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 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 some unassigned viruses.   The project aims to develop improved / faster diagnostic assays for identification of virus genus, species and serotype.  These will help in evaluation of the threat posed by these viruses 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 such new 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: 

( contents



Reference Collections: The existing Isolates of seadornaviruses, coltiviruses, aquareoviruses, and orbiviruses, have formed an initial basis for reference collections of the different virus genera.  Efforts will continue throughout the second 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 to further improve cDNA synthesis, cloning and sequencing methods for dsRNA viruses, including 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. This will allow unassigned viruses and new isolates to be identified, and help to define additional genera and species.  These data will also help to identify the most likely origins of individual BTV strains.
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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.  

During the second 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, Corsica, Sardinia, Bosnia Herzegovina, Argentina ) have been added to the collection, along with data concerning their isolation (see project website at:  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm.  Samples of the Turkish vaccine strain of BTV-4, South African vaccine strains of BTV 2 and 9 as well as the three mixed preparations of South African vaccines have also been added to the collection. 
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 are continuing to obtain additional virus samples and/or sequence data for viruses studied by colleagues in Australia, South Africa and America.  Sequences for genome segment 2 of two isolates of BTV type 9 have been received from the Australian Animal Health Laboratory at Geelong  Representative isolates of each of the currently unclassified orbivirus strains. obtained from the American Culture Collection, have been added to the virus collection at IAH Pirbright and are currently being analysed. 
Aquareoviruses:  A collection of over 500 field samples suspected virus-infected fish and molluscs from different geographic areas of Spain were collected in the first year of the project.  These have been  documented and stored for further analysis. Work is currently underway to grow these viruses under laboratory conditions. The difficulty in obtaining characterised virus isolates from other research groups remains a significant obstacle in expanding the collection still further. Hopefully, this problem will be partially circumvented by the use of the diagnostic tools generated by this project, facilitating further virus isolation from field samples.
( contents


Coltiviruses and Seadornaviruses: 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 was obtained from 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.

Four strains of Banna virus (BAV: strains BAV-Ch, BAV-In6423, BAV-In6969, BAV-In7043), the type species of genus Seadornavirus have been 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). These viruses were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C.
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RNA sequence analyses:










Bluetongue  viruses: During the second 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 have been caused by BTV serotypes 1, 4, 9 and 16, while in north Africa and the western Mediterranean outbreaks have been caused primarily by type 2 (although type 9 has also spread westward into Italy and there is serological evidence for type 4 and 16 in Sicily).  

Sequencing studies have now been completed for full-length copies of genome segment 2 from representatives of all 24 BTV serotypes.  These data are currently being prepared for publication and submission to the international sequence databases.  In addition multiple isolates of the European serotypes have been analysed.   These data have demonstrated conclusively that except in one case (BTV-24 from India, which may represent a reassortant in genome segments 2 and 6) there is a good correlation between BTV serotype and variation in the sequence of genome segment 2.   The data support identification of BTV serotype by sequence analyses and comparisons of genome segment 2, without the need for standardised and therefore expensive serological reagents.  We anticipate that this 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 

Sequencing studies are also underway with genome segment 6 and 10 of multiple BTV isolates.  We anticipate that this will provide further information on sequence variation in these genome segments, the relationship of such changes to biological function and the frequency of genome segment reassortment between established field strains and vaccines, 

 
By combining sequence data for different virus isolates, that were provided by Partners 1, 3 and 5, it has been possible to construct phylogenetic trees for genome segment 2 of the European BTV strains and 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, 4, 9