Quality of Life and Management of Living 

Resources Programme (1998-2002)

( contents


Periodic Report (3rd year)

Contract Number
: 
QLK2-CT-2000-00143

Project acronym
:
ReoID

Qol action line

:
Control of infectious diseases 99/C64/14

Reporting Period 
:  
01/01/2002 – 31/12/2003
Section I: Project Identification

( contents


	Contract number : 

QLK2-CT-2000-00143


	Title of the project : 

Phylogenetic sequence analysis and improved diagnostic assay systems for viruses of the family Reoviridae 



	Acronym of the project : 
Reo ID



	Type of contract : 

RTD


	Qol action line : 

Control of infectious diseases 99/C64/14


	Commencement date: 
01/01/2001

	Duration : 


36

	Total project costs : 

1,222K Euro

	EU contribution : 

1,222K Euro

	Project co-ordinator:

Partner 1

●
Name:


Professor Peter P. C. Mertens

●
Organisation:

The Institute for Animal Health, Pirbright Laboratory, 

●
Postal address:

Ash Road, Pirbright, Woking, Surrey, GU24 ONF,  UK
●
Telephone : 


+44(0) 1483 232441

●
Direct line and voice mail:
+44(0) 1483 231017

●
Fax  : 



+44(0) 1483 232448

●
e-mail :


peter.mertens@bbsrc.ac.uk

	Keywords: 


Reoviridae,  Orbivirus,  Aquareovirus, Seadornavirus, 





Bluetongue virus,  Diagnosis  

	World wide web addresses : www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/rt-pcr-primers.htm
(Username: ReoID,  password: dsRNAvirus1) 

www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/


	Participant 3


●
Name:

Dr. Stéphan Zientara

●
Organisation: 

Agence Francaise de Securite Sanitaire des Aliments

●
Postal Address: 

22, Rue Pierre Curie, Boite Postal 67, Maisons Alfort Cedex 94703, 

France

●
telephone:

+33 (1) 4977 1300

●
fax:

+33 (1) 4368 9762

●
e-mail


s.zientara@afssa.fr


( contents


	Participant 4 :

●
Name: 
Dr. Jose F. Rodriguez

●
Organisation
Departamento de Biologia Molecular y Celular

●
Postal Adress: 
Centro Nacional de Biotecnologia (C.S.I.C.), U.A.M. Cantoblanco, 


28049 Madrid, Spain

●
Telephone 
+34 (91) 5854558

●
fax
+34 (91) 5854506


●
e-mail
 jfrodrig@cnb.uam.es
Participant 5 : 


●
Name: 
Dr. Maria Koubati- Artipiou

●
Organisation:
Laboratory of Microbiology and Infectious Diseases, 

●
Postal address
Faculty of Veterinary Medicine, Aristotle University, 54006 
Thessaloniki, Greece.

●
telephone 
+30 (31) 999 924


●
fax
+30 (31) 999 959

●
e-mail
koumbati@vet.auth.gr



( contents


SECTION II : PROJECT PROGRESS REPORT

TABLE OF CONTENTS (with hyperlinks)
Page

1. OVERVIEW OF THE PROGRESS DURING THE REPORTING PERIOD

5

Summary of the main project objectives

5

Objectives for this reporting period:
Reference Collections:

5



RNA sequence analyses:

5



Improved assay systems:

6



Web sites for molecular biological data:

6
Overview of scientific progress for project as a whole for this reporting period 

6


Virus Collections:
Orbiviruses:

6




Aquareoviruses:

7



Coltiviruses and Seadornaviruses:

7


RNA sequence analyses:
Bluetongue viruses:

7




Other Orbiviruses:

9



Coltiviruses:

9



Seadornaviruses:

10



Aquareoviruses:
11



Other members of the family Reoviridae:

11
Virus purification, antibodies, serological / RT-PCR assays virus identification
12



Orbiviruses

12



Seadornavirus

12



Coltiviruses

12


Aquareoviruses:

13


Structural studies

13

Web sites for molecular biological data

13
Progress achieved against the activities planned for the period

13
Updates of tables 1, 2 and 3 from the technical annex 
Table 1:  List of Workpackages
15

Table 2:  List of Milestones

16


Table 3:   Deliverables list

18
2. STATUS OF THE INDIVIDUAL WORK PACKAGES

20
WP number 1: Set up Reference Virus Collections  

20
WP number 2: Genome sequence analyses for seadornaviruses and coltiviruses

21
WP number 3: Virus genome sequence analyses for aquareoviruses

22

WP number 4: Genome sequence analyses of orbiviruses  
23
WP number 5: Virus purification, production and characterisation of antibodies for serological assays 

24




WP number 6: Design and test PCR based assay systems  
25

WP number 7: Evaluate improved orbivirus assays for diagnostic purposes
26

WP number 8: Epidemiological  studies of seadornaviruses / coltiviruses
27

WP number 9: Epidemiological  studies of Aquareoviruses  
28


WP number 10:   Set up and maintain web sites  
29
3.
CONTRIBUTION OF THE PARTICIPANTS 
Partner 1 
30


Partner 2
31


Partner 3
32


Partner 4
33


Partner 5
34
4. PROJECT MANAGEMENT AND CO-ORDINATION 
35

Planned Allocation of human resources to the project 
35
5. EXPLOITATION AND DISSEMINATION ACTIVITIES
36
6. ETHICAL ASPECTS AND SAFETY PROVISION
39
7. PLANS FOR THE NEXT REPORTING PERIOD
39
8. REQUESTS TO THE COMMISSION
 
39
SECTION III : SCHEMATIC DESCRIPTION OF THE PROJECT 
40
ANNEXES 
41

Report of ReoID partner 1 during the second reporting period
42

Report of ReoID partner 2 during the second reporting period
50

Report of ReoID partner 3 during the second reporting period 
55

Report of ReoID partner 4 during the second reporting period
70

Report of ReoID partner 5 during the second reporting period 
72
 1: OVERVIEW OF THE PROGRESS DURING THIS REPORTING PERIOD
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Summary of the main project objectives 

The Reoviridae is a family of dsRNA viruses that includes human pathogens and economically important viruses of animals, several of which threaten the EU.  The project focuses on the genera Coltivirus and Seadornavirus (which include human pathogens, e.g. Eyach virus), Aquareovirus (of fish) and Orbivirus (which includes the virus species Bluetongue virus (BTV), African horse sickness virus (AHSV), Epizootic haemorrhagic disease virus (EHDV), Equine Encephalosis virus (EEV) and Palyam virus (PALV)) and several other virus species some including some unassigned viruses.   
The project aims to develop improved / faster diagnostic methods and assays for identification of virus genus, species and serotype.  These will help improve our understanding of the epidemiology of these viruses, in evaluation of the threat they pose, and in the design of appropriate control strategies. These assays will be used to study virus epidemiology within Europe and elsewhere both to clarify inter-virus relationships and to identify new virus isolates that may pose a threat in the future.  The project will establish reference collections of viruses and reagents for diagnosis and research and will set up web sites providing up to date technical information     

The project objectives are to generate RNA sequence data, serological reagents, improved assay systems; cDNA clones and reference collections for certain genera and unassigned viruses, of the family Reoviridae. The RNA sequence data will be used to identify new or unassigned viruses from the Reoviridae. Full genome sequencing will be undertaken for representative isolates of virus genera that are not yet fully characterised (including Coltivirus, Seadornavirus and Aquareovirus) and some Orbivirus species (complete sequences already exist for BTV and AHSV).

The project will develop improved serological and RT-PCR based assay systems for detection and identification of different coltiviruses, seadornaviruses, aquareoviruses and individual Orbivirus species.  Using these assays, studies will be made of the prevalence of coltiviruses, and seadornaviruses in tick populations within Europe and in ticks provided by other collaborating laboratories.  Assay systems will also be constructed for aquareoviruses to assess their distribution, prevalence and impact in commercial fisheries.  Assay systems for different BTV serotypes and the different orbivirus genera (serogroups) will be subjected to validation exercises, to assess their sensitivity, reliability and level of discrimination.  Provided these steps are completed successfully, these assays will be made available to diagnostic or reference laboratories within the community. Purified virus particles will be used for structural studies by electron microscopy, cryoelectron microscopy, and for crystallisation trials, making use of existing collaborations with other ‘structural’ laboratories. Dedicated web sites will be constructed to collect and disseminate information concerning the viruses.  It is anticipated that because of similarities in the techniques used there will be visits and informal exchanges of information and personnel, complemented by workshops and conferences involving all of the partners.

The project will also develop reference collections for the genera Orbivirus, Aquareovirus, Coltivirus, Seadornavirus (as well as new or currently unclassified viruses).  These collections will contain different virus isolates, species and serotypes as well as reference antisera and cDNA clones of different genome segments, for further study.  

THE OBJECTIVES FOR THIS REPORTING PERIOD: 
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Reference Collections: The existing isolates of seadornaviruses, coltiviruses, aquareoviruses, and orbiviruses, formed an initial basis for reference collections of the different virus genera.  Efforts will continue throughout the third year of the contract to add further virus isolates, together with relevant information concerning their origins (isolation, passage history and isolation). These viruses will provide materials for further study, involving RNA production, cDNA synthesis & cloning, sequencing, particle purification and antibody production.  Cell adapted strains, cDNAs, antibodies and antibody generating cells will be added to the collections, to provide a resource of diagnostic reagents and for further study. 

( contents



RNA sequence analyses:  Work will continue, using improved methods developed during the project for cDNA synthesis, cloning and sequencing of dsRNA viruses.  These include improved RNA isolation methods, ligation of novel oligonucleotide linkers to the RNA and use of high efficiency primers. Full genome sequences will be generated for selected seadornaviruses, coltiviruses, aquareoviruses and orbiviruses. Comparisons of the derived amino acid sequences to established databases will also help to identify protein functions.   Additional data for the more variable (VP2, and NS3 genes) and / or more conserved (Pol, T2 or T7 genes), from different species of Orbivirus will be generated and used for phylogenetic comparison. These data will help to identify the most likely origins of individual BTV strains, including isolates of BTV1, 2, 4, 9 and 16 that have invaded Europe and can be used to distinguish field and vaccine strains.  These data will also allow other unassigned orbiviruses and new dsRNA virus isolates to be identified, helping to define additional genera and species.  .
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Improved assay systems:  Purified virus particles of BTV type 1 can be used to generate high quality antisera, for virus species (ELISA) and serotype specific (neutralisation tests) diagnostic assays. These methods will be adapted, both to improve serological testing systems for other BTV types (serotyping) and some other orbivirus species (virus serogroup identification). 

RNA sequence data will be used to design primers for PCR based assays for members of the genera under study.  Using a method similar to that recently developed for AHSV, primers will be developed to amplify genome segment 2 of different BTV by RT-PCR (starting with those currently causing outbreaks in Europe).   This analysis will be extended to other BTV serotypes to provide a database that can be used to identify any of the 24 types by sequence analysis and comparison 


Web sites for molecular biological data: Web sites will be established to disseminate data concerning the reference collections, virus structure and the molecular epidemiology of these viruses.  The sites developed will have a standard format and will be edited by one or more scientist(s) who has direct experience of the virus genus or species (for example partners in Reo ID).  The different pages will be under central editorial control and will be updated at least every six months.
 Overview of scientific progress during the reporting period 
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Virus Collections: 

Orbiviruses: Dedicated cryo-storage facilities together with sample management / documentation software have been purchased for the BTV / Orbivirus and Reoviridae virus collection at IAH Pirbright (partner 1).   Isolates of the 24 reference strains of BTV, together with field isolates of BTV and of other Orbivirus species (that were already stored at IAH Pirbright) have been transferred to this storage.  Particular care is being taken over documentation regarding the origins, passage history and identity of each virus sample to ensure the validity of the virus collection as a reference resource (See www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm. )
During the third year of the project additional samples of South American, Indian and European BTV isolates (many provided by partners in this contract and in the EU BTV vaccine contract (number QLK2-2001-01722):  from Turkey, Greece, Sicily, the Balearic Islands, Israel India and Australia) along with ~50 isolates of EHDV from Japan, America, Australia have been added to the collection, with data concerning their isolation. Where possible, hyperlinks have / will be created to link specific isolates in the reference collections, with specific OIE reports of disease.   

 (See: www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/Virus-nos.htm   

and :  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/outbreaks.htm  respectively )
IAH Pirbright is designated as Community Reference Laboratory for BTV.  As a result virus samples are being received from the current outbreaks from some of the countries in southern Europe and the Mediterranean region, (including isolates provided by partners 3 and 5 - see individual partner reports). Negotiations have been successful in obtaining additional virus samples and sequence data for viruses studied by colleagues in Australia, South Africa, America, Israel and India.    Representative isolates of each of the currently unclassified orbivirus strains obtained from the American Culture Collection, have also been added to the virus collection at IAH Pirbright and are currently being analysed.  These studies have led to the recognition of Peruvian Horse Sickness Virus as a distinct Orbivirus species, by the International Committee for the Taxonomy of Viruses (ICTV).
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Aquareoviruses:
Over 2,300 samples from different fish species, corresponding to both wild and farmed specimens, have been analysed. RT-PCR assays have been carried out using total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen as template.  However a total of only 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens.

Homogenates from RT-PCR positive tissues have been used to analyze the feasibility of isolating new aquareovirus strains.  Despite the use of a wide range of experimental conditions (including different fish cell lines and incubation temperatures) our attempts have not, as yet, rendered positive results.
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Coltiviruses and Seadornaviruses: 
1-Documentation of the current Coltivirus collection
Partner 2 (Marseille) has obtained 15 strains of Colorado Tick fever virus (CTFV), the type species of genus Coltivirus, from official sources in the USA (CDC: Dr. Nick Karabatsos and UTMB: Professors Robert Shope and Robert Tesh). These viruses have been propagated in cell cultures (Vero and BHK-21 cells) and stored frozen at –80°C. A virus related to Colorado tick fever virus was isolated from a human in Idaho and was obtained from Dr. Nick Karabatsos. This virus is designated as 'Salmon river virus' (SRV).  SRV was propagated in cell cultures (Vero and BHK-21 cells) and stored frozen at –80°C.

The 3 documented strains of the Eyach virus (EYAV: strains EYAV-Gr, EYAV-Fr577 and EYAV-Fr578) have been obtained from official sources in France (Laboratoire de Virology Faculté de Médecine de Brest: Professor Claude Chastel) and in the USA (CDC: Dr. Nick Karabatsos). These viruses have been propagated by injection into suckling mouse brains. Brains were stored frozen at –80°C. 

Eight additional strains of CTFV obtained from humans and ticks (the vectors of CTFV), have been formally requested from the virus collection at university of Texas medical branch (UTMB). 

2-Documentation of current strains of seadornaviruses

The current status of the Sseadornavirus Collection at UVE is the inclusion of nine strains of Banna virus (BAV), including the original isolate from cerebrospinal fluids of infected patients, the type species of the genus Seadornavirus, one stain of Kadipiro virus (KDV) and two strains of the newly discovered Liao ning virus (LNV). These viruses were obtained from two sources :  at UTMB by Drs. Robert Shope and Robert Tesh, and Drs Boquan Chen and Sanju Tao at the Chinese Centres for Disease Control and Prevention in Beijing.  These viruses are propagated in a mosquito cell line (C6/36 cells) and are stored as frozen cell cultures at –80°C. 
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RNA sequence analyses:











Bluetongue  viruses: During the third year of the contract, outbreaks of BTV have continued in southern Europe, particularly in Italy.  As a consequence BTV has formed a greater focus of the work than was originally anticipated (see individual reports of partners 1, 3 and 5). In the eastern Mediterranean region these outbreaks were originally caused by BTV serotypes 1, 4, 9 and 16, while in North Africa and the western Mediterranean outbreaks have been caused initially by type 2, although type 4, 9 and 16 have also spread westward into Italy and the western Mediterranean Islands. There is serological evidence for type 4 and 16 in Sicily and Outbreaks of type 4 occurred during 2003 in the Balearic Islands and Sardinia).  

Sequencing studies have now been completed for full-length copies of genome segment 2 and 6 from representatives of all 24 BTV serotypes.  These data are currently being prepared for publication and have been submitted to the international sequence databases (see Accession Numbers listed in red at: www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv_sequences.htm).  In addition multiple isolates of the European serotypes have been analysed.   These data have demonstrated conclusively for the strains tested, that there is a complete correlation between BTV serotype and variation in the sequence of genome segment 2.   The data generated support identification of BTV ‘type’ by sequence analyses and comparisons of genome segment 2, thereby avoiding any requirement for standardised and therefore expensive serological reagents.  We anticipate that these procedures which are supported by the publication of primer sequences, trees and accession numbers on the dsRNA virus website, will significantly improve the reliability and speed of BTV serotype identification and will allow many more laboratories around the world to identify these viruses, without serological testing.    These techniques were used to conclusively identify BTV-4 isolated in Argentina, the first time this serotype has been identified in South-America (paper presemted at the OIE meeting in Taormina).  

The sequencing studies that have already been completed for genome segments 2, 6 and 10 of multiple BTV isolates, including representatives of all 24 serotypes, form an initial basis of a database.  This will allow us to further explore the importance of sequence variation in individual virus genome segments and its correlation with serotype, geographic origins, virulence characteristics, and other relevant biological properties of the virus, including the potential that certain viruses strains associate with particular geographic groups or species of vector insects.   It also forms a basis for the identification of new virus isolates, the design of diagnostic primers and ongoing studies concerning the frequency and significance of genome segment reassortment between established field strains and / or vaccines. 

 
By combining sequence data from different virus isolates, including those provided by Partners 1, 3 and 5, and colleagues from Japan, India, Australia, Africa, North and South America, it has been possible to construct phylogenetic trees for genome segments 2, 6 and 10 of multiple isolates  of  those BTV types affecting Europe, as well as for the 24 BTV serotypes as a whole (see web site at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm ).  These studies have indicated that BTV-2 arrived in Europe from North Africa (showing similarities to isolates from Tunisia and sub Saharan Africa) while BTV-1, 9 and and 16 are all more closely related to viruses from the middle and far east (possibly arriving in Europe via Turkey).  BTV-1 in particular appear to have originated in the east, with close similarities to viruses from India.  In contrast the BTV-4 strain found in the Eastern area of Mediterranean Europe is a ‘western’ virus very similar to that previously isolated (over the last 40 years) in Cyprus and Turkey, suggesting that it is essentially a local strain that has seized a new opportunity to invade additional areas of southern Europe.    In contrast the strain of BTV-4 isolated in Sardinia and the Balearic Islands in 2003 is a distinct western strain that may have arrived (like BTV-2) from North Africa.   This demonstrates a continuing possibility for additional viruses to enter Europe, highlighting the ongoing threat posed by BTV and other orbiviruses, including AHSV.     These observations show clear differences in the origins of the European virus strains and appear to correlate with recent data on the movement of Culicoides vector species and distribution of sub-populations within Europe, suggesting that the recent outbreaks may reflect global climate change (manuscript submitted to Nature Reviews).


These studies have allowed us to design primers for genome segments 2 and 6 that can be used to identify different BTV serotypes, and to distinguish different geographical groups within each serotype thereby identifying different European field and vaccine strains.  These primers and data concerning their validation were presented at the OIE Symposium for Bluetongue viruses that was held in Sicily in 2003 (see www.bluetonguesymposium.it/dwg.htm).  The completed sequence data for the 24 serotypes were also presented.  
The OIE working group on BTV diagnostics reported that   “’Typing' by PCR-sequencing is a novel and welcome addition to the repertoire of typing tests. It is very rapid and highly information (see new procedures)”.  

They went on to comment 
“PCR/sequencing provides information on 'type', genotype and topotype very rapidly. Segments coding for VP2, VP5, VP3, NS1 and NS3 are currently relevant. 
Successful identification of BTV around the world depends on availability of relevant sequence data for primer development
Every effort should be made to send viruses or PCR products to all OIE reference labs or other competent laboratories to be sequenced and primer information made available (via the web) to facilitate characterization at the source laboratory
An excellent start has been made in the process of collecting relevant sequence data
http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/
http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv_sequences.htm provides phylogenetic 
tree analysis of BTV isolates based on RNA2”

Using sequence data for genome segment 7 of BTV it has been possible to design primers that have been validated for use in RT-PCR based assays to unambiguously identify any isolates of all 24 BTV serotypes.   This study is now being prepared for publication.   Initial findings were presented to the OIE Symposium in Sicily 
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Other Orbiviruses: During the first year of the ReoID project, the full-length sequence of a newly identified tick-borne orbivirus, designated St. Croix River virus (SCRV) were determined.   These sequence analyses established SCRV as a new species within the genus Orbivirus. Its relationship other Tick-borne or Insect-borne orbiviruses was analysed, indicating that SCRV is the oldest orbivirus species that has been sequenced to date. 

Samples have been obtained from the American Culture Collection, for each of the different Orbivirus species, as well as unassigned viruses within the genus.  These virus strains have been added to the virus collection at IAH Pirbright and many have been successfully adapted to grow in cell culture, providing genomic RNA for cDNA synthesis and sequencing studies. Libraries of cDNA clones have been constructed for the following 15 viruses: Ndelle, Andasibe, Tracambe, Codajas, Tilligerry, Umatilla, Itupiranga, Lebombo, Changuinola, Eubenangee, Ieri, Orungo, Tembe, Peruvian horse sickness virus (PHSV), Equine encephalosis virus (EEV) and Indian sheep virus.   These clones are currently being sequenced.   Initial studies focussing on EEV and PHSV have generated full-length sequence data for the whole genome.  These data have allowed us to compare the sequences of these viruses to African Horse sickness virus to improve differential diagnosis and have led to the recognition of PHSV as a new and distinct Orbivirus species.  The International Committee for the Taxonomy of Viruses (ICTV) has now accepted this proposal. 

A new mosquito-borne Orbivirus has been identified among virus isolates obtained by Partner 2 from China.  Isolates YN77-2, YN-99 were identified as two strains of a new orbivirus that has been designated 'Yunnan orbivirus'.   The amino acid identities between proteins of Yunnan orbivirus and their homologs in the other orbiviruses already sequenced ranged from  18 to 48%. This clearly identifies Yunnan orbivirus as distinct and probably as a further new species within the genus Orbivirus.  The only problem in establishing it as a new species, is the absence of sequence data for comparative purposes from some of the established species and previously unassigned isolates within the genus Orbivirus.  We hope to rectify these deficiencies within the remainder of the project.

A collection of EHDV strains is currently under study to provide an additional new  ‘EHDV’ database (see: www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/EHDV-isolates.htm).  This will make it possible to clarify relationships between strains from different geographical origins and from different serotypes.   These studies are providing data for primer design to positively identify EHDV strains (& serotypes) and thereby improve our ability to discriminate between and identify orbivirus species.    We anticipate that these studies will clarify the number of EHDV serotypes and in particular establish relationships between strain 318 to existing types.   These studies have already allowed us to design EHDV group specific primers to amplify genome segment 7, which can be used in virus-species (serogroup) specific RT-PCR assays.  These are currently undergoing validation.   
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Coltiviruses:. 

