinea fowl flocks. Here we studied 
GfCoV diversity and evaluated its phenotypic consequences. Over the period 2014-2016 affected guinea fowl flocks 
were sampled and avian coronavirus presence was confirmed by PCR in intestinal content samples and by 
immunohistochemistry of the small and large intestine. Sequencing revealed 89% amino acid identity between the 
viral attachment protein S1 of GfCoV/2014 and a previously identified GfCoV/2011. To study the receptor 
interactions as determinant for tropism and pathogenicity, recombinant spike (S1) proteins were produced and 
analyzed by glycan and tissue arrays. Glycan array analysis revealed that viral attachment S1 proteins from 
GfCoV/2014 and /2011 can, in addition to the previously elucidated biantennary diLacNAc receptor, bind to linear 
LacNAc repeats and glycans capped with alpha 2,6 linked sialic acids. Interestingly, recombinant GfCoV/2014-S1 
showed an increased affinity for all these glycans compared to GfCoV/2011-S1, which was in agreement with an 
observed increased avidity of GfCoV/2014-S1 for gastrointestinal tract tissues. Enzymatic removal of receptors from 
tissues before applying spike proteins confirmed the specificity of S1 tissue binding. Overall, these data suggest that 
diversity in GfCoV S1 proteins results in differences in glycan avidity and might ultimately result in differences in 
tissue tropism and pathogenicity.  
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Varicella-zoster virus (VZV), a human alphaherpesvirus, causes varicella (chickenpox) during primary infection and 
herpes zoster (shingles) when reactivating from latency. Herpes zoster is frequently accompanied by chronic pain for 
which no effective treatment exists.  
The dsDNA genome of VZV is approximately 125 kb in length and densely packed with transcripts encoding at least 
71 unique open reading frames (ORFs). The VZV transcriptome remains ill-defined and, by analogy to recent studies 
of related herpesviruses, is likely to be more complex than previously thought. Therefore, we aim to comprehensively 
refine our understanding of the VZV transcriptome. 
We have performed full-length native RNA sequencing on nanopore arrays (MinION) to profile the VZV 
transcriptome during lytic infection of human retinal pigment epithelial cells. We supplemented this with short-read 
sequencing (Illumina) to allow for error-correction of nanopore reads, and RT-PCR and Sanger sequencing to 
confirm the presence of novel transcripts. 
Our data provide proximal estimates of transcription initiation sites and RNA cleavage + polyadenylation sites for 
almost all canonical VZV transcripts as well as numerous novel transcripts. Moreover, we report on multiple internal 
splicing events that further expand the coding potential of canonical VZV ORFs. Importantly, we identified and 
confirmed multiple novel transcripts including some that are located antisense to canonical ORFs as well as novel 
fusion transcripts produced by read-through transcription and subsequent splicing of canonical ORFs. In silico 

analysis suggests that three novel transcripts function as non-coding RNAs and experiments are ongoing to 
elucidate their potential function. 
In summary, our study demonstrates that the lytic VZV transcriptome is more complex than previously appreciated. 
Enhanced understanding of the complex regulation of VZV infection ultimately contributes to the identification of 
novel molecular targets for the treatment of VZV infections. 
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Introduction: 
Emerging arthropod-borne viruses, such as Zika virus (ZIKV) and Chikungunya virus (CHIKV), represent a 
significant and increasing threat to global health. Despite the expanding prevalence of their vectors, the Aedes sp. 
mosquitoes, and the potential for major epidemics, there are currently no specific antiviral compounds or vaccines 
available for either viral pathogen. 
Aims: The positive-strand genomes of ZIKV and CHIKV, members of the flavivirus and alphavirus genera 
respectively, contain functional, structured cis-acting RNA elements. We are investigating a range of approaches for 
targeting these RNA elements and analysing the effect on virus replication at different stages of the life cycle. 
Methods: Investigating approaches for targeting RNA structures using cell culture methods such as luciferase 
replicon assays, plaque and infectious centre assays. Binding analysis using surface plasmon resonance (SPR). 
RNA structure determination using SHAPE. Molecular cloning and reverse genetics. 
Results: Gaining high resolution structural data is essential prior to targeting RNA elements. Consequently, we 
investigated RNA structural elements within the ZIKV 5’ genome region using a combination of biochemical SHAPE 
mapping, thermodynamic predictions and phylogenetic analysis. We are currently validating our structural studies by 
analysis of mutant phenotypes in a reverse genetic system. 
Using antisense locked nucleic acid oligonucleotides (antisense-LNA), we demonstrate that functional RNA elements 
in the CHIKV genome can be specifically targeted - inhibiting replication in both sub-genomic replicon and infectious 
virus systems. SPR confirmed that the antisense-LNA binds to a specific stem-loop target with a Kd of 310nM and 
has an IC50 of 35nM in the sub-genomic replicon system. 
Conclusions: 
We have demonstrated that targeting structured cis-acting RNA elements inhibits CHIKV replication. In future work, 
we aim to investigate selection of RNA-aptamers against these RNA elements and, following reverse-genetic 
validation, extend the study to newly identified cis-acting RNA elements within the ZIKV genome. 
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Herpes simplex virus 1 (HSV-1) and varicella-zoster virus (VZV) are two closely related human herpesviruses that 
persistently infect most adults worldwide and cause a variety of clinically important diseases. While it is believed that 
herpesvirus proteins are expressed in a tightly regulated manner, and interact broadly with host proteins to support 
lytic virus replication, this has not been studied for HSV-1 and VZV. Insight into fundamental biological processes 
shared by both viruses could provide valuable handles to develop novel antiviral therapies. Therefore, we aim to 
elucidate the temporal changes in virus and host protein expression during lytic infection of HSV-1 and VZV.  
 
We performed comparative analysis of the temporal changes in virus and host proteomes in during lytic HSV-1 and 
VZV infection of human retinal pigment epithelial cells by mass-spectrometry. Mass-spectrometric results were 
confirmed by flow cytometry, western blotting and immunofluorescent staining of infected cells.  
 
Quantification of 70% of HSV-1 and 74% of VZV proteins showed temporally coordinated expression of viral 
proteins. However, VZV protein expression was delayed, more variable and less structured compared to HSV-1. 
Pathway analysis demonstrated that both viruses affected similar cellular processes including extracellular matrix 
composition, transcription, RNA processing and cell division in infected cells. Moreover, we discovered that both 
HSV-1 and VZV affected epidermal growth factor (EGF) receptor signalling, and that EGF signalling enhances lytic 
HSV-1 and VZV infection.  
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In summary, this study provides a temporal proteomic map of virus and host proteins during HSV-1 and VZV 
infection. Comparative analysis of HSV-1, VZV and host proteomes identified conserved targets for potential therapy 
development. 
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Tick-borne encephalitis virus (TBEV) belongs to the genus Flavivirus within the family Flaviviridae. The single-
stranded positive-sense RNA genome has a length of approximately 11 kb and encodes a single open reading frame 
comprising 10 viral genes that code for three structural proteins – capsid protein C, precursor membrane protein M 
(prM) and envelope protein E – and seven non-structural proteins – NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5. 
The viral proteins are expressed as a polyprotein that is co- and post-translationally cleaved into individual proteins 
by viral and host cell proteases. The impact of adjacent amino acid sequences on correct protein folding, processing 
and trafficking is not fully understood. Molecular interactions between TBEV proteins and host cell factors required 
for viral protein synthesis and function are not well characterized. 
To investigate the structure, cellular distribution and function of each viral protein, all 10 TBEV genes were cloned 
and expressed individually or in conjunction with adjacent TBEV proteins. Expression was confirmed by Western 
Blot and co-localization of viral proteins with different organelles was tested by immunocytochemistry and confocal 
microscopy. The influence of neighboring sequences on processing, modification and cellular localization of 
individually and jointly expressed proteins was investigated. Moreover, molecular interactions with host cell proteins 
of importance for flavivirus infections were studied with the help of the recombinant TBEV proteins. 
All 10 individual TBEV proteins were expressed and exhibited the expected molecular weight. Preliminary results 
suggest that joint expression of TBEV proteins affects protein processing, glycosylation and trafficking. The exact 
amino acids acting as signal peptides for neighboring proteins are currently being identified. Immunoprecipitation of 
tagged TBEV proteins co-precipitated several host cell factors that will be investigated for their impact on flavivirus 
infection. This study will enhance our understanding of TBEV protein processing and interaction with host factors that 
present potential therapeutic targets. 
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Nuclear import of the rabies virus phosphoprotein P is required for inhibition of RIG-I-like receptor-mediated 
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The rabies virus phosphoprotein P plays essential roles in various aspects of the cytoplasmic viral life cycle, 
including viral RNA synthesis and RNA encapsidation, as well as in counteracting the antiviral immune response. 
Although P is accumulating almost exclusively in the cytoplasm, it is long known to undergo nucleocytoplasmic 
shuttling, as directed by various conserved nuclear import and export signals. However, the biological relevance of 
nuclear shuttling has remained unclear up to now. We here provide experimental evidence that nuclear import of P is 
absolutely required for inhibition of RIG-I-dependent IFN induction both upon plasmid transfection and in the context 
of virus infection. Deletion of nuclear import signals of P proteins from a vaccine strain and a virulent clinical isolate 
rendered the proteins defective in preventing IRF3 phosphorylation and transcription of IFN-β. Recombinant RABV 
carrying shuttling-defective P effectively induced IFN. The defect was cured by addition of an ectopic NLS from 
SV40, and an extra NLS even improved the IFN inhibitory capacity of wt P protein. Mechanisms involved in priming 
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of RABV P for IFN inhibition are being analyzed. 
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Human torque teno viruses: unraveling the cell tropism and potential transmission route 
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Introduction: Human torque teno viruses (TTVs), the most famous members of the “orphan” anelloviruses, have so 

far not been associated with any disease. They are small, single stranded circular DNA viruses which are 
omnipresent in human population. The striking fact is that these small entities have an ability to chronically infect 
humans, and there are no convincing examples of a clearance of these viruses from the body. TTVs seem to be able 
to persist in the host due to fast evolution, suppression of immune response or constant re-infection. Mother-to-child, 
fecal-oral or airway transmission appear to be main routes of infection, as these viruses can be detected from early 
on in life. Due to lack of an established efficient culture system, the virus-host interactions remain enigmatic. 
Aim: One of the most important goals is to develop a culture system of TTVs and identify the tropism of the virus. In 

this part of the project, the main focus is placed on the airway transmission hypothesis. The follow up of this part of 
the project is to study the virus-host interactions, with the main focus on immune pathways. 
Methods: Culturing experiments were performed using the human airway epithelial (HAE) primary cell culture. The 

cultures were infected using clinical samples with known high loads of TTVs. Full length sequences of TTVs were 
obtained using PCR based methods coupled with next generation sequencing. 
Results and Conclusion:The HAE cultures showed an entry and persistence of viruses over a period of a few days, 

yet limited virus replication. The viral DNA was also detected in the cell lysates. Additional research is needed to 
draw conclusions of cell tropism and the factors restricting and allowing replication of TTVs. 
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Multiple Varicella Zoster Virus small non-coding RNAs up- and down-regulate viral replication. 
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Introduction: 

Varicella-Zoster virus (VZV, HHV3) is a human alphaherpesvirus that causes varicella in primary infection, while the 
reactivation from latent infection in peripheral neurons results in painful Herpes Zoster. Small noncoding RNAs 
(sncRNA) are important actors in modulating gene expression in many herpesviruses. Potential VZV-encoded 
sncRNAs were predicted recently by bioinformatic analyses (Markus et.al., 2017). We showed that changing 
expression of one of these 24 putative sncRNA (VZVsnc23) modulated replication. We demonstrate here that two 
additional putative VZVsncRNA modulate VZV replication: VZVsnc9 increases and VZVsnc14 decreases productive 
infection. 
Aim: To evaluate potential functional roles of VZV genome-encoded sncRNAs. 
Methods: 

ARPE19 cells infected at low MOI with VZV expressing mCherrry were transfected either with a locked RNA 
antagonist to VZVsncRNA9 or VZVsncRNA14 or a scrambled RNA control. Entire wells were photographed at 
multiple time points and the images stitched to generate a single image. Spread of infection was determined by 
measuring the fluorecent area occupied by individual infected foci (FOI) multiple days after infection. For direct 
measurement of viral yield, wells were trypsinized, and seeded on naïve ARPE19 cells. Plaques were then counted 
at 5dpi. 
Results: 

Transfection of an antagonist to VZVsncRNA9 consistently increased, while an antagonist to VZVsncRNA14 
decreased viral growth.The effects of the antagonists were confirmed by infectious foci assays that showed 
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significant increase or decrease in the amount of infectious virus respectively. 
Conclusion: 

VZV replication appears to be modulated by virally-encoded sncRNAs, similar to other herpesviruses, and regulation 
can be positive or negative. These findings may support development of novel therapies for chickenpox and zoster 
targeting VZVsncRNA pathways pharmacologically. 
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Pseudorabies virus glycoprotein gB triggers NF-?B activation, which contributes to viral protein production 
and viral intercellular spread 
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The porcine pseudorabies virus (PRV) belongs to the largest subfamily of Herpesviridae family, the 

alphaherpesviruses, which includes several important human and animal viruses, including human herpes simplex 
virus (HSV) and varicella zoster virus (VZV). It has been shown that several herpesviruses persistently trigger the 
nuclear factor κB (NF-κB) signalling axis during infection. The objectives of the current study were to identify viral-
encoded NF-κB activator(s) during PRV infection and to investigate the impact of this activation on virus replication. 
We have uncovered that the highly conserved structural glycoprotein B (gB) of PRV elicits NF-κB activation, both 
during PRV infection and during transfection (without the co-expression of other viral factors). In addition, triggering 
of NF-κB activation upon de novo gB protein expression substantially promotes viral protein expression. Indeed, viral 
protein production was delayed in gBnull PRV-infected cells and could be restored by expression of gB in trans or by 
alternatively triggering NF-κB signalling by addition of the yeast-derived glucan zymosan. In line with this, inhibition of 
NF-κB activation in PRV-infected cells by addition of the NF-κB inhibitor BAY11-7082 suppressed viral protein 
production. Furthermore, using plaque assays, we demonstrated that the efficiency of PRV cell-to-cell spread 
depends on NF-κB activation, since addition of BAY11-7082 reduced the viral plaque area by 40%. In conclusion, we 
identified that the gB glycoprotein of PRV possesses the previously uncharacterized ability to trigger NF-κB 
activation and that (gB-dependent) NF-κB signalling contributes to efficient viral protein production and intercellular 
virus spread. Hence, (gB-dependent) NF-κB activation may represent a potential target in the design of vaccines and 
antivirals against alphaherpesvirus infections. 
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The SUMOylation of ZIKA nonstructural protein 5 (NS5) influences its stability, its cellular localization and 
the pathogenesis in vivo. 
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The factors that contributed to the emergence, spread and change in the pathogenesis of ZIKV are not well 
understood. Using sequence alignments of different ZIKV strains of a range of spatiotemporal history of isolation and 
representing African and Asian lineages, we identified possible differences in Lysine presence or position. Lysines 
are the target of important post-translational modifications (PTM) like Ubiquitination, Acetylation or Sumoylation. 
Recently, we and others demonstrated that the attachments of small ubiquitin-like modifier (SUMO) to some viral 
protein are important at different stages of the viral cycle. In order to identify potential SUMOylation, we expressed 
individually all ZIKV proteins in the presence of tagged SUMO and different proteins of this pathway. We identified 
NS5 as the sole ZIKV protein being SUMOylated in a classic mechanism, recalling what has been recently illustrated 
with the DENV NS5 protein. Using RNA interference strategy, we found that changes in the SUMO cell machinery 
inhibit Zika replication. Using sequence alignments and site-directed mutagenesis, we identified SUMO-interacting 
motif (SIM), well conserved among Flaviviruses that is responsible for non-covalent binding of SUMO protein in both 
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African and Asian/American strains. Different NS5 SIM mutants that we generated showed both no SUMOylation 
and a severe defect in viral RNA replication. In addition, we found that the SUMOylation of NS5 regulates its ability to 
localize in punctuated structures in nuclei similar to Cajal Body and PML nuclear bodies. Finally, SUMOylation-
defective mutants failed to degrade STAT2 and cannot counteract host antiviral interferon signaling. Interestingly, we 
were able to identify one Lysine that is covalently SUMOylated. Its mutation still allows virus replication but the 
generated virus shows a difference in disease in vivo in different mice models. 
This is the first report describing a role of ZIKV NS5 SUMOylation in modulating viral pathogenesis. The SUMO cell 
machinery represents a possible target for drug development against ZIKV 
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Phosphoproteomics on CHIKV-infected cells reveals a novel host shut-off mechanism via nsP2 NTPase-
mediated increase in cAMP and eEF2 phosphorylation 
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Chikungunya virus (CHIKV) is the alphavirus member with the highest disease burden, due to its recent geographic 
expansion, outbreaks that affected millions, and the debilitating persistent arthritis it can cause. CHIKV replication 
depends on host cell factors at many levels and is expected to have a profound effect on cell physiology. To obtain 
more insight into cellular responses to infection, stable isotope labeling with amino acids in cell culture (SILAC) and 
liquid chromatography-tandem mass spectrometry were used to assess temporal changes in the cellular 
phosphoproteome during CHIKV infection. Among the ~3,000 unique phosphorylation sites analyzed, the largest 
change in phosphorylation status was measured on residue T56 of eukaryotic elongation factor 2 (eEF2), which 
showed a >50-fold increase at 8 and 12 h p.i. Infection with other alphaviruses (Semliki Forest and Sindbis virus) and 
a picornavirus (CVB3) triggered a similarly strong eEF2 phosphorylation. Expression of a truncated form of CHIKV 
nsP2, containing only its N-terminal and NTPase/helicase domains (nsP2-NTD-Hel), sufficed to induce eEF2 
phosphorylation, which could be prevented by mutating the Walker A and B motifs of the NTPase domain. 
Alphavirus infection or expression of nsP2-NTD-Hel caused a decrease in cellular ATP levels and an increase in 
cAMP levels. This did not occur when catalytically inactive NTPase mutants were expressed. The wild-type nsP2-
NTD-Hel inhibited cellular translation and/or transcription independent of the C-terminal nsP2 domain, which 
previously was implicated in directing the virus-induced host shut-off. We hypothesize that the alphavirus NTPase 
activates a cellular adenylate cyclase that increases cAMP levels, thus activating eukaryotic elongation factor 2 
kinase. This in turn triggers eEF2 phosphorylation and translational inhibition, whereas host cell transcription likely is 
inhibited through another downstream effector of cAMP. We, therefore, conclude that the nsP2-driven increase of 
cAMP levels contributes to the alphavirus-induced shut-off of cellular RNA and protein synthesis. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PC24 
 
Coronavirus replication: the curious case of the nsp14 exoribonuclease 
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Introduction - Coronaviruses (CoVs) stand out for their large RNA genome (~30 kb) and complex RNA-synthesizing 
machinery comprising 16 nonstructural proteins (nsps). The bifunctional nsp14 subunit includes N-terminal 3’-
5’exoribonuclease (ExoN) and C-terminal N7-methyltransferase (N7-MTase) domains. Whereas the latter is 
presumed essential for viral mRNA capping, ExoN knockout mutants of the betacoronaviruses mouse hepatitis virus 
(MHV) and severe acute respiratory syndrome (SARS)-CoV are viable but crippled. Strikingly, upon passaging, they 
accumulate 10- to 15-fold more mutations than wild-type virus, suggesting the involvement of ExoN in boosting 
genome replication fidelity. Curiously, however, the corresponding ExoN knockout mutants of two 
alphacoronaviruses proved to be non-viable. 
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Aims - Characterize the role of nsp14-ExoN in more detail using the betacoronavirus Middle East respiratory 
syndrome (MERS)-CoV. 
Methods - Reverse genetics-based mutagenesis of the MERS-CoV ExoN domain and characterization of virus 
mutants. All four Asp/Glu active site residues were substituted either conservatively or with alanine. 
Results - In contrast to MHV and SARS-CoV ExoN knockout mutants, 11 out of 12 MERS-CoV mutants were non-
viable, the exception being a conservative mutation that likely preserves ExoN activity. Occasional reversion was 
observed for only two mutants. Theoretically ExoN mutations could be lethal by indirectly affecting nsp14’s N7-
MTase, for example by disrupting overall protein structure, but this is unlikely for all 11 lethal ExoN mutations. We 
are currently performing ExoN and N7-MTase activity assays to corroborate this and characterize mutant enzymes in 
more detail. 
Conclusion - Our data suggest an additional ExoN function in MERS-CoV replication. This role apparently is 
indispensable for primary viral RNA synthesis, differentiating it from the error correction mechanism that presumably 
boosts long-term replication fidelity in MHV and SARS-CoV. Why this additional role is much less critical in the 
replication of these other betacoronaviruses is an additional line of future investigation. 
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Norovirus infections are the most common non-bacterial cause of gastroenteritis. There are seven norovirus 
genogroups (GI-GVII) that infect a wide range of animal hosts. New variants and genotypes frequently emerge and 
their origin is not well understood, but one hypothesis is that new human infections may be seeded from an animal 
reservoir. Human noroviruses have occasionally been detected in animal species, but if this impacts norovirus 
emergence and evolution is not known. 
Here, we investigated cell and host tropism for a panel of human and non-human noroviruses with regards to 
attachment in a range of potential animal hosts. We included formalin-fixed intestinal tissues of humans, pigs, bats, 
dogs, harbor porpoises, chicken, ducks and gulls. Some of these are known norovirus hosts whereas for others their 
susceptibility to norovirus is unknown. In humans, noroviruses attach to histo-blood group antigens (HBGAs) on the 
epithelial lining of the gastrointestinal tract. In animals this link is not well understood, therefore the HBGA phenotype 
was characterized by immunohistochemistry and FITC-labelled virus-like particles were used to study attachment of 
norovirus to these tissues. 
We observed attachment of several human norovirus genotypes to bat and duck tissue and to a lesser extent to 
intestinal tissue of other animals. Interestingly, strains that are not dominant in the human population (GI and GIV) 
were among those that showed the broadest attachment pattern in animals. With the exception of some bird species, 
HBGAs were detected in all animal tissues, but no clear correlation between norovirus attachment and HBGA 
expression was detected. 
Investigating attachment of viruses to tissue is a first step to understand host range and tissue tropism. We show that 
selected human and animal noroviruses can attach to small intestinal tissue across species. However, whether this 
attachment can lead to infection needs to be further assessed. 
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Adenoviruses (AdVs) deliver their genomes to the nucleus for replication. During cell entry, they engage a stepwise 
uncoating process which ends with the dismantling of the capsid at the nuclear pore complex (NPC). The linear 
double-stranded viral DNA is released and translocated to the nucleus or misdelivered to the cytoplasm. The 
underlying mechanism of virion uncoating involves the binding of the particle to the nucleoporin Nup214 and kinesin-
mediated pulling on the capsid. Here, we have identified a cellular E3 ubiquitin ligase (E3L) that is required for AdV 
infection. Light and electron microscopy experiments in CRISPR/Cas9 E3L knockout (KO) cells and inducible 
expression of E3L in the KO cells indicate that E3L is required for the separation of the viral genome from the capsid 
at the NPC. We found that the E3L RING domain as well as an active proteasome are essential for uncoating and 
infection. Intriguingly, an AdV mutant lacking one of its core proteins does not require E3L for infection, yet it is 
strongly impaired compared to the parental strain due to higher genome misdelivery. Our study describes how AdV 
exploits the ubiquitin proteasome system to ensure the proper dismantling of its capsid and nuclear import of its 
genome. 
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The RNA-dependent RNA polymerase of influenza A viruses interacts with the host E3 ubiquitin ligase 
complexes to promote viral replication. 
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Ubiquitination is a major post-translational protein modification event, mediated by a cascade of enzymes (E1, E2 
and E3) constituting the Ubiquitin Proteasome System (UPS). Protein ubiquitination plays key roles in the regulation 
of stability, activity or subcellular localization of proteins, and as such is exploited in numerous ways by viruses for 
their replication and escape from host’s immune response. Using a cell-based interaction mapping, we determined 
the interplay between the influenza A viruses (IAV) replication factor PB2 and human UPS (Biquand et al, 2017). 
Among the UPS factors targeted by PB2, three factors namely DDB1, DCAF12L1, DCAF11 belonging to a Cullin 4-
based Ring Ligase (CRL4) family of E3 ligases, recognizes specific protein substrates for ubiquitination. The siRNA-
mediated knockdown of these factors significantly reduced virus production, accumulation of viral proteins and 
impaired vRNP export, indicating that they are the positive regulators of IAV replication. We have further shown that 
PB2 can associate with DDB1-DCAF11 or DDB1-DCAF12L1 when interacting together, forming DDB1-PB2-
DCAF12L1 or DDB1-PB2-DCAF11 triple complexes. The interaction of these 3 UPS factors with PB2 was also 
detected in an infectious context by co-immunoprecipitation. An in vitro ubiquitination assay showed that these 
factors mediate K29-linked ubiquitination of PB2, suggesting that PB2 is a substrate of this CRL4 based complexes. 
This ubiquitination didn’t lead to PB2 degradation, suggesting that it might rather play regulatory role in IAV 
replication. In line with this, we detected ubiquitination of PB2 during viral cycle, which can be reduced by siRNA 
knockdown of these UPS factors. 
To further understand the role of DDB1/DCAFs E3 ligase complex in IAV infection, an AP-mass spectrometry 
analysis was performed on DDB1 and DCAFs. Several cellular proteins have been identified, potentially representing 
substrates for specific DDB1/DCAFs E3 ligase complex, which will be presented, and their implications on the viral 
cycle will be discussed. 
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Respiratory syncytial virus (RSV) causes respiratory infection in children under 6 months. During the RSV viral cycle, 
evidences have been established that the host lipids play a key role during the replicative cycle. Even, it has been 
shown that during the infection there was a change in the lipid profile, and in the expression of enzymes related with 
lipidic metabolism. In that sense, it was observed that pharmacological inhibition of fatty acid synthase (FAS) 
reduces the production of infectious progeny, however the mechanism or role of FAS during infection is not 
evaluated. In addition to this, lipid droplets, that are organelles that function as lipid storage, have been identified that 
they are involved in replication and assembly during viral infection, but in RSV the role of this lipid storages it has not 
been evaluated. Thus the aim of the work is to establish the cellular distribution, role and expression of FAS and lipid 
droplets during the RSV infection. We performed western blot assay to identify the expression levels of FAS and 
Perilipins (lipid droplets marker) in HEp-2 cells infected with RSV. The immunofluorescence assay was used to 
observe the subcellular distribution of FAS and Lipid droplets during infection with RSV, and co-localization analysis 
was performed with viral markers (F, M2-1 and F proteins). Our results showed that FAS is significantly increased its 
expression during viral infection, also we observed an important co-localization between FAS and N protein, 
suggesting spatial proximity with inclusion bodies. Interestingly, LD do not co-localized with any viral marker, 
however, the LD number and cellular organization is modified during infection, showing a percentage decrease 
suggesting that LD are consumed. In conclusion, RSV infection promotes overexpression of FAS and possibly 
employed lipid droplets during the viral cycle. 
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The Zika virus Infection induced stress oxidative in a cellular model of trophoblast. 
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The zika virus is the principal arbovirus that currently circulates a worldwide. The epidemic of zika in 2016, showed 
that this infection is vertical transmitted generate perinatal complication for example microcephaly and neurologic 
problems. Several studies evaluated that the cellular components of the placenta such as trophoblasts are 
susceptible to zika infection. The viruses recruit the machinery cellular to perform its cycle infection, and different 
researches had evaluated if the viruses activated the stress oxidative system to enhance the viral replication or to 
eradicate the infection in the cell. In this study, we identified in the cell line JEG-3 if the stress oxidative is activated 
during the zika infection and determine if the enzymes involved in control the stress oxidative are overexpressed. We 
performed immunofluorescence assay in JEG-3 cell infected with ZIKA virus at 24 hours, and mock-infected cell 
used the stain cell-Rox green. Then, we evaluated by western blot the expression of SOD and catalase enzymes 
and by immunofluorescence identified its subcellular localization during zika infection. Finally, assessed the level of 
carbonylated proteins and lipoperoxidation of lipids in JEG-3 cell infected with zika virus. Our results showed that 
during infection with zika virus in JEG-3 cells production of reactive oxygen species (ROS) was observed, and over-
expression of SOD and Catalase was identifying in proteins extracts of JEG-3 cells infected with zika. Additionally, 
SOD and Catalase enzyme were colocalizing with E protein of Zika virus. Finally, higher damage in proteins and 
lipids was observed in JEG-3 cell infected with zika. In conclusion, during infection with zika virus production of ROS 
was responsible for the oxidative stress in response to infection in JEG-3 cell. 
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Complex hierarchical phosphorylation pathway of RV NSP5, viroplasms assembly and virus replication. 

G Papa
1
, F Arnoldi

2
, L Venditti

1
, OR Burrone

1
 

1
ICGEB, TRIESTE, Italy 

2
University of Trieste, TRIESTE, Italy 

 



   

134/253 

 
Rotavirus (RV) is a non-enveloped RNA virus with 11 double-stranded RNA genome segments (gs). NSP5 is a 
protein encoded by gs 11, and it plays a key role in the formation of round-shaped cytoplasmic inclusion bodies 
called “viroplasms”, the place of viral RNA replication and packaging in RV-infected cells. During RV infection, NSP5 
undergoes a complex hyperphosphorylation process, as a result of a cascade primed by the phosphorylation of 
Serine 67 (Ser67) by CK1-alfa Kinase. We have previously proposed a model where this prime event on a 
monomeric NSP5 induces further hyper-phosphorylation of other molecules thorough dimerisation mediated by the 
C-terminal tailpiece. 
 
In order to prove the hierarchical phosphorylation pathway of NSP5 in RV-infected cells, we generated a 
recombinant RV expressing a mutant NSP5 with a Ser67 to Ala mutation (RV-S67A). This amino acid change 
prevents the initial step of the phosphorylation cascade, aborting the production of hyperphosphorylated isoforms. 
Infections with the RV-S67A mutant virus were also performed on stable MA104-transfectant cell lines expressing 
previously described NSP5 deletion mutants (NSP5-∆1/∆3, NSP5-∆tail), which still retain the activator domains. The 
results demonstrate a complex hierarchical NSP5 phosphorylation pathway. The lack of NSP5 phosphorylation 
caused the formation of viroplasms with altered morphology and aggregation of NSP5 in fiber-like structures co-
localising with other viroplasmic proteins such as VP6, VP2 and NSP2. 
 
Taken together these results further confirm the activator-substrate functions of NSP5 for its hyper-phosphorylation 
in RV-infected cells and indicate that NSP5 hyper-phosphorylation is not essential for the formation of fully-functional 
viroplasm and virus replication. 
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After retroviral infection of a target cell, during the early phase of replication, the HIV-1 genomic RNA is reverse 
transcribed by the viral reverse transcriptase to generate the double-stranded viral DNA that interact with viral and 
cellular proteins to form the pre-integration complex (PIC). Viral integrase (IN) is the key component of the PIC and is 
involved in several steps of replication notably in reverse transcription, nuclear import, chromatin targeting and 
integration. Viral components such as IN cannot perform these functions on their own and need to recruit host cell 
proteins to efficiently carry out the different processes. IN is a flexible protein, property allowing its interaction with 
multiple partners and enabling its multiple functions in viral replication. To study the molecular mechanisms of viral 
integration we use a bottom – up strategy by assembling in vitro and/or in cellulo multiprotein complexes around the 
integrase protein (core protein of the PIC) and DNA. Several complexes have been characterized in our team 
(IN/LEDGF, IN/LEDGF/INI1-IBD, IN/LEDGF/CA, IN/LEDGF/TNPO3, IN/VBP1/TNPO3, IN/LEDGF/Nucleosome). 
Two cryo-EM structures of the IN/LEDGF/DNA and IN/LEDGF/INI1-IBD/DNA complexes have been solved at low 
resolution (Michel et al., EMBO J., 2009; Maillot et al., PLoS ONE, 2013). With the recent progress of the cryo-EM 
techniques and our improvement in the complex preparations (Levy et al., Nature comm. 2016, Eiler et al., Methods 
in Mol. Biol. 2018) new cryo-EM datasets are collected (IN/LEDGF/DNA-pal, IN/LEDGF/Nucleosome) which will 
enable us to increase the structure quality to near atomic resolution. To reveal the structure – function relationships 
of PIC complexes, we combine X-ray, NMR and Cryo-EM structures with biochemical and biological data. The latest 
results obtained will be presented at the meeting.  
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Introduction: The Hepatitis E virus (HEV), a +ssRNA virus and member of the family Hepeviridae, is the most 

common cause of viral hepatitis with more than 20 Mio cases per year. Despite more than 3 Mio symptomatic cases 
and almost 70.000 death annually, HEV is a long-neglected, still under-reported, under-diagnosed and under-
investigated health burden. 
Objectives: We aimed to identify novel host- and restriction factors of HEV to shed light on both the viral life cycle 

and the cellular immune response against the virus. Deciphering virus-host-interactions will not only be essential for 
a detailed understanding of HEV but also endorse the development of novel antiviral strategies targeting viral host 
factors. 
Material and Methods: Human hepatoma cells and an antibody based microarray with 613 phosphosite-specific 

and 265 pan specific antibodies were used to detect differences in protein expression and phosphorylation in cell 
signaling pathways, caused by HEV replication. Resulting hits were validated by using FDA-approved Inhibitors in 
both HEV full life cycle infection and replication assays. 
Results: More than 120 changes, including 54 overlapping hits, in protein expression and phosphorylation were 

detected 12h and 48h post HEV challenge. HEV replication induced a phosphorylation of mitogen-activated protein 
kinases and cyclin dependent kinases (CDKs). Selective inhibiton of CDK6 with two FDA-approved drugs facilitated 
the replication of different HEV genotypes, but not hepatitis C virus. Furthermore, the inhibition of CDK6 lead to 
increased progeny virus production in HEV full life cycle infection assays. 
Conclusion: An antibody microarray technology uncovered that HEV causes a brought mobilization of host cell 

pathways. Selective chemical inhibition of CDK6 specifically facilitated HEV replication, arguing for a potential role of 
CDK6 in the antiviral response against this pathogen. A detailed analysis of the CDK6 pathway, including knockout 
cell lines as well as ectopic expression of CDK6, will define the role of CDK6 during HEV infection. Further 
validations of the antibody microarray hits will identify more host and restrictions factors, next to CDK6. 
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What about HBV genotypes in a tertiary University hospital of Portugal? 
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Introdution: The worldwide geographical distribution of Hepatitis B Virus (HBV) genotypes is different from one 

country to another and depends largely on migratory patterns. Genome-wide nucleotide divergence studies identified 
9 distinct genotypes with a possible 10th, named from A-I plus J (Borneu) and several sub-genotypes. The 
heterogeneity of HBV genotypes seems to be related with its geographic distribution, its potential to affect the clinical 
evolution of infection, and response to antiviral treatment. In HBeAg–positive CHB patients, HBV genotype is a 
predictor of response. Genotypes A/B showed association with higher rates of HBeAg seroconvertion/HBsAg loss 
than genotypes C/D. Other studies showed CHB patients with C genotype presented more severe hepatic disease 
than those with B genotype. 
Altogether, HBV genotyping is now a mandatory test before treatment. 
Aims: Determine the distribution of HBV genotypes in a Portuguese University Hospital. 
Methods: 1601 samples coming from patients with clinical acute or chronic HBV infection with positive HBV-DNA. 

Kits/equipments used: 1- Sample handling-laminar flow chamber class II-(Telstar); 2- Nucleic acids extraction: 
easyMAG-(Biomerieux); 3- CobasAmpliprep/CobasTaqman HBV2.0-(Roche); 4- BiometraThermocycle 5-Auto-
LIPAHBV Genotyping (Innogenetics/Fujirebio)/DNAsequencing TrugeneHBVgenotyping-(Siemens); 6- 191 
Negative/positive controls for each run performed; 7- Use of Proficiency panels Inno-Lipa-HBV Genotyping. 
Results: GenotypeA:24,98%; GenotypeB:0,56%; GenotypeC:1,18%; GenotypeD:32,4%; GenotypeE:11%; 

GenotypeF:1.81%; GenotypeG:0,31%; GenotypeH:0%; Mixed infections:1,87%; Genotype I and J: not available. 
Undetermined results (viral load<100UI/ml):19.6%. 
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Conclusions: As expected in an European country, at this Hospital, genotype D is more prevalent followed by A and 

E. We also found many other genotypes probably because of immigrants and close relations with countries of Africa 
and Asia. The majority of mixed infections are generally found in drug addicts. DNA HBV Sequencing method was 
more sensitive with low viral load samples. In high viral load, Inno-Lipa seems to be faster and with good acuracy. 
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The host DHX9 DExH Box helicase is recruited to Chikungunya virus replication complexes for optimal 
genomic RNA translation 
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Introduction : The re-emergence of the chikungunya virus (CHIKV), an alphavirus that is transmitted to humans by 
Aedes mosquitoes, is a serious global health threat. In absence of effective antiviral drugs CHIKV infection has a 
significant impact on human health with chronic arthritis being one of the most serious complications. The 
understanding of host-virus interactions is a prerequisite to the development of targeted therapeutics capable to 
interrupt viral replication and transmission. 
Aims : DHX9, an essential ATP-dependent DExH box helicase, plays a pivotal role in the replication/sensing of 

various RNA viruses. On account of evidences of direct interactions with Sindbis virus non-structural proteins (nsPs) 
and Semliki Forest virus replication complexes, the present study was designed to investigate DHX9/CHIKV 
interactions and to establish the functional role played by this RNA helicase in CHIKV multiplication cycle. 
Results : Here we show that, while DHX9 nuclear expression is significantly decreased in CHIKV-infected cells, a 

fraction of this helicase is redistributed to plasma membrane-proximal cytoplasmic foci that stain positive for nsP3 
and dsRNA replication forms. Using immunoprecipitation experiments we established that DHX9 complexes with 
CHIKV genomic RNA and nsPs in infected cells, and confirmed the capacity of DHX9 to directly bind nsP3, mainly in 
the hypervariable domain in the absence of infection. Reducing the cellular pool of DHX9 with siRNA or 
CRISPR/Cas9 genome editing significantly enhanced CHIKV RNA synthesis in the long term, independently of IFN-I 
modulation. By contrast, early nsPs expression was dramatically decreased suggesting that DHX9 is required for 
optimal translation of CHIKV nsPs. 
Conclusion : Altogether this study identifies DHX9 as a novel cofactor recruited to CHIKV replication complexes 

that differently regulates the various steps of CHIKV life cycle. Because of its capacity to enhance nsPs synthesis 
whilst downregulating RNA synthesis, DHX9 may therefore coordinate nsPs translation and RNA replication. 
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The KSHV Portal Protein ORF43 is Essential for Production of Infectious Viral Particles 
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Kaposi’s sarcoma-associated herpesvirus (KSHV) is a cancer-related herpesvirus which is etiologically implicated in 
Kaposi’s sarcoma, primary effusion lymphoma and multicentric Castleman’s disease. Infectious KSHV particles 
consist of a double-stranded DNA genome packed within an icosahedral capsid which is coated with a 
proteinaceous tegument layer and an external phospholipid bilayer envelope. Like other herpesviruses, the KSHV 
capsid contains a dodecameric ring-shaped structure, termed portal, which functions as a gate for packaging and 
ejection of the viral DNA. 
The present study focuses on open reading frame (ORF) 43 encoding the putative KSHV portal protein. We 
generated a rabbit polyclonal antiserum against ORF43, and demonstrate late expression kinetics and nuclear 
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localization of this protein. We constructed a recombinant KSHV mutant which fails to express ORF43, and 
demonstrate that this mutant fails to produce infectious viral particles. Yet, ectopic expression of ORF43 protein, with 
or with no tag, rescued the production of infectious particles that were able to establish latent infection. ORF43 
antiserum and the recombinant virus will be used to study the portal functions and interactions, which could enable 
the development of drugs that target this structure. 
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Dynamic transcriptome landscape of Vaccinia virus revealed by long-read sequencing approach 
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Introduction 
The Vaccinia virus (VACV) belongs to the Poxviridae family, it has a 194 kbp long, linear dsDNA genome, containing 
about 220 protein coding genes. VACV was used worldwide to eradicate human smallpox in the last century. Its 
unique feature is that VACV replicates in the cytoplasm, the viral genome contains the enzymes required for 
replication and transcription. 
Aims 
Several traditional methods including short-read sequencing techniques (SRS) has been already used to resolve 
transcriptional start and end sites (TSSs, TESs) of VACV, however variable read-trough or polycistronism has 
remained hidden in the VACV transcriptome. Despite the scientific relevance of VACV, no long-read sequencing 
techniques (LRS) have been adopted for VACV transcriptome to date. The aim of this study was the transcriptional 
reannotation of VACV, description of potential new TSSs and TESs and discovery of transcript length isoforms. 
Methods 
The WR strain of VACV was used to infect CV-1 cells. RNA samples were sequenced in different time points on 
PacBio-RSII, PacBio-Sequel and Oxford Nanopore Technologies MinION platforms. In different combinations 25 
various library preparations were analysed based on direct RNA-, or cDNA-sequencing after oligo(dT)-primed 
reverse transcription (RT) with or without cap selection or random hexamer primed RT. 
Results 
We obtained 661,165 mapped viral reads, and identified more than 1100 novel viral transcripts and isoforms 
altogether. We described hundreds of bi-, polycistronic and complex transcripts, which were not known earlier. 
These transcripts represent interestingly long transcriptional overlaps, alternative initiation and termination sites. The 
transcriptional profile changes dynamically during the course of the viral infection. 
Conclusion 
Our data suggest a more complex transcriptomic pattern in VACV than it was previously known, with an unexpected 
stochasticity in the post-replicative phase. These characteristics of transcription are uncommon among large DNA 
viruses and they might show a new form of viral gene regulation. 
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Aims 

Binding of influenza virus to the host cell surface involves a multitude of weakly interacting hemagglutinin-glycan 
pairs. Therefore, several virus properties (e.g. fitness and zoonotic potential) are suspected to rely on the multivalent 
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and highly dynamic character of this interaction. The overall binding strength in such multivalent system will be 
dependent, in a non-linear way, on the number of interactions involved giving rise to super selectivity towards high 
glycan coverage. Quantification of these interactions leads to a better understanding of the binding energy 
landscapes. Therefore, we aimed to develop a method to easily assess these multivalency principles. 
Methods 

We developed a unique micro-fluidic device with stable locked-in glycan gradients of biotin-modified lipids in 
supported lipid bilayers (SLBs). Influenza virus A/PR/8/34 and gradients of 2,3-S(LN)3, 2,6-S(LN)3 sialoglycans and a 
(LN)2 negative control were fluorescently labelled to quantify virus binding by fluorescence microscopy. We expected 
viruses to adhere where the surface coverage was high enough to bind a sufficient number of glycans and termed 
this the glycan density threshold. 
Results 

We observed low virus binding to our platform at low and high binding at high sialoglycan densities. Negligible 
binding was observed to our (LN)2 control glycan without a sialic acid or when virus was pre-incubated with an 
multivalent HA inhibitor (LPSGA5186). When fluorescence intensities were plotted against receptor density, a 
sigmoidal binding curve was observed with thresholds of around 2.0 pmol/cm² for the 2,3- and 3.3 pmol/cm² for the 
2,6-sialoglycan, indicating that this virus preferred the ‘avian’ 2,3-sialoglycan. 
 
