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VIRGIL (for Vigilance against Viral Resistance) is the first European surveillance network capable of addressing current and emerging antiviral drugs resistance developments in the field of viral hepatitis and influenza. Coordinated by Inserm (the French Institute for Health and Medical Research) and supported by a grant from the Priority 1"Life Sciences, Genomics and Biotechnology for Health" programme in the 6th Framework Programme of the EU, the network’s activities started in May 2004 with the initial task to integrate the fragmented European capacities and major expertise in the field into a single coherent Network of Excellence. VIRGIL gathers 60 organizations, including more than 60 academic laboratories and 7 companies from 14 European countries.
Focusing initially on three major diseases (viral hepatitis B, viral hepatitis C and influenza), its mission is to build a sustainable, patient-oriented ‘virtual institute’ structured into interacting platforms that together will allow to comprehensively cover the problem of virus resistance to antiviral drugs. Being approach- rather than pathogen-based, the integration process and the generated tools are flexible enough to embrace in the future drug resistance problems related to other human virus infections. VIRGIL is structured into seven integrated platforms centred around the patients and each focusing on a topic contributing towards the project objectives. The VIRGIL surveillance and clinical virology platforms (VIRGIL-SURVEIL and VIRGIL-CLINVIR) allow a global approach for monitoring treatment efficacy and antiviral drug resistance in treated patients in order to ultimately improve and standardize the management of viral resistance. These activities are strengthened by the acquisition of novel knowledge generated from both in vitro and in vivo models platforms, including: VIRGIL-MODELS which provides new tools to understand the virological mechanisms of antiviral treatment efficacy and resistance development, and to assess viral resistance in clinical samples with new technologies; and VIRGIL-HOST, the host determinants platform, aiming at understanding patient factors (including genetic and immunological) involved in viral resistance to therapy. Another platform, VIRGIL-DRUGPHARM, is dedicated to the pharmacology of antiviral drugs, whereas VIRGIL-INNOTECH is a platform devoted to innovation and technology aimed at developing novel and more rational approaches for drug development and therapy monitoring. Finally, the VIRGIL-IMPACT platform evaluates the societal impacts of drug resistance in terms of morbidity and costs, and assesses the cost/benefit ratio of different approaches to prevent or combat the problem at the European level, with the objective to improve treatment efficacy and patient quality of life. VIRGIL benefits from a centralized management unit that offers to industrial partners a single contact point as well as integrated services for conducting large-scale European clinical trials. Finally, the network is also committed to training students and researchers within and outside of the participating organizations and to spreading VIRGIL’s practices of excellence and the resulting knowledge throughout the medical community and the general population.

Context: Acute and chronic viral infections represent a major public health problem in Europe and worldwide, responsible for a major socio-economical burden. The development of new antiviral drugs in the past decade has played an important role in improved patient care with extension of quality and duration of human life. However, this increased use of antiviral drugs has also given rise to viral drug resistance, leading to treatment failure and enhanced costs for health care and society. Along with future development and use of novel drugs, resistance to these new drugs will again emerge, leading to reduced efficacy of the drugs and increasing pressure on the pharmaceutical industry to develop new drugs.

The European Commission is therefore providing 9 million € to set up the first ever network at European scale to develop strategies for the surveillance and containment of viral resistance to antiviral agents. Financed under the thematic priority ‘Life sciences, genomics and biotechnology for health’, the network of excellence on Vigilance against Viral Resistance (VIRGIL) will establish a sustainable, patient-oriented ‘virtual institute’ structured into seven interacting platforms that together will comprehensively address current and emerging antiviral drug resistance issues. The VIRGIL network will start focusing its objectives on 3 major viral diseases with different clinical outcomes that will serve as a basis for the future orientation of the network on other human viruses:

1) Influenza epidemics are responsible for acute viral disease each year with severe economic consequences in terms of manpower, but also in terms of mortality among special patient populations (immunocompromized, transplant, elderly etc...). In the context of pandemic planning, in the absence of suitable vaccines, the proper use of anti-influenza drugs to avoid the emergence of large numbers of resistant strains is essential for optimal management of antiviral therapy during a pandemic, resulting from the emergence of a novel influenza A subtype. On the one hand, drug resistance emerges readily to the anti-M2 drugs amantadine and rimantadine. Whereas the majority of natural influenza A viruses is sensitive to these drugs, the level of drug resistance emerging during treatment of closed communities, e.g. nursing home residents, can be as high as 30%. Evidence that the H5N1 viruses causing recent human infections in Hong Kong in 2003 were amantadine-resistant emphasizes the need for constant monitoring of drug sensitivity. Furthermore, in the context that pigs may serve as an intermediate host in the emergence of a pandemic strain, which may acquire genes from a swine virus, the 3 subtypes recently circulating in European pigs have acquired resistance to these drugs. Sporadic human infections by these viruses further emphasize the potential problem. All these considerations emphasize how drug resistance may undermine the usefulness of anti-influenza drugs. On the other hand, resistance to the more recently introduced anti-neuraminidase drugs, Zanamivir and Oseltamivir, develops much less readily both in cell culture and in vivo. The potential impact of drug resistance during the widespread use of drug is, however, unknown. Obtaining relevant knowledge on the frequency of emergence, spread within the population and persistence of drug-resistant viruses is necessary during this interpandemic period, and is of the utmost importance for their effective use during a pandemic.
2) Hepatitis C is the major cause of chronic hepatitis in Europe with important public health and economical consequences. Hepatitis C affects the health of 8-10 million inhabitants in the European Union, leading to increasing costs of antiviral treatment and liver transplantation. Indeed, the major risk of this disease is the evolution towards liver cirrhosis and hepatocellular carcinoma, for which liver transplantation is the only treatment option. Chronic hepatitis C appears to be curable by therapy. The only currently available antiviral treatment relies on the use of pegylated recombinant interferon in combination with ribavirin. This treatment is expensive and associated with frequent side effects. Despite recent improvement, more than 45% of patients remain non responders to therapy, i.e. not cured, and are exposed to the complication of the disease. The cost per million successfully treated patients is estimated to be minimally 14 billion Euros with the standard strategy. New specific anti-HCV drugs, such as internal ribosome entry site, polymerase and protease inhibitors, are currently in phase I/II clinical trials and should become widely available during the duration of the project. It is therefore critical to gain more insight in the problem of failure of currently available treatments to optimize treatment regimens, and to develop new approaches towards testing resistance to the new upcoming antivirals. 
3) Hepatitis B is also a major cause of chronic hepatitis in Europe. In the EU, there are 4 million chronic carriers, with a higher prevalence in Southern Europe, and in eastern European countries their number exceeds 15 million. The economic burden imposed by HBV is substantial as a recent evaluation revealed that direct medical costs and work-loss costs consumed up to 0.5% of the total German health care budget (120 billion Euros) in 1997. Furthermore, this is the major cause of liver cancer worldwide. Chronic HBV infection is not curable, and successful therapy is achieved when the disease is in remission, with very low levels of viral replication. Therefore, viral persistence is a major problem of antiviral therapy of chronic hepatitis B, whose aims are mainly to control viral replication on the long-term. Interferon alpha, the first drug approved in this disease, is effective in only 25% of patients. In addition, the recent introduction of specific HBV reverse transcriptase inhibitors led to a major problem of drug resistance, as up to 50% of patients become resistant to lamivudine after 3 years of therapy. Furthermore, although new hope was provided by the development of adefovir dipivoxil which was supposed not to select for resistant strains, several cases of adefovir resistance have been described recently, emphasizing the need for a broad approach for understanding, testing and monitoring HBV drug resistance. 