Salmon River virus (SRV) has proved to be difficult to adapt to cell culture. It sequence will be determined using the “sequential segment substraction: 3SM” described for the sequence determination of non cultivable dsRNA viruses.

 During the the project, full-length cDNA clones were generated and sequenced for the genomes pf CTFV-Florio and EYAV-Fr578 strains. The Full-length sequences of CTFV-Florio and EYAV-were deposited in the Genbank Database. The accession numbers for the CTFV sequences are (AF133428, AF139758, AF139759, AF139760, AF139761, AF139762, AF139763, AF139764, AF000720, AF139765, U72694 and U53227). The accession numbers for the EYAV sequence are AF282467, AF282468, AF282469, AF282470, AF282471, AF282472, AF282473, AF282474, AF282475, AF282476, AF282477, AF282478.We have also generated cDNA clones for the California hare coltivirus (CTFV-Ca), which is a distinct serotype of CTFV. Numerous additional partial sequences have been obtained from variants of CTFV and EYAV.  These sequence data have shown that CTFV and EYAV are closely related, which may have originated from a common ancestor about 50MYA.   The relationships of these different viruses to other genera and species within the family Reoviridae is illustrated by the phylogenetic comparison of the Pol gene and protein sequence as shown in Figure 1.  
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Seadornaviruses:   Generation and sequencing of cDNA clones of seadornaviruses 
         ( contents


We have determined the full-length sequences of BAV-In6423 and KDV-Ja7075.  Analyses of these sequence data demonstrate large differences with other members of the genus Coltivirus as a result of which these viruses were reclassified (in May 2003) as members of a new genus, designated Seadornavirus, within the family Reoviridae (see figure 1).

Full-length sequences of BAV-In6423 and KDV-Ja7075 have been deposited in the Genbank Database. The accession numbers for the BAV sequence are (AF133430, AF134514, AF134515, AF134516, AF134517, AF134518, AF052014, AF052015, AF052016, AF052017, AF052018 and AF019908) and the accession numbers for the KDV sequence are (AF133429, AF134509, AF134510, AF134511, AF134512, AF134513, AF052019, AF052020, AF052021, AF052022, AF052023 and AF019909).
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Viruses obtained from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were also analysed. Isolates YN68, YN69, YN92-2, YN93 were found to be new strains of Banna virus (with amino acid identities > 85%). Only partial sequences of the Chinese BAV isolate (BAV-Ch) were initially obtained. We have now completed the sequence of the genome of BAV-Ch.  Virus isolates NE97-12, NE97-31, were identified as two strains of a new Seadornavirus species that we have designated as Liao ning virus. The relationship of this virus to BAV and KDV was analysed and amino acid identities were found to range between 18 and 42% between either BAV or KDV and LNV. This clearly identified Liao ning virus as a distinct new species within genus Seadornaviru and it has been recognised as such by ICTV based ion these studiess.
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Aquareoviruses:  In the previous years sequences of genome segments 2, 3, 4, 8 and 10 of the Striped Bass reovirus (Aquareovirus A species) were published. Sequences of genome segments 2 and 5 were analysed from a recently isolated aquareovirus from Germany, designated Golden ide reovirus. The full sequences of the Golden shiner virus (Aquareovirus C species) and the Grass Carp reovirus (GCRV: unclassified aquareovirus) were characterised and have demonstrated that it is a member of the Aquareovirus C species. 
Full length nucleotide sequencing of the 11 genome segments of Golden shiner virus (GSV), a member of the species Aquareovirus C, was carried out by P2 and made available to P4. The sequence analysis of aquareoviruses that was started during the first year has now been completed. Phylogenetic analyses have shown that an unusual genetic relationship exists between aquareoviruses and orthoreoviruses, since viruses of the two genera show surprisingly high amino acid identities (17-42%) between homologous proteins. Such high values are usually calculated for viruses belonging to a single genus. The phylogenetic analysis has suggested that aquareoviruses and orthoreoviruses might have originated from a common ancestor estimated 510 Million Years ago. 

Clones of GSV cDNAs are being used to generate tools for Aquareovirus diagnostic methods and the generation of new cDNA clones from other members of the group. Genome segment 2 encodes the Aquareovirus virus RNA dependent RNA polymerase polypeptide (Pol). Based on a multiple alignment of nucleotide sequences of segment 2 from Chum salmon reovirus CSV (CSRV), Striped bass reovirus (SBRV), Golden shiner reovirus (GSRV), Grass carp reovirus (GCRV), and Golden ide reovirus, a number of primers were initially selected. The effectiveness of these candidate primers was experimentally analysed using RNA samples isolated from cells infected with either CSRV or GSRV. As a control for these experiments, total RNA from mock-infected cells was also included in the reactions. The results of a series of experiments led to the selection of four degenerate primers for nested RT-PCR reactions, resulting in the efficient amplification of a 131-bp diagnostic DNA fragment.   
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Other members of the family Reoviridae: Full length cDNA clones have been generated for Cypovirus-1, 2, 14 and 15.  These clones have been sequenced by partner 1, to provide additional data for identification of virus species within the genus Cypovirus.  Further Cypovirus isolates from west Africa are also being analysed (the first from Africa)  and appear to represent new Cypovirus species, as well as three new isolates from the Orkney Islands, isolated from the winter moth Operophtera brumata .    

Indian sheep virus was originally thought to be a strain of bluetongue virus.  However, sequencing studies have demonstrated that it is not an Orbivirus but is a member of the genus Orthoreovirus within the family Reoviridae.  Studies are currently underway to confirm the pathogenic nature of this virus, prior to publication of the sequence data.

After identification of the St Croix River Virus in a tick cell line, we have attempted to identify new virus-members of family Reoviridae in insect cell lines. We have found a new virus with a 10-segmented dsRNA genome, in an Aedes mosquito cell line.  The entire genome was sequenced and the virus proteins were found to exhibit a maximum of 20% Amino acid identity with other viruses belonging to existing genera of the family Reoviridae, in particular Fijiviruses and cypoviruses. This virus may constitute the first member of a new genus which may be  proposed to the International Committee for the taxonomy of viruses to be called Apidecarnavirus.    However, some further analysis of the relationship between this virus and the other ten segmented insect viruses (including other members of the genera Cypovirus and the newly recognised Idnoreovirus will have to be completed, before the status of this additional proposed genus is confirmed. 
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Virus purification, production of antibodies and assays for virus identification:                     ( contents


Orbiviruses: Purification methods, (similar to those previously developed for Bluetongue virus particles) have been adapted for use with Equine encephalosis virus and Palyam virus.  Particles of both viruses have been used to generate high specificity polyclonal antisera.  A diagnostic ELISA has been developed to detect EEV specific antibodies and antigens. (Crafford et al 2003).  

Purified BTV particles are also being used to generate antisera with high neutralisation titres to support conventional BTV serotyping assays (serum neutralisation assays).  So far virus particles of BTV reference strains of serotypes 1, 2, 3, 5, 6, 7, 9, 13, 15 and 16 have been purified.  Antiserum production is ongoing.   
RNA sequence data is being used to design primers for RT-PCR based assays to detect and identify the viruses of the genera under study. 
BTV non-structural protein 2 (NS2) has been expressed in bacteria and purified (see structural studies) and has been used for antisera production.  These antisera appear to be highly specific and can be used for Western blotting, or confocal microscopy studies to detect and localise NS2 within the infected cell. Additional antibodies will be raised in Guinea pigs for development of an ELISA for NS2.  This may be valuable to distinguish vaccinated from infected animals. 

Using methods similar to those already developed for AHSV (by partner 3), primers are being developed to amplify genome segment 2 and 6 of different BTV serotypes by RT-PCR (starting with those currently causing outbreaks in Europe). Data is now available for the reference strains of all 24 BTV types allowing primers design for each of the BTV serotypes.  These primers have the potential to identify BTV serotypes reliably, rapidly and with extreme sensitivity, from blood or other samples.  However in many cases sequences are only from the single (reference) isolate of each type available to us.  Where we do have multiple isolates of single BTV types, our phylogenetic studies of Seg-2 or 6 sequences, have consistently shown that the different virus strains can be divided into Eastern and Western groups.  These groups sometimes fail to cross react in RT-PCR assays (depending on the sequences of the primers used). Therefore further validation and sequencing studies using additional BTV isolates, will be needed to confirm the effectiveness of some RT-PCR primers and assays.    

  These methods have already been used to confirm the identity of BTV-1 from Greece, as well as the identity of BTV-2 and absence of BTV-9 in field samples from Corsica.   Oligonucleotide primers have been designed for the amplification and sequence analysis of genome segment 2 of BTV 1, 4, 2, 9 and 16 (see http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/rt-pcr-primers.htm).  These can be used in a multiplex RT-PCR reaction to generate different size products from each of the 5 serotypes that are currently present in Europe and thereby identify their serotype.  This assay is currently being tested for sensitivity to the homologous serotypes and ability to distinguish them from the other 19 serotypes of BTV. Primers have also been designed using sequences of segments 2 and 6, to distinguish vaccine and field strains.  
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Seadornaviruses: Proteins 7, 8, 9, 10, 11, and 12 of Banna virus have been  expressed and virus specific poly-clonal anti-sera were prepared using to the recombinant proteins and purified virus particles. VP9 one of the 2 outer coat proteins of BAV was found to be most immunoreactive   It is also  responsible for serum-neutralisation of virus infectivity. VP9 was used in development of an ELISA test for the detection of IgG antibodies against Banna virus in human sera.  The specificity of the test was evaluated using a random population of 322 blood donors and was found to be 100%, using the anti-banna virus ascitic fluid as a standard. We have used this ELISA to test 300 sera of Malaysian patients with ‘neurological syndrome’ (since Banna virus has been isolated from a patient with encephalitis) for whom no etiologic agent could be identified. We have also tested 75 sera of patients that have been obtained from Thailand.  The ELISA has been used for the last 12 months in an epidemiological study of Banna virus in South-East of Asia, in collaboration with the unit of virology at the university of Mahidol in Thailand.
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Coltiviruses: Proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV were also expressed. These proteins were used to raise anti-sera in rabbits.  ELISAs for these two viruses (CTFV and EYAV) were established. The CTFV-VP7 and EYAV-VP6 was used in CTFV and EYAV specific ELISA respectively.  These are cognate proteins and are the most immunoreactive for their respective anti-virus immune ascitic fluids. They do not react with the heterologous ascitic fluids allowing these ELISA to be used to distinguish sera from patients infected by CTFV and EYAV.

The CTFV-VP7 ELISA specificity was assayed using a random population of 368 blood donors and found to be 98.2%. It was also used to detect antibodies in sera of patients infected with CTFV (sera obtained from the CDC) and its sensitivity was found to be 100%. The EYAV-VP6 ELISA was assayed using a random population of 340 blood donors and found to be 100 %. 
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Aquareoviruses:  A collection of recombinant baculoviruses expressing open reading frames found in segments 5, 6, 7 (ORF 1 and 2), 8, 9, 10 and 11 from grass carp reovirus (GCRV) have been generated using the Bac-to-Bac expression system. These viruses have been characterised and used to express the corresponding proteins fused to an N-terminal 6x-histidine tag. This has facilitated purification of the proteins which have subsequently been used to raise specific antisera. These antibodies form the basis of novel diagnostic assays to complement the RT-PCR based detection methods already developed. The histidine-tagged version of the VP6 core protein is being used in large-scale purifications for future X-ray analysis. A nested RT-PCR detection method for aquareoviruses has been developed using a set of primers designed from genome segment 2. The RT-PCR has been used to characterise over 600 field samples corresponding to suspect virus-infected fish and molluscs from different geographic areas of Spain. This has allowed the detection of positive samples corresponding to Gilthead seabream from two different farms. Sequence analyses show that the infecting viruses are closely related to SBRV.
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Production of recombinant proteins : application to structural analyses

Recombinant Banna virus proteins were expressed in cell-free systems, particularly the VP3 of BAV, which has been identified in biochemical studies as the capping enzyme of the virus. The identification of viral enzymes may help in the development of antiviral strategies. Partner 2 has produced highly purified VP9 protein of BAV, which was crystallized in collaboration with the team of Professor David Stuart from the unit of Structural Biology at Wellcome Trust Centre in Oxford, and the team of Partner 1. Seleno-methionine modified protein crystals were obtained which diffracted to 2.6 angstrom and the atomic structure of the protein has been determined. BAV VP9 exists as a trimer and exhibits distant structural similarities to the VP8 protein of, the rotavirus. These similarities correlate well to the role of the VP9 as a cell attachment protein and as a target for neutralising antibodies.  Hence, VP9 represents a potential subunit vaccine for BAV.   The structural analysis of VP9 has been submitted for publication. 
A recombinant baculovirus expressing a histidine-tagged version of the grass carp reovirus core protein, VP6, is being used for large-scale synthesis and purification of protein for crystallisation trials and future X-ray analysis

The NS2 protein of BTV has been expressed as a GFP, GYP, His-tagged and native versions in bacteria.  The native protein can be purified by ion-exchange and poly-U-sephadex chromatography.  Small crystals have been generated that contain approximately half of the original NS2 molecule, as the repeating unit and which diffract to beyond 6 angstrom.  Structural studies are continuing.  

Full-length cDNA clones of the genome segments of several viruses from the family Reoviridae (that were generated by the ReoID project) are now being used for baculovirus expression studies in collaboration with Davis Stuart's group at the Wellcome centre for human Genetics in Oxford.     
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Web sites for molecular biological data









The dsRNA virus Website: A dsRNA virus Website has been established at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/.   This provides basic scientific information on the RNAs and proteins of the dsRNA viruses, particularly the members of the family Reoviridae. The site also lists Nucleotide sequence accession numbers for virus genome segments and provides phylogenetic trees comparing some virus isolates www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm.   Comparisons of BTV genome segment 2 that are presented on this site reveal the relationships of recent isolates of BTV types 1, 2, and 9 from Europe with isolates from other geographic origins www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm.  It is intended that the data presented on this site will continue to be supported and expanded as a resource for the identification and study of the dsRNA viruses.  

A ReoID web site has been established at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/ to provide reports and information related to the grant, as well lists of the dsRNA virus collection at IAH Pirbright http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm  and a sequence data exchange between partners .  These resources will continue to be made available at these sites.
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Compare the progress achieved against the activities planned for the period

The progress achieved during this reporting period has been remarkably good.  Assay systems are in place for the Aquareoviruses, Seadornaviruses and Coltiviruses.  Indeed these are already being used for important epidemiological studies. Purified orbivirus particles and proteins have also been used to generate antisera to support serological diagnostic assays. There has been refinement of a BTV group specific RT-PCR for use at the Reference Laboratory at Pirbright, which has now been validated for detection of all 24 BTV serotypes and different topotypes.

Primers have been designed for detection and identification of the 24 BTV serotypes.  Initial studies indicate that these are effective but further validation will need to be carried out, as more isolates of the virus become available. Similar sequencing studies on the different serotypes of EHDV are about to start. A single multiplex RT-PCR based assay has been designed, to detect and identify the five BTV serotypes currently present in Europe.  Primers have also been designed to distinguish vaccine and field strains of BTV and are currently being tested.  Good progress has also been made in crystallisation and structural studies of the proteins of the viruses under study.             
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Updates of tables 1, 2 and 3 from the technical annex
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	Table 1:    List of Workpackages

	
	
	
	
	
	
	

	Work-package
No
	Workpackage title
	Responsible 
participant
No
	Person-months
	Start
month
	End
month
	Summary of progress to date

	WP 1
	Establish reference virus collections
	1, 2, 4
	18
	1
	36
	Initial Collections established

	WP 2
	Genome sequence analyses of seadornaviruses / coltiviruses
	2
	36
	1
	36
	Complete genomes of representative seadornaviruses / coltiviruses analysed

	WP 3
	Genome sequence analyses of aquareoviruses
	4, 2 
	38
	1
	36
	Compete genomes of representative viruses analysed

	WP 4
	Genome sequence analyses of orbiviruses  
	1, 2, 3, 5
	54
	1
	36
	Sequences of segment 2 of all 24 BTV types completed. Some other virus genomes completed. Analyses of other genomes in progress

	WP 5
	Virus purification, production and characterisation of antibodies for serological assays
	1, 2, 4, 5
	32
	1
	36
	Palyam and EEV purified Antibodies to expressed being proteins generated for different genera 

	WP 6
	Design and test PCR based assay systems 
	3, 1, 2, 4, 5
	58
	1
	36
	Primers designed for assays. Assays being tested or in use

	WP 7
	Evaluate improved orbivirus assays for diagnostic purposes
	1, 3, 5
	28
	6
	36
	Serological assays developed. RT-PCR assay developed for BTV serogroup and different serotypes.  Assays developed other virus genera. 

	WP 8
	Epidemiological  studies of seadornaviruses / coltiviruses 
	2
	36
	6
	36
	ELISA test for the detection of antibodies against Banna virus in was developed.  300 sera of Malaysian and 75 sera from Thailand patients were tested. The test is being used for the epidemiological study of Banna virus in south-east Asia, 

	WP 9
	Epidemiological  studies of Aquareoviruses
	4
	34
	6
	36
	A nested RT-PCR aquareovirus detection method has been developed and used to characterise over 600 field samples. 

	WP10
	Set up and maintain web sites
	1, 2, 4
	6
	1
	36
	Websites in place

	
	TOTAL
	
	340
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	Table 2:  List of Milestones 

	ADVANCE \d 6Milestone No
	ADVANCE \d 6Title
	ADVANCE \d 6Delivery date 
	ADVANCE \d 6Participants

	ADVANCE \d 61.1

ADVANCE \d 6
1.2

ADVANCE \d 6

ADVANCE \d 61.3

ADVANCE \d 6
	ADVANCE \d 3Set up and maintain reference collections for the orbiviruses

ADVANCE \d 3Set up and maintain reference collections for the Seadornaviruses / coltiviruses 

ADVANCE \d 6Set up and maintain reference collections for the aquareoviruses.
	ADVANCE \d 636

36

36
	ADVANCE \d 61
2

4

	ADVANCE \d 62.1

2.2

2.3
	Generate and sequence cDNA clones for the full genome of a Seadornavirus.

Generate and sequence cDNA clones for the full genome of a Coltivirus 

Generate and sequence cDNA clones for the Pol and T2 genes of other Seadornaviruses and Coltiviruses 
	ADVANCE \d 66

6

36
	ADVANCE \d 62

2

2

	ADVANCE \d 63.1

3.2

3.3
	Generate and characterise cDNA clones for the whole Aquareovirus A genome.

    Generate and characterise cDNA clones for the Pol and T2 genes of the other Aquareovirus species.

   Generate and characterise cDNA clones for the Pol and T2 genes of the five currently unassigned aquareovirus isolates and any new isolates that become available
	ADVANCE \d 612

24

36
	ADVANCE \d 64

4, 2

4

	ADVANCE \d 64.1

4.2

4.3
	Generate cDNA clones and sequence data for different Orbivirus species (to include the VP2, NS3, Pol and T2 genes).

Generate cDNA clones and sequence data for the unassigned Orbivirus isolates, (to include the Pol and T2 genes). 

Carry out phylogenetic sequence comparisons of the orbiviruses using the Pol and T2 gene sequences.
	ADVANCE \d 636

36

36
	ADVANCE \d 61,2, 3,5

1,2

1,2

	ADVANCE \d 65.1

5.2

5.3
	ADVANCE \d 6Purify orbiviruses (for example Equine encephalosis and Palyam virus) for initial structural analysis, production of antibodies and serological assays.

   Purify coltiviruses / seadornaviruses for structural analysis, production of antibodies and development of serological assays.

Purify aquareoviruses for structural analysis, production of antibodies and development of serological assays
	ADVANCE \d 624

24

24
	ADVANCE \d 61, 5

2

4



	ADVANCE \d 66.1

6.2

6.3

6.4
	Design / test PCR based assays for seadornaviruses/ coltiviruses.

Design / test PCR based assays for aquareoviruses.

Design / test PCR based assays for Orbivirus species.

Design PCR based assays for  BTV/EHDV serotypes


	ADVANCE \d 624

24

24

24
	2

4

1, 3,  5

3, 1, 5 



	ADVANCE \d 67.1

7.2

7.3

7.4
	Evaluate / validate PCR based assays for detection of Orbivirus species.

   Evaluate / validate PCR based assays for detection of BTV / EHDV / AHSV serotypes.

  Develop and evaluate improved serological assays for orbivirus species. 

  Develop and evaluate improved serological assays for BTV / EHDV serotypes.
	36

36

30

30
	1, 3, 5

1, 3, 5

1, 5

1,  5


	ADVANCE \d 68.1

8.2
	The project will complete an epidemiological survey for prevalence and impact of seadornaviruses.

The project will complete an epidemiological survey for prevalence and impact of coltiviruses.
	36

36
	2

2

	ADVANCE \d 69.1
	ADVANCE \d 6 Conduct an epidemiological survey for the prevalence and impact of aquareoviruses
	ADVANCE \d 636
	ADVANCE \d 64

	ADVANCE \d 610.1

10.2

10.3

10.4
	Set up web sites for Orbivirus molecular biology data.

Set up a web site for Seadornavirus molecular biology data.

Set up a web site for Coltivirus molecular biology data.

Set up a web site for Aquareovirus molecular biology data. 
	ADVANCE \d 612

12

12

12
	ADVANCE \d 61  

2

2

4


ADVANCE \d 3( contents
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	Table 3:   Deliverables list

	Deliverable
No
	Deliverable title
	Delivery 
date
	Nature
	Dissemination
level

	D1
	Set up initial orbivirus reference collection and storage 
	12
	O
	PU

	D2
	Set up initial reference Seadornavirus / coltivirus collection and storage 
	12
	O
	PU

	D3
	Set up initial Aquareovirus reference collection and storage 
	12
	O
	PU

	D4
	Generate cDNA clones and a full genome sequence for a representative coltivirus
	12
	O
	PU

	D5
	Test PCR based assay for AHSV serotypes
	12
	O
	PU

	D6
	Design and test PCR based assay for coltivirus
	12
	O
	PU

	D7
	Design and test PCR based assay for seadornavirus
	12
	O
	PU

	D8
	Design and test PCR based assay for Aquareovirus
	12
	O
	PU

	D9
	First year report
	12
	R
	PU

	D10
	Purify viruses and carry out initial structural analyses
	24
	O
	PU

	D11
	Generate cDNA clones and a full genome sequence for a representative Seadornavirus
	24
	O
	PU

	D12
	Generate polyclonal and or monoclonal antibodies to viral proteins
	24
	O
	PU

	D13
	Develop serological based assays
	24
	O
	PU

	D14
	design and test PCR based assay for orbivirus species
	24
	O
	PU

	D15
	2nd year report  
	24
	R
	PU

	D16
	Generate cDNA clones and a full genome sequence for a representative aquareovirus.
	36
	O
	PU

	D17
	Generate cDNA clones and sequence data for a representatives of  orbivirus species
	36
	O
	PU

	D18
	Phylogenetic comparisons of RNA sequences
	36
	O
	PU
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	Table 3 : Deliverables list continued  

( contents

	Deliverable
No
	Deliverable title


	Delivery 
date
	Nature
	Dissemination
level

	D19
	Add viruses cDNA clones and antibodies to reference collections
	36
	O
	PU

	D20
	Design and test PCR based assay for EHDV serotypes
	36
	O
	PU

	D21 
	Design and test PCR based assay for Bluetongue virus serotypes
	36
	O
	PU

	D22
	Epidemiological survey for distribution and prevalence of Seadornaviruses and coltiviruses
	36
	O
	PU

	D23
	Epidemiological survey for incidence, prevalence and impact of Aquareovirus
	36
	O
	PU

	D24
	Set up and maintain web site for BTV molecular biology data
	36
	R
	PU

	D25
	Set up and maintain web site for AHSV molecular biology data
	36
	R
	PU

	D26
	Set up and maintain web site for Coltivirus  molecular biology data
	36
	R
	PU

	D27
	Set up and maintain web site for Seadornavirus molecular biology data
	36
	R
	PU

	D28
	Set up and maintain web site for Aquareovirus  molecular biology data
	36
	R 
	PU

	D29
	Set up and maintain web site for molecular biology data of other dsRNA viruses
	36
	R
	PU

	D30 
	Final report
	36
	R
	PU


Nature of the deliverable:  R = Report, P = Prototype, D = Demonstrator, O = Other.  