Conclusions 

We have built a unique microfluidic device to mimic and quantitatively assess multivalent interactions at the virus-
host cell membrane. Our results showing super-selective virus binding support our vision that the rules of 
multivalency can be applied to describe virus binding dynamics to better understand the underlying mechanisms 
driving influenza virus evolution.  
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Human Langerhans cells transmit DENV-2 to dendritic cell subsets 
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Dengue virus (DENV) is an enveloped positive single stranded RNA (ssRNA) flavivirus that infects around 390 
million people per year. At the moment there is no treatment or vaccine available against infection with DENV. DENV 
is introduced into the human epidermis via mosquitos bites. Therefore, a specialized subset of epidermal dendritic 
cells (DCs) named Langerhans cells (LCs) might be the initial target of DENV. Here, we have investigated the role of 
LCs in DENV-2 infection and transmission using an ex-vivo epidermal human skin infection model and primary 
isolated LCs. Notably, DENV-2 infected primary human LCs ex vivo as well as in vitro. DENV-2 infection of LC was 
dependent on the LC-specific C-type lectin receptor Langerin as inhibition blocked infection. Moreover, infected LCs 
transmitted the virus to monocyte derived and dermal DCs. LC-DC transmission was dependent on productive 
DENV-2 infection of LCs and the interaction between LCs and DCs. These results provides evidence that human 
LCs are a first target for DENV-2 and mediate dissemination of the virus to other cells including dermal DCs and 
potentially other professional phagocytes like macrophages and monocytes. While LCs have an antiviral function 
during HIV-1 infection, this study strongly suggest Langerin and LCs are involved in DENV-2 dissemination. 
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A conserved feature among positive-sense RNA viruses is the hijacking and remodeling of host intracellular 
membranes to provide a niche for viral RNA synthesis. In the case of coronaviruses (CoV) this leads to the 
accumulation of double-membrane vesicles and other double-membrane structures to which the viral replication and 
translation complex (RTC) is anchored. 
During a previous screen aiming at elucidating host factors located in close proximity to the viral RTC during 
infection, we identified Reticulon 4 (RTN4) which was comprised within the molecular microenvironment of CoV 
replication compartments. RTN4 is a member of the reticulon family of membrane-associated ER proteins. Their 
ability to induce and stabilize membrane bending has implicated these proteins in the biogenesis of viral replication 
compartments and reticulon proteins have been shown to be required for the replication of diverse +RNA viruses. 
Here we investigated whether reticulons have a similar function during the CoV replication cycle. Using a 
combination of immunofluorescence and electron microscopy approaches, the subcellular localization of RTN4 was 
assessed during CoV infections. We found that RTN4 is recruited and enriched at the viral RTC at early time points, 
and remained associated during the entire course of both human and mouse CoV infections. In addition, 
ultrastructural analysis showed that RTN4 accumulates near characteristic CoV-induced membranous replication 
structures. 
In order to gain insight into virus-host interactions at the CoV RTC, we used RTN4 as a bait for proximity-dependent 
labelling followed by mass spectrometric identification, which revealed a comprehensive catalogue of RTN4-
associated factors during CoV infection. Together with functional assessment of identified protein complexes, these 
results provide insights into mechanisms of CoV-induced replication compartment biogenesis. 
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The vGPCR pUS27 of HCMV induces the expression of chemoattractant cytokines and is restrained by PDZ 
proteins regulating epithelial polarity 
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Herpesviruses encode multiple G protein-coupled receptor homologues (vGPCRs) that have acquired unique 
properties to modulate cellular signaling. Here, we report that the vGPCR pUS27 of human cytomegalovirus 
shortcuts NF-κB activation via an interaction with TNF receptor associated factor (TRAF) 6 without the engagement 
of G proteins. Since a direct coupling of TRAF6 to a GPCR has not been described so far, this mechanism appears 
to be unique and relates pUS27 to viral proteins such as LMP1 of Epstein Barr Virus which induce NF-κB via 
targeting key regulators of the canonical NF-κB pathway. Interestingly, disruption of a PDZ domain-binding motif at 
the C-terminus of pUS27 strongly enhances signaling indicating that the activity of this vGPCR is restrained by 
cellular PDZ proteins. A mass spectrometry-based analysis identified the factors that interact with the pUS27 C-
terminus. Most prominent among them were components of signaling complexes which are involved in the 
establishment of apical-basolateral polarity in epithelial cells (e.g. Par3). In order to further investigate the 
consequences of pUS27-dependent NF-κB activation, we performed a cDNA array to identify cellular genes 
regulated by US27. Using a 293 cell line with doxycycline-inducible expression of US27-FLAG we show that pUS27 
strongly induces the mRNA levels of specific chemoattractant cytokines when it is uncoupled from negative 
regulation by PDZ proteins. Infection experiments of primary fibroblasts with pUS27 mutant cytomegaloviruses 
indicate that pUS27 is crucial for the regulation of specific cytokines during viral infection. Altogether, our data reveal 
a unique TRAF6-dependent signaling activity of this vGPCR which is switched off by Par3-mediated membrane 
association and released upon receptor internalization. Since pUS27 signaling is able to elicit a strong upregulation 
of specific cellular cytokine mRNAs we propose that this vGPCR acts as a molecular switch to induce the expression 
of chemoattractant cytokines fostering viral dissemination. 
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Preservation of Coronavirus genome integrity 
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Question: 
Coronaviruses (CoVs) are positive-stranded RNA viruses with the largest known genome of approximately 30 kb. In 
order to maintain genome integrity CoVs feature an exoribnoclease (ExoN) activity residing in non-structural protein 
(nsp) 14 within the viral replication complex. The ExoN activity is proposed to remove and/or repair misincorporated 
nucleotides, therefore acting as the first known RNA proofreading enzyme encoded by RNA viruses. However, 
beside the ExoN activity, CoVs encode a second ribonuclease, an endoribonuclease (EndoU), residing in nsp15. It is 
yet unknown if the CoV ExoN- and EndoU-activities cooperate to increase fidelity of CoV RNA synthesis and to 
maintain CoV genome integrity.  
Methods/Results: 
In order to elucidate the role of the EndoU activity in the context of CoV genome integrity, we analyzed single and 
double ExoN/EndoU mutant viruses. The murine hepatitis virus (MHV)-A59 nsp14 mutant with disrupted ExoN 
activity shows the previously reported low fidelity phenotype resulting in increased accumulation of mutations upon 
passaging. We have now addressed if the EndoU activity encoded in nsp15 may have a similar function in the 
context of coronavirus RNA proofreading. Using the two mutagens 5-Fluorouracil (5-FU) and Ribavirin (RBV) we 
were able to show that the MHV nsp15 mutant with disrupted EndoU activity, is not affected by the mutagens 
treatment. Next generation sequencing technology method was used to determine differences of full genomes 
between 5-FU and RBV treated MHV population. Moreover, 5-FU-treatment of the ExoU/EndoU double mutant 
revealed a fidelity phenotype similar to the ExoN single mutant virus, suggesting that the coronavirus endonuclease 
activity is not or only to minimal extent involved in coronavirus RNA proofreading. 
Conclusion: 
These findings are highly interesting since it has been speculated that the CoV ExoN- and EndoU-activities may 
cooperate in RNA proofreading. Our results indicate that the CoV EndoU activity does not contribute to the 
maintenance of CoV genome integrity. It will be interesting to test additional nonstructural proteins for their role in 
genome integrity maintenance. A detailed understanding of virus replication and maintenance of genome integrity 
will help to design new therapeutic strategies against coronaviruses. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PC43 
 
Characterization of Chikungunya virus-host protein complexes involved in viral attachment and entry 

L De Caluwé
1
, K Bartholomeeusen

1
, S Coppens

1
, S Daled

2
, M Dhaenens

2
, D Deforce

2
, X Van Ostade

3
, K Ariën

1
 

1
Institute of Tropical Medicine, ANTWERP, België 

2
Progentomics, GENT, België 

3
University of Antwerp, ANTWERP, België 

 
 
Arboviruses are unique in that they are maintained in nature by cycling between vertebrate hosts and 
hematophagous invertebrate vectors. Chikungunya virus, a positive stranded RNA alphavirus belonging to the 
Togaviridae family, recently reemerged causing multiple outbreaks around the world. Chikungunya infection is 
characterized by a febrile illness accompanied by debilitating myalgia and arthralgia which can evolve into chronic 
arthritic pains in up to 30% of patients. Currently, no specific antiviral treatment or vaccine is available and treatment 
relies on symptomatic relief. 
Generally, alphaviruses enter the cell via clathrin-mediated endocytosis. Viral entry is supported by the structural 
envelope proteins E2 and E1, they facilitate receptor binding and fusion respectively. Different experimental 
approaches have been applied previously to identify receptor(s) molecules responsible for Chikungunya virus 
binding and entry in human and mosquito cells. 
We performed affinity purification coupled to mass spectrometry (AP-MS) to identify possible receptor(s) of 
Chikungunya virus in both human and mosquito cells. Therefore, we transiently expressed the N-terminally Strep-
tagged, full-length envelope gene in 293T (human) and C6/36 (mosquito) cells. Affinity purifications were digested 
on-bead and analyzed by mass spectrometry. MiST analysis allowed the identification of 39 human proteins with a 
confidence score higher than 0.8. Twelve proteins were selected for further validation with CRISPR/Cas9 knock-out 
cells. Three separate AP-MS experiments in C6/36 cells led to the identification of 31, 58 and 11 proteins with a 
MiST score higher than 0.7 . 
Knock-out experiments in 293T cells resulted in the identification of the CD147-CD98 protein complex as possible 
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entry factor. Currently, CD147 is being further analyzed for its role in viral entry using different competitive inhibitors 
(e.g. monoclonal antibodies, recombinant proteins and chemical compounds) and back complementation 
experiments. 
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In vitro evolution identifies a mutation in the Ebola virus glycoprotein that reduces the dependence of host 
cell entry on cellular cysteine proteases 
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Introduction: 

Ebola virus (EBOV) infection can cause a life-threatening disease with case-fatality rates of up to 90%. After 
attachment to target cells, EBOV particles are taken up into endosomal vesicles in which the viral glycoprotein (GP) 
is proteolytically processed by the cellular cysteine proteases cathepsin (Cat) B and L. This step enables EBOV-GP 
to subsequently bind to the cellular protein Niemann-Pick C1, which is essential for the subsequent fusion of viral 
and cellular membranes and the ensuing releases of the viral genome into the cytoplasm. Because of their 
indispensable role in the EBOV lifecycle, host factors like Cat B/L are attractive targets for antiviral therapy. 
Objectives: 

We aimed to analyze whether EBOV-GP possesses the evolutionary potential to adapt to low levels of Cat B/L 
activity. 
Materials and Methods: 

We employed a replication-competent vesicular stomatitis virus (VSV) that expresses EBOV-GP instead of the 
parental VSV glycoprotein, VSV-EBOV. This virus was passaged on Vero E6 cells that were treated with CatB/L 
inhibitor at a concentration that severely reduced but not abolished host cell entry. Finally, the EBOV-GP open 
reading frame (ORF) of the passaged virus was sequenced and the identified mutations were analyzed for their 
impact on the dependence of EBOV-GP-driven host cell entry on Cat B/L activity. 
Results: 

Following five passages of VSV-EBOV on inhibitor-treated cells, a single amino acid exchange in EBOV-GP was 
identified. When compared side-by-side, growth kinetics of passaged (P5) and unpassaged (P0) viruses were 
identical for untreated cells. In contrast, VSV-EBOV P5 had a replicative advantage in inhibitor-treated cells. In order 
to eliminate that potential mutations located outside the EBOV-GP ORF contribute to the phenotype described 
above, we cloned the EBOV-GP ORF from VSV-EBOV P5 and produced virus pseudotypes harboring either 
wildtype (wt) or mutant (P5) EBOV-GP. When pseudotypes were inoculated onto inhibitor-treated target cells it was 
revealed that EBOV-GP P5 was less dependent on Cat B/L activity than EBOV-GP wt. 
Conclusion: 

In sum, we identified a mutation in EBOV-GP that reduces the CatB/L-dependence of GP-driven host cell entry. 
Moreover, our results suggest that authentic EBOV may rapidly adapt to conditions of limiting CatB/L activity. 
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Human coronavirus NL63 is a widely distributed human pathogen, associated with infections of the upper and lower 
airways of moderate severity. Coronaviral particle is constructed of E (envelope), M (membrane), S (spike), and 
ORF3, which form viral envelope shielding the dense core containing the N (nucleocapsid) protein complexed with 
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the viral RNA. 
We have successfully expressed major viral proteins E, M, S and N in insect cells using baculovirus system, and we 
produced HCoV-NL63 virus-like particles (VLPs). Our study allowed for structural and functional characterization of 
obtained VLPs, and intriguingly we discovered that VLPs armed with the S protein selectively enter cells expressing 
ACE2 protein. Further, we confirmed that HCoV-NL63 VLPs, similarly to the native virus, use heparan sulfate 
proteoglycans (HSPG) as adhesion receptors. Surprisingly, we observed this interaction also for VLPs deprived of 
the S protein, what suggested that other structural proteins may take part in this process; indeed, antibodies directed 
to the M protein blocked this interaction. Furthermore, we have mapped the site responsible for interaction with 
HSPG on the M protein and confirmed its relevance using a viable virus. Importantly, in silico analysis of the region 
responsible for HSPG binding in different clinical isolates and the Amsterdam I strain did not show any signs of cell 
culture adaptation. 
While it is generally believed that the coronaviral S protein is responsible for interaction with the receptor, our results 
indicate that M protein is also an important player during early stages of HCoV-NL63 infection and the concerted 
action of these two proteins is important for effective infection. We believe that this study not only broadens our 
understanding of HCoV-NL63 biology but may also alter the way we perceive the first steps of the infection with the 
virus. 
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Introduction | Alphaherpesviruses replicate productively in keratinocytes, fibroblasts, epithelial cells, and neurons; 

however infection is restricted in immune cells such as macrophages or dendritic cells. We hypothesize that immune 
cells might express more cytosolic proteins compromising the trafficking or stability of cytosolic capsids during cell 
entry upon viral fusion with host membranes and during nuclear egress and virion assembly. 
Aims | Compare the infection of herpes simplex virus (HSV-1) in permissive and restrictive cell types and identify 

host factors perturbing cytosolic capsids. 
Methods | HaCaT keratinocytes, retinal pigment epithelia, Vero cells, fibroblasts, macrophages or monocyte-like 

differentiated THP cells were infected with HSV-1 and analyzed for virus production, viral gene expression, and 
subcellular localization of incoming capsids. To identify novel restriction factors, we conducted a genome-wide 
siRNA screen for HSV-1 GFP reporter expression in Hela cells. 
Results | In comparison to the keratinocyte and epithelial cells, differentiated THP cells yielded lower titers by 12 to 

20 hours post infection. In accordance, HSV-1-mediated GFP or luciferase expression were delayed in 
macrophages. Furthermore, confocal fluorescence microscopy studies showed that nuclear targeting of incoming 
capsids was compromised in macrophages. Here, the capsids often agglomerated in the cytoplasm and co-localized 
with DNA suggesting capsid destabilization and premature viral genome release. We identified over 150 potential 
restriction factors whose silencing by RNAi doubled HSV1-GFP expression. Our potential hits included an ubiquitin-
specific protease USP9X, and its interaction partner E3 ligase ITCH. We generated RPE cell lines knockout for 
USP9X or ITCH to investigate HSV-1 infection and the subcellular capsid fate in the absence of these two potential 
restriction factors. 
Conclusion | Our studies suggest that incoming HSV-1 capsids were more likely to be targeted in macrophages 

than in epithelial cells leading to premature disassembly and viral genome release in the cytoplasm of macrophages. 
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Hepatitis E viruses (HEV) are an important enterically transmitted cause of viral hepatitis. The HEV RNA genome is 
single-stranded, positive-sensed encoding 3 ORFs(ORF1- 3). Although ORF3 has a viroporin structure and is 
required for viral propagation in macaques, its exact role remains unclear. In the present study, we dissect the 
function of ORF3 via reverse genetics and infectivity studies, both in vitro as in the liver humanized mouse model. 
A genotype 3 HEV strain (Kernow C1, P6) was used as backbone to construct ORF3 mutant viruses. Virus stocks 
were produced by transfecting in vitro transcripts into Huh-7 (clone S10-3) cells followed by gradient 
ultracentrifugation to purify intracellular non-enveloped virions. uPA-NOG and TK-NOG mice were transplanted with 
human hepatocytes from a single donor and inoculated iv with above mentioned ORF3 mutant viruses (6 log 
geq/mouse) upon establishment of a stable graft. Weekly feces and serum samples were obtained during the 6-
weeks infection course, after which animals were sacrificed and liver and bile were collected for viral load 
determination by multiplex qPCR. 
Three ORF3 mutants were generated: an ORF3del mutant that contains a mutation in the start codon, a PSAP 
mutant that contains mutations in the C terminal late domain, and a CCC mutant that contains mutations in the N 
terminal cysteines 11-13. Replication and infectivity of all 3 mutants were comparable to the wild type (WT) HEV in 
hepG2 cells. WT, ORF3 and the PSAP mutant predominantly localized to the apical membrane, whereas the CCC 
mutant was predominantly cytoplasmic. In livers of humanized mice comparable HEV RNA levels were present in 
WT, PSAP and CCC inoculated mice. None of the ORF3del mutants proved infectious in vivo. While all WT 
inoculated mice had detectable HEV RNA in bile and feces, only 1/4 PSAP mutant inoculated mice showed 
quantifiable HEV RNA levels in bile and feces. The HEV CCC mutant was barely detectable in and negative in fecal 
samples. Despite this, serum titers between WT-HEV PSAP and HEV CCC mutant viruses were comparable. 
Overall this corroborates the importance of ORF3 in HEV propagation in vivo and suggests a role of a putative 
palmitoylation site at the N-terminus of ORF3 in secretion of HEV into the biliary canaliculi. 
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Recombinant bat-derived mumps virus replicates in human cells, interferes with innate immunity and is 
neurovirulent in rats 
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Introduction: Bats are known to be the reservoir of a variety of viruses. In recent years, especially members of the 

Paramyxoviridae family have been detected in bats. Attempts to detect viral nucleic acid and/or neutralizing 
antibodies in bats have been quite successful; however, the isolation of infectious viruses from bats is still 
challenging. The genome of a rubulavirus closely related to human mumps viruses (hMuV) was detected in African 
fruit bats, batMuV. Given that no infectious batMuV isolate was available, previous studies focused on the 
functionality of the two surface glycoproteins which mediate the viral entry process, whereas other aspects such as 
the host range or the zoonotic potential of batMuV remained unclear. 
Aims: Given that the characterization of novel viruses is often hampered by the lack of infectious isolates, we 

generated recombinant batMuV to enable the further characterization of this virus. 
Methods: Authentic recombinant batMuV has been generated by reverse genetics and subjected to in-vitro studies 

to investigate viral growth kinetics in mammalian cells, receptor binding and proteolytic activation, as well as the 
interference of batMuV with the IFN and NF-κB signaling pathway. In addition, in-vivo studies investigated the 
neurotoxicity of batMuV in a rat model. 
Results: BatMuV was able to replicate in mammalian cells of bat, human and simian origin. The viral entry of 

batMuV relayed on the binding to sialic acids and proteolytic activation by cellular furin. The non-structural proteins V 
and I interfered with innate immunity by blocking IFN induction, whereas batMuV SH inhibited NF-κB activation and 
translocation in human and bat cells. The neurovirulence score of batMuV was comparable to that of virulent wild-
type hMuVs. 
Conclusion: The ability of batMuV to replicate in human cells, its immunomodulatory function and the striking 
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similarities between hMuV and batMuV point at the zoonotic potential of this virus. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PC49 
 
Encephalomyocarditis virus infection induces the release of phenotypically and functionally diverse 
extracellular vesicle subsets 
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Traditionally, naked virus dissemination and antiviral responses have been studied under the premise that viral 
progeny is solely released as naked virions upon lysis of infected cells. Importantly, we and others recently 
discovered that virus particles can also be sorted into extracellular vesicles (EV), enabling the release of virions 
cloaked by a host-derived lipid envelope in the pre-lytic phase of infection. Mechanistic understanding of how these 
EV-enclosed viruses may facilitate either infection or antiviral immunity is still limited. 
 
Here, we use our expertise in molecular characterization of EV to refine our understanding of the role of EV during 
infection with the cardiovirus EMCV (encephalomyocarditis virus). EV released by infected cells were separated into 
subpopulations by differential ultracentrifugation and purified using density gradient centrifugation. Viral or host-
derived EV contents were analyzed by western blot and end-point titration. In addition, we employed a unique, in-
house developed high-resolution flow cytometric sorting approach to quantify EV and assess their infectious 
potential at the single particle level. 
 
We report the release of EMCV in multiple subsets of EV during the prelytic phase of the infection. Virus-containing 
EV sedimented at 100,000xg (100K EV) and 10,000xg (10K EV), but differed in their respective release kinetics. In 

addition, these EV subsets carried host proteins indicative of distinct formation routes, marked by the enrichment of 
LC3 vs. CD9. Furthermore, we demonstrate that within both 100K and 10K vesicle populations, EV subsets with 
strong differences in infectious potential were present, indicating functional diversity among virus-induced EV. 
  
Combined, our data shows that the EV released upon EMCV-infection are heterogenous with regard to subcellular 
origin, molecular content, and potential to spread infection. Awareness of heterogeneity in virus-induced EV is 
essential to further delineate their role in infection, as distinct pro-viral or pro-host functions may be ascribed to 
different EV subpopulations. 
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Upon wounding of the skin or during recurrent infection, dermal fibroblasts are the natural target cells of the human 
pathogen herpes simplex virus 1 (HSV-1). Primary murine dermal fibroblasts are highly susceptible to HSV-1. 
However, it is still unknown how the virus overcomes the skin barriers and penetrates into the dermis to reach the 
fibroblasts. To characterize the viral entry process into the dermis, we established an ex vivo infection assay of 
murine tail dermis. After separation of the epidermis from the dermis, ex vivo infection studies revealed single 

infected cells in the upper dermis of 3-week-old mice at 5 h postinfection with increasing infection efficiency at later 
time points. In comparison to isolated dermal fibroblasts, the onset of infection in the dermis is delayed suggesting 
that the tightly packed dermal extracellular matrix provides a barrier that the virus must first overcome to reach its 
receptors. Interestingly, dermal tissue of 6-month and 12-month-old mice showed a delay in HSV-1 infection. This 
observation correlates with a decrease in nectin-1-expressing cells during ageing while the number of HVEM-
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expressing cells remained stable as shown by flow cytometry. The delay of infection in comparison to the availability 
of nectin-1 and HVEM as receptors is in line with our recent infection studies in dermal fibroblasts (Petermann et al., 
JVI 2015). Thus, we conclude that the virus can penetrate the dermal matrix to reach its target cells. The onset of 
infection in murine dermis varies during ageing due to the reduced availability of the major receptor nectin-1. 
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Introduction 
Orthobunyaviruses are arthropod-borne viruses with zoonotic species such as Oropouche virus or La Crosse virus 
causing mild to severe diseases in humans. Other zootic species such as Schmallenberg virus are important 
livestock pathogens. The virions display two glycoproteins, Gn and Gc, on their envelope. Whereas the ectodomain 
of Gn is relatively small with about 200 amino acids, the ectodomain of Gc is about 900 amino acids large. Gc 
catalyzes membrane fusion in host endosomes and is also the primary target of neutralizing antibodies. 
Aims 
To gain mechanistic insight into membrane fusion and antibody neutralization, we set out to investigate the 3D 
structure of Orthobunyavirus Gc in the presence or absence of antibody fragments. 
Methods 
Structure determination of Gc fragments and their immune complexes was done by X-ray crystallography. Point 
mutations in the putative target-membrane-interacting region were investigated using liposome co-floatation 
experiments and cell-cell fusion assays. The antigenicity of individual domains within Gc was analyzed by selective 
antibody depletion and subsequent neutralization tests of reconvalescent-phase ruminant sera after experimental 
infection with Schmallenberg virus. 
Results & Conclusion 
We show that the C-terminal half of the Gc ectodomain constitutes a class II viral membrane fusogen adopting the 
trimeric postfusion conformation in our crystals. Similar to Hantavirus Gc, the target-membrane-interacting region of 
Orthobunyavirus Gc is composed of three loops. The N-terminal half of Orthobunyavirus Gc fits into the cryo-ET map 
of the spike forming a trigonal pyramid that overtops the membrane fusion machinery. We demonstrate that the head 
domain of this spike is the principal target of neutralizing antibodies against Schmallenberg virus in ruminants. 3D 
structures of two neutralizing antibodies bound to the head domain indicate that in context of the infectious particle 
these antibodies would perturb the quarternary structure of the spike. Our results have implications for subunit 
vaccine design. 
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Unravelling the spatiotemporal dynamics of virus-receptor interactions during HCV entry 
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Entry of enveloped viruses is a process that commonly includes attachment of the viral particle to the cell surface, 
interaction with cellular receptors, internalization into vesicular compartments and endosome-to-cytosol release of 
the viral genome. While molecular partners involved in these processes are relatively well-described, there is a lack 
of knowledge regarding our understanding of the spatiotemporal recruitment of the viral entry factors involved. 
Occludin (OCLN) is a major HCV entry factor, which is part of the structural protein complex composing the tight 
junctions (TJs) at hepatocytic cell-cell contacts. Yet, how HCV particles meet with their receptor at the cell surface 
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remains unclear. Indeed, whether particles slide at the surface of the cell toward the TJs or in contrast, whether “out-
of-the-TJ” OCLN diffuses toward immobile particles remain controversial. 
 Here, we characterized the spatiotemporal dynamics of HCV-OCLN interactions using 3D live cell imaging. To this 
end, the genome of human hepatocarcinoma-derived cells (Huh7.5.1) was edited using Crispr/Cas9 to insert a 
sequence coding for a fluorescent protein up/downstream of the receptor’s genes to obtain cells expressing 
endogenous levels of fluorescently labeled viral receptors. The permissiveness of the EGFP-OCLN

+/+
 edited cell line 

was characterized and the impact of the tag on OCLN function and distribution was assessed. In parallel, we 
produced a fluorescently labelled replication-competent HCV virus and performed live cell imaging of single viral 
particles infecting gene-edited cells. Image analyses revealed that endogenous OCLN is recruited outside TJs to 
interact with incoming HCV particles. Strikingly, we found that the amount of OCLN beneath HCV particles correlated 
with a change of the diffusive pattern of the virus. Further work is ongoing to statistically characterize the behaviour 
of these events and to identify the underlying mechanisms involved. Our work shed light on an important virus 
subversion strategy in which TJ-associated proteins are relocated by a mechanism that remains to be determined. 
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The enterovirus genus (family Picornaviridae) encompasses a large number of important human pathogens 
including poliovirus, coxsackievirus, enterovirus-A71, and rhinoviruses. Like all positive-strand RNA viruses, 
enteroviruses rearrange host cell membranes to build replication organelles (ROs) to facilitate viral genome 
replication. Phosphatidylinositol 4-kinase IIIβ (PI4KB) is an essential host factor required for enterovirus RO 
formation. The enteroviral 3A protein recruits PI4KB to ROs, but the exact mechanism remains elusive. Since 3A 
binds the Golgi-localized protein acyl-coenzyme A binding domain containing 3 (ACBD3), a known interactor of 
PI4KB, it has been suggested that 3A recruits PI4KB via ACBD3. Yet the importance of the 3A-ACBD3-PI4KB 
complex for enterovirus replication has never been assessed. In this study, we investigated the importance of 
ACBD3 for enterovirus replication and the role of ACBD3 in PI4KB recruitment. ACBD3 knockout impaired 
replication of representative viruses from six human enterovirus species. In the absence of ACBD3, PI4KB 
recruitment was not observed and individually expressed 3A was mislocalized. Reconstitution of wild-type ACBD3 
restored PI4KB recruitment, 3A localization, and virus replication, while ACBD3 mutants that cannot bind 3A or 
PI4KB did not restore virus replication. Consistently, reconstitution of a PI4KB mutant that cannot bind ACBD3 failed 
to support virus replication in PI4KB

KO
 cells and was not recruited by 3A. Crystal structures showed that different 

enterovirus 3A proteins interact with ACBD3 in a similar way. Kobuviruses, members of a different genus in the 
picornavirus family, also require and interact with ACBD3, and the kobuvirus 3A:ACBD3 structure was recently 
solved. Although enterovirus and kobuvirus 3A proteins interacted with ACBD3 in the same region, they wrapped 
around ACBD3 in opposite directions, which highlights a striking case of convergent evolution in ACBD3 recruitment 
by picornaviruses from different genera. Altogether, our data provide new functional and structural insights into the 
central role of ACBD3 in enterovirus replication. 
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Introduction: Human parechoviruses (HPeVs) can cause severe central nervous system infections in new-born 
babies. Mostly these are caused by HPeV type 3, but in 2012 we discovered several cases with HPeV4 caused 
sepsis like disease. So far there is little data on HPeV induced cytokine profiles. 
Aims: Our goal was to study which cytokines are induced by HPeVs and how the cytokine profiles differ between 
different virus types and isolates. 
Methods: We used two HPeV4 isolates, one HPeV3, one HPeV1 and one Coxsackievirus B3 (CBV3). As a control 
we used polyIC to study which cytokines are induced by dsRNA in cell lines. We used the human lung carcinoma 
cell line A549 and the glioblastoma cell line T98G. Infected cells and supernatant were collected at 24h, 48h and 72h 
post infection. Induced cytokines were screened using Proteome ProfilerÔ Human Cytokine Array Kit (R&DSystems, 
Inc.). Selected cytokines were analyzed by qRT-PCR from extracted RNA and by double staining using antibodies 
against viral protein, dsRNA and selected cytokines from fixed cells. 
Results: As expected, there were some differences in growth rate of viruses in both cell lines. All virus isolates 
showed somewhat different cytokine profiles, which also differed between cell lines. Similarities were seen between 
HPeVs and CBV3. The biggest difference was seen with IL-6; its expression was induced by all viruses in T98G, but 
repressed in A549. 
Conclusions: The results suggest that HPeVs induce similar cytokine profiles as CBV3. 
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Introduction: 

Small noncoding RNAs (sncRNA) are important actors in modulating gene expression in herpesviruses. Potential 
VZV-encoded sncRNAs were predicted recently by bioinformatic analyses of NGS data (Markus et.al., 2017). 
Expression of several were confirmed using stem-loop RT-PCR in VZV-infected human fibroblasts. We present here 
the results of stem-loop RT-PCR assay for the predicted VZVsncRNA in neurons and ARPE19 cells. 
Aim: To confirm expression of predicted VZV-encoded sncRNAs. 
Methods: 

ARPE19 cells or human embryonic stem cell-derived neurons were infected with a recombinant VZV expressing 
GFP as a fusion to ORF66. When about 70% of the cells were infected, cells and supernatant were collected, and 
small RNA was isolated. In order to eliminate viruses and cell membranes from the supernatant fraction, it was spun 
at 100Kxg for 2 hours before RNA extraction. Stem-loop RT-PCR was then perfomed. Normalization was to 
expression of human miR-26a. 
Results: 

Stem-loop RT-PCR revealed that at least 20 of the 24 VZVsncRNA could be detected in infected ARPE19 cells. 
Many of these are also expressed in virus infected neurons. Strikingly, no correlation was seen between levels of 
expression by stem-loop and NGS analysis. A subset of the VZVsncRNA were secreted by ARPE cells into the 
medium. The medium was negative for viral mRNA and DNA, and therefore it is possible that the secreted 
VZVsncRNA was present in exosomes. 
Conclusion: 

Twenty of the 24 VZVsncRNA that were predicted from NGS studies are expressed in infected ARPE19 cells, and 
many of these are also expressed by infected neurons. In addition to being present in the cytoplasm, some 
VZVsncRNA are secreted. This study is a further step in understanding the additional complexity of herpesvirus 
replication that sncRNAs add to expression control by proteins. 
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Breaching the wall: Structural studies of phage infection 
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Infection caused by antibiotic-resistant S. aureus strains are difficult to treat and can induce life-threatening 
symptoms (1). Phage phi812K1/420 from the family Myoviridae can infect 95 % of S. aureus strains, including those 
resistant to antibiotics. Such a wide host range makes the phage phi812K1/420 a promising agent for phage therapy 
(2,3). Tail spike protein (TSP) degrades S. aureus cell wall, creating a hole for tail tube insertion. Moreover, 
detachment of TSP triggers the tail sheet contraction and, eventually, phage genome release. TSP is located at the 
centre of the phage phi812K1/420 baseplate (4).  
We aim to obtain high-resolution structures of TSP from phage phi812K1/420 with combination of cryo-electron 
microscopy and X-ray crystallography. Structures will be evaluated both individually and upon fitting into the structure 
of the phage baseplate. Analysis of the TSP active site architecture will be complemented with zymography to define 
key determinants of the phage degradative machinery. 
Trimeric organisation of the TSP resulting in near 300 kDa protein assembly allowed to collect cryo-EM data for 
single-particle reconstruction. Preliminary results correspond with the overall TSP arrangement as observed in whole 
phage baseplate reconstruction.  
Achieving TSP characterisation from the structural and functional point of view will help to complete our 
understanding of the phage behaviour and infection. Comprehensive description of the phage phi812K1/420 is 
necessary for its approval as pharmaceutical agent, which will be used with, or instead of, antibiotics for treatment of 
S. aureus infections. 
 
 
Lin DM, Koskella B, Lin HC. Phage therapy: An alternative to antibiotics in the age of multi-drug resistance. World J 
Gastrointest Pharmacol Ther. 2017;8(3):162. 
Pantůček R, Rosypalová A, Doškař J, Kailerová J, Růžičková V, Borecká P, et al. The Polyvalent Staphylococcal 
Phage φ812:Its Host-Range Mutants and Related Phages. Virology. 1998 Jul;246(2):241–52. 
Cisek AA, Dąbrowska I, Gregorczyk KP, Wyżewski Z. Phage Therapy in Bacterial Infections Treatment: One 
Hundred Years After the Discovery of Bacteriophages. Curr Microbiol. 2017 Feb;74(2):277–83. 
Nováček J, Šiborová M, Benešík M, Pantůček R, Doškař J, Plevka P. Structure and genome release of Twort-like 
Myoviridae phage with a double-layered baseplate. Proc Natl Acad Sci. 2016 Aug 16;113(33):9351–6. 
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Upon infection, viral RNA is recognized by RLRs which induce a signalling cascade that initiates with MAVS 
activation at both mitochondria and peroxisomes. This culminates with the production of antiviral effectors, such as 
type I IFNs (interferons) and ISGs (IFN-stimulated genes) necessary to restrict viral dissemination. 
HCMV (human cytomegalovirus) has developed distinct evasion mechanisms from the cellular antiviral response. 
vMIA, a virally-encoded protein that is able to prevent cellular apoptosis was reported to inhibit signalling 
downstream from MAVS. vMIA has been shown to localize at mitochondria, triggering their fragmentation, a 
phenomenon proven to be essential for the signalling inhibition. Previously, we have demonstrated that vMIA is also 
localized at peroxisomes, inducing their fragmentation and inhibiting the peroxisomal-dependent antiviral signalling 
pathway. Importantly, we have demonstrated that peroxisomal fragmentation is not essential for vMIA to specifically 
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inhibit signalling downstream the peroxisomal MAVS. 
With this work, we further unravel the mechanisms behind vMIA’s action over the antiviral signalling and peroxisome 
morphology, by using confocal microscopy, RT-qPCR, co-immunoprecipitation analysis and gradient assays. 
We demonstrate that vMIA depends on the interaction with MFF, the main DLP1 adaptor protein from the 
peroxisomal fission machinery, to impair the peroxisomal-dependent antiviral signalling. Furthermore, we discovered 
that although the organelle’s morphology does not influence the role of vMIA on the inhibition of peroxisomal-
dependent antiviral signalling, its mechanism of inhibition is totally dependent of MFF. Moreover, we prove that vMIA 
is able to specifically interact with the peroxisomal MAVS and inhibiting its oligomerization, an essential process for 
the activation of the downstream signalling. 
These results demonstrate that peroxisomes constitute a platform for evasion of the cellular antiviral response and 
that the HCMV has developed mechanisms by which it is able to specifically evade the peroxisomal MAVS-
dependent antiviral signalling. Further studies on the details of these mechanisms may disclose novel targets for 
antiviral combat. 
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Laboratory investigations are a key component of verification of measles elimination. Genetic data in combination 
with standard sero-epidemiological information can be used to track transmission patterns, to identify sources of 
infection and to evaluate the status of measles elimination. 
The aim is to determine the circulation of wild measles genotypes in Bulgaria in the period 2013-2018. 
This study included specimens of 101 patients with suspected measles and laboratory confirmed from the period 
from 2013 to 2018. The laboratory monitoring in National Reference Laboratory on Measles, Mumps, Rubella, 
NCIPD was performed by testing of at least two types of clinical material of each patient: serum samples (n=99), 
nasopharyngeal swab (n=66) and urine (n=17). The serological (ELISA test for detection of specific measles IgM/IgG 
antibodies in serum) and molecular (RT-PCR assay for detection of viral RNA) methods were used. Genotyping was 
performed at the WHO European Regional Reference Laboratory for Measles and Rubella, Robert Koch Institute, 
Berlin, Germany and at the NCIPD in Sofia. 
During the study period 13/101 (12.87%) in 2013, 1/101 (0.99%) in 2016, 74/101 (73.27%) in 2017 and 13/101 
(12.87) in 2018 were laboratory confirmed in NRL. In all tested serum samples with the exception of one from 2016, 
it has been demonstrated the presence of measles IgM, while measles IgG test results were negative. The cases 
were confirmed by observing at least one of the criteria for laboratory confirmation, according to WHO requirements. 
The performed phylogenetic analysis revealed three measles genotypes: D8, variant D8-Frankfurt-Main in 2013 and 
2018, B3, variant MVs/Dublin.IRL/08.16 and a new sequence variant (MVs/Plovdiv.BGR/13.17/2) in 2017 and 2018, 
and H1 in 2016. 
The combined laboratory approach to detect of measles disease by serology and measles virus using a molecular 
test in WHO accredited laboratory is a prerequisite for measles surveillance and crucial for successful elimination. 
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Introduction 
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Worldwide 71 million people are chronically infected with hepatitis C virus (HCV) leading to liver fibrosis, cirrhosis 
and hepatocellular carcinoma. Murine CD302 was identified as restriction factor of HCV infection via cDNA library 
screening. Interestingly, HCV infection is also restricted by the human homolog of CD302.  
 
Aims 

To characterize a novel human restriction factor of HCV infection. 
 
Methods 

Primary human hepatocytes (PHH) were obtained and treated with IFNα or poly I:C or infected with HCV. 
Expression levels of CD302 or interferon stimulated genes (ISGs) were determined by qPCR or whole transcriptome 
analyses. Domain deletion, human SNP and transcript variant (tv) sequences were generated by PCR and cloned by 
restriction digestion. Lentiviral overexpression was used in highly permissive Huh7.5 cells and infection assays were 
performed with a luciferase reporter HCV. FACS and immunofluorescence microscopy determined the cellular 
localisation of the protein. 
 
Results 

The encoded protein consists of a signal peptide, a C-type lectin-like domain (CTLD), a spacer region, a 
transmembrane domain and a cytoplasmic tail (CPT). Domain deletion of the CTLD resulted in a full loss of 
restriction ability while CD302ΔCPTcaused only a partial loss. Transcriptomic profiling of PHH revealed different 
expression levels of three transcript variants (tv1-3). Whereas tv1 encodes the whole protein, tv2 and tv3 contain 
deletions in the CTLD and the spacer region. Over-expression of the most abundant CD302 tv1 restricted HCV 
infection by 90%. However, CD302 tv2 and tv3 lost their ability to restrict HCV to varying degrees. Furthermore, we 
determined the restriction ability of eight different CD302 SNPs. Besides, when PHH were treated with IFNα, poly I:C 
or infected with HCV no effect was observed on CD302 gene expression in contrast to ISGs.  
 
Conclusion 

CD302 is a constitutively expressed non-interferon-dependent restriction factor of HCV infection in human 
hepatocytes. 
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Human cytomegalovirus (HCMV) is a ubiquitous herpesvirus, which establishes life-long latent infections. While 
primary and recurrent infections are usually subclinical in healthy adults, HCMV frequently causes life-threatening 
diseases in immunocompromised and immunoimmature individuals. To enable productive replication and 
persistence, cytomegaloviruses circumvent immune control by encoding potent immune antagonists. 
Both HCMV and the murine CMV (MCMV) counteract interferon (IFN) responses by targeting the transcription factor 
signal transducer and activator of transcription (STAT) 2. The MCMV-encoded protein pM27 bridges STAT2 to DNA-
damage and DNA-binding (DDB) 1 containing Cullin 4A/B ubiquitin ligase complexes and induces poly-ubiquitination 
and subsequent proteasomal degradation of STAT2. Consistently, pharmacological blockade of Cullin ubiquitin 
ligase activity, or the proteasomal degradation restore STAT2 amounts in MCMV- and HCMV-infected cells. 
In HCMV, the presence of the ULb‘ region is positively correlated with the HCMV-encoded STAT2 antagonism. The 

analysis of a comprehensive panel of HCMV mutants harbouring deletions, insertions or reinsertions identifed 
pUL145 as essential and sufficient for STAT2 degradation. pUL145 co-precipitated STAT2 and the ubiquitin ligase 
adapter protein DDB1. Ribosome profiling indicated the usage of two alternative translation start sites in the UL145 
locus leading to two different protein isoforms. Both isoforms co-precipitate DDB1 and degrade STAT2, but seem to 
have different expression kinetics during viral infections. Sequence motifs relevant for protein-protein interactions, 
e.g. with DDB1, were identifed by a mutagenesis based analysis. 
Ectopically expressed pUL145HA down regulates Jak-STAT signalling dose dependently in luciferase reporter gene 
assays. Taken together, our results indicate that the HCMV-encoded pUL145 is the functional analog of the MCMV-
encoded pM27. 
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Our findings contribute to the molecular understanding of HCMV immune evasion and have important implications 
for drug development and vaccine design. 
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Introduction  
Long read sequencing (LRS) techniques are indispensable tools for transcriptome analysis, because widespread, 
short-read sequencing approaches cannot distinguish between various transcript isoforms; however LRS platforms 
are allow for the precise characterization of full-length transcripts in addition to determine transcript isoforms, splice 
variants, as well as overlapping and polycistronic transcripts. 
Aims 
Our aims were to determine and characterize the full length mRNAs, potential long-non coding RNAs, transcription 
start sites (TSS), transcription end sites (TES), splice isoforms, policistronic- , and complex transcripts in different 
members Herpesviridae family (Human herpesvirus-1 (HSV-1), Pseudorabies virus (PRV), Varicella Zoster virus 
(VZV), Human Cytomegalovirus (HCMV) and Epstein-Barr virus (EBV)) using long-read sequencing technologies. 
Methods 
In this study, we have used two available, so called third-generation LRS technologies: Single Molecule, Real-time 
sequencing from Pacific Biosciences (PacBio) and the nanopore sequencing from Oxford Nanopore Technologies 
(ONT). To reveal the hidden complexity of Herpesvirus transcriptomes, several library preparation methods were 
applied, such as 5’ CAP selection, polyA selection, or random priming. 
Results 
In this work we have reported the analysis of HSV-1, PRV, VZV, HCMV, EBV transcriptomes PacBio and ONT 
platforms. Our investigation identified novel putative protein-coding genes, non-coding RNAs (including 5’ and 3’ 
truncated transcripts), antisense RNAs, as well as RNA molecules encoded by those parts of the viral genome 
where no transcription had been detected before. We have reannotated the 5’ and 3’ ends of previously described 
transcripts. We have detected complex transcripts, novel transcriptional overlaps and length isoforms, including start 
and end variants. 
Conclusion 
Long-read sequencing has revealed a much greater complexity of the viral transcriptomes than it has been known 
before, hundreds of novel transcripts and isoforms were discovered. 
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Introduction: Studying cellular interaction partners of the SARS-CoV unique domain (SUD) and of PLPro proteases 
of different coronaviruses (SARS-/MERS-CoV, HCoV-NL63) we have identified several cellular factors interfering 
directly or indirectly with viral proteins thus influencing viral replication. We had identified E3 ubiquitin ligase RCHY1 
as an interaction partner of SUD and PLPro´s leading ubiquitination of p53 and its increased degradation. Thus we 
showed for the first time that the cellular guardian molecule p53 exerts antiviral activity on the replication of CoVs. 
Aim: Characterization of further binding partners of SUD and the effects on viral replication/ tranlation. 
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Methods: Protein interaction characterization by Yeast-2-Hybrid, split YFP, Mass Spec, gel-filtration assays and X-
ray crystallization 
Results: We have identified Poly(A) Binding Protein Interacting Protein 1(PAIP1), involved in RNA binding and 
translation activation of protein biosynthesis, as a major binding partner of SUD. The interaction was originally 
identified by Yeast-2-Hybrid screening and confirmed by split YFP, Mass Spec, fluorescence-3-hybrid and by in vitro 
gel-filtration assays. A crystal structure of the SUD-PAIP complex was obtained at 3.9 Ångström. The N-terminal 16 
residues Lys389 to Thr404 of the SUD Macrodomain 2 (Mac2) are required for binding to the middle domain of 
PAIP1 (PAIP1M). The preceding Macro domain Mac1 does not interrupt Mac2 binding to Paip1M. SUD, Paip1 and 
PABP form a ternary complex and SUD, Paip1 co-localize at stress granules (SGs). SUD enhances the interaction 
between Paip1 and PABP and stimulates translation. 
Conclusion: Coronavirus RNAs contain a 5′ cap and a 3′ poly(A) tail. SUD enhances the PABP and Paip1 interaction 
by possibly forming Paip1, PABP, SUD and poly(A) quaternary complex. The increased PABP-Paip1 interaction 
stimulates the host translation machinery activity. Meanwhile, Nsp1 specifically cleaves host mRNAs but not viral 
RNAs. As a result, SARS-CoV could increase viral RNA translation but inhibit host gene expression. 
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Recent advances in viral surveillance have exposed a diverse pool of paramyxoviruses, many of which are capable 
of spreading into new human and animal populations. The paramyxoviral attachment glycoprotein, which extends 
from the envelope surface of the virion, is responsible for host cell receptor recognition and is thus a key determinant 
of interspecies transmission potential. Here, using an integrated structural biology approach, we define the molecular 
architecture of the attachment glycoprotein for five emerging paramyxoviruses that categorize outside of previously 
established genera within the Paramyxoviridae. Our analysis reveals two new classes of paramyxoviral attachment 

glycoprotein, which fall outside of previously defined hemagglutinin-neuraminidase (HN), hemagglutinin (H), and 
attachment (G) glycoprotein groups. Furthermore, through characterization of SosV-HN, a recently identified human 
pathogen from East-Central Africa, we reveal that members of the recently established genus, Pararubulavirus, lack 
the stringently conserved residues required for sialic acid recognition and hydrolysis. Structural analysis reveals that 
SosV-HN presents a receptor-binding face incongruent with sialic acid recognition, which along with hemadsorption 
and neuraminidase activity analysis, indicates that pararubulaviruses likely undergo an unexpected route of host-cell 
entry. Moreover, the close overall structural conservation of SosV-HN with other classical HN glycoproteins allows us 
to propose a model by which pararubulaviruses only recently diverged from sialic acid binding functionality. 
Combined, these analyses demonstrate the structural and functional plasticity of the paramyxoviral attachment 
glycoprotein, expanding our appreciation of the diverse of receptor-specific host cell entry pathways available to 
paramyxoviruses more generally. 
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Introduction.HBV co-infection frequencies is variable Methods of detection seems to affect the resulting co-infection 
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frequency. Most of reported prevalence of co-infection with different genotypes were done by using multiplex PCR or 
hybridization assay and they are rarely confirmed by sequencing and conventional cloning.Aims. Sudanese HBV 

positive samples, previously classified as mixed infection with multiplex-nested PCR, were analyzed by Ultra Deep 
Pyrosequencing (UDPS ) to confirm the HBV genotypes and subtypes.Methods.Patients samples, previously 

classified as HBV mixed infection based on multiplex-nested PCR (n=16), were amplified by PCR targeting S/P HBV 
region and analyzed by UDPS.A phylogenetic analysis was performed using the maximum-likelihood method with 
Kimura-2-parameter model+G, implemented in MEGA6 software. Bootstrap values >70% were considered 
significant.Results.The genotypes identified using UDPS were types D and E, while genotypes A, B, C and F, 

detected by multiplex-nested PCR,were not confirmed by UDPS. Ten out of the 16 UDPS analyzed samples were 
infected by a unique genotype (either D or E): subtype D1, D7 and genotype E were detected in 4, 1 and 1 subjects, 
respectively. In 3 monoinfected genotype D patients, a subtype combination was observed: D1+D7 in 2 cases and 
D2+D6 in 1 case In coinfections E + D1 and E + D2 was detected in 2 and 1 patients, respectively. In 3 of the 6 
samples harboring D and E genotypes, D subtype combination were observed: D1+D7 in 2 cases; D1+D2 in 1 case. 
The phylogenetic analysis showed that the strains observed both in mono-infections and mixed infections did not fall 
in separate clusters, suggesting that no specific variants were involved in mixed infections, confirmed also by the 
absence of viral escape mutants in these cases.Conclusions.UDPS analysis is more effective than multiplex-nested 

PCR for identifying HBV genotypes and subtypes in mixed infection. 
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Indroduction: Recent studies have shown that there is a 13-fold increase for oropharyngeal cancer in the presence 

of HPV. While α-HPV detection seems to be rare in oral cavity in comparison to anal or cervical district, many novel 
β and γ types have been isolated in oral cavity suggesting a wide tropism range. To date, there are no guidelines 
recommending HPV oral cavity screening as a mandatory test. It remains unknown which HPV types should be 
included in oral cavity screening. 
Aim: Our goal was to assess HPV prevalence in oropharyngeal, anal, and cervical swabs using different sets of 

primers, able to amplify α,β, γ HPV types. 
Methods: We analyzed the presence of HPV-DNA in oropharyngeal (n=124), anal (n=186), cervical specimens 

(n=43) using FAP59/64 and MY09/11 primers. All untyped strains were genetically characterized through PCR 
amplification and direct sequencing of partial L1 region, and the resulting sequences classified by phylogenetic 
analysis. 
Results: HPV prevalence was 20.9% in 124 oropharyngeal swab samples, including infections with multiple HPV 

types (5.6 %). Unclassified types were detected in 6 specimens. We did not observe difference in HPV (α,β,γ) 
prevalence between men and women. Overall, β species were the most frequently detected 69.7%. In anal swabs, β 
genus prevalence was 1% and γ genus was 3.7% including 6 unclassified types. In cervical samples, only one 

specimen gave positivity for β1 (2.4%). Six of the untyped strains clustered with sequences from species 7, 9, 10, 
8,12 of γ genus. Sequences of 4 isolates remained unclassified. Finally, β and γ HPV prevalence was sensibly lower 
than respective HPV prevalence identified by the Luminex system in all anatomical sites analyzed described in 
previous studies. 
Conclusion: This study provides new information about viral isolates present in oropharyngeal site and it will 

contribute to improve the monitoring of HPV infection 
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Zika virus (ZIKV) infection during human pregnancy may lead to fetal death, brain lesions, microcephaly, in utero 
growth restriction, and severe life-long impairments in offspring. The virus replicates in the fetal brain and placenta 
directly affecting different cell populations. Results in mice implicate exacerbated placental type I interferon (IFN) 
response as a possible mediator of severe pregnancy complications. In addition to severe clinical infection, the 
majority of congenital infections in humans is subclinical and is not associated with apparent birth defects. In our 
recent study, we demonstrated that subclinical in utero ZIKV infection is associated with elevated interferon alpha 
(IFN-α) levels in porcine fetuses. Here, we inoculated selected porcine fetuses at the mid stage of development. 
Inoculation resulted in rapid trans-fetal virus spread and persistent infection in placenta and fetal membranes for two 
months. In contrast, maternal infection was transient and did not result in immune activation. Offspring did not have 
ZIKV in the brain and did not show clinical signs. However, a month after birth, animals exhibited excessive IFN-α 
levels in blood plasma in a regular environment (P=0.003) and IFN-α shutdown during stress (6.8±8.5 fold decrease 
in ZIKV group vs. 1.3±0.3 fold decrease in control group, P=0.0001). In conclusion, subclinical in utero ZIKV 
infection, without maternal immune activation, may be sufficient to induce health impairment in porcine offspring. If 
IFN-α sequelae persist in human offspring, it may have dramatic health consequences. Excessive IFN-α levels may 
be associated with severe viral infection, immune activation, immune dysfunction, major depressive disorder, and 
dementia. Importantly, cognitive impairment, severe neurological sequelae, seizures, prefrontal hypometabolism, 
and psychiatric syndromes were described in adult and pediatric patients treated even with low therapeutic doses of 
IFN-α. The present study emphasizes the urgent need for comprehensive research on IFN-α sequelae in affected 
human cohorts and animal models. 
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Introduction 

Here, we present two novel markers, anti-HCMV-p52 IgM and anti-HCMV-gB IgG, for better differentiation between 
the acute and convalescent phase of human cytomegalovirus (HCMV) infection. 
Methods 

A commercial panel for anti-HCMV seroconversion was analysed, comprising 25 follow-up samples covering 124 
days (Patient 1). In addition, two patients from a reference laboratory were tested: Serum samples from Patient 2 
were taken one, two, four, five, seven and eleven months after symptom onset. Samples from Patient 3 were taken 
20 months before and during pregnancy. Samples were tested for anti-HCMV IgM and IgG as well as anti-HCMV-
p52 IgM and anti-HCMV-gB IgG using ELISA (Euroimmun, Germany). For detection of anti-HCMV-p52 IgM and anti-
HCMV-gB IgG, new recombinant antigenic substrates were applied. 
Results 

Patient 1 demonstrated seroconversion of anti-HCMV IgM and IgG around day 35 as well as anti-HCMV-p52 IgM 
positivity between day 35 and 85. When anti-HCMV-p52 IgM declined, anti-HCMV-gB IgG appeared. 
Patient 2 revealed high-titer anti-HCMV IgG in all samples. Anti-HCMV IgM and anti-HCMV-p52 IgM were initially 
present but turned negative 3-4 months after symptom onset. At that time, seroconversion of anti-HCMV-gB IgG was 
observed. 
Patient 3 was negative in all assays before pregnancy, but showed high-titer anti-HCMV IgG and anti-HCMV-gB IgG 
in pregnancy weeks 8 and 33, while anti-HCMV IgM and anti-HCMV-p52 IgM were negative. 
Conclusion 