Using these three different human virus models to implement the network in a first step, it will become apparent that the problem of drug resistance of other human viruses will be efficiently managed by this unique European structure. This will be made feasible by welcoming new expert partners in the relevant fields. The flexibility of this network will also allow us to adapt rapidly to new emerging situations or needs. Platforms for surveillance and clinical virology will allow a global approach for monitoring, testing and ultimately improving the management of antiviral drug resistance in treated patients. The in vitro and in vivo models platform will elucidate mechanisms of the development of resistance, while the host determinants platform will aim at understanding patient-related (immune/genetic) factors conditioning viral drug resistance. Platforms dedicated to drugs and pharmacological aspects as well as innovation and technology will enable to anticipate viral resistance against promising drugs close to clinical application and to overcome future resistance problems by proposing more rational approaches for drug development to the private sector and effective tools for testing resistance to the clinicians. A societal impact platform will assess the benefit of this coordinated effort for medicine and the quality of life of the patients and provide on-line consultation tool to the medical community for a more rational use of antivirals everywhere in Europe. VIRGIL, coordinated by Professor Fabien Zoulim at INSERM, Lyon (France), currently gathers 60 partners, including 7 from industry, from 14 European countries.
Being an approach- rather than pathogen-oriented structure, the network will in the longer-term perspective be able to embrace a broad range of other human virus infections. VIRGIL will be able to rapidly and reliably determine resistance to new drugs and to determine drug susceptibility of emerging viral strains under the selective pressure of new treatments and thus holds the promise of becoming an important partner to the antiviral drug producing pharmaceutical industry. 

Aim: Until now, antiviral drug resistance is determined by relying on single specialized laboratories and high standard research groups that are often only capable of addressing one particular aspect. The main objective is to integrate clinical, technological and research networks and platforms that interact in a coherent and synergistic manner, as each provides a broad panel of specific tools for the others. The network crystallises biomedical researchers on common objectives targeting viral drug resistance that define specific activities and platforms:
1. The VIRGIL-SURVEIL platform is implementing a clinical surveillance system of viral drug resistance in Europe that will ensure the use of uniform criteria for the collection and reporting of drug resistance. This should also provide new information in the prevalence and spread of viral resistant strains in Europe. A particular emphasis is being made on special group populations in whom viral drug resistance may be more rapidly detrimental. This clinical subnetwork will help in the implementation of new clinical trials for the evaluation of novel antiviral agents, or a better use of already existing drugs to contain viral drug resistance. 

2. The VIRGIL-CLINVIR subnetwork is implementing a virological detection and surveillance system for patients with high risk of development of resistant strains and a diagnostic platform for characterization of resistance when it occurs. This clinical virology platform also evaluates the new diagnostic tools that are relevant for viral drug resistance monitoring. 

3. The VIRGIL-MODELS subnetwork develops systems for a phenotypic characterization of emerging viral strains to determine viral fitness and drug susceptibility, using novel assays that will become the new standards for drug resistance assessment in the clinical setting. This platform also focuses its activities on the understanding of the mechanism involved in the development of drug resistance. Differences in the development of resistance to drugs against different targets also emphasize not only the importance of developing drugs against other targets but also the potential usefulness of combination therapy.

4. The VIRGIL-HOST subnetwork aims at understanding and assessing at the clinical level the host determinant factors involved in virus resistance to antiviral treatments. A special emphasis is being made on host genetic determinants as well as on the molecular basis of virus-host cell interactions and cellular immune response responsible for viral escape. This will allow to integrate the role of host and viral factors for a comprehensive model of resistance development. 

5. The VIRGIL-DRUGPHARM subnetwork is developing a completely unmet need, i.e. a pharmacological approach of viral drug resistance in the field of influenza and viral hepatitis. This will allow to determine the influence of pharmacokinetics and intracellular pharmacology in the development of viral drug resistance. This platform provides the capacity of new drug synthesis to make them available to the other subnetworks for mechanistic studies. 

6. The VIRGIL-INNOTECH platform promotes technology transfer of drug resistance testing tools and innovation aspects to SMEs or bigger industry companies, and their application to the clinical situation. Another aim is to coordinate the setting-up of an Internet-based database, linking viral sequence and clinical data with structural biology and evolution analysis tools that will enable the integration of information emanating from the various parts of the VIRGIL network.

7. The VIRGIL-IMPACT subnetwork is evaluating the societal impact of drug resistance in terms of morbidity, monitoring and treatment costs. This will allow to assess at the European level, the benefit of this coordinated effort for the proper use of antivirals, and the cost/benefit of different approaches to prevent or combat viral drug resistance. A special emphasis is being made on any important societal differences between European countries with different health care systems. To that aim, information is being collected via Internet, analyzed and integrated into the general VIRGIL Web-site.

With the implementation of the different complementary and interacting platforms, the project management team and the Information Technology platform coordinates the development of an Internet-based central and unified data management for clinical and virological data, and dissemination of knowledge. The Project Management Team is offering support to manage the spread of knowledge and excellence by the network members, via specific workshops, training or courses, to the scientific community, the medical field, national health care systems, and patients representative for a better management of drug resistance in terms of prevention and/or control. This will reinforce the links between information systems on viral drug resistance and antiviral usage, and will help to implement guidelines on proper usage of antivirals, even at the level of individual prescribers to improve antiviral drug prescription. Public awareness of the problem of drug resistance is also made via specific actions.
VIRGIL Full list of partners and Principal Investigators:

	Partic. Number
	Participant name
	Participant short name
	Country
	Principal Investigator

	1
	Institut National de la Santé et de la Recherche Médicale
COORDINATOR
	INSERM
	F
	Fabien Zoulim

Christian Trepo

Christian Brechot

	2
	Universite Claude Bernard Lyon 1
	UCBL
	F
	Bruno Lina

	3
	Medizinische Hochschule Hannover

	MHH-Ger
	D
	Michael Manns

	4
	Université Paris XII-Val-de-Marne
	UPVM
	F
	Jean-Michel Pawlotsky

	5
	Health Protection Agency - Central Public Health Laboratory
	HPA
	UK
	Maria Zambon

Pat Cane

	6
	Universitätsklinikum Heidelberg
	UKL-HD
	D
	Ralf Bartenschlager

	7
	British Medical Research Council
	NIMR
	UK
	Alan Hay

	8
	Ludwig Maximilians Universität München
	LMU-MUENCHEN
	D
	Gerd Pape

Helmut Diepolder

Thomas Mueller

	9
	Universitätsklinikum Düsseldorf
	UKD
	D
	Johannes Bode

	10
	Katholieke Universiteit Leuven
	K.U.Leuven
	B
	Johan Neyts

	11
	Leiden University Medical Center
	LUMC
	NL
	Willy Spaan

	12
	Retroscreen Virology Ltd
	RETROSCREEN
	UK
	John Oxford

	13
	Réseaux d’Observation des Maladies et des Epidémies
	OPEN ROME
	F
	Jean-Marie Cohen

	14
	Erasmus Medical Centre Rotterdam
	Erasmus MC
	NL
	Solko Schalm
Harry Hansen

	15
	Venetian Institute of Molecular Medicine
	VIMM
	I
	Alfredo Alberti

	16
	Hospital Universitario Valle Hebron
	HUVH
	E
	Rafaele Esteban Mur / Maria Buti

	17
	Hospital Clinic Provincial de Barcelona
	HCPB
	E
	Xavier Forns / Jordi Bruix

	18
	Papageorgiou General Hospital
	PAPAG-MED1
	EL
	Georgios Germanidis

	19
	The University of Birmingham
	UNIVBHAM
	UK
	David Mutimer

	20
	Université de Genève
	HCUGE
	CH
	Francesco Negro

	21
	Department of Biotechnology-Intercollegiate Faculty of Biotechnology, University of Gdansk 
	BIOTECH-GDA-PL
	PL
	Krzysztof BIELAWSKI