Dissemination levels: PU = Public, RE = Restricted to a group specified by the consortium (including the Commission Services). CO = Confidential, only for members of the consortium  (including the Commission Services).
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Section 11-2:  STATUS OF THE INDIVIDUAL WORK PACKAGES
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	Workpackage number :      1

Set up virus reference collections

Start date :         

Month 1

Completion Date:

Month 36

Partner Responsible: 

1, 2, 4, 

Person months per partner: partner 1 (6 months), partner 2 (6 months), partner 4 (6 months)

Total = 18 months

	Objectives: The objectives of WP1 are to set up long term storage and documentation for reference collections of orbiviruses, coltiviruses, aquareoviruses and other currently unassigned members of the Reoviridae.  This will include those isolates that are currently available, together with any new isolates.   These viruses, together with cDNA clones and virus specific antibody preparations derived, will provide a resource for comparison and identification of new isolates.  Samples from the collections are available to scientists working in laboratories with appropriate facilities for their study.

	Description of the work to be accomplished: Dedicated cryo-storage facilities 
(liquid nitrogen or –80 C freezer) will be purchased and established within the three laboratories involved. The orbivirus, seadornavirus / coltivirus and aquareovirus collections will be held at different laboratories (partner 1, partner 2 and partner 4 respectively) reflecting their primary research involvement.  Unassigned reoviruses will be held in any of the three collections.  The number of such virus isolates is relatively limited and the numbers stored will depend on availability.   72 species and 235 serotypes are currently recognised within the family Reoviridae, the majority of which (19 and 153) belong to the genus Orbivirus.  Reference samples of each species together with samples of available serotypes will be stored. Virus isolates will be documented as fully as possible regarding source and passage history.  Tissue culture adapted and plaque-cloned isolates will be developed, as required.  These strains will also be documented and stored. Virus isolates will be obtained from the American Culture Collection, from authors of relevant research papers and through established collaborative links.   cDNA clones of viral genome segments and preparations of virus specific polyclonal and monoclonal antibodies will also be fully documented and stored, providing a resource of characterised material (particularly where cDNAs have been sequenced) as a reference and for further manipulation, expression studies, or for use in diagnostic assays.
Deliverables:  WP1 will provide source materials for the project as a whole and will act as a permanent reference collection for these viruses, which can be used by the partner laboratories and other research organisations. Collections will include cDNA clones and monoclonal or polyclonal antibodies that are specific for these viruses.  In particular the antibody preparations can be used as diagnostic reagents.   It is expected that within six months the initial collections of viruses and storage will be in place, although additional virus isolates, cDNA clones and antibodies will be added throughout the project, as they are developed and characterised.      (D1, D2, D3 & D19).

	Progress and resources used: Isolates of the 24 reference strains of BTV, together with field isolates of BTV and of other Orbivirus species (that were already stored at IAH Pirbright) have been transferred to dedicated storage at –80oC. See http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm Particular care is being taken over documentation regarding the origins, passage history and identity of each virus sample to ensure the validity of the virus collection as a reference resource.  The isolates added to the collection include 222 BTV isolates (an increase of 87 isolates over the reporting period) and 72 other viruses (an increase of 34 isolates over the reporting period).  Documentation on virus isolates in the collection is also being added to the database of the International Committee for Taxonomy of Viruses (ICTVdb). See http://www.ictvdb.iacr.ac.uk/Tutorial/tt_virin.htm.  More samples from the BTV outbreaks in southern Europe / Mediterranean region, and from India, continue to be added to the collection.
 Over 2,300 samples from different fish species (see table 2), corresponding to both wild and farmed specimens from different geographic areas of Spain, have been analysed by RT-PCR assays using total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen. A total of only 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens. However, despite the use of a wide range of experimental conditions (including different fish cell lines and incubation temperatures) attempts to isolate new Aquareoviruses have not, as yet, rendered positive results.  The current status of the Coltivirus collection at UVE is the presence of 15 strains of the Colorado Tick fever virus (CTFV), 3 strains of Eyach virus (EYAV) and 1 strain of Salmon river virus. These were obtained from different sources: Drs. Nick Karabatsos, Robert Shope, Robert Tesh and Claude Chastel. These viruses are stored as frozen cell cultures in Vero and BHK-21 cells at –80°C. At present, 8 strains of CTFV obtained from humans and ticks (the vectors of CTFV), have been formally requested from the virus collection at university of Texas medical branch (UTMB).  The current status of the Seadornavirus collection at UVE is the presence of 9 strains of the Banna virus (BAV, including the original isolate from cerebrospinal fluids of infected patients), the type species of genus Seadornavirus, 1 stain of Kadipiro virus (KDV) and two strains of the newly discovered Liao ning virus (LNV). These viruses were obtained from two sources :  at UTMB by Drs. Robert Shope and Robert Tesh, and Drs Boquan Chen and Sanju Tao at the Chinese Centres for Disease Control the Prevention in Beijing. These viruses are stored as frozen cell cultures in a mosquito cell line (C6/36 cells) at –80°C  propagated in and stored frozen at –80°C. 

	Milestones       1.1            Set up and maintain reference collections for the orbiviruses 

1.1                          1.2            Set up and maintain reference collections for the seadornaviruses / coltiviruses 

                            1.3           Set up and maintain reference collections for the aquareoviruses.
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	Workpackage number :   2
     Genome sequence analyses for seadornaviruses and coltiviruses

Start date :         

Month 1

Completion Date:

Month 36

Partner Responsible: 

 2 

Person months per partner: partner 2 (36 months), Total = 36 months

	Objectives :    This WP will generate full-length sequence data for the genome of representative strains from the genera Seadornavirus and Coltivirus, as well as data for conserved genome segments (e.g. Pol and T2 genes) of other strains, for RNA sequence comparisons.  This will also generate cDNA clones of the genome segments analysed. The sequence data will be submitted to relevant databases.  Phylogenetic comparisons, using new sequences and data obtained from data bases, will determine genetic relationships within the family Reoviridae and will help identify and assign new or currently unassigned viruses.

	Methodology and Study Materials  Improved methods (recently developed) will be used for the purification of viral genomic dsRNA.   The RNAs will be linked at their 3’ termini, to defined oligonucleotides, then denatured and copied into cDNA.  The cDNA will be cloned and sequenced using established technology. The full genomes of Eyach virus (EYAV Fr-578), Banna virus and Kadipiro virus will be analysed together with representative genome segments (Pol and T2 genes) from other isolates for comparative / phylogenetic purposes.

Deliverables: The full Banna virus and Kadipiro virus genome have been analysed (genus Seadornavirus), as well as Eyach virus (EYAV) Fr-578 (a French Coltivirus). These are the first full genome sequences for either genus and provide standards to identify other virus isolates.  Data will also be generated for representative segments (Pol and T2 genes) of other isolates, particularly from Europe.  Sequence data will be submitted to relevant databases and will be used to compare viruses helping to identify the function of viral proteins.  It is anticipated that our understanding of the genetic relationships within and between different genera of the Reoviridae will be significantly improved.  This will result, for the first time, in an ability to reliably identify new or unassigned multi-segmented dsRNA viruses from RNA sequence data alone. (D4, D11, D18 & D19).

	Progress and resources used: Coltiviruses: 15 strains of the Colorado Tick fever virus (CTFV) were obtained from Dr. Nick Karabatsos and Professors Robert Shope and Robert Tesh.  A virus related to Colorado tick fever virus (also provided by Dr. Nick Karabatsos) was isolated from a human in Idaho.  This virus is designated 'Salmon river virus' (SRV).  SRV was propagated in cell cultures (Vero and BHK-21 cells) and stored frozen at –80°C. cDNA clones are currently being generated for SRV. During the first year we generated full-length cDNA clones and determined the sequence of CTFV-Florio and EYAV-Fr578 genomes. We also generated cDNA clones for the California hare coltivirus (CTFV-Ca), a distinct serotype of CTFV. Numerous additional partial sequences have been obtained from variants of CTFV and EYAV. Sequence data has been submitted to the international databases Data analysis showed that CTFV and EYAV are closely related viruses, which may have originated from a common ancestor about 50MYA.

Seadornaviruses: 
Four strains of Banna virus (BAV: strains BAV-Ch, BAV-In6423, BAV-In6969, BAV-In7043), the type species of genus Seadornavirus were obtained from Professor Robert Shope and 8 additional probable seadornaviruses (isolates YN68, YN69, YN77-2, YN92-2, YN93, YN-99, NE97-12, NE97-31) have been obtained from China (Professors Chen Bo Quan and Tao San Ju). The full-length sequences of  BAV-Ch,BAV-In6423 and KDV-Ja7075 were determined.  These viruses were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C.  The viruses that were obtained from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were analysed and isolates YN68, YN69, YN92-2, YN93 were found to be new strains of Banna virus (with amino acid identities > 85%). Virus isolates NE97-12, NE97-31, were identified as two strains of a new Seadornavirus species that we have designated as Liao ning virus. The full genome sequence of these two strains were determined. Their relationships to BAV and KDV were analysed and amino acid identities were found to range between 18 and 42% between either BAV or KDV and LNV. This clearly identifies Liao ning virus as a distinct and new species within genus Seadornavirus. The completed sequence data has now been submitted to the international databases.


2.3   Generate and sequence cDNA clones for the Pol and T2 genes of other seadornaviruses and coltiviruses 
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	Workpackage number :  
3
Virus genome sequence analyses for aquareoviruses           ( contents


Start date :         

Month 1

Completion Date:

Month 36

Partner Responsible: 

 4, 2

Person months per partner: partner 4 (36 months), partner 2 (2 months), Total = 38 months

	Objectives : The objectives of this WP are to generate full genome sequence data for Aquareovirus A, together with data for conserved segments (e.g. Pol and T2 genes) of the other 5 species (Aquareovirus B to Aquareovirus F) and the 5 currently unassigned isolates. This will permit other Aquareovirus isolates to be identified by RNA sequence comparisons alone. The cDNA clones generated for those genome segments analysed will be added to the relevant reference collection. The sequence data will be submitted to relevant databases.  Phylogenetic comparisons of the RNA sequences, will help to identify new or unassigned viruses and to determine genetic relationships to other viruses within the family Reoviridae.

	Methodology and Study Materials : Improved methods (that have recently been developed) will be used for the purification of viral genomic dsRNA.   The RNAs will be linked at their 3’ termini, to defined oligonucleotides, denatured and copied into cDNA.  The cDNA will be cloned and sequenced using established technology.   Striped bass reovirus (SBRV) a member of the species Aquareovirus A and the prototype strain for the genus will be used to provide RNA for full genome sequencing. Isolates of the five other species and the 5 currently unassigned virus isolates will be used (if available) for analysis and phylogenetic comparisons of conserved genome segments (particularly Pol and T2 genes).
Deliverables : The full genome of striped bass reovirus (species Aquareovirus A) will be sequenced. This will provide the first full-length sequence data for the genus.  Data will also be generated for conserved genome segments (e.g. Pol and T2 genes) of the five other species within the genus.  Data will also be generated to help identify the five currently unassigned isolates and any new isolates that become available, particularly those from within Europe.  Complete data for individual genome segments will be submitted to a sequence database. Phylogenetic comparisons of these viruses will help identify the function of individual viral proteins.  It is expected that the project will significantly improve in our understanding of the genetic relationships within and between different genera from the Reoviridae.  This will result, for the first time, in an ability to reliably identify new or unassigned multi-segmented dsRNA viruses from their RNA sequence alone.  (D16,  D18 & D19).

	Progress and resources used: The full length nucleotide sequencing of the 11 genome segments of Golden shiner virus (GSV), a member of the species Aquareovirus A, was carried out by P2 and made available to P4. The sequence analysis of aquareoviruses has now been completed. The phylogenetic analysis have shown that an unusual genetic relationship exists between aquareoviruses and orthoreoviruses since viruses of both genera shown surprisingly high amino acid identities (17-42%) between homologous proteins. These values are usually calculated for viruses belonging to a single genus. The phylogenetic analysis has suggested that aquareoviruses and orthoreoviruses might have originated from a common ancestor 510 Million Years ago. Clones of GSV cDNAs are being used to generate tools for the implementation of Aquareovirus diagnostic methods and the generation of new cDNA clones from other members of the group. Sequences of the genome segments 2, 3, 4, 8 and 10 of the Striped Bass reovirus (Aquareovirus A species) have been published. A recently isolated aquareovirus from Germany has been designated Golden ide reovirus.  The sequences of genome segments 2 and 5 of this virus have been analysed. The Full-length sequences of the Golden shiner virus (Aquareovirus C species) and the Grass Carp reovirus (GCRV: unclassified aquareovirus) were characterised and have demonstrated that it is a member of the Aquareovirus C species. Previous studies concerning the analysis of GCRV genome by RNA-RNA blot hybridisation had suggested it was a distinct species within the genus. This proves the strength of the genetic sequence analysis as a major tool for definite characterisation of taxonomic status of dsRNA viruses. This genome characterisation has opened the way for development of diagnostic procedures, both molecular and serological, for infections of fish by these viruses. Phylogenetic analysis have shown that an unusual genetic relationship exists between the aquareoviruses and orthoreoviruses (figure 1) with viruses from these different genera showing a surprisingly high amino acid identity (17-42%) in homologous proteins. These values are within the limits usually calculated for viruses belonging to a single genus. Phylogenetic analysis has suggested that the aquareoviruses and ortrhoreoviruses have originated from a common ancestor relatively recently (compared to the other genera within the family) although they are calculated to have diverged ~510 Million Years ago.

	Milestones 

3.1 Generate and characterise cDNA clones for the whole Aquareovirus A genome

3.2 Generate and characterise cDNA clones for the Pol and T2 genes of the other Aquareovirus species

3.2
Generate and characterise cDNA clones for the Pol and T2 genes of the five currently unassigned 
aquareovirus isolates and any new isolates that become available                                            ( contents


( contents

	Workpackage number :   
4
Genome sequence analyses of orbiviruses                                                ( contents
Start date :         

Month 1

Completion Date:

Month 36

Partner Responsible: 

 1, 2, 3, 5

Person months per partner: partner 1 (36 months), partner 2 (6 months), partner 3 (6 months), partner 5 (6 months),  Total = 54 months

	Objectives:  This WP will generate sequence data for uncharacterised species or unassigned orbiviruses. Sequence comparison will clarify relationships between established species and permit identification of unassigned or new virus isolates.  This WP will also analyse the sequences of the serotype specific genome segment 2 of BTV and EHDV and the cell exit (NS3) gene of BTV.  These studies will generate cDNA clones for each of these genome segments.  The sequence data will be added to relevant  databases. Phylogenetic comparisons will also help determine genetic relationships within the family Reoviridae.

	Methodology and Study Materials:  Orbivirus dsRNAs will be linked at their 3’ termini, to oligonucleotide linker/primer molecules, denatured and copied into cDNA.  The cDNA will be cloned and sequenced using established technology.  These methods offer advantages, even over our previous improved techniques (ligation of defined oligonucleotides and use of complimentary primers), particularly for rapid production of full-length cDNA clones from all virus genome segments. The target viruses for these studies are the nine Orbivirus species for which little or no sequences are currently available. These include Changuinola virus, Chenuda virus, Chobar Gorge virus, Equine encephalosis virus, Ieri virus, Lebombo virus, Orungo virus, Umatilla virus and Wad Medani virus.  There are also fourteen unassigned orbiviruses, including Andasibe virus (ANDV), Codajas virus (COJV), Ife virus (IFEV), Itupiranga virus (ITUV), Japanaut virus (JAPV), Kammavanpettai virus (KMPV), Lake Clarendon virus (LCV), Matucare Virus (MATV), Ndelle virus (NDEV), Peruvian horse virus (PHV), Peruvian rodent virus (PC21)(PRV), St Croix River virus (SCRV), Tembe virus (TMEV) and Tracambe virus (TRCV).   Isolates of these viruses have been obtained.  Isolates of all of the serotypes of BTV and EHDV are also available.

 Deliverables :The sequence of genome segments of representative isolates of each Orbivirus species will be determined. These data will help assign new or previously unassigned orbivirus isolates to appropriate species, without serological assays.  These data will also facilitate the design of serogroup specific primers for development of PCR based species specific assays. Data for complete genome segments will be submitted to sequence databases. Phylogenetic sequence comparisons will identify protein function for previously uncharacterised viruses. The project will significantly improve our understanding of genetic relationships between different Orbivirus and  within the family Reoviridae. (D17, D18 & D19).

	Progress and resources used: Bluetongue  viruses: As a consequence of the continued outbreaks, BTV in southern Europe and North Africa it has formed a greater focus of the work than was originally anticipated (see partners reports 1, 3 and 5). Sequencing studies have now been completed for full-length copies of genome segments 2, 6 and 10 from >150 isolates of BTV including representatives of all 24 BTV serotypes.  These virus strains are stored in the new reference collection (see www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/BTV-isolates.htm).  These data are being prepared for publication and have been submitted to international sequence databases. Multiple isolates of the European serotypes have been analysed demonstrating the correlation between BTV serotype and variation in genome segment 2 and 6.  These sequence data (and their links to specific identifiable isolates in the reference collection) provide a database for future molecular epidemiological studies of BT.  They are also being analysed to provide information on the relationship of sequence variation to biological function and the frequency of segment reassortment between established field strains and vaccines. Sequence data from partners 1, 3 and 5, has been used to generate phylogenetic trees for different BTV strains (see www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm ). These data have also provided a basis for distinguishing field and vaccine strains and primers for virus and identification have been added to the web site www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/btv-S2-primers.htm.
Other Orbiviruses: During Year 1, full-length sequences of St. Croix River virus (SCRV) were determined, establishing it as a new Orbivirus species. Comparisons with other orbiviruses indicate that it is the oldest Orbivirus species sequenced to date. DNA clone libraries wereconstructed for 15 other viruses: Ndelle, Andasibe, Tracambe, Codajas, Tilligerry, Umatilla, Itupiranga, Lebombo, Changuinola, Eubenangee, Ieri, Orungo, Tembe, Peruvian horse sickness virus (PHSV), Equine encephalosis virus (EEV) and Indian sheep virus.  These clones are being sequenced. Studies on EEV and PHSV have generated full-length data for the genome improving differential diagnosis from AHSV, and identifying PHSV as a new Orbivirus species. ICTV has now accepted this proposal.  These data also make the rapid identification of PHSV possible by RT-PCR., The outer capsid genes from the different EEV serotypes have also been sequenced making it possible to identify and distinguish them by RT_PCR assays and sequence analyses.  Sequence data have identified Chinese isolates YN77-2, YN-99 as a distinct mosquito-borne orbivirus, designated as 'Yunnan orbivirus' (YUV). However, In the absence of sequence data for some previously unassigned isolates, or established species for comparative purposes, YUV cannot yet be confirmed as a new Orbivirus species.  The complete genome of Tilligerry virus has been sequenced. This virus can now be identified by RT-PCR and sequencing. These sequence data are being prepared for submission to EMBL and publication.

	Milestones and expected results 
4.1 Generate cDNA clones/sequence data for different Orbivirus species (VP2, NS3,  Pol and T2 genes).

4.2 Generate cDNA clones and sequence data for unassigned Orbivirus isolates, ( Pol and T2 genes). 

4.3        Phylogenetic sequence comparisons of the orbiviruses using the Pol and T2 gene  sequences.       ( contents



	Workpackage number :   5   
Virus purification, production and characterisation of                              ( contents


antibodies  for serological assays 

Start date :         

Month 1                                           

Completion Date:

Month 36

Partner Responsible: 

 1, 2, 4, 5

Person months per partner: partner 1 (14 months), partner 2 (6 months), partner 4 (4 months), partner 5 (8 months),  Total = 32 months

	Objectives :  The principal objective of this WP is to generate antibody preparations for the development and improvement of diagnostic assays. Purification methods for BTV will be applied to additional BTV serotypes and other Orbivirus species. Virus purification and expression studies will be be carried out with seadornaviruses, coltiviruses and aquareoviruses, to provide material for production of antisera, which will be evaluated for diagnostic assays. Particles and proteins expressed during the project will be used for initial structural analyses.

	Methodology and Study Materials: Purification methods developed for Bluetongue virus will be applied to additional BTV serotypes and to other Orbivirus species.  Attempts will be made to purify Seadornaviruses for antibody production. Coltivirus proteins will be expressed for the generation of serogroup specific antibodies. An attempt will also be made to purify aquareovirus particles for structural analyses and antibody production for use in diagnostic assays.  Structural studies will include electrophoretic analyses of viral proteins, and electron microscopy.  If sufficient material can be obtained, particles or proteins will be used in crystallisation trials and/or cryo electron microscopy, using established links with virus structure laboratories. 

Deliverables:  The WP will generate additional serological reagents to increase the speed and reliability of testing for BTV serotypes, and Orbivirus species (Equine encephalosis and Palyam virus).  It will also generate particles or antigens of seadornaviruses and coltiviruses for production of antisera and assay development. Antibodies will be generated against aquareoviruses for development of diagnostic assays.  Purified particles or proteins will be used in structural studies of these viruses.   (D10, D12, D13, & D19).

	Progress and resources used: Orbiviruses: BTV purification methods were adapted for use with Equine encephalosis virus. EEV particles were used to generate high specificity polyclonal antisera for a diagnostic ELISA, which was validated and published. BTV particles have been purified for types 1, 2, 3, 5, 6, 7, 9, 13, 15, 16 and are being used to generate antisera with high neutralisation titres for BTV serotyping assays (serum neutralisation assays) within the reference laboratory at IAH Pirbright.  NS2 of BTV has also been expressed and purified for antiserum production. Palyam virus has also been purified for antibody production.  