The antibody courses in patients 1 and 2 support the concept of anti-HCMV-p52 IgM being a putative marker for an 
acute HCMV infection, while detection of anti-HCMV-gB IgG is indicative of the convalescent phase. IgG 
seroconversion in patient 3 implies that the woman got infected with HCMV. However, according to the concept, 
infection is likely to be convalescent at the time of second blood withdrawal (anti-HCMV-p52 IgM negative, anti-
HCMV-gB IgG positive) and thus, the risk of virus transmission to the eight-week-old foetus would be low. 
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Introduction 
A majority of non-suppurative encephalitis cases with suspected viral involvement remain etiologically unresolved in 
many species. Formalin-Fixed Paraffin-Embedded (FFPE) material of such cases without any identified virus are 
readily available in many pathology archives. However, nucleic acids in FFPE material are fragmented and cross-
linked during processing, which hampers their detection by molecular tools. 
Aims 
The aim of the present study was to evaluate the possibility of detecting viral RNA in historical FFPE brain tissues of 
dogs with non-suppurative encephalitis using NGS. 
Methods 
A total of twelve brain samples of dogs tentatively diagnosed with a viral infection (Canine Distemper Virus, CDV; 
Tick-Borne Encephalitis Virus, TBEV; Rabies Virus, RV; n=3 for each virus) were tested for viral RNA using specific 
qRT-PCR followed by Sanger sequencing of the amplicon and for viral antigen using Immunohistochemistry (IHC). 
One RNA extract per virus was selected and subjected to NGS on an Illumina HiSeq 3000 in single-end mode, 
100bp. Raw reads were quality trimmed, host sequences removed and the remaining reads mapped to virus strains. 
Results 

109 Mio to 332 Mio reads were generated per sample. Between 0.1% and 10% of the quality trimmed, non-host 
reads mapped to the respective virus sequence. Strikingly, the oldest sample (dates from 1974) showed 10% of the 
reads mapping to the Rabies strain 97002IND. Over 99% of the genome were covered in CDV and RV, while 90% of 
the TBEV genome was covered. 
Conclusion 
Our results point to the huge potential of NGS for virus identification and characterization in current and historical 
FFPE materials. This approach enables retrospective studies on disease prevalence, molecular epidemiology and 
outbreak investigations. It also paves the way towards virus discovery in previously unresolved viral infections. 
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Tick-borne encephalitis virus (TBEV) is a single-stranded, positive-sense RNA virus in the Flaviviridae family and the 

causative agent of tick-borne encephalitis, the most common infection of the central nervous system in endemic 
regions of Europe and Asia. Besides humans, a number of wild and domestic animal species are susceptible to 
TBEV infection with variable clinical manifestations ranging from no symptoms to febrile illness in a first clinical 
phase and severe neurological complications like meningitis, meningoencephalitis or meningoencephalomyelitis in a 
fraction of infected individuals that enter a second phase of disease. The reasons for these variable outcomes are 
not well understood. 
To compare the protective role of anti-TBEV antibody responses in different hosts and symptomatic vs. 
asymptomatic individuals, we developed a luciferase immunoprecipitation system (LIPS)-based antibody detection 
assay. Three structural and seven non-structural TBEV proteins were expressed as fusion proteins with nano-
luciferase and used as antigens for the detection of TBEV-specific antibodies in serum samples from different hosts. 
Additionally, selected antigens of related flaviviruses were expressed to test for cross-reactivity. Specimen with 
defined serological status are used to validate the assay and correlate results with ELISA and neutralization data. 
The coefficient of variation, signal-to-background, signal-to-noise and Z prime are optimized for intra-plate, inter-plate 
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and inter-assay variation. Sera from different animal species, such as deer, boar, sheep, goats, dogs, rodents and 
humans are screened for antibodies against all viral antigens. 
Initial results confirm the expression of all viral antigen fusion proteins. The most abundant antibodies in deer and 
boar are targeting the E and NS1 proteins, but minor antibody populations against other antigens could be detected 
in some samples. The LIPS-based assay exhibited high sensitivity, but correlated well with ELISA and neutralization 
data. The assay will be used to identify and analyze antibodies against all relevant TBEV antigens in different host 
species. 
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Type 1 diabetes mellitus (T1DM) is a chronic illness that is estimated to affect more than 35 million people 
worldwide. T1DM is caused by the auto-immune destruction of approximately 90% of insulin-secreting beta cells 
within the pancreas, which leads to abnormally high blood glucose levels in the blood. Transplantation of pancreatic 
islets is a minimally invasive treatment that has the potential to reverse T1DM leading to improved glycaemic control 
and abrogating the need for insulin in some patients. However, after transplantation due to immune responses and 
cellular injury, as many as 50% of islets can be lost. Pre-transplant gene therapy presents a strategy to protect 
pancreatic islets for improved survival post-transplantation. In our study, we investigated the capability of novel 
BacMAM vectors to delivery recombinant genes into a pancreatic beta cell line and donor human pancreatic islets. 
We designed a series of BacMAM virus vectors that all expressed egfp driven by different mammalian promoters, 
which were used to transduce the pancreatic beta cell line and donor human pancreatic islets. Fluorescence 
microscopy and flow cytometry analysis were undertaken to assess EGFP production from the different mammalian 
promoters. 
Our results demonstrated that the mammalian promoter strengths varied within BacMAM-transduced pancreatic beta 
cells. With elongation factor 1-alpha (EF1α) promoter, 50.2% of the transduced cells contained EGFP whereas this 
reduced to only 2.1% for the simian virus 40 promoter. The results for the donor human pancreatic islets 
demonstrated that 24.83% and 2.75% cells contained EGFP for cytomegalovirus-immediate early 1 (CMV) and 
EF1α promoters, respectively. 
Furthermore, the expression of an anti-apoptotic gene, B-cell lymphoma-2 (BCL-2) driven by the CMV promoter was 
confirmed by western blotting technique from transduced donor human pancreatic islets. These results confirm that 
BacMam virus vectors are a viable choice for providing delivery of potentially therapeutic transgenes into pancreatic 
islet cells. 
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BACKGROUND: HIV-1 drug therapies are effective at suppressing the viral load in patients to block disease 
progression, but drugs cannot eradicate HIV-1 from an infected individual and therefore have to be taken life-long. 
Because there is also no protective vaccine available, it remains important to develop more durable therapeutic 
approaches against HIV-1. A gene therapy to protect cells against HIV-1 would seem ideal as it requires only a 
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single treatment. 
AIMS: In order to realize an early block, we designed a gene therapy based on anti-HIV-1 peptides that block the 
membrane fusion process during virus infection and prevent integration of the viral DNA genome into that of the host 
cell. 
METHODS: We evaluated the efficacy of three generations of anti-HIV peptides (C46, T1249 and T2635), which 
were produced by the engineered cells either as membrane-anchored or secreted protein. 
RESULTS: Both peptide forms exhibit robust and broad spectrum anti-HIV activity and the third generation peptide 
was more active than the first and second generations. Under HIV-1 pressure, the membrane-anchored peptides 
conferred a profound selective survival over control cells, something that has not yet been demonstrated for other 
anti-HIV approaches. The secreted peptides also demonstrated potent antiviral activity and were – additionally - able 
to protect non-modified bystander cells. 
CONCLUSIONS: The anti-HIV-1 peptides block virus infection at the virus entry step. A small percentage of modified 
cells may suffice to stop virus replication and disease progression because the survival advantage is predicted to 
lead - over time - to a partial repopulation of the immune system with HIV-resistant cells. Secreted peptides have the 
additional advantage of protecting bystander cells. In conclusion, anti-HIV-1 peptide-based gene therapeutics may 
provide a strong benefit to AIDS patients and could present an attractive alternative to current antiretroviral drug 
regimens. 
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Flaviviruses are relevant animal and human pathogens of increasing importance worldwide impacting mostly 
resource-limited countries with poor healthcare. The similarities of the initial clinical symptoms and the cross-
reactivity of viral structural antigens make early diagnosis of Flavivirus infection problematic. Ideally, diagnosis 
should be at the point-of-care (POC), so that treatment, when available, can be started immediately, without the 
need of a centralized laboratory or of highly trained staff. The main aim of the present study is to develop a 
syndrome-based multiparametric portable POC assay to specifically detect Flavivirus IgM/G antibodies and antigens 
in sera from exposed individual. 
A strategy for the purification of recombinant non-structural protein 1 (NS1) of TBEV, WNV, ZIKV, DENV 1-4 and 
USUV was developed with the aim of obtaining fully antigenic glycosylated NS1 oligomers consistent with the 
secreted form of the protein from infected cells. The immunological properties of the purified antigens were analyzed 
using serum of immunized mice. These antigens were used in a standard ELISA format and shown to be highly 
sensitive and specific for sera from infected individuals compared to commercial assays. Finally, a POC assay based 
on the reflective phantom interference (RPI) technology was also developed and tested in a duplex TBEV/WNV 
format. 
In conclusion, Flavivirus NS1 represents a valuable option for the detection of IgM/G with reduced cross-reactivity 
and high sensitivity also in a POC format. 
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Lack of accessible, affordable and appropriate diagnostic facilities in Africa is an impediment to systematic 
surveillance leading to under-reporting and under-estimation of arboviral infections. The establishment of a 
diagnostic laboratory for arboviral infections in Nigeria is therefore crucial to active surveillance towards the 
prevention and control of these infections. Towards this aim, virological, serological and molecular in-house methods 
are being implemented for the surveillance and diagnosis of flaviviruses. 
A total of 200 serum samples have been collected from patients exhibiting febrile illness who visited the University of 
Maiduguri Teaching Hospital (UMTH) for medical attention between March and April 2018. Demographic and clinical 
data, together with other relevant information including the interval between the date of onset of symptoms and 
sample collection have been recorded. Sera were tested for Flavivirus RNA by a pan-flaviviral primer set using hemi-
nested RT PCR. Twenty-six samples were positive for flaviviral RNA and ongoing sequence analysis assigned 11 to 
WNV, 2 to DENV4, 1 to DENV2 and 1 to ZIKV so far. NS1 IgG ELISA utilizing a protocol established at the host 
laboratory was performed on all samples collected. This assay was performed for DENV 1-4, ZIKV, WNV, USUV. 
Only 11 of 200 serum samples were negative for all the Flavivurses tested while all other samples were positive for 
at least one pathogen. NS1-based IgM ELISA and neutralization assays are ongoing to scale up the testing in 
Nigeria. 
We conclude that there is high prevalence rate of arboviruses in the region including ZIKV with paucity of 
information. Interestingly, the analysis was conducted using in–house tools to allow the implementation of a 
sustainable surveillance protocol locally. 
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Background: Human adenovirus (HAdV) is a DNA virus associated with a wide range of illnesses ranging from 

benign colds to more serious conditions such as meningoencephalitis. It causes severe infections in 
immunocompromised hosts that may result in death. We aimed to apply Oxford Nanopore Technologies (ONT) 
sequencing for identification of HAdV in clinical samples and assess the suitability of ONT sequencing for molecular 
typing of HAdV strains. 
Method: Samples were obtained from the biobank constituted since 1998 of samples confirmed HAdV positive sent 

to the Institute for Infectious Diseases (IFIK) for diagnostic purposes. Amplicon sequencing targeting the hexon gene 
was performed for samples from years 2009 and 2010, the two years associated with an increased number of HAdV 
cases. Sequencing was performed in parallel with multiplex ONT MinION and Sanger sequencing. Phylogenetic 
analysis was performed to determine HAdV sequence relatedness and to compare them to international HAdV 
isolates involved in outbreaks. 
Results: We identified that increased number of cases observed in years 2009 and 2010 was related to an outbreak 

of genotype HAdV8. Moreover, HAdV outbreaks have been reported in other parts of the world during this period. 
Phylogenetic analysis of sequences derived from both MInION and Sanger both identified HAdV8 as the 
predominant type. Despite the high error rate of ONT sequencing compared with other sequencing methods, our 
results demonstrated that it is possible to generate consensus amplicon sequences of comparable accuracy to that 
obtained by Sanger sequencing, and that several tens of samples can be multiplexed in parallel in a time and cost 
efficient manner. 
Conclusion: The results of this study provide support for the use of ONT amplicon sequencing for HAdV typing. 

ONT-based genotyping and comparison to strains involved in international outbreaks is well suited for 
epidemiological surveillance in the future. 
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Introduction 

Many human DNA viruses are known to establish tissue persistence. However, the current knowledge is based 
mainly on the detection of viruses using conventional assays in particular tissue types as well as cohorts pre-
selected on clinical grounds, providing thus an incomplete picture of viral distribution among the organs of a given 
individual. 
Aims 

Our objective is to assess the prevalence and distribution of persistent DNA viruses in soft tissues. More specifically, 
we aim to investigate the viral loads as well as the within-host diversities of the viral DNA sequences.  
Methods 

We collected post-mortem samples from brain, skin, colon, liver, lung, heart, kidney, hair follicles and blood of 30 
recently deceased individuals. 
The DNA of viruses belonging to the families Parvoviridae, Anelloviridae, Polyomaviridae and Herpesviridae were 
screened by i) quantitative PCRs and ii) targeted enrichment via in-solution capture with virus-specific biotinylated 
RNA probes followed by next generation sequencing.  
Results 

Preliminary results show a prevalence of 87% for human parvovirus B19 (B19V), with hair samples being solely 
negative for this virus. Polyomaviruses MCV and JCV were found sporadically in the tissues studied, altogether in 
14/30 and 7/30 individuals, respectively. EBV was detected in 22/30 individuals, most frequently in the lung, and it 
was absent in the brain.  
Conclusion 

The data show a virus-unique distribution and distinct loads in the different organs of an individual. 
A systematic study on the divergence of viral DNAs within the human body can contribute to new clinical 
associations and broaden our understanding on the dynamics of the viruses persisting in us. 
Moreover, the results will provide an important baseline for the analysis of viruses in ancient samples – 
Archaeovirology. 
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Introduction: Despite the availability of an effective vaccine, rabies virus still causes numerous fatal infections. The 

antibody response induced by vaccination is regularly monitored in serum samples. Dry blood spot (DBS) sampling 
has been shown to be a valuable tool for specimen collection for diagnosis, monitoring and epidemiological surveys 
of several viral infections. As a fingerpick is minimal invasive and DBS cards are easy to transport and store prior to 
analyses, DBS is a promising alternative sampling method for human rabies serology, specifically in remote areas. 
Aims: This study aims to determine the sensitivity and specificity of the fluorescent antibody virus neutralization 

(FAVN) assay - the WHO gold standard - to measure human rabies virus neutralizing antibody titers in DBS 
compared to serum. 
Methods: In this prospective cohort study, students who consulted the travel clinic for rabies vaccination were asked 

to participate. DBS and serum samples were collected from 38 students before vaccination, or 9 to 30 months after 
vaccination. Inactivated rabies vaccines were administered intramuscularly at day 0, 7 and 21-28. DBS were eluted 
1:6 in phosphate buffered saline with 2% fetal bovine serum to be able to determine rabies antibody titers. 
Results: Using the threshold of 0.5 IU/ml recommended by the WHO, the FAVN had a sensitivity of 100 percent and 

specificity of 80 percent when comparing DBS with serum. A Spearman correlation between DBS and serum results 
of 0.88 was found. Bland-Altman plots showed that the DBS tends to give higher results when measuring lower 
titers, with a mean bias of 0.325 IU/mL. 
Conclusion: FAVN demonstrated an acceptable performance in determining antibody titers against rabies virus in 

blood collected by DBS. However, specific attention for possible false positive results is required when using the 
DBS for epidemiological surveys and screening, in which low antibody titers are expected.  
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Objectives:  
Genotyping of human papillomaviruses (HPVs) in population-based surveillance is typically performed using 
commercial assays which are limited in the number of genotypes they are able to detect. In our study, we compared 
HPV genotyping by next generation sequencing (NGS) to a commercial PCR-based assay in a vaccine effectiveness 
monitoring study in Luxembourg. 
Methods:  
Cervical samples of 740 women (mean age 22.4 y.) were tested by the commercial test Anyplex II HPV28 
(Seegene) which can detect and quantify 28 HPV genotypes. DNA extracts were then enriched by rolling circle 
amplification and sequenced on Illumina Miniseq. Trimmed quality checked reads were filtered against human, 
bacterial, plasmid and fungal reference genomes using Bowtie2. Remaining reads were mapped to 319 HPV 
reference genomes in PaVE using Bowtie2. Samples were considered positive when a minimum of 10 mapped 
reads covered at least 10% of any HPV reference genome. 
Results: 
HPV positivity was 50% by Anyplex and 41% by NGS. Overall agreement between the two methods was 76.4% 
(kappa=0.53, McNemar P<0.05). Highest agreement (kappa >0.65%) was observed for genotypes 59, 31, 33, 45 
and lowest (kappa<0.50%) for genotypes 52, 73, 43, 44, 82. By both methods, HPV42, 53 and 51 were the most 
frequently genotypes. NGS detected a total of 26 additional genotypes in 118 samples: HPV67 (3.5%), HPV90 
(3.1%), HPV62 (2.8%) were most frequently observed. Overall, 269 complete genomes were recovered by NGS. 
Conclusion:  
Next generation sequencing is a powerful method for unbiased detection of all known HPVs in vaccine impact 
studies. Detection of HPV types and recovery of complete genomes by NGS was highly correlated with viral load. 
The recovery of complete genomes will be an important information for assessing HPV evolution as a potential 
impact of widespread vaccination programmes. 
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Introduction: Identification of the pathogen in patients with a central nervous system infections (CNS) is crucial for 

patient management. Many viruses can cause CNS infections, yet screening for each individually is costly and time-
consuming. Metagenomics can, theoretically, detect all pathogens but often fail to detect viruses because of their 
small genome and low viral load. Viral metagenomic techniques can overcome this by enrichment of the viral 
genomic content in a sample. VIDISCA-NGS is one of the available tools for viral metagenomics. It requires only a 
small input volume (110 µL), can combine multiple samples per run and has been validated to detect many viruses 
in a wide range of clinical samples. The performance of metagenomics to detect viruses in cerebrospinal fluid (CSF) 
samples has, to date, not been assessed. 
Aim: To evaluate the performance of VIDISCA-NGS to detect DNA and RNA viruses in CSF. 
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Method: Forty-five CSF samples from patients with a viral meningitis or encephalitis, confirmed by quantitative 

polymerase chain reaction (qPCR), were analyzed by VIDISCA-NGS. 
  
Results: VIDISCA-NGS detected an RNA virus 14 of 18 samples positive by qPCR, including one with only 10 RNA 

copies/reaction. All four missed samples had a viral load ≤10
4
 RNA copies/mL. Only one of 34 samples with a 

qPCR-confirmed herpesvirus was confirmed by VIDISCA-NGS. Withholding a DNase treatment increased the 
number of herpesvirus detected to 11 of 18 samples positive by qPCR with a viral load >10

4
 DNA copies/mL. 

  
Conclusion:VIDISCA-NGS is a highly sensitive technique for RNA virus detection in CSF, ideal for large batch 

analysis such as in outbreak or research settings. Herpesvirus DNA is probably often non-encapsidated and thereby 
difficult to detect by most viral metagenomics assays. In clinical patient management, VIDISCA-NGS provides the 
opportunity 
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Introduction: Respiratory tract infections are among the most common infections during winter season. Rapid 

diagnostics is required for clinical decision making regarding isolation of patients and appropriate therapy. 
Aims: The aim of this study was to compare the analytical and clinical performance characteristics of the panther 

Fusion respiratory panel with those of published laboratory-developed real-time PCR assays (LDT), using Roche 
Flow. 
Methods: Analytical sensitivity of Panther Fusion™ Flu-A/B/RSV was assessed by log10 dilutions of cell culture 

isolates. Clinical performance study included the complete panther fusion respiratory panel (Flu-A/B/RSV, PIV1-4 
and AdV/hMPV/RV) and contained a retrospective and a prospective part. The retrospective study arm included 201, 
stored ( -80°C) pre-treated samples collected between February 2006 and January 2017. The prospective evaluation 
was performed on 1047 unselected pre-treated respiratory tract samples from patients presented to our hospital 
between November 2017 and May 2018. 
Results: Analytical sensitivity was generally slightly lower for the Panther Fusion

TM
 assays. The clinical performance 

study, demonstrated a clinical specificity and sensitivity between 96%-100% and 71.9% -100%, respectively. 
Discrepant results were found in 146 samples of which 88 samples (5 flu-A, 16 flu-B, 13 RSV, 6 PIV1, 1 PIV3, 9 
PIV4, 12 AdV, 19 RV and 7 hMPV) tested positive in LDT and negative in Panther Fusion™ (7.1%, LDT Ct values 
16.4-41.5) and 58 samples (3 flu-B, 1 PIV3, 43 RV and 9 hMPV) were negative in LDT and positive in Panther 
Fusion™ (6.8% Ct Panther 19.0-43.0). A total of ten discrepant samples showed a Ct value <30. Sanger sequencing 
confirmed the presence of 7 RV-C missed by LDT and 1 RV-A and 2 AdV-2 missed by Panther Fusion

TM
 

Conclusion: The Panther Fusion™ provides a random-access system with continuous loading and much shorter 

sample-to-answer times, albeit with a slightly less clinical sensitivity compared to the LDT. 
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Human Endogenous Retroviruses (HERVs) and Mammalian apparent LTR-retrotransposons (MaLRs) are retroviral 
sequences that integrated into the germline cells millions of years ago. Several pieces of evidence show the 
association between HERV/MaLR expression and modulation and the activation of the immune response. We 
investigated HERV/MaLR expression in a scenario of immune activation, establishing an RNAseq workflow for the 
analysis of Differential Expression (DE) of HERVs/MaLRs within a public RNAseq dataset. This dataset includes the 
transcriptome of Human Peripheral Blood Mononuclear Cells (PBMCs) from 15 healthy participants to a clinical trial 
before and after the exposure to LPS. We found about 7% of HERV and MaLR loci transcribed in PBMCs. We 
observed 2796 loci modulated as a consequence of in vivo LPS stimulation, including 1720 upregulated and 1076 
downregulated loci. We identified the HERVH, HERVE and HML-2 families as those that included the highest 
number of differentially expressed HERV/MaLR elements. We characterized the most differentially expressed 
HERVs/MaLRs by checking their genomic context of insertion. Interestingly, we found that between the 15 most 
differentially expressed HERV/MaLR, 11 elements integrated close to or within genes that are involved in the 
immune response, and that their expression was modulated in the same way of those genes as consequence of 
LPS stimulation. 
These data suggest that HERVs/MaLRs are modulated in inflammatory settings and may interact with the host 
immune response. 
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Introduction 

Enteroviruses (EVs) are a major source of human infections worldwide, with a broad spectrum of disease symptoms, 
from diarrhea and skin rash to more severe disease like meningitis and paralysis. Elucidating EV pathogenesis has 
been limited by the lack of suitable models that faithfully mirror normal human physiology and pathophysiology. 
Organoids are stem cell-derived in vitro 3D organ models and an excellent system that has potential for studying on 
EV-host interaction, virus evolution, and antiviral compound testing on a human system. 
 
Methods 

In this study, we developed fetal gut derived gut organoids for virus infection. Crypt cells derived from 16 week old 
human fetal jejunum and ileum were proliferated and differentiated until they formed small intestinal organoids 
representing primary replication sites for EVs. We infected 16 week old intestinal organoids with two different 
enteroviruses, namely EV-A71 C1 and Coxsackie B3 virus GFP clone. The establishment of fetal gut derived 
intestinal organoids was visualized via the confocal microscopy. 
 
Results 

The fetal gut derived intestinal organoids expressed GFP, which allowed for tracking Coxsackie B3 infection. 
Additionally, we found that the organoids were susceptible to infection by EV71-C1 virus.  
 
Conclusion 

The human fetal gut derived intestinal organoid model is a powerful model for studying enterovirus infection and 
related disease pathogenesis. Continued development of the organoids cultures by including components of the 
normal host tissue microenvironment such as immune cells and blood vessels, will facilitate and simplify studies on 
human viral pathogenesis, and improve the development of platforms for pre-clinical evaluation of vaccines, 
antivirals and therapeutics. 
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Hepatitis C virus (HCV) is a blood born virus and with 71 million people worldwide infected, a major cause of chronic 
hepatitis and liver related mortality. HCV was first described in 1989, but investigating the virus has remained 
challenging by the lack of a universal cell culture system. The HCV pseudoparticle (HCVpp) system, which 
incorporates functional HCV envelope glycoproteins (E1E2) onto lenti- (MLV) or retroviral (HIV) core particles, was 
developed in 2003 to study viral entry and neutralizing antibodies (NAbs) against HCV. However, currently there is 
no robust standardized assay to determine the breadth and potency of HCV NAbs. Therefore, we optimized and 
validated the HCVpp-MLV system for a wide range of HCV isolates. 
We first optimized the transfection conditions of 20 HCV E1E2 genes from different genotypes. These optimized 
conditions were subsequently used to test a panel of NAbs targeting distinct E1E2 epitopes. We confirmed that the 
optimal plasmid transfection ratios of E1E2, gag-pol and luciferase, used to produce the HCVpps, are vital for 
infectivity and need to be optimized for each isolate. In addition, we optimized incubation times of the HCVpp system 
to enhance the relative signal of infectivity. This facilitated a more robust detection of antibody neutralization of 
different HCVpps and the ability to use frozen HCVpps. Finally, when using the optimized assay conditions, we did 
not observe significant differences in the antibody half maximal inhibitory concentration (IC50) when using fresh, 
frozen or varying amounts of a HCVpp. 
Overall, we successfully optimized a protocol to test entry of a panel of HCVpp with a wide range of neutralization 
sensitivity, reducing unspecific entry and optimal use of antibodies and HCVpps. This optimized assay facilitates 
robust and reproducible assessment of HCV antibody mediated neutralization. 
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Immunosenescence, the age-related changes in immune system function, increase morbidity and mortality of 
infectious diseases in the elderly. One of the factors thought to affect immunosenescence is the human virome, the 
collection of all viruses residing in the body. Chronic infections, especially cytomegalovirus, are thought to be a 
potential driver of immunosenescence. Knowledge of the human virome is limited as high sequence similarity makes 
differentiation of viruses difficult. However, new tools are rising to the challenge. In this work, we have utilized the 
software tool Vipie on RNA sequencing data to compare the blood viromes between young controls and 
nonagenarians. A deeper understanding of the aging virome could lead to improvements in the efficiency of elderly 
health care. 
 
The data is based on 14 PBMC samples from nonagenarians (age 90) and young controls (aged 26 to 32, median 
age 28). RNA sequencing of the samples was performed. The trimmed raw RNA-seq data was given as input to 
Vipie. Vipie is a software tool that aligns reads against a large collection of virus genomes, outputting all viral hits. 
We then analyzed the differences in these hits between the age groups. 
 
Overall, the differences between blood viromes of the young and nonagenarian samples were unexpectedly few and 
statistically insignificant, in terms of the amount, type and variety of viral hits. These results therefore suggest that the 
blood viromes of young and nonagenarians do not have overarching age-related differences. The effects of 
immunosenescence may rather be specific to the virome of each individual. 
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BACKGROUND. One of the main pathological features of Parkinson’s disease is a diffuse accumulation of alpha-

synuclein (aS) aggregates in neurons. The NEDD4 E3 Ub ligase has been shown to promote aS degradation by the 
endosomal/lysosomal route. Interestingly, NEDD4 is protective against human aS toxicity in evolutionary distant 
models. Furthermore, a small molecule able to activate NEDD4 functions, is neuroprotective in models of aS toxicity. 
While activation of E3s cannot be easily obtained pharmacologically, their flexibility and the lack of “consensus” 
motifs for Ub-conjugation allow the development of engineered Ub-ligases able to target proteins of interest. 
METHODS. We have developed lentiviral vectors encoding well characterized human scFvs fused to the NEDD4 

catalytic domain, in order to obtain enzymes that specifically ubiquitinate aS either in its monomeric and/or 
oligomeric forms. Recombinant lentiviral particles were tested on different cell lines and on neurons derived from 
iPSCs for their effects on aS aggregation and on neural stem cells (NCSs) differentiation. 
RESULTS. We were able to demonstrate that recombinant lentiviral particles transduce not only 293T and SH-SY5Y 

cells, but also human iPSCs, NSCs and dopaminergic neurons. Furthermore we show that chimeric NEDD4 ubiquitin 
ligases bind to, ubiquitinate and decrease the intracellular levels of aS. Moreover, they rescue the ability of NSCs to 
differentiate into neurons, a feature impaired by aS over-expression. 
CONCLUSIONS. The results achieved so far represent a starting point strongly supporting the validity of the strategy 

we intend to adopt in order to specifically interfere with aS aggregation. 
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Introduction Torque teno virus (TTV) is a non-pathogenic virus infecting virtually everyone. TTV blood load has 

been proposed as a biomarker of immunity. Low TTV load could indicate under-immunosuppression with risk of 
allograft rejection, whereas high TTV load could signal over-immunosuppression with increased risk of infection. 
Aim To explore whether TTV load measured in (future) kidney transplantation (KTx) recipients can predict kidney 

rejection and BK polyomavirus (BKPyV) infection, nowadays the most relevant infectious complication of KTx. 
 
Methods A cohort of 389 patients transplanted between 2003-2012 in the LUMC sampled at baseline and 1.5, 3, 6, 

and 12 months post-KTx was retrospectively assessed for TTV load and occurrence of BKPyV viremia and acute 
kidney rejection. TTV and BKPyV loads were determined in blood plasma by quantitative PCR. Rejection was 
defined as installation of rejection therapy (methylprednisolone) within one year after KTx. 
 
Results During follow-up, 27% recipients developed BKPyV viremia and 23% rejection. TTV detection increased 

from 84% at baseline (median load 
10

Log 3.9; IQR 1.6) to 100%, peaking three months post-KTx (median load 
10

Log 
7.5; IQR 3.0. Maximum load 

10
Log 10.5). Landmark analyses showed no statistically significant association between 

TTV loads measured during follow-up and BKPyV viremia nor rejection. However, baseline TTV-positivity 
significantly increased the risk of developing BKPyV viremia post KTx (Hazard Ratio 2.0; CI: 1.0-4.0), where the 
highest baseline TTV loads produced the highest risk. 
 
Conclusion The association between TTV loads obtained after KTx and BKPyV infection and rejection was weak, 
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which might limit the use of TTV as a post-KTx biomarker of infection and rejection. Baseline TTV-positivity and load, 
however, were associated with development BK viremia after KTx, which warrants further research into the scientific 
basis of this finding and into the application of this potentially predictive biomarker. 
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Introduction 

Human norovirus accounts for 18% of acute gastroenteritis worldwide. Clinical diagnosis uses highly sensitive, 
quantitative RT-qPCR assays to detect the presence of norovirus RNA in clinical samples. However, the correlation 
of these molecular assays to reflect norovirus infectivity remains elusive. 
 
Aim 

To establish a threshold for molecular assays to indicate infectious human norovirus. 
 
Methods 

We studied the replication kinetics of three strains of pandemic human norovirus GII.Pe-GII.4 Sydney using a stem-
cell—derived human jejunal enteroid culture model. Five to seven 3-fold serial dilutions of norovirus-containing stool 
filtrates mimicking various cycle threshold (Ct) values of a widely-used diagnostic RT-qPCR assay were tested for 
each virus strain using enteroids. Norovirus RNA levels in the supernatant at 72 hours post-inoculation were 
measured by the same RT-qPCR assay and a 10-fold or above increase from baseline was used to confirm the 
presence of infectious virus. The analytical sensitivity of the enteroid model was also compared with that of a FDA-
cleared commercial norovirus EIA assay. 
 
Results 

The maximum level of norovirus RNA replication achieved in the enteroid line was 45,792 (4.7 log10) folds. The 
median Ct value of inoculating virus dilution that reflected a transition from a positive-to-negative enteroid culture 
result was 29.7. No notable virus replication was observed when enteroids were inoculated with filtrate dilutions with 
Ct values of 30 or higher. The enteroid model was more sensitive than the EIA assay in measuring moderate virus 
shedding by being able to detect infectious norovirus in filtrate dilutions with Ct values between 25 and 30. 
 
Conclusion 

We have experimentally determined a Ct value of less than 30 that can indicate infectious norovirus for a commonly 
used diagnostic RT-qPCR assay. The biological and clinical relevance of detecting low-level shedding (Ct=30 or 
above) of presumably non-infectious norovirus in patients and healthy individuals reported in earlier studies deserves 
a revisit. 
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Opportunities and challenges of viral discovery in war zones: fever of unknown origin (FUO) diagnosis in 
French troops deployed in Sub-Saharan Africa 
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Introduction: Due to a long-lasting political instability, knowledge on viral circulation in Sub-Saharan Africa is scarce. 
More than 14,000 French servicemen are exposed to infectious risks during military intervention in Sub-Saharan 
countries and 2 to 5% of deployed forces will develop a fever of unknown origin (FUO). A viral etiological 
investigation of FUO offer the opportunity to: (1) discover new pathogens, (2) better understand viral circulation in 
those neglected territories and (3) improve medical care of febrile syndromes. 
Aims: This study’s purpose is to investigate viral etiology of FUOs in blood samples from febrile patients who stayed 
in Sub-Saharan Africa. 
Methods: A non-specific approach was developed using a traditional (viral isolation of cell monolayer, detection of 
dsRNA by ELISA, detection of viral genome by degenerated PCR) and modern diagnostic methods (new generation 
sequencing). 
Results and conclusion: We are facing multiple technical challenges such as frozen sample degradation, chemical 
contamination from blood sample collection tubes and risks of BLS4 viral hemorrhagic fevers. 
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Introduction: Currently, monitoring of respiratory pathogens relies on directed molecular and phenotypic testing. 
These well-established methods need a number of multiplexed assays to determine the etiology of acute respiratory 
infections (ARI) each season, and additional assays to molecularly characterize detected pathogens. Whole 
metagenomics sequencing (WMGS) via next-generation sequencing (NGS) enables concurrent and comprehensive 
detection and characterization of microorganisms, without prior sequence knowledge. Still, WMGS has not been 
widely adopted for routine clinical surveillance due to NGS costs and logistic complexities. Enriching the NGS 
libraries for select pathogens reduces the amount of sequencing needed (and therefore NGS costs) and simplifies 
data management and analysis, while still allowing for the semi-quantification, phylogenetic and functional 
characterization of the pathogens. 
Aims: Evaluation and validation of the performance of the OneTest

TM
, a commercial targeted metagenomics assay 

to detect and molecularly characterize key viral and bacterial pathogens causing ARI. 
Methods: We applied the ONETest

TM
 on RNA from 155 nose and throat swabs from patients with ARI in the 

Netherlands. The specimens underwent PCR and/or culture assays for select pathogens as part of the Dutch 
surveillance program for ARI. Positive specimens were selected representative for species, type, subtype and load-
range of the pathogens. Specimens negative for all select pathogens were selected from two winter seasons for 
analyzing the capacity of OneTest

TM
 to close the diagnostic gap. 

Results: 
Our preliminary data indicate that the ONETestTM agrees with gold standard assays (~86%) and revealed 
unreported pathogens in 31 cases (~17% of the samples). More importantly, using the sequence data, pathogens 
were classified by type/subtype and lineage/clade following phylogenetic analysis and antiviral resistance markers 
were detected without additional testing. 
Conclusion: Targeted metagenomics, such as the ONETest

TM
, can strengthen surveillance programs and lead to 

better public health care by improving the turn-around time of pathogen detection and molecular characterization. 
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Introduction: Next Generation Sequencing (NGS) based approaches are untargeted and therefore could be a 

valuable way to reliably detect and characterize viruses. However, the application of NGS is hampered by a high 
amount of host genomic nucleic acid present in the samples resulting in limited sensitivity for the detection of 
microbes. 
Aims: Compare different viral enrichment strategies prior to applying metagenomics to porcine blood serum 

samples. 
  
Methods: Total nucleic acids were isolated from 12 blood serum samples using the QIAamp® viral RNA kit 

(Qiagen). For viral enrichment, the Sequence-Independent Single-Primer Amplification (SISPA) approach and the 
ViroCaps (Roche) with hybridization times of 24h and 72h were evaluated. Sequencing libraries were generated with 
the KAPA HyperPrep Kit (Roche) and sequenced on a NextSeq 500 (Illumina). Reads were trimmed using CLC 
Genomic Workbench v12.0 and analyzed with Taxonomer (IDbyDNA). 
Results: Overall, the SISPA based approach resulted in an average of 1.17% viral reads, which was not enough to 

consistently yield whole genomes (3/12). The ViroCaps achieved 48.84% viral reads after 24h and 51.34% after 72h 
of hybridization time. Compared to SISPA the 24h ViroCaps approach resulted in a 224-fold increase in porcine 
endogenous retrovirus reads, 388-fold change increase in porcine reproductive and respiratory syndrome virus 
reads, 151-fold increase in tetraparvovirus reads and a 0.6-fold decrease in orthopoxvirus reads. Prolongation of 
ViroCaps hybridization time to 72h only slightly improved sensitivity. 
Conclusion: The application of ViroCaps increased the viral read count, with 24h incubation time being a good 

compromise between speed and sensitivity. In comparison, SISPA resulted in less viral reads but could also detect 
non-viral pathogens. Overall, ViroCaps can be a valuable tool for the detection and characterization of not only well-
known pathogenic viruses but also for emerging viruses. 
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Introduction: BK polyomavirus (BKPyV) is the causative agent of polyomavirus associated nephropathy (PVAN) in 

kidney transplant recipient and hemorrhagic cystitis in bone marrow transplant patients. BKPyV is highly prevalent in 
the general population (>85%), exhibiting latency in the kidneys. However, an immunosuppressed state favors 
uncontrolled viral replication, being a significant cause of graft loss. Several risk factors have been suggested in the 
literature but more insights are required. 
Aim: A cohort of kidney transplant patients, followed at UZ Leuven (Leuven, Belgium) from 2008 to 2017, was 

analyzed in order to identify the patients at risk for whom BKPyV reactivation was detected in urine and blood 
samples. In addition, presence of human polyomaviruses, others than BKPyV, was also assessed. 
Methods: Quantitative PCR was used to analyze urine and plasma samples for the presence of BKPyV, as well as, 

SV40 large tumor antigen staining on kidney biopsy specimen for the confirmation of nephropathy. Co-infection with 
human polyomaviruses, other than BKPyV, was assessed in a small series of patients (n=12) (preliminary study) 
using a Luminex-based technique. 
Results: From 1,024 kidney transplantation events performed during the period 2008-2017, 397 have been identified 

as BKPyV-positive in plasma (viremia) and 214 in urine (viruria). The remaining 413 kidney transplant patients were 
associated with the absence of BKPyV in both urine and plasma. Additionally, preliminary results on a limited 
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number of patients revealed co-infection with JC polyomavirus (JCPyV) in 7 out of 9 patients (78%) that developed 
PVAN. 
Conclusions: Current results showed that JCPyV might be a risk factor for developing PVAN. This analysis will be 

extended to the entire cohort. 
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Introduction: Compared to Sanger sequencing, metagenomics generates high-resolution data resulting in more 
accurate outbreak tracing. Likewise, it improves molecular diagnostics by detecting false-negatives in classical 
assays, allowing updates to detect these variants. However, several barriers inhibit routine metagenomics in public 
health and clinical institutions. Analysis pipelines are usually tailor-made for research projects and therefore 
designed for use by specialized personnel; they are often neither accessible nor user-friendly enough for wetlab and 
medical personnel. Furthermore, they lack focus on patient privacy, methodological logging and reproducibility. 
Aims: To empower non-bioinformaticians to do browser-based complex metagenomics analyses independently, 
without bioinformatics skills. Analysis should encompass QC and data cleaning, taxonomic classification, viral typing 
and minority variant analysis (quasispecies). Results should be presented via web-based interactive reports and 
include extensive methodological logging. 
Methods: Our research pipeline was automated using Snakemake, enabling pipeline execution with a single 
command. The use of bioconda facilitates standardization by allowing reproducible software installation. Human data 
are removed by comparison against the latest human genome version. Interactive Jupyter Notebook websites permit 
configuration of pipeline parameters, execution of the pipeline and generation of interactive analysis reports. Pipeline 
code is stored and logged in GitLab and every analysis contains a succinct methodological fingerprint: a uniquely 
identifiable label. 
Results: Our metagenomics pipeline is routinely used by lab technicians and does not require specialized 
bioinformatics knowledge. Routine implementation of the pipeline has improved our classical molecular diagnostics 
and surveillance capacity. Result can be restricted to the taxonomic level of interest. Therefore, it can be used for the 
analysis of virology or bacteriology focussed metagenomics. 
Conclusions: We created a robust and user-friendly metagenomics analysis infrastructure that is easily accessed by 
non-bioinformaticians via their browser. We also removed the barriers of patient privacy and clinical traceability by 
generating a succinct methodological fingerprint. 
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In sub-Saharan Africa, febrile disease represents a huge burden especially among children, but the majority of 
respective aetiologies remain unresolved. There is therefore a great need for systematic febrile disease surveillance. 
The African Network for Improved Diagnostics, Epidemiology and Management of Common Infectious Agents 
(ANDEMIA) project represents a transnational sentinel surveillance program that aims to research and combat 
common diseases in sub-Saharan Africa, including acute febrile disease of unknown cause (AFDUC). We explore 
AFDUC aetiologies at multiple urban and rural hospital sites in Côte d’Ivoire, Burkina Faso, Democratic Republic of 
the Congo and Republic of South Africa. Using multiplex PCR and subsequent hybridization to a customized 
macroarray, we investigate 30 pathogens potentially responsible for various pathologies of interest (e.g. arboviroses, 
haemorrhagic fevers, acute neurological disease). All molecular analyses are being conducted at national partner 
laboratories and respective staff is being trained extensively in the use of relevant techniques. Thus far, of the 577 
human blood specimens collected from Côte d’Ivoire in 2018, a subset of 56 specimens was analysed. Sixteen 
(28.5%) were tested positive for a viral pathogen, while no bacteria were detected. The main viral etiological agents 
identified were Epstein Bar virus (EBV, N=14) and Hepatitis-B virus (HBV, N=5); Cytomegalovirus (CMV) and 
enterovirus were also identified (N=1, respectively). 4 co-infections were detected, all of which involved EBV 
associated with either HBV (N=3) or CMV (N=1). These preliminary results indicate that viral febrile illness is of 
importance in West Africa. In the future, ANDEMIA surveillance will aid in expanding our understanding of AFDUC 
aetiologies in sub-Saharan Africa. The collected data will serve to develop appropriate interventions, such as 
adapting guidelines for diagnosis and treatment, implementing rapid diagnostic tests where appropriate, and 
introducing infection control measures and outbreak management. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PD34 
 
Differential expression of individual HERV loci in healthy subjects and multiple sclerosis patients 

NG Grandi, MPP Pisano, AC Corona, ET Tramontano 
University of Cagliari, MONSERRATO, CAGLIARI (CA), Italy 
 