	22
	Université Catholique de Louvain, Department of Paediatric
	UCL
	B
	Etienne Sokal

	23
	AEIS-Hospital Carlos III
	AEIS-HCIII
	E
	Vincente Soriano

	24
	Imperial College of Science, Technology and Medicine
	Imperial
	UK
	Howard Thomas

Peter Karayiannis

	25
	Universität des Saarlandes
	SAAR-LAB
	D
	Stefan Zeuzem

	26
	Istituto Superiore di Sanità
	ISS
	I
	Isabella Donatelli

	27
	Institut Pasteur
	Pasteur
	F
	Sylvie van der Werf

	28
	Federal Research Centre for Virus Diseases of Animals
	BFAV-TUE
	D
	Oliver Planz

	29
	Philipps-Universität Marburg
	UNIMAR-VIRO
	D
	Hans Dieter Klenk

Wolfgang Garten

	30
	Consejo Superior de Investigaciones Cientificas 
	CSIC
	E
	Juna Ortin

	31
	Université Joseph Fourier, Grenoble I 
	UJF
	F
	Robertus Ruigrok

	32
	Universitätsklinikum Freiburg
	UKL-FR
	D
	Hubert Blum

Thomas Baumert 

Michael Nasal

Darius Moradpour

	33
	Uppsala University
	UNIVUPPS
	S
	Helena Danielson

	34
	Fondazione Centro San Raffaele Del Monte Tabor
	FCSR
	I
	Luca Guidotti

	35
	Universitätsklinikum Hamburg – Eppendorf
	UKE-Hamburg
	D
	Joerg Petersen

	37
	Centre National de la Recherche Scientifique
	CNRS
	F
	Felix Rey

Gilbert Deléage

Geneviève Inchauspé



	38
	Chancellor, Masters and Scholars of the University of Oxford
	UOXF.AL
	UK
	Nicole Zitzmann

Paul Klenerman

	40
	Robert Koch-Institute
	RKI-BER
	D
	Thorsten Wolff

	41
	Azienda Ospedaliera di Parma
	AZOSPA
	I
	Carlo Ferrari

Gabriele Missale

	42
	Charité Campus Virchow-Klinikum, Universitätsklinikum Berlin
	Charité CVK Berlin
	D
	Thomas Berg

	43
	Karolinska Institute
	KI
	S
	Matti Saellberg

Ola Weiland

	44
	RIOTECH Pharmaceuticals Ltd
	RIOTECH
	UK
	Mark Thursz

	45
	University of Bari
	UNI-BARI
	I
	Guiseppe Pastore

Teresa Santantonio

	46
	University of Bern
	UBERN
	CH
	Juerg Reichen

Andreas Cerny

	47
	Tripep AB
	TRIPEP
	S
	Anders Vahlne

	48
	University of Innsbruck
	UIBK
	AT
	Gerhard Puerstinger

	49
	BioAlliance Pharma SA
	BioAlliance
	F
	Gilles Avenard

	50
	bioMérieux SA
	bMX
	F
	Guy Vernet

Glaucia Baccala

	51
	Bar-Ilan University 
	BIU
	IL
	Avidan Neumann

	52
	Chancellor, Masters and Scholars of the University of Cambridge
	UCAMB-DZOO
	UK
	Bryan Grenfell

Derek Smith

	53
	Netherlands Institute for Health Services Research

	NIVEL
	NL
	John Paget

	54
	Inserm Transfert SA
	Inserm Transfert
	F
	Jerome Weinbach

	55
	Fondazione Andrea Cesalpino
	FAC
	I
	Massimo Levrero

	56
	University of Muenster
	UKM
	D
	Stephan Ludwig

	57
	MedlawConsult
	Medlawconsult
	NL
	Evert-Ben Van Veen

	58
	Queen Mary and Westfield College
	QMUL
	UK
	Graham Foster

	59
	Centre de Recherche Public-Santé du Luxembourg
	CRP-Santé
	L
	Jean-Claude Schmit

	60
	University of Aachen
	UAachen
	D
	Christian Trautwein

	61
	Justus-Liebig-Universitaet-Giessen
	JLU-Giessen
	D
	Stephan Pleschka


VIRGIL Associate Members (non contractual partners): Russia, Cyprus and Turkey

1. Prof. Dr. Vladimir Chulanov
Deputy Head,

Center for Molecular Diagnostics,

Central Research Institute of Epidemiology,

3a, Novogireyevskaya str,

Moscow, 111123, Russia

2. Prof. Dr. Selim BADUR
Department Secretary Yıldız Yıldız AKKAŞ
İstanbul Üniversitesi İstanbul Faculty of Medicine

Mikrobiology Department Virology Laboratory Çapa

İstanbul 34390, Turkey
3. Leondios G. Kostrikis, Ph.D.
Associate Professor
Biotechnology and Molecular Virology
Department of Biological Sciences
University of Cyprus
75 Kallipoleos St.
P.O. Box 20537
1678 Nicosia
Cyprus 
Major Achievements of each of the 7 VIRGIL platforms:

1. VIRGIL-SURVEIL platform 

Contractual Objectives for the whole duration of the VIRGIL-SURVEIL platform
The VIRGIL-SURVEIL platform, will implement a clinical surveillance system of viral drug resistance in Europe (viral hepatitis B and C, influenza) that will ensure the use of uniform criteria for the collection and reporting of drug resistance. This should also provide new information in the prevalence and spread of viral resistant strains in Europe. A particular emphasis will be made on special group populations in whom viral drug resistance may be more rapidly detrimental. This clinical subnetwork will help in the implementation of new clinical trials for the evaluation of novel antiviral agents, or a better use of already existing drugs to contain viral drug resistance.
Main achievements for the whole duration of the VIRGIL-SURVEIL platform
SURVEIL Viral hepatitis B and C Subgroup
The overall objective of Virgil Surveillance was to generate a platform enabling multicenter activities to form clinical surveillance, studies in the field of virus hepatitis. Thus, the primary aim of the platform was to establish a central data base system which then could be the basis for future studies on resistance in viral hepatitis. The very first steps were to implement and to develop a specific VIRGIL Case Report Form to collect data on patients with viral hepatitis before and during antiviral treatment and to screen for resistant variants possibly being associated with different outcomes of the infection. Overall the platform had more than 20 partners who actively participated in the project. Furthermore it was our aim to perform specific individual research projects on specific questions related to resistance in viral hepatitis. 
Overall the general objectives of the Surveillance platform have all been successfully completed. We were able to generate a system with central data base at the IT-unit in Munich. We furthermore developed and evaluated a specific eCRF system which was constantly improved after interim analyses of the performance of the eCRF (see Figure 1). This is the first internationally accepted and standardised E-system to collect data on resistance in viral hepatitis. We are now able to collect data in all different countries with an established data safety concept and the project was also approved by the local ethics committees. The initial purpose of establishing a data base and the evaluation of the eCRF system was performed during the first two years of VIRGIL. Thereafter, we were able to enter far more than 1000 patients in this data base. Since the main aim of the VirGil network was to perform and to enable research in the field of resistance, the main focus so far was on HBV infection as for this infection drugs are available which are already used in clinical practice and are associated with development of resistance. However, the eCRF system can also be used in future for hepatitis C. For HCV, new direct antiviral compounds causing resistance will be licensed from the year 2011 on. The established system can easily also adapted for HCV infection and could be used in future for similar studies. Thus, this first general objective of the platform was a big success as for the very first time an easy to apply and also flexible eCRF system for viral hepatitis has successfully been established. 
Figure 1: Virgil Surveillance Online Database (Viral Hepatitis)

[image: image1]
In terms of specific individual projects we were able to collect for the first time so-called real-life cohorts of Hepatitis B patients being treated with the antiviral compounds tenofovir and entecavir. These activities were coordinated by the Berlin group and the Rotterdam group, respectively. Both projects are of major importance for the field as patients were treated outside clinical trials and just do not represent only highly selected patients fulfilling in- and exclusion criteria of phase-3 registration trials. Both, entecavir and tenofovir proved to be safe and effective also outside clinical protocols. However, some limitations of both compounds were also detected. Both projects were highly recognised at national and international liver meetings and have just recently been submitted for publication. We expect publications of these important results within the next two/three months. 
Newsletters were sent to the Virgil partners regularly to infom them about the status of the projects (Figure 2).

Figure 2 :
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Furthermore the platform also has coordinated activities with project partners throughout Eastern Europe. E.g., Dr. Deterding and Dr. Wedemeyer (Hannover) have performed an important study on HBV genotype prevalence in Central and Eastern Europe. This study has important implications for development of national guidelines and treatment algorithms for the use of interferon’s versus oral antivirals targeting the hepatitis B virus polymerase. For the first time they could establish a map on the prevalence of different hepatitis B genotypes in Europe, showing that for example the genotype D which is responding poorly to interferon alpha is more prevalent in South-East Europe and in Russia as compared to Germany, Poland and Czech Republic. 

Another aim and objective of the platform was to enable networking with other VIRGIL platforms who than could perform basic research and resistance screening tests. We here have therefore established a system enabling transfer of serum to the platform 2 group in Paris. This server has been used by several partners and also has let to successful completion of projects that have been published already.
The VIRGIL viral hepatitis Surveillance-group is now meeting twice a year during the International European and American liver meetings. This survey group has been successfully implemented as a close group of collaborators which are highly active and have also been shown to publish outstanding internationally recognised papers.


The Surveillance data base has overall collected 1079 patients. Most patients are hepatitis B patients (904), and a significant proportion of those are also co-infected with HCV or the hepatitis delta virus. Of interest is that patients were born in more than 80 different countries of origin which is quite unique in the field. The modes of infections were covering all known sources for HBV infection including drug abuse, vertical transmission, sexual transmission and blood transfusion. Of importance, far more than 250 different individual treatment schedules were applied to these patients. E.g., many patients were first treated with interferon alpha, followed by lamivudine and then followed by various combination treatments or treatments with more novel compounds. Thus, this real-life data base for the first represents not only a well selected group of patients fulfilling all inclusion and exclusion criteria of phase-3 trials but rather reflected the real life setting with all different kinds of treatments applied to the patients which now enables us to analyse individual treatment responses with respect to different patients and pre-treatment characteristics as well as to study the long term course of hepatitis B virus infection in relation to response to antiviral treatment and the development of resistance which was the main objective of this platform. 


In summary, the Virgil-Surveillance viral hepatitis platform has been successful in establishing a unique clinical research tool which allows now to study the importance of resistance in viral hepatitis for long-term clinical consequences and health costs in a real-life setting. Individual extremely successful collaborative multinational European projects have already been completed which only were possible by the implementation of this network.
SURVEIL Influenza  Subgroup

The objectives of the surveil influenza platform was to foster influenza surveillance in Europe by initiating epidemiological studies related to the putative emergence of influenza resistant viruses. This implantation was carried out in the context of the already existing EISS surveillance system dedicated to epidemiological surveillance of influenza. 

The use of antivirals is limited in the management of influenza infections, due to the limited resources of antivirals (only to classes), and the lack of confidence of GPs in these products. However, several initiatives have been taken in the early days of Virgil. 

The platform leader together with partner 4 and partner14 tried to implement specific groups at risk of being infected by resistant viruses. These groups were implemented according to the clinical and virological information available at the time of the implementation of the Virgil program. The data available was that:

1 - No resistance (or very limited resistance) was observed in Neuraminidase inhibitors (NAIs)

2 - Resistance to Amantadine was reported in A (H3N2) viruses, but the use of these products was negligible in Europe

No information was available about the clinical outcome in patients infected with resistant viruses. Moreover, there was no signs or symptoms described as the hallmark for infection with these resistant viruses. It was decided to implant pilot groups in different countries to try to identify both the prevalence of such resistant viruses, and the putative clinical signs and symptoms associated with infection with a resistant strain. Pilot studies were implemented in elderly, children and immunocompromised patients, the groups more likely to be responsible for the development and dissemination of resistant viruses. Despite surveillance in these groups, no clinical hallmark could be identified. This aim was also difficult to reach because of the lack of large size epidemics recorded in Europe during the first virgil years.

During the last year, a A(H1N1) epidemic was observed . this epidemic was associated with the progressive emergence of a variant that presented a “spontaneous” mutation associated to resistance to oseltamivir, one of the major new antiviral against influenza.