Seadornaviruses: BAV was purified, inactivated and used for antibody production. Poly-clonal anti-sera to proteins 7, 8, 9, 10, 11, and 12 of BAV recognised recombinant proteins and purified virus particles. VP9 is the most immuno-reactive protein and was used to develop an ELISA for detection of antibodies against Banna virus in human sera. The specificity of the test was evaluated on a random population of 322 blood donors and was found to be 100%, using anti-Banna virus ascitic fluid as the standard. Antisera to CTFV proteins 6, 7 and 12 are targets for detecting antibodies against CTFV in humans.  Similar studies are underway with proteins 6, 7 and 12 of EYAV. Serotypes A and B of BAV can be distinguished using antisera against the VP9 proteins. This ELISA has been used for the last 12 months in an epidemiological study of Banna virus in South-East of Asia, in collaboration with the unit of virology at the university of Mahidol in Thailand.
Coltiviruses: During the first year, proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV were expressed..  During the second year an ELISA test for CTFV was developed based on VP7, the most immuno-reactive protein. The specificity of this test was evaluated using a random population of 368 blood donors and found to be 98.2%. The CTFV-VP7 ELISA specificity was assayed using a random population of 368 blood donors and found to be 98.2%. It was also used to detect antibodies in sera of patients infected with CTFV (sera obtained from the CDC) and its sensitivity was found to be 100%. The EYAV-VP6 ELISA as assayed using a random population of 340 blood donors and found to be 100 %. 
Aquareoviruses: Recombinant baculoviruses expressing the open reading frames from segments 5, 6, 7 (ORF 1 and 2), 8, 9, 10 and 11 from grass carp reovirus (GCRV) were been generated. The corresponding proteins, fused to N-terminal 6x histidine tag were expressed, purified and used to raise specific antisera for development of a diagnostic assays, to complement the RT-PCR based detection methods. 
Structural studies: Initial electrophoretic analyses of expressed and purified virion proteins has been completed.   The histidine-tagged version of the VP6 core protein of grass carp reovirus is being used for large-scale purification for future X-ray analysis.  NS2 of BTV has been used to generate crystals and structural studies are ongoing. The VP9 protein of Banna was used to produce crystals which diffract to 2.5 angstrom. The structure of VP9 has been determined to atomic resolution and a paper has been submitted ‘Structure’.   Crystallisation trials are underway with purified cores and virus particles of Banna virus, with promising initial results.  Initial results indicate that it will be possible to determine the atomic structure of VP9. 

	Milestones           5.1    Purify orbiviruses (EEV and PAV) for structural analysis, antibody production and serological  assays.

5.1  Purify coltiviruses / seadornaviruses for structural analysis, antibody production and serological assays.
5.2 Purify aquareoviruses for structural analysis, antibody production and serological assays. 
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	Workpackage number :   6   
Design and test PCR based assay systems                                                    ( contents


Start date :         

Month 12

Completion Date:

Month 36

Partner Responsible: 

 3, 1, 2, 4, 5

Person months per partner: partner 3 (36 months), partner 1 (6 months), partner 2 (2 months) 

partner 4 (2 months ), partner 5 (12 months),  Total = 58 months

	Objectives : Published sequence data, and data generated during this project will be used to design primers for RT-PCR for the detection and identification of viruses from: the genera Coltivirus, Seadornavirus and Aquareovirus; different Orbivirus species; and different BTV and EHDV serotypes.  RT-PCR assays have recently been developed for AHSV serotypes, which will be further evaluated during the project.  These assay systems will be evaluated for sensitivity and discrimination of the relevant virus.  Assays that provide a real improvement over current systems will be made available to relevant reference/ diagnostic laboratories.

	Methodology and Study Materials: Regions of the viral genome segments that are conserved between isolates from the same genus will be identified and selected (coltivirus, seadornavirus, or aquareovirus).  Oligonucleotide primers will then be designed for use in PCR that specifically target these regions. Specificity will assessed by the size of the products generated, by ‘probes’ or sequence analysis of the products. Nested PCR  procedures may also be used.   It is possible that as a consequence of species or sub group variations, it will be difficult to design a single set of primers that will work for all members of a single genus. In these circumstances multiple primer sets will be designed, which will identify members of the genus as members of separate sub groups (species).  An essentially similar approach will be taken with the design of PCR based assays to detect and distinguish different Orbivirus species (conserved genes) or different BTV and EHDV serotypes (variable VP2 or VP6 genes). 

Deliverables: The project will deliver PCR based assays for seadornaviruses, coltiviruses and aquareoviruses, to detect and distinguish these viruses from members of other genera within the family Reoviridae.  The project will also develop PCR based assays that can be used to detect and distinguish the members of different Orbivirus species.  The project will develop BTV and EHDV specific PCR based assays that can be used to detect and distinguish the different serotypes within these virus species.   The PCR based AHSV serotype specific PCR that is already in existence will also be further evaluated. (D5, D6, D7, D8, D14, D20 & D21).

	Progress and resources used:  Orbiviruses:  A virus species (serotype) specific RT-PCR assay has been developed for BTV using genome segment 7 as a target.  The refinement of this assay method so that it reliably detects all BTV isolates has involved the development of multiple primers sets (for a multiplex assay).  This assay has now been validated using the majority of the BTV isolates in the orbivirus reference collection at IAH Pirbright and has been shown to be 100% specific.   Using methods similar to those already developed and published (by partner 3), to identify different AHSV serotypes, primers have been designed for the amplification and sequence analysis of genome segment 2 or 6 of BTV 1, 4, 2, 9 and 16.   These primers can be used in single or multiplex RT-PCR reactions, to identify each of the 5 serotypes currently present in Europe.  These assays have been tested for sensitivity to the homologous serotypes and have been shown to distinguish them from the 19 other BTV types.  Primers have also been designed for segments 2 and 6, which distinguish the vaccine and European field strains of BTV (with the exception of BTV-16). These primers (for Seg-2) are currently displayed on the project web site.  Using the sequence data for genome segment 2 of different BTVs generated during this contract, primers have also been designed to detect and identify members of each of the 24 serotypes.  Although these primers are type specific (will not amplify heterologous serotypes), in some cases we have only a single isolate of each type, making it impossible to evaluate their ability to amplify and detect other isolates of the homologous type.  Using these primers it has been possible to selectively amplify genome segment 2 from the mixed South African vaccine preparations.  This will allow us to generate sequence data for each if the vaccine strains making it possible to identify these strains and distinguish them from wild type field strains.   Sequencing of the South African BTV 16 vaccine is planned in an attempt to distinguish it from the European field strain.  
RT-PCR using primers for BTV genome segment 6 (NS2) have been designed and tested (Partner 5). It recognizes all the BTV serotypes. RT-PCR using primers for genome segment 10 have also been designed and tested. It recognizes all the BTV serotypes and different BTV topotypes and is being used to examine field samples. 
Work has been started to provide more data on the sequences and relationships of different EHDV serotypes.  Primers have been designed for a serogroup (virus species specific) RT-PCR assay targeting segment 7 as a template.  These assays are currently being evaluated.    The sequences that are now available (primarily as a result of this project) for seadornaviruses, coltiviruses and aquareoviruses, have made the design of oligonucleotide primers and their use in RT-PCR based assays a relatively simple matter.   

Aquareovirus: A nested RT-PCR aquareovirus detection method has been developed using a set of primers specific from genome segment 2. The RT-PCR has been used to characterise Over 2,300 samples from different fish species, corresponding to both wild and farmed specimens, have been analysed so far. RT-PCR assays have been carried out using as template total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen. A total of 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens.. Sequence analyses show that the infecting viruses are closely related to SBRV.

	 Milestones:        6.1         Design / test PCR based assays for seadornaviruses / coltiviruses.

6.2 Design / test PCR based assays for aquareovirus.

6.3 Design / test PCR based assays for Orbivirus species

6.4 Design PCR based assays for BTV / EHDV serotypes. 


( contents


	Workpackage number :   
7   
Evaluate and validate diagnostic assays for orbiviruses                 ( contents


Start date :         

Month 6

Completion Date:

Month 36

Partner Responsible: 

 1, 3, 5

Person months per partner: partner 1 (12 months), partner 3 (6 months), partner 5 (10 months) Total = 28 months

	Objectives: To evaluate and validate different test systems and reagents developed during the project for detection and identification of different Orbivirus species and serotypes.  Antisera generated against purified virus particles will be used to develop assays (ELISA) that are specific for antigens or antibodies of individual Orbivirus species.  PCR assays will be evaluated for use for diagnosis of different Orbivirus species.   High titre antisera raised against purified intact virus particles of different BTV serotypes will be evaluated for use in serum neutralisation tests. PCR primers and conditions will be designed to detect and distinguish genome segment 2 from different BTV / EHDV serotypes. These assays will be evaluated for routine use in the identification of the serotype of BTV or EHDV isolates.

	Methodology and Study Materials: The specificity and reliability of serological and PCR based assays will be tested against blind panels of reagents derived from the homologous virus, from related but distinct viruses, or which represent negative controls.  These assays will compared to conventional methods (where available) using tissue and serum samples from the relevant host species and reproducing sample type and normal storage conditions.  Although PCR based assays appear likely to be the most sensitive, the three assay systems (PCR, ELISA and competition ELISA) detect different virus specific molecules (nucleic acid, proteins/antigens and antibodies respectively).  They are therefore useful for the testing different sample types. PCR based assays will be tested using purified RNA as well as samples derived from infected animals. 

 Deliverables: The project will deliver test systems for the orbiviruses, which have been evaluated for sensitivity and reliability.  These assays will include: ELISA for Orbivirus specific antibodies and antigens (e.g. EEV and PALV); species-specific PCR based assays; BTV serotype-specific serum neutralisation tests (high titre antisera); and PCR based assays for different serotypes of AHSV (already developed), BTV, EHDV.  These assay systems will be available to diagnostic and reference laboratories.   (D5, D13, D14, D20 & D21).

	Progress and resources used: During year one an RT-PCR method for identification of AHSV serotypes was published (partner 3). A diagnostic ELISA was also developed for EEV specific antibodies and antigens (Crafford et al 2003).  Primers previously published for amplification and detection of segment 2 of American and Australian BTV isolates, were shown in most cases to give many small, or partial products when tested against reference strains of heterologous BTV serotypes and were therefore considered to be less than ideal for BTV serotyping assays. New oligonucleotide primers were designed to amplify and sequence genome segment 2 of BTV serotypes 1, 2, 4, 9 and 16, and have been tested using RNA from reference strains of all 24 BTV serotypes and have been shown to only amplify sequences from the homologous serotype. Segment 2 specific primers have also been used successfully to amplify relevant sequences from several isolates (from different geographical origins) of the homologous BTV types (although some were amplified more efficiently than others).  They therefore provide an initial basis for BTV serotype specific RT-PCR based assays.  Further isolates will be tested as they become available.  These methods, together with sequence analyses, were used to identify BTV-1 from Greece, BTV-2 and absence of BTV-9 in field samples from Corsica and BTV-4 in Argentina. These methods are much faster than conventional virus isolation and serum neutralisation assays, giving initial identification of BTV serotype from blood samples within 12 hours of receipt, and confirmation by sequence analysis and phylogenetic comparison within 2-3 days.  Oligonucleotide primers have also been designed for use in a multiplex RT-PCR reaction to generate different size products and therefore identify each of the 5 serotypes that are currently present in Europe.  This assay is currently being tested for sensitivity to the homologous serotypes and ability to distinguish them from the other 19 serotypes of BTV.  Primers have also been designed using sequences of segments 2 and 6, to distinguish vaccine and field strains and to specifically amplify genome segment 2 of each of the other BTV serotypes.  
A BTV specific RT-PCR assay has been developed using genome segment 7 as the target.  Touch-down PCR methods were used to ensure that the assay is both sensitive and specific for BTV.   A similar assay has also been developed for EHDV and is being validated. These methods could form a basis for similar assays to detect and distinguish each of the other Orbivirus species (based on the sequence data we are currently generating).   Assays have also been developed for detection of genome segments 8 and 10 of BTV    The specificity of these assays is currently being tested.  Purified BTV particles of serotypes 1, 2, 3, 5, 6, 7, 9, 13, 15 and 16 are being used to generate antisera with high neutralisation titres, to support conventional BTV serotyping assays (serum neutralisation assays 

	Milestones          7.1   Evaluate /validate  PCR based assays for detection  of Orbivirus species

7.2 Evaluate / validate PCR based assays for detection of BTV / EHDV serotypes. 

7.3 Develop and evaluate improved serological assays for orbivirus species. 

7.4 Develop and evaluate improved serological assays for BTV / EHDV serotypes.                  ( contents




	Workpackage number :   8  

 Epidemiological  studies of seadornaviruses / coltiviruses          ( contents


Start date :         

Month 18

Completion Date:

Month 36

Partner Responsible: 

 2

Person months per partner: partner 2 (36 months), Total = 36 months

	Objectives : Serological screening of sera from healthy populations (blood donors) will be performed using samples collected in western, eastern and south-eastern Europe. Molecular screening of known arthropod vectors will be undertaken using PCR, on samples also collected in western, eastern and southeastern Europe.   Tick and mosquito species originating from the same regions (mentioned above) plus parts of Africa will be screened by PCR and virus growth in cell culture to determine the identity and prevalence of virus vectors.  Screening of human sera and cerebro-spinal fluids from Thai patients with undiagnosed encephalitis will be used to assess the involvement of seadornaviruses in human disease.  Screening of a collection of paired human sera, from European patients bitten by ticks, will be used  for  coltiviruses

	Methodology and Study Materials :  Serum samples will be collected via an existing network that has been established in collaboration with the Blood Bank of Marseille. Groups of 500 sera collected from either French blood donors, from different sites across western Europe, or from sites in eastern Europe will be analysed using: I) Antigens prepared from infected cell cultures (CTFV). II) Synthetic peptides designed from the sequences of the proteins encoded by the 12th gene of CTFV and EYAV.  Serum samples from Thailand (500 sera), Malaysia (500 sera) and Vietnam (500 sera) will also be tested for coltiviruses, using the same methods. These samples will also be analysed using antigens prepared from cell cultures infected with seadornaviruses (Banna virus and Kadipiro virus).   Partner 2 already collaborates with the WHO Collaborative Centre on Rickettsia (Faculty of Medicine, University of  Marseille). This Unit will provide large collections of tick vectors originating from Europe

 Ticks and mosquitoes will be obtained from the sources described above (in collaboration with the Units of Prof. Raoult, Prof. Gonzalez and Dr Jaafar). These arthropods will be tested by PCR for the presence of viral genomes and by cell culture for infectious virus.  This will detect and help identify the virus vectors.  Human sera and cerebro-spinal fluids from 100 Thai patients with undiagnosed encephalitis will be tested for seadornaviruses, to assess their involvement in human disease. All samples included in the study have already been tested for Dengue virus, Japanese Encephalitis virus, enteroviruses and alphaviruses.   Serum and CSF samples will also be tested by serological methods and PCR.  Paired sera from 200 European patients who have been bitten by ticks and developed febrile illnesses but have tested negative for tick-transmitted organisms , will be tested for coltiviruses using serological methods.  In cases where the tick involved can be obtained it will also be tested by PCR and virus isolation procedures., Africa and Asia that will be tested for coltiviruses, using diagnostic tests developed by partner 2. 

Deliverables : All testing of European samples and Thai samples will be completed during the first year of the study. The testing of Malaysian, Vietnamese and African samples will be completed during years 2 and 3 of the project. (D22).

	Progress and resources used:   Seadornaviruses: The expressed VP9 of Banna virus was used to develop an ELISA test for the detection of virus specific IgG antibodies in sera of humans. The specificity of the test was evaluated on a random population of 322 blood donors and was found to be 100%, using anti-banna virus ascitic fluid as a standard.   With this ELISA we have tested 300 sera of Malaysian patients with neurological syndrome (since Banna virus has been isolated from a patient with encephalitis) for whom no identified etiologic agent could be incriminated. We have also tested 75 sera of patients that have been obtained from Thailand. This test is currently being used for the epidemiological study of Banna virus in southeast Asia, in collaboration with Dr Jean Paul Gonzales at the University of Mahidol, in Thailand. 

Coltiviruses During the second year we have developed an ELISA test for CTFV based on VP7, the most immuno-reactive protein. The specificity of this test was evaluated using a random population of 368 blood donors and found to be 98.2%. We also used this test to detect antibodies in sera of patients infected with CTFV (the Charles Calisher set of sera, obtained from the CDC); and the sensitivity of this test was found to be 100%.

We have also developed an ELISA for Eyach virus (the European coltivirus) based on VP6 (the homologous protein to VP7 of CTFV). This test is currently under evaluation for its specificity and should soon be available for epidemiological studies on the European continent.

	Milestones 

8.1   8.1        The project will complete an epidemiological survey for prevalence and impact of seadornaviruses 

8.2
The project will complete an epidemiological survey for prevalence and impact of coltiviruses.


( contents
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	Workpackage number :   
9   
Epidemiological  studies of Aquareoviruses

Start date :         

Month 18

Completion Date:

Month 36

Partner Responsible: 

 4

Person months per partner: partner 4 (34 months), Total = 34 months

	Objectives : The project will design, test and validate two complementary diagnostic tools for aquareoviruses. An RT-PCR based method using nucleotide sequence information corresponding to the six known Aquareovirus genotypes (species); and ii) an ELISA test based on the use of antibodies developed against each genotype.  The project will also conduct an epidemiological survey to determine the presence of Aquareoviruses in samples from wild and aquacultivated fish and mollusc species.

	Methodology and Study Materials: A representative member of each of the six Aquareovirus genotypes (species) will be propagated in vitro, using established fish cell lines, to prepare virus stocks for further work.   The sequence of the genome segment coding for the RNA polymerase of a representative member of each of the six genotypes / species, will be isolated and used to generate cDNAs that will be cloned and sequenced using standard protocols.    Sequence comparisons will be carried out. The results of this study will be used to design a series of PCR primers for the specific amplification of Aquareovirus sequences. Primers will be also designed to allow discrimination between  different genogroups / species. The usefulness of the different primers will be experimentally tested under laboratory and field conditions.  Purified virus stocks will be used to immunise Balb-C mice. Spleen cells from the immunised animals will be used to generate hybridoma cell lines, producing specific mAbs against the different genogroups.  The specificity of these antibodies will be determined by immunofluorescence, Western blot, and ELISA. Appropriate mAbs will then be used to develop diagnostic ELISA  for detection of  aquareoviruses in field samples.   The PCR and ELISA based diagnostic tests for aquareoviruses, that are developed during the project, will be used to carry out a preliminary epidemiological survey.  This will assess the incidence, prevalence and impact of aquareoviruses in Europe. This survey will be conducted using samples from wild and aquacultivated fish and from mollusc species obtained from different European countries. 

Deliverables : The complete nucleotide sequence for representative conserved genes (e.g. Pol and / or T2 genes) will be determined for all Aquareovirus genotypes / species, allowing any subsequent isolates to be more rapidly identified from their RNA sequences alone. A PCR-based diagnostic test will be developed for the detection of Aquareoviruses.   A reference collection will be established of virus strains and  mAbs  that are specific for each  Aquareovirus species (genotype). Diagnostic ELISA will be developed for the detection and identification of aquareoviruses.  These assay systems will be used to conduct a preliminary epidemiological survey of Europe for Aquareoviruses in both wild and aquacultivated species. ( D23).

	Progress and resources used
Aquareoviruses:  A collection of recombinant baculoviruses expressing the open reading frames found in segments 5, 6, 7 (ORF 1 and 2), 8, 9, 10 and 11 from grass carp reovirus (GCRV) have been generated using the Bac-to-Bac expression system. The corresponding expressed proteins have been used to raise specific antisera. These antibodies are being currently used to design diagnostic assays to complement the RT-PCR based detection methods. 
A nested RT-PCR aquareovirus detection method has been developed using a set of primers specific from genome segment 2. Over 2,300 samples from different fish species (see table 2), corresponding to both wild and farmed specimens, have been analysed so far. RT-PCR assays have been carried out using as template total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen. A total of 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens.

In order to further evaluate the accuracy of our epidemiological data, we are currently re-analysing our RNA sample collection using an alternative diagnostic method. This method, recently described by Seng et al. (Journal of Virological Methods [2004] 118: 111–122), is based on a RT-PCR approach that uses degenerate oligonucleotide primers specific for genome segment 6.

Homogenates from RT-PCR positive tissues have been used to analyze the feasibility of isolating new aquareovirus strains.  Despite the use of a wide range of experimental conditions (including different fish cell lines and incubation temperatures) our attempts have not, as yet, rendered positive results. 

	Milestones 

1.1 Conduct an epidemiological survey for the prevalence and impact of aquareoviruses
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	Workpackage number :   
10   
Set up and maintain web sites

Start date :         

Month 1

Completion Date:

Month 36

Partner Responsible: 

 1, 2, 4

Person months per partner: partner 1 (2 months), partner 2 (2 months), partner 4 (2 months) 

 Total = 6 months

	Objectives: The objectives of this work package are to set up permanent web sites for the collection and dissemination of molecular biological data concerning the different viruses within the family Reoviridae.  Initially sites will be developed for BTV (as the prototype orbivirus), Eyach virus (as a representative coltivirus), Banna virus and Kadipiro virus (as representative seadornaviruses) and for striped bass virus (as a representative aquareovirus).   Other collaborating scientists (from outside the project) will be invited to set up additional linked sites for other genera and species of dsRNA viruses that will be linked. 

	Methodology and Study Materials:  The sites will also cite a number of the most recent and relevant references.   There will be a single responsible editor for each page, who will regularly update the information it contains.  The sites will contain data concerning genome and genome segment sizes and nomenclature, RNA coding and non-coding regions, accession numbers, protein size, function and structural roles.  The sites will be constructed using Microsoft Internet Information server (IIS) soft-wear and Microsoft Front Page 98. A Compac Alpha, NT4 server is currently available for these sites.

 Deliverables: Set up web sites for different the collection and dissemination of molecular biological data for different genera of the family Reoviridae.  Maintain web sites for different genera.  Add RNA sequence data to sequence databanks.    (D24, D25, D26, D27, D18 & D29).



	Progress and resources used The dsRNA virus Website: 
A dsRNA virus Website has been established at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/.   This provides basic scientific information on the RNAs and proteins of the dsRNA viruses, particularly the members of the family Reoviridae (including the orbiviruses, coltiviruses, seadornaviruses and aquareoviruses) that is of value to the whole dsRNA virus research community. The site lists nucleotide sequence accession numbers for virus genome segments and provides phylogenetic trees comparing virus isolates (see www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm).   Comparisons of BTV genome segment 2 that are presented www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm reveal the relationships of recent isolates of BTV types 1, 2, 4, 9 and 16 from Europe with isolates from other geographic origins.  It is intended that the data presented on this site will continue to be supported and expanded as a resource for the identification and study of the dsRNA viruses.  Indeed these analyses and comparisons with sequence data for known isolates were used to confirm the identity of the BTV-1 isolate from Greece, BTV-4 from Argentina, BTV-4 from the Balearic Islands 2003, and BTV-2 from Corsica.