 
Human Endogenous Retroviruses (HERV) are ancient proviral sequences integrated into the human genome. 
During the last 30 years, the general expression of various HERV group has been investigated to find a role in 
human diseases, above all multiple sclerosis (MS). Despite these efforts, an exhaustive analysis of the locus-specific 
HERV transcriptome has not been performed yet, preventing the knowledge of the individual HERV sequences 
expressed in physiological and pathological conditions. The present study aimed to clarify the contribution of 
individual HERV loci to both healthy and MS transcriptome, to gain insight into the specific sequences differentially 
modulated in MS patients.Starting from a comprehensive characterization of about 3200 HERV loci, a bioinformatics 
pipeline developed ad hoc for HERV expression analysis has been used to analyze public transcriptomic data 
(GSE77598), allowing to univocally map and quantify each HERV locus transcripts, and to assess its differential 
expression between 3 healthy controls and 5 MS patients.A total of 30 HERV loci were differentially expressed in MS 
patients, being either upregulated (10) or downregulated (20) as compared to healthy controls. Of note, they 
included 3 members of the highly studied HERV-W group, whose Env protein is currently under clinical trial as 
innovative therapeutic target for MS. To further investigate their expression pattern, the genomic context of the 30 
HERV loci has been characterized, revealing that 20 of them are co-localized with cellular genes. Among the latter, 
only 8 HERV loci showed a concordant modulation, suggesting that the majority of HERV that are differentially 
expressed in MS patients are not influenced by the surrounding genomic context.Our results identify specific HERV 
loci differentially transcribed in MS patients, and hence worth to be further investigated in a wider population, setting 
the bases for the identification of biomarkers and, possibly, innovative therapeutic targets. 
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Vaccine thermostability is key to successful global immunization programs as it may have a significant impact on the 
continuous cold-chain maintenance logistics, as well as affect vaccine potency. Modern biological and biophysical 
techniques were combined to in-depth characterize the thermostability of a formulated rabies virus (RABV) in terms 
of antigenic and genomic titer, virus particle count and aggregation state. Tunable resistive pulse sensing (TRPS) 
and nanoparticle tracking analysis (NTA) were used to count virus particles while simultaneously determining their 
size distribution. RABV antigenicity was assessed by NTA using a monoclonal antibody that recognize a rabies 
glycoprotein (G protein) conformational epitope, enabling to specifically count antigenic rabies viruses. Agreement 
between antigenicity results from NTA and conventional method, as ELISA, was demonstrated. Additionally, NTA 
and ELISA showed mirrored loss of RABV antigenicity during forced degradation studies performed between 5 °C 
and 45 °C temperature exposure for one month. Concomitant with decreased antigenicity, emergence of RABV 
particle populations larger than those expected for rabies family viruses was observed, suggesting RABV 
aggregation induced by thermal stress. Finally, using a kinetic-based modeling approach to explore forced 
degradation antigenicity data (NTA, ELISA), a two-step model accurately describing antigenicity loss was identified. 
This model predicted a RABV shelf-life of more than 3 years at 5 °C; significant loss of antigenicity was predicted for 
samples maintained several months at ambient temperature. This thorough characterization of RABV forced 
degradation study originally provided a time-temperature mapping of RABV stability. 
[https://doi.org/10.1016/j.ejpb.2018.08.006] 
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Here we present an automated pipeline for downloading and continuously updating NCBI entries (DONE) into a 
database based on a user-specified query. The databases can be created with protein or nucleotide sequences 
containing either all entries or specific for complete genomes. 
The pipeline attempts to automatically clean the database by discarding entries that have similarities to any entry in a 
database of user-specified contaminants. The default contamination databases include a human genome, the 
UniVec database from NCBI, an E. coligenome, a set of rRNA sequences, vectors, rRNA, satellite sequences and 
duplicates. Furthermore, the database is automatically screened to remove sequences from common marker genes 
(GFP, luciferase and resistance markers) that might be present in some entries, and could lead to false positive virus 
identification. 
A Kmer-based Viral Identification Tool (KVIT), which utilizes the recently developed KMA aligner to search against 
the automatically updated virus database was developed and made available as an online server 
(https://cge.cbs.dtu.dk/services/kvit/) as well as a stand-alone version 
(https://bitbucket.org/genomicepidemiology/kvit). 
Genome sequencing (WGS) has an expanding role in public health and clinical diagnostics. We have therefore 
developed a system for rapid subtyping and continuous phylogenomic analysis of viral samples by arranging all the 
genome segments in a forest of (evergreen) phylogenetic trees that are automatically updated with when new 
sequences become available. 
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Immunity against both ZIKV and poxvirus was elicited by DNA and non-replicating vaccinia virus-based 
vaccine candidates 
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Zika virus (ZIKV) and poxvirus infection are considered to be a public health emergency, which necessitates the 
development of effective vaccines. Here, we report novel recombinant DNA-based and non-replicating vaccinia virus 
(NTV)-based vaccine candidates that express the precursor membrane-envelope (prME) or envelope (E) 
glycoproteins of ZIKV. After immunization of BABL/C mice with the vaccines using a homologous (DNA/DNA, 
NTV/NTV) or heterogeneous (DNA/NTV) protocol, a similar level of anti-E IgG and neutralizing antibodies 
(microneutralization test) were detected in mice. However, a significantly higher level of E-specific T cell responses 
was elicited in mice when a heterogeneous prime-boost protocol was used (DNA/ NTV) with either the DNA-based 
or NTV-based vaccines. Furthermore, neutralizing antibodies and a T cell immune response against vaccinia virus 
(VV) were detected in mice subjected to the prime-boost protocol (DNA/ NTV), while those subjected to a 
homologous NTV/NTV protocol had lower levels of anti-VV IgG and neutralizing antibodies. Lastly, a novel H-2d-
restricted CD8 T-cell epitope, VRSYCYEASISDMAS, was identified in ZIKV E protein. These data demonstrate proof 
of concept of a bivalent vaccine candidate against ZIKV and orthopoxvirus and support the use of DNA-prME prime 
and NTV-E boost protocols to protect against ZIKV infection. 
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HIV-1 viral diversity needs to be overcome to successfully develop an HIV-1 vaccine. Elicitation of broadly 
neutralizing antibodies (bNAbs) would offer a solution, but so far, immunization strategies have failed to elicit bNAbs. 
To understand the bottlenecks, knowledge on the immune responses elicited by current HIV-1 envelope (Env) 
protein immunogens is important. To gain insight into this problem, we characterized monoclonal antibodies (mAbs) 
isolated from rabbits immunized with SOSIP trimers based on the clade B isolate AMC008. 
Five rabbits were immunized three times with AMC008 SOSIP.v4.2. To isolate Env-specific mAbs, we sorted single 
B cells able to bind AMC008 SOSIP.v4.2. mAb characteristics were determined by neutralization assays, ELISAs, 
and electron microscopy. 
21 AMC008 SOSIP.v4.2 specific mAbs were isolated. Binding assays revealed a requirement for the gp41 subunit 
for the majority of mAbs. Four of the mAbs could neutralize the autologous AMC008 virus and another clade B virus. 
All neutralizing mAbs competed with bNAbs targeting the trimer interface, confirming their gp41 requirement. 
Visualization of the interaction between the neutralizing mAbs and AMC008 SOSIP.v4.2 showed that these mAbs 
bound the HR2 region of gp41. Remarkably, the mAbs interacted with their epitopes with an approach angle that 
would cause a clash with the viral membrane, yet they bound membrane-associated Env trimers and neutralized the 
corresponding virus. 
Thus, we found neutralizing mAbs targeting the HR2 of gp41 with an unusual approach angle, suggesting that the 
Env trimer on the virus surface has a higher level of conformational plasticity than previously thought. The 
observation that known bNAbs targeting gp41 have different approach angles, opens up the possibility that the 
unusual approach angle might explain the limited neutralization breadth of the induced mAbs. If so, it would be 
interesting to explore more adapt immunization strategies that could optimize the approach angle and thereby 
increase neutralization breadth. 
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At present only a very limited number of specific antiviral therapeutics is available. Repurposing of approved drugs 
that target host functions which are also important for virus replication is a promising way to overcome this shortage. 
Most aspects of virus biology including screening of such antiviral therapeutics are studied in vitro in conventional 
monolayer cell cultures. However, the biology of these cultures differs considerably from the in vivo situation in 
infected tissues. Therefore, 3D-culture models which reflect many characteristics of human tissues may also reflect 
more realistically the in vivo events during infection. 
In this study we established a 3D cell culture infection model with primary human keratinocytes and cowpox virus 
(CPXV) for screening of different host-directed epidermal growth factor receptor- (EGFR-) blocking molecules as 
potential novel antiviral substances. The first, second, and third generation EGFR-inhibitors erlotinib, afatinib, and 
osimertinib, respectively, with different modes of action, as well as the EGFR-inhibiting monoclonal antibody 
cetuximab were tested in 3D culture for their antiviral activity and were compared to the corresponding monolayer 
approaches. 
Antiviral activity of erlotinib and osimertinib was nearly unaffected by the cultivation method similar to the virus-
directed antivirals tecovirimat and cidofovir. In contrast, the host-directed inhibitors afatinib and cetuximab were 
approx. 100-fold more efficient against CPXV in the 3D infection model, similar to the results previously observed 
with gefitinib. 
In summary, inhibition of EGFR-signaling downregulates virus replication comparable to established virus-directed 
antiviral therapeutics. However, in vitro efficacy of host-directed antivirals might be seriously affected by 3D 
cultivation of the cells whereas virus-directed substances inhibited virus replication independent of the cultivation 
systems. The results obtained for afatinib and cetuximab as well as for the previously studied gefitinib in a 
biologically more relevant model suggest that screening of such drugs in standard monolayer culture might 
underestimate their potential as antivirals. 
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Chikungunya virus (CHIKV) is an important reemerging mosquito-borne virus that can cause chikungunya fever. 
This acute febrile illness is characterized by headache, rash and (poly)arthralgia that can reside for months to years 
after infection. Currently, effective antiviral therapies and vaccines are lacking. Due to the high morbidity and 
economic burden in the countries affected by CHIKV, there is a strong need for new strategies to inhibit CHIKV 
replication. 
Potential targets for antiviral therapies are host-directed inhibitors (HDI). HDIs are interesting due to their broad-
spectrum antiviral mechanisms. However, the underlying mechanism of the inhibition should be clearly defined 
before validation in clinical models. A serotonin receptor agonist (5-HTR), 5-nonyloxytryptamine (5-NT), was 
previously identified as a potential inhibitor for CHIKV infection. 5-HTRs are G protein-coupled receptors expressed 
on many natural target cells of CHIKV. In this study we aim to determine the mode of action of 5-NT inhibition on the 
replication cycle of CHIKV. 
We confirmed that 5-NT inhibits CHIKV in the bone osteosarcoma cell line U-2 OS. Subsequent time-of-addition 
experiments revealed that 5-NT predominantly acts in the early phases of the CHIKV replication cycle. However, no 
effect was seen during virus-cell binding and internalization into the host cell. Moreover, using a fluorescent-based 
microscopy assay, we found that 5-NT does not inhibit hemifusion of the viral envelope with the endosomal 
membrane. Infection by-pass experiments confirmed that 5-NT predominantly acts at a step prior to RNA translation 
and genome replication. In summary, 5-NT interferes with CHIKV infection at a stage after hemifusion but prior to 
protein translation. We are currently trying to further pinpoint the mode of action of 5-NT in controlling CHIKV 
infectivity. Altogether, this study highlights the antiviral properties of 5-NT and supports further development of 5-NT 
as a potential antiviral compound for the treatment of CHIKV-related pathologies. 
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Respiratory syncytial virus (RSV) infection can lead to severe respiratory illness and is the main cause of 
hospitalization in infants under 1 year of age. No vaccines or antivirals are currently available and the determinants 
of severe disease remain elusive. Natural killer (NK) cells are important effector cells in the anti-viral immune 
response and likely form a critical component of the early response against RSV infection. NK cells that are recruited 
to the lung during RSV infection encounter the virus in the presence of (maternal) antibodies. We investigated 
whether RSV and RSV-antibody complexes affect NK cell functionality, since these cells potentially contribute to 
immunopathology. 
We demonstrate for the first time that RSV can directly infect adult and neonatal NK cells. Incubation of RSV with 
sub-neutralizing antibody concentrations significantly increased the percentage of infected NK cells. Upon infection, 
large numbers of NK cells produced IFN-y, but this was not accompanied by enhanced killing capacity, as evidenced 
by the percentage of perforin-secreting cells. RSV-infected NK cells therefore appear geared towards a pro-
inflammatory rather than a cytotoxic response. 
Our findings show that RSV can affect NK cell functionality, an effect that is enhanced in the presence of sub-
neutralizing antibody concentrations. Considering that most vaccines that are currently being developed aim at 
inducing (maternal) antibodies against RSV, it is extremely important to have a good understanding of the possible 
interactions between innate immune effector cells and virus-specific antibodies and their role in the development of 
(severe) RSV disease. 
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Dengue is the most widespread arboviral disease, with approximately one third of the world population at risk. 
Dengue viruses belong to the genus Flavivirus (Flaviviridae family) and are divided into four closely related serotypes 
(1-4) that share 60 to 75 % homology at the amino acid level. This viral diversity complicates the development of 
antivirals and currently there is still no approved dengue-specific treatment available. With the aim of providing an 
efficient tool for dengue virus research, particularly to evaluate the efficacy of antiviral compounds, a panel of 
nineteen dengue viruses, covering nearly all genotypes within the four serotypes, was developed. After phylogenetic 
analysis of the full-length genome, we selected relevant strains from our collection.To complete the panel, the 
missing viruses were generated using a reverse genetic system, based on the infectious subgenomic amplicons 
technique. Finally, we evaluated this new dengue virus panel against three already published compounds. NITD008, 
which targets the highly conserved active site of the NS5 polymerase, exhibited similar antiviral potencies against the 
different dengue genotypes in the panel. In contrast, compounds targeting either the capsid (ST-148) or NS4B 
(SDM25N) exhibited large differences in potency against the various genotypes of dengue viruses. This data 
illustrates that this dengue virus panel, constructed based on phylogenetic analysis, is a new and useful tool for 
dengue research and reinforces our conviction that there is a necessity to evaluate a compounds’ activity against a 
large panel of dengue viruses. In addition, this panel will be made available through EVA or accessed at our virology 
unit of the Aix-Marseille university to evaluate antiviral small molecules. 
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Comparison of monoclonal antibodies induced by HIV-1 envelope glycoprotein immunization and SHIV 
infection in non-human primates 
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The human immunodeficiency virus (HIV-1) remains a global health threat and the development of an effective 
vaccine is highly desirable. Recently, soluble native-like HIV-1 envelope glycoproteins, termed BG505 SOSIP trimers 
were developed which induced neutralizing serum responses against the neutralizing resistant homologous virus in 
both non-human primates (NHP) and rabbits. However, it is unclear if these antibody responses are comparable to 
those induced by natural infection. 
Immunogen-specific IgG+ B cells from two BG505 SOSIP protein immunized and three BG505 SHIV infected NHP 
were single cell sorted to obtain monoclonal antibodies (mAbs). These antibodies were further characterized for their 
binding and neutralization characteristics using ELISA, Negative Stain Electron Microscopy and neutralization 
assays. The viral population from the BG505 SHIV infected NHP were sequenced over time as well. 
Both neutralizing and non-neutralizing mAbs were isolated from all animals. Overall, mAbs elicited by the BG505 
SOSIP trimer targeted similar epitopes compared to mAbs isolated from the BG505 SHIV infected NHP (the fusion 
peptide, V1 region and strain-specific holes in the glycan shield of the HIV-1 envelope glycoprotein), but the 
distribution of isolated mAbs per epitope differed. This was due to higher clonal expansion of the antibody response 
and lower accessibility of the base of the trimer during natural infection. In addition, more of the mAbs isolated from 
SHIV infected NHP neutralized the homologous virus and they showed greater neutralization potency. 
The results show that immunizing with the BG505 SOSIP trimer mimics infection by eliciting mAbs with similar target 
epitopes but that the isolated mAbs differ in terms of clonal diversity and distribution of their epitope specificities. The 
knowledge obtained in this study highlights the similarities and differences between immunization and infection and 
should be taken into consideration in the design of future HIV-1 immunization strategies. 
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Tomatidine, a novel antiviral compound towards chikungunya virus 
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In recent decades, chikungunya virus (CHIKV) has drastically re-emerged, leading to massive outbreaks of CHIKV 
fever in Africa, Asia and recently in Central and South America. Unlike other arboviral infections, the majority of 
CHIKV infections are symptomatic. The disease is characterized by a rapid onset febrile illness with polyarthralgia, 
myalgia, rashes, headaches and nausea. Moreover, in 30 to 40% of cases, CHIKV infection leads to persistent 
polyarthralgia which may last for months or even years. Despite the drastic re-emergence and heath and high 
economic burden there is no vaccine nor antiviral compound available to prevent or control CHIKV infection. 
In this study, we evaluated the antiviral potential of tomatidine, a natural steroidal alkaloid, towards CHIKV infection. 
Tomatidine is derived from the stem and leaves of unripe tomatoes and has been described to have various 
beneficial biological activities. We found that tomatidine strongly inhibits virus infection of multiple CHIKV strains in 
multiple cell lines. In addition, tomatidine had no virucidal effect. Subsequent time-of-drug-addition experiments in 
Huh7 cells demonstrated that tomatidine predominantly acts after virus-cell binding and entry into the host cell. By 



   

175/253 

comparing the ratio of infectious particle production versus genome equivalent particle production, we found that 
tomatidine does not specifically inhibit the secretion of infectious CHIKV particles but rather the overall particle 
production. Flow cytometry analysis revealed that tomatidine significantly reduces the number of infected cells 
identified by the expression of the viral E2 protein, but not the mean fluorescent intensity within the infected cell 
population. Antiviral activity is still detected at 48 hours post-infection, indicating that tomatidine effectively controls 
multiple rounds of CHIKV replication. Solasodine and sarsasapogenin, two structural derivatives of tomatidine, also 
showed strong albeit less potent antiviral activity towards CHIKV. As a conclusion, this study demonstrates potent 
antiviral activity of tomatidine towards CHIKV and its potential as an antiviral compound to treat CHIKV infections. 
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The H2N2 master donor virus (MDVA) of FluMist/Fluenz confers the cold adapted, temperature sensitive and 
attenuated (ca/ts/att) phenotypes to the live attenuated influenza vaccine (LAIV). Incorporation of some recently 
circulating H3N2 haemagglutinin (HA) and neuraminidase (NA) gene segments onto the MDVA backbone resulted in 
reduced virus replication, relative to MDVA itself. We hypothesised that a subtype-specific H3N2 LAIV backbone 
might improve these replication characteristics. 
To generate an H3N2 backbone with MDV-like properties, the five ca/ts/att mutations from MDVA were incorporated 
into a contemporary, wildtype (wt) H3N2 strain, A/New Caledonia/71/2014 (catsNC71). The polymerase of catsNC71 
showed a similar temperature sensitivity profile to the MDVA polymerase, as measured by luciferase minigenome 
assay, while catsNC71 virus grew to titres comparable to those of MDVA in eggs. Temperature sensitivity of 
catsNC71 was then assessed by TCID50 assay performed at 33°C, 37°C and 39°C. At 39°C, catsNC71 showed 
significant and comparable temperature sensitivity to MDVA. However, at 37°C the infectious titre of catsNC71 was 
indistinguishable from wt virus, suggesting more limited temperature sensitivity than MDVA. To address this, three 
additional, previously described ts mutations (P112S, N556D and Y658H) were introduced into the catsNC71 PB2 

protein (cats2NC71). Polymerase activity and viral infectivity of cats2NC71 remained significantly reduced at 39°C, 
while temperature sensitivity at 37°C was also improved to MDVA-like levels. 
These data demonstrate that it is possible to create a contemporary H3N2 LAIV backbone with an MDVA-like 
phenotype through the insertion of known ca/ts/att mutations into the polymerase gene segments of a wt H3N2 

strain. Cats2NC71 will allow investigation of the potential benefits of a subtype-specific backbone in generation of 
H3N2 LAIV strains. 
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Introduction & Aims 

Hepatitis E is endemic in many developing countries and is becoming a threat worldwide, particularly for the 
European countries. Although ribavirin is effective as an off-label treatment for some chronic HEV cases, a 
substantial proportion of patients develop resistance and eventually fail to clear the virus. Thus, there is a need for 
searching other medications and this study aims to repurpose FDA-approved drugs for treating HEV infection. 
Methods 

An HEV infectious model and an HEV sub-genomic model were used. 
Results 

By employing a Huh7.5 cell-based HEV sub-genomic replicon model, we screened the antiviral effect of a library of 
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1280 FDA-approved drugs. Deptropine, a Histamine H1 receptor antagonist for treating allergy, was identified as a 
potent inhibitor of HEV infection. This was further validated in Huh7.5 and Hep3B liver cells and HEK 293T kidney 
cells harboring the full-length HEV infectious model. The IC50 and CC50 value of deptropine against HEV replication 
were 1.27 μM and 9.47 μM in Huh7.5 cells and 0.84 μM and 12.72 μM in HEK 293T cells. Moreover, we found that 
the genotype 1 HEV replicon model was more sensitive to deptropine with an IC50 of 0.14 μM. In addition, long-term 
treatment with 5 μM deptropine dramatically reduced the HEV RNA by 80% after 39 d treatment, which is further 
confirmed by western blot assay. Interestingly, we found that deptropine could inhibit HEV in the absence of H1 
receptor, but this effect was attenuated after overexpression of this receptor. Lastly, a synergistic effect was 
observed when deptropine was added in combination with ribavirin (20.53 μM

2
 %, 95% confidence). 

Conclusion 

In this study, we identified antihistamine deptropine as a potent anti-HEV drug. As a safe and cheap drug widely 
used in the clinic, repurposing deptropine may represent as a new potential treatment for hepatitis E. 
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During the 2013-14 and 2015-16 influenza seasons, vaccine effectiveness (VE) of the A/H1N1pdm09 component of 
the quadrivalent live attenuated influenza vaccine (QLAIV) was lower than expected. This led to the Advisory 
Committee on Immunisation Practises withdrawing their recommendation for the use of QLAIV during the 2016-17 
and 2017-18 influenza seasons in the US. In response, a broad-based investigation was conducted, identifying viral 
replicative fitness in human cells as a key determinant of H1N1 VE. Consequently, a replacement A/H1N1pdm09 
vaccine strain with improved replicative fitness was required for the 2017-18 QLAIV. For this purpose, circulating 
strain A/Slovenia/2903/2015 (A/SLOV15) was evaluated. 
Initially, LAIV containing wildtype A/SLOV15 HA and NA sequences (A/SLOV15 V1) replicated poorly in human 
cells. Four mutations were then introduced into the viral haemagglutinin (HA) protein: N125D, D127E, D222G and 
R223Q, resulting in a vaccine candidate, A/SLOV15 V8, with improved replicative fitness. To demonstrate the 
contributions of these four mutations a panel of A/SLOV15 HA point-mutants were generated, containing these 
residues either individually or in combination. 
Introduction of the D127E substitution alone was found to increase both single-cycle infectivity in A549 cells and 
multi-cycle replication in primary human nasal epithelial cells, with peak titres 100-fold higher than A/SLOV15 V1. 
This effect was amplified for mutants where D127E was incorporated alongside N125D or D222G, indicating a 
cumulative improvement. Replication in eggs was also improved for the A/SLOV15 D127E/D222G double mutant 
and A/SLOV15 V8. However, both viruses had peak titres only three-fold higher than A/SLOV15 V1, indicating that 
these mutations preferentially improved human cell replication.  
These data demonstrate that the mutations incorporated into the A/SLOV15 HA protein in generation of A/SLOV15 
V8 were key to improving viral replicative fitness in human cells. This led to significantly improved VE estimates for 
the A/H1N1pdm09 component of QLAIV during the 2017-18 influenza season. 
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JAK-STAT cascade 
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Introduction: Interferons(IFNs) exerts broad antiviral function by inducing hundreds of interferon-stimulated genes 
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(ISGs). MDA5 is one of the most important ISGs in innate antiviral immunity. Hepatitis E virus HEV is an zoonotic 
pathogen causing global health issue. However, the host innate defense mechanisms against HEV remain poorly 
understood. 
Aim: In this study, we aim to investigate the effect and the mechanism-of-action of MDA5 on HEV infection. 
Methods: Two human hepatoma Huh7 cell line-based HEV cell culture models were used. Huh7-p6 infectious 

model contains the full-length HEV genome (Kernow-C1 p6; GenBank accession JQ679013) and Huh7-p6-Luc 
replicon contains a subgenomic HEV sequence in whichORF2 was replaced by the Gaussia princeps luciferase 
reporter gene. 
Result: Over-expression of MDA5 inhibited HEV viral RNA and HEV-related Gaussia luciferase activity by 70% and 

80% in Huh7-p6 and Huh7-p6-Luc models, respectively. Interestingly, MDA5 induced the protein expression and 
phosphorylation of STAT1, and further triggered the transcription of antiviral ISGs. However, this did not involve the 
production of IFNs. Although MDA5 triggers an IFN-like antiviral response, the induction pattern of ISG transcription 
does not completely overlap with that by IFN-α treatment. Interestingly, block the JAK-STAT pathway by JAK 
inhibitor 1 only partially attenuated the ISG induction and anti-HEV activity of MDA5. In contrast, this inhibitor 
completely blocked the effects of IFN-α. Consistently, we observed the similar results in the Huh7-STAT1 knockout 
cell line. 
Conclusion: We have demonstrated that MDA5 triggers an IFN-like antiviral response to inhibit HEV replication. 

This does not involve the production of IFN but partially through the JAK-STAT cascade of the IFN signaling. 
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The HIV-1 envelope glycoprotein (Env) trimer is the only target for neutralizing antibodies (NAbs) and its enormous 
diversity is a major obstacle for the development of a globally protective vaccine. Many vaccine efforts that aim to 
induce broadly neutralizing antibodies (bNAbs) utilize recombinant mimics of the HIV-1 Env trimer. Such 
immunogens, which are typically based on env sequences from circulating natural isolates, have predominantly 
induced NAbs that target the sequence-matched virus only. A consensus sequence of all known HIV-1 isolates is 
more closely related to most circulating sequences than circulating sequences are to one another and this could 
encourage the induction of more cross-reactive responses.  
 
Therefore, we generated a stabilized native-like Env trimer based on a consensus sequence of all HIV-1 group M 
isolates (ConM SOSIP.v7).  
 
This trimer displayed the epitopes of most known bNAbs, presented an intact glycan shield and was amenable for 
display on nanoparticles. The crystal structure of the ConM SOSIP.v7 trimer at 3.9 Å resolution resembled that of 
previously characterized native-like Env trimers, but its antigenic surface exhibited less isolate-specific amino acid 
residues. As an immunogen, the ConM SOSIP.v7 trimer elicited strong NAb responses against the sequence-
matched virus in rabbits and macaques that were enhanced when the trimer was presented on nanoparticles. Sera 
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of the nanoparticle-immunized rabbits and macaques also neutralized the related Tier 2 ConS virus. Mapping studies 
showed that the dominant NAb specificity for both viruses was directed against epitopes at or close to the trimer 
apex.  
 
Thus, immunogens based on consensus sequences might have utility in vaccines against HIV-1 and other viruses 
with high sequence diversity, such as influenza, ebola or hepatitis C virus. The ConM SOSIP.v7 trimer will be 
evaluated in phase I clinical trials starting in 2019. 
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Crimean Congo Haemorrhagic Fever Virus (CCHFV) is one of the most widespread tick-borne viruses, causing 
infection in man and livestock across many countries. In man, the mortality rate is up to 40% but there is no effective 
or recognised vaccine and thus it has been included on a priority list of emerging pathogens by World Health 
Organization (WHO). Various attempts to produce candidate vaccines have been hampered by the difficulties in 
expressing and purifying the major surface glycoproteins – GC and GN. In our study, we used the baculovirus 
expression system to optimise expression and purification of GN and GC for use as candidate recombinant 
vaccines. 
We designed a series of baculovirus expression vectors in which the full-length or truncated versions of CCHFV GN 
and GC were labelled with one or more affinity purification tags at either the N or C terminus. Each recombinant virus 
was used to infect Sf9 insect cells and small-medium scale (50 to 1000 ml), batch-type purifications were carried out 
to assess GN and GC solubility, yield and purity. 
Our results demonstrated that a single affinity step purification for the strep-tagged GN or GC purified in the 
presence of low percentage detergent enabled greater than 95% purity and yields of 0.6 and 0.3 mg/L of GN and 
GC, respectively. Interestingly, the strep-tagged truncated versions of GN and GC, in which the transmembrane and 
cytoplasmic tail domains were deleted, showed improved yields of 1.2 and 1.0 mg/L of GN and GC, respectively. 
These results will enable us to move forward to investigate the immunogenicity of insect cell-derived GN and GC in 
several in vitro and in vivo assays. Our future goal focuses on determining the protective efficacy of our vaccine 
candidates in a vaccination-challenge experiment using CCHF mouse models. 
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Improved baculovirus surface display of influenza virus haemagglutinin (HA) and its potential as a vaccine 
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Seasonal flu is responsible for highly contagious, acute respiratory diseases in humans that result in 250,000 to 
500,000 deaths globally each year. Outbreaks of new influenza sub-types occur that on occasion quickly spread to 
become epidemic or pandemic. Prevention and control of the spread of influenza virus is mainly based on an 
effective vaccination regime, which to date are largely manufactured using conventional technology based on 
embryonated hen’s eggs. However, the threat of influenza virus outbreaks emphasizes the need for a novel, rapid 
vaccine technology that can respond quickly to stop or reduce the threat of epidemics or and pandemics. In our 
study, we focused on investigating baculovirus surface display technology as a novel approach to develop an 
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improved recombinant influenza subunit vaccine. 
Influenza HA was produced either as a native protein or as a chimera with the baculovirus major surface 
glycoprotein GP64 utilizing the polyhedrin gene promoter. The display vectors comprised variants with (BacPAK6) or 
without (flashBACULTRA; FBU) a number of non-essential genes including cathepsin. We compared HA display by 
budded virus (BV) produced in Spodoptera frugiperda (Sf9) or Trichoplusia ni (Hi5™) cells. Immunoblotting, 
haemadsorption and haemagglutination analyses were undertaken to assess HA expression, surface display and 
biological activity, respectively. 
Optimal HA production and display by BV was achieved using the native HA produced by FBU. The lack of protease 
production by this virus resulted in improved HA stability as demonstrated by apparent lack of cleavage to form the 
HA1 sub-unit. Surprisingly, BV produced in Hi5™ cells by FBU displayed more HA than BV produced in Sf9 cells. 
This was despite 100-fold higher BV titres in Sf9 compared with Hi5™ cells. Purified BV incorporating HA from Hi5™ 
cells produced an excellent antibody response in mice suggesting that these improved display vectors for the basis 
for a prototype subunit vaccine. 
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Introduction: Cleavage of influenza A virus (IAV) hemagglutinin (HA) by host proteases is essential for virus 

infectivity. The HA of most influenza viruses including human seasonal and pandemic IAV as well as low pathogenic 
avian IAV is cleaved at a single arginine residue by trypsin-like proteases. We identified TMPRSS2 as a protease 
present in the human airways that activates HA with a monobasic cleavage site in vitro. Further studies by us and 
others have demonstrated that TMPRSS2 is essential for infectivity and pathogenesis of H7N9 and H1N1 in mice. In 
contrast, H3N2 and influenza B virus (IBV) activation and spread is independent of TMPRSS2 expression and due to 
so far unknown protease(s). These studies demonstrated that IAV and IBV with monobasic HA cleavage sites can 
differ in their protease specificity in mice. 
Aims: Here, we investigated the role of TMPRSS2 in activation and replication of different IAV subtypes in primary 

human bronchial (HBE) cells and type II alveolar epithelial cells (AECII). 
Methods: Knockdown of TMPRSS2 expression was achieved by using peptide-conjugated phosphorodiamidate 

morpholino oligomer (PPMO) T-ex5. T-ex5 treatment causes mis-splicing of TMPRSS2 mRNA and leads to the 
expression of a truncated inactive protease. 
Results:We found that knockdown of TMPRSS2 expression, using T-ex5 strongly suppressed proteolytic activation 

of H1, H2, H3, H5, H6, H7, H8, H10, H11 and H15 with monobasic cleavage site in Calu-3 human airway epithelial 
cells. Furthermore, T-ex5 treatment strongly prevented multicycle replication of IAV including H3N2 in HBEC and 
AECII. 
Conclusion: Our data demonstrate that TMPRSS2 is the major HA-activating protease for IAV in the human 

respiratory tract and provides a promising drug target for the treatment of IAV infections. 
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An attenuated live marker classical swine fever vaccine (Flc-LOM-BE
rns

) for the eradication of CSF was prepared 
that an infectious clone (Flc-LOM) based on an attenuated live classical swine fever vaccine virus (LOM strain) was 
removed the full-length CSF E

rns
 sequences and 3’ end (51 base pairs) sequences of CSF capsid and then the full-

length bovine viral diarrhea virus (BVDV) E
rns

 gene sequences and 3’ end (50 base pairs) of BVDV capsid gene 
sequences were substituted within the regions. The LOM vaccine virus was a positive strain for an exaltation of 
Newcastle disease (END) virus method, but the Flc-LOM-BE

rns
 virus was an END negative strain and its bio-marker 

was changed to be more stable. After vaccination 2-3 weeks before sow insemination in order to investigate the 
defense of the Flc-LOM-BE

rns
 vaccine, they were inoculated with an virulence CSFV for each pregnancy period 

(early, middle, late) and then examined whether their fetuses are tansplacental transmission or not. Vaccinated 
pregnant sows with the Flc-LOM-BE

rns
 did not develop a vertical infection in the fetus by the virulence virus challenge 

regardless of the initial, middle or late pregnancy period. In addition, CSF challenge did not affect the delivery date of 
the immunized sows and the weight and length of the fetuses. 
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Influenza A virus is unquestionably one of the most important human pathogens. According to WHO, it is estimated 
that yearly seasonal influenza causes 3 to 5 million severe cases and 300,000 to 650,000 deaths. High infectivity 
and variability force researchers to constantly seek new potential anti-influenza drugs. Berberine (BBR) is an 
isoquinoline alkaloid found in many plants including Berberis vulgaris and has potent biological activity, i.e., anti-
inflammatory, anticancer and antiviral properties. Studies also indicate its good anti-influenza properties. However, 
despite numerous reports on the activity, the mechanism of action against influenza virus is far from understanding, 
and the results are often incompatible or even contradictory. 
The aim of the research was to investigate the anti-influenza properties of BBR and to determine the mechanism of 
action. 
The experiments were carried out in a variety of cell lines susceptible to seasonal H3N2 influenza infection (in vitro 
model) as well as in human airway epithelium (HAE) cultures (ex vivo model prepare with primary cells). The CPE 

reduction assays, quantitative real-time PCR, confocal microscopy and whole cell proteomic analyses were used for 
evaluation of the antiviral potential and mechanism of action of BBR. 
Our results showed strong anti-influenza properties of BBR in both in vitro and ex vivo models. Moreover, for the first 
time we proved that berberine anti-influenza properties are a result of inhibition of MAPK/ERK pathway which is vital 
in influenza replication 
Taken together, our results indicate that the effect of berberine is cell type-dependent and is based on indirect 
inhibition of influenza virus replication by modulation of MAPK/ERK pathway. To date, our results are not consistent 
with previously published and shed new light on the potential use of berberine in treating or alleviating the symptoms 
of influenza. 
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Introduction 

Marine environment remains an unexplored source of organic compounds, characterized with structural and 
chemical features not common among terrestrial natural products. Since ancient times aquatic organisms have been 
exploited for medical purposes, with the focus on fish and algae oils used for memory improvement and inflammation 
reduction. 
Dictyotaceae, considered as one of the most important families of brown algae, is widely distributed in the tropical 

and subtropical regions of the Atlantic, Pacific and Indian Ocean, the Sea of Japan and the Mediterranean Sea. 
Independent studies have shown their diverse impact on human health, including antioxidant, antimicrobial and 
anticoagulant activity. 
Aims 

The aim of this study was to identify and characterize antiviral potential of secondary metabolites isolated from brown 
macroalgae of the genus Dictyota occurring along the Greek coastlines. 
Methods 
Dictyota fasciola and Dictyota mediterranea were collected from Plymiri bay (Rhodes island) in August 2009 and 

from Agios Theodoros bay (Karpathos island) in August 2013, respectively. The algal organic extracts were 
subjected to serial chromatographic separations, which led to the isolation of 21 diterpenes and sesquiterpenes. 
Spectroscopic analysis revealed structures of 6 new natural products. 
XTT assay was employed to test cytotoxicity of the compounds on Vero, Vero E6 and HCT-8 cells, permissive for 
Zika virus (ZIKV), herpes simplex virus 1 (HSV-1) and human coronavirus NL63 infection (HCoV-NL63), 
respectively. Their antiviral efficiency was assessed with qPCR. 
Results 

Most of the compounds were not toxic up to 30 µg/ml, with antiviral activity at 2.5-10 µg/ml. At 10 µg/ml HSV-1 
replication was inhibited by 2-3 logs, HCoV-NL63 by 2-4 logs and ZIKV from 2 log up to the complete inhibition. 
Conclusion 
Terpenes isolated from Dictyota fasciola and Dictyota mediterranea express considerable antiviral activity, both for 
RNA (ZIKV, HCoV-NL63) and DNA viruses (HSV-1). The presented results are a promising for novel drug 
development. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PE20 
 
TLR2-mediated sensing and inflammatory responses in course of dengue virus infection 

JA Aguilar Briseño
1
, V Upasani

2
, B ter Ellen

1
, J Moser

1
, M Pauzuolis

1
, M Ruiz Silva

1
, P Dussart

2
, T Cantaert

2
, J 

Smit
1
, IA Rodenhuis-Zybert

1
 

1
University Medical Center Groningen, GRONINGEN, The Netherlands 

2
Institut Pasteur du Cambodge, PHNOM PENH, Cambodia 

 
 
Exacerbated inflammation can lead to vascular permeability and plasma leakage: immune-pathologies that hallmark 
severe dengue virus (DENV) infection. Nearly a decade ago, Toll-like receptor (TLR) 2, one of the innate sentinels 
generally associated with bacterial infections has been observed to be upregulated on monocytes of dengue 
patients. The mechanism of TLR2 upregulation and its relevance in disease pathogenesis remains however elusive. 
Here, we demonstrate that TLR2 senses DENV particles and plays a key role in mechanisms underlying virus-
induced inflammation and immunopathology. By analysing acute blood samples of 54 DENV paediatric patients of 
whom 22 subsequently developed severe disease, we identified a predictive value of TLR2 expression on 
monocytes. Our functional analyses highlight the ability of TLR2 to rapidly sense all four DENV serotypes and to fuel 
infection-mediated inflammatory responses leading to activation of the human vascular endothelium. At the same 
time, TLR2 and the CD14 co-receptor increase the infected cell mass thereby revealing a pro-viral role for TLR2. 
Altogether, our data suggest that the use of pharmacological agents targeting the TLR2 axis may provide a strategy 
to mitigate the pathogenesis of severe disease. 
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Targeting structural features of viral genomes: G-quadruples and bulges/loops with cationic metal-
containing molecules - a molecular dynamics study. 

LM Melidis 
University of Birmingham, BIRMINGHAM, United Kingdom 
 
 
Structural features of viral genomes exhibit the highest degree of conservation and play a vital role in all steps of the 
viral cycle. As such, they can be ideal targets for antiviral drugs. We examine targeting mechanisms for those 
structural regions using metal-containing cationic molecules. After showing antiviral activity in cell lines with HIV-1, 
we analyse the binding modes of one class of such molecules to a series of HIV-1 genome structural nucleic acid 
targets using explicit solvent molecular dynamics in solutions of different ionic strengthsand biophysical techniques 
(CD , LD, UVVis). Moreover, we expand to other nucleic acid structures of viral origin as in silico screening 
suggesting potential broad spectrum antiviral activity.We examine the effect of different metals to the surface 
electrostatic potentialof the molecule and how that translates to binding affinity and induced structural changes of 
nucleic acid targets. In conclusion, using theoretical and computational approaches (density functional theory and 
Molecular dynamics) we suggest an explanation for the difference in potency between isostructural and isocationic 
molecules, as well as the potential of metal containing drugs to work as broad spectrum antivirals by targeting 
structural features. 
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The yellow fever virus (YFV) is an arthropod born virus, member of the Flavivirus genus of the Flaviviridae family, It 
is a single stranded positive sense RNA virus with a ~11 kb genome. YFV is the causative agent of yellow fever, a 
febrile illness endemic to South America and Africa. A recent epidemic in Brazil associated with the sylvatic 
transmission of the virus has raised the concern of possible future epidemics and the occurrence of the urban cycle 
of transmission of the disease and large-scale outbreaks. Commercial and public distributed live attenuated vaccines 
are available and are the most effective manner of prevention, but their use is not recommended for those who are 
immunocompromised or are allergic to its components. There is also the risk, although still very low, of the 
development of severe and sometimes fatal yellow fever virus vaccine-associated disease. In this work, we describe 
the production of yellow fever virus like particles utilizing the baculovirus expression system in insect cells, as a 
possible subunit vaccine candidate that would not present some of the potential risks associated with the live 
attenuated virus vaccine. For this purpose, we have constructed a recombinant baculovirus carrying the genes for 
the structural proteins (C, prM and E) under the control of a late baculovirus promoter, as well as the viral encoded 
protease genes under the control of an early/late promoter, in order to assist in the post-translational processing and 
VLP formation. This recombinant virus causes accentuated syncytium formation, characteristic of flavivirus infection, 
in lepidopteran cell lines, and preliminary transmission electron microscopy analysis indicate particles that resemble 
the morphology of YFV. We further aim to purify and test the possible immunogenic potential of these particles in 
mice. 
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Introduction: The selection of viral strains with resistance-associated substitutions (RASs) at hepatitis C virus 

(HCV) NS5A and NS5B genes can be considered one of the limiting factors for achieving sustained virologic 
response to available combination of direct-acting antivirals daclatasvir (DCV) and sofosbuvir (SOF). This interferon-
free regimen has been used in Brazilian clinical routine for treating mono- and HCV/HIV-coinfected patients 
chronically infected with HCV genotypes (GTs) 1 and 3. Aims: Determine the response rate after SOF/DCV therapy 

and the prevalence of baseline RASs in HCV NS5A and NS5B genes for patients chronically infected with HCV GTs 
1 and 3. Methods: Serum samples were collected from 107 monoinfected patients (1a: 46; 1b: 45; 3a: 16) and 25 

HCV/HIV co-infected patients (1a: 9; 1b: 12; 3a: 4) before antiviral therapy with SOF/DCV. Methodology included 
viral RNA extraction, RT-PCR reactions with specific primers for each GT and purification followed by nucleotide 
sequencing reaction. Results: Response rate was 95.4% (126/132), and those who failed were five monoinfected 

patients and one HCV/HIV co-infected patient. HCV NS5A RASs prevalence was higher for HCV/HIV co-infected 
patients (28%; 7/25) than monoinfected patients (16.8%; 18/107). Regarding HCV NS5B RASs, no difference was 
evidenced between mono- and HCV/HIV-coinfected groups (15% vs. 16%). At least one HCV NS5A RAS described 
in literature at loci 28, 30, 31 or 93 was identified in HCV GTs 1 and 3 strains for both groups. As for HCV NS5B, 
RASs at positions 159 and 316 was observed only for GT 1b strains. Conclusions: This study highlighted that 

response rates in practical routine were similar to controlled clinical trials (89-98%). Moreover, NS5A RASs already 
described in literature with limited clinical reports in vivo could be related with reduction of susceptibility with DCV 
unlike NS5B mutations that do not appear to be associated with therapeutic failure. 
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Introduction - Yellow fever virus 17D (YFV-17D) is an extremely successful human vaccine in terms of both efficacy 
and safety. It is therefore an attractive platform for development of a vaccine vector for other pathogens. 
Aims - We aimed to design and develop DNA-launched YFV-17D-based RNA replicons that can express emerging 
virus antigens. In this study we used the receptor-binding domain or larger parts of the MERS coronavirus spike 
protein, or comparable domains from other coronaviruses, including SARS-CoV and MHV. 
Methods - The replicons are expressed from a polymerase II (Pol II) promoter in a DNA plasmid and contain all YFV 
proteins necessary for genome replication. In addition, they encode a foreign antigen which replaces the sequences 
of the YFV surface glycoproteins PrM and E, which are normally required for assembly of YFV virus particles. To 
produce a single generation of foreign antigen-expressing particles that will cause a second round of viral RNA 
replication (suicide system), the structural proteins PrM and E are expressed from a second, independent Pol II 
promoter in the same plasmid DNA. 
Results - We demonstrate that transfection of this plasmid into cells results in accumulation of replicon RNA, 
expression of the foreign protein and the replicon proteins and production of infectious particles. In cells infected with 
these particles, replication of the containing RNA and expression of the foreign antigen are observed, but no new 
particles are formed, demonstrating the effectivity of the suicide system. Vaccination of mice with replicon-containing 
virus particles results in detection of good neutralizing antibody titers against the emerging virus insert, 
demonstrating the potential of the platform. 
Conclusion – Our platform combines a recombinant DNA vaccine approach with the benefits of a live vaccine, and 
includes an additional layer of safety by limiting viral spread to a single cycle of infection. 
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Introduction 

A major goal for HIV-1 vaccines is to induce broadly neutralizing antibody (bNAb) responses that target the envelope 
glycoprotein (Env) trimer and can protect against most circulating strains. Soluble mimics of the HIV-1 Env trimer, 
such as SOSIP trimers, can induce neutralizing antibody (NAb) responses. However, these NAb responses are 
usually limited to the sequence-matched virus only. Recently, we showed that a hyperstable version of the SOSIP 
trimer (SOSIP.v6) induces NAbs that also target some non-sequence-matched viruses, suggesting that increased 
thermostability enhances immunogenicity. 
Aims and methods 

Here, we built on these observations by generating four novel SOSIP.v6-based designs (SOSIP.R1-R4) aimed at 
increasing thermostability and reducing the undesirable binding to non-NAbs. In order to further improve their 
performance as immunogens, we also generated 1) variants in which strain-specific epitopes were masked by 
glycans, 2) variants that were chemically cross-linked, and 3) variants that were multimerized on nanoparticles. 
Results 

Compared to SOSIP.v6, all four SOSIP.R1-R4 mutants showed improved binding to bNAbs, interacted less with 
non-NAbs and, depending on design, did not bind to strain-specific NAbs, while purification yields for all four versions 
were improved. Furthermore, the thermal stability of bNAb epitopes was improved, with an increase by up to 10°C 
for the quaternary epitope targeted by the PGT145 bNAb. 
Conclusion 

We have initiated a rabbit immunization experiment to assess whether ultrastable SOSIP trimers in combination with 
strategies such as chemical cross-linking, strain-specific epitope masking and multivalent display, induce stronger 
and broader NAb responses. These ultrastable designs could be applied to a wide range of soluble HIV-1 Env 
trimers and might provide blueprints for generating immunogens of other viruses. 
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Introduction:  
It was recently shown in vitro that mutations in the 3’-polypurine tract (3’-PPT) of HIV-1 result in high level resistance 

to INSTIs (Malet, Mbio, 2017). It is not known whether mutations in the 3’-PPT also emerge in patients with virologic 
failure (VF) during treatment with INSTIs. Therefore, we sequenced the 3’-PPT in patients who experienced VF 
during the randomized controlled DOMONO study on dolutegravir (DTG) maintenance monotherapy. 
 
Aim: 
To investigate whether mutations in the 3’-PPT emerge in patients with virologic failure (VF) during treatment with 
INSTIs. 
 
Methods: 
Patients who experienced VF, defined as a confirmed plasma HIV-RNA ≥ 200 cop/mL, during the DOMONO main 
study (n=8) and its pilot study (n=2). Inclusion criteria for the main study were: CD4 T-cell nadir ≥ 200 cells/mm3, 
HIV-RNA zenith < 100.000 cop/mL, no previous VF and/or documented resistance-associated-mutations (RAMs). 
Pilot study inclusion criteria were as in the main study except that CD4 T-cell nadir was < 200 cells/mm3. Sanger 
sequences of the 3’-PPT were generated using plasma samples during VF and pre-cART plasma samples 
(baseline). 
 
Results: 
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In 9/10 patients, no mutations were detected in the 3’-PPT at baseline nor during VF. In one patient, who 
experienced confirmed VF (plasma HIV-RNA 313 cop/mL and 798 cop/mL) 24 weeks after start of DTG 
monotherapy, mutations were detected in the 3’-PPT during VF (AAAAGAAAAGGGAGC) which were not present at 

baseline (AAAAGAAAAGGGGGG). No INSTI-RAMs were detected in integrase during VF and the DTG plasma 
level during VF was adequate (5.31 mg/L, 19 hours after last intake). 
 
Conclusion: 
Our findings indicate that 3’-PPT mediated INSTI resistance can occur in vivo. 
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Introduction 

Herpes simplex viruses are one of the most widespread human pathogens, estimated to infect up to 90% of world 
population. Symptoms of the disease are usually limited to unsightly blisters in the oral or genital area, but the virus 
can also cause ocular infections that may lead to blindness, or potentially fatal viral encephalitis. Current treatment 
strategies involve the use of nucleoside analogues, such as acyclovir and its derivatives that are subject to 
limitations such as low bioavailability and emergence of resistant strains. 
Aim 

The aim of this study is to develop and evaluate novel inhibitors of HSV-1 VP24 protease, a protein essential for 
releasing the scaffolding during formation of the capsids. It is hypothesized, that effective inhibitors of this protease 
would hamper the infection, limiting the symptoms and spreading of the disease. 
Methods 

An active form of the VP24 protease was expressed in E. coli for use in a high-throughput screening assay to assess 
the ability of proposed compounds to inhibit its activity. Simultaneously, developed compounds were subject to an in 
vitro test employing HSV-1 and a permissive cell line to evaluate their potency in inhibiting viral infection and 
possible cytotoxicity. 
Results 

Ten out of 41 tested compounds inhibited HSV-1 replication in cell culture. Two of them, designated 22A and 9B 
demonstrated very strong antiviral activity (~4 log inhibition) while presenting no significant cytotoxicity. Both 
compounds were also shown to inhibit the activity of VP24 protease in a biochemical assay. 
Conclusion 
Inhibitory activity of the developed compounds was proven in an enzymatic assay as well as in an in vitro HSV-1 
infection model. Inhibitors of viral proteases have previously shown their potential in clinic for other pathogens, such 
as HIV-1 or HCV. Combination of polymerase inhibitors with protease inhibitors may offer a novel strategy to control 
herpesviral infection. 
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Tick-borne encephalitis virus (TBEV) is a flavivirus infecting central nervous system and causing over 10,000 cases 
of human meningitis and encephalitis annually. It is endemic in Central, Eastern, Northern Europe, and North-
Eastern Asia. There is no approved therapy against TBEV infection and infected individuals are dependent on innate 
and adaptive immune responses to eliminate the virus. An effective preventive vaccine is available, however, the 
vaccination coverage differs greatly among different endemic countries. IFITM1, IFITM2 and IFITM3 are interferon 
induced transmembrane proteins, which belong to ISG family and have been shown to exhibit strong antiviral activity 
against many RNA viruses. 
The aim of presented study was to investigate the role of IFITM1, IFITM2 and IFITM3 proteins in the TBEV infection. 
A549-based cell lines stably expressing tagged IFITM1, IFITM2 and IFITM3 proteins were constructed using 
retrovirus transduction. Upon infection with different MOIs of TBE virus, inhibited production of new viral particles 
was observed. The strongest inhibition was detected in case of IFITM3 protein, as determined by plaque assay of 
secreted and intracellular virus. The results were confirmed by Western blot analysis of TBEV surface antigen and 
by immunofluorescence. When cell-free infection was restricted by experimental conditions we observed strong 
suppression of foci formation in IFITM3- expressing cells, what indicated possible inhibition of cell-to-cell virus 
spread. 
Presented results will help to better understand how host innate immune responses limit infection of tick-borne 
encephalitis virus. 
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Introduction: 

With the ongoing outbreaks and 35% case fatality rate, Middle East respiratory syndrome coronavirus (MERS-CoV), 
continues to pose a global threat. However, licensed vaccines and therapeutics for MERS-CoV, including 
monoclonal antibodies, are not currently available. Camelids have unique heavy-chain-only antibodies with long 
finger-like complementary determining regions allowing accessibility to epitopes inaccessible to conventional 
antibodies. The variable domain of these antibodies (VHHs), known as nanobodies, have small size, high antigen 
affinity and high homology to human counterparts, making them potential candidates for clinical use. 
Aim: 

We aimed at generating MERS-CoV-specific VHHs targeting different epitopes within the MERS-CoV spike protein 
to prevent viral neutralization escape and provide efficient protection against viral infection. 
Methods: 

Using bone marrow from MERS-CoV vaccinated dromedary camels, we cloned and expressed the VHH repertoire in 
E. coli. From this library, we screened for and characterized MERS-CoV-specific VHHs targeting different domains 
on the vial spike protein. We selected potent VHHs and fused them to a human Fc, generating camel/human mono- 
and bi-specific chimeric heavy-chain-only antibodies (cHCAbs). 
Results: 

We identified several potent MERS-CoV-specific VHHs targeting the viral spike receptor binding domain (RBD) and 
the sialic acid binding (S1

A
) domain, thereby blocking virus entry and attachment, respectively. Those with the 

highest potencies were selected and fused to human Fc to extend their half-life in vivo. The cHCAbs directed against 
the RBD were capable of blocking MERS-CoV entry in vitro and in vivo. S1

A
-directed cHCAbs blocked virus 

attachment to sialic acids and reduced infection in vitro. Different combinations of cHCAbs and bi-specific cHCAbs 
were evaluated for their protective efficacy against different virus variants and escape mutants. 
Conclusion: 
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We generated cHCAbs targeting different MERS-CoV epitopes which could be promising therapeutic candidates for 
MERS-CoV infection. 
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Introduction: Chikungunya virus (CHIKV) is a re-emergent mosquito-borne alphavirus. Its transmission causes the 

chikungunya disease characterized for high fever, erythematous skin eruption, intense muscular and joint pain. To 
date, there are no licensed antiviral drugs against CHIKV. The high costs and the long searching time for proving the 
effectiveness and security for new therapies development, leads to investigate the off-label indications of the 
potential antiviral activity of medicines that has been already approved by world drug agencies supported by in-silico 
studies. Lovastatin was approved since 1988 and its antiviral activity in-vitro and in-vivo was previously 

demonstrated in other arboviruses. 
Objective: To evaluate in-vitro, the potential antiviral activity of Lovastatin against CHIKV. 
Methods: Lovastatin 10 µM treatment (concentration previously reported for other arboviruses), was evaluated 

before, during and after CHIKV infection on VERO cells (MOI:5). The inhibitory effect was quantified by plaque 
assay. Ribavirin 200 µM and Doxycycline 50 µM, were also tested at the same conditions as inhibition positive 
controls. The results between the drugs were compared, to evaluate the highest inhibition for further pharmaceutical 
studies. Moreover, molecular docking of lovastatin and two CHIKV-proteins was executed with AutodocVINA 
software. 
Results: The treatment with Lovastatin present an in-vitro CHIKV inhibition of 100% compared to untreated control 

(p < 0.01). Doxycycline and Ribavirin, showed inhibition percentages of 91 and 92%, respectively (p < 0.01). The anti-
CHIKV activity of lovastatin was statistically significant higher than inhibition positive controls (p < 0.01). The binding 
energy of lovastatin with CHIKV-proteins, E2 and Protease, was -6.3±0.1 and -6.7±0.1 kcal/mol, respectively 
Conclusion: Lovastatin is capable of a significant in-vitro inhibition of the CHIKV infection. Therefore, this research 

demonstrates the potential off-label antiviral indication of this drug above other approved drugs previously reported 
with antiviral activity. Thus, lovastatin could be used as a possible treatment for Chikungunya disease in the future 
 
This research was funded by CONADI N° 1884 
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Introduction: In the last decade, several regions around the world have reported the co-circulation of three re-
emergent mosquito-borne viruses: Dengue (DENV), Zika (ZIKV) and Chikungunya (CHIKV). Only DENV has a 
vaccine, moreover, none of these arboviruses has specific licensed antiviral drugs to treat the infection. This facts 
increase the necessity of the investigation and development of new compounds with potential antiviral activity. 
Approximately 50-60% of small molecule drugs approved by the International Agencies are synthetic or semi-
synthetic compounds structurally derived from natural metabolites. 
Objetive: To evaluate the potential antiviral in-vitro activity of di-halogenated L-tyrosine derived compounds against 

re-emergent arboviruses. 
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Methods: 10 di-halogenated L-tyrosine derived synthetic compounds, five bromo-tyrosines (1-5) and five chloro-
tyrosines (6-10), structurally related to the natural Cryptotethia crypta metabolites were synthetized and tested. 
Cytotoxicity was assessed by MTT method. Antiviral screening (treatment pre-trans-post infection) was 
accomplished in VERO cells. Inhibitory effect against CHIKV, ZIKV or DENV-2 was quantified by plaque assay in 
VERO cells. Suramin (500 µM) and Ribavirin (200 µM) were also evaluated at the same conditions as positive 
inhibition controls. 
Results: All compounds showed cytotoxicity lower than 10% at the experimental concentration (250 µM). 
Compounds 1, 2, 3, 4, 7, 9 and 10 exhibited anti-CHIKV activity, being compounds 4 and 9 the most promissory 
antivirals (inhibition above 75%, p<0.01). By other hand, only the compound 9 inhibited the infection of ZIKV (above 
60%; p < 0.01) and none of the evaluated molecules inhibited DENV-2 infectious particles production. Suramin and 
Ribavirin showed inhibition percentages of 100% and 92%, respectively for all viruses (p < 0.01). 