The reactivity of the surveillance network allowed to the detection and the clear description of the epidemic and the spreading of the virus in Europe (Meijer et al, in press). Moreover, the collection of the clinical symptoms associated with the infection with a resistant virus showed no difference as compared to infection with a susceptible strain (Mosnier et al, 2008). The peculiarity of this epidemic was related to the fact that a resistant virus was not supposed to be able to be responsible for a large epidemic. The spreading of this virus was very large, and its fitness was comparable to this of the susceptible strain. This could be assessed by the collaboration with partner 4 and 27 (Lackenby et al, 2008, Rameix-Welti et al, 2008)

The last year of surveillance allowed to the collection of interesting clinical and epidemiological data, showing again that influenza viruses and always doing what we don’t expect them to do. 
2. VIRGIL-CLINVIR platform 

Contractual Objectives for the whole duration of the VIRGIL –CLINVIR platform
The objectives of the VIRGIL-CLINVIR platform are to implement an EU-wide virological detection and surveillance system for patients at risk of development of resistant strains and a diagnostic platform for characterization of resistance when it occurs. This clinical virology platform also aims at evaluating new diagnostic tools that are relevant for viral drug resistance monitoring. Overall the objectives for both hepatitis and influenza are summarised below:

· Develop central platform for phenotypic and genotypic testing of HBV, HCV and influenza

· Liaise with appropriate clinical groups to ensure collection of appropriate community/hospital based isolates, and clinical material from different cohorts of infected patients at risk of developing viral resistance, providing a suitable archive of well characterised material

· Develop panel of resistant and wild type partner strains for use as reference material and quality assurance (HCV,HBV and influenza)

· Link phenotypic and genotypic data in accessible databases which serve the clinical communities providing the original clinical material as well as the research scientists in other parts of the VIRGIL network, especially the INNOTECH platform.
Main achievements for the whole duration of the VIRGIL –CLINVIR platform
CLINVIR Viral hepatitis B and C Subgroup
The objectives have been reached. A fully operational set of centralized technological platforms has been installed to ensure clinical virology surveillance of HBV and HCV resistance. A European repository of resistant HBV and HCV strains has been built and will continue to be filled in. Available strains are lamivudine-, adefovir- and entecavir-resistant HBV and nonresponder HCV to pegylated interferon-ribavirin combination. Additional samples from patients included in clinical trials are protease inhibitor-resistant HCV strains. Panels for quality controls for HBV and HCV genotyping and viral load have been circulated in several laboratories involved in Virgil ClinVir. Collections of biological samples have been made available for academic collaborators. A number of new technologies and virological tools have been evaluated and validated for HBV DNA and HCV RNA quantification, determination of the HCV genotype, and genetic characterization of HBV and HCV resistance. These technologies are the ones used in clinical trials performed at the European level, including paediatric studies. A number of studies describing viral kinetics during therapy have been conducted in both adult and peadiatric patients, infected with HCV and receiving a combination of pegylated interferon alpha and ribavirin or infected with HBV and treated with either pegylated interferon or nucleos(t)ide analogues. Mathematical modeling of viral decay has been performed locally, due to the lack of a centralized ViRgil service. Extra-hepatic replication kinetics has been studied by means of new assays developed. Overall, a European framework into which trials of new hepatitis antiviral drugs could be integrated, including paediatric, has been established and will continue as Virgil-HEP beyond the end of the EC contract duration, under the umbrella of the European Association for the Study of the Liver.
VIRGIL CLINVIR (influenza) involved partner 5, 7, 26 and 53, and worked in close collaboration with VIRGIL SUVEILL platform.   The major objectives of the  influenza platform were to develop a coherent, systematic approach to antiviral susceptibility monitoring for anti influenza drugs (Neuraminidase Inhibitors and Amantadine) in Europe and to link the information obtained to phenotypic and genotypic analysis of influenza virus strains obtained through routine surveillance. Further objectives included establishing a central laboratory capability and an information database.  All objectives have been met, as described below

.  
CLINVIR Influenza Subgroup
The overall objective for CLINVIR (influenza) was to develop a functional surveillance network within Europe, capable of tracking antiviral resistance.  This has been achieved through the cooperation of 30 European states which participate in EISS (European Influenza Surveillance) partner 53, so that representative virus isolates which are obtained as part of national surveillance activities are analysed in a coordinated manner.  Initially, this occurred through a central reference laboratory (HPA) prior to countries establishing the capability for national surveillance activities, but as more countries establish at least partial capability for antiviral surveillance, the role of the central laboratory has become one of dissemination of expertise, training and method development. Exchange of personnel with partner 26 has taken place under a VIRGIL mobility fellowship. These activities are now fully integrated into national influenza surveillance in Europe, providing the basis of regional public health reports to WHO and ECDC  ( Milestone 3.5 3.8 and Deliverable 3.9)

A training programme on NI resistance tests for directors of WHO national influenza reference centres has also been set up by the Virgil team directed by Dr. Maria Zambon (Health Protection Agency, London, United Kingdom). The objective is to allow each European country to autonomously develop the necessary skills to monitor resistant strains circulating in its territory.
The unexpected emergence of significant antiviral resistance to oseltamivir in Jan 2008 proved an excellent test of the capability of the platform and the activities of the  workpackage, as several thousand virus isolates were analysed, in comparison to the  several hundred which had been expected. In addition the VIRGIL central laboratory acted as a reference laboratory for several countries outside Europe without the capacity to undertake antiviral resistance monitoring.
The European  2007-2008 data  were publically communicated to health authorities (WHO/ECDC/EU) as a time series of analysis of European isolates through the VIRGIL/EISS website (with partner 53) and through peer reviewed publications. Importantly, data developed by VIRGIL in Jan 2008, formed the basis of the use of the International Health Regulations (IHR) by Norway to notify global health communicates and WHO of the emergence of oseltamivir resistance in H1N1 seasonal influenza.   Unusual clinical virus isolates were provided to partner 7 for model work, to attempt crystallisation and structural studies on the Neuraminidase of these viruses.
Apart from their immediate benefit on seasonal influenza, the skills and infrastructures developed in the context of this programme could be mobilized in the event of an influenza pandemic. The H5N1 virus continues to circulate in Asia and Africa, inducing numerous epizootic infections in wild and domestic birds and the risk of emergence of a pandemic still remains high, according to the WHO. At the present time, all countries of the EU have set up stocks of oseltamivir. These drugs will only be useful if they are used rationally, and if the emergence of resistant viral strains is controlled by continuous surveillance set up throughout the EU according to a sufficiently dense network.
In summary, the major achievements of the VIRGIL CLINVIR (influenza) Platform during the duration of the VIRGIL programme have been to:
· Develop the  phenotypic and genotypic methodology suitable for antiviral susceptibility screening of influenza viruses to Neuraminidase Inhibitor drugs (NIs) and amanatadine (2004-2005)

· Develop a functional network of EU countries participating in antiviral susceptibility monitoring (2004-2008)

· Disseminate the laboratory methodologies suitable for national surveillance programmes through wet laboratory training courses  (VIRGIL laboratory training course 2006) see picture 3.
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Figure 3: Picture of the 2008 VIRGIL CLINVIR Influenza international training course
· Develop data handling and statistical routines for the analysis of surveillance data, and disseminate these to countries undertaking surveillance (2007)

· Support the conduct of clinical trials into the emergence of drug resistance and identify unusual drug resistant viruses for further characterisation (2006- 2008)

· Investigate the NI susceptibility of human, avian and swine H1N1 viruses

· Develop a functional informatics platform for the analysis of antiviral susceptibility data,  by location and time ( EISS-VIRGIL database 2007-2008 accessible www.eiss.org)

· Provide the global early warning signal of the emergence of significant antiviral resistance in seasonal influenza H1N1 (2008)

· Act as a central reference laboratory for virus isolates from Europe, S American and African countries in response to the emergence of H1N1 H274Y resistance

· Provide the data for the first use of the International Health Regulations (IHR) by Norway in Jan 2008 to notify the global health community of the emergence of  widespread resistance to oseltamivir in influenza A H1N1