A web site has been established for the partners in the ReoID grant at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/ .  Documents related to the grant, as well as information and reports (including this report) and list of the dsRNA virus collection at IAH Pirbright www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm are and will continue to be made available at this site.   It is anticipated that a great deal more information will be added to the web sites as completed sequences are submitted for to the international sequence databases for accession numbers.

 The data on specific virus isolates in the ReoID reference collections will also be supplied to the ICTV virus database, providing links to recent publications, sequences and other useful sources of information.  Information concerning the ICTV data base is available at www.ictvdb.iacr.ac.uk/Tutorial/tt_virin.htm.  The ReoID co-ordinator (Professor Peter Mertens ) is a member of the ICTV virus data subcommittee.   Primers designed for the identification and diagnosis of different BTV serotypes are also listed at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/btv-S2-primers.htm

	Milestones:

10.1 10.1      Set up a web site for Orbivirus molecular biology data 

10.2 10.2      Set up a web site for Seadornavirus molecular biology data.

10.3 10.3      Set up a web site for Coltivirus molecular biology data.

10.4
Set up a web site for Aquareovirus molecular biology data.
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3. CONTRIBUTION OF THE PARTICIPANTS: Partner 1, Third Period:                                  ( contents

                              
Prof. Peter Mertens, Dr Alan Samuel, Dr Shujing Rao, Dr Sushila Maan, Dr Karam Singh & Dr Rachel O'Hara 

The outbreaks of bluetongue have continued in Europe and North Africa (during 2003-2004). The project has therefore continued to focus on improving methods and establishing a sequence database for the characterisation of BTV isolates, to identify serotype / strain by phylogenetic analysis. 
Two -80 freezers were purchased to contain two exactly identical reference collections of dsRNA viruses (one as backup) for the ReoID project and as a long-term resource for future studies (as listed at: www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/virus-isolates.htm).  Orbiviruses that are currently available at IAH are being added to the collection, along with appropriate documentation.  Further samples from the outbreaks of BTV in Europe and India, South America, Australia and South Africa, as well as isolates of EHDV from America, Australia and Japan have been added to the collection during the third year.  This process will continue and the collection will expand, as more isolates become available. Data is also being added to the ICTV database (www.ictvdb.iacr.ac.uk/Tutorial/tt_virin.htm) allowing links to be formed with Genbank, Pubmed and other web based sources of information.

 New techniques developed during the contract for the more rapid and reliable conversion of dsRNA molecules to cDNA copies, have improved the speed and reliability of cDNA synthesis for previously uncharacterised virus isolates. As a result cDNA clones have been generated for most of the uncharacterised orbiviruses that are 'targeted' by the project. The use of 'phased primers' has also facilitated sequence analysis of previously uncharacterised genome segments from BTV and other viruses, directly from the cDNAs, avoiding the need for a 'cloning' step. This has significantly speeded up sequence analysis to the point where our ability to obtain the virus isolate, grow it in cell culture and obtain a suitable RNA preparation, are the rate limiting steps in these investigations.  However, once genome segment 2 or 6 of a specific BTV serotype has been sequenced, type specific primers have been designed which can be used to amplify and sequence the homologous segment directly from tissue samples, avoiding even these problems.  

DNA clone libraries have been constructed for Ndelle, Andasibe, Tracambe, Codajas, Tilligerry, Umatilla, Itupiranga, Lebombo, Changuinola, Eubenangee, Ieri, Orungo, Tembe, Peruvian horse sickness virus (PHSV), Equine encephalosis virus (EEV) and Indian sheep virus and are being sequenced.   Full genome sequence data for EEV and PHSV has been compared to data for African horse sickness virus leading to the recognition of PHSV as a new Orbivirus species. These data will also help improve virus diagnosis. 
Sequence data is now being generated very rapidly.  Full-length sequences have been completed for genome segment 2, 6 and 10 (encoding outer capsid proteins VP2 / VP5 and non-structural protein NS3) of representative isolates of all 24 of the BTV serotypes.  This provides a database that will help other laboratories to identify virus isolates and even individual strains within a BTV serotype more accurately than ever before, without the need for lengthy and expensive serological assays. Indeed these molecular epidemiological studies have revealed the most likely origins of the European BTV strains.  Based on sequence data for genome segments 2 and 6, RT-PCR primers have been designed to detect and identify each of the different BTV serotypes, as well as distinguishing the vaccine and field strains from Europe. A single multiplex RT-PCR assay has been designed to identify and distinguish each of the different BTV serotypes currently in Europe. An RT-PCR assay is also being developed and validated for the detection of any BTV serotype, based on genome segment 7 (which codes for the major BTV species or group specific antigen  VP7(T13)).  These assays have been tested to ensure that they will detect all different serotypes of BTV and can distinguish them from other closely related orbiviruses. Further primer design, or additional sets of primers may be required as more isolates of each serotype become available from different geographical origins and are tested.

Phylogenetic trees showing relationships of BTV isolates have been added to the dsRNA virus Website www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm.  These will to be updated, as more data becomes available.  The full sequences of genome segment 2 of different BTV serotypes and different isolates within each serotype have been deposited in the sequence database (Genbank) and accession numbers have been added to the dsRNA virus Website at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv_sequences.htm.   PCR primers have been evaluated for both intra- and inter-typic specificity of reaction, and have been listed on the dsRNA virus Website at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/rt-pcr-primers.htm. 


Purification studies with Equine encephalosis virus (EEV) have generated virus particles and subcore like particles, which have been used to generate polyclonal antisera. An EEV specific ELISA has been developed and published. Palyam virus particles and core particles have also been purified virus for the production of high specificity polyclonal antibodies. When they become available the antisera will be used for development of ELISA. Expressed BTV NS2 has also been used to generate antisera that may be valuable to distinguish vaccinated from infected animals.  Virus particles of BTV serotypes 1, 2, 3, 5, 6, 7, 9, 13, 15 and, 16 have been purified for antiserum production, to support conventional serum neutralisation 'typing' assays.    

                                                                                                                          ( contents
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Dr. Zavier deLamballerie  and Dr Houssam Attoui

The coltivirus collection:  at UVE includes15 strains of the Colorado Tick fever virus (CTFV), 3 strains of Eyach virus (EYAV) and 1 strain of Salmon river virus. These were obtained from different sources : Drs. Nick Karabatsos, Robert Shope, Robert Tesh and Claude Chastel. These viruses are stored as  frozen cell cultures in Vero and BHK-21 cells at –80°C. Eight strains of CTFV obtained from humans and ticks (the vectors of CTFV), have been formally requested from the virus collection at university of Texas medical branch (UTMB). The seadornavirus collection: contains 9 strains of Banna virus (BAV, including the original isolate from human cerebrospinal fluid), the type species of the genus Seadornavirus, 1 stain of Kadipiro virus (KDV) and two strains of Liao ning virus (LNV). These viruses were obtained from: UTMB by Drs. Robert Shope and Robert Tesh, and Drs Boquan Chen and Sanju Tao at the Chinese Centres for Disease Control the Prevention in Beijing. These viruses are stored as frozen mosquito cell cultures (C6/36 cells) at –80°C  

Coltivirus cDNA clones: Full-length cDNA clones were generated and sequenced for CTFV-Florio and EYAV-Fr578. We also generated cDNA clones for the California hare coltivirus (CTFV-Ca) - a distinct serotype of CTFV. Numerous additional partial sequences were generated from variants of CTFV and EYAV. The relationship of CTFV and EYAV to other members of the Reoviridae were determined by phylogenetic comparisons. These analyses show that CTFV and EYAV are closely related viruses, that may have originated from a common ancestor about 50 MYA. Salmon River virus wase difficult to adapt to cell culture. It sequence will be determined using the “sequential segment substraction: 3SM” .

Seadornavirus cDNA clones:  Comparative analyses of full-length sequences of BAV-In6423 and KDV-Ja7075 were used to reclassify these viruses as members of the new genus Seadornavirus within family Reoviridae. Sequencing of the Chinese  BAV isolate (BAV-Ch) has now been completed. A new species of Seadornavirus called Liao ning virus (LNV) was identified and  two strains of this virus have been fully sequenced. Its relationship to BAV and KDV was analysed and amino acid identities range between 18 and 42% between either BAV or KDV and LNV as shown in the figures 1 and 2.
Orbivirus cDNA clones: The complete genome of a tick-borne orbivirus, (St. Croix River virus (SCRV)) has been sequenced, establishing it as a new species.  Phylogenetic analyses comparing it with other Tick-borne and Insect-borne orbiviruses, indicate that SCRV is the oldest Orbivirus species sequenced to date. A new Chinese virus isolate (YN77-2) was identified and named as Yunnan orbivirus (YOV). Its full-length genome sequence has been determined. The amino acid identities between YOV and other orbiviruses range from 18 to 48% identifying it as a new orbivirus species.

Aquareovirus cDNA clones: Sequencing & phylogenetic analyses of the aquareoviruses show an unusual genetic relationship with orthoreoviruses.  Viruses of these genera show surprisingly high amino acid identities between homologous proteins (17-42%), which would be more usual for viruses  belonging to a single genus, suggesting that aquareoviruses and orthoreoviruses might have originated  from a common ancestor ~ 510 Million Years ago.
Identification of a new group of viruses within family Reoviridae: A new virus with a 10 dsRNA segmented genome was identified in an Aedes mosquito cell line. The entirety of the genome was sequenced and the virus proteins were found to exhibit at maximum 20% Amino acid identity with other viruses belonging to genera of family Reoviridae, in particular fijiviruses and cypoviruses. Other isolates of the virus were made from the same cell line which seems to contain more that one virus with 10 segmented dsRNA genomes. These isolates are being sequenced.

8-Production of anti-sera from purified viruses and recombinant proteins : application to diagnostic tests

We have expressed proteins 7, 8, 9, 10, 11, and 12 of Banna virus and prepared poly-clonal anti-sera. VP9, which is a component of the outer coat, is the most immunoreactive BAV protein and is responsible for serum-neutralisation. VP9 was used to develop an ELISA for the detection of IgG antibodies to BAV in human sera. Test specificity was evaluated using a 322 blood donors and was found to be 100%. We have also tested 300 sera of Malaysian patients with neurological syndrome but no identified etiologic agent. We have also tested 75 sera of patients from Thailand. This ELISA has been used for 12 months in an epidemiological study of BAV in South-East of Asia, in collaboration with the Unit of Virology at the University of Mahidol in Thailand.  We have expressed proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV. Some of these proteins were used to raise anti-sera in rabbits. ELISAs were developed for (CTFV and EYAV. The CTFV-VP7 was used in the ELISA of CTFV and the EYAV-VP6 in the ELISA of EYAV. these proteins are cognate proteins and are the most immunoreactive to their respective anti-virus immune ascitic fluids. They do not react with the heterologous ascitic fluids, hence the ELISAs can distinguish infections by CTFV from infection by EYAV. The CTFV-VP7 ELISA specificity was checked using a random population of 368 blood donors and found to be 98.2%. It was also used to detect antibodies in sera of patients infected with CTFV (sera obtained from the CDC) and its sensitivity was found to be 100%. The EYAV-VP6 ELISA was assayed using a random population of 340 blood donors and found to be 100 %. 

Structural and functional studies: purification of Banna virus cores and virus particles: BAV cores and  virus particles were purified from infected cell culture. The methods are described in a paper submitted for publication.  The architectural organisation and structural components of BAV have now been determined.  The purified particles are being used in crystallisation trails for X-ray diffraction studies designed to determine the atomic structure of the virus. 

Protein expression for functional and structural analyses of Banna virus: Recombinant proteins (including VP3 of BAV) were expressed in a cell-free system, allowing it to be identified as the viral capping enzyme   VP9 protein of BAV, was purified and crystallized in collaboration with the team of Professor David Stuart (Structural Biology, Welcome Trust Centre in Oxford), and the team of Professor Peter Mertens (IAH in Pirbright). Seleno-methionine protein crystals were obtained which diffracted to 2.6 angstrom. The atomic structure of the protein was determined, identifying it as a trimer with structural similarities to VP8 protein of rotavirus. These similarities correlate with the role of the VP9 as a cell attachment protein and as a target for neutralising antibodies. Hence, VP9 has potential as a  subunit vaccine for BAV. 

A novel protein expression mechanism inColorado tick fever virus and Eyach virus: A novel protein translation mechanism was identified in segment 9 of the coltiviruses, involving read-through of a stop codon. Such a mechanism has previously been described for a variety of viruses, but this is the first time that this mechanism is reported in a member of the family Reaoviridae.
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CONTRIBUTION OF THE PARTICIPANTS: Partner 3 Third reporting period 
 Determination of the nucleotide sequences of the EHDV, BTV 3 and BTV 4 segments of interest in order to complete the sequences database; 3) the development of BTV recombinant proteins for ELISA development.

Characterization and collection of Orbivirus field strains. Réunion island: From January 2003 to April 2003, a disease occurred in cattle over a large part of the island (involving 3607 cattle), with clinical signs similar to bluetongue but no evidence of disease in sheep. Death, occurred in some cases, at 8-10 days pi. During the epizootic, 235 clinical cases of EHD were also reported. EDTA-blood samples were used for virus isolation or RNA extraction. An 1162 bp amplification product was obtained with the EHD Seg-7 primers (but no products were made with BTV seg-7 or Seg-10 primers), indicating that the disease was caused by EHDV. The virus was isolated in embryonated chicken eggs then passaged twice in BHK-21 cells generating characteristic CPE. The virus was identified as EHDV by virus-species specific RT-PCR and confirmed by ELISA at IAH Pirbright. A serological (cELISA) and RT-PCR survey was carried out using blood and serum samples collected from deer, sheep, cattle and goats on the Island,  May 2002 to September 2003. Antibodies against BTV were detected in cattle sera suggesting that the virus had spread without clinical signs in the sheep population.

In February 2003, BTV Seg-7 andSeg- 10 were successfully amplified from a sheep sample (from the Island)  then sequenced, However, virus was not isolated from the blood and no other blood samples from sheep with clinical signs was sent to the laboratory during this period .In August 2003, blood and serum samples were tested from a sheep flock, in which some animals presented BTV clinical signs, Amplification and sequencing of BTV Seg-2 indicated that the virus was BTV-3. Isolation of this BTV and typing by VNT confirmed this result 

Corsica: Since 21 October 2003, our laboratory has received 177 blood or spleen samples from Corsican pyrexic sheep. BTV specific RT-PCRs revealed a new BTV incursion in the South of the Island . Amplification and sequencing of a portion of Seg-2 identified  BTV-4. This BTV serotype 4 strain was also detected in Sardinia. Up to 15th December 2003 seventeen flocks were infected. No BTV serotype 2 strain was isolated during this outbreak. Fifteen serotype 4 BTV isolates have been obtained from 15 different flocks. After determination of the BTV serotype, a vaccination campaign was carried out in the beginning of November 2004, using the live bivalent South African serotype 2 and 4 vaccine.

Sequencing of EHDV, BTV 3 and BTV 4: 

EHDV: Sequence of Seg-7 from the Reunion EHDV strain were compared to those available on Genbank. 77.1% homology was detected at the nucleotide level with EHDV serotype 1 and 2, which increased to 94.9 and 94.3 % when the amino acid sequences were compared. The nucleotide sequence of Seg-10 showed 87.3 and 87.8% homology when compared with segment 10 of the EHDV types 1 and 2 and the NS3 amino acid sequence showed 96.9 and 96.5% of similarity. Preliminary sequencing results showed only 27.6 and 29.7% similarity with the Seg-2 nucleotide sequence of serotype 1 and 2, indicating that the Reunion strain does not belong to these serotypes.

BTV Serotype 3: Sequence of the Seg-7, 8, 9 and 10 segments of the Reunion BTV-3 did not reveal the origin of the virus. The sequences are similar to different strains isolated in the world. The two S7 sequences obtained are close to the S7 of the BTV 1 and 6 respectively strains both isolated in Honduras. The two different Seg-10 sequences from Reunion BTV-3 strains had high homologies with Seg-10 of a Jamaican BTV-12 and the French BTV 2 strain isolated in 2000 (Corsica) respectively. It is not possible to determine the origin of this strain from these data. The predicted amino acid sequences of the VP2 protein were aligned with others BTV sequences available from GenBank and showed 92.4% homology with the BTV 3 vaccine strain (South Africa). This analysis showed that BTV 3, 13 and 16 are relatively closely related. Segment 2 determines BTV serotype, and  it is useful to be able to rapidly amplify the segment 2 (or a portion) e.g. with “consensus” primers (MG3-PG3), to compare the nucleotide sequence with BTV Seg-2s available from GenBank (or in the laboratory). Sequences of segments 2, 7 and 10 of the Reunion BTV isolate were submitted to GenBank, and accession Nos are, AY485669, AY485667 and AY485668, respectively.
Serotype 4 BTV: The vaccine and wild strains of BTV-4 have been present on Corsica since November 2003. We are currently  sequencing Seg-10 of these viruses, to design primers that will amplify specifically either  the vaccine or wild type of BTV-4.

 ELISA: Expression of VP7 and NS Proteins:  The BTV serotype 2 Seg-5 (NS1), 7(VP7), 8 (NS2) and 10 (NS3) DNAs were used to construct recombinant baculoviruses.  Only VP7 and the NS3 proteins were expressed in the SF9 cells. The antigenic reactivity of both recombinant fusion proteins was confirmed by Western blot with bovine and sheep antisera to BTV. Only the non-denatured VP7 protein (which is presented as a trimeric structure (110 KDa)) was recognized by BTV positive se                 
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AFSSA –Alfort 23, Av. Gal de Gaulle, 94703 Maisons-Alfort, France, Mr Emmanuel Bréard, PhD, funded by the EU project, Mrs Corinne Sailleau, BsC from AFSSA and Mr Stéphan Zientara, DVM, PhD (AFSSA).

Summary of the objectives of the AFSSA Alfort laboratory : During the 2003 year, surveys were carried out in the French territories (including the French overseas territories). These studies have permitted to isolate an EHDV (in February 2003) and a serotype 3 BTV (in August 2003) in the Reunion island. In October 2003, a new BTV incursion was observed in Corsica. We have demonstrated that a serotype 4 BTV was the cause of this outbreak. Since October 2000, the French Island of Corsica was infected by the serotype 2 BTV. In consequence, a vaccination campaign against BTV serotype 2 and 4 was carried out in Corsica since November 2003, using a live South African serotype 2 and 4 vaccine. The main subjects in which the AFSSA team were involved during this third year were related to:1) characterization and collection of Orbivirus field strains; 2) the dete ra. The recombinant VP7 was purified and the antigenic reactivity tested by ELISA. Results demonstrated that the recombinant VP7 is a good antigen for detection of antibodies against BTV-group viruses in infected or vaccinated animals. The AFSSA general direction decided to patent the Corsican recombinant VP7.

For the NS3 protein, the denatured or non-denatured proteins show antigenic reactivity in presence of BTV positive sera. The recombinant NS3 protein is now tested as antigen for group ELISA assay. This NS3 protein could be a potential antigen for a rapid discrimination between anti-BTV antibodies induced by infection or inactivated vaccine (Merial).

 Objectives: Next year, our objectives are to improve and to increase the number of serotype-specific primers, to validate those primers on biological samples. The determination of the nucleotide sequences of other genome segments will continue.    ( contents
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Departamento de Biologia Molecular y Celular, 
Centro Nacional de Biotecnologia (C.S.I.C.), U.A.M. Cantoblanco, 28049 Madrid, Spain

Aquareoviruses:  
1. Development of an affective RT-PCR-based aquareovirus diagnostic test. As starting point for this task, we performed a search for conserved regions within the genome of previously characterised aquareovirus strains. The result of this analysis strongly suggested the existence of a number of potentially useful regions within genome segment 2. This segment encodes the virus RNA dependent RNA polymerase polypeptide. Based on a multiple alignment of nucleotide sequences of segment 2 from Chum salmon reovirus CSV (CSRV), Striped bass reovirus (SBRV), Golden shiner reovirus (GSRV), Grass carp reovirus (GCRV), and Golden ide reovirus, a number of primers were initially selected. The effectiveness of these candidate primers was experimentally analysed using RNA samples isolated from cells infected with either CSRV or GSRV. As a control for these experiments, total RNA from mock-infected cells was also included in the reactions. The results of a series of experiments led to the selection of the four degenerate primers shown in table 1. The use of these primers for nested RT-PCR reactions results in the efficient amplification of a 131-bp diagnostic DNA fragment.
2. Epidemiological survey. The development of the diagnostic assay described above prompted us to carry out an epidemiological survey to detect the presence of aquareovirus infections in field samples.

Over 2,300 samples from different fish species, corresponding to both wild and farmed specimens, have been analysed so far. RT-PCR assays have been carried out using as template total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen. A total of 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens.

In order to further evaluate the accuracy of our epidemiological data, we are currently re-analysing our RNA sample collection using an alternative diagnostic method. This method, recently described by Seng et al. (Journal of Virological Methods [2004] 118: 111–122), is based on a RT-PCR approach that uses degenerate oligonucleotide primers specific for genome segment 6.

3. Isolation of new aquareovirus strains. Homogenates from RT-PCR positive tissues have been used to analyze the feasibility of isolating new aquareovirus strains.  Despite the use of a wide range of experimental conditions (including different fish cell lines and incubation temperatures) our attempts have not, as yet, rendered positive results.
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Partner 5:  Third  Individual Progress Report for ReoID for (01/01/2003 to 31/12/2003)
Partner 5: Laboratory of Microbiology and Infectious Diseases, Faculty of Veterinary Medicine,                            Aristotle University, GR-541 24 Thessaloniki  Greece
 Scientific team: Assist.prof. Maria Artopiou, koumbati@vet.auth.gr , Lect. Maria Papanastassopoulou 
Dr. Kyriaki Nomikou, Dr. Panagiotis Markoulatos, Dr. Olga Mangana, Prof. Orestis Papadopoulos orestisp@vet.auth.gr , Dr Suzana V.Nikolakaki   sverg@vet.auth.gr
Objectives: Partner 5 will contribute in the tasks on epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV field isolates. Also, P5 will perform cDNA clones of orbiviruses, evaluate antibodies for use in genus, species and serotype determination assays, design and test PCR based assays for different EHDV serotypes and design and test PCR based assays for different BTV serotypes.
Work done during the third  year

WP1 - Reference collections: Documentation and storage of currently available orbivirus strains: The Greek BTV field isolates collection consist of 19 isolates that were serotyped by SN test as BTV1, BTV4, BTV9 and BTV16. They come from different parts of Greece, different host species from BTV epizootics that occurred during the years 1979, 1998, 1999, 2000 and 2001. During the current period one more BTV field isolate was added in the collection.  This is coming from the epizootic of 2001 in mainland Greece and serotyped as a BTV1. Finally, 2 BTV1, 14 BTV4, 2 BTV9 and only 1 of BTV16 are included in our collection.