Conclusion: Compounds 4 and 9 presented the highest anti-CHIKV potential activity, however just the compound 9 
is capable of a significant in-vitro inhibition of two of the arboviruses (CHIKV and ZIKV). Studies in course will permit 
to evaluate the action mechanism involved in the antiviral inhibition. 
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Cationic amphiphilic drugs (CADs) have broad antiviral potential – in specific, some CADs showed effects against 
enveloped viruses like Ebola virus. On the flipside, CADs evoke concerns about drug-induced phospholipidosis 
(DIPL) in host cells, a lipid-storage disorder of lysosomes, which requires monitoring during drug development. 
Lacking effective antiviral treatment or vaccination, novel treatment options could be revealed by repurposing of 
CADs. Intriguingly, the antiviral mechanism of action and structure-function relationship of CADs is yet unclear. 
Our aim was to assess and compare antiviral activities and cytotoxicity of 47 CADs as well as DIPL-induction of 
selected CADs in a single-point approach and analyze which physico-chemical properties determine structure-
function relationship. 
Therefore, we established a 96-well single-point assay with EA.hy 926 cells and MARVpp as CAD-sensitive 
enveloped HIV-based pseudovirus and determined c = 5 µM to apply to all CADs. Entry was measured as residual 
luciferase-activity. Furthermore, DIPL-induction of eight strong and six weak CADs was determined by FACS-
analysis of accumulated fluorescent phospholipid. Correlation-analysis of antiviral activity and chemical properties 
pKa, logP, linker length, and molecular weight of CADs was performed. Based on these findings, selected 
derivatives and analogous compounds to strong CADs of our screen were tested for antiviral activity. 
We found the strongest antiviral effects with Dronedarone, Triparanol and Quinacrine with residual entry of 16 %, 18 
% and 23 %, respectively. Further we observed a correlation between antiviral effect and hydrophobicity logP>4 as 
well as DIPL induction by CADs. Moreover, analysis of Dronedarone-derivatives and CAD-analogues revealed 
similar effects for derivatives D-1 and D-2, whereas CAD-analogues did not show as strong antiviral effects as their 
potent seed compounds. 
Out of 47 CADs, 23 % inhibited MARVpp, but concomitantly induce phospholipidosis. Physico-chemical properties 
correlating with antiviral activity are high pKa and more markedly high logP, but there seem to be additional 
structure-specific requirements. 
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Antiviral activity In vitro and In silico of indole alkaloids isolated from Tabernaemontana Cymosa against 
Zika, Chikungunya and Dengue virus. 
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Introduction 

Zika (ZIKV), Chikunguya (CHIKV) and Dengue (DENV) viruses are transmitted by mosquitoes belonging to the 
genus Aedes. The available treatments are palliative and only directed to the control of the symptoms, for which the 

identification of compounds of natural origin that present antiviral potential is a research area of “�”�great present 
value. 
Objective 
To evaluate In vitro and In silico the antiviral potential of two alkaloids of natural origin on the infection by ZIKV, 

CHIKV and DENV 
Methodology: 
Two alkaloids (Voacangine-hydroxy-indolenine and Rupicolin) were isolated from Tabernaemontana cymose. The 
cytotoxicity was evaluated by the MTT method. Antiviral effect was quantified by RT-qPCR and the infectious viral 
particles were determined by plaque titration. Molecular docking analysis was done to evaluate the interaction with 
the envelope structural protein and a non-structural protein. 
Results 

Voacangine-hydroxy-indolenine inhibited the number of genomic copies in the infection by ZIKV in 88.6% and 
CHIKV in 84.1%. Rupicolin inhibited DENV by 66.1%, CHIKV by 83.8% and ZIKV by 58%. The inhibition of the viral 
particles of Voacangine-hydroxy-indolenine and Rupicolin was 100% and 93.4% for ZIKV and 90.9% and 88.7% for 
CHIKV, respectively. By docking the binding energy (Kcal/mol) of the E protein with Voacangine-hydroxy-indolenine 
was -5.5 for ZIKV, -6.9 for CHIKV and -5.4 for DENV. In the case of Rupicolin we have obtained -5.1 for DENV, -5.5 
for ZIKV and -6.6 for CHIKV. The binding energy of NS5 protein with Voacangine-hydroxy-indolenine was -7.1 for 
ZIKV and -7 for DENV, while for NSP2 for CHIKV was -6.7. Rupicolin had a binding energy of -6.8 with NS5 of ZIKV 
and -7.4 of DENV. Finally, the NSP2 of CHIKV had a -6 with Rupicolin. 
Conclusion 
The results obtained In vitro shown that Voacangine-hydroxy-indolenine is capable of inhibiting infection by ZIKV and 

CHIKV, while Rupicolin inhibits infection by DENV and CHIKV. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PE38 
 
In vitro and in silico antiviral activity of triterpenoid compounds against the infection of Chikungunya, Zika 
and Dengue viruses. 

MI Zapata-Cardona
1
, LM Monsalve-Escudero

1
, Y Pajaro

2
, DC Quintero-Gil

1
, F Castillo-Diaz

2
, SM Robledo

3
, M 

Martinez-Gutierrez
1
 

1
Universidad Cooperativa de Colombia, BUCARAMANGA, Colombia 

2
Universidad de Cartagena, CARTAGENA, Colombia 

3
Universidad de Antioquia, MEDELLIN, Colombia 

 
 
Introduction: Chikungunya (CHIKV), Zika (ZIKV) and Dengue (DENV) virus are transmitted by mosquitoes of the 

genus Aedes, currently distributed in all tropical and subtropical countries around the world. There is no specific 
antiviral treatment available against those viruses. 
Objective: To evaluate in vitro and in silico, the antiviral potential of the triterpenoid compounds against the infection 

of CHIKV, ZIKV and DENV viruses. 
Methods: The cytotoxicity of Alpha-Spinasterol, Stigmasterol and Lupeol was assessed by the MTT assay (from 100 

to 3.1 μg/mL). The Antiviral screening was performed for 48 hours. Infections were accomplished with clinical 
isolates for CHIKV-ACol (MOI: 5) and ZIKV-ACol (MOI 5), and the reference strain of DENV-2/NG (MOI: 1). The 
resulting viral inhibition was evaluated by Real-Time PCR and plaque assay. In addition, the interaction of the 
compounds with the Envelope (E) and NS5 proteins of DENV and ZIKV, and the E and NSP2 proteins of CHIKV 
was evaluated by molecular docking. 
Results: The compounds showed cytotoxicity lower than 24.3% at the evaluated concentrations. The inhibition 
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percentage of viral genomic copies and infectious viral particles by Alpha-Spinasterol at 3.1 μg/mL were 82,7 % and 
92.4% against DENV-2 / NG, respectively. Moreover, the inhibition percentage of the infectious viral particles of 
Alpha-Spinasterol were 50,7 %,70.0% against CHIKV and ZIKV, respectively. Finally, the non-structural (NS5 and 
NSP2) and E protein from the all viruses showed binding energies from -5.3 and -8.5 Kcal/mol with Alpha-
Spinasterol, Stigmasterol and Lupeol. 
Conclusion: Alpha-Spinasterol inhibits the replication of DENV-2 and the formation of infectious viral particles of 

CHIKV, ZIKV and DENV-2. The modulation of the cell membrane and / or the alteration of the viral particle is 
suggested as antiviral mechanism. Studies in progress will allow to identify the mechanism of action of the 
compounds with antiviral activity in vitro against evaluated viruses. 
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Introduction: Rift Valley fever virus (RVFV; family Phenuiviridae, genus Phlebovirus) is a mosquito-borne virus 
endemic to sub-Saharan Africa and the Arabian Peninsula and the etiological agent of Rift Valley fever (RVF). RVF 
is a disease of major public health and economic concern, affecting livestock and humans. Currently, no approved 
antiviral treatment options for RVFV infections exist. Tilorone dihydrochloride (tilorone) is a small molecule that is an 
approved antiviral therapeutic in Georgia and the Russian Federation. It has been reported to inhibit many unrelated 
viruses, such as influenza viruses, West Nile virus, as well as Ebola virus. Its mechanism of action has been 
described as being an orally active interferon inducer. 
Aims: Here, we investigated the antiviral activity of tilorone against RVFV to further characterize its broad-spectrum 
antiviral efficacy. 
Methods: Antiviral activity of tilorone was assessed in cell culture and an established mouse model. 
Results: In plaque reduction assays in Vero cells, tilorone inhibited RVFV with an EC50 of 0.05µM (attenuated RVFV 
strain MP-12) and 0.71µM (pathogenic RVFV strain ZH501), and in a virus yield reduction (VYR) assay of 0.9µM. In 
interferon-competent A549 cells, the EC50 was 2.6µM in a VYR assay. Time-of-addition experiments using a 
recombinant RVFV expressing GFP, demonstrated that near complete suppression of viral replication was observed 
when tilorone was added to infected cells up to six hours post infection. Importantly, in the BALB/c mouse model for 
RVFV ZH501, once daily dosing with 30 mg/kg/day of tilorone for 9 days resulted in 80% survival. 
Conclusions: Our data demonstrate that tilorone has promising antiviral activity against infection with RVFV, for 

which currently no approved treatment options are available. Furthermore, our results strengthen the potential broad-
spectrum applicability of tilorone. 
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As we recognized from 2015’s pandemic of Middle East Respiratory Syndrome Corona Virus (MERS-CoV) infection 
in South Korea, emerging viral infections are threatening the national healthcare system and have a negative impact 
on social security. To develop novel anti-viral compounds to treat emerging viral infection, we have sought natural 
compounds potentially suppressible MERS-CoV infection from natural plants used in traditional medicine by using 
image-based high throughput screening (HTS) system. We found some natural flavonoids and steroids significantly 
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inhibits MERS-CoV infection with IC50 < 10 micro mole. Our results indicate that these natural compounds may be 
useful for alternative clinical application of treating MERS-CoV infection disease. 
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Interferon-λ (IFN-λ) acts on epithelial cells and confers direct innate antiviral protection of mucosal surfaces. New 
results from our laboratory reveal that IFN-λ also improves long-term antiviral protection via thymic stromal 
lymphopoietin (TSLP)-mediated activation of the adaptive immune system. Mice deficient in IFN-λ signaling showed 
an impaired antibody response after immunization with a live-attenuated influenza virus strain that lacks the IFN-
antagonistic factor NS1. Vaccine-induced release of IFN-λ in the upper airways triggered the synthesis of TSLP by M 
cells that, in turn, stimulated CD103

+
 migratory dendritic cells and boosted antigen-dependent germinal center 

reactions in draining lymph nodes. The IFN-λ/TSLP axis also boosted IgG1 and IgA responses after intranasal but 
not subcutaneous or intraperitoneal immunization with subunit vaccines and improved survival after lethal influenza 
virus challenge. These results demonstrate that IFN-λ plays an important role in potentiating adaptive immune 
responses which initiate at mucosal surfaces. IFN-λ might be used as an adjuvant to increase the effectiveness of 
mucosal vaccines. 
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Human rhinoviruses (HRV) are one of the major causes of common cold in humans and are also associated with 
acute asthma and bronchial illness. Heat-shock protein 90 (Hsp90), a molecular chaperone, is an important host 
factor for the replication of single-strand RNA viruses. In the current study, we examined the effect of the Hsp90 
inhibitor pochonin D, in vitro and in vivo, using a murine model of human rhinovirus type 1B (HRV1B) infection. Our 

data suggested that Hsp90 inhibition significantly reduced the inflammatory cytokine production and lung damage 
caused by HRV1B infection. The viral titer was significantly lowered in HRV1B-infected lungs and in Hela cells upon 
treatment with pochonin D. Infiltration of innate immune cells including granulocytes and monocytes was also 
reduced in the bronchoalveolar lavage (BAL) by pochonin D treatment after HRV1B infection. Histological analysis of 
the lung and respiratory tract showed that pochonin D protected the mice from HRV1B infection. Collectively, our 
results suggest that the Hsp90 inhibitor, pochonin D, could be an attractive antiviral therapeutic for treating HRV 
infection. 
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Manassantin B shows antiviral activity against coxsackievirus B3 infection by activation of the STING/TBK-
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1/IRF3 signalling pathway 
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Coxsackievirus B3 (CVB3) is an important human pathogen associated with the development of acute pancreatitis, 
myocarditis, and type 1 diabetes. Currently, no vaccines or antiviral therapeutics are approved for the prevention and 
treatment of CVB3 infection. We found that Saururus chinensis Baill extract showed critical antiviral activity against 
CVB3 infection in vitro. Further bioassay-guided fractionation revealed that manassantin B inhibited replication of the 
5’-non-coding region of the CVB3 genome and suppressed CVB3 VP1 protein expression. Additionally, oral 
administration of manassantin B in mice attenuated CVB3 infection-associated symptoms by reducing systemic 
production of inflammatory cytokines and chemokines including TNF-α, IL-6, IFN-γ, CCL2, and CXCL-1. We found 
that the antiviral activity of manassantin B is associated with increased levels of mitochondrial ROS (mROS). 
Inhibition of mROS generation attenuated the antiviral activity of manassantin B in vitro. Interestingly, we found that 
manassantin B also induced cytosolic release of mitochondrial DNA based on cytochrome C oxidase DNA levels. 
We further confirmed that STING and IRF3 expression and STING and TBK-1 phosphorylation were increased by 
manassantin B treatment in CVB3-infected cells. Collectively, these results suggest that manassantin B exerts 
antiviral activity against CVB3 through activation of the STING/TKB-1/IRF3 antiviral pathway and increased 
production of mROS. 
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The cellular helicase DEAD-box 3 (DDX3) is known to be an essential host factor for major human viral pathogens 
such as HIV-1 and Hepatitis C viruses as well as for the replication of viral agents responsible for orphan diseases 
such as Dengue virus (DENV), West-Nile virus (WNV), Chikungunya Virus (CHIKV) and Japanese Encephalitis 
Virus (JEV). No specific and effective pharmacological treatment is currently available for these latter pathogens, 
despite being an increasing threat to EU citizens that may eventually lead to sustained epidemics in Europe. 
Additionally, all compounds that are currently approved for the treatment of other viral infections target viral proteins. 
Targeting a unique viral function has an important the Achilles’ heel: viral resistance to the drugs, an important threat 
to the efficacy of current therapy. Conversely, the alternative strategy, targeting a cellular factor that is required for 
viral replication, should help to overcome this problem. Theoretically, a drug targeting a cellular factor could also 
inhibit all viruses that are dependent on the same host factor. Recently, it has been revealed that the cellular 
ATPase/RNA helicase X-linked DEAD-box polypeptide 3 (DDX3) is an essential host factor for the replication of 
several viruses.

1
 Accordingly, our research group is working in targeting both the ATPase and RNA binding regions 

of DDX3.
2-7

 Most of the synthesized derivatives were able to inhibit the DDX3 helicase activity at submicromolar 
concentration. Furthermore, these compounds showed anti-HCV and anti-HIV activity in cells, as well as a good 
inhibitory activity against JEV, DENV, CHIKV and WNV infections. Our results clearly demonstrated that DDX3 
inhibitors could be exploited in order to treat HIV/HCV co-infections, emerging infectious diseases such as Dengue 
and West Nile and HIV-1 patients carrying drug resistant strains. Each of these three medical conditions currently 
represents a major challenge for clinical treatment. 
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Phagocytes produce hypochlorous acid (HOCl) to destroy ingested microbes within phagolysosomes. HOCl is 
produced from chloride ions (Cl

-
) and hydrogen peroxide using the enzyme myeloperoxidase. HOCl, the active 

ingredient in bleach, has antibacterial and antiviral properties. As myeloperoxidase is needed for HOCl production, 
non-myeloid cells are considered incapable of producing HOCl. 
Here, we show that epithelial, fibroblast and hepatic cells have enhanced antiviral activity in the presence of 
increasing concentrations of sodium chloride (NaCl). Replication of enveloped/non-enveloped, DNA (Herpes simplex 
virus-1, and murine gammaherpesvirus 68) and RNA (respiratory syncytial virus, influenza A virus, Human 
coronavirus 229E, and coxsackievirus B3) viruses are inhibited in a dose-dependent manner. Whilst treatment with 
sodium channel inhibitors did not prevent NaCl-mediated virus inhibition, a chloride channel inhibitor reversed 
inhibition by NaCl, suggesting intracellular chloride is required for antiviral activity. Inhibition is also reversed in the 
presence of 4-aminobenzoic hydrazide, a myeloperoxidase inhibitor, suggesting epithelial cells have a peroxidase to 
convert Cl

-
 to HOCl. A significant increase in intracellular HOCl production is seen early in infection. These data 

suggest that non-myeloid cells possess an innate antiviral mechanism dependent on the availability of Cl
-
 to produce 

HOCl. Antiviral activity against a broad range of viral infections can be augmented by increasing availability of NaCl. 
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There are no antivirals to treat viral upper respiratory tract infection (URTI). Since numerous viruses cause URTI, 
antiviral therapy is impractical. Hence an intervention effective against a broad range of viruses is needed. We have 
evidence of chloride-ion dependent innate antiviral response in epithelial cells, effective against DNA, RNA, 
enveloped and non-enveloped viruses which his augmented in the presence of salt (NaCl). 
We conducted a pilot, non-blinded, randomised controlled trial of hypertonic saline nasal irrigation and gargling 
(HSNIG) vs standard care on healthy adults within 48 hours of URTI onset to assess recruitment (primary outcome). 
Acceptability, symptom duration and viral shedding were secondary outcomes. All participants maintained a 
symptom diary until well for two days or a maximum of 14 days and collected 5 sequential mid-turbinate swabs to 
measure viral shedding. The intervention arm was taught to prepare hypertonic saline and perform HSNIG. They 
were asked to perform HSNIG as many times as needed depending on symptoms and document the number of 
times HSNIG was performed. The control arm used standard care. Over-the-counter medications (OTCM) were 
allowed. 
We recruited 68 participants (2.6 participants/week; November 2014-March 2015). A participant declined after 
randomisation. Another was on antibiotics and hence removed (Intervention:32, Control:34). Follow up data was 
available from 61 (Intervention:30, Control:31). 87% found HSNIG acceptable, 93% thought HSNIG made a 
difference to their symptoms. In the intervention arm, duration of illness was lower by 1.9 days (p=0.01), over-the-
counter medications (OTCM) use by 36% (p=0.004), transmission within household contacts by 35% (p=0.006) and 
viral shedding by ≥0.5 log10/day (p=0.04). The reduction in symptom duration, OTCM use, household transmission 
and viral shedding support the efficacy of HSNIG. Our success in recruiting participants and acceptability suggests a 
larger trial is feasible to confirm our findings. We hence need a larger trial to confirm our findings. 
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Defective Interfering vRNA are not a Majority Population in Live Attenuated Influenza Vaccine and Appear to 
not Drive Vaccine Effectiveness 
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In the 2013/14 and 2015/2016 influenza seasons, the pandemic H1N1 (A/H1N1pdm09) component of the 
quadrivalent live attenuated influenza vaccine (Q/LAIV) was shown to have reduced clinical vaccine effectiveness 
(VE). More recently, using RT-PCR techniques, it was published that substantial quantities of defective interfering 
(DI) vRNA were present in commercial 2014/15 Q/LAIV nasal sprayers. These DI vRNA are truncated genomic RNA 
segments which are known to play a role in viral replication and innate immunity. It was therefore postulated that the 
presence of large amounts of DI vRNA in LAIV could impact clinical VE. To address these concerns, we aimed to 
quantify and structurally describe DI vRNAs in LAIV, followed by evaluating the impact of DI vRNAs on LAIV VE. 
Initially, we made qualitative assessments of DI vRNA content in formulated Q/LAIV using RT-PCR based methods. 
This confirmed published observations that DI vRNA do exist in specific Q/LAIV formulations. Then, using nanopore 
sequencing, we were able to show that the abundance and genetic structure of DI vRNA in RT-PCR products was 
dependent on LAIV subtype. Subsequently, we developed a novel digital polymerase chain reaction (dPCR) assay 
to provide absolute quantification of PA DI vRNA relative to its full-length gene segment, in the absence of RT-PCR 
amplification bias. This demonstrated that, in contradiction to the RT-PCR based observations, DI vRNA did not 
make up a substantial proportion of the PA gene segment population (5-35%) in any of the LAIV strains tested. 
Furthermore, our data suggested that there was no correlation between LAIV DI vRNA content and clinical 
effectiveness. Additional experiments evaluating the precise role of DI vRNA in LAIV replication and innate immunity 
are ongoing. 
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Coxsackieviruses (CVs) are relatively common viruses associated with a number of serious human diseases, 
including myocarditis and meningo-encephalitis. Many researchers have developed effective compounds against 
CVs – although no clinically available specific treatment currently exists, mainly due to the development of drug 
resistance. Our team developed the combination effects of enterovirus inhibitors in order to limit this process. Drug 
sensitivity tests of the viral brain isolates showed that these drug combinations prevent the development of drug 
resistance. 
In the current study, we define the virus brain isolates sensitivity to each compound included in the 
pleconaril/guanidine.HCl (PG), pleconaril/oxoglaucine (PO) and pleconaril/MDL-860 (PM) combinations via CAA 
treatment course. 
The antiviral activities of pleconaril, guanidine.HCl, MDL-860 and oxoglaucine on CVB3 (Woodruff strain) brain 
isolates was determined through inhibitory concentration 50. 
The pleconaril sensitivity in the PG/PO/PM via CAA course was preserved till the end of the period of observation to 
strain Woodruff. Sensitivity to pleconaril increased during CAA courses compared to placebo group and pleconaril 
monotherapy. Susceptibility to MDL-860 increased on a small scale during CAA course. The sensitivity to 
oxoglaucine and guanidine.HCl at PO/PG was also increased. 
Newer and more specific antiviral therapies need to be pursued in order to provide a catalog of treatment strategies 
to control CV infections. Our results add new support for using CAA treatment courses to achieve clinically effective 
chemotherapy of enterovirus infections. 

This work was financially supported by Program for career development of young scientists, BAS, Project �'ФНП-
17-41/26.07.2017. 
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Coxsackie B viruses (CVBs) are among the most common enteroviruses, causing a wide range of diseases. 
Currently, there are no antiviral drugs in existence for the treatment of CVBs infections. In the last few years our 
team has developed an experimental alternative treatment strategy based on consecutive alternating application 
(CAA) of inhibitors with different mode of action. This work represents the antiviral activity of double combinations of 
anti-enteroviral compounds applied via CAA course against coxsackievirus B3 infection in mice. 
Antiviral combination effects were examined by relying on double combinations of pleconaril, guanidine.HCl, MDL-
860 and oxoglaucine put through CAA treatment scheme on CVB3 (Woodruff strain) infection in ICR newborn mice 
infected s.c. with 20 MLD50. Cumulative mortality (percentage) and mean survival time (MST) (days) were recorded. 
The weight (in grams) of suckling mice was registered in daily as an indicator of the compounds’ toxicity in the 
infected body. 
The CAA double combinations of pleconaril with MDL-860, guanidine.HCl and oxoglaucine demonstrated a marked 
activity in vivo. The highest effect was observed when pleconaril was combined with MDL-860 (MST was increased 
4 days more than placebo). The combination activities on experimental CVB3 infection in mice of MDL-860 with 
oxoglaucine and guanidine.HCl were ineffective. 
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Genetic diversity and drug resistance-associated mutations in human immunodeficiency virus type 1 (HIV-1) 
circulating in Benguela, western Angola 
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The human immunodeficiency virus type 1 (HIV-1) epidemic in Angola is growing in complexity, being the 
transmission of resistant strains a consequence of an increased prevalence of drug resistance mutations (DRMs). 
However, available data are still scarce and mainly from Luanda, the capital city. So, the aims of this study were to 
genetically characterize and to estimate the degree of primary drug resistance of the circulating HIV-1 strains in 
Benguela, western Angola. 
A total of 111 treatment-naive individuals diagnosed with HIV-1 between August 2016 and January 2017 in the 
General Hospital of Benguela were included. Peripheral blood samples were collected and stored on Whatman FTA 
Elute cards and the proviral DNA present therein used for double nested PCR amplification of protease (PR) and 
reverse transcriptase (RT) coding regions. Altogether, 103 sequences were obtained. Genotyping was based on 
phylogenetic and bootscanning analyses with standard bioinformatics tools and the HIVdb program (Stanford 
University, USA) was used for DRMs identification and determination of putative phenotypic resistance profiles. 
In this sample, there was predominance of subtypes C (35.7%) and F1 (17.9%), followed by CRF02_AG (14.3%), 
and subtypes G (8.9%), A (5.4%) and J (1.8%), along with several unique recombinant forms (10.7%) and 
unclassified sequences (5.4%). A diverse set of DRMs was found, including major and accessory mutations relevant 
to the epidemiological surveillance of transmitted HIV-1 drug resistance. Most sequences had phenotypic profiles of 
full susceptibility to PR inhibitors (92.0%), but 34.0% showed some kind of resistance to RT inhibitors. 
In summary, a high genetic diversity of HIV-1 strains was found in Benguela, with a considerable degree of primary 
drug resistance, especially to RT inhibitors. The importance of monitoring the emergence of drug resistance 
mutations and their transmission is reinforced in Angola due to their direct impact on therapy and control of the HIV-1 
infection. 
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Introduction:HBV/HDV co-infection lead to the most aggressive form of viral hepatitis. Whereas current therapies are 
effective at decreasing HBV viremia, yet without eradication, no IFN-free treatment is available against HDV. Recent 
studies highlighted the therapeutic potential of immune-stimulators to restore immune responses to HBV in various 
animal models, as well as in early clinical trials.  
 
Aims: Our goal was to explore the anti-HBV/HDV effect of free or particular TLR1/2 agonists in vitro and in vivo in 

monotherapy.  
 
Methods: HBV or HBV/HDV-infected primary human hepatocytes (PHH), differentiated HepaRG cells (dHepaRG), 
as well as AAV-HBV transduced mice were treated with TLR1/2 agonist. HBV and HDV replications were followed 
by ELISA, qPCR, qRT-PCR, Southern, western and northern blot analyses.  
 
Results: Pam3CSK4 (TLR1/2-ligand) was amongst the best TLR agonists tested that reduced both HBV and HDV 
replication markers without any detectable cellular toxicity. Importantly, its antiviral effect was fast and long-lasting 
after treatment cessation in vitro. It was associated with an activation of the canonical NF-kB pathway in hepatocytes 
and immune cells, as demonstrated by analyses of mRNA and cytokines production, as well as knock-down 
experiments. Mechanistically, a stepwise implementation of different antiviral processes was observed, including 
epigenetic regulation, post-transcriptional RNA regulation, as well as the involvement of NF-kB inducible effectors. 
To prevent systemic immune activation and improve its dual efficacy (i.e. on hepatocytes and liver immune cells), 
Pam3CSK4 was encapsulated in biodegradable nanoparticles (NP) that mostly accumulate in the liver of mice after 
intravenous administration. Interestingly, Pam3CSK4-NP led to a stronger antiviral activity as compared to free 
Pam3CK4 in HBV-infected cells in vitro and in vivo.  

 
Conclusion: Our data highlight the potential of innate immunity stimulators, such as TLR1/2 agonists, as direct 
antiviral effectors in hepatocytes and overall modulators of immune responses. This work further supports the clinical 
evaluation of TLR agonists as immune adjuvants in more complex immune-therapeutic strategies to improve HBV 
and HDV treatments. 
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Introduction: Influenza viruses cause a highly contagious respiratory disease in humans. In particular, influenza A 

virus is responsible for periodic epidemics that can have high mortality rates. Currently available drugs against 
influenza viruses possess several drawbacks, including the development of drug resistance. On the other hand, 
vaccines provide good protection against the infection, but they must be reformulated every year according to the 
circulating strains. Thus, there is still an urgent need for new anti-influenza compounds. 
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Aims: Recently, the viral RNA polymerase complex emerged as an attractive target for drug development. Indeed, 

disruption of the correct assembly of the polymerase complex causes the inhibition of viral replication. Another line of 
research has been focused on the development of analogs of oseltamivir, to search for compounds more potent and 
less prone to drug resistance, and of inhibitors of the nucleoprotein. 
Methods: The disruption of the interaction between the PA and PB1 subunits of the viral RNA polymerase by test 

compounds was assessed through ELISA-based assays. The antiviral activity in influenza virus-infected cells was 
tested by plaque reduction assays. Compounds cytotoxicity was assessed through MTT assay. 
Results: Some of the anti PA-PB1 compounds were able to inhibit viral replication at micromolar concentrations, 

although some compounds also resulted to be toxic. As far as the oseltamivir analogs, some compounds resulted 
effective against different influenza virus subtypes at low concentrations and none of them was cytotoxic. The 
antiviral activity of a series of nucleoprotein inhibitors is under evaluation. 
Conclusion: SAR analysis will allow the determination of chemical groups responsible for the disruption of PA-PB1 

interaction and will be useful for the development of more potent analogs. Further characterization will be required to 
investigate whether the new oseltamivir analogs do not elicit the emergence of resistance, differently from 
oseltamivir. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PE58 
 
Recombinant RSV expressing an F proteins with deleted N-glycosylation sites: effect on antigenicity and 
implications for vaccine development 

 Delputte
1
, AL Leemans

1
, MB Boeren

1
, WV Van der Gucht

1
, MG Govaerts

1
, IP Pintelon

1
, KR Roose

2
, BS Schepens

2
, 

XS Saelens
2
, DB Bailey

3
, WM Martinet

1
, GC Caljon

1
, LM Maes

1
, PC Cos

1
 

1
University of Antwerp, ANTWERPEN, Belgium 

2
Ghent University - VIB, GHENT, Belgium 

3
The Pirbright Institute, SURREY, United Kingdom 

 
 
Introduction 

Prevention of severe lower respiratory tract infections in infants caused by the human respiratory syncytial virus 
(hRSV) remains a major public health priority and development of a prophylactic vaccine is very important in the 
control of RSV disease burden. Currently, the major focus of vaccine development is the RSV fusion (F) protein. 
RSV F is highly conserved among RSV strains and has 5 or 6 N-glycosylation sites that are located in the F2 subunit 
(N27 and N70), the F1 subunit (N500) and the p27 peptide (N116, N120 and N126). 
Aims 

The importance of RSV F N-glycosylation in virus replication and immunogenicity is not yet fully understood, and a 
better understanding may provide new insights for vaccine development. 
Methods 

Incorporation of glycomutant RSV F sequences in a BAC-based RSV rescue system allowed us to study N-
glycosylation in the context of replication-competent virus. To study the effect of the loss of N-glycosylation sites, on 
RSV F immunogenicity, serum antibody titers were determined after infection of BALB/c mice with RSV expressing 
the glycomutant F proteins. 
Results 

Infection with RSV F N116Q resulted in significant higher neutralizing antibody titers compared to RSV F WT 
immunization, which is surprising since this N-glycan is present in a p27 peptide which is generally accepted to be 
absent from the mature F protein in virions. These observations confirmed previous immunization experiments 
showing that immunization of mice with F N116Q F DNA induced higher neutralizing antibody titers and a higher 
protective level upon subsequent RSV challenge compared to F WT DNA immunization. Also, for other single and 
double p27 glycomutant F DNA constructs, enhanced antibody responses and higher levels of protection were 
observed. In contrast, neutralizing antibody responses after RSV F N70Q infection as well as F N70Q DNA 
immunization were very low or at baseline levels, suggesting an important role of the N-glycan at position N70 in F 
antigenicity. This could be explained by the position of this N-glycan near the apex of RSV F in close proximity of 
antigenic site Ø. 
Conclusions 

Our study showed that N-glycosylation of the F protein is important for its antigenicity. Further research is ongoing to 
elucidate how deletion of p27 N-glycosylation sites, which are assumed to be post-translationally released from the 
mature F protein after cleavage, can contribute to enhanced neutralizing antibody responses and how these 
mutations can be implemented in potential vaccine candidates. 
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The Zoonoses Anticipation and Preparedness Initiative (ZAPI), a public-private partnership funded through the 
Innovative Medicines Initiative (IMI), aims to enable swift response to major new infectious disease threats by 
designing surge manufacturing processes for delivering effective vaccines and antibody therapies against (re-
)emerging zoonotic diseases with pandemic potential within a few months after the occurrence of first cases. Here, 
we present a novel plug and play platform technology that enables the display of key immunogens on multimeric 
protein scaffold particles (MPSP) using bacterial superglue conjugation technology. The zoonotic Rift Valley fever 
virus (RVFV) was used as one of the ZAPI model pathogens. A RVFV subdomain of the viral glycoprotein Gn, 
referred as domain VII (DVII), was identified as a key immunogen and displayed on self-assembling particles of 
Aquifex aeolicus lumazine synthase, Geobacillus stearothermophilus E2 or KDPG aldolase using SpyTag-
SpyCatcher interactions. The DVII immunogen was expressed using the baculovirus expression system and MPSPs 
were produced in E. coli. MPSP-DVII protected mice from a lethal challenge dose and protected lambs, the most 

susceptible target animals of RVFV, from viremia and clinical signs. Thereby, proof of concept of a novel plug and 
play platform technology is provided that enables an extremely rapid response to emerging pathogens. 
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Viruses of the order Bunyavirales pose an increasing threat to human and animal health. For some bunyaviruses 
vaccines are available for use in animals, however no vaccines, antivirals or antibody therapies exist for use in 
humans. Here, we show the potential of single-domain antibodies; specifically the variable domains of heavy chain-
only antibodies of camelids (VHHs) for the development of bunyavirus biotherapeutics. To demonstrate broad 
applicability of our approach, we used two model bunyaviruses from two different families: Rift Valley fever virus 
(RVFV), a phlebovirus for which an antibody therapy is urgently needed, and Schmallenberg virus (SBV); a model 
orthobunyavirus. Following llama immunization and phage-display, VHHs that target the structural glycoproteins of 
RVFV and SBV, respectively Gn and Gc, were isolated. Although most VHHs in monovalent composition were 
unable to neutralize, virus infectivity was efficiently blocked by bispecific VHH complexes constructed with the help of 
bacterial superglue. The complexes were subsequently shown to reduce morbidity and mortality in mouse models. 
Finally, selected VHHs were used to develop heavy chain-only human IgG1-based bispecific chimeras that showed 
protection in pre- and post-exposure treatments. Altogether, this study demonstrates the potential of VHHs-based 
biotherapeutics for the prevention or treatment of bunyavirus infections.  
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Introduction 

Herpes Simplex Virus (HSV) 1 and 2 can evade the serum antibody-mediated neutralization through cell-to-cell virus 
spread. This is one of the factors leading to clinical recurrences. 
Aims 

This study investigated on the neutralizing activity (NT), on post-virus entry inhibition of cell to cell (PEI) and, on the 
in vivo activity of an anti-HSV-1 and -2 gD human monoclonal antibody (Hu-mAb). The Hu-mAb was then used to 

study a wide panel of sera from HSV-1 and HSV-2 seropositive subjects. 
Methods  

NT activity of both Hu-mAb and sera were evaluated by plaque assay and micro-neutralization coupled with 
InCellAnalyzer analysis. PEI assays were done through plaque assay by adding either sera or IgG included in 
semisolid medium to cells after infection at 37°C. The in vivo experiments were done on mice challenged with HSV-1 
or HSV-2. 
Results 

The human mAb was able to neutralize and inhibit cell-to-cell of both HSV-1 and -2. It conferred full protection from 
death to mice challenged with HSV-1 and -2. All sera were capable to bind both the gD, the gB and purified virions 
and to neutralize cell-free virus. Neither sera, nor purified serum IgG fraction were able to efficiently inhibit cell-to-cell 
virus spreading. When spiking sera with human NT antibody, a strong neutralizing and a PEI activity was observed. 
Conclusion 

These data suggest that infection-elicited antibodies able to inhibit the cell-to-cell transmission are present but can 
be underrepresented in most infected subjects. These observations can further shed light both on the role of humoral 
immunity in controlling virus reactivation in order to find novel correlates of protection. The availability of novel 
protective Hu-mAbs can be important for developing novel therapies. 
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The human respiratory tract represents a major entry portal for pathogens. This portal is lined with a specialized 
epithelium providing unique architectural and cell-specific defenses. Identifying the intricate mechanisms of host 
defenses within the respiratory epithelium may inform novel strategies to develop drugs, but has been hampered by 
the lack of appropriate model systems. The most physiological human model system is that of 2d polarized human 
airway epithelial cultures (HAECs). HAECs closely mimic the respiratory epithelium regarding cell type composition 
and their organization in a polarized fashion, but were previously not amenable to genetic manipulation: Mature 
HAECs are resistant to common transgene delivery methods, therefore, genetic manipulations must be performed 
on undifferentiated progenitor cells. However, prolonged expression of a transgene may negatively impact the 
delicate differentiation process from progenitor cells to mature cultures. Thus, mechanistic studies of respiratory 
infections and the host-cell response in this physiologically relevant model system were not easily feasible. 
The aim of our study was to develop a method for genetic manipulation of HAEC that does not interfere with 
differentiation. 
We achieved this by combining an inducible lentiviral expression system with hTert-immortalized bronchial basal 
progenitor cells (Bci-NS1.1), allowing for bulk-selection of undifferentiated transduced cells. Upon differentiation, we 
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detected no difference between transgenic and mock-treated HAECs with respect to cell type composition (basal, 
secretory goblet, club, and ciliated cells) or to stratified polarized architecture. No leakiness of expression prior to 
induction was observed. Upon induction, well over 90% of cells in the transgenic HAECs expressed a reporter, in all 
cell types. Finally, transgenic HAECs were permissive for infection with various respiratory viruses. 
In all, we conclude that our novel approach to generate transgenic HAEC will be a valuable tool for mechanistic 
studies in the context of host-pathogen interactions in the physiological environment of the airway epithelium. 
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Ebola virus (EBOV) is one of the most deadly pathogens causing highly contagious hemorrhagic fever in humans. 
The antagonism of the host Interferon (IFN) response has significant implications in EBOV immune pathogenesis. 
Among the viral encoded proteins, VP24 is one of the main determinants of virulence by virtue of its inhibition of the 
IFN signaling pathway, contributing to disease progression and severity. Today, no approved drugs are available 
against VP24. Hence, finding a therapy targeting the IFN inhibitory function of VP24 leading to the restoration of the 
IFN response has an obvious impact in the treatment of EVD. Using our previously developed gene reporter 
luciferase assay able to quantify the inhibitory effect of VP24 on IFN signaling, we tested different flavonoids for their 
ability to suppress VP24 function. Our results showed that, among all screened compounds, Quercetin was the most 
active suppressing the VP24 IFN inhibitory function with IC50 value in the low micromolar range, significantly 
restoring the ISRE expression and the ISG15 mRNA transcription. Docking studies on its putative binding mode 
suggest that Quercetin locates in the interface between VP24 and karyopherin-α5, preventing their binding, which 
represents the critical step for the VP24 IFN inhibitory function. This was confirmed by the ability of Quercetin to 
rapidly affect the VP24 inhibition of P-STAT1 nuclear transport even in presence of a high amount of IFN. Overall, 
given its anti-VP24 properties and its selective index, Quercetin surely represents a very promising lead compound 
for the development of novel EBOV therapeutics. 
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Introduction. Coxsackie B are small, naked, ssRNA positive viruses (CoxB) belonging to Picornaviridae, genus 

Enterovirus. CoxB are distinguished in six serotypes (B1-B6) and are highly prevalent in human population. They 
usually induce low-grade infections but can also cause severe and diverse diseases depending upon the organ 
targeted by infection (e.g. heart, central nervous system, lung, etc.). CoxB have no specific antivirals. 
Aims. Inhibitors of human DEAD-box protein 3 (DDX3) RNA helicase, a cellular enzyme involved in various 

processes, have been shown to reduce replication of various DNA and RNA viruses in vitro and in vivo. From this 
ground, we wanted to assess whether DDX3 inhibitors also block replication of CoxB. 
Methods. Prototype CoxB strains were propagated on KB cells and titrated by limited dilution and plaque assay. 

DDX3 inhibitors developed by our group were first tested to evaluate cytotoxicity and then examined for anti-CoxB 
activity by plaque inhibition assay. DDX3 were tested at different times from infection and in combination with 
Ribavirin (RBV) to assess synergistic activity. 
Results. DDX3 inhibitors did not show cytotoxicity up to 50 microM and had little or no effects on cell proliferation. 

Some compounds effectively inhibited CoxB replication, against most of all serotype and showed synergistic activity 
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with RBV. Time-of-addition experiments and analysis of protein synthesis indicate that DDX3 inhibitors intervene in 
the early phase of viral replication. 
Conclusion. The DDX3 inhibitors investigated here show potent antiviral activity against CoxB. Because of their 

activity against other viruses, DDX3 inhibitors have good potential as broad-range, host-targeted antivirals. Future 
studies are warranted to evaluate whether DDX3 inhibitors are also effective against other picornaviruses and in 
preclinical models. 
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Vaccines consisting of whole inactivated pathogens are usually produced by chemical treatment, but variability in the 
inactivation efficiency followed by extensive downstream processing to remove the chemicals are clear 
disadvantages. Chemical treatment moreover alters the antigenic structure, often resulting in reduced neutralizing 
antibody specificity. An established sterilization technique is ionizing radiation, which preferably damages nucleic 
acids rather than antigenic protein structures. In contrast to state-of-the-art irradiation technologies such as gamma-
rays, low-energy electron irradiation (LEEI) requires only minor shielding constructions, which enables the use in 
standard laboratories. Further advantages are the short inactivation time and the high reproducibility, due to exact 
inactivation settings and a better conservation of the antigens since it is a non-thermal process. We have previously 
demonstrated that LEEI is an efficient inactivation method for viruses, bacteria and parasites in liquid solutions and 
that LEEI-inactivated material is capable to induce protective immune responses in animals. However, since low-
energy electrons are only active over a very short distance the formation of a thin and homogenous liquid film is 
necessary. As a consequence, irradiated volumes were low and concepts for the automated processing of larger 
amounts of liquids were required. We therefore constructed a prototype for LEEI treatment of pathogen-containing 
liquids in a multi-liter-scale, which can be implemented in vaccine manufacturing processes under GMP conditions. 
We tested different viruses and bacteria for infectivity and antigen conservation before and after LEEI treatment. A 
dose-dependent reduction of pathogenicity was observed, whereas antigenic structures remained largely intact. The 
inactivated material is currently being investigated in animal trials. The unique prototype enables the efficient 
inactivation of different types of pathogens in a fast and automated process that is scalable and suitable for vaccine 
manufacturing. 
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Lassa fever remains the most imported viral haemorrhagic fever in Europe and is responsible for 5000 deaths per 
year throughout Western Africa. There is no vaccine and treatment is often ineffective. A vaccine using Modified 
Vaccinia Ankara (MVA) expressing the Lassa virus nucleoprotein antigen was developed (MVA-LassaNP). 
This study investigated the immunogenicity (in mice) and efficacy (in guinea pigs) of MVA-LassaNP vaccine as a 
prime/boost or prime vaccination regime. ELISA and ELISpot assays confirmed humoral and T-cell immunity in both 
a prime/boost and prime vaccination with the prime/boost regime observing a statistically increased response 
compared to a prime only vaccine (P<0.0001). The vaccine offered protection against virulent Lassa virus challenge. 
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Clinical symptoms, weight loss and temperature increases were observed in all control animals with a number of 
these removed from the study early (reaching humane end points). In contrast, no clinical symptoms, fever or weight 
loss was observed in any of the vaccinated animals suggesting either a prime or prime/boost regime offers 
protection. 
In conclusion, the MVA-LassaNP construct developed in this project elicited an immune response in mice, 
demonstrated protective efficacy against Lassa virus in guinea pigs and is suitable for further preclinical and clinical 
development. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PE67 
 
Targeting CD40 enhances antibody- and CD8-mediated protection against respiratory syncytial virus 
infection 

A. Muralidharan
1
, M Russell

1
, L Larocque

1
, C Gravel

1
, C Li

2
, W Chen

3
, T Cyr

1
, J Lavoie

1
, A. Farnsworth

1
, M Rosu-

Myles
1
, L Wang

4
, X Li

1
 

1
Health Canada, OTTAWA, Canada 

2
National Institute for Food and Drug Control, BEIJING, China 

3
National Research Council of Canada, OTTAWA, Canada 

4
University of Ottawa, OTTAWA, Canada 

 
 
Respiratory Syncytial Virus (RSV) infects almost all children under the age of one and is the leading cause of 
hospitalization among infants. It also causes high rates of infection in the elderly and immunocompromised patient 
populations. Despite several decades of research with dozens of candidate vaccines being vigorously evaluated in 
pre-clinical and clinical studies, there is no licensed vaccine available to date. A clinical trial conducted in the early 
1960s testing a formaldehyde-inactivated RSV (FIRSV) vaccine resulted in enhanced respiratory disease, following 
subsequent RSV infection, leading to hospitalization of 80% of the participants and 2 deaths. Since then, other forms 
of RSV vaccine have also been found to induce enhanced disease in preclinical animal studies. Here, we aimed to 
develop a vaccine that can effectively protect mice from RSV infection and help identify facets of FIRSV-induced 
enhanced disease. In this study, BALB/c mice were immunized with an adenoviral vector containing the RSV fusion 
protein (F) fused with CD40 ligand where the CD40 ligand serves two vital functions as a molecular adjuvant and an 
antigen-targeting molecule. In contrast to the FIRSV vaccine, the vectored vaccine effectively protected animals 
against RSV without inducing enhanced respiratory disease. This protection involved a robust induction of 
neutralizing antibodies and memory CD8 T cells, which were not observed in the FIRSV group. Finally, the vectored 
vaccine was able to elicit long-lasting protection against RSV, which was mediated by increased levels of effector 
memory CD8 T cell 3 months post-vaccination. 
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INTRODUCTION: Viral infections kill millions yearly. Most antiviral drugs are virus-specific and available for a 

restricted number of viruses. Likewise, in the recent epidemics of Ebola and Zika, despite huge efforts, no specific 
antiviral could be developed in time. 
AIMS: An ideal strategy to fight viral infections is to develop broad-spectrum antivirals that irreversibly inhibit viral 

infectivity. We thus aim to develop nanomaterials mimicking attachment receptors, with specific structures conferring 
virucidal capability. 
METHODS: We designed sulfonic acid or sialic acid decorated nanomaterials that mimic cell attachment-receptors 

widely used by viruses and we evaluated their activity against a broad panel of viruses in cells, in human derived 



   

203/253 

tissues and in mouse models. 
RESULTS: Nanomaterials show broad-spectrum virucidal activity against different heparan sulfate dependent 

viruses (HSV, RSV, HIV, HCV, DENV) and sialic acid dependent viruses (Influenza A, Influenza B). Their activity is 
maintained ex vivo in human cervicovaginal histocultures infected by HSV-2 and in respiratory tissues infected with 
RSV or Flu and in vivo in mice infected with RSV and Flu. 
CONCLUSION: Virucidal nanomaterials mimicking attachment receptors can be a valuable broad-spectrum strategy 
effective in vitro, ex vivo and in vivo. The approach is effective for heparan sulfates and sialic acid and can be 

extended to other receptors. 
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HCMV infection is the most common viral infection during pregnancy and a major cause of disabilities in children. 
The established treatment provokes severe adverse effects and resistance development. Produced by body’s own 
cells, defensins are small cationic peptides which serve as antimicrobial and antiviral effectors of the innate immune 
system. 
Our approach relies on the observation, that some defensins are cleaved by proteolysis, resulting in the generation 
of small defensin fragments with antimicrobial activity. As defensins are natural body peptides, we hypothesized that 
they might be well tolerated. The major aim is to identify small defensin-derived peptides with antiviral activity against 
HCMV and low cytotoxicity to be used as potential novel antivirals. 
A set of defensin-derived fragments were screened for antiviral activity and cytotoxicity in fibroblasts via MTT. Hit 
defensins were characterized by determining their IC50 and CC50 via the measurement of electrical impedance in 
different cells. To reveal the-mode-of-action of our most promising hit candidate peptide, we substituted amino acids 
and performed preincubation assays, time-of-addition assays and experiments using a dual fluorescent reporter-
virus to study viral entry. Additional experiments with zebrafish embryos were realized to test toxicity and the 
influence on hematopoietic stem cell formation. 
We identified one defensin-derived peptide with antiviral activity against TB40/E and clinical isolates showing 
antiviral activity at 50 µM without toxicity up to 150 µM. We determined the crucial amino acids and showed that 
there is a direct interaction between peptide and cells, probably blocking the attachment of virus particles. However, 
high peptide concentrations (125 µM) impaired embryonic development in the first 24 hours post fertilization as well 
as hematopoietic stem cell formation, while low concentrations (25 µM) did not exhibit any influence on development. 
Altogether, defensin-derived peptides might represent a novel class of antivirals against HCMV. 
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Introduction: 

Few drugs are licensed to treat human cytomegalovirus (HCMV) infections, a major threat for immunocompromised 
patients and pregnant women. These drugs have some major limits, thus identification of new anti-HCMV drugs is of 
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high priority. 
Aim: To identify alternative anti-HCMV strategies, we pursued a drug repurposing approach by a cell-based 

screening designed to identify inhibitors of the essential Immediate Early-2 (IE-2) transcription factor. Here, we report 
the characterization of anti-HCMV activity of promising hits. 
Methods: We tested the broad-spectrum anti-HCMV activity of the hits by antiviral assays with different viral strains. 