· The template of antiviral surveillance activity developed by VIRGIL is now carried forward into regional European Influenza surveillance as coordinated by ECDC, with the Community Network of Reference Laboratories (CNRL) from Nov 2008 to Oct 2011, with continuation of database, laboratory surveillance and data analysis

3. VIRGIL-MODELS platform 

Contractual Objectives for the whole duration of the VIRGIL-MODELS platform
The overall objective of the MODEL subnetwork is the development of platforms for the detection and characterization of drug-resistant viruses, understanding the mechanisms of their emergence and evaluation of their clinical significance in the fields of chronic hepatitis B and hepatitis C and influenza. Workpackage 5 encompasses the establishment and implementation of complementary in vitro, cell culture and animal model systems for assessment of drug susceptibility, together with genetic and structural studies of the molecular bases of resistance. 
Main achievements  for the whole duration of the VIRGIL-MODELS platform
MODELS Viral hepatitis B and C Subgroup 
The main objective of the MODELS platform was the implementation of standardized test systems (cell culture, in vitro, animal models) to determine antiviral drug resistance in Hepatitis B and C and in influenza virus infections. Various systems to test the infectivity and the “fitness “of viral mutants based on cell culture assays, biosensor technology, on the ability to produce particles or based on replicon assays have been established and used. The combination with 3D-structure analyses of proteins and enzymes carrying mutations that mediate antiviral drug resistance led in several cases to an improved understanding (e.g. HCV NS5B including natural variants and complexes with inhibitors). Selected examples representing the major achievements of the MODELS platform are: a) Inhibition assays were set up and evaluated with HCV NS3 mutants giving rise to resistance to BILN-2061 and VX-950, for predictive resistance analysis, b) mouse models suitable for infection with HBV and HCV have been developed and implemented for the assessment of novel antivirals and drug resistance, c) a centralized platform for HBV phenotyping assay has been set up, d) HCV replicons were generated carrying reporter genes that allow an easy read-out of RNA replication by measuring luciferase activity, e) with the help of the novel developed HCV cell culture systems studies addressing the mode-of-action of a few selected antiviral compounds like e.g. cyclosporine and analogues thereof as well as iminosugars on HCV life cycle were performed, f) new techniques were developed to study HBV cccDNA functions and its epigenetic regulation as a basis for assessing the efficacy of established and novel antivirals for inhibition of HBV cccDNA formation, g) studies of the effects of combination therapy on the development of antiviral drug resistance were performed, h) 3D-structure analysis of HCV NS5B, NS3 and HBV polymerase were made, i) in vitro assays for HBV polymerase and nucleocapsid assembly were established to measure drug resistance.

These selected examples of gained knowledge demonstrate the successful interaction between the partners that finally led to the implementation of test systems for standardized analysis of resistance development in HBV and HCV infections.
MODELS Influenza Subgroup 
One of the major achievements of the VIRGIL-MODELS Influenza subgroup programme has been the co-ordinated establishment of a platform for the screening of contemporary influenza viruses for resistance to anti-influenza drugs. This coincided with the first emergence of significant drug resistance, initially to amantadine and rimantadine, due to their greater use in S.E. Asian countries, and more recently to the emergence and dominance of oseltamivir-resistant H1N1 viruses in the absence of drug pressure. VIRGIL thus provided the added capacity and expertise, provided in part by a timely VIRGIL -EISS training course for European labs in October 2006. The establishment MDCK-SIAT1 cells together with a robust microtitre plaque reduction assay for phenotypic characterization of drug susceptibility by partner 29 was a major advance in obtaining reproducible phenotypic data. A transient expression assay in 293T cells, developed by partner 27, for study of the influence of mutations on the activity of NA and its drug susceptibility has proved to be particularly useful in providing insights into the mechanism of the emergence of oseltamivir-resistant H1N1 viruses. Partner 29 also showed that infection of HTBE cultures was a particularly sensitive phenotypic assay for assessment of drug susceptibility and had the potential to be used as a surrogate assay for assessment of the potential clinical significance of drug-resistant mutants in the absence of data from animal models. Two complementary animal models were developed and have been adapted to analyses of drug susceptibility of H5N1 viruses: a mouse system particularly suited to testing of drug with low bioavailability, by partner 28, and the “human-like” ferret model, by partner 12, which provides the most relevant data regarding the potential clinical significance of drug resistance mutations. Structural studies of N1, a group 1 NA, was shown by partner 7 to possess an additional cavity adjacent to the catalytic site, which could be targeted for the development of other anti-NA drugs. Differences in the structures of N1 and N2 NAs readily explained the subtype specific differences in drug resistance determinants. Structures have been obtained for four drug resistant NAs in complex with drug, providing molecular explanations for: resistance of N1 to oseltamivir due to H275Y, with retention of sensitivity to zanamivir; resistance to oseltamivir of N1 due to N295S  or a deletion 244-247; and resistance of N2 to zanamivir due to a sporadic Q136K mutation. The fruitful collaboration between partners 30 and 31 on the structure of the virus polymerase has resulted in high resolution crystallographic structures of some of the polymerase components, especially PB2, and low resolution structure of the RNP. These have provided a better understanding of the processes of virus RNA transcription and replication and the structure of the cap-binding domain has revealed its potential as a target for selective drug development.  
Overall, the work of the MODELS-Influenza subgroup in the context of VIRGIL as a whole, has provided the tools to detect drug-resistant influenza viruses, assays to characterise the extent and nature of the resistance, as well as providing an explanation of the structural bases of resistance and a better understanding of the potential for resistance emergence.

4. VIRGIL-HOST platform 

Contractual Objectives for the whole duration of the VIRGIL-HOST platform
The overall objective of the HOST platform is to define the role of host factors for the development of antiviral drug resistance. Three different areas are covered by this platform, namely host genetic factors, interactions between the virus and the host at the cellular / molecular level, and the virus specific immune response. 

Main achievements  for the whole duration of the VIRGIL-HOST platform
The general objective of the VIRGIL HOST platform was to identify and characterize the role of host factors for the development of antiviral drug resistance. With regard to the hepatitis viruses, three areas were covered, namely host genetic factors, interaction of viral proteins with host proteins, and antiviral immune responses. For the analysis of genetic factors, a large genetic database of more than 5000 patients with hepatitis B or hepatitis C virus infection and different outcomes of infection and treatment responses including antiviral drug resistance was set up. By exchanging material between several partners an extensive analysis of host genetic factors was performed which yielded several significant associations, in particular with genes involved in the regulation of the innate immune response. New stably transfected cell lines for the analysis of interaction of viral proteins with host factors and the study of viral replication within the host cellular environment were produced and shared between several other groups within the HOST and the MODELS platform. Finally, an extensive analysis of host immune responses against hepatitis B and C, including innate and adaptive immune responses was performed in search of clear immune correlates of protection and the role of antiviral immune responses for the development of antiviral drug resistance. The assays that were jointly developed during the project were standardized to serve as immunomonitoring tools for clinical trials of therapeutic vaccination and one phase I trial initiated by a HOST partner is currently ongoing.