Obtain and store additional orbivirus strains: During 2003, within the surveillance program of the Greek Ministry of Agriculture for the EHDV and AHSV we tested by C-Elisa 601 bovine, ovine and caprine sera and 1664 equine sera from animals from all over the country. Moreover, 5558 bovine sera and 30792 ovine and caprine sera were tested by C-Elisa for BTV antibody. All the tested sera were negative. In the same period, 242 blood samples from suspected for BTV cases were tested by Ag detection ELISA for EHDV. We have not isolated either BTV or any other orbivirus (including EHDV).
WP2,WP3,WP4 – RNA Sequence Analysis: a. Generation of cDNA clones of Orbiviruses: Nineteen Greek BTV strains were selected and serotyped, cDNAs from these and reference BTV strains of serotypes 1-19  from the Ondesteport Institute,   EHDV serotypes 1,2,318  and AHSV type 9 were stored. 

RNA Sequence analysis: Sequence analysis of the NS3/NS3A gene of Greek BTV isolates: Results from the 18 isolates from the 2nd reporting period were confirmed once again, by re-amplifying and sequencing all samples for the second and even the third time in case of doubt. One new isolate of serotype 1 was included during this period adding up the total Greek isolates to 19.
During the 3rd reporting period, the amplification and sequencing of the coding region of segment 10 was successfully completed for all 19 Greek BTV field isolates (serotypes BTV1, BTV4, BTV9 and BTV16). These sequences were aligned and a phylogenetic tree constructed using the Clustal W program. The Greek isolates broadly clustered into two monophyletic groups, one consisting of all isolates of serotype 4 and the other consisting of isolates of serotypes 1, 9 and 16. The nucleotide sequences of two clusters showed about 15% variation between each other. The isolates within each cluster varied between 0-3%. When known sequences of American, Australian, Chinese, Indian, Cypriot and other Mediterranean strains were included into the phylogenetic tree it was found that the isolates of serotype 4 clustered with the Mediterranean isolates from Corsica and Tunisia whereas the isolates of serotypes 1, 9 and 16 grouped with isolates from Asia and Australia. In the 2nd reporting period, we had reported that one isolate each, of serotype 1 and 9 that were sequenced then were closely related to the Chinese and Australian strains. This was further confirmed this year with two other isolates, each of serotype 1 and 9. However, the isolates of serotype 4 now group with the Mediterranean strains and not with the Chinese strains as was last reported. 
The sequence analysis of 8 of the Greek isolates were presented at the 3rd OIE BTV symposium at Taormina, Italy, 26-29 October 2003 and is to be published in the Proceedings of the meeting. A manuscript with a complete sequence analysis of the 19 isolates is in preparation and will be sent for publication soon.
WP5,WP6, WP7 – Development of Improved Assay systems: c. Design and test PCR based assays for different BTV serotypes: During 2003, primers for genome segment 2 specific for BTV serotypes 4 and 9 were designed and tested using the RT-PCR with a set of primers for genome segment 7.  A major part of this work has been completed. Some work is still in progress and needs to be further assessed for specificity and sensitivity. Also a manuscript with RT-PCR serotyping work of Greek BTV serotypes is in preparation. 
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4. PROJECT MANAGEMENT AND CO-ORDINATION                                  ( contents


Major project co-ordination activities during the reporting period

i) The Third co-ordination meeting was held in Seville 10th-11th July 2003, with representatives from each of the partners.  An agenda and notes from the meeting have been added to the Website: 

www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/meeting_report_seville_2003.htm.

ii) The dsRNA virus website http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ and the ReoID project web site www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/index.html provide a mechanism that is accessible to all partners for dissemination of information.   In particular they provides a mechanism to display and update the sequence data, trees and information concerning assay and primers generated by the project.  
iii) Partner 2 has provided valuable information and support to other members of the partnership in development of methods required to analyse the genome sequences of dsRNA viruses.  
i) Partner 1 has provided RNA samples  from reference strains of BTV serotypes to Partner 3 and 5 for testing and sequence analyses 

ii) Partner 5 has provided Partners 1 and 3 with Greek viruses for analyses

iii) The Co-ordinator has visited Partner 2 for collaborative studies 
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Planned Allocation of human resources to the project 

	Work-package
No
	Workpackage title
	Responsible 
participant
No
	Person-months

	WP 1
	Establish reference virus collections
	1, 2, 4
	18

	WP 2
	Genome sequence analyses of seadornaviruses / coltiviruses
	2
	36

	WP 3
	Genome sequence analyses of aquareoviruses
	4, 2
	38

	WP 4
	Genome sequence analyses of orbiviruses
	1, 2, 3, 5
	54

	WP 5
	Virus purification, production and characterisation of antibodies for serological assays
	1, 2, 4, 5
	32

	WP 6
	Design and test PCR based assay systems
	3, 1, 2, 4, 5
	58

	WP 7
	Evaluate improved orbivirus assays for diagnostic purposes
	1, 3, 5
	28

	WP 8
	Epidemiological  studies of seadornaviruses / coltiviruses
	2
	36

	WP 9
	Epidemiological  studies of Aquareoviruses
	4
	34

	WP10
	Set up and maintain web sites
	1, 2, 4
	6

	
	TOTAL
	
	340


4. EXPLOITATION AND DISSEMINATION ACTIVITIES
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International Refereed Publications

Fauziah Mohd Jaafar, Houssam Attoui, Pierre Gallian, Philippe Biagini, Jean-François Cantaloube, Philippe de Micco, and Xavier de Lamballerie. (2003).Recombinant VP7-based enzyme-linked immunosorbent assay for detection of immunoglobulin G antibodies to Colorado tick fever virus. Journal of Clinical Microbiology. 41, 2102-2105.

S HAMMOUMI, E BREARD, C SAILLEAU, P RUSSO, C GRILLET, C CETRE-SOSSAH, E ALBINA, R SANCHIS, M PEPIN, J.M. GUILBERT and S ZIENTARA. et al. Studies on the safety and immunogenicity of the South African bluetongue virus serotype 2 monovalent vaccine: specific detection of the vaccine strain genome by RT-PCR. Journal of Veterinary Medicine B Infectious Disease Veterinary Public Health 2003; 50: 316-321.

Bréard E, Sailleau C,  Coupier H, Mure-Ravaud K, Hammoumi S, Gicquel B, Hamblin C, Dubourget P and Zientara S. Comparison of genome segments 2, 7 and 10 of bluetongue viruses serotype 2 for differentiation between field isolates and the vaccine strain. Veterinary Research 2003; 34: 777-789.

Bréard E, Hamblin C, Hammoumi S, Sailleau C, Dauphin G and Zientara S. The epidemiology and diagnosis of bluetongue with particular reference to Corsica. Research in Veterinary Sciences, in press.

Breard E, Sailleau C, Hamblin C, Graham SD, Gourreau JM and Zientara S. An Epizootic Hemorrhagic Disease outbreak in Reunion Island. Veterinary Record, in press.
Mertens P. P. C. and Mellor P. S. (2003) Bluetongue  State Veterinary Journal  13, 18-25.

Crafford, J. E., Guthrie, A. J., van Vuuren, M., Mertens, P. P. C, Burroughs, J. N., Howell, P. G. and Hamblin C. (2003)  A group-specific, indirect sandwich ELISA for the detection of equine encephalosis virus antigen.  Journal of Virological Methods 112, 129-135.

H. Takamatsu, P. S. Mellor, P. P. C. Mertens, P. A. Kirkham, J. N.  Burroughs &  R. M. E. Parkhouse  (2003) A possible overwintering mechanism for bluetongue virus in the absence of the insect vector.  Journal of General Virology 84 227-235.

National publications
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Conferences  Talks and Abstracts:
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Abstracts (papers and posters presented at international meetings)

G. Dauphin, E. Breard, C. Sailleau and S. Zientara "Comparison of genome segments of bluetongue viruses serotype 2 for differentiation between field isolates and the vaccine strain » 6th International congress of Veterinary Virology, 24-27 août 2003, St Malo.
ZIENTARA S. "Prévention vaccinale de deux maladies émergentes à vecteur : la fièvre catarrhale du mouton et l’infection à virus West Nile », Académie vétérinaire de France, 22 octobre, OIE, Paris.

Singh, K.P., Maan, S., Rao, S., Samuel, A.R., Meyer, A and Mertens, P.P.C. (2003) Full length sequence analysis of genome segment 6 (encoding VP5) from different serotypes of bluetongue virus. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. W 7.9. (pp69).

BREARD E, HAMMOUMI S, SAILLEAU C et ZIENTARA S. «Comparaison génétique des souches sauvage et vaccinale du virus de la bluetongue (sérotype 2) présentes en Corse ». Journées francophones de Virologie, Paris, 10-11 avril 2003.

BITEAU-COROLLER F, HENDRIKX P, GRILLET C, ZIENTARA S, CHAVERNAC D, ALNOT L, CETRE-SOSSAH C, ALBINA E, DE LA ROQUE S, ROGER F. "Surveillance de la fièvre catarrhale du mouton en France : évaluation des tests sérologiques ». Association pour l'étude de l'Epidémiologie des Maladies Animales (AEEMA). ENVA, 23 mai 2003.

ZIENTARA S. "Diagnostic des maladies animales et prévention vaccinale», Comité pour les pays en développement (COPED), Académie des sciences, colloque inter-organismes, DG du CIRAD, 20 juin 2003.

S Boutrand, H Coupier, MF Ogier, N Reversat, K Mure-Ravaud, P Dubourget, C Schumacher, P Russo, JM Guibert, M Pépin, E Bréard, C Sailleau, S Zientara, C Hamblin, M. Lombard. “Serological and protection results observed in a vaccination-challenge test using live and inactivated vaccines against BTV2”. Third OIE Bluetongue International symposium, 26-29 octobre 2003, Taormina, Sicile.

Gerbier G., Roger F., Hendrikx P., Zientara S., Biteau-Coroller F., Grillet C., Baldet T. “Bluetongue control using vaccines: an experience from the Mediterranean islands in Europe”. Third OIE Bluetongue International symposium, 26-29 octobre 2003, Taormina, Sicile.

Ross-Smith, N. J.,  Hawes, P., Monaghan, P., and Mertens, P. P. C., (2003) Sequence analysis of Segment 8, encoding NS2, from different serotypes of BTV.  In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 5.10. (pp124).

Rao, S., Carner, G. R., Scott, S. W., Shapiro, M., Lynn, D., Winton, J., Stoltz, D., Hagiwara, K., Omura, T., Maan, S., Samuel, A. R., Attoui, H., Rodriguez, I., Meyer, A., Sutton, G. & Mertens, P. P. C. (2003). Genome-wide approach to sequence determination and identification for viruses of the genera Cypovirus, Aquareovirus, Orthoreovirus, and Orbivirus in the family Reoviridae. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 7.18. (pp146).

Anthony, S., Maan S., Samuel A., Mellor P. S., Mertens P. P. C. (2003) The differential diagnosis of bluetongue virus: a PCR approach. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 7.20. (pp148).

O’Hara, R. S., Rao, S., Mertens, P. P. C. (2003) Nucleotide sequence analyses of Genome segment 10 from bluetongue viruses isolated in the current European outbreak. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 7.21. (pp149).

Maan S., Maan N., O’Hara R., Samuel A.R. & Mertens P.P.C. (2003). Phylogenetic analysis of genome segment 2 from representative isolates of the 24 BTV serotypes. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 7.22. (pp150)

Samuel A., Maan S., Maan N. & Mertens P.P.C. (2003). RT-PCR based assays for typing European strains of Bluetongue virus and differential diagnosis of field and vaccine strains. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P 7.23. (pp151).

Rao, S., Rosario, M., Tesh, B., Hurtado, A., Meyer, M., Attoui, H., Mertens, P. P. C.  (2003) Peruvian horse sickness virus (PHSV): Identification of a new  orbivirus species based on complete genome sequence analyses and comparison with other Orbivirus species. In the 8th International Symposium on double-stranded RNA viruses, Tuscany, Italy. September. 13-18 2003. P7.25 (pp153).
Full papers in proceedings of international meetings

ZIENTARA S. "Bluetongue diagnosis by reverse transcription-polymerase chain reaction”, 26-29 octobre 2003, Third OIE Bluetongue International symposium, Taormina, Sicile.
Maan, S., Maan, N. S., Samuel, A. R., O'Hara, R., Meyer, A. J., Rao, S. & Mertens, P. P. C. (2004a). Completion of the sequence analysis and comparisons of genome segment 2 (encoding outer capsid protein VP2) from representative isolates of the 24 BTV serotypes. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

Maan, S., Samuel, A. R., Maan, N. S., Attoui, H., Rao, S. & Mertens, P. P. C. (2004b). Molecular Epidemiology of Bluetongue Viruses from disease outbreaks in the Mediterranean basin. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

Maan, S., Maan, N. S., Singh, K. P., Samuel, A. R. & Mertens, P. P. C. (2004c). The development of RT-PCR based assays and sequencing for typing European strains of bluetongue virus and differential diagnosis of field and vaccine strains. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

Mertens, P. P. C., Diprose, J., Maan, S., Singh, K. P., Maan, N., Attoui, H. & Samuel, A. R. (2004). Bluetongue virus replication, molecular and structural biology. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

Singh, K. P., Maan, S., Samuel, A. R., Rao, S., Meyer, A. & Mertens, P. P. C. (2004). Phylogenetic analysis of bluetongue virus genome segment 6 (encoding VP5) from different serotypes. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

S. Anthony, S. Maan, A. Samuel, P. Mellor, Mertens, P. P. C.  (2004). Differential diagnosis of bluetongue virus using an RT- PCR for genome segment 7. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).

Lager, I., Duffy, S., Miquet, J., Vagnozzi, A., Gorch, C., Draghi, G., Cetra, B., Soni, C., Hamblin, C., Maan, S., Samuel, A. R., Mertens, P. P. C., Ronderos, M. & Ramirez, V. (2004). Incidence and isolation of Bluetongue virus (BTV) in cattle of Ituzaingo and Santo Tome departments of Corrientes Province, Argentina. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).
Takamatsu H.-H., Mellor, P.S., and Mertens P.P.C. (2004) A potential overwintering mechanism for bluetongue virus – recent findings. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).
2003 National publications and symposium

E. BREARD, C. SAILLEAU, S. HAMMOUMI, H. COUPIER, K. MURE-RAVAUD, P. HENDRICKX et S. ZIENTARA. 2003. Epizootie de fièvre catarrhale en Corse en 2001. Bulletin de l’Association des Anciens élèves de l’Institut Pasteur, n° 174, mars 2003, 10-15.

S. ZIENTARA, E. BREARD and C. SAILLEAU 2003. Bluetongue diagnosis by reverse transcription-polymerase chain reaction. Proceedings of  the Third OIE Bluetongue International symposium, 26-29 octobre 2003, Taormina, Sicile.

GERBIER G, HENDRIKX, P., ROGER F., ZIENTARA S., BITEAU-COROLLER F., GRILLET C., BALDET T., ALBINA E. 2003. Bluetongue control using vaccines : an experience from the mediterranean islands in Europe. Proceedings of the Third OIE Bluetongue International symposium, 26-29 octobre 2003, Taormina, Sicile.

P DUMONT, C SAILLEAU, E BREARD, N POZZI, B GUERIN ET S. ZIENTARA. 2003. Rapport pour la DGAL-SDSPA sur « Etude de l’effet de la vaccination contre la fièvre catarrhale sur la production qualitative et quantitative de semence des béliers ».

M GREGORY, P HENRIKX, F ROGER, T BALDET, F BITEAU-COROLLER, E ALBINA, S. ZIENTARA, 2003. Surveillance de la fièvre catarrhale ovine en France : bilan 2002. Bulletin épidémiologique de l’AFSSA, n° 10, 5-7.

C SAILLEAU, E BREARD, J M GOURREAU, T GALIBERT, S ZIENTARA. 2003. La fièvre catarrhale du mouton sur l’île de La Réunion. Association pour l'étude de l'Epidémiologie des Maladies Animales (AEEMA), n° 44, sous presse.

 S ZIENTARA et A MAILLES. 2003. Les virus de la fièvre catarrhale des ovins (FCO) et de la fièvre du Nil occidental (West-Nile) : le retour ! Association pour l'étude de l'Epidémiologie des Maladies Animales (AEEMA), n° 44, 127-130. 
Web sites  

sites have been established at

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/
and




http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/index.html
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5. ETHICAL ASPECTS AND SAFETY PROVISION

We are not aware of any ethical or safety issues that have arisen

6. PLANS FOR THE NEXT REPORTING PERIOD
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7. REQUESTS TO THE COMMISSION

If you consider that a contract modification is needed (or is likely to be needed at some later date), please explain.   (Note:  late or unexpected requests for contract modifications cannot always be handled).

As a result of the continued outbreaks of bluetongue in Europe there has been some change of emphasis on certain aspects of the project but these appear to fit within the existing framework of the contract.

The work of the project is currently progressing very well indeed and is helping to provide information and materials (sequence data and cDNA clones) that are invaluable, both for the remainder of the contract, as well as the two other projects that are funded by the Commission and co-ordinated here at Pirbright:   ('Development of a safe, efficacious bluetongue virus vaccination strategy for Europe' (2002-2004, Contract No QLK2-CT-2001-01722) and 'Bluetongue & other Culicoides-borne diseases threatening the EU: Identification of vulnerable areas by surveillance & GIS modelling to aid risk assessment' (Contract No. QLK2-2000-00611). 

However, due to inevitable delays in employing staff at the start of ReoID, as well as some delays before the staff members that were appointed could join the project, there was a considerable delay before some the work could begin. Indeed, the partners in the ReoID contract have asked the Co-ordinator to request an extension (with no additional funds) to the project. The current termination date is due to be January 2004. As a result of the delays, funding does already exists to support those staff that were employed late for an additional period after the current official end date.  However, this will require the agreement of the Commission. 
The Co-ordinator has therefore requested a 10-month extension period to the project (with no additional funding) until the end of November 2004.  This will allow each of the partners to complete their work and for them to use the funding provided by the Commission in the most effective manner.  At the end of this extension the partners will be in a better position to write the final report on the completed work of the project. 
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SECTION III : SCHEMATIC DESCRIPTION OF THE PROJECT

This text (one page maximum) should provide an updated description of the project, written in a way that can be understood by non-specialists in the field.  It should include only information that can be published.









                                ( contents


	Overall Objectives of the project :  

The principal objectives of the project are to set up reference collections and provide new data and assays for certain important virus pathogens within the family Reoviridae.  The project will characterise the genomic RNA of these viruses (sequence analysis) and help establish a database for the family Reoviridae as a whole.  Sequence data will be made available via International databases and project Websites (www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ and www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/),  allowing of new virus isolates (particularly isolates of BTV) to be compared to reference stains and therefore identified as a specific virus species or serotype.  The new data also supports the design of novel oligonucleotide primers and RT-PCR based assays.  These methods are supported by more conventional serological studies but have the significant advantage that they will not usually require expensive serological reagents for virus identification.   When assays are available for virus identification they will be used for diagnostic and epidemiological studies within Europe.

	Experimental approach and working method : The relevant dsRNA genome segments of each virus studied will be converted into cDNA and sequenced by conventional methods.  When sequences are available, they will be used to design primers for cDNA synthesis and for the development of RT-PCR based assays to detect and identify specific viruses. Where no sequence data is available, a defined oligonucleotide will be ligated to the 3’ ends of the viral RNAs, so that they can copied into cDNA then cloned and sequenced in a conventional manner. Sequence data for the whole genome of new or previously uncharacterised virus species will provide a data base to identify new virus isolates.  

Sequence data for segment 2 and 6 of different BTV serotypes will provide a database to identify the serotype of new BTV isolates by non-serological methods (RT-PCR, sequencing and phylogenetic comparisons).  These sequence data will be freely available via the internet and will represent a resource that can be used by any laboratory involved in virus identification.  These assays and tests are being used for diagnostic and epidemiological studies of these viruses within Europe and elsewhere, particularly the Orbiviruses, coltiviruses, seadornaviruses and aquareoviruses. 

	Achievements and results to date : Virus collections have been established for the, coltiviruses, seadornaviruses, aquareoviruses and orbiviruses (see www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm) to support the project and as long term experimental resources. The complete genomes of representative aquareoviruses, coltiviruses and seadornaviruses have been sequenced.  These data have been submitted to international databases. Providing a valuable resource for the identification of new virus isolates and for design of diagnostic RT-PCR primers and assays.  

Sequencing studies of the orbiviruses have already demonstrated that St Croix River virus and Peruvian horse sickness viruses are a new and distinct Orbivirus species, they have also demonstrated that Ndelle virus had been wrongly classified as an Orbivirus, and is an Orthoreovirus.    Full length sequence data has been generated for segment 2, 6 and 10 of representative isolates of all 24 BTV serotypes.  These data have been submitted to the international sequence databases.    They have also been used in the design of oligonucleotide primers for use in novel virus detection and identification assays.  The sequence data obtained has also provided information for molecular epidemiology studies, showing  the most likely origins of European BTV strains, see http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm. 

	The two most relevant publications emanating from the project : 

Attoui, H., Fang, Q., Mohd Jaafar, F., Cantaloube, J. F, Biagini, P., de Micco, P., de Lamballerie, X. (2002). Common evolutionary origin of aquareoviruses and orthoreoviruses revealed by genome characterisation of the golden shiner reovirus, grass carp reovirus, striped bass reovirus and golden ide reovirus (genus Aquareovirus, family Reoviridae. Journal of General Virology 83: 1941-1951.
Maan, S., Maan, N. S., Samuel, A. R., O'Hara, R., Meyer, A. J., Rao, S. & Mertens, P. P. C. (2004a). Completion of the sequence analysis and comparisons of genome segment 2 (encoding outer capsid protein VP2) from representative isolates of the 24 BTV serotypes. In Proceedings of the Third OIE Bluetongue International Symposium. 26-29 October 2003, Taormina, Italy (In press).
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First Annual Progress Report

(QLK2-CT-2000-00143)

ANNEXES 1:  INDIVIDUAL PARTNER REPORTS

Individual Partners have contributed reports based on their activities related to the project during the first year.  They have also contributed sequence data that has being used for comparative purposes (construction of phylogenetic trees) and is being added to the database and Websites (see above). 
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REPORT Of ReoID  PARTNER 1 DURING THE SECOND REPORTING PERIOD
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Institute for Animal Health,  Pirbright Laboratory,  Ash Road,  Pirbright, Woking,  Surrey, UK 

Staff involved : Prof. Peter Mertens (Co-ordinator),  Dr Alan Samuel,  Dr Shujing Rao, Dr Sushila Maan, Dr Karam Singh, Dr Narender Maan, Natalie Ross-Smith, Simon Anthony, Nick Burroughs and Adam Meyer 

Progress Report Partner 1.
Bluetongue:  Bluetongue virus (BTV), which is the prototype species of the genus Orbivirus, family Reoviridae has a ten-segmented double stranded RNA genome, segment 2 and segment 6, of which code for outer coat proteins VP2 and VP5 respectively, which interact with neutralising antibodies. 