Moreover, we tested their effect on viral DNA synthesis and viral proteins expression. Finally, we focused on the 
specific anti-IE2 activity of the hits and their ability to interfere with the transactivation of essential viral genes.  
Results: We identified a series of compounds that could represent new therapeutic agents to treat HCMV infections 

in alternative to the currently available DNA polymerase and terminase inhibitors. Here, we describe the potential to 
repurpose nitazoxanide (an approved antiparasitic drug), manidipine dihydrochloride (an approved anti-hypertensive 
calcium antagonist), and berberine (a natural compound under clinical investigation) as new anti-HCMV agents. All 
compounds inhibited the replication of different HCMV strains, including viruses resistant to approved anti-HCMV 
drugs, in the low micromolar range. Further studies revealed that they halt the progression of the virus cycle prior to 
viral DNA replication and E genes expression, but after IE proteins expression. Accordingly, we observed that the 
antiviral activity of the three molecules involves a specific interference with IE-2 protein activity.  
Conclusion: Given that the inhibitory concentrations against HCMV fall in the range of clinically relevant 

concentrations of some of these drugs in humans and their mechanism of action differs from that of the other 
available antivirals, these compounds are attractive candidates for repurposing in alternative anti-HCMV therapeutic 
protocols. 
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Egg-based seasonal influenza vaccines are the major preventive countermeasure against influenza virus. However, 
their effectiveness against H3N2 viruses is particularly low due to antigenic changes caused by egg-adaptive 
mutations on the influenza hemagglutinin (HA) protein. Egg-adaptive mutation L194P is commonly observed in egg-
based vaccine seed strains and known to significantly alter HA antigenicity. Devising an approach to prevent the 
occurrence of L194P would therefore be highly beneficial. We show here that the emergence of L194P during egg 
passaging could be impeded by the pre-existence of a G186V mutation, which then demonstrates a strong 
incompatibility between mutations G186V and L194P. Specifically, the G186V/L194P double mutant renders the 
virus replication incompetent, despite each of the single mutants being viable. X-ray crystallographic analysis 
illustrates that G186V and L194P have opposite structural effects on the HA receptor-binding site (RBS), which in 
turn lead to different modes of receptor binding. When both G186V and L194P are present, the HA RBS is severely 
disrupted. Importantly, wild-type HA antigenicity is maintained in G186V but not in L194P. Our results demonstrate 
that epistatic interactions can be taken advantage of to prevent emergence of mutations that adversely alter 
antigenicity during egg adaptation. Overall, this study provides important insight into the optimum selection of egg-
based influenza vaccine seed strains. 
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Zika Virus (ZIKV) has become a global threat. One of the most important obstacle for the development of a 



   

205/253 

successful vaccine is the high similarity between the sequences of ZIKV and Dengue Virus (DENV), this similarity 
may conditioned the antibody-dependent enhancement (ADE). It has been demonstrated that, both DENV and ZIKV 
domines EDIII induces the most potent neutralizing antibodies against the infection, One of the strategies to achieve 
specific vaccines is the design of peptide subunit vaccines. However, to induce an effective immune response 
against soluble antigen it is essential to include adjuvant molecules. Recently it has been directed attention to the 
use of nanoparticles as administration vehicles and by its adjuvants properties such as the prolonged release of 
antigens and protect their integrity until their endocytosis. 
The aim of this study was to evaluate the immunogenicity of Zika virus DIII in a mice using the adjuvant effect of 
PLGA nanoparticles and chitosan. The domain III sequence was amplified from cDNA and cloned into the zDIII-
pProEX HT-B vector in BL-21 cells. The expression kinetics was analyzed by SDS-PAGE after induction with IPTG, 
obtaining a maximum expression of the protein from 3 hours post-induction. Domain III purification was 
demonstrated by SDS-PAGE with Coomasie and it was identified by Western Blot using an anti-histidine antibody. 
Groups of 7 mice were immunized 3 times at 3 weeks intervals. However No significant differences were observed in 
antibody response induced by domain III between the formulations containing PLGA or chitosan nanoparticles and 
those containing aluminum as adjuvant. Likewise, no differences were observed between the level of antibodies in 
mice immunized with the antigen mixed and encapsulated. Neverthelees Our data show that domain III inoculated 
with PLGA or Chitosan nanoparticles is capable to generate a humoral immune response similar to that obtained 
with aluminum. 
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Enteroviruses (family Picornaviridae) comprise human pathogens like poliovirus, coxsackievirus, enterovirus-A71, 
enterovirus-D68 and rhinovirus, and cause a wide range of diseases including hand-foot-and-mouth disease, 
respiratory infections and acute flaccid myelitis. Vaccines are currently only available against poliovirus and 
enterovirus-A71, but specific antivirals are lacking. The enterovirus genome encodes a large polyprotein that is 
processed into four structural and seven non-structural proteins. The non-structural protein 2C is most conserved 
and plays an important role in the viral life cycle. In drug repurposing screens, the FDA-approved selective serotonin 
reuptake inhibitor fluoxetine (Prozac) was identified as an inhibitor of Enterovirus-B and -D species. Fluoxetine is 
thought to target 2C because mutations in this protein provide resistance to fluoxetine. We aimed to investigate how 
fluoxetine targets 2C. Because structural data of 2C of fluoxetine-sensitive enteroviruses are unavailable, we used a 
homology modelling approach. We generated a homology model of 2C of coxsackievirus B3 (fluoxetine-sensitive) 
based on the crystal structure of 2C of enterovirus-A71 (fluoxetine-insensitive). Both enantiomers of fluoxetine were 
docked into pockets adjacent to a loop that harbours known resistance mutations to fluoxetine. Molecular dynamic 
simulations predicted stable binding of only the (S)-enantiomer in only one of the pockets, suggesting that fluoxetine 
targets this pocket. Cell-based antiviral assays and binding studies confirmed that only (S)-fluoxetine targets 2C. In 
line with our model, several mutations in the predicted binding site abolished binding of (S)-fluoxetine to 2C and 
provided resistance to (S)-fluoxetine. Hence, our study yields valuable insight into how fluoxetine targets enterovirus 
and for the first time points towards a druggable pocket within the 2C protein, which may aid the development of new 
broad-spectrum anti-enteroviral inhibitors. 
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Mutational analysis of BK polyomavirus genome and of the cellular CMPK1 gene from kidney transplant 
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Introduction: BK polyomavirus (BKPyV) was discovered in the early 70s, in a kidney transplant patient, and is 

associated with urinary tract diseases. The immunosuppression state of the patient permits the reactivation of 
BKPyV, leading in 30% of the cases to graft loss. Currently, no appropriate antiviral treatment of BKPyV-
nephropathy has been established. Immunosuppressive drug minimization and cidofovir administration can be used 
in some cases to control BKPyV replication and maintain graft integrity. However, in some patients, this therapeutic 
strategy does not allow the management of BKPyV infection and graft loss may occur. 
Aims: The goal of this study was to identify genetic variants that could be correlated with progression to nephropathy 

and treatment failure. Analysis was performed on BKPyV genome isolated from a small cohort of 16 patients. 
Furthermore, CMP kinase 1 (CMPK1) transcripts, coding for an enzyme responsible for cidofovir activation, were 
isolated from kidney biopsy specimens and sequenced. 
Methods: BKPyV DNA samples, isolated from blood, urine, and kidney biopsy, were genotyped using next-
generation sequencing. Additionally, genetic variations in the cidofovir activation enzyme CMPK1 were assessed 
using Sanger sequencing of reverse-transcripted RNA isolated from kidney biopsies. 
Results: A series of genetic polymorphisms was identified in the large tumor (LT) antigen of BKPyV (DNA J-, origin 

binding-, zing-finger- and host range domains),and some mutations were found specifically in patients who did not 
respond to the cidofovir-based treatment. In parallel, several polymorphisms in the cellular CMPK1 gene were 

identified resulting into amino acid changes (R42G, Q48H and N83S). The use of recombinant mutant CMPK1 
enzymes showed that these mutations confer changes in the phosphorylation of cytosine derivatives (including 
cidofovir). 
Conclusions: The existence of polymorphisms, both in the viral genome and in the CMPK1 gene, may be 

responsible for variations in disease progression and in treatment outcome of patients that reactivate BKPyV. 
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Introduction: Viral hemorrhagic fevers are devastating human diseases that pose a significant risk to millions of 

people worldwide. Many of the viruses that cause hemorrhagic fevers are highly contagious and hence may cause 
local or even global outbreaks. The Arenaviridae family of viruses includes a series of deadly viruses in South 

America that cause hemorrhagic fevers in Brazil, Bolivia, Venezuela, and Argentina and are termed Sabia virus, 
Machupo virus, Guanarito virus, and Junin virus, respectively. These viruses utilize transferrin receptor 1 (TfR1) as a 
cellular receptor and categorized as clade-B Arenaviruses. Using animal models it was demonstrated that 
immunotherapy that is administrated early enough could rescue animals from deadly Junin infection. However, 
antibodies are currently available only for Junin virus, and these antibodies do not cross-react with other members of 
this family. 
Aims: The aim if this study was to develop cross reactive immunotherapeutic agent against TfR1-tropiv 

Arenaviruses. 
Methods: We utilized structure-based rational design to target the receptor binding sites of these viruses. 
Results: We engineered a novel immunoadhesin that successfully mimics TfR1 and hence effectively neutralize all 

the pathogenic clade-B Arenaviruses. Besides blocking infection by these viruses, this immunoadhesin can 
effectively recruit the immune system to eliminate infected cells through ADCC. Moreover, this molecule has 
advantageous biophysical properties that would be important for the ability to deploy it to regions that have poor 
clinical infrastructure. 
Conclusions:We have created an effective reagent that targets all the known pathogenic clade-B Arenaviruses. 

Due to the generic design, this reagent might even be useful against novel clade-B viruses that might emerge in the 
future. The design principles that we have used may be applied to target other viruses as well. 
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Emerging infectious diseases represent an increasing threat to both human and animal health. Safe and effective 
vaccines that could be available within a short time frame after an outbreak are therefore required for adequate 
prevention and control. In the present study, we used the Orthobunyavirus Schmallenberg Virus (SBV) as a model 
for a newly evolving and fast spreading pathogen to test the potential of a novel modular vaccine platform. 
Using lumazine synthase from the hyperthermophilic Aquifex aeolicus we designed a robust, self-assembling protein 

scaffold allowing surface display of any suitable immunogen, independent of its size or conformation. In order to 
assess the applicability of this particulate carrier system, we developed prototype vaccines using antigenic domains 
which have been identified within the glycoprotein Gc of SBV. 
In a first approach, a linear peptide epitope located at the interface of the Gc head and stalk domain (aa 694-708) 
was genetically fused into the self-assembling particle. In a second approach, we applied a plug-and-display strategy 
based on the formation of an irreversible isopeptide bond (SpyTag/SpyCatcher) to conjugate the complete Gc head 
domain (aa 465-702) to the pre-assembled scaffold. 
In order to evaluate the potency of this multimeric antigen display in comparison to a monomeric subunit vaccine, an 
immunization-challenge experiment was performed using an established IFNAR-/- mouse model for SBV infection. 
Both adjuvanted candidate vaccines efficiently protected animals after two immunizations against clinical signs of 
disease. Particles presenting the full-length Gc head domain additionally provided partial protection after one single 
immunization with adjuvant. 
In conclusion, the lumazine synthase scaffold improved immunogenicity of peptides and antigenic domains and can 
therefore be considered a promising platform for vaccines targeting emerging infectious diseases. 
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Human respiratory syncytial virus (hRSV) is one of the most common causes of acute lower respiratory tract disease 
and hospitalization in young children. It is estimated that 59.600 hospitalized children in this age group die annually. 
Currently, no vaccine or antiviral is available. Hence, new treatment options are needed. 
In this study, we aimed to identify novel antiviral compounds targeting different life cycle steps of RSV. 
A library of over 6.000 molecules was screened for antiviral activity against a RSV-GFP reporter virus. IC50 and 
CC50 values of 26 substances were determined using a RSV-luciferase reporter virus and a MTT assay. Lead 
compounds were characterized in a lentiviral pseudoparticle assay, against a subgenomic replicon and in limiting 
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dilution and time of addition experiments. Activity was also tested using primary cells. RSV was passaged in 
presence of these compounds and resulting virus populations will be analyzed by next generation sequencing. 
15 compounds were found to reduce viral GFP signal when present during infection, whereas 11 additional 
compounds reduced infectivity of supernatants from treated cells. IC50 values ranged from 0.9µM to 7.8µM for 15 of 
these compounds. After cytotoxicity, pseudoparticle and replicon testing, four entry, one replication and two 
presumably assembly or release inhibitors were chosen for follow up. A limiting dilution assay revealed no binding of 
any compound to RSV virions. The entry inhibitors were active against Synagis but not BMS 433771 resistant 
pseudoparticles, suggesting a similar mode of action. Passaging of the virus in presence of the compounds led to 
different resistance phenotypes, which are currently being sequenced to reveal adaptive mutations. Finally, antiviral 
activity was confirmed in physiological relevant air-liquid interface cultures of primary human airway epithelial cells. 
Thus, these molecules are promising candidates to learn more about potential drug targets and new RSV treatment 
options. 
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Among infectious, viral diseases in particular, remain the leading cause of death in humans globally. However, 
widespread use of the available antiviral drugs often leads to the problem of viral resistance. Development of new 
antiviral products with different mechanism of action are very much required. In this aspect, herbal extracts or some 
plant derived ingredients serve as a rich source of medicinal substances, which can be used for a treatment of viral 
infections. 
The aim of our study was to evaluate in vitro, the cytotoxic, anti-herpes and anti-influenza virus activities of a 
lyophilized leaves extract derived from plant Graptopetalum paraguayense. 
To study the components of a lyophilized leaves extract the GC-MS analyzes were performed. To determine the 
capacity of the extract to inhibit the lytic activity of Herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) and 
inhibitory effect on influenza A (H1N1) infection were used micro-inhibition assays along with cytotoxicity screening 
(colorimetric MTT, virus titration and hemagglutination inhibition tests) were performed on Vero and MDCK cells. 
Inhibitory concentration 50% (IC50), maximal nontoxic concentration (MNC) and cytotoxic concentration 50% (CC50) 
of the tested extract were identified. 
The tested herbal extract has minimal cytotoxicity on cell lines. Effectively inhibited HSV replication in dose-
dependent manner. The extract and its polyphenolic fraction were more effective of HSV-1 replication (97%), 
whereas inhibition to HSV-2 was significantly lower (43%). To assess the anti-influenza activity, two assays were 
employed, simultaneous and posttreatment test. The phenolic acid fraction C showed 93% reduction in both assays 
at concentration of 5 mg/ml and 10 mg/ml, in contrast lipids and carbohydrates fractions possess only 23% reduction 
in hemagglutination. 
We conclude that the extract from the succulent plant Graptopetalum paraguayense E. Walther may be a promising 
new molecules with antiviral functions. 
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Dengue virus infection is the most prevalent mosquito-borne viral infection worldwide and it represents a major 
health threat. Currently, no specific antiviral agents are available to treat dengue virus infections. Therefore, the 
development of effective drugs against dengue virus is still a priority for global health management. The multi-
enzymatic NS3 and NS5 proteins are the two most conserved dengue virus proteins and play key roles in the viral 
life cycle. The interaction between NS3 and NS5 is essential for the formation of the viral replication complex, thus 
emerging as an attractive antiviral target. The aim of this work is to develop new anti-dengue compounds targeting 
the NS3-NS5 viral interaction. Starting from the available crystal structures of the dengue virus NS5 and NS3, we 
identified two potential druggable hot spot sites located at the binding interface on both proteins. Subsequently, two 
distinct structure-based virtual screenings of commercially available compounds were performed on both selected 
binding sites to identify dissociative inhibitors of NS3-NS5 interaction. To investigate the ability of the selected hits to 
interfere with this interaction, we are developing a new ELISA NS3/NS5 interaction assay to measure this interaction 
in vitro, usingE.coli-expressed viral proteins. Compounds thus will then be tested in ELISA as well as in cell-based 
assays to assess their anti-dengue activity and cytotoxicity. Finally, through molecular modelling techniques. a model 
of the NS3–NS5 heterocomplex was generated to define the dynamic interactions between these two proteins and 
also to evaluate other potential druggable sites. Taken together, this study proposes an innovative and 
multidisciplinary antiviral approach to develop new antivirals against dengue virus. 
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Background: Most cervical cancers are caused by vaccine-preventable infections with human papillomaviruses 
(HPV). HPV prophylactic vaccines Gardasil™ and Cervarix™ both contain the major oncogenic HPV types 16 and 
18, have been widely used for >10 years and are reported to induce high antibody levels. To date, a head-to-head 
comparison of the antibody responses induced by the two vaccines was performed only up to 5 years. 
Methods: About 3,500 Finnish females participated in phase III licensure trials of the quadrivalent Gardasil™ and 
bivalent Cervarix™ and consented to follow-up. Up to 12 years later they donated >2,500 serum samples to the 
Finnish Maternity Cohort. The most recent serum samples of 337 Gardasil™ and 730 Cervarix™ vaccine recipients 
were tested for HPV6/11/16/18/31/33/35/39/45/51/52/56/58/59/68/73 serum antibodies using Pseudovirion- 
Luminex. Antibody levels were reported in international units (IU) for HPV16 and HPV18 and in in-house units for the 
rest of the HPV types. Avidity index of the antibodies was evaluated using ammonium thiocyanate. 
Results: HPV16 and HPV18 antibody levels remained stably above natural infection-related antibody level for up to 
12 years for most vaccine recipients and were higher in Cervarix™ group (p<0.0001). Seropositivity rate was higher 
in Cervarix™ group for all HPV types except HPV6/11/73 ranging from 1.1 fold (HPV16) to 3.3 fold (HPV45). Avidity 
of HPV16 antibodies was 44% in Cervarix™ group and 30.5% in Gardasil™; for HPV18 it reached 33% vs. 28%. 
Avidity of HPV6 (9.3% vs. 27.6%) and HPV11 (10.9% vs. 34.5%) was higher in Gardasil™ group. 
Conclusions: The long-term stability of vaccine-induced antibody levels is in accordance with the high long-term 
protection reported previously. The observed significant differences in the antibody levels induced by the two 
vaccines imply that continued follow-up to identify possible breakthrough cases and estimation of the minimal 
protective vaccine-induced levels of serum antibodies is a research priority. 
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Human cytomegalovirus (HCMV) can cause life-threatening diseases as a consequence of primary infection or 
reactivation of latent infection in neonates as well as in immunocompromised adults. The current available drugs 
ganciclovir, valganciclovir, cidofovir and foscarnet target the viral DNA polymerase. Due to multiple problems caused 
by these drugs (limited effects, dose-dependent toxicity, and drug resistance) development of new well-tolerated 
anti-HCMV compounds with novel mechanisms of action are urgently needed. 
In this study the ability of new N-N’-(bis-5-nitropyrimidyl) dispirotripiperazine (DSTP) derivatives to inhibit HCMV 
infection in human embryonic lung fibroblasts (HELFs) was determined. 
The antiviral activity was quantified by measurement of viral plaque formation and growth kinetics. Interestingly, the 
DSTP derivatives exhibited strong antiviral activity against HCMV TB40/E-GFP-pp150. The cytotoxicity of the 
derivatives was investigated to exclude that unspecific effects could affect its potential anti-HCMV activity. All 
substances were well tolerated by HELF cells. To determine the stage of viral replication that is sensitive to these 
new compounds, the effect of time-dependent drug addition was analyzed. TB40/E-GFP-pp150 infected HELFs 
were treated with the DSTP derivatives at different times of the replication cycle. Both, pretreatment before and 
addition of them during infection resulted in suppression of viral replication by about 90%. Growth characteristic 
studies could show that DSTP derivatives reduce the viral titer of about 2 logs. Results from attachment and 
penetration analyses of prechilled HELF cells revealed that virus attachment is blocked but not virus penetration. 
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Dengue virus (DENV) symptomatic infections result in dengue fever, an acute febrile illness, or severe dengue, 
characterized by increased vascular permeability and hemorrhagic manifestations. Despite its substantial morbidity 
and mortality, no therapeutic agents exist for treatment of dengue, and the currently available vaccine does not 
confer full protection. Thus, development of therapeutic and/or preventive drugs is urgently needed. Nonstructural 
protein 1 (NS1) plays important roles in host immune evasion and viral pathogenesis by directly triggering endothelial 
barrier dysfunction and inducing inflammatory responses, contributing to vascular leak in vivo. This work aimed to 
evaluate the in vitro and in vivo efficacy of the (1-6,1-3)-β-D-glucan isolated from Agaricus brasiliensis fruiting bodies 
(FR) and its sulfated derivative (FR-S) against DENV infection and DENV NS1-mediated pathogenesis. FR-S, but 
not FR, significantly inhibited DENV2 (strain 172-06) replication in human monocytic U937DC-SIGN cells 
(EC50=30.46µg/mL) when added simultaneously with viral infection. No inhibitory effect was observed when FR or 
FR-S were added 1 hour post-infection, indicating viral entry inhibition as the main mechanism of action of FR-S. In 
an in vitro model of endothelial permeability, FR (0.25ug/mL) significantly inhibited Trans-Endothelial Electrical 
Resistance (TEER) reduction (>50%) induced by DENV2 NS1 treatment of human pulmonary microvascular 
endothelial cells (HPMECs), while FR-S displayed 100% efficacy at 0.12ug/mL. Confocal microscopy assays 
indicated 63.9 and 72.8% inhibition of DENV NS1 binding to HPMECs by treatment with 0.25ug/mL of FR and FR-S, 
respectively. Further, FR-S significantly reduced (41.8%, p=0.048) hyperpermeability in mouse skin induced by 
DENV2 NS1 injected intradermally into wild-type mice (C57BL/6). In summary, results demonstrate FR-S in vitro 
efficacy against DENV infection, as well as against NS1-induced endothelial disruption in vitro and permeability in 
vivo. The findings stimulate further exploration of FR-S and other glycan candidates for dengue treatment alone or 
as combination therapies with compounds with different mechanisms of action. 
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Middle East respiratory syndrome coronavirus (MERS-CoV) is a highly pathogenic respiratory virus that emerged in 
2012. While infection control measures have played a major role in limiting human/camel-to-human transmissions, 
development of safe and effective human or camel vaccines is warranted. Here, we extended our previous proof of 
concept work for a vaccine platform characterized by amplified in vivo quantity of CD40-targeted Ag via CD40L upon 
secretion of the fusion protein from rAd5-infected cells. This platform was modified, optimized and utilized to 
generate candidate MERS-CoV vaccine based on the S1 subunit of the MERS-CoV S protein. We generated rAd5 
construct expressing secreted and CD40-targeted S1 fusion protein (rAd5-S1/F/CD40L), untargeted control 
construct (rAd5-S1) and a control construct (rAd5-GFP). Immunization of human DPP4 transgenic mice showed that 
a single dose of rAd5-S1/F/CD40L was able to elicit highly significant levels of neutralizing antibodies compared to 
rAd5-S1 which required two doses to induce a robust response. After MERS-CoV challenge, both vaccines 
conferred complete protection against infection and resulted in undetectable infectious virus titer and significantly 
lower levels of viral RNA in the lungs as compared to the control group. Interestingly, rAd5-S1 but not rAd5-
S1/F/CD40L immunized mice showed pulmonary perivascular hemorrhage three days post challenge despite the 
observed protection suggesting that using S1 might lead to unexpected vaccine-associated lung pathology after viral 
exposure. Furthermore, these data indicate that using CD40L as targeting molecule and molecular adjuvant does not 
only enhance immunogenicity and protective efficacy but also prevents such pulmonary pathology providing a 
promising strategy to enhance the durability, breadth, and potency of Ag-specific immune responses against 
pathogens 
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Abstract 
Background: This ( rotavirus, astrovirus, and adenovirus) viruses are responsible for diarrhea in children, 
basically those have near about <5 years old. Detection of the entire virus is crucially important to the 
development of the effective cure. This study aimed to determine the prevalence of common these viruses in 
children <5 years old presented with diarrhea to the from Lala Lajpat Rai Memorial Medical College (LLRM) 
centre(Meerut) North India, India 
Methods: Total 312 fecal samples were collected from diarrheal children duration 3 years: in year 2014 (n = 
118), 2015 (n = 128) and 2016 (n = 66) ,<5 years of age who presented with acute diarrhea at the Lala Lajpat Rai 
Memorial Medical College (LLRM) centre(Meerut) North India, India. All samples were the first detection by 
EIA/RT-PCR for rotaviruses, adenovirus and astrovirus. 
Results: In 312 samples from children with acute diarrhea in sample viral agent was found, rotavirus A was the 
most frequent virus identified (57 cases; 18.2%), followed by Astrovirus in 28 cases (8.9%), adenovirus in 21 
cases (6.7%). Mixed infections were found in 14 cases, all of which presented with acute diarrhea (14/312; 
4.48%). 
Conclusions: These viruses are a major cause of diarrhea in children <5 years old in North India. Rotavirus A is 
the most common etiological agent, follow by astrovirus. This surveillance is important to vaccine development 
of the entire population. 
K E Y W O R D S 
Adenovirus, Astrovirus, hospitalized children, Rotavirus 
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Genotypic and phenotypic analysis of norovirus evolution in chronically infected patients 
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Norovirus (NoV) is known to be a leading cause of acute gastroenteritis in children and adults worldwide. In the last 
years, chronic NoV infection has become a scientifically and clinically challenging condition in immunocompromised 
patients. In this view, we analyzed NoV evolution in chronically infected patients. A quantitative ELISA was 
developed to determine humoral immune response in sequential serum samples of chronically infected patients. The 
assay indicated immune escape in one patient. When NoV sequences were analyzed by next generation 
sequencing, the latest samples showed highest sequence deviation from the transmitted strains. The number of 
quasispecies was found to initially increase but later decrease before NoV clearance. Non-synonymous mutations 
with frequency of 52-78 % were observed in chronically infected patients indicating positive selection. In contrast, in 
acutely infected patients very low mutations frequency (4.5-6.1 %) was detected. Structural modeling and molecular 
dynamics simulation revealed a fast evolution with numerous NoV variants with mutations resulting in conformational 
changes of antigenic epitopes leading to immune escape under positive immune selection. 
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Interferons are the first line of the innate immunity, triggering the expression of a large number of interferon 
stimulated genes (ISGs) of which several are antiviral. Pathogenic viruses are able to counteract the induction of 
interferon and block interferon signaling. The quality and strength of interferon evasion and ISG sensitivity (namely, 
the innate immunity phenotype) is an important marker of virulence. 
We aim to characterize the innate immunity phenotype of newly emerging viruses. We seek to generate a virus 
profile that differentiates between low pathogenic and highly pathogenic viruses. Comparing the behaviour of a 
newly emerging virus to the data set we are in the process of creating, may serve as a tool for the rapid risk 
assessment of emerging viruses. 
First, we are characterizing the interferon sensitivity of several coronaviruses and influenza viruses by quantifying 
virus production after pretreatment with varying amounts of interferon. Second, we are generating a set of stable cell 
lines that inducibly overexpress select ISGs, in order to later quantify virus growth/cell survival on these cell lines. 
This categorization of viruses with respect to their innate immunity phenotype may in the future give a first estimate 
of the risk associated with newly emerging zoonotic viruses. 
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Middle East respiratory syndrome coronavirus (MERS-CoV) is a zoonotic pathogen that has been circulating in 
dromedary camels for decades. Many primary human MERS cases, however, do not have a history of contact with 
dromedary camels, suggesting other routes of acquiring the virus. To investigate the potential role of other animal 
species in the zoonotic transmission, we performed experiments in rabbits. In line with the presence of MERS-CoV 
receptor, dipeptidyl peptidase-4 (DPP4), in the nasal epithelium of rabbits, relatively high levels of viral RNA were 
detected in their nasal swabs post virus inoculation. However, no transmission by contact or airborne routes was 
observed, consistent with a limited amount of infectious virus shed from the nose. We suggest that DPP4-
independent host-mediated restriction of MERS-CoV replication resulting in low levels of infectious virus may limit 
transmission in rabbits and potentially also in other susceptible species, restricting the zoonotic source of MERS-
CoV to camelids. 
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Introduction 

Mayaro virus (MAYV) is an emerging alphavirus circulating in the Caribbean and South America. It causes a febrile 
illness resembling other infections with co-circulating arboviruses, e.g. dengue (DENV), chikungunya (CHIKV) or 
Oropouche virus (OROV). Serological differentiation from other alphavirus infections is complicated in the presence 
of antibodies targeting homologous antigens from related viruses (Semliki Forest virus complex). Here, we 
investigated the performance of a novel anti-MAYV ELISA. 
  
Methods 

Serum samples originated from Brazilian patients with clinically and serologically characterised febrile infections, 
drawn between day 11 and 117 post symptom onset. Pre-characterisation included analyses for IgM and 
haemagglutination inhibition (HI) antibodies against MAYV, CHIKV, DENV, yellow fever virus (YFV), Zika virus 
(ZIKV), OROV, eastern and western equine encephalomyelitis virus (EEEV and WEEV) and flaviviruses in general 
using the respective in-house IgM antibody capture (MAC) ELISAs and HI assays. The first panel encompassed 46 
samples, including 21 positive and 25 negative for anti-MAYV IgM and HI antibodies. The second panel (n=12) 
consisted of six anti-MAYV HI antibody-positive and six anti-MAYV HI antibody-negative samples. Samples were 
investigated using the Anti-Mayaro Virus ELISA (Euroimmun, Germany) for the detection of IgM (panel 1) and IgG 
(panel 2). 
Results 

In panel 1, the Anti-Mayaro Virus ELISA IgM was 100%(21/21) sensitive and 76%(19/25) specific. The six discrepant 
samples had been pre-characterised as positive for CHIKV (5/11) or general flavivirus (1/3) infection. Analysing 
panel 2, the Anti-Mayaro Virus ELISA IgG revealed a sensitivity of 100%(6/6), at 50%(3/6) specificity. Three samples 
with anti-CHIKV HI antibody-positive but anti-MAYV HI antibody-negative pre-characterisation were positive in the 
ELISA. 
Conclusion 

The novel Anti-Mayaro Virus ELISAs (IgM and IgG) showed high sensitivity at moderate specificity. This specificity 
meets the expectations and, in most cases, can be explained by anti-CHIKV cross-reactivity. Thus, the ELISAs are 
suitable as screening assays, reliably detecting MAYV-infected patients. 
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A single shot of a hyper-attenuated Mopeia virus expressing Lassa virus glycoprotein induces robust 
immunity and protects monkeys against Lassa fever 
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INTRODUCTION. Lassa virus (LASV), an Old-world arenavirus, induces a viral hemorrhagic fever and is responsible 
for tens of thousands of cases a year, including thousands of deaths, in West Africa. To date, no approved vaccine 
or fully-efficient treatment is available. However, several experimental vaccines are able to protect nonhuman 
primates (NHP) against LASV and the closely related but nonpathogenic Mopeia virus (MOPV) is also able to 
immunize NHP against LASV. 
AIMS. Develop a live-attenuated vaccine platform against pathogenic arenaviruses 
METHODS. We generated a recombinant MOPV in which the immunosuppressive exonuclease domain has been 
abrogated and its glycoprotein precursor (GPC) swapped with GPC of other arenaviruses to obtain a vaccine 
platform against LASV and other pathogenic arenaviruses. 
RESULTS. A single injection of this modified MOPV expressing LASV GPC (MOPEVACLAS) in cynomolgus monkeys 
induced robust humoral and T-cell responses, together with dramatic changes in transcriptional profile of PBMC and 
in proteomics in plasma early after immunization. Animals were then fully protected against a lethal challenge with 
LASV, with no clinical signs except for a transient low grade fever. The protection was due to LASV-specific T cells 
rather than to neutralizing and non-neutralizing LASV IgG. 
CONCLUSIONS. These results demonstrate the efficacy of this vaccine platform after a single shot immunization in 
a highly relevant animal model. 
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The Crimean-Congo Hemorrhagic fever virus (CCHFV) polymerase L encodes an Ovarian Tumor (OTU) domain, 
with deubiquitination and deISGylation activities. Studies based on the ectopic expression of the OTU domain 
showed an inhibition of both NFκB and type I interferon (IFN) induction. Hence, the OTU domain has been 
suggested to take part in immune evasion. 
 Since the OTU domain is small compared to the full-length polymerase (169 versus 3549 amino acids), we asked 
whether the OTU domain retains the same activities in the context of the entire, RdRp active L. 
 Using reporter assays, we confirmed that the ectopic OTU domain inhibits both NFκB and IFN induction, but this 
effect was lost in the context of the full-length L. Then, we used CCHF minireplicon and our transcriptionally-
competent virus-like particle (tc-VLP) systems to assess the role of the OTU domain on the RdRp activity. While the 
OTU domain is not required in the minireplicon system, only few tc-VLPs could be produced with an OTU-inactive L. 
However, both wild-type and OTU-deficient polymerases are equally sensitive to IFN. Moreover, neither trans-
complementation with wild-type OTU domain, nor blocking IFN signalling were able to rescue OTU-inactive mutant 
tc-VLP production. This suggests distinct trans- and cis- activities of the OTU domain. Lastly, and very surprisingly, 
we could boost OTU-inactive mutant tc-VLP production, by over-expressing a conjugable Interferon Stimulated Gene 
15 (ISG15). 
 To conclude, the role of the CCHFV OTU domain regarding innate immune response needs further careful 
investigation, which should be made in the context of the full-length polymerase. 
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Early antiviral responses and specific T cell responses correlate with protection against a lethal Lassa virus 
challenge in cynomolgus monkeys 
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INTRODUCTION 
Lassa fever is a major public health issue in Western Africa and there is still no licensed vaccine. To develop a safe 
and efficient vaccine would be the best solution to fight against this disease. 
METHODS 
We have used the Measles virus (MeV) vaccine platform to generate Lassa fever vaccine candidates expressing the 
Lassa virus (LASV) glycoprotein GPC in combination with the nucleoprotein NP containing mutations abrogating its 
immunosuppressive exonuclease domain or the matrix protein Z. We then tested their safety, immunogenicity and 
efficacy cynomolgus monkeys. Animals were immunized with a single dose of vaccine one month before being 
challenged with a lethal dose of LASV and were monitored for virological, clinical, biological, and immunological 
parameters. 
RESULTS 
The two vectors were safe, did neither replicate in nor shed from animals, and protected all cynomolgus monkeys 
while controls all died from Lassa fever. While MeV-NP/GPC conferred almost a sterilizing immunity, MeV-Z/GPC –
immunized monkeys developed more severe symptoms and a prolonged LASV viremia. Analyses of immune 
responses demonstrated that complete protection was correlated with early and robust CD8+ and CD4+ T-cell 
responses against LASV. In contrast, non-neutralizing and neutralizing humoral responses were not correlated with 
vaccine efficacy. Transcriptomic and proteomic analyses performed during the immunization phase confirmed the 
role of early innate immunity and T-cell priming in the efficiency of the LASV vaccine. 
CONCLUSION 
The most efficient candidate, measles expressing both LASV glycoproteins and nucleoprotein, is able to induce a 
very potent protection against LASV after a single shot, thanks to a robust T-cell response directed against LASV 
GPC and NP. This vaccine will enter into phase I clinical trials in a near future. 
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Introduction. Virus discovery performed on samples from wild lemurs, endangered prosiminas of Madagascar, 
revealed sequences from viruses within two monophyletic and phylogenetically close Flaviviridae genera: 
Hepacivirus and Pegivirus. Aims. To molecularly characterize hepaciviruses and pegiviruses of lemurs and study 
their ecology and evolution. Methods. Eighty-four sera from 7 species were screened and viruses were sequenced 

with Sanger technology. Maximum-likelihood trees (model: LG+G; statistics: bootstrapping) and selection pressure 
analyses were performed in MEGA. Results. Four novel viruses were identified: the diademed sifaka hepacivirus 

(SifHV, two genotypes) and pegivirus (SifPgV, two genotypes), the indri pegivirus (IndPgV) and the weasel lemur 
pegivirus (LepPgV). Viral species were host species-specific and detected at high rates (hepaciviruses: 28.9%, 
pegiviruses: 8.9%). The almost complete genome was obtained for the SifHV and genome organization resulted 
conserved across hepaciviral lineages with one unique open reading frame and highly structured untranslated 
regions, including a type IV IRES with a miR-122 seed site. Phylogenetic analyses showed the possible occurrence 
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of multiple cross-species transmissions involving lemur viruses or their ancestors. SifHV formed a highly supported 
clade with hepaciviruses of rodents and the lemur pegiviruses occupied distant phylogenetic positions. However, the 
different sifaka hepaciviral and pegiviral genotypes were monophyletic and some lemur pegiviruses (IndPgV and 
SifPgV) were included in a clade with human and simian viruses, providing some evidence for virus-host co-
speciation. The predominance of negative selection on SifHVs indicates a long virus-host association. Conclusions. 

Some of the detected viruses could have reached Madagascar together with the first lemur predecessors (~55-60 
million years ago) explaining the close relationship between lemur and simian viruses, while others could have been 
imported by other host species, potentially explaining the close relatedness of lemur viruses with rodent and 
chiropteran viruses. Our results support a model of virus-host co-divergence with frequent occurrence of cross-
species transmission for these genera. 
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Next generation sequencing revealed a novel Mammalian Orthoreovirus (MRV) reassortant in a fecal sample of 
diarrheic pigs diagnosed PCR-positive for the coronavirus porcine epidemic diarrhea virus (PEDV). This MRV 
reassortant contained an unique nucleotide sequence of the sigma 1 segment (S1). The S1 segment codes for the 
attachment protein on the surface of the virus and largely determines the cell, tissue and host tropism of MRVs. The 
phylogenetic distance of this novel S1 segment to S1 segments of MRV serotype 3 strains isolated in the USA, 
China and Italy from faeces of pigs diagnosed positive for PEDV, was high. The amino acid sequence deduced form 
this novel S1 segment showed highest identity to S1 segments of MRV serotype 2 strains isolated from bats and 
from humans with respiratory disease due to severe acute respiratory syndrome (SARS CoV). To gain insight in the 
tissue tropism of this novel MRV reassortant we characterized its growth properties on cell lines originating from 
lungs, intestines, and kidneys. Furthermore, we studied the prevalence of MRV in swine fecal samples collected 
from farms with diarrheic pigs in the Netherlands, including samples that scored PCR-positive for PEDV. This 
prevalence analysis will determine whether or not simultaneous PEDV and MRV infections in diarrheic pigs occur, as 
was observed for SARS coronavirus and MRV serotype 2 strains in humans with acute respiratory syndrome. 
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Rift Valley fever virus (RVFV, genus Phlebovirus, family Phenuiviridae) causes large epizootics and epidemics 

among livestock and humans in Africa. Its main virulence factor NSs is known to inhibit host cell mRNA transcription 
by attacking the general transcription factor IIH (TFIIH) via subunit sequestration and proteasomal degradation. 
However, being such a strong host cell shut-off factor, NSs may engage additional strategies to manipulate the host 
cell. Accordingly, we observed that NSs induces a complete retention of poly(A) RNAs in the nucleus, as previously 
reported by Copeland et al. (Copeland et al., J.Virol 2013 Nov, 87(21):11659-69). 
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Although NSs subjugates cellular E3 ligases to degrade host cell proteins, we did not observe depletion of key 
mRNA export factors. However, using a commercially available antibody against multiple nucleoporins (Nups), we 
detected an NSs-dependent displacement of Nups, independent of the host cell shut-off imposed by NSs. Evaluating 
the Nups one-by-one, we identified cytoplasmic aggregate formation specifically of Nup214, a key factor of nuclear-
cytoplasmic transport. Our current investigations using mass spectrometry analysis of nuclear and cytoplasmic 
protein fractions show that RVFV infection leads to both, nuclear lock-in and cytoplasmic retention of a series of host 
cell proteins. 
Overall, our results suggest that RVFV, which replicates in the cytoplasm and has mRNAs lacking the prototypical 
poly(A) tail, constrains the nuclear export of host cell mRNAs and the transport of proteins by directly targeting the 
integrity of the nuclear pore. 
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Usutu virus (USUV) is an emerging Flavivirus in Europe with documented circulation in birds and transmission to 
humans. Italy is endemic for West Nile virus (WNV) and cases of USUV transmission have also been reported, 
some with neurological complications. However, systematic screening for USUV is only starting to be implemented. 
Blood donations in the Friuli Venezia Giulia Region endemic for WNV are routinely screened by the Cobas

®
 WNV 

nucleic acid test and positive results are sent for confirmation to the Regional Reference Laboratory for Arbovirus 
infection. In August 2018 an asymptomatic donor positive in the screening test could not be confirmed for WNV 
RNA, but turned positive for USUV by RT PCR. Partial NS5 sequencing of the isolated virus mapped to the Europe 1 
lineage. Analysis of follow-up samples showed USUV IgM/G seroconversion characteristic of a new infection. This is 
the first documented case of USUV transmission to humans in North-Eastern Italy and indicative of USUV circulation 
in the area. 
An in-house NS1-based ELISA assay was therefore optimized in order to assess the seroprevalence of WNV and 
USUV in blood donors. Secreted NS1 was purified from mammalian cells in its native conformation. NS1 was used 
to detect IgG from 142 sera collected from donors in the same area that were sent for confirmation of suspect WNV 
infection. The results of the analysis showed 39% negative, 35% WNV, 7% USUV, 10% WNV/USUV and 9% 
borderline. Finally, this novel NS1-based ELISA was compared to the Eurimmun IgG ELISA showing increased 
sensitivity and specificity. 
In conclusion, this work identifies North-Eastern Italy as endemic for USUV with implications for the screening of 
transfusion blood. Furthermore, a novel NS1-ELISA test has been implemented for the detection of USUV IgG/M 
that will be of importance as a tool for the diagnosis and surveillance of USUV infection. 
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Introduction: Human infections with avian influenza viruses including H5 and H7 hemagglutinin subtypes occur, 
albeit at an occasional rate. Among human infections with H7 viruses, H7N2 (New York), H7N3 (Canada and 
Mexico), H7N7 (the Netherlands, UK, Italy) and H7N9 (global) cases were documented. However, other H7 subtype 
viruses have never been detected in humans. In early 2018, a severe H7N4 infection was confirmed in a 68-year-old 
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woman in China, and it was the first human case. 
Aims: We aimed at characterizing the origin and molecular features of this novel virus. 
Methods: Twenty-four HA and thirty-two NA genomes representing H7Nx and HxN4 strains were compared with this 
novel virus by alignment and construction of phylogenetic trees. In-depth whole-genome scanning among this virus 
with all related avian H7N4 viruses found on the same farm were performed. 
Results: Phylogenetic analysis indicated that the human-origin H7N4 virus is a reassortant of triple strains from 
remote distribution, probably encountered by migration of birds flying through the East Asian-Australian migratory 
flyway. The occurrence of this human infection within the patient’s farm setting provided a unique opportunity to 
examine mutations by comparing the closest isolates from different species, which provides clues for human 
adaptation. Therefore, we performed the whole-genome scanning at the human isolate with all duck and chicken 
viruses on the same farm and identified seventeen mutations that might be responsible for adaptation to humans. 
Except for PB2 (E627K), mutations are located in seven viral proteins but surprisingly not detected in PB1, NP, NS1 
and NS2. Remarkably, the majority of mutations are novel and uncharacterized yet. 
Conclusion: Our findings not only report molecular characteristics of the first H7N4 isolate in humans but also 
suggest that the potential risk of public health, crossing species barriers from birds to humans, of this sporadic H7N4 
virus should not be underestimated. 
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Aleutian mink disease virus (AMDV) is the causative agent of Aleutian disease (AD), which affects mink of all 
genotypes and also infects other mustelids such as ferrets, martens and badgers. Previous studies have 
investigated diversity in Finnish AMDV strains, but these studies have been restricted to small parts of the virus 
genome, and mostly from newly infected farms and free-ranging mustelids. Here, we investigated the diversity and 
evolution of Finnish AMDV strains by sequencing the complete coding sequences of 31 strains from mink originating 
from farms differing in their virus history, as well as from free-ranging mink. The data set was supplemented with 
partial genomes obtained from 26 strains. The sequences demonstrate that the Finnish AMDV strains have 
considerable diversity, and that the virus has been introduced to Finland in multiple events. Frequent recombination 
events were observed, as well as variation in the evolutionary rate in different parts of the genome and between 
different branches of the phylogenetic tree. Mink in the wild carry viruses with high intra-host diversity and are 
occasionally even co-infected by two different strains, suggesting that free-ranging mink tolerate chronic infections 
for extended periods of time. These findings highlight the need for further sampling to understand the mechanisms 
playing a role in the evolution and pathogenesis of AMDV. 
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Viral infection results in the upregulation of hundreds of interferon (IFN)-stimulated genes (ISGs), some of which 
encode effectors that inhibit viral infection. Zoonotic coronaviruses (CoVs) can pose a significant global health threat 
as exemplified by the emergence of highly pathogenic variants such as Severe Acute Respiratory Syndrome 
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Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome Coronavirus (MERS-CoV), both of which crossed 
the species barrier from animals to humans. We aimed to identify novel restriction factors that restrict CoV infection. 
Our screen revealed the ISG lymphocyte antigen 6 complex, locus E (LY6E) as a novel and potent coronavirus 
restriction factor. Ectopic LY6E overexpression reduced viral infection, whereas knockout enhanced viral infectivity. 
We observed that LY6E broadly restricts human coronaviruses, including SARS-CoV and MERS-CoV. Furthermore, 
we show that LY6E orthologs from divergent mammalian species inhibited CoV infection. Our mechanistic studies 
revealed that LY6E acts early in the replication cycle to target viral entry; however, there was no direct effect on 
coronavirus spike cleavage. Interestingly, next to CoVs we also found that LY6E inhibits other medically relevant 
viruses, including hepatitis C virus (HCV) and Ebola virus (EBOV). In conclusion, we identified LY6E as novel 
antiviral restriction factor that inhibits the infectivity of viruses representing Nidoviridae, Hepaciviridae, and Filoviridae 
families. Our findings demonstrate that LY6E plays a complex, pleiotropic role as part of the antiviral IFN response, 
given that previous studies have shown that LY6E enhances entry of viruses from Flaviviridae, Orthomyxoviridae, 
and Retroviridae families. It has been shown that several ISGs can have multiple roles on either inhibiting or 
promoting viral infection. Understanding the mechanism of action of LY6E may guide the development of novel 
antiviral strategies against highly pathogenic viruses. 
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Introduction 

Metagenomic sequencing has massively expanded the known viral richness of diverse environments including the 
human gut. However, the cellular host remains unstudied for a majority of metagenomically identified viral genomes, 
limiting our understanding of the roles they play in human health and gut ecology. The circular rep-encoding ssDNA 
(CRESS) viruses are a group for which the vast majority of genomic diversity falls outside described families and has 
no known host. 
Aims 

We aimed to identify the cellular hosts, evolutionary history, and geographical distribution of a novel CRESS virus 
lineage. 
Methods 

Viral genomes were identified in human faecal samples using VIDISCA viral metagenomics, and full length genome 
sequencing was carried out. A putative cellular host was identified by statistical association to rRNA belonging to a 
medically relevant protozoan genus. Public Sequence Read Archives were mined to discover additional related viral 
species and reproduce the observed host association. Host sequence reads were de novo assembled and contigs 

were searched for endogenous viral elements (EVEs) derived from the novel virus lineage. Host comparative 
genomics was used to eliminate the possibility of misassembly. Phylogenetic analysis of wild and endogenous 
viruses was performed. 
Results 

We present evidence for a genomically diverse but previously unknown virus lineage hypothesised to infect a 
medically relevant protozoan genus. We show that the virus lineage is geographically widely distributed, and is 
identifiable in samples from multiple primate species. Furthermore, we show using host comparative genomics that 
the virus-host association is ancient, pre-dating speciation events of some host species. 
Conclusion 

Our study develops approaches for the determination of virus hosts that should supplement future metagenomic 
studies. We propose that it should also precipitate future work to identify the effect of the novel virus lineage on host 
pathogenesis in the context of human infection, for example hypovirulence or hypervirulence. 
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Phylogeography of dengue 2 virus in Colombia 
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Dengue is endemic in Colombia. The four serotypes circulate simultaneously in the country and high peaks of 
incidence have been recorded during the years 1998, 2003, 2010, 2013 and 2016. Few studies have been 
conducted on molecular epidemiology and viral dynamics in this country. The objective of this work was to describe 
the geographical origin, the dispersion routes and the dynamics of dengue 2 virus (DENV-2) circulation in Colombia 
from 1990 to 2017. Viral isolations were made from serum samples of probable cases. The envelope protein gene 
(E) was amplified and sequenced. Fifty one new sequences were obtained and aligned with sequences from other 
countries of The Americas. Phylogenetic and phylogeographic analyzes were performed with Bayesian approaches 
using the programs Mr. Bayes v3.2.6, Beast v1.8.4, SpreaD3 and the “Markov-Jumps” method. It was determined 
that the DENV-2 genotypes circulating in Colombia have been the American genotype (until the year 1990), and later 
the Asian-American genotype; for the latter, the estimated substitution rate was 8.13 x 10

-4
 substitutions / site / year. 