For the activities of Virgil-HOST regarding influenza viruses, the major objectives to bring forward the concept of using of host-factors as targets for antiviral intervention to prevent resistance development has been successfully driven to a stage, were selected lead drug candidates have entered a drug development programme in collaboration with SMEs. This major achievement has been backed up by numerous novel research results on interference of viruses with intracellular factors and signalling pathways as well as the interferon response. Novel mechanisms have been identified and novel cellular interaction partners of viral proteins have been characterized. This knowledge now serves as a pipeline to further drive forward research on mechanisms of resistance development and strategies of resistance prevention. 

5. VIRGIL-DRUGPHARM platform 

Contractual Objectives for the whole duration of the VIRGIL-DRUGPHARM platform
The general objectives of VIRGIL-DRUGPHARM are to provide a technical platform to support research activities in other platforms, in particular SURVEIL, CLINVIR and MODELS. The first aim is to provide the entire network drugs that are otherwise not available to the partners (partner 10 KULeuven, laboratory Herdewijn and partner 48) are responsible for the synthesis, partner 10 (KULeuven laboratory Neyts, is responsible for the organisation of the library and webtool). The objectives of this platform that are under the responsibility of partner 10 (Neyts) are also to develop pharmacokinetic assays and to monitor on demand the drug levels in serum of patients in particular for non-responders to Hepsera therapy. A major objective of this platform is also to design molecules with a novel mechanism of antiviral activity and that have a unique resistance profile. Likewise, an important objective is to understand the impact of drug combinations that may be (unintentionally) used on their antiviral activity and to elaborate antiviral strategies that may delay or prevent the development of antiviral resistance. A final goal is the spreading of knowledge in the field of antiviral therapy for HCV, HBV and influenza. 

Main achievements  for the whole duration of the VIRGIL-DRUGPHARM platform
The general objectives for this Platform was  to establish a chemical library with reference antiviral compounds,  to organise this information into a VIRGIL Webtool (virtual pharmacy) that can be consulted by the different partners and to provide the compound to the partners on their request.  Other objectives are such as providing general services such as to provide services in terms of developing drug detection methods for PK studies.  This platform has been largely involved with all of these integrating activities. The  VIRGIL-DRUGPHARM chemical library that was already established during the first  years of the project has been further expanded during the last year of the project. Antiviral compounds have been provided to partners upon their request.  Together with partner 3 (Hannover) and with Partner 1 Inserm (Zoulim (Lyon)) plasma levels of adefovir have been determined in primary non-responders. It was demonstrated together with partner 1 that suboptimal response to adefovir dipivoxil therapy for chronic hepatitis B in nucleoside-naive patients is not due to pre-existing drug-resistant mutants (Carrouée- Durantel et al., 2008). The in vitro anti-influenza activity of 2-alkyl-2-aminoadamantanes was reported together with Partner Hay (London) (Kolocouris et al., 2007). Phosphoramidate dinucleosides were identified  as HCV polymerase inhibitors  together with partner 37 (B. Canard.) (Zlatev et al., 2008). The comparative in vitro anti-hepatitis C virus activities of a selected series of polymerase, protease, and helicase inhibitors was evaluated in a joint study with partner 6 (Bartenschlager) and reported (Paeshuyse et al., 2008).  The potent in vitro activity and particular characteristics of the imidazopyridines has been studied and reported together with partner Purstinger (Innsbruck).  (Vliegen et al., 2008).  

6. VIRGIL-INNOTECH platform 

Contractual Objectives for the whole duration of the VIRGIL-INNOTECH platform
The purpose of the INNOTECH platform is to “promote technology transfer of drug resistance testing tools and innovation aspects to SMEs or bigger industry companies, and their application to the clinical situation”. This includes also the development of highly innovative bioinformatic tools for the analysis of resistant viruses.
Main achievements  for the whole duration of the VIRGIL-INNOTECH platform
The objectives of the INNOTECH platform were to develop and validate novel tools for drug resistance understanding and management. The partners involved in INNOTECH platform developed numerous in silico or experimental tools. An HBV phenotypic assay was validated on a high number clinical samples corresponding to baseline or viral breakthrough. The assay is ready to perform phenotype analysis of VIRGIL sample’s partners and validation of the phenotypic assay on clinical samples from patients receiving adefovir (collaboration with Bioalliance, Bari University and Gilead Sciences).

A prototype of reagent based on PCR and DNA-Chip (Affymetrix) was designed and realized to perform genotyping and mutations in the HBV genome which are useful for patient management and molecular epidemiology surveys. This product has been transferred from bioMérieux to Fondation Mérieux in the frame of a contract between the two entities

A DNA-based assay for genotyping of influenza A is under development by Biomerieux.
In addition to that, the European HCV sequence database (euHCVdb, http://euhcvdb.ibcp.fr) was developed by partner 37 as well as the HCV 3D models database. Partner 37 from Lyon France is still updating and maintaining this euHCVdb database. The current release number is 96 of 24 November 2008. The sequence database contains 69536 entries and the 3D database contains models for 6650 HCV proteins. The database receives 5000 requests each month. Thus, euHCVdb is a powerful integrated tool that can be used for new analyses (e.g. alternate reading frame, structural biology of the virus, codon usage), and that opens new perspective for new bioinformatics developments (e.g. prediction of resistance mutations, pehno-to-geno approach by partner 25).

The databases were used to perform sequence analysis on codon usage in HCV genome and structural analysis to better understand resistance mutations, with the final goal to predict resistance mutation. This platform worked on bioinformatics analysis of HCV protein interactions and drug resistances and investigated correlations between genetic variations and resulting therapeutic efficiency (correlations viral genetics/phenotype/clinical data) by the mean of statistical learning methods and with the goal to develop new tools using the database. 

7. VIRGIL-IMPACT platform 

Contractual Objectives for the whole duration of the VIRGIL-IMPACT platform
The VIRGIL-IMPACT subnetwork is evaluating the societal impact of drug resistance in terms of morbidity, monitoring and treatment costs. This will allow to assess at the European level, the benefit of this coordinated effort for the proper use of antivirals, and the cost/benefit of different approaches to prevent or combat viral drug resistance. A special emphasis is being made on any important societal differences between European countries with different health care systems. To that aim, information is being collected via Internet, analyzed and integrated into the general VIRGIL Web-site.

Main achievements  for the whole duration of the VIRGIL-IMPACT platform
The key objective for this Platform was to estimate the societal impact of antiviral drug resistance in terms of mortality, morbidity and costs. A mathematical model was established that incorporated the age-specific prevalence of viral hepatitis B in a country and the progression of disease in infected individuals not receiving specific antiviral therapy over a period of 20 years(the natural history). The mortality due to hepatitis B related causes is very high (40% in 20 years) in those with active, potentially progressive disease. If this cohort is fully detected and treated, mortality related to liver causes can be reduced by 90% if an antiHBV drug with a very low incidence of resistance is chosen from the start. The first licensed antiHBV drug, that still has a major market share due to its low side-effect profile and relatively low price is associated with a high incidence of resistance and estimated to only reduce the mortality by 50%. The impact of antiviral resistance can be large in hepatitis B since antiviral resistance can negate about 50% of the efficacy of a major first-line antiHBV drug. However, if second or third generation antiHBV drugs with low or very low incidence of antiviral resistance are available and reimbursed in a country, antiviral resistance appears then no longer a public health problem, according to mathematical modelling. The model for assessing the burden of disease in hepatitis B was developed for the Netherlands, but can be applied to all countries in the EU. Currently the model is now applied to Germany and Turkey
Less clarity exists on the impact of antiviral resistence for influenza and anti-influenza drugs, since adequate clinical data have only come available recently. 
Another major objective was to develop a doctor online consultation (VirDoc) for patients with antiviral resistance. Such an e-consultation service aimed to help physicians in caring for chronic hepatitis B patients with antiviral resistance. Following evaluation, physicians have indicated that VirDoc was difficult to use because physicians had to fill in time-consuming data forms and use sophisticated login and security procedures designed to protect patient privacy. To overcome these barriers, a simple form has been developed, which uses a rapid data entry method and anonymous patient data, thereby avoiding complex log-in. A small network of consultants, that consisted of renowned hepatology experts, was maintained for several years. However, the use of this working system of online consultation has been low. E-consultation is potentially effective, but internet-consultation is currently not in the workflow of physicians. A major marketing effort is required to change behaviour of physicians in this respect.