Several of strains of BTV have been grown in cell culture and purified for the production of high titre  antisera for use in diagnostic assays.  These include BTV-1, -2, -3, -5, -6, -7, -9, -13, -15 and -16. The process of inoculating animals and testing these reagents is on-going.  The NS2 protein of BTV-1 has been expressed and is also being used to raise antisera, which may be used to develop a diagnostic tests to differentiate infected and vaccinated animals.

A reference collection of virus isolates has been established to include samples of orbiviruses submitted to the laboratory. These have been catalogued, given unique identifying numbers and stored in a dedicated freezer. A list of the virus isolates in the collection is available via the web  at http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm. Viruses have been contributed to the collection by partners 3 and 5. Other isolates from the collection have also been supplied to them.

Improved methods have been developed for amplifying full length cDNA copies of dsRNA genome segments.  Data from new isolates can be obtained quickly for comparisons to strains already examined.   A technique has been developed, that involves ligation of a defined oligonucleotide (chemically linked to a pre-annealed  primer) to both 3’ ends of the double stranded RNA molecules. Full-length cDNA amplicons can then be made by RT- PCR. This has facilitated the cDNA synthesis, cloning and sequencing of virus isolates for which no sequence data is available. 
Phased primers, which utilise the conserved 6 terminal bases at the 5’ and 3’ ends of the orbivirus genome segments, can be used in sequencing reactions directly with the resulting PCR products, thereby avoiding the time consuming steps involved in cDNA cloning. 

Using these techniques, representatives of all twenty-four BTV serotypes have been characterised. Phylogenetic analysis of the resulting data (for genome segments 2 and 6) have shown that the different BTV serotypes cluster into distinct groups (see Figures 1a, 1b and 1c).   The results obtained with these segments show broadly similar genetic relatedness, for individual isolates, between different serotypes and confirm that in all cases BTV serotype can be identified by sequence analysis of genome segment 2 alone.   In contrast data (not shown) for genome segment 6 shows that some individual serotypes are more closely related to each other, but this segment could also be used to identify BTV serotype by sequence analyses and phylogenetic comparison.  

The full length (2.9kb) sequences of BTV genome segment 2 for >150 isolates have been determined (BTV-1, 16 isolates; BTV-2, 12 isolates; BTV-4, 11 isolates; BTV-9, 9 isolates; BTV-16, 7 isolates) and have been submitted to the international databases. This significantly increases the data available for BTV and provides a resource for other researchers in the field. 
Comparison of BTV-4 strains indicates that recent field isolates from Turkey or Greece are only relatively distantly related to the Turkish and South African vaccine / reference strains.  The Turkish vaccine is therefore not implicated as the cause of the recent outbreaks.  Analyses of isolates from the Balearic Islands in September 2003 using and RT-PCR assays and sequence analyses of genome segments 2 and 6 demonstrated that the isolate was type 4.  However, Segment 2 failed to amplify with the standard primer set for this BTV type.  It was subsequently found that this was due to a sequence change in the footprint of one of the primers (new primers were therefore designed).  Together with the phylogenetic analyses, this indicates that the Balearic isolates (SPA2003/01 & SPA2003/02) are not closely related to other European isolates of BTV-4 (GRE2000/01, TUR1978/01, TURvvvv/04, &  CYP1969/01)  although it is also a western group virus, with similarities to BTV-4 from Sudan (SUD1983/01).    These data suggest that the Balearic Island strain was part of yet another new introduction of BTV into Europe during 2003.  This represents the 6th introduction of BTV into Europe over the previous 7 years (BTV-9 in 1998, BTV-4 &16 in 1999, BTV-2 in 2000, BTV-1 in 2001, and BTV-4 in 2003). 

The sequence data were used to draw phylogenetic trees showing genetic relationships, and providing information concerning the origins and epidemiology of the strains currently affecting Europe (see Figure 2). Data generated so far indicate that the BTV-2 strains from Sicily, Corsica and Tunisia are more closely related to African viruses than those from India. This suggests that BTV-2 moved into the Mediterranean region from sub-Saharan Africa (see http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/BTV2-segment-2-tree.htm). In contrast, European strains of BTV-1 (http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/BTV1-segment2-tree.htm) probably originated further East India or the Middle East., as did type 9 (http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv9-segment-2-tree.htm) possibly entering Europe via Turkey.   Although BTV 4 also appears to have entered Europe from the East (possibly Turkey) (see http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv4-segment-2-tree.htm) the European strains show a close relationship in genome segment 2 to both the South African BTV-4 reference strains and BTV-4 from Argentina (see figure 2), and the virus may have been circulating on the edge of Europe for several years (decades).

Where multiple isolates of an individual serotype have been characterised, there is consistently a significant divergence between isolates from the East (Australia, India, China) and West (Africa, and Americas).  Our data for the European BTV isolates indicate that the Mediterranean region is a meeting point for these two groups, with individual strains from several origins.  The epidemiology of BTV circulating in the Mediterranean basin is therefore complex, with considerable potential for genome segment reassortment between strains (including wild types and the live attenuated vaccines).  The transmission and persistence of BTV within Europe is also influenced by the movement of competent vector species (Culicoides imicola) northward, the probable involvement of novel vector species (C. pulicaris and C. obsoletus) and the existence of an overwintering mechanism. The attenuated BTV vaccine strains that are currently available, were developed in South Africa by multiple passage in cell culture (at OVI), in most cases from Western (African) viruses (with the exception of BTV-16 which was derived from an eastern virus strain).   The European field strains of BTV-1 and 9 are Eastern group viruses and can therefore be distinguished from vaccine strains by RT-PCR with specific primers and / or sequence analyses.  It has also been possible to distinguish BTV-2 and 4 vaccines, from the European field strains, even though they are also western viruses.  
Serotype specific primers have been evaluated for BTV 1, 2, 4, 9 & 16 and a single-tube multiplex PCR has been designed to identify and distinguish European strains of these virus serotypes (see Figure 3).  Details of primers that can be used as a basis for diagnostic tests are already available to the partners involved in the Reo-ID project via the project website (http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/rt-pcr-primers.htm).

The sequence data generated for the different genome segments (initially segments 2, 6, 7, 8  and 10) of BTV and whole genomes of other orbiviruses, together with detailed isolation data for each virus strain characterised, forms the basis of the most comprehensive database currently available for the these viruses.  This will be further supported by creating links with other sources of information (ICTVdb, EMBL, Genbank, Pubmed etc) and will provide a long-term resource for their study.  The collected data that is becoming available will also help us to assess the capability and frequency of BTV genome segment to reassort in the field, as well as providing materials and information for studies of variation in specific orbivirus genome segments and its relationship to biological function. Sequence data generated for BTV genome segment 7 has also been used to design (and improve) virus species-specific primers, for a diagnostic RT-PCR based assay.   Using sequence data, that we are also generating for other Orbivirus species, this will help outbreaks of BTV (and potetially other orbivirus diseases) to be identified more rapidly.   

Collaboration between South Africa (Christian Pottgeiter), France (partner 2) and Pirbright (partner 1) has generated full-length cDNA clones for the genome of Equine Encephalosis Virus (EEV). It is expected that this will provide full genomic sequences to two of the eight EEV serotypes and data on segment 2 of five further strains.   These clones are also being used in Expression studies to generate individual viral proteins for structural studies (in collaboration with Professor David Stuart at Oxford),

 Sixteen virus strains, which had not previously been characterised, have been cloned and are being sequenced. These studies have demonstrated that Peruvian horse sickness virus (PHSV) (see Figure 4) has only low levels of sequence similarity to other established Orbivirus species at the nucleotide level, although it does show similarities at the amino acid level.  PHSV has now been recognised as a member of a new Orbivirus species by ICTV.    The genome of Ndelle virus has also been characterised and is closely related to mammalian orthoreoviruses. It was therefore reclassified within that genus.   A virus isolated from an outbreak disease (originally thought to be BT) in India (Indian sheep virus) has also been identified as an orthoreovirus. Further work is underway to examine the pathogenicity of this strain to help confirm its involvement in the death of up to 30,000 sheep in India.

cDNA libraries containing cDNA clones from all of the genome segments of a further twelve unassigned viruses (Andasibe, Tracambe, Codajas, Tilligerry, Umatilla, Itupiranga, Lebombo, Changuinola, Eubenangee, Ieri, Orungo, Tembe) have been produced and are being sequenced (see Figure 5). These data will be submitted to the international databases and published and when they have been completed.

Virus particles and subcore particles of Equine encephalosis virus (EEV) have been purified and used to generate high specificity polyclonal antisera. An EEV specific ELISA has subsequently been developed and published (Crafford et al 2003). Palyam virus particles and core particles have also been purified and used for the polyclonal antibody production.   These antisera will be used for development of a palyam specific diagnostic ELISA. Expressed BTV NS2 has been used to generate antisera that may be valuable to distinguish vaccinated from infected animals.  It is also being used in confocal microscopy studies of BTV replication.  Virus particles of BTV serotypes 1, 2, 3, 5, 6, 7, 9, 13, 15 and, 16 have been purified for production of high neutralising-titre antiserum, to support conventional serum neutralisation 'typing' assays.                      
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Figure 1b: Phylogenetic comparison (Neighbour joining tree) of the nucleotide sequences of gene segment 6 from all 24 reference strains of BTV. Six distinct nucleotypes are seen- Nucleotype ‘α’ (BTV 12, 15, 22), ‘β’ (BTV 8 & 18), ‘γ’ (BTV 1, 2, 9, 23), ‘δ’ (BTV 3, 5, 6, 13, 14, 16, 21), ‘ε’ (BTV 4, 10, 11, 17, 20, 24), ‘ζ’ (BTV 7 & 19).
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Figure 1c: Phylogenetic comparison (Neighbour joining tree) of the deduced amino acids sequences of VP5 from all 24 reference strains of BTV. The clustering of different BTV serotypes is very similar to nucleotide sequences as in Figure 1b. 
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MAIN OBJECTIVES OF THE PROJECT FOR PARTNER 2 CONCERNING THE THIRD REPORTING PERIOD

1-Documentation of the current strains of coltiviruses

The current status of coltivirus collection at UVE is the presence of 15 strains of the Colorado Tick fever virus (CTFV), 3 strains of Eyach virus (EYAV) and 1 strain of Salmon river virus. These were obtained from different sources : Drs. Nick Karabatsos, Robert Shope, Robert Tesh and Claude Chastel.

These viruses are stored as  frozen cell cultures in Vero and BHK-21 cells at –80°C.

At present, 8 strains of CTFV obtained from humans and ticks (the vectors of CTFV), were formally requested from the virus collection at university of Texas medical branch (UTMB). 

2-Documentation of the current strains of seadornaviruses

The current status of seadornavirus collection at UVE is the presence of 9 strains of the Banna virus (BAV, including the original isolate from cerebrospinal fluids of infected patients), the type species of genus Seadornavirus, 1 stain of Kadipiro virus (KDV) and two strains of the newly discovered Liao ning virus (LNV). These viruses were obtained from two sources :  at UTMB by Drs. Robert Shope and Robert Tesh, and Drs Boquan Chen and Sanju Tao at the Chinese Centres for Disease Control the Prevention in Beijing.

These viruses are stored as frozen cell cultures in a mosquito cell line (C6/36 cells) at –80°C  propagated in and stored frozen at –80°C. 

3-Generation of cDNA clones of coltiviruses 

During the first two year we have generated full-length cDNA clones and determined the sequence of CTFV-Florio and EYAV-Fr578. We have also generated cDNA clones for the California hare coltivirus (CTFV-Ca), which is a distinct serotype of CTFV. Numerous additional partial sequences have been obtained from variants of CTFV and EYAV. The relationship of CTFV and EYAV to other members of the Reoviridae are shown in figure 1. The sequence analysis has shown that CTFV and EYAV are definitely closely related viruses, which might have originated from a common ancestor about 50 MYA.

The Salmon river virus proved to be difficult to adapt to cell culture. It sequence should be determined using the “sequential segment substraction: 3SM” described for the sequence determination of non cultivable dsRNA viruses.

4-Generation of cDNA clones of seadornaviruses 

During the first 2 years the full-length sequences of BAV-In6423 and KDV-Ja7075 were determined, which permitted to reclassify these viruses as members of the newly created Seadornavirus genus within family Reoviridae. Only partial sequence of the Chinese BAV isolate (BAV-Ch) was obtained in the past two years. We have now completed the sequence of the genome of BAV-Ch.

We have identified a new species of seadornavirus that have been designated Liao ning virus (LNV). The full genome sequence of two strains of this virus was determined. The relationship of this virus to BAV and KDV was analysed and amino acid identities were found to range between 18 and 42% between either BAV or KDV and LNV as shown in the figures 1 and 2.

5-Participation to generation of cDNA clones of Orbiviruses

during the past two years of the ReoID project, we have determined the full-length sequence of a newly identified tick-borne orbivirus, designated St. Croix River virus (SCRV). The sequence analysis have established SCRV as a new species within the genus Orbivirus. Its relationship other Tick-borne or Insect-borne orbiviruses was established and SCRV was shown to be the oldest orbivirus species sequenced to date (as shown in figure 1).

A virus isolate obtained from China (isolate YN77-2) during the second year of the project was identified as an orbivirus and designated the Yunnan orbivirus (YOV). The full-length genome sequence of this virus is now determined. The amino acid identities between proteins of Yunnan orbivirus and their homologous in other sequenced orbiviruses ranges from 18 to 48% (figue 2). This clearly identifies Yunnan orbivirus as a new distinct species within genus orbivirus (figures 1 and 3).

6-Generation of cDNA clones of Aquareoviruses

The sequence analysis of aquareoviruses was realised started during the first 2 year. The phylogenetic analysis have shown that their exist an unusual genetic relationship between aquareoviruses and orthoreoviruses (figure 1) since viruses of both genera shown surprisingly high amino acid identities (17-42%) between homologous proteins. These values are usually calculated for viruses  belonging to a single genus. The phylogenetic analysis have suggested that aquareoviruses andortrhoreoviruses might have originated from a common ancestor 510 Million Years agao.
7-Identification of a new group of viruses within family Reoviridae: the genus Apidecarnavirus
A new virus with a 10 dsRNA segmented genome was identified in an Aedes mosquito cell line. The entirety of the genome was sequenced and the virus proteins were found to exhibit at maximum 20% Amino acid identity with other viruses belonging to genera of family Reoviridae, in particular fijiviruses and cypoviruses. Other isolates of the virus were made from the same cell line which seems to contain more that one virus with 10 segmented dsRNA genomes. These isolates are being sequenced at present time.

8-Production of anti-sera from purified viruses and recombinant proteins : application to the elaboration of serological diagnostic tests

During the first 2 years year of the project we have expressed proteins 7, 8, 9, 10, 11, and 12 of the Banna virus and prepared specific poly-clonal anti-sera to the recombinant proteins and to purified virus particles as well. We have found that the VP9 was the most immunoreactive protein.

VP9 was found to be one of the 2 outer coat proteins of BAV. It is responsible for sero-neutralisation of virus infectivity. The VP9 was used in elaboration of an ELISA test for the detection of IgG antibodies against Banna virus in sera of humans. The specificity of the test was evaluated on a random population of 322 blood donors and was found to be 100%, using as standard the anti-banna virus ascitic fluid. We have tested with this ELISA 300 sera of Malaysian patients with neurological syndrome (since Banna virus has been isolated from a patient with encephalitis) for whom no identified etiologic agent could be incriminated. We have also tested 75 sera of patients that have been obtained from Thailand.

This ELISA is in utilisation for the last 12 months in the epidemiological study of Banna virus in South-East of Asia, in collaboration with the unit of virology at the university of Mahidol in Thailand.

During the first two years of the project we have expressed proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV. Some of these proteins were used to raise anti-sera in rabbits. 

ELISAs for these two viruses (CTFV and EYAV) were established. The CTFV-VP7 was used in the ELISA of CTFV and the EYAV-VP6 in the ELISA of EYAV. these proteins are cognate proteins and are the most immunoreactive to their respective anti-virus immune ascitic fluids. They do not react with the heterologous ascitic fluids, hence the ELISAs can distinguish infections by CTFV from infection by EYAV.

The CTFV-VP7 ELISA specificity was assayed using a random population of 368 blood donors and found to be 98.2%. It was also used to detect antibodies in sera of patients infected with CTFV (sera obtained from the CDC) and its sensitivity was found to be 100%.

The EYAV-VP6 ELISA as assayed using a random population of 340 blood donors and found to be 100 %. 

9-Structural and functional studies

9.1- Establishing protocols for the purification of core virus particles and whole virus particles of Banna virus

Protocols for the purification of core virus particles from BAV infected cell culture were established, based on the utilisation of discontinuous caesium chloride centrifugation gradients. These protocols were described in a research paper that will be submitted for publication in a virology journal. 

Whole virus particles were also purified from infected cell culture using protocols based on the utilisation of colloidal silica. 

These methodological approaches allowed the identification of the architectural organisation of Banna virus and the determination of structural components of core particles and whole virus particles. 

These purified virus particles are now ready to be utilised in crystallisation trails for the preparation of whole virus crystals to be analysed by X-ray diffraction. This is for the purpose of determining the atomic structure of the virus. At present highly purified particles are produced for such a purpose. 

Moreover these methodological approaches permitted to identify the outer capsid proteins involved in cell attachment and penetration, namely the VP9 protein of BAV.

9.2- Protein expression for functional and structural analyses of Banna virus

Recombinant protein were expressed in cell-free systems, particularly the VP3 of BAV which was formally identified as the capping enzyme of the virus. The identification of the viral enzymes should help in the future in the elaboration of antiviral strategies directed against viral enzymes.

We have produced a highly pure VP9 protein of BAV, which was crystallized in collaboration with the team of professor David Stuart from the unit of structural biology at welcome trust centre in Oxford, and the team of professor Peter Mertens from the IAH in Pirbright. Selenomethionine modified protein crystals were obtained which diffracted to 2.6 angstrom. The atomic structure of this protein is now determined. This protein exists as a trimer and exhibit distant structural similarities to the VP8 protein of another Reoviridae, the rotavirus. These similarities correlate well to the role of the VP9 as a cell attachment protein and as a target for seroneutralising antibodies. Hence, VP9 could represents a potential subunit vaccine for BAV. 

9.3- Protein expression for functional analyses of Colorado tick fever virus and Eyach virus
A protein translation mechanism was identified in segment 9 of the coltiviruses.  It concerns read-through a stop codon (by ribosomes) for the regulation of translation. Read-through results from the recognition of stop codons by naturally occurring tRNAs in cells. These are called suppressor tRNA. The are used by the ribosomes for incorporation of amino acids (arginine, tryptophane or cysteine) at the place of the stop codon. Such stop codons are designated as “Leaky stop”. Such a mechanism of regulation of translation has been previously described for a variety of viruses, but this is the first time that this mechanism is reported in a member-virus of the family Reaoviridae. The concerned viruses are CTFV and EYAV. The read-through occurs in the segment 9 of these viruses as determined in infected cells and in cells transfected with a plasmid expressing the segment 9 translation products under the control of CMV promoter.

Figure 1: phylogenetic relationship between the member-viruses 11 genera of family Reoviridae, showing the position of the new seadornavirus LNV and the new orbivirus YOV. 
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Figure 2 : correspondence between Liao ning virus (LNV), Banna virus (BAV) and Kadipiro virus (KDV).
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Figure 3 : correspondence between Yunan orbivirus (YOV), St. Croix river virus (SCRV) and Bluetongue virus (BTV).
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REPORT From ReoID  PARTNER 3 DURING THE THIRD REPORTING PERIOD

AFSSA –Alfort 23, Av. Gal de Gaulle, 94703 Maisons-Alfort, France

In this project, three people of the AFSSA laboratory are involved : Mr Emmanuel Bréard, PhD, funded by the EU project, Mrs Corinne Sailleau, BsC from AFSSA and Mr Stéphan Zientara, DVM, PhD (AFSSA).

1. Summary of the objectives of the AFSSA Alfort laboratory 

The main objectives of the AFSSA laboratory in the Orbivirus field are relative to the tree animal diseases : bluetongue (BT), African horse sickness (AHS) and Epizootic Haemorragic Disease Virus (EHDV).

During the 2003 year, surveys were carried out in the French territories (including the French overseas territories). These studies have permitted to isolate an EHDV (in February 2003) and a serotype 3 BTV (in August 2003) in the Reunion island. In October 2003, a new BTV incursion was observed in Corsica. We have demonstrated that a serotype 4 BTV was the cause of this outbreak. Since October 2000, the French Island of Corsica was infected by the serotype 2 BTV. In consequence, a vaccination campaign against BTV serotype 2 and 4 was carried out in Corsica since November 2003, using a live South African serotype 2 and 4 vaccine. The main subjects in which the AFSSA team were involved during this third year were related to:

1) characterization and collection of Orbivirus field strains.

2) the determination of the nucleotide sequences of the EHDV, BTV 3 and BTV 4 segments of interest in order to complete the sequences database. 

3) the development of BTV recombinant proteins for ELISA development.

2. Contribution of the AFSSA Alfort laboratory

2.1 – characterization and collection of Orbivirus field strains.
Réunion island: 

From January 2003 to April 2003, several cases of an uncommon disease in cattle (never reported in the French Reunion island) occurred over a large part of the Island. The clinical signs were similar to those induced by the bluetongue virus (BT) infection but there was no evidence of clinical disease in sheep. The disease in cattle was characterized by fever (40°C), hyperemia, oral ulcerations, ptyalism and excessive nasal and ocular secretion. Affected animals presented with torpor and lameness. Death, in some cases, occurred in 8-10 days. The morbidity rate in the infected cattle was about 7%. During the epizootic, involving 3607 cattle, 235 clinical cases of EHD were reported. The sheep population of Réunion Island is low (a total of 2,000 animals in 18 flocks). Cattle and goat populations are estimated to 30,000 and 40,000 animals, respectively.

EDTA-blood samples collected from 24 of these cattle displaying signs of acute disease were sent to the laboratory. An aliquote of each EDTA-blood sample was used for virus isolation or RNA extraction. RT-PCRs were carried out with primers selected to amplify the segments (S) S7 and S10 of bluetongue virus; or to amplify S7 of EHDV with primers that we selected from EHDV S7 sequences available in GenBank (Table 1). No amplification products were obtained with the bluetongue specific primers. In contrast, 1162 pb amplification products were obtained with the EHD S7 specific primers, suggesting that the disease was due to an EHDV.

For virus isolation, intravenous inoculations of embryonated chicken eggs (ECE) were carried out from blood samples and BHK-21 cells were inoculated with the ECE supernatants. The ECE were not killed by the blood inoculum 5 days after sample inoculations and no lesions were observed in ECE. Embryos of the same sample were pooled, homogenized and inoculated into BHK21 cell cultures. After 2 passages through BHK-21, characteristic cytopathic effects were observed. By using the group specific RT-PCRs, the virus was identified as EHDV. The virus strain and 3 sera sampled from acutely affected cattle were sent to the Institute for Animal Health (Pirbright Laboratory), which confirmed the virus as EHDV by ELISA and demonstrated detectable antibody against EHDV in the sera (Data not shown).