It was inferred that this genotype entered Colombia for the first time between 1990 and 1991 from Venezuela. A 
close phylogenetic relation was also inferred between the DENV-2 strains that have circulated in Colombia with 
those that have circulated in the Antilles, Central America, Peru, Ecuador and Venezuela. For the latter country it 
was possible to estimate more than 15 migratory events in both directions until year 2009. The provinces of 
Antioquia and Santander are the main sources of virus dispersion to the interior of Colombia. The main conclusion is 
that Colombia and Venezuela form a single endemo-epidemic ecosystem for dengue. 
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Introduction: Crimean-Congo hemorrhagic fever virus (CCHFV) is a deadly tick-borne zoonotic disease. Although 

many efforts are taken, a little is known why wild and domestic animals are susceptible to CCHFV, but only humans 
develop clinical illness. Cell line susceptibility studies are important for giving data for these knowledge gaps. 
Aims: The growth of CCHFV evaluated in three humans (HEK-293, SW-13, human primer mesangial cell) and two 

bovine cell lines (MDBK, BEK). Our aim was to compare CCHF viral growth kinetics and species tropism between 
these cell lines. 
Methods: The replication efficiency was measured by qPCR through three different passages on 0, 1, 2, 3, 5, 7th 

days post-infection (dpi). Indirect immunofluorescence assay was performed on 1, 2, 3, 5 and 7 dpi targeting the 
whole virus. ImageJ was used for cell counting. The viability of CCHF virus-infected cells was compared with 
Vybrant MTT Cell Proliferation Assay Kit and the cell cytotoxicity was measured by Pierce LDH Cytotoxicity Assay 
Kit on day three. The development of apoptosis and necrosis was evaluated with the Annexin V-FITC Apoptosis Kit 
on the second day. 
Results: In parallel with the number of passages in human cell lines, the titer of the virus was increased while it 

decreased in bovine cell lines. As a result of indirect immunofluorescence assay, the virus formed only reproductive 
islets in the bovine cells while infection in human cells widely dispersed from the third day of infection. The viral load 
(copies/µl) increased significantly only in human cells from the fifth day following the inoculation. CCHFV was shown 
to be most cytotoxic to human cells. Apoptosis and necrosis were detected in the cells prior to the virus-induced 
cytopathic effect. 
Conclusion: Cell distribution of infection pattern, viral growth kinetics and host resistance to virus replication differ 

between human and bovine cell lines. 
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In 2012, Middle East Respiratory Syndrome Coronavirus (MERS-CoV) emerged in Saudi Arabia and was shown to 
be associated with severe respiratory illness in humans. Soon afterwards camelids were identified as the main 
zoonotic reservoir for MERS-CoV, in which the virus only causes a mild respiratory tract infection. 
In order to investigate the molecular basis between the pathogenesis discrepancy of MERS-CoV in human and 
camelids we develop a pseudostratified airway epithelial cell (AEC) culture model for camelids, analogous to our 
human AEC culture model. For this we isolated epithelial cells from tracheal explants of llama (Llama glama) and 
Bactrian camel (Camelus bactrianus) to generate well-differentiated camelid AEC culture models. Histological 
characterization revealed that both camelid AEC models showed progressive epithelial cellular differentiation, as 
indicated by the development of tight junctions, ciliated cells, and the mucus production over time. In addition, we 
assessed whether the camelid AEC cultures has a competent innate immune system by analyzing the expression of 
various ISGs, cytokines, and chemokines upon treatment with exogenous synthetic double-stranded RNA (polyI:C) 
and pan-species IFN-α. This showed an increase in the expression of Mx1, IL-6, and TNF-α genes between 4h and 
24h after treatment. More importantly, we also evaluated whether both camelid AEC culture models support efficient 
MERS-CoV replication by administrating the virus at the apical surface and monitoring the viral replication by qPCR 
and immunostaining over time. This demonstrated that MERS-CoV efficiency replicates in both camelid AEC 
models, with virus yield reaching plateau levels at 96 hours post-infection. 
In conclusion, we successfully established camelid AEC cultures for Llama and Bactrian camels that both 
recapitulate many aspects of the in vivo airway epithelium. In combination with corresponding human AEC cultures 

this system will allow detailed characterization of the molecular basis between the pathogenesis discrepancy of 
MERS-CoV in human and camelid respiratory epithelium. 
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Introduction: West Nile virus (WNV) is one of the most widely distributed arboviruses. In Croatia, first clinical cases 

of WNV neuroinvasive disease were reported in 2012, thereafter cases were continuously detected. In addition, 
infections in horses and poultry were also documented. In 2018, the largest outbreak of WNV occurred with more 
than 60 human cases. For the first time in Croatia, WNV infection was detected in wild birds. 
Aims: The aims of this study were to analyze epidemiological characteristics and molecular epidemiology of WNV 

infections detected during 2018 transmission season. 
Methods: From January to December 2018, a total of 182 patients with neuroinvasive disease and 70 patients with 

symptoms compatible with WNV fever were tested for the presence of WNV RNA, IgM/IgG antibodies and IgG 
avidity. In addition, a total of 2759 horses were tested for the presence of WNV IgG antibodies. IgG positive serum 
samples were further tested for IgM antibodies for confirmation of recent infection. Thirty-five dead wild birds were 
tested for WNV RNA. Meteorological conditions (air temperature, precipitation) were also analyzed. 
Results: WNV infection (WNV neuroinvasive disease/WNV fever) was confirmed in 61 patients. Cases occurred in 

ten continental Croatian counties. Phylogenetic analysis of six detected strains showed circulation of WNV lineage 2. 
Acute asymptomatic infection was documented in 13/0.03% horses from three continental counties while IgG 
antibodies were detected in 232/8.4% horses. Seroprevalence rates were higher in continental counties (3.2-26.0%) 
compared to counties on the Adriatic coast (0-4.8%). IgM positive horses were detected from March to June, while 
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human infections occurred from July to October. Two WNV positive goshawks were detected in September. The 
early start of WNV season was associated with favorable climate conditions (very warm April and May). 
Conclusion: Our results confirm the need of continuous multidisciplinary (“One health“) surveillance of this emerging 

viral zoonosis. 
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Until the beginning of this century, in the developed world, hepatitis E virus (HEV) was seen as a travelers disease 
and autochthonous HEV infection was rarely observed. Now a days HEV infections become common and recent 
studies showed that zoonotic hepatitis E virus genotype 3 infections occur frequently in industrialized countries. Pigs 
have been shown to be a major reservoir of hepatitis E genotype 3 virus, only the transmission route(s) from pigs to 
humans are ill-defined. Consumption of undercooked meat products is the likely transmission route however the 
virus could also spread via surface water or crops.  
Partly orf 1 and orf 2 sequences of HEV isolates were obtained from individual pigs and from blood donors and 
hepatitis patients. 372 human samples and at least 10 HEV positive caecum swine samples per year were collected 
in the Netherlands in 2000 and between 2008 and 2015 and sequenced. All generated HEV sequences from human 
and pig samples were aligned with a proposed reference set from the literature. In total, 91 HEV ORF1 sequences 
and 300 HEV ORF2 sequences from pigs, patients and blood donors were included in the analysis. Sequence 
comparison showed that all sequences were genotype 3 except for six patients (with travel history). HEV gt3c was 
the most common subgenotype. Whereas the proportion of gt3c significantly increased between 2000 and 2008 it 
remained constant between 2008 and 2015. Of the circulating HEV subgenotypes, there was no difference observed 
between the human and the pig isolates. This is compatible with the assumption that HEVs from swine are the major 
source of HEV infections in humans. Hepatitis E viruses in humans are very likely to originate from pigs, but it is 
unclear why HEV gt3c has become the predominant subtype in the Netherlands. 
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Exposure to aerosolized respiratory viruses poses a continuous health threat not only in everyday life, but also in 
hospital settings where patients are at high risk of getting nosocomial respiratory infections. However, transmission 
routes and kinetics of respiratory viruses remain poorly understood. Therefore, efficient air sampling techniques that 
determine the quantity of infectious virus in the air are indispensable in order to improve intervention strategies to 
control and prevent spreading of respiratory viruses. To date, reliable air samplers have mainly been developed to 
collect bacteria and fungi while effective techniques to collect viruses are still missing. 
The aim of this study was to develop an air sampling system that efficiently collects infectious virus from air that can 
be used in a clinical study to determine the viral load in air surrounding children with acute respiratory infections 
(ARIs). 
We optimized the collection efficiency of the Andersen Cascade Impactor (ACI) by testing different collection media 
(liquid transport medium, a semi-solid gelatin layer or solid agar) in an in-vitro setup, in which we artificially 
aerosolized pH1N1 influenza virus or human metapneumovirus. The ACI in combination with the most suitable 
collection medium was subsequently used for air sampling in a children’s hospital. 
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In the in-vitro setup, highest collection efficiencies were reached for both viruses when using an in-house developed 
semi-solid gelatin layer as collection medium. In the hospital setting, we were further able to collect viral RNA from 
air surrounding children with ARIs. 
This optimized air sampling system allows the efficient collection of infectious virus to determine the viral load in air 
of different environments like hospital settings, thereby gaining more insight into the transmission kinetics of 
respiratory viruses, as well as the viral phenotypic determinants of efficient transmission via the air. Ultimately, this 
knowledge will help to improve global infection prevention strategies. 
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Introduction: Central nervous system infection (CNS) are common and cause substantial morbidity and mortality in 

children in sub-Saharan Africa, yet a causative pathogen remains unidentified in the majority of cases. Novel 
pathogens may contribute to the high number of unexplained encephalopathies, especially in Uganda, as it is a 
hotspot for vector-borne emerging infectious diseases. The Orthobunyaviridae commonly cause disease-outbreaks 
in Uganda and they are the most common cause of paediatric encephalitis worldwide. 
Aim: To identify the most likely cause of disease of a three-year-old Ugandan child with a fever, deep coma, 

prolonged convulsions and fatal outcome for whom conventional diagnostics were negative. 
Methods: Viral metagenomics was performed on pooled plasma and cerebrospinal fluid (CSF) of the patient. An 

immunological biomarker profile was measured and compared to those of children with encephalopathies of various 
aetiologies to determine the likelihood of a CNS infection. 
Results: A novel orthobunyavirus was discovered. Sequences from all three viral segments were found and these 

showed a low identity to known viruses (<71% on amino acid level). Phylogenetic analysis showed clustering within 
a clade of Anopheles mosquito-borne orthobunyaviruses. The virus was named Ntwetwe virus, after the hometown 
of the patient. The viral load was 3x10

2
 RNA copies/mL in CSF and 5x10

3
 RNA copies/mL in plasma. The 

immunological biomarker profile was typical of a CNS infection. 
Conclusions: A novel orthobunyavirus, Ntwetwe virus, was identified in the CSF of a three-year-old Ugandan child 

with a severe and fatal encephalopathy. A viral encephalitis, elicited by Ntwetwe virus, was the most likely cause of 
disease. Ntwetwe virus is probably transmitted by Anopheles mosquitos, indicating that human exposure may be 
common. Further screening in the same geographic area of the index case needs to be performed to determine the 
prevalence of Ntwetwe virus. 
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Reverse genetics has been an indispensable tool revolutionising our insights into the basis of viral pathogenesis and 
vaccine development. Constant epidemic and pandemic threats by (re)emerging RNA viruses necessitate a 
universal reverse genetics platform to reliably assemble and rapidly reconstitute viruses and their mutants for 
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characterisation studies within a reasonable timeframe. 
Large RNA viruses, such as Coronaviruses, pose difficulties in genetic cloning and manipulation due to their genome 
size, and in some cases, toxicity when propagated in bacteria. In this work, we exploited transformation-associated 
recombination (TAR) in yeast to rapidly assemble and clone complete coronavirus genomes. 
Murine Hepatitis virus (MHV) is used as the first proof of principle for the applicability of this approach to this class of 
viruses. Nine overlapping DNA fragments spanning the entire MHV genome were co-transformed, assembled, and 
incorporated in a TAR vector in Saccharomyces cerevisiae. Plasmids containing full-length cDNA copies of the MHV 

genome were enzymatically digested to enable T7 polymerase run-off transcription, and subsequently electroporated 
into mammalian cells to recover infectious viruses. Additionally, we performed similar yeast transformation with 
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) cDNA fragments, thereby demonstrating the versatility 
of this novel assembly method. 
Utilising yeasts’ capability to reliably recombine DNA fragments carrying overlapping sequences, we successfully 
assembled nine DNA fragments into a complete MHV genome via a single transformation event. The virus 
thereupon was reconstituted, and shown to be infectious. The timeframe for assembling full-length virus genome and 
selecting the correct yeast clones was estimated to be within two weeks. 
In the context of (re)emerging viruses, this novel method is a potential and meaningful revolution for virus reverse 
genetics. It makes possible genomic engineering and reconstruction of viruses that formerly were difficult and 
laborious to manipulate, paving the way for further characterisation of corresponding virus phenotypes within a 
considerably shortened timeframe. 
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Introduction: Hepatitis D virus (HDV) affects approximately 15-20 million people worldwide and is considered a 

satellite virus dependent on hepatitis B virus (HBV) to propagate. In Brazil, hepatitis D is a notifiable disease, 
however the difficulty of concluding the diagnosis contributes to an inaccurate estimate of HDV infection extent. 
Genotype (GT) 3 of HDV is endemic in Amazon region and is associated with the severe form of the disease. 
Recently, GT 8 has been described in Northeast region, a fact that highlights the importance of HDV research in 
non-endemic areas since this GT is typically identified on the African continent. Aims: Determine the seroprevalence 

of HDV infection and molecular epidemiological profile of circulating HDV GTs in Brazilian endemic and non-endemic 
areas. Methods: Between 2013 and 2015, it was collected 1240 serum samples from HBV carriers of all Brazilian 
geographical regions, including 24 of 26 states. Results: From 1240 samples, 40 were anti-HDV positive by 

immunoenzymatic assay, with higher prevalence in Acre (24.3%) and Amazonas (13.8%). The general prevalence of 
HDV in Brazil was 3.2%. The South region was the only one that did not present reactive cases. Among samples 
with positive serology, 33/40 (82.5%) were submitted to molecular tests and 9/33 (27.3%) presented a positive viral 
load for HDV in which 8 sequences from North region and 1 sequence of HDV that has infected an African resident 
in São Paulo had similarity with GTs 3 and 8, respectively.Conclusions: This project is in progress and pretends to 

elucidate the routes of HDV introduction and dispersion in Brazilian population. The results already obtained point 
the necessity and importance of studies on HDV in non-endemic areas. 
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Introduction: 
Tick-borne encephalitis virus (TBEV) causes severe encephalitis across large parts of Europe and Northern Asia. 
The number of TBE cases has increased during the last decade in Finland. Previously, TBEV was not considered to 
circulate in the mainland Helsinki area, the capital region of Finland, inhabited by 1.2 million people. However, since 
2011, new locally acquired human TBE cases have occurred every year in Helsinki region.  
 
Aims: 
The aims of this study were to estimate the potential risk for acquiring TBE in Helsinki region and to detect potential 
TBEV circulation in nature.  
 
Methods: 
We investigated the number and origin of TBE cases in the Helsinki area registered in the National infectious 
diseases register of Finland. In order to confirm TBEV circulation in the area, we screened ticks and small mammals 
collected at places indicated as probable sites TBEV transmission for the presence of TBEV RNA using RT-PCR. 
The TBEV positive samples were sequenced and subjected to phylogenetic analysis.  
 
Results: 
Within the study period 2007-2017, there was a clear increase of both TBE cases and locally acquired cases. The 
surveillance of ticks and small mammals for TBEV confirmed four distinct TBEV foci in Helsinki area. All detected 
TBEV strains were of the European subtype. TBEV genome sequencing suggested that different TBEV lineages 
circulate in each of these four foci. The molecular clock analysis suggested that the virus lineages have circulated for 
a few decades in these foci. 
 
Conclusion: 
TBEV transmission has emerged in the mainland of Helsinki area during the last decade, and at least four distinct 
virus lineages have been independently introduced to the area. The results warrant further surveillance to detect and 
prevent possible further emergence of local TBE clusters.  
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Introduction: Rift Valley fever Phlebovirus (RVFV) represents the causative agent of an emerging zoonotic disease of 
widespread occurrence in Africa and Arabia. Although the agent can infect a variety of species, predominantly 
ruminants, camelidae and humans, clinical symptoms are mostly absent in adult ruminants and camelids. However, 
RVFV infection may lead to serious, possibly fatal disease in humans. Although the main reservoir of the virus is not 
yet identified, small mammals such as rodents or bats may act as amplifying hosts. 
Aims: After previous studies have highlighted the potential role of Chiroptera as reservoirs for RVFV, more detailed 
data regarding levels of viremia, seroconversion or potential virus shedding upon infection were not available. We 
have therefore initiated a pilot experiment to investigate the general competence of Rousettus aegyptiacus bats to 
function as RVFV reservoir host. 
Methods: Three Rousettus aegyptiacus fruit bats were inoculated with the attenuated RVFV vaccine strain MP-12, 
which is known to carry the same antigenic characteristics as the virulent strains, and were kept for 3, 7 and 31 days. 
Molecular, serological and virological methods were applied to monitor the infection in this species and to determine 
the tissue distribution at the time point of necropsy. 
Results: We were able to detect the RVFV genome in the spleen of each of the immunized animals, and we re-
isolated virus from the spleen and liver of some animals. Moreover, we were able to identify the Gc RVFV surface 
antigen in mild subacute multifocal necrotizing hepatic lesions of one bat that had been sacrificed 7 days post 
immunization. 
Conclusion: These findings prove the general competence of this species to propagate RVFV, and therefore justify 
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the performance of a RVFV challenge study using a highly virulent strain in a larger number of animals which is 
planned for the near future. 
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Phylogenetic evidence of the intercontinental circulation of a CDV lineage in the Americas 
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Introduction: Canine Distemper Virus (CDV) is the cause of a multisystem disease in domestic dogs and wild 

animals, infecting more than 20 carnivores and non-carnivores families, even infecting human cell lines in in vitro 
conditions. The phylogenetic classification based on the Hemagglutinin gene includes 17 lineages with a 
phylogeographic distribution pattern of distribution. In Medellín (Colombia), circulates the lineage South America 3, 
which is considered endemic. Phylogenetic studies conducted in Ecuador using the fragment coding for the Fusion 
protein signal peptide (Fsp), characterized a new strain belonging to a different lineage. 
Aim: To understand the distribution of Lineage South America-3 in the north area of the South American continent. 
Methods: By using phylogenetic analysis of the Hemagglutinin gene and the Fsp region we characterize the CDV 

from three Colombian cities (Medellín, Bucaramanga and Bogotá). 
Results: We confirmed the circulation of CDV South America-3 in different areas of Colombia. We also described for 

the first time the circulation of a new lineage in Medellín presenting a monophyletic group with strains previously 
characterized in dogs in Ecuador and in wildlife and domestic dogs United States, which we proposed to be named 
South America/North America-4 lineage due its intercontinental distribution. 
Conclusion: our results indicate that there are at least four different CDV lineages circulating in domestic dogs in 

South America. The Europe/South America-1 lineage circulating in Brazil, Uruguay and Argentina; the South 
America 2 lineage restricted to Argentina; the South America 3, only reported in Colombia and finally an 
intercontinental lineage present in Colombia, Ecuador and the United States denoted as “South America/North 
America -4 lineage”. Funding COLCIENCIAS - 123171249669 
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Detection and prevalence of torque teno virus group 6 in Taiwanese general population 
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Background: 

Torque teno virus (TTV) is a single-stranded DNA virus highly prevalent in the world. It is the most common human 
virus and can infect a single host with multiple genotypes persistently. TTV can be divided in to numerous species 
and groups. We have identified a new group of human TTV, TTV group 6, from eastern Taiwan indigenes. The 
recently proposed phylogenetic group 7 was found in both Taiwan and China, whereas the group 6 was only 
identified in eastern Taiwan indigenes. 
Aims: 

To clarify whereas the TTV group 6 was also prevalent in the general population in Taiwan, a group 6 specific PCR 
were developed for screening over TTV positive samples. 
Methods: 

TTV group 6 specific primers were deduced from a group 6 specific untranslated region near the upstream of ORFs. 
For confirming the existence of TTV group 6, 2 of TTV group 6 positive samples were randomly picked for entire 
ORF1 cloning. Purified PCR products were inserted into pCR-TOPO 2.1 vector and transformed into DH5α 
competent cells. Plasmid DNA was extracted from each single colony and sequenced by primer walking approach. 
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Phylogenetic analysis was performed by neighbor-joining method with statistically evaluation of 1000 bootstrapped 
samples, and by Bayesian inference. 
Results: 

TTV DNA can be detected in 86.4% (89/103) samples from healthy individuals of Taiwanese general population; 
among these, 4.5% of TTV positive samples were tested as TTV group 6 positive. The TTV group 6 can be detected 
in 7.6% (5/66) of TTV positive DNA extraction from previous study (eastern Taiwan indigenes), which is slightly 
higher than general population. A total of 7 TTV groups were identified by all phylogenies. 
Conclusion: 

The TTV group 6 was also identified in Taiwanese general population and mix-infected with other TTV groups. This 
phenomenon was also found in eastern Taiwan indigenes. 
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Introduction: Rift Valley fever Phlebovirus (RVFV) can cause a mosquito-borne zoonosis, which is characterized by 

serious clinical manifestations in ruminants and camels (fever, abortion storms, fatalities) and in humans (fatal 
haemorrhagic fever). Deadly epidemics have occurred in many African countries and on the Arabian Peninsula and 
virus infections persist sub-clinically during inter-epidemic periods throughout the African continent. During these 
periods RVFV is potentially maintained by vertical transmission in mosquito vectors and by infections of a yet 
unknown vertebrate reservoir. However, the main reservoir host of the virus remains unknown to date. 
Aims: The role of amphibians and reptiles was discussed controversially in the past. To elucidate the potential of 

amphibians and reptiles to act as reservoir hosts for RVFV experimental infections were conducted in two widely 
disseminated species. 
Methods: 30 agamas (Agama agama) and 30 toads (Amietophrynus regularis) were infected in a comparative study 

with the non-virulent MP-12 vaccine strain and the highly virulent ZH501 strain. Clinical signs, virus shedding and 
amplification of virus as well as seroconversion were monitored (qPCR, SNT) throughout the experiment. After 
necropsy, animal tissues underwent an immuno-/histopathological investigation. 
Results: RVFV MP-12 infections in agamas as well as in toads were clinically completely inconspicuous and even 

highly pathogenic RVFV infections were imperceptible. However, in agamas RVFV ZH501 was found intermittently 
in the spleens of all animals 3 days post infection and virus was shed occasionally to low extent. In contrast, no 
active virus amplifications were found in toads. In general, weak seroconversions were observed in both species. 
Conclusion: While toads seem to be resistant, agamas were susceptible and may function as interim hosts for 

RVFV. Whether this suffices to function as reservoir species needs to be further elucidated. Experimental studies are 
now extended to Rattus rattus to further elucidate their potential role as RVFV reservoir species. 
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The bat influenza H17N10 can be neutralized by broadly-neutralizing monoclonal antibodies and its 
neuraminidase can facilitate viral egress. 
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The diversity of subtypes within the Influenza A virus genus has recently expanded with the identification of H17N10 
and H18N11 from bats. In order to further study the tropism and zoonotic potential of these viruses, we have 
successfully produced lentiviral pseudotypes bearing both H17 and N10. These pseudotypes were shown to be 
efficiently neutralized by the broadly-neutralizing monoclonal antibodies CR9114 and FI6. Our studies also confirm 
previous reports that H17 does not use sialic acid as its cellular receptor, as pseudotypes bearing the H17 envelope 
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glycoprotein are released into the cell supernatant in the absence of neuraminidase. However, we demonstrate that 
N10 facilitates heterosubtypic (H5 and H7) influenza hemagglutinin-bearing pseudotype release in the absence of 
another source of neuraminidase, significantly increasing luciferase pseudotype production titres. Despite this, N10 
shows no activity in the enzyme-linked lectin assay used for traditional sialidases. These findings suggest that this 
protein plays an important role in viral egress, but is perhaps involved in further accessory roles in the bat influenza 
lifecycle that are yet to be discovered. Thus we show the lentiviral pseudotype system is a useful research tool, and 
amenable for investigation of bat influenza tropism, restriction and sero-epidemiology, without the constraints or 
safety issues with producing a replication-competent virus, to which the human population is naive. 
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Aims 

Several human pathogens exhibit distinct patterns of seasonality and circulate as pairs of discrete strains. For 
instance, the activity of the two co-circulating influenza A virus subtypes oscillates and peaks during winter seasons 
of the world’s temperate climate zones. These periods of increased activity are usually caused by a single dominant 
subtype. Alternation of dominant strains in successive influenza seasons makes epidemic forecasting a major 
challenge. Therefore, we aimed to better characterize the determinants of these seasonal influenza patterns. 
Methods 
From the start of the 2009 influenza pandemic we enrolled influenza A virus infected patients (n = 2,980) in a global 
prospective clinical study. Complete hemagglutinin (HA) sequences were obtained from 1,078 A/H1N1 and 1,033 
A/H3N2 viruses and were linked to patient data. We then used phylodynamics to construct high resolution spatio-
temporal phylogenetic HA trees and estimated global influenza A effective reproductive numbers (R) over time 
(2009-2013). 
Results 

We demonstrate that R, a parameter to define host immunity, oscillates around R = 1 with a clear opposed 
alternation pattern between phases of the A/H1N1 and A/H3N2 subtypes. Moreover, we find a similar alternation 
pattern for the number of global virus migration events between the sampled geographical locations. Both 
observations suggest a between-strain competition for susceptible hosts on a global level. 
Conclusion 

Extrinsic factors that affect person-to-person transmission are a major driver of influenza seasonality, which forces 
influenza epidemics to coincide with winter seasons. The data presented here indicate that also cross-reactive host 
immunity is a key intrinsic driver of global influenza seasonality, which determines the outcome of competition 
between influenza A virus strains at the onset of each epidemic season. 
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Middle East respiratory syndrome coronavirus (MERS-CoV) has represented a human health threat since 2012. The 
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discovery of varieties of bat MERS-cluster CoV implied that MERS-CoV originated in bats. Although genetically 
distinct, some of the bat MERS-cluster CoV could use human MERS-CoV entry receptor, dipeptidyl peptidase 4 
(DPP4), conferring a risk of spillover to human society. We screened 1,059 bat samples from at least 30 bat species 
collected in different regions in south China and identified 89 strains of lineage C betacoronaviruses, including 
Tylonycteris pachypus coronavirus HKU4, Pipistrellus pipistrellus coronavirus HKU5, and MERS-related CoVs. We 
also found spike proteins from two of the MERS-related CoVs bind to the human receptor DPP4 directly. In addition, 
a list of recombinant MERS-CoV that express HKU4 receptor-binding domains (RBD) were rescued. They showed 
infectivity to a list of cells from human and other species. Lastly, in vitro experiment also proved HKU4-MERS-RBD 
virus (HKU4-CoV backbone with MERS-CoV RBD) is pathogenic, same as MERS-CoV. These studies 
demonstrated those bats MERS-cluster CoVs in China are widespread, and potentially pathogenic to human if which 
acquired necessary changes. Long-term monitoring these viruses in bats is necessary. 
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Viral etiology of respiratory tract infections in a cohort with high risk of zoonotic infection in Southern and 
Highland Vietnam 

Tu thi kha Nguyen
1
, Hong thi thu Nguyen

1
, Ny thi han Nguyen

1
, Anh to Nguyen

1
, Xutao Deng

2
, David Ferrari

3
, Anna-

Maij k Virtala
4
, Guy Thwaites

1
, Eric Delwart

2
, Olli Vapalahti

5
, Stephen Baker

1
, Tan van Le

1
 

1
Oxford University Clinical Research Unit, HO CHI MINH CITY, Vietnam 

2
Department of Laboratory Medicine, University of California, SAN FRANCISCO, CA, United States of America 

, Vietnam 
4
Department of Veterinary Biosciences, Faculty of Veterinary Medicine, Universit, HELSINKI, Falkland Islands 

5
Department of Virology, Medicum, University of Helsinki, HELSINKI, Finland 

 
 
Introduction 

The viral etiology of respiratory infections in Vietnam has not been well characterized, especially among people with 
frequent exposure to animals. 
Aim 

We aim to determine etiology of respiratory infection in a cohort with high risk of zoonotic infection in Vietnam. 
Methods  

A 3-year prospective surveillance of acute respiratory infections was conducted in Dong Thap province (Southern 
Vietnam) and DakLak province (Highland Vietnam) between 2013-2016. We enrolled 581 individuals, including 
animal-raising farmers, slaughterers, animal-health workers, and rat-traders. We collected pooled nasal-throat swabs 
at starting of each surveillance year (baseline) and whenever a respiratory infection episode was reported. The 
swabs were screened for 15 respiratory viruses, including influenza virus (Flu) A and B, respiratory syncytial virus A 
and B, enterovirus (EV), human rhinovirus (HRV), adenovirus, metapneumovirus, parainfluenza 1-4; coronavirus 
OC43 and NL63; bocavirus and parechovirus using multiplex RT-PCR. Metagenomics next-generation sequencing 
(mNGS) was utilized to identify potential zoonotic viruses. 
Results 

Evidence of viral pathogens was detected by PCRs in 6.3% (46/733) samples at baseline and in 17.8% (137/770) 
samples collected when a disease episode was reported (p<0.001). Of the detected viruses, EV (n=27 (3.7%) and 
n=67 (8.7%)) (p<0.001), HRV (4 (0.5%) and 32 (4.2%)) (p<0.001), and FluA (7 (1%) and 18 (2.3%)) (p=0.03) were 
the most common viruses detected at baseline and at disease episodes, respectively. 
mNGS could detect DNA/RNA viral pathogens in 87% (13/15) PCR-positive samples included as controls and for 
sensitivity assessment. Evidence of a novel bat-related picornavirus was identified in two swabs by mNGS. 
Conclusion 

EV, HRV and FluA were the major causes of respiratory infections in the high-risk cohort. mNGS is a high sensitive 
pan-pathogen assay for sequence-independent detection of respiratory viruses in clinical samples. Work is ongoing 
to further characterize the bat-related picornavirus and to ascribe its potential clinical significance. 
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Tetherin restricts Nipah virus but not Ebola virus replication in fruit bat cells 
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Introduction: 

Fruit bats have been shown to serve as natural reservoir for several viruses that can cause severe and often fatal 
diseases in humans, including Ebola virus (EBOV) and Nipah virus (NiV). In contrast to infected humans, infected 
fruit bats do not develop disease. It remains elusive how fruit bats cope with viral infection but it has been speculated 
that their interferon (IFN) system is particularly adept at controlling viral spread. After sensing a viral intruder, infected 
cells secrete IFN to alarm neighboring cells. Thus, binding of IFN to specific receptors on the cell surface can induce 
the expression of proteins with antiviral activity. One of these proteins with antiviral activity is tetherin, which has 
been shown to interfere with virus spread by tethering of nascent virions to the plasma membrane. 
Objectives: 

Within this study, we sought to elucidate whether the IFN-induced antiviral factor tetherin contributes to IFN-
mediated inhibition of EBOV and NiV spread in fruit bat cells. 
Materials and Methods: 

Open reading frames of tetherin were cloned from fruit bat cell lines and the encoded proteins analyzed for antiviral 
activity in virus-like particle (VLP) release assays. Further, the contribution of endogenously expressed fruit bat 
tetherin to IFN-induced control of spread of authentic vesicular stomatitis virus (VSV), EBOV and NiV was 
investigated. 
Results: 

The cloned fruit bat tetherins clustered phylogenetically with predicted tetherin proteins from bats and displayed an 
identical domain organization compared to human tetherin despite low sequence identity (~46%). VLP release was 
efficiently restricted by fruit bat tetherins and this restriction was insensitive to counteraction by the prototype tetherin 
antagonist HIV-1 Vpu. Similarly, fruit bat tetherins were resistant to antagonism by EBOV-GP, at least when high 
levels of the proteins were expressed. Further, siRNA-mediated knockdown of tetherin expression in IFN-stimulated 
fruit bat cells augmented release of VSV, NiV, and, to a modest degree, EBOV. 
Conclusion: 

Fruit bat tetherin is a potent, IFN-regulated antiviral factor that may critically contribute to control of NiV and other 
zoonotic viruses in their natural reservoir. 
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Mosquitoes transmit globally many pathogens including viruses, bacteria and parasites. The mosquito species 
diversity, environmental and ecological factors combined define the circulating mosquito-borne pathogens. Global 
warming is likely to cause changes in the distributions of mosquito vectors and pathogens they transmit. In Finland, 
mosquitoes are currently known to transmit human pathogens such as Sindbis (SINV) Alphavirus, and 
Orthobunyaviruses Chatanga (CHATV) and Inkoo, in addition to the bacterium Francisella tularensis 
In order to study arboviruses in the 2018 exceptionally warm summer season, 700 mosquitoes were collected in a 
region of rural Eastern Finland where arboviruses are known to circulate. Mosquitoes were morphologically identified 
to genus level and analyzed in pools using alpha-, flavi- and orthobunyavirus RT-PCRs. One mosquito pool was 
found positive for both CHATV and SINV, and another pool for CHATV. 
The initial sequence analysis of the CHATV and SINV strains isolated from mosquitoes in BHK-21 and Vero E6 cell 
lines suggests the two CHATV strains to represent distinct strains and to include genetic variation. Plaque 
purification of the viral strains is currently ongoing for complete genome sequencing and analysis. 
Following the exceptionally warm summer, there was a notable rise in the number of diagnosed SINV cases in 
Finland. Additional virus isolation attempts were carried out from 32 acute phase serum samples from serologically 
diagnosed SINV patients. One human sera isolation trial showed cytopathic effects in both tested cell lines and is 
currently in the process of confirmation by sequencing. 
We aim to produce up-to date sequence data of SINV and CHATV from mosquitoes and patients in Finland for 
obtaining better understanding of their genetic diversity and pathogenesis. 
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Introduction: Hepatitis E virus (HEV) is the causative agent of hepatitis E in humans. Worldwide, hepatitis E is the 

leading cause for acute viral hepatitis. 
Aims: Although recent progress in HEV research has been made, many aspects of the viral life cycle remain 
unknown. HEV has been difficult to study due to inefficient cell culture systems assessing HEV infectivity in vitro. 
Methods: We established a protocol based on the HEV genotype 3 p6 (Kernow C-1) cDNA clone and the human 

hepatoma cell lines HepG2 and HepG2/C3A to produce HEV cell culture-derived particles (HEVcc). HepG2 cells 
were transfected with in vitro transcribed p6 RNA harboring a point mutation in the RNA-dependent RNA-
Polymerase at the position G1634R, which we recently identified as a viral fitness mutation in vivo and in vitro. After 
incubation of the liver cells for seven days, extracellular-associated infectivity was assessed by collection of the cell 
culture supernatant and intracellular-associated infectivity by lysis of cells. Extra- and intracellular virus was used to 
infect HepG2/C3A cells and primary human hepatocytes (PHH). 
Results: The intracellular infectivity reached viral titers more than 10

6
 ffu/mL, whereas the extracellular particles 

resulted in ca. 10
4
 ffu/mL without concentration. Density gradient analyses revealed a peak of the extracellular viral 

RNA at a density of approximately 1.10-1.15 g/mL. Treatment with NP-40 shifted the peak of viral RNA to higher 
density implicating a potent disruption of potential membrane structures. For the intracellular-derived HEV RNA 
levels of higher densities were observed suggesting mainly non-enveloped viral particles. Transriptomics analysis 
revealed differential expression of host factors in infected PHH. HEV antibody positive donor plasma potently 
neutralized HEVcc infectivity. 
Conclusion: In summary, a protocol will be presented that allows efficient spread of HEV in tissue culture producing 

high viral titers, which will facilitate in depth studies of HEV biology in the future. 
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Due to high virus mutation rates, the influenza virus population within infected hosts consists of diverse but 
genetically related variants. Genetic variation in the virus population is fundamental to influenza virus evolution 
because it offers the opportunity to quickly adapt to changing environments. Current understanding of within-host 
genetic variation of seasonal human influenza viruses is almost entirely based on samples collected at single time-
points during infection, thus merely providing a single evolutionary snapshot. Insights in evolution of the virus 
population in infected human hosts are mostly lacking. 
 
To track within-host development of virus variants, we applied next generation sequencing to hundreds of 
sequentially obtained samples from 103 influenza A/H3N2 and influenza B positive patients enrolled in a large 
clinical study into antiviral drug dosing in Southeast Asia. Plasma samples from the same patients were used to 
relate influenza virus-specific antibody immunity to emergence of antigenic variants during infection. 
 
Preliminary results show that the composition of the within-host viral population changes during the course of 



   

232/253 

infection. Amino acid variation occurs throughout the viral genome. Variants that had changes indicative of antiviral 
resistance and potential antigenic change emerged in a small number of A/H3N2 patients, and included variants that 
had a combination of substitutions associated with antigenic change of A/H3N2 viruses in the years following sample 
collection. However, antiviral resistant variants and potential antigenic variants rarely reached majority frequencies 
(>50%). Potential antigenic variants occurred in patients without detectable influenza virus-specific antibodies. In-
depth analyses of A/H3N2 data and analysis of within-host evolution of influenza B virus is ongoing. 
 
These results indicate that influenza variants may reach majority proportions in within-host virus populations in a 
matter of days, but also suggest that within-host outgrowth of antiviral resistant and antigenic variants is a rare event. 
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Negative sense single-stranded RNA viruses are associated with many human infections and viral haemorrhagic 
fevers (VHFs) such as Ebola Virus (EBOV) and Crimean Congo Haemorrhagic Fever Virus (CCHFV). These viruses 
are susceptible to the incorporation of mutations into the viral genome during replication facilitated by the RNA-
dependent RNA polymerase (RdRp). The lack of a proof-reading mechanism contributes to the evolution and 
genetic diversity of these viruses. Whilst the rate of evolution of the EBOV genome was established in the recent 
outbreak by work undertaken in our laboratory as part of a large consortia led by the European Mobile Laboratory. 
The CCHFV genome evolution rate is well defined in the literature, the actual error rate of viral replication under 
different selection pressures has not been defined. Particularly in terms of potential innate intrinsic anti-viral 
pathways and physiological responses to infection. Experiments performed in cell culture do not necessarily reflect 
physiological conditions found inside the body so the behaviour of the EBOV and CCHFV RdRp was investigated 
under hypoxic conditions focusing on HIF-1a, a cellular protein shown to be stimulated during infection. The aim of 
this research is to study error rate using both sub-viral systems and infectious virus in biologically relevant conditions. 
Sub-viral minigenome systems for EBOV and CCHFV with a common firefly luciferase template, were transfected 
into BSR-T7 cells to study the RdRp driven error rate. The guanosine analogue, ribavirin, was added to cells 
transfected with the minigenome systems to determine the mutation frequency using Next-Generation and Third-
Generation Sequencing such as RNAseq and the newly emerging field of MinION sequencing. Such comparisons 
allow insight into the error rate of the RdRp and the influence of host biology to drive viral evolution. Bioinformatic 
pipelines will be utilised to determine the mutational frequencies of the RdRps belonging to CCHFV and EBOV. 
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Nipah virus (NiV) is a highly pathogenic zoonotic Paramyxovirus, responsible for regular outbreaks in South-East 
Asia and associated with high mortality and human-to-human transmission. Persistence of NiV infection in its natural 
reservoir, widely distributed fruit bats, presents a constant risk for new outbreaks. Molecular basis of NiV high 
virulence in different species, including humans, remains poorly understood. NiV produces three nonstructural 
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proteins, V, W and C, known to function as virulence factors. NiV-W was shown to inhibit the chemokine response in 
vitro and to modulate the inflammatory reaction in vivo, however, the mechanism of its action remains unclear. Here, 
we analyzed the effect of NiV-W on the NF-kB signaling pathway, known as the principal regulator of inflammation. 
We have found that the NiV-W protein represses IL-1β and TNFα-induced activation of the canonical NF-κB 
signaling. This function requires the C-terminal domain of W, and is dependent on the nuclear accumulation of W. In 
contrast to wild-type NiV, inhibition of the NF-κB pathway was found to be impaired upon infection with a 
recombinant W-deficient NiV. Moreover, using a mass spectrometry approach, we identified an intracellular partner 
of NiV-W, which functions as a cellular scaffold protein playing an important role in intracellular signaling, including in 
the negative feedback regulation of NF-κB. We further identified a specific mutation within NiV-W that leads to the 
loss of interaction with this intracellular partner, and, as a consequence, of the capacity of W to inhibit NF-κB. This 
mechanism gives an additional insight into NiV-W-induced inhibition of chemokine production and leukocyte 
recruitment. Altogether, our results suggest that the W protein regulates the NF-κB pathway and consequently 
modulates the NiV-induced inflammatory response, paving the way toward a better understanding of the 
immunopathogenesis of this severe viral infection. 
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Introduction: Influenza A virus (IAV) belongs to RNA viruses with a negative polarity genome consisting of 8 
segments, transcribing the synthesis of positive-sense mRNAs, which translate 14 viral proteins with the help of 
splicing and translational shift mechanisms in some mRNAs. The mRNA of the NS segment encodes the NS1 
protein and the nuclear export protein. However, in the NS segment, an alternative open reading frame for the 
synthesis of the third viral protein (NSP – “negative strand polarity protein”) by means of a direct translation of 
genome polarity RNA (the so-called positive polarity genome strategy) is identified. 
Aims: It is not yet known whether the NSP protein can be synthesized in the whole body under infection with IAV. 
Methods: Mice infected with A/H3N2 and A/H1N1 viruses were studied for immune specificity of lymphocytes against 
NSP. Additionally 136992 sequences of A/H3N2 virus genes from NCBI were analysed by MegAlignPro 
(DNASTAR). 
Results: Here, to test this idea, the formation of lymphocytes specific to this protein was studied in mice after two 
sequential infections with A/H1N1 and A/H3N2 viruses. The formation of lymphocyte clones specifically recognizing 
a peptide domain in the central region of the NSP protein (a.a. positions 83-119) was found to develop in mice 
infected with IAV. In silico prediction has shown a strong MHC-I and MHC-II specific epitopes in this central domain 
of the NSP. Evolutionary analysis of A/H3N2 viruses circulating in humans during 1968-2018 has shown high 
variability of the NSP, which was similar to viral HA and NA. The highest variability was found to be in the N- and C-
terminal parts of the NSP. 
Conclusion: These observations confirm that expression of the NSP gene and synthesis of the corresponding protein 
occur in infected animals and further support a bipolar strategy of the RNA genome of IAV. 
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Introduction: The emergence and re-emergence of Dengue viruses (DENV) have become a major public health 

concern worldwide, although the burden of dengue virus (DENV) in Africa may be similar to Latin America, 
differential diagnosis is challenging and little is known about the DENV diversity in the continent. Here we combine 
epidemiological and genomic tools to investigate an outbreak of febrile illness of arboviral aetiology in Angola. 
Materials & Methods: serum samples from 353 dengue suspected cases were studied at the National Institute for 

Health Research (INIS), since April to December 2018. RNA was extracted and screened for DENV by two RT-PCR 
protocols (trioplex and dengue serotyping 1-4 from CDC) and whole genome sequencing was performed using the 
Oxford Nanopore MinION technology. Results: A total of 68 cases were confirmed positive by RT-PCR and 

identified as dengue type 2 and 271 (76.8%) were confirmed negative. Genome sequencing and analysis revealed a 
single dengue 2 cosmopolitan genotype strain possibly introduced from east Africa. Epidemiological and statiscal 
data suggests circulation of the virus was prevalent in Luanda 222 (63.65%) and Cuanza Norte 76 (21.8%) 
provinces. The majority of the Dengue cases reported were in males 194 (55.0%) and the most affected age group 
was below 18 years old 208 (59.6%). Predominant symptoms were fever 328 (92.9%), headache 190 (53.8%), 
myalgia 151 (42.8%), arthralgy 104 (29.5%), hemorrhage 56 (15.9%), retro-orbital pain 47 (13.3%) rash 26 (7.4%) 
and there was a higher incidence of dengue cases in the urban areas 135 (80.8%). Conclusion: Arboviruses now 

represent a clear challenge and a threat to public health in Angola, lack of basic sanitary conditions and heavily 
populated urban areas may be a contributing factor. Health authorities need to increase surveillance and 
antivectorial control measures. 
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Crimean Congo Hemorrhagic Fever is a disease with a changing severity from mild flu like infections to lethal 
hemorrhages accompanied by multiple organ failure, disseminated intravascular coagulation and shock and has a 
mortality rate between 3-30 % according to infecting strain. The causative agent CCHFV is a tick-borne negative 
stranded RNA virus belonging to Nairovirus genus of Bunyaviridae family and has three segments encoding RNA 
dependent RNA polimerase (L segment), glycoproteins Gn and Gc (M segment) and NP (S segment). There is 
currently no approved treatment or vaccine against this virus and the data related to its biology and immunology are 
rather scarce due to necessity of biological safety level four facilities. As being one of the most abundant structural 
protein in viral particle and having indispensable roles in virus biology, nucleoprotein (NP) is an important component 
to hunt down. In this study nucleoprotein is recombinantly produced in Escherichia coli and used as a tool to 
investigate and reveal its functions in humoral and cellular immunity. Recombinant nucleoprotein both in fusion with 
sumo protein and by itself was used to immunize mice and rabbits and observed antibody levels points out the ability 
of this protein to induce humoral immunity. Probing CCHFV infected human sera with recombinant NP in ELISA and 
western blot showed both authenticity of the recombinant protein and also relative abundance of antibodies 
generated against NP during natural infection which once again confirms its induction capacity of humoral immunity. 
Results obtained from delayed type hypersensitivity and lymphoproliferation assays performed with immunized mice 
indicates that NP is also a good inducer of cellular immunity as well. This study represents the most comprehensive 
investigation of NP as an inducer of both humoral and cellular immunity in different species and warrants further 
scrutinizing studies. 
 