Evaluation of the societal impact of ViRgil activities was a third objective. Various internet-based knowledge tools for both influenza and hepatitis field have been developed. The tools are namely BiBo for online library, NarCo for online contact persons database, and K parK for a dedicated search engine. All tools were launched in 2006 and were maintained in 2007-2008 
Virgil’s Internet website www.virgil-net.org was enhanced and updated regularly. The underlying web service and content management technologies (Linux/Apache and Zope/Plone) combine a number of features suitable for the VIRGIL network:

· decentralized content generation and update,

· optional support for multiple languages at the level of navigational and content items,

· sustainability at low cost due to open source technologies,

· enabled for content management according to accessibility guidelines.

These features have proven to be well suited here and may be useful in other networks

Dissemination and Use

In 54 months, more than 500 high level publications were generated from the VIRGIL partners’ collaboration projects. Many tools and standards were created, IP-protected when applicable, and disseminated. It is certain that the integration achieved thanks to the FP6-EC support will be maintained far beyond the end of the contract, as it allowed reaching an unmet dimension in virology science, above the national frontiers. As an illustration, below is a partial list of major exploitable results and products that were generated:


	Use of liver biopsy fragments to assess the antiviral activity of novel antiviral agents
	
	Medical
	2008
	Internal know how
	Partner 58:  Barts and the London school of Medicine

	N/A
	Registry of HCV-infected patients in Switzerland consisting of a centralized database and clinical sample. Most patients have also consented  to participate into genetic studies.
	Clinical treatment trials
	2008 onward
	No patents
	Partner 20:

The Swiss Hepatitis C Cohort Study, funded by the Swiss National Science Foundation.

	cccDNA quantification by real time PCR in a cell based full replication system
	HBV replication system
	Medical

Industrial
	2007
	Early 2006
	Partner 55 (owner)

	cccDNA ChIP
	HBV ChIP assay
	Medical Industry
	2007
	Early 2006
	Partner 55 (owner)

	Establishment of wt and variant HBV producing cell lines
	Inducibly wt- and drug-resistant variant HBV producing cell lines
	Drug development and resistance testing
	Not yet foreseeable
	Exposé for potential licensing currently at partner 50 BioMerieux
	P32: Nassal, Moradpour, Sun;

P1: Zoulim

	Chimeric murine model comprising human hepatocytes Albumin-urokinase Plasminogen Activator (Alb-uPA) transgenic mouse model
	Use for screening compounds
Ex of application: Information about the antiviral activity of BAY41-4109 against HBV in uPA/SCID mouse model


	Medical
	
	Patent INSERM/Pasteur Institut
	Partners 1 / 27

Serban Morosan, Stéphanie Hez, Françoise Lunel, Laurent Renia, Christian Brechot, Dina Kremsdorf, Pierre Druilhe

	
	DNA chip technology for HBV genotyping in a large cohort of patients (BioMerieux).


	
	
	Patent 
	Partner 1 (Zoulim) / Partner 50

	
	Central European repository of resistant hepatitis virus strains

	Provide sequence analysis, run viral kinetics studies, evaluate the performance of new virological assays.In vitro assay for assessment of HCV polymerase function, use this assay to assess the antiviral potency of new HCV inhibitors, use this assay to study the consequences of resistance mutations on enzyme function and resistance to antivirals.
	
	
	Partner 1 (Pawlotsky)

	Determination of the antiviral activity of new antiviral drugs (PMEO-Dapym) and their cross resistance profile. 


	
	
	
	Patent 
	Partner 1 (Zoulim)

	Evaluation of the anti-HCV activity of Interferon variants in the replicon system.


	
	
	
	
	Partner 1 (Zoulim)

	Determination of the mechanism of action of iminosugars on HCV morphogenesis
	
	
	
	
	Partner 1  (Zoulim) / Partner 39

	
	Phenotypic assay for HBV drug resistance monitoring (BioAlliance)

which may represent a new antiviral target for HCV therapy. 


	
	
	Inserm Patent
	Partner 1 (Zoulim)

	DNA-Chip and associated technologies for virus genotyping
	New reagent and diagnostic platform for the identification of HBV and HCV polymorphisms
	1. Medical

2. Clinical research

3. In-vitro diagnostic and pharmaceutical industry
	2008


	To be determined


	Partner 50

	A new HBV phenotypic assay
	To be determined with partner#49
	1. Medical

2. Industrial inspection
	To be determined with partner#49
	A patent application has been filled in 2005


	Partner1 and Partner 49

	Suitability of NF-kB inhibitors as anti influenza drugs
	
	Drug development
	
	protected by previous patent claims
	-Activaero GmbH, Gemünden, Germany

-4SC AG, Munich, Germany

	New cell line for testing NAI resistance of influenza viruses
	MDCK-SIAT1 cells
	 Medical and Industrial


	Not defined yet
	Journal Publication,

MTA
	Partner 29 (owner)



	New plaque assay of virus infectivity and drug sensitivity
	Plaque assay under AvicelTM Overlay medium and SOP for plaque assay
	 Medical and Industrial


	Not defined yet
	Patent, 

Journal Publication,

MTA
	Partner 29 (owner)



	New cell lines for testing inhibitors of influenza virus-activating proteases
	MDCK-HAT and MDCK-TMPRSS2 cells
	Medical  and Industrial
	Not defined
	MTA
	Partner 29 (owner)



	VirDoc Decision support system for online consultation on antiviral resistance cases in chronic hepatitis B


	Web-based service
	1.Medical

2. IT
	2006
	-
	Partner 14

	Central knowledge database


	Extranet 
	1. IT
	-
	-
	Partner 14

	Scientific presentation slides on antiviral resistance in chronic hepatitis B


	Computer file
	1. Medical
	-
	-
	Partner 14

	Knowledge tools: web-based database (Kpark), electronic library (Bibo) and specific browser dedicated to Virgil (Hamac)
	Web-based service
	1. Medical

2. IT
	-
	-
	Partner 13

	A validated DNA-Chip based reagent for the genotyping of HBV. 
	Diagnostic reagent
	In-vitro diagnostic industry
	2015
	Industrial know-how
	Biomérieux (Partner 50)

	Estimation of disease burden
	Mathematical model for country-specific

assessment
	Public health
	2009
	Not applicable
	Partner 14 Erasmus
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