Since this EHDV outbreak, a survey was carried out in the island. Serological and molecular analysis of sera and blood samples from deer, sheep, cattle and goat (collected from May 2002 to September 2003 in the island) were performed. 

Serological data have revealed the presence of antibodies against BTV in cattle sera collected in 2002 and 2003 (Table 2). Results demonstrated the presence of BTV in the island since the years 2002 or before; it seems that the virus spread without clinical signs in the sheep population. All these animals have never been vaccinated against BTV: the high anti-BTV IgG titers detected in cattle sera are due to a wild BTV infection.

Antibodies against BTV in cattle sera collected in 2002 have been first detected by Agar Gel Immuno Diffusion Gel Test (AGIDT). Because antibodies to EHDV are also detected when using the AGIDT, the competitive ELISA (cELISA) was used to confirm the results obtained. We had previously verified that the cELISA did not have cross-reactions with sera samples from cattle infected with the EHDV Reunion strain (Data not shown). The serological data obtained with the cELISA showed that this test was more sensitive that the AGIDT and has confirmed that AGIDT positive animals were infected with a BTV (and not with an EHDV). For the serological studies carried out in 2003, only the cELISA have been used.

In February 2003, the laboratory received blood sample from a sheep (that we have called sheep A in the Table 2). The S7 and 10 of a BTV were amplified and sequenced, suggesting strongly that this sheep has been infected by a BTV for at least 2 month. It has been shown that wild strains of BTV are able to induce a long viraemia in sheep (up to 54 days). However, no virus was isolated from this blood sheep and no other blood samples from sheep with clinical signs was sent to the laboratory during this period.

In August 2003, blood and serum samples from a sheep flock, in which some animals presented BTV clinical signs, were sent to the laboratory. Because two Orbiviruses could be present in Reunion island, EHDV and BTV, primers derived from genome S7 and S10 of these two viruses were used in group specific assays. Two other group RT-PCRs were carried out, which amplify the S8 and 9 of all the BTV strains of the collection available in the laboratory (Data not shown). Sequence of these primers are presented in Table 1.
These group-specific tools applied on RNA extractions from these blood samples have permitted to amplify the BTV S7, 8, 9 and 10 (figure 1). Amplification and sequencing of the BTV S2 by PG3 and MG3 primers (Table 1) suggested that the virus serotype was 3. Isolation of this BTV and typing by VNT have confirmed these molecular data 2 weeks after the sequencing results (Table 3).

We have verified that some of the cELISA positive sheep sera of this infected flock (Table 3) were able to neutralize the Reunion serotype 3 BTV and another BTV 3 (South Africa) available in the laboratory (Data not shown). These results indicate that sheep were infected since at least 15 days, time necessary for a significative humoral immune response detectable by the cELISA.
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Corsica:

Since the 21 October 2003, our laboratory has received 177 blood or spleen samples from Corsican pyrexic sheep. Specific group RT-PCRs applied on these biological samples revealed a new BTV incursion in the South of the Island . Amplification and sequencing of a portion of the segment 2 of this BTV demonstrated that it was a BTV serotype 4. This BTV serotype 4 strain was detected in Sardinia few weeks ago.

The first case of BTV infected sheep was reported the 21 October 2003. Until the 15 December, 17 flocks have been infected by the serotype 4 BTV. No BTV serotype 2 strain has been isolated during this outbreak. All these flocks were localized in the South-west of the Corsican island (figure 3). Fifteen serotype 4 BTV isolates have been obtained from 15 different flocks. After determination of the BTV serotype, a vaccination campaign was carried out in the beginning of November 2004, by using the live bivalent South African serotype 2 and 4 vaccine.

2.2 – Determination of the nucleotide sequences of the EHDV, BTV 3 and BTV 4 segments of interest,
EHDV:

The segment 7 sequence of the Reunion EHDV strain was compared to those available on Genbank (Table 4). Seventy-seven and 77.1% homology were found at the nucleotide level with EHDV serotype 1 and 2, which increased to 94.9 and 94.3 % when the amino acid sequences were compared.

The nucleotide sequence of the segment 10 Reunion EHDV strain has been obtained and showed 87.3 and 87.8% homology when compared with segment 10 of the serotype 1 and 2 EHDV (Table 4). The NS3 predicted amino acid sequence of the Reunion EHD strain shows 96.9 and 96.5% of similarity when compared with serotype 1 and 2 EHDV. 

Preliminary results of segment 2 (S2) sequencing have shown that the nucleotide sequence has only 27.6 and 29.7% similarity with the S2 nucleotide sequence of serotype 1 and 2 available in GenBank, suggesting that the Reunion strain does not belong to these serotypes. Determination of the EHDV serotype is under investigation.

BTV Serotype 3:

Sequence of the S7, 8, 9 or 10 segments of the Reunion BTV 3 showed that we could not determine the origin of the virus: the degree of homology with sequences found in GenBank is not upper than 97% (Table 5) and the sequences are close to different strains isolated in the world. The two S7 sequences obtained from the sheep A and the BTV 3 isolate are respectively close to the S7 of the BTV 1 and 6 strains both isolated in Honduras. The S10 sequence of Reunion BTV 3 has a high homology with the S10 of a Jamaican BTV 12, whereas the S10 obtained from blood sheep A is close to the French BTV 2 strain isolated in 2000 in Corsica island. It is not possible to determine with these data the origin of this BTV 3 strain. The MG3-PG3 primers have permitted to amplify the S2 coding sequence of the Reunion BTV 3 strain. The predicted amino acid sequence have been determined after sequencing and alignment with others S2 BTV sequences available in GenBank showed 92.4% homology with the BTV 3 vaccine strain (South Africa). The phylogenetic tree (Figure 3) illustrates this homology and shows that BTV 3, 13 and 16 are relatively close. Because the segment 2 determines the serotype of a BTV, it is important for a rapid diagnosis to be able to amplify the segment 2 (or a portion) with “consensus” primers (MG3-PG3 primers for example), and to compare the nucleotide sequences with BTV S2 sequences available in GenBank (or in the laboratory). Sequences of segments 2, 7 and 10 of the Reunion BTV isolate were submitted to GenBank. Assigned accession numbers are, AY485669, AY485667 and AY485668, respectively.
Serotype 4 BTV:

Since November 2003, the vaccine and wild BTV serotype 4 strains are present in the Corsica island. We are sequencing the 10 segments of these two BTV serotype 4. From these sequencing results, we will determine specific primers able to amplify specifically the vaccine or the wild serotype 4 strains.

2.5. ELISA: Expression of  VP7 and Nonstructural Proteins

The  Autographa California nuclear polyhedrosis baculovirus vector was chosen in view to the reported high levels of  foreign gene expression. The BTV serotype 2 S6, S7, S8 and S10 DNA insert was first cloned into a PbacFast donor plasmid, and the recombinant plasmid was transformed into DH10bac competent cells which contain the bacmid. We have obtained 4 bacmids, which contain the NS1, NS2, NS3 and VP7 genes. These DNAs were used to transfect insect cells. Only the VP7 (from S7) and the NS3 (from S10) proteins have been expressed in the SF9 cells. The expression of the recombinant protein in the cells or media will be verified by SDS-PAGE. The antigenic reactivity of both recombinant fusion proteins was confirmed by Western blot with bovine and sheep antisera to BTV.

Only the non-denatured VP7 protein (which is presented in trimeric structure (110 KDa)) is recognized by BTV positive sera (Figure 4). The recombinant VP7 has been purified and the antigenic reactivity tested by ELISA. Results demonstrated that the recombinant VP7 is a good antigen for detection of antibodies against BTV-group viruses in infected or vaccinated animals. The AFSSA general direction decided to patent the Corsican recombinant VP7.

For the NS3 protein, the denatured or non-denatured proteins show antigenic reactivity in presence of BTV positive sera (Figure 5). The recombinant NS3 protein is now tested as antigen for group ELISA assay. This NS3 protein could be a potential antigen for a rapid discrimination between anti-BTV antibodies induced by infection or inactivated vaccine (Merial).

3 - Objectives 

Next year, our objectives are to improve and to increase the number of serotype-specific primers, to validate those primers on biological samples. The determination of the nucleotide sequences of other genome segments will continue.
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Table 1: Location and sequences of the primers used in BTV or EHDV group or BTV type RT-PCR. For EHDV primers, non-specific EHDV nucleotides have been added (bold letters) in 5’ of the primers.

	Primers
	Segment amplified
	Location        5’- 3’
	Sequences         5’- 3’
	DNA size (pb)
	Serotypes amplified

	F8 P
	8
	1-21
	GTTAAAAAATCCTTGAGTCAT
	1024
	1-24

	F8 M
	
	1006-1024
	GTAAGTGTAAAATCCCCCC
	
	

	F9 P
	9
	1-18
	GTTAAAAAATCGCATATG
	1033
	1-24

	F9 M
	
	1017-1033
	CTACGTCAAGAAGGTAC
	
	

	PG3
	2
	1-20
	GTTAAAAACGCTAGCCCGAG
	2935
	3, 13 and 16

	MG3
	
	2916-2935
	GTAAGTGTAAACGTGCTCAA
	
	

	F7EHDP
	7
	-5-16
	GTCCTGTTAAAATTTGGTGAA
	1170
	1,2,3,4 and Reunion

	F7EHDM
	
	1147-1162
	CACGTAAGTTGAATTTGGG
	
	


Table 2: Sera and blood samples received from the Reunion island between January and June 2003. The BT positive sheep was called sheep A. 

	Years of

sampling
	Species


	Number of sera received
	Number of BTV positive sera (AGIDT)
	Number of BTV positive sera (ELISA)
	Number of blood samples received
	Number of BT positive blood (RT-PCR)

	2002
	Cattle
	60
	52
	60
	0
	-

	2003
	Sheep
	3
	-
	0
	2
	1 (Sheep A)

	
	Cattle
	28
	-
	12
	21
	0

	
	Deer
	20
	-
	0
	0
	-

	
	Goat
	1
	-
	0
	0
	-
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Table 3: Molecular, virological and serological diagnosis. Blood and sera samples were collected during the acute disease from sheep with or without clinical signs localized in the St-Benoit flock. 

	Sample

name
	Sample type
	RT-PCR EHDV
	RT-PCRs BT
	ELISA BT
	Embryonated

Eggs
	BHK21

Cells
	VNT

	61006
	Serum; blood
	-
	+
	+
	-
	
	

	3064
	Serum; blood
	-
	-
	+
	
	
	

	61129
	Serum; blood
	-
	+
	+
	-
	
	

	82068
	Serum; blood
	-
	+
	+
	-
	
	

	71187
	Serum; blood
	-
	-
	+
	
	
	

	P A
	Serum; blood
	-
	+
	+
	-
	
	

	71159
	Serum; blood
	-
	+
	+
	-
	
	

	61075
	Serum; blood
	-
	-
	+
	
	
	

	61019
	Serum; blood
	-
	-
	+
	
	
	

	71127
	Serum; blood
	-
	+
	+
	-
	
	

	91141
	Serum; blood
	-
	+
	+
	-
	
	

	83050
	Serum; blood
	-
	+
	+
	+
	ECP
	Serotype 3

	71017
	Serum; blood
	-
	-
	+
	
	
	

	1571
	Serum; blood
	-
	-
	+
	
	
	

	85105
	Serum; blood
	-
	+
	+
	+
	ECP
	Serotype 3

	1572
	Serum; blood
	-
	+
	+
	-
	
	

	1567
	Serum; blood
	-
	+
	+
	+
	ECP
	Serotype 3

	1570
	Serum; blood
	-
	-
	+
	-
	
	

	71109
	Serum; blood
	-
	-
	-
	
	
	

	R7315
	Blood
	-
	-
	
	
	
	

	S73145
	Blood
	-
	-
	
	
	
	

	G A
	Blood
	-
	+
	
	-
	
	

	Pe A
	Blood
	-
	+
	
	-
	
	


Table 4: Percentage of homology between the Reunion EHDV and EHDV sequences available in GenBank. Sequence data were analyzed with EditSeq and Megalign Software (DNA Star Inc). Accession numbers of the S7, S10 and S2 sequences of EHDV were respectively: D10766, L29023 and D 10767 for the serotype 1 and AB078631, L29022 and AB078632 for the serotype 2.

	
	Reunion EHDV and

EHDV serotype 1
	Reunion EHDV and

EHDV serotype 2
	EHDV serotype 1 and

EHDV serotype 2

	
	nucleotide
	Amino acid
	nucleotide
	Amino acid
	nucleotide
	Amino acid

	Segment 7
	77.1
	94.3
	77
	94.9
	76.1
	92

	Segment 10
	87.3
	96.9
	87.8
	96.5
	96.2
	97.4

	Segment 2
	27.6
	-
	29.7
	-
	31
	-
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Table 5: Percentage of homology between the nucleotide or Amino Acid sequences from the Reunion and BTV sequences available in GenBank. Sequence data were analyzed with EditSeq and Megalign Software (DNA Star Inc).

	
	BT nucleotide sequences from 

blood sheep A
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BT nucleotide sequences from BTV isolate from blood sheep 1567
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Homology between the   BT Reunion sequences from sheep A and 1567

nucleotide       amino acid

	Segment 7
	96.9 (with AF188670)
	95.5 (with AF188653)
	       77.9                 94.9

	Segment 10
	96.2 (with AF481093)
	96.8 (with AY426595)
	       80.7                   93

	Segment 8
	
	97 (with AY138896)
	

	Segment 9
	
	96.3 (with AY124373)
	

	Segment 2
	
	95 (with X55801)
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Fig. 2: Phylogenetic associations of the Reunion BTV VP2 protein and other BTV VP2. Complete VP2 proteins were compared using the DNAstar software.US: United States ; SA: South Africa.


Fig. 3: Location in Corsica of the 17 sheep flocks infected by the BTV serotype 4
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Departamento de Biologia Molecular y Celular, 
Centro Nacional de Biotecnologia (C.S.I.C.), U.A.M. Cantoblanco, 28049 Madrid, Spain

Virus genome sequence analysis for aquareoviruses: 

The main objective of the work is to generate nucleotide sequence information about different members of the genus Aquareovirus and to perform a phylogenetic analysis of the group.

The objectives for this reporting period:
WP3: Virus genome sequence analysis for aquareoviruses:  The aim of the WP is to generate nucleotide sequence information about different members of the aquareovirus group to eventually perform a complete phylogenetic analysis of the group. Isolation and characterization of field virus isolates. Development and testing of new diagnostic methods for aquareoviruses

1. Development of an affective RT-PCR-based aquareovirus diagnostic test. As starting point for this task, we performed a search for conserved regions within the genome of previously characterised aquareovirus strains. The result of this analysis strongly suggested the existence of a number of potentially useful regions within genome segment 2. This segment encodes the virus RNA dependent RNA polymerase polypeptide. Based on a multiple alignment of nucleotide sequences of segment 2 from Chum salmon reovirus CSV (CSRV), Striped bass reovirus (SBRV), Golden shiner reovirus (GSRV), Grass carp reovirus (GCRV), and Golden ide reovirus, a number of primers were initially selected. The effectiveness of these candidate primers was experimentally analysed using RNA samples isolated from cells infected with either CSRV or GSRV. As a control for these experiments, total RNA from mock-infected cells was also included in the reactions. The results of a series of experiments led to the selection of the four degenerate primers shown in table 1. The use of these primers for nested RT-PCR reactions results in the efficient amplification of a 131-bp diagnostic DNA fragment.
	Designation
	Sequence (5’-3’)
	Position (nt)

	P1 (sense)
	GCHGCWGCYTCCATYATGCC
	1600-1619

	P2 (antisense)
	CTGGGVACKKYCATGAAYG
	1884-1902

	P3 (sense)
	CACATGAAYMKBTCSACMACYTCHGG
	1684-1710

	P4 (antisense)
	GTAHGTGATKGARCGRTCRCAWCG
	1792-1815


Table 1. Oligonucleotide primers for Aquareovirus nested RT-PCR 

2. Epidemiological survey. The development of the diagnostic assay described above prompted us to carry out an epidemiological survey to detect the presence of aquareovirus infections in field samples.

Over 2,300 samples from different fish species (see table 2), corresponding to both wild and farmed specimens, have been analysed so far. RT-PCR assays have been carried out using as template total RNA isolated from three different tissues (liver, spleen, and muscle) of each specimen. 

	Species*
	Common name
	Number of samples

	Psetta maxima+
	Turbot
	237

	Sparus aurata+
	Gilthead seabream
	612

	Dicentrarchus labrax+
	European seabass
	530

	Merluccius merluccius
	European hake
	85

	Trachurus mediterraneus
	horse mackerel
	131

	Lepidorhombus whiffiagonis
	Megrim
	170

	Genypterus blacodes
	Pink cusk-eel
	140

	Hippoglossus hippoglossus
	Atlantic halibut
	235

	Gadus morhua
	Atlantic cod
	52


*20 additional species representing less than 5% of the total analyzed samples

+Samples correspond to fish-farmed specimens

Table 2. Description of samples used for the aquareovirus epidemiological analysis. 

A total of 12 positive samples were detected. Positive samples corresponded to apparently healthy Sparus aurata and Dicentrarchus labrax specimens.

In order to further evaluate the accuracy of our epidemiological data, we are currently re-analysing our RNA sample collection using an alternative diagnostic method. This method, recently described by Seng et al. (Journal of Virological Methods [2004] 118: 111–122), is based on a RT-PCR approach that uses degenerate oligonucleotide primers specific for genome segment 6.

3. Isolation of new aquareovirus strains. Homogenates from RT-PCR positive tissues have been used to analyze the feasibility of isolating new aquareovirus strains.  Despite the use of a wide range of experimental conditions (including different fish cell lines and incubation temperatures) our attempts have not, as yet, rendered positive results
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Objectives
Participant 5 will contribute in the tasks on epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV field isolates. Also, P5 will perform cDNA clones of orbiviruses, evaluate antibodies for use in genus, species and serotype determination assays, design and test PCR based assays for different EHDV serotypes and design and test PCR based assays for different BTV serotypes.
WP1 - Creation of reference collections
a. Documentation and storage of currently available orbivirus strains.
The Greek BTV field isolates collection consist of 19 isolates that serotyped by SN test as BTV1, BTV4, BTV9 and BTV16. They come from different parts of Greece, different host species and the BTV epizootics occurred during the years 1979, 1998, 1999, 2000 and 2001.
During the current period one more BTV field isolate was added in the collection.  This is coming from the epizootic of 2001 in mainland Greece and serotyped as a BTV1. Finally, 2 BTV1, 14 BTV4, 2 BTV9 and only 1 of BTV16 are included in our 
collection.
b. Obtain and store additional orbivirus strains.                                                                      ( contents


 
During 2003, within the surveillance program of the Greek Ministry of Agriculture for the EHDV and AHSV we tested by C-Elisa 601 bovine, ovine and caprine sera and 1664 equine sera from animals from all over the country. Moreover, 5558 bovine sera and 30792 ovine and caprine sera were tested by C-Elisa for BTV antibody. All the tested sera were negative.
In the same period, 242 blood samples from suspected for BTV cases were tested by Ag detection ELISA for EHDV. We have not isolated either BTV or any other orbivirus especially EHDV.
WP2,WP3,WP4 – RNA Sequence Analysis

a. Generation of cDNA clones of Orbiviruses.
cDNAs from 19 Greek selected and serotyped BTV strains, reference BTV strains serotypes 1-19  from Ondesteport Institute,   EHDV serotypes 1,2,318  and AHSV type 9 were stored. 

b. RNA Sequence analysis
Sequence analysis of the NS3/NS3A gene of Greek BTV isolates
Results from the 18 isolates from the 2nd reporting period were confirmed once again, as was committed then, by re-amplifying and sequencing all samples for the second and even the third time in case of doubt. One new isolate of serotype 1 was included during this period adding up the total Greek isolates to 19.
During the 3rd reporting period, the amplification and sequencing of the coding region of segment 10 were successfully completed for all 19 Greek BTV field isolates (belonging to serotypes BTV1, BTV4, BTV9 and BTV16) and the nucleic acid and the deduced amino acid sequences have been determined for these. 
The sequences of the 19 isolates have been aligned and a phylogenetic tree constructed using the Clustal W program. The Greek isolates broadly clustered into two monophyletic groups, one consisting of all isolates of serotype 4 and the other consisting of isolates of serotypes 1, 9 and 16. The nucleotide sequences of two clusters showed about 15% variation between each other. The isolates within each cluster varied between 0-3%. When known sequences of American, Australian, Chinese, Indian, Cypriot and other Mediterranean strains were included into the phylogenetic tree it was found that the isolates of serotype 4 clustered with the Mediterranean isolates from Corsica and Tunisia whereas the isolates of serotypes 1, 9 and 16 grouped with isolates from Asia and Australia. In the 2nd reporting period, we had reported that one isolate each, of serotype 1 and 9 that were sequenced then were closely related to the Chinese and Australian strains. This was further confirmed this year with two other isolates, each of serotype 1 and 9. However, the isolates of serotype 4 now group with the Mediterranean strains and not with the Chinese strains as was last reported. 
The sequence analysis of 8 of the Greek isolates were presented at the 3rd OIE BTV symposium at Taormina, Italy, 26-29 October 2003 and is to be published in the Proceedings of the meeting.

A manuscript with a complete sequence analysis of the 19 isolates is in preparation and will be sent for publication soon.
WP5,WP6, WP7 – Development of Improved Assay systems
c. Design and test PCR based assays for different BTV serotypes.
During 2003, primers for genome segment 2 specific for BTV serotypes 4 and 9 were designed and tested using the RT-PCR with a set of primers for genome segment 7.  A major part of this work has been completed. Some work is still in progress and needs to be further assessed for specificity and sensitivity.
Also a manuscript with RT-PCR serotyping work of Greek BTV serotypes is in preparation. 
( contents
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Fig 5: NS3 recombinant protein. Line 1: SDS PAGE gel (Coomassie coloration). Line 2: Western-Blot revealed with anti-Histidine antibodies.
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Fig 4: VP7 recombinant protein. Line 1: SDS PAGE gel (Coomassie coloration) after purification. Line 2: Western-Blot revealed with anti-Histidine antibodies. Line 3: Western-Blot revealed with sheep BTV negative serum. Line 4: Western-Blot revealed with sheep BTV positive serum.
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Figure. 1. Group specific RT-PCR products on BTV RNA from infected blood sheep sample. RT-PCR samples were analysed by agarose gel electrophoresis as described in Materials and Methods. The lines M represent the molecular weight marker VI (Roche). Line 1 – RT-PCR S7; line 2 RT-PCR S 8; line 3 - RT-PCR S 9 and line 4 - RT-PCR S 10. 
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