 
 
PW1 - Poster walk 1 

 
Poster presentation 
 
PF46 
 
Global circulation of parainfluenza virus 



   

235/253 

M Linster
1
, Y Chen

1
, Y Zhuang

1
, K Lim

2
, Y Su

1
, G Smith

1
 

1
Duke-NUS Medical School, SINGAPORE, Singapore 

, Singapore 
 
 
Global circulation of parainfluenza virus 
 
Introduction 
Human Parainfluenza viruses (HPIVs) are a group of four individual virus species of non-segmented negative-strand 
RNA viruses. HPIV accounts for roughly one fifth of all acute respiratory infections and predominantly infects children 
and immunocompromised individuals. Symptoms attributed to HPIV infection include croup 
(laryngotracheobronchitis) and in rare cases pneumonia. Transmission patterns of HPIV on a local and global level 
are largely unknown. 
Aims 
The scarcity of HPIV genetic sequence information in publicly available databases restricts phylogeographic 
analyses. We aim to expand the genetic data by sequencing a collection of HPIV samples collected from various 
geographic regions. Phylogenetic analyses will allow us to draw inferences about the circulation patterns of HPIV 
worldwide. 
Methods 
HPIV-positive samples were obtained from locations including Australia, Chile, France, India, Madagascar, the 
Netherlands, Singapore, and South Africa. Sequencing of HPIV samples directly or after one passage in LLCMK2 
cells was done using the Illumina MiSeq platform. Alignments of all available genetic information were generated and 
temporal phylogenies were inferred using the BEAST software package. Mean rates of migration of viral sequence 
diversity between locations were inferred using the Bayesian Stochastic Search Variable Selection. 
Results 
All four HPIV species circulate globally with various degrees of geographical separation. HPIV1 and HPIV2 is further 
divided into two monophyletic clades, comparable to previously identified subspecies A and B for HPIV4. The 
phylogeny of HPIV3 shows a more complex evolutionary pattern. 
Conclusion 
HPIVs are globally circulating pathogens with a significant health burden. Our work will describe patterns of 
geographical transmission that will help inform efforts to develop vaccines and antivirals. 
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Crimean-Congo Hemorrhagic Fever Virus is an important tick borne pathogen causing hemorrhagic fever with case 
fatality rate of up to 30%. The disease is gaining a wider dissemination throughout Africa, Eastern Europe and the 
Middle East, Eurasia and Asia with no vaccines or approved antivirals in sight. Crimean-Congo Hemorrhagic Fever 
Virus is a negative-chain RNA virus of the genus Nairovirus of the Bunyaviridae family. Viral glycoproteins are 
important in the life cycle of viruses due to their ability to interact with cell surface receptors leading to internalization 
of virus as well as their ability to induce neutralising humoral immune response prime introduced into the host cell 
and that they are targets for neutralising antibodies. Although studies on the immunological properties of 
nucleocapsid protein in CCHFV have been found in the literature, studies on the glycoproteins Gc and Gn of this 
virus have yet to be scrutinized. In this study, the role of CCHFV glycoprotein Gc in humoral immune response was 
investigated. For this purpose, GC from Kelkit strain produced and purified in Pichia pastoris were tested in ELISA 
and Western blot assays with CCHFV-infected human sera. In the studies, the authentic antigenicity of Gc was 
demonstrated in humans, mice and rabbits. Furthermore, the potential of GC to be an integral part of anti-viral 
vaccines against CCHFV is investigated. 
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Ebola virus (EBOV) entry into cells is mediated by the sole surface exposed viral glycoprotein (GP). Following GP 
attachment to the cell surface and internalization, virus particles traffic to the late endosome where GP is primed 
through cleavage by host cysteine proteases. Cleaved GP (GPCL) then binds the cellular receptor, Niemann-Pick C1. 
Following an unknown trigger, the fusion loop of GP extends and inserts into the target membrane, then undergoes 
conformational rearrangements which facilitate fusion. Since GP stability during entry can impact the ability of GP to 
achieve these rearrangements, we developed an epitope-loss ELISA (ELE) to measure the thermostability of GP 
expressed in recombinant vesicular stomatitis virus with multiple conformation-specific monoclonal antibodies, 
including KZ52. As expected, our assay detected decreased GP thermostability following proteolytic cleavage. Next, 
we utilized mAb ADI-15878, which binds a highly conserved epitope, to interrogate the thermostability of other 
filovirus GPs displaying the wider applications of this assay. Acid pH has previously been proposed as a potential 
trigger of GP mediated membrane fusion. Surprisingly, acid pH resulted in increased GP thermostability, which 
would likely be a barrier, not a trigger for fusion. Finally, we used our assay to test toremifene, an inhibitor of EBOV 
infection, which was shown to decrease the thermostability of GP ectodomains in a low pH dependent manner. Our 
results confirm and extend these findings and show that two related drugs, ospemifene and clomiphene also 
destabilize GP. Despite a similar capability to destabilize GP, these drugs are less potent inhibitors of EBOV entry in 
vitrosuggesting that toremifene has an additional mechanism of action. Together this work establishes the epitope-

loss ELISA as a valuable tool for examining the effects of proteolytic cleavage, pH, and virus entry inhibitors on GP 
thermostability and may help identify the elusive trigger for GP-mediated membrane fusion. 
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Natural infections often occur in the context of a co-infection, for example latent Herpes Virus, Tuberculosis or HPV. 
These have the potential to impact significantly on disease progression, whether through direct interaction between 
the two pathogens or through altering host processes such as the immune system response. 
Ebola outbreaks have largely occurred in areas where Malaria, caused by Plasmodium infection, is common. Patient 
survival studies investigating the impact of Plasmodium on the survival rates of Ebola positive patients have 
produced conflicting results. One study found that Plasmodium co-infection increased survival rates by up to 20%. 
Others have found that Plasmodium co-infection has a negative impact on survival rates whereas others have found 
no correlation. 
In order to investigate this further, a sub-viral minigenome system will be utilised as a model of viral transcription and 
replication. This will also include the viral structural genes to produce Ebola Virus Like Particles (VLPs) in order to 
model the full viral life cycle. An in-vitro immune system model will be established by isolating Peripheral Blood 
Mononuclear Cells (PBMCs) from blood samples, and will include T-cells, B-cells, Natural Killer cells and Monocytes, 
the precursor to Macrophages and Dendritic cells. These will be transduced with VLPs, as Ebola has a tropism for 
multiple types of immune system cell. 
This system will allow for co-culture with pathogens of interest, e.g. Plasmodium infected Red Blood Cells, in order to 
investigate the immune system mediated effects on the Ebola minigenome system. Immune system responses such 
as cytokine signalling, cell type specific activation and death and antibody production can also be monitored. Other 
candidates for co-culture include blood borne bacteria & other viruses endemic to regions affected by Ebola. 
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Pteropine orthoreovirus (PRV) is an emerging virus associated with cases of acute respiratory tract infections (RTI) 
in Southeast Asia, where it has been isolated from humans and bats. Little is known about its pathogenesis and 
transmission in humans and the information currently available are derived from a mice model. However, due to the 
different physiology and respiratory tract anatomy, mice have severe limitations in the study of respiratory viruses, 
while ferret is considered one of the best animal models for RTI. In this study, we inoculated eight adult male ferrets 
with a dose of 2,5x10

6
 TCID50 via the oro-nasal route, to evaluate the susceptibility of this species to PRV. On days 

2, 3 and 5 p.i. two animals were sacrificed to collect tissue samples for virus isolation, qRT-PCR and 
immunohistochemistry. On days 1, 3 and 5 post-infection (p.i.) nasal washes and rectal swabs were taken and viral 
loads were measured by means of TCID50 and qRT-PCR. Four weeks p.i., blood samples were collected to evaluate 
seroconversion by means of a plaque reduction-neutralization test (PRNT50). The ferrets showed clinical signs from 
day 1 to day 6 p.i., characterized by watery nasal discharge, repeated yawns, piloerection, moderate-to-severe 
lethargy, reduction in feed intake and a weight loss of 3-7%. Low viral titers of approximately 10

2
 TCID50/ml were 

detected in nasal washes collected on days 1 and 3 p.i., nevertheless robust seroconversion was shown by PRNT50 
titers ranging from 1:640 to 1:1280. Ongoing analyses are evaluating in detail the lesions and viral distribution in 
internal organs. Clinical signs and seroconversion were surprisingly similar to the clinical records of human cases, 
thus reinforcing the validity of ferret as a model for the study of PRV pathogenesis and for a more accurate risk 
assessment of this emerging virus.  
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Background 

Highly pathogenic avian influenza (HPAI) A (H5N1) clade 2.1 viruses have circulated in poultry in Indonesia since 
2003 and have spread causing outbreaks in Human. In September 2012, HPAI A(H5N1) outbreaks were reported 
among ducks in three provinces in Java (Central Java, Yogyakarta, and East Java). It was identified as the new 
A(H5N1) Clade 2.3 virus that had never existed in Indonesia. Also, the human cases of HPAI A(H5N1) continued to 
circulate to 2017. Here, we characterized the epidemiology and virology of the latest 2017 human HPAI A(H5N1) in 
Indonesia. 
Methods 

The H5N1 viruses of human and animal were isolated from the respiratory specimens including respiratory swabs 
and tracheal aspirate during the 2017 HPAI A(H5N1) outbreaks. Phylogenetic analysis of Hemagglutinin (HA) and 
Neuraminidase (NA) gene was conducted using the Sanger sequencing assay. The epidemiology data of the cases 
was also collected during the investigation 
Results 

Phylogenetic analysis of HA gene revealed the human A(H5N1) isolate is included to the new clade 2.3. A poultry 
sample from the same district as the clade 2.3 human A(H5N1) virus was identified as clade 2.3 indicating apparent 
co-circulation. Full-length both human and poultry HA genes showed 97-98%-nt identity with recent clade 2.3 viruses 
from Indonesia during 2012-2016. Phylogenetic comparison of the NA segments revealed ancestral origins of the 
new viruses were similar to those of the HA gene. 
Conclusions 
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The data confirmed the emergence of new virus clade 2.3 within Indonesian Clade 2 of human HPAI A(H5N1) 
viruses was found at the first time in 2017. 
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Introduction: There is an uneven distribution of the major classes of RNA, DNA and retroid viruses among 

branches of host organisms. The RNA virome of marine metagenomic samples consists almost exclusively of the 
positive-strand RNA viruses ((+)ss RNA): the picornavirus-like superfamily. This implies that these viruses are an 
ancestral group from which the positive-strand RNA viruses of multicellular eukaryotes evolved. 
Aims: The aim was to determine the structure of the diatom CtenRNAV-II virus and investigate the evolutionary 
relationship with other members of the insect, mammalian and other Picornaviridae viruses. 
Methods: The CtenRNAV-II capsid structure was determined with cryo-electron microscopy (Titan Krios (FEI), K2 

Summit direct electron detector (Gatan)) and the following single particle analysis was carried out using RELION. 
The de novo atomic model of capsid proteins was built using Chimera and Phenix software. A structure-based 

similarity tree was generated using the ProCKSI and the MEGA software. 
Results: A structure of the algae picorna-like virus CtenRNAV-II was determined to a resolution (overall) of 3.1Å 

(FSC=0.143). All four capsid proteins VP1, VP2, VP3 and VP4 were identified in the structure. The VP2 protein of 
the diatom CtenRNAV-II has a N-terminus domain swap, which is believed to be a primitive feature of the 
Picoranviridae viruses. From our structural analysis it is evident that CtenRNAV-II has the domain swap and is an 
ancestor group to the Picornaviridae viruses. Additionally, VP1 of CtenRNAV-II exhibits a surface loop and does not 
follow the so-called canyon hypothesis, suggesting that it has a unique way of recognising the host receptor. 
Conclusion: This is the first high-resolution structure of an algae picorna-like virus. The structural analysis strongly 

support that CtenRNAV-II is an ancestor group to the (+)ssRNA viruses of the other Picoranviridae viruses, and that 
it could not follow the canyon hypothesis among human pathogenic Picornaviridae viruses. 
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Mammalian bornaviruses are now represented in two species of the novel genus Orthobornavirus: Mammalian 1 
orthobornavirus (with the classical Borna disease virus 1; BoDV-1) and Mammalian 2 orthobornavirus (with the 
variegated squirrel bornavirus 1; VSBV-1). Bicoloured white-toothed shrews (Crocidura leucodon) were described as 
the persistently infected reservoir host for BoDV-1, and squirrels from South America or Asia are considered as 
potential reservoirs for VSBV-1. Both reservoir hosts stay clinically healthy with no or only very few mild alterations 
despite efficient virus replication and broad tissue distribution. First fatal human infections with VSBV-1 were 
reported in 2015, and VSBV-1 was classified as the first confirmed zoonotic bornavirus. Very recently, also the first 
confirmed human BoDV-1 cases could be identified and were further characterized. Two patients, who each 
received a kidney of the same donor, developed severe neurological symptoms and died after a few months. A third 
patient receiving the liver of this donor survived the infection with subsequent damages. Molecular detection 
methods and whole-genome sequencing, antigen staining and indirect antibody detection were performed and 
identified BoDV-1 as the responsible pathogen. Our study confirmed for the first time the zoonotic potential of BoDV-
1, and also proved that it can be transmitted by solid organ transplantation leading to a potentially lethal disease in 
immunocompromised patients. The zoonotic potential was further supported by additional lethal BoDV-1-related 
encephalitis cases. 
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Ebola virus was discovered in 1976 as a second member of the family Filoviridae. From then until early 2000 Ebola 
and other filoviruses were considered neglected tropical diseases. Biothreat raised the profile of rare emerging/re-
emerging highly pathogenic pathogens such as Ebola in the first decade of the new millennium. Latest since the 
2013/16 West African outbreak, however, Ebola is considered a public health threat of regional importance and 
international concern. Basic virus biology has made enough progress since the early 1990s allowing for establishing 
rapid diagnostics and the development of vaccines and therapies. Countermeasure development was intensified in 
the early 2000 accumulating in multiple approaches shown to be successful in pre-clinical studies. However, only the 
West African Ebola outbreak moved the most promising strategies into clinical trials. Efficacy trials are still lacking for 
most of the developed countermeasures, but some of them, such as the VSV-EBOV vaccine or monoclonal 
antibodies, are currently used in the outbreak in the Democratic Republic of the Congo. The lessons learned from 
the West African Ebola outbreak are still being debated but several initiatives, such as the Coalition for Epidemic 
Preparedness Innovations (CEPI), have been started to be better prepared for the future with pathogens that have 
the potential to cause outbreaks of similar proportions. Public health needs to remain vigilant and prepared, but 
funding needs to continue to build and maintain cutting-edge future outbreak response capabilities. 
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Introduction: It is assumed that host genetic variability for susceptibility to infection will necessarily condition the 

evolution of viruses, either by driving them to diversification into strains that track the different host defense alleles 
(e.g., antigenic diversity), or by canalization to infect only the most susceptible genotypes. Associated to these 
processes, virulence may or may not increase. 
Aims: To tackle these questions, we performed evolution experiments with tobacco etch (TEV) and turnip mosaic 
(TuMV) potyviruses in different genotypes of Arabidopsis thaliana.  
 
Methods: In a first set of experiments, we explored the role of genetic variability for susceptibility in TEV virulence. In 
a second set of experiments, TuMV evolved in A. thaliana mutant genotypes that differ in mutations in genes 
involved in resistance pathways and in genes whose products are essential for potyviruses infection.  
 
Results and conclusions: From the first set of experimens, we observed a pattern of local adaptation, 

characterized by a higher virulence on the ecotype(s) encountered during evolution. However, local adaptation not 
always paid a cost on foreign ecotypes: viral lineages evolved in more susceptible ecotypes evolved as specialists, 
whereas adaptation to the less susceptible ecotypes resulted in generalists. From the second set of experiments we 
found that plant genotypes classified into three categories: hypersusceptible, equal to wildtype and 
hyposusceptibles. TuMV induces severer symptoms in hypersusceptible genotypes than those observed in wildtype. 
By contrast, it induces weaker or no symptoms in hyposusceptible genotypes. When all evolved TuMV lineages 
were tested for fitness in all plant genotypes used in the experiments, we found that the infection matrix had an 
interesting structure. At the one side, in agreement with the above TEV results, the matrix was significantly nested, 
suggesting the evolution of generalist viruses selected by the most restrictive mutant genotypes. At the other side, a 
modular pattern was also observed, which suggests that genotypes with mutations affecting related resistance 
pathways were selecting for viruses of increased fitness in all these related genotypes. 
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All viruses, but especially RNA viruses, generate tremendous diversity in genome composition, including point 
mutations, duplications, deletions and insertions. We use in vitro and in vivo models to perform natural and directed 
experimental evolution and combine these data with mathematical modelling to determine how virus populations 
occupy sequence space – a multidimensional hypercube that describes all combinations of nucleotide, codon or 
amino acid sequence. We show how these experimental and computational approaches can help monitor, predict, 
alter and even target virus evolution and population dynamics, creating new ways to study virus-host interactions 
and to innovate antiviral approaches. Using arboviruses, enteroviruses and influenza, we recreate and predict host 
jumps and emergence events in the lab, we redirect evolution towards the ‘bad’ neighborhoods of sequence space 
that represent attenuation, and we poison the viral population by disturbing the balance between good and bad 
genomes. 
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Approaches to design a CRISPR-Cas based therapy against HIV will be discussed, but also ways to target the HIV 
reservoir. 
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Aphids vector many plant viruses in a non-persistent manner, i.e. virus particles bind loosely to the insect mouthparts 
(stylet). This means that acquisition of virus particles from infected plants, and inoculation of uninfected plants by 
viruliferous aphids, are rapid processes that require only brief probes of the plant’s epidermal cells. Virus infection 
alters plant biochemistry, which causes changes in emission of volatile organic compounds and altered accumulation 
of nutrients and defence compounds in host tissues. These virus-induced biochemical changes can influence the 
migration, settling and feeding behaviours of aphids. Working mainly with cucumber mosaic virus (CMV) and several 
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potyviruses, a number of research groups have noted that in some plants, virus infection engenders resistance to 
aphid settling (sometimes accompanied by emission of deceptively attractive volatiles). However, in certain other 
hosts, virus infection renders plants more susceptible to aphid colonisation. It has been suggested that induction of 
resistance to settling encourages transmission of non-persistently transmitted viruses, while induction of 
susceptibility to aphid settling retards transmission. However, recent mathematical modeling indicates that both 
virus-induced effects contribute to epidemic development at different scales. We have also investigated at the 
molecular level the processes leading to induction, by CMV, of feeding deterrence versus susceptibility to aphid 

infestation. Both processes involve complex interactions between specific viral proteins and host factors, resulting in 
manipulation or suppression of the plant’s immune networks. 
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Reoviruses are non-enveloped viruses with a segmented double-stranded RNA genome. In humans, they are not 
associated with serious disease: they even exhibit an inherent preference to replicate in tumor cells. This makes 
them ideally suited for use in oncolytic virotherapies. Their use as anti-cancer agent has been evaluated in several 
clinical trials, which revealed that both intra-tumoral and systemic delivery of reoviruses are well tolerated. Despite 
evidence of anti-tumor effects, the efficacy of reovirus in anti-cancer monotherapy needs enhancement. We isolated 
several reovirus mutants that can infect cells independent of the canonical reovirus receptor JAM-A. We 
demonstrated that three JAM-A-independent jin mutants all harbor mutations near the codons for the sialic-acid 
binding pocked in the viral spike. These jin mutants infect cells directly via association with sialic acids and thereby 
bypass JAM-A. The jin mutants are now developed as candidates for treatment of JAM-A deficient tumors. In 
addition, these reoviruses serve as the basis for transgene containing oncolytic reoviruses in which the codons for 
JAM-A-binding head domain of the reoviral spike are replaced by a small transgene. In this manner we generated 
replication-competent expanded-tropism reoviruses carrying therapeutic transgenes encoding a reporter (iLOV), a 
cytolytic protein (HAdV5-E4orf4), or an immune-stimulating cytokine (GM-CSF). These viruses are tested in a variety 
of tumor models in order to assess their anti-tumor efficacy. 
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Arboviruses that are transmitted by mosquitoes became global pathogens responsible of explosive outbreaks, 
particularly dengue, chikungunya, zika and yellow fever viruses. Over the past two decades, they spread across 
countries and to new continents as shown by the recent examples of chikungunya and Zika. All these arboviruses 
circulated primarily within an enzootic cycle. Repetitive spillovers contributed to the emergence of human-adapted 
viruses able to initiate an urban cycle involving humans as unique reservoirs and anthropophilic mosquitoes such as 
Aedes aegypti and Aedes albopictus as vectors These two species became the main epidemic vectors by taking 
advantage of intensive urbanization which creates the ecological niches suitable to their proliferation in cities where 
are concentrated a high density of human population naïve for most arboviruses. The increasing volume of travels 
offers multiple opportunities for arbovirus introduction. Thus the recent outbreaks of arboviral diseases question us 
about the process of arboviral emergence which appears to result from a process of double selection operating at 
the level of the vector and the virus. 
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Dengue virus (DENV) and Chikungunya virus (CHIKV) cause debilitating diseases mostly in the (sub)tropical regions 
of the world. Despite its major impact on global human health and huge economic burden there is no antiviral drug 
available to treat the disease caused by these viruses. In our laboratory we study the molecular interactions between 
the virus and the host in order to better understand viral pathogenesis and to guide the development of safe and 
efficacious vaccines and anti-viral drugs. Our current focus is on dissecting 1) the importance of TLR-2 in DENV 
pathogenesis, 2) the role of BNIP3 in CHIKV replication, 3) the mode of action of two potent antivirals towards 
CHIKV and/or DENV, and 4) the steps within virus cell entry and membrane fusion. During the conference we will 
share our latest knowledge regarding the above topics.  
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The emergence of novel viruses is a threat to public health and the world’s economy. Although vaccines are 
powerful tools to prevent and combat outbreaks caused by emerging viruses, the vaccine development process is 
long, the market potential is limited and testing such vaccines may be difficult. Recent initiatives such as CEPI try to 
speed up the development of vaccines against emerging infectious diseases, including Middle East respiratory 
syndrome coronavirus (MERS-CoV). This virus can cause severe respiratory infection and mortality in humans 
following zoonotic transmission form dromedaries. A modified vaccinia virus Ankara (MVA) vaccine expressing the 
MERS-CoV spike protein has been tested in preclinical animal models and recently entered phase 1 studies. MVA, a 
highly attenuated strain of vaccinia virus, serves as one of the most advanced recombinant poxvirus vectors in 
preclinical and clinical trials for vaccines against infectious diseases and cancer. In addition, this vaccine was shown 
to confer mucosal immunity in dromedary camels. Significant reduction of excreted infectious virus and viral RNA 
transcripts was observed in vaccinated animals upon MERS-CoV challenge as compared to controls. Protection 
correlated with the presence of serum neutralizing antibodies to MERS-CoV. Therefore, a combined One Health 
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approach by vaccine-mediated reduction of MERS-CoV spread from the animal reservoir and by vaccination of 
humans at risk, such as healthcare workers and people with camel contacts, may be envisaged. However, more 
efforts are needed to develop these and other platform technologies further to speed up vaccine development for 
emerging viruses 
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The 2013-2016 West-Africa Ebola experience demonstrated that, in spite of a complete lack of Research and 
Development (R&D) preparedness in the three main affected countries, it is possible to compress R&D timelines for 
the clinical evaluation of a novel vaccine to less than a single year, from a more usual decade or longer. This is 
mostly to be credited to an unprecedented collaborative effort building on the availability of a very small number of 
candidate vaccines that could be moved rapidly into the clinical phase evaluation. The World Health Organization 
(WHO) led international consultations and activities as a contribution to the unprecedented global efforts to control 
the Ebola epidemic. This included the organization of the VEBCON consortium to accelerate early clinical evaluation 
of one of the two leading vaccine candidates through parallel phase 1 clinical trials, as well as a successful Ebola 
vaccine efficacy trial in Guinea. 
Since 2015, WHO expert teams and partners are implementing a novel R&D model for emerging infectious 
pathogens which are the most likely to cause severe outbreaks in the future, and for which no or only few medical 
countermeasures are available: the WHO R&D Blueprint. The objective for the Blueprint is the fostering of a R&D 
environment which is prepared for quickly and effectively responding to outbreaks due to emerging infectious 
disease. 
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The clinical implementation of highly efficacious direct-acting antivirals (DAAs) for the treatment of chronic hepatitis 
C, which allow hepatitis C virus (HCV) elimination in >95% of treated individuals, has raised the impression that 
global eradication of this disease is now in reach. Although it is tempting to make this assumption, enormous 
challenges remain such as the high number of undiagnosed infections, the lack of sterilizing immunity even after 
virus elimination, the high number of new infections (according to WHO 1.75 mio in 2015), the high costs of antiviral 
therapy, which limits access to these drugs, and the lack of proper medical infrastructure, especially in many high-
prevalence countries. Thus, reaching global HCV eradication without a vaccine is questionable. 
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Chronic infection with Hepatitis C Virus (HCV) is a leading cause of morbidity and mortality with a recent estimate of 
70 million infected persons in the world. In Europe HCV is mainly seen among (former) injecting drug users, HIV-
positive Men who have sex with men (MSM) and migrants coming from high prevalence countries like Egypt and 
certain African countries. In these countries HCV was transmitted through mass treatment campaigns for endemic 
diseases with unsterilized needles and syringes in the fifties and the sixties of the 20th century, the prevalence being 
highest among those >45 years. The recent availability of highly efficacious Direct Acting Antivirals (DAAs) has led to 
a strategy of elimination of hepatitis C worldwide. For this strategy major challenges have to be overcome in high but 
especially in low and middle income countries. In most of these countries – Egypt being the exception - only a tiny 
minority of HCV infected persons know whether they are infected. Health costs are usually paid out of pocket and 
out of reach for most although (generic) DAAs are now available for a strongly reduced price, affordable reliable 
diagnostics being another major issue. The prospect of worldwide HCV elimination will be discussed using 
Cameroon - 24 million inhabitants, 200 000 HCV infected persons – as an example of the challenges in a low middle 
income African country. 
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A wide variety of vertebrate viruses, representative of at least 11 families, use sialic acid for host cell attachment. 
Viral adherence to sialoglycans, however, comes with complexities related to (i) the sheer ubiquity of extracellular 
receptor determinants that may act as “decoys” and (ii) the characteristically dense clustering of glycotopes that may 
augment the apparent affinity of ligand-lectin interactions by orders of magnitude. To escape from irreversible 
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attachment to non-productive sites and to promote virion motility via high interaction site density sliding diffusion, 
virion-Sia interactions are intrinsically dynamic. To illustrate how viruses fine-tune reversibility of attachment, I will 
present and discuss our recent findings for betacoronaviruses also in relation to cross species transmission and 
zoonotic introduction. These viruses have adopted a strategy of receptor usage that is unique among coronaviruses, 
but strikingly similar to that of influenza A viruses. 
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The primary herpesvirus infection is usually lytic-productive. The viral genome released into the nucleus undergoes 
chromatin remodelling. In addition to intrinsic restriction factors, e.g. APOBEC, TRIM, including TRIM 23 proteins, 
the host mounts a multifaceted innate response. At the cellular level, toll like receptors, adjuvanted by selected 
integrins, recognize specific virion components and activate NF-kB. For HSV and other herpesviruses, in the nucleus 
the viral DNA is silenced by PML/ND10 bodies. A number of DNA receptors, whose mission is to patrol the cell for 
proper composition, recognize the viral DNA. They include the nuclear-cytoplasmic IFI16, the cytoplasmic c-GAS, 
etc, which converge on STING and IRF3. It is not fully understood how these receptors distinguish between viral and 
cellular DNA/chromatin. Collectively, they elicit the production of cytokines and chemokines, among which are 
IFNa/b, TNF-a, lL-1, IL-6, Il17a. The successful lytic-productive infection results from the herpesvirus ability to defeat 
each element of the defensive line through deputed genes, like g134.5, ICP0, vhs, VP16, US3, ICP27, CMV pp87. In 
essence, herpesviral evolution has dedicated part of the viral genome to counteraction functions. 
Following primary infection, the herpesvirus reaches highly specific cells, site of latent infection. The latter results 
from the cell ability to suppress the viral gene expression program, and from expression of viral latent genes and a 
collection of miRNAs. EBV is more sophisticated and activates three different latent programs. 
An intriguing feature is the presence of herpesviral DNA in tumors or lesions - HCMV in glioblastoma; EBV, HHV6-7 
in Alzheimer and Parkinson’s lesions. Do they represent remnants of infections? The cancer cells exhibit defects in 
innate response, and enable highly efficient herpesviral replication. It is not by chance that appropriately modified 
herpesviruses are proving effective oncolytic immunotherapeutic agents and antigen-agnostic anticancer vaccines, 
capable to prime for sensitivity to checkpoint blockade 
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Drug discovery is a high risk – high gains enterprise. Computer modeling techniques help lower the risk element 
significantly and have now become an integral part of the modern drug discovery process. These techniques allow 
faster hit identification and lead optimisation phases of drug development by evaluation novel potential drugs in silico 

before committing to their synthesis in the lab. This not only speeds up the hit-discovery time but also on research 
costs, as the synthesis of novel compounds is often the slow and expensive step at the beginning of a drug 
discovery project. Millions of candidates can often be screened for the cost of one multi-step synthesis. In addition to 
these applications, molecular modelling techniques are becoming increasingly useful in understanding more complex 
biological processes. For example, by examining how proteins interact with each other within a specific biological 
pathway, it is possible to identify specific mechanisms, which could be the target for novel therapeutics. 
In this presentation some examples of the molecular modelling techniques that have successfully been applied in 
antiviral drug design will be discussed, highlighting the strengths and limitations of these computer-aided drug design 
approaches. 
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Introduction 
Outbreaks of influenza in animals are detected relatively frequently around the globe, in particular in poultry, pigs, 
horses, dogs, and marine mammals. Human cases of infection may occur occasionally during such outbreaks, but 
sustained human-to-human transmission is generally not reported. All influenza pandemics of the last century were 
caused by animal influenza viruses that acquired the ability of transmission via aerosols or respiratory droplets. 
Aims 
Identify determinants of airborne transmission of influenza viruses between mammals. 
Methods 
We studied determinants of virus transmission in ferrets and in-vitro for a genetically modified ferret-adapted avian 
H5N1 virus, a naturally evolving zoonotic H7N9 virus, and a naturally evolving H10N7 avian virus that caused an 
outbreak in European seals. 
Results 
A laboratory-modified H5 virus acquired the ability to transmit via aerosols or respiratory droplets between ferrets, 
with just a handful of genetic changes across the genome. These mutations affected traits such as polymerase 
activity, hemagglutinin stability, and receptor binding. Most of these genetic changes were found to emerge in poultry 
and were associated with increased zoonotic risks. The H7N9 avian influenza viruses that emerged in humans in 
China in 2013 also transmitted between ferrets, albeit less efficiently as compared to pandemic and seasonal human 
influenza viruses of the last century. We identified a limited number of genetic changes and phenotypic traits that 
yield viruses with increased transmission potential in mammals. An H10N7 avian influenza virus that caused 
outbreaks in Northern European seal populations in 2014-2015 acquired airborne transmissibility, largely through the 
same mutations and phenotypic alterations as the H5N1 and H7N9 viruses. 
Conclusion 
Similar determinants of airborne influenza virus transmission between mammals were observed in multiple influenza 
virus subtypes. Detailed understanding of these mutations and traits responsible for virus transmission is important 
for design of intervention strategies, for pandemic preparation, and for risk assessments for newly emerging viruses. 
 

 
 
S2C - Session 2C: Fundamental aspects of the viral life cycle and virus cell-interaction 

 
Invited speaker 
 
SA06 
 
A tale of two proteins; hepatitis C virus NS5A and Chikungunya virus nsP3 

M. Harris 
University of Leeds, Leeds, United Kingdom 
 
 
The non-structural 5A (NS5A) protein of hepatitis C virus (HCV) plays roles in both virus genome replication and 
assembly. NS5A comprises three domains, of these domain I is believed to be involved exclusively in genome 
replication. In contrast, domains II and III are required for the production of infectious virus particles and are largely 
dispensable for genome replication. Domain I is highly conserved between HCV and related hepaciviruses, and is 
highly structured, exhibiting different dimeric conformations. In this presentation I will first discuss recent studies in 
which we have investigated the role of phosphorylation in regulating the functions of NS5A. I will then present our 
data which demonstrates that domain I of NS5A also plays a role in the production of infectious virus particles. I will 
illustrate how our data describe a mechanism underpinning this previously undefined role of NS5A. 
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Approximately 5% of all human cancers are caused by human papillomavirus (HPV) infection. HPV-driven 
anogenital cancers develop through stages of low- and high-grade intraepithelial neoplasia. Evasion from 
immunosurveillance favors viral persistence, a prerequisite for cancer development. However, the mere presence of 
oncogenic HPV is not sufficient for malignant progression and additional tumor-promoting steps are required. Recent 
studies provide evidence that HPV-transformed cells actively promote chronic stromal inflammation and conspire 
with cells in the local microenvironment to promote expansion of the stem cell compartment paving the way for 
carcinogenesis. 
This lecture highlights the complex interplay between HPV-infected cells and the local immune microenvironment 
during oncogenic HPV infection, persistence and malignant progression and discusses new prospects for diagnosis 
and immunotherapy of HPV-associated cancers. 
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Enteric viruses, including noroviruses, cause significant morbidity and mortality worldwide. These viruses navigate 
the complex mixture of microorganisms, food, and host-derived substances in the intestinal lumen before they can 
interact with the host’s epithelial surface and establish a successful infection. Contained within the lumen are a vast 
number of non-pathogenic microorganisms, collectively referred to as the microbiota, which include commensal 
bacteria that are beneficial to the host (e.g., in immune system development, host metabolism). In addition, the 
expansive mucosal surface of the GI tract is protected from pathogen attack by luminal secretion of mucus and 
secretory IgA (sIgA). Enteric pathogens have evolved strategies to circumvent these host barriers, and in some 
cases leverage their interactions with the immune system and microbiota to gain access to the host epithelium. 
Recent studies have begun to unravel the multi-faceted interactions that occur between enteric viruses, bacteria and 
the host’s intestine. Direct (virus-bacteria interactions) and indirect mechanisms (dependent on host immunity) have 
been uncovered. These transkingdom encounters can result in different outcomes, promoting or inhibiting infections. 
This presentation will provide an overview about these interactions, with a focus on noroviruses, the major cause of 
nonbacterial gastroenteritis. Understanding the complex interaction between enteric viruses and commensal bacteria 
is critical for improved treatment and intervention strategies for diarrheal diseases, which are the second leading 
cause of death in children under 5 years of age worldwide. 
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Introduction 

Viruses are highly persistent in the environment and less susceptible than bacteria to the treatments commonly used 
in water and in food preservation. The study of viral populations in irrigation water, including reclaimed water, 
provides information on viral diversity and contributes to the improvement of the microbiological quality control. 
Aims 

The main aims are: i. to evaluate the viruses present in irrigation water (tertiary effluents, river water and 
groundwater) and wastewater as a representative of the excreta of the population. ii. Evaluate the efficiency of WTPs 
and the reduction required for achieving acceptable risks for water reuse in irrigation of fresh vegetables. 
Methods 

During one-year period, 72 irrigation water samples were analyzed using SMF. Human viral pathogens and 
indicators and animal viruses used as MST tools were quantified by q(RT)PCR. To study the virome of irrigation 
water we developed and applied metagenomics protocols using Nextera XT and Illumina MiSeq 2x300bp. Ultra-deep 
sequencing analysis of PCR amplicons was used to increase the sensitivity of the study of the diversity of specific 
viral families. 
Results and Conclusions 

Both HAdV and JCPyV, human-specific fecal markers, were detected in all raw sewage samples. In general, 
NoVGGII concentrations were higher but the number of positive samples was lower than for HAdV. We detected 
MCPyV in sewage and river water. HEV was detected in groundwater both by qPCR and NGS, from an intensive pig 
farming area where PAdV, were also detected. The output of the metagenomics analysis resulted in an average of 
1,28 million reads describing the viral populations. 
The results of the QMRA studies show that the disease burden of NoV GII and HAdV for the consumption of lettuce 
irrigated with tertiary effluent from two WWTPs was higher than the WHO recommendation of 10

-6
 DALYs 

suggesting that additional treatments are needed. 
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Diagnosis of infectious diseases, especially if caused by fastidious microorganisms and viruses, remains 
challenging, despite the recent technological advances and the availability of comprehensive microbiological, 
serological, and molecular tests. The recent Ebola and Zika epidemics, both characterized by delayed recognition 
and implementation of containment measures, have dramatically shown the inadequacy of current diagnostic 
approaches and surveillance systems for new and re-emerging pathogens. High-throughput, pathogen-independent 
diagnostic approaches, such as metagenomics next-generation sequencing, can theoretically identify all pathogens 
in biological or environmental samples with a single rapid assay and are especially suitable for the detection and 
discovery of novel or unexpected infectious agents and for the characterization of polymicrobial infections. While the 
high cost of the technique still limits its routine use, the added genomics information represents a compelling 
advantage, since it allows, for example, predicting virulence or drug resistance phenotypes, analyzing transmission 
in outbreaks and epidemic dynamics, or investigating host susceptibility and response to infections. Improved high-
throughput assays have been also developed to investigate host antibody- and cell-mediated immunity against 
pathogens, with many applications both in routine diagnostics and in surveillance studies. In the near future, these 
technologies are expected to play a key role in routine clinical microbiology and in public health surveillance 
programs, leading to personalized cures for patients and a global One Health approach to pathogen surveillance. 
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Structural studies have revealed that the membrane fusion proteins used by enveloped viruses to enter cells in 
general belong to one of three structural classes (I, II and III) of homologous proteins, irrespective of the virus 
taxonomy based on the polymerase gene. This finding demonstrated that most viral genomes are a collection of 
genes derived from different origins. One special case is that of the class II fusion proteins found in the Togaviridae, 
Flaviviridae and in several families of the newly defined Bunyavirales order (1). Class II fusion proteins were also 
detected in retroviruses infecting nematodes, which are otherwise clearly related to mammalian retroviruses through 
the Gag-Pol gene, although the latter have a class I fusion protein (2). The cellular fusion protein EFF-1, responsible 
for making a large syncytia required for skin formation during C. elegans embryogenesis, was also shown by 
structural studies to be homologous to the class II viral proteins (3). More recently, structural studies on the ancestral 
gamete fusogen HAP2 demonstrated that it also belongs to class II (4,5,6), revealing an important exchange of viral 
and cell genetic material during evolution. These exchanges appear to have been at the origin of eukaryotic sexual 
life on earth by inducing the specific merger of the plasma membranes of sperm and egg during fertilization, using 
the same mechanism of enveloped viruses to infect cells. In this presentation, I will review the specific features of 
class II fusion proteins and their mechanism of action. 
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Dicer and Argonaute play key roles to digest viral mRNAs. Dicer processes double-stranded RNA (dsRNA) 
molecules into small-interfering RNAs (siRNAs) that guide Argonaute effectors to post-transcriptional suppression of 
target viral genes. Previous studies have shown that the two key players, dicer-like 2 (dcl2) and argonaute-like 2 
(agl2), of antiviral RNAi in a phytopathogenic ascomycete, Cryphonectria parasitica, are highly transcriptionally 
induced upon infection with certain RNA mycoviruses including the positive-stranded RNA hypovirus mutant lacking 
the RNAi suppressor (Cryphonectria hypovirus 1-Δp69, CHV1-Δp69). This induction is regulated by the SAGA (Spt–
Ada–Gcn5 acetyltransferase) complex, a well-known transcriptional co-activator. 

Here, we show an additional distinct functional role for DCL2 in the virus-responsive, siRNA-independent 
transcriptional upregulation of a subset of host genes. Namely, the present study shows that certain host genes, in 
addition to dcl2 and agl2, were upregulated more than 10-fold by SAGA upon infection with CHV1-Δp69. 
Interestingly, DCL2, but not AGL2, was essential for SAGA-mediated global gene upregulation. Moreover, deletion of 
certain virus-induced genes enhanced a CHV1-Δp69 symptom (growth rate) but not its accumulation. Constitutive, 
modest levels of dcl2 expression drastically reduced viral siRNA accumulation but were sufficient for full-scale 
upregulation of host genes, suggesting that high induction of dcl2 and siRNA production are not essential for the 
transcriptional upregulation function of DCL2. These data clearly demonstrate the dual functionality of DCL2; as a 
dsRNA-specific nuclease in post-transcriptional antiviral RNA silencing and as a key player in SAGA-mediated host 
gene induction, which independently represses viral replication and alleviates virus-induced symptom expression. 
This Dicer function in C. parasitica will be compared with those in plants and animals. 
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The pathogenesis of a viral disease is the biological mechanism, or mechanisms, that lead to the diseased state. 
There are several possibilities for comparing the pathogenesis of viral diseases among host species: a viral disease, 
e.g. rabies, that naturally infects different host species; a viral disease in an experimentally infected laboratory animal 
species, e.g. avian influenza in ferrets, as a model for the disease in humans; an emerging viral disease, e.g. 
Marburg haemorrhagic fever, in its reservoir species and its new host species. We here focus on the latter possibility. 
Many emerging viral diseases in a given host species originate from another host species, which acts as a reservoir. 
While the clinical outcome of emerging virus infections ranges from subclinical to fatal, we usually focus on those 
virus infections that cause severe disease in the new host species. Currently, research concentrates on the 
pathogenesis of such a viral disease in its new host species or, if that is not possible, in a laboratory animal species 
acting as a model. However, research on the pathogenesis of emerging viral diseases in their reservoir host species 
is neglected. This is a pity, because there are several good reasons to compare the pathogenesis of emerging viral 
diseases between the new host species and the reservoir species. First, pathogenesis in the reservoir host species 
may predict several types of virus-host interaction in the new host species. Second, differences in the pathogenesis 
between reservoir host species and new host species may provide clues for the mechanism of increased severity of 
disease in the new host species. Third, pathogenesis in the reservoir host species may predict the future evolution of 
the emerging virus in the new host species. Therefore, we advocate an increased emphasis on understanding the 
pathogenesis of emerging viral diseases in their reservoir species. 
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Introduction: 

The Middle-East respiratory syndrome coronavirus (MERS-CoV) causes severe respiratory disease in humans with 
high mortality rates. Contact between humans and dromedary camels - the reservoir host of MERS-CoV - poses a 
continuous threat for human health. No approved antiviral drug or vaccine against MERS-CoV is currently available. 
Monoclonal antibodies (mAbs) targeting the spike (S) envelope glycoprotein hold promise for prophylaxis and 
treatment of MERS-CoV infection. The S protein displays a multi-domain architecture and functions in host-cell 
binding and membrane fusion via its S1 and S2 subunits, respectively. Efforts to develop antibody-based therapies 
have focused on neutralizing antibodies that target the receptor binding domain of the viral spike protein thereby 
blocking receptor binding. 
Aim: 

We aimed to develop of a set of human monoclonal antibodies that target functionally distinct domains of the MERS-
CoV spike protein and assess their protective efficacy in vivo. 
Results: 

From a large panel of MERS-CoV S mAbs derived from Harbour H2L2 transgenic mice encoding human 
immunoglobulin variable regions, eight human mAbs were generated targeting six antibody epitope groups in 
MERS-CoV S, suggesting the presence of at least six epitopes distributed over different domains of S1, and S2. 
Selected mAbs interfered with the three known entry functions of the MERS-CoV S protein: sialic acid binding, 
receptor binding or membrane fusion. Prophylactic administration of these mAbs protected mice from lethal MERS-
CoV challenge resulting in 40-100% survival rates. Complete protection from mortality was shown for antibodies that 
block receptor binding, but also for antibodies that inhibit membrane fusion regardless of their limited in-vitro 

neutralization capacity. 
Conclusion: 

The arsenal of protective antibodies that bind to and functionally inhibit the activity of multiple spike protein domains 
offers new ways to gain humoral protection against the emerging MERS coronavirus. 
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In a remarkable example of convergent evolution, several parasitic wasp lineages have independently captured 
nudiviruses and maintained complex DNA virus machineries, used to transfer virulence factors. Parasitic wasps, 
which develop inside the larvae of their insect hosts, may inject Polydnaviruses (PDVs) or Virus-Like particles 
(VLPs), derived from the recurrent endogenization of nudiviruses. PDVs evolved from the domestication in braconid 
wasps of nudiviruses function as gene transfer agents. In Venturia canescens, the endogenous nudivirus has lost 
the ability to encapsidate DNA, instead VLPs cargo virulence molecules of wasp origin to the parasitized host. PDV 
virulence genes are particularly important for the interactions between parasitoid wasps and their lepidopteran hosts. 
Population genomics studies revealed adaptation mediated by bracovirus genes happens through selection of 
particularly adaptive alleles and loss of nonadaptive genes. These results highlight the central role of the bracovirus 
in the molecular interactions between the wasps and their hosts and in the evolutionary processes of specialization. 
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Modification of host behaviour is a widely adopted strategy of viruses to enhance their own transmission. Examples 
of behavioural manipulation are rapidly accumulating, covering a broad spectrum of viruses and hosts. Nevertheless, 
surprisingly little is known on the underlying causative physiological, neuronal, hormonal or molecular mechanisms. 
Given the high prevalence of viruses in insects, either in a pathogenic interaction or in a virus-vector relationship, 
viruses might have a huge impact on insect behaviour. I will review some well-known examples of modified insect 
behaviour following virus infection and will discuss what is known on the underlying mechanisms. Furthermore, I will 
focus on a well-studied example of viral manipulation of insect behaviour, concerning caterpillars infected with 
baculoviruses. Infected caterpillars show enhanced mobility and climb to the top of plants or the forest canopy prior 
to death, a phenomenon known as ‘tree-top disease’. As a consequence, the virus is spread over a larger area, 
thereby increasing the chance to infect a new caterpillar. The baculovirus-insect system provides an excellent 
platform to study viral manipulation of insect host behaviour. It allows the comparative analysis between wildtype 
viruses and single gene knock-out mutants. I will review the current knowledge on the mechanism of baculovirus-
induced behavioural manipulation, including an overview of viral genes found to modify host behaviour and how 
these may affect host pathways. I will explore which molecular pathways and processes in the host are involved and 
will elaborate on the role of light on the induction of tree-top disease. Furthermore, I will show data on virus spread in 
the larval brain and discuss how the virus might manipulate host behaviour by affecting the host central nervous 
system. 
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When infected by pathogens, endotherms and ectotherms can both increase their body temperature to limit the 
infection. Ectotherms do so by moving to warmer places, hence the term “behavioral fever”. We studied the 
expression of behavioral fever by common carp infected by cyprinid herpesvirus 3 (CyHV-3) using multi-chamber 
tanks encompassing a 24°C-32°C gradient. We showed that carp maintained at 24°C all died from the infection, 
whereas those housed in multi chamber tanks all survived as a consequence of their transient migration to the 
warmest compartment. As the expression of behavioral fever occurred only at an advanced stage of the disease, we 
hypothesized that the virus might delay this phenomenon in order to promote its replication. This hypothesis was 
proved correct, and the delay mechanism was found to rely on the expression of a soluble viral decoy receptor for 
Tnfa encoded by CyHV-3 ORF12. This conclusion relied on three complementary observations: (i) a CyHV 3 ORF12 
deleted recombinant induced an early onset of behavioral fever in comparison to wild-type CyHV-3; (ii) ORF12 
expression product binds and neutralizes carp Tnfa; and (iii) injection of anti-Tnfa neutralizing antibodies suppressed 
behavioral fever, and decreased fish survival in response to infection. This study provides a unique example of how 
viruses have evolved to alter host behavior to increase fitness. It demonstrates that behavioral fever in ectotherms 
and fever in endotherms are evolutionarily and functionally related through common cytokine mediators that 
originated more than 400 million years ago. Finally, this study stresses the importance of the environment in the 
host-pathogen-environment triad. 
 

 
 
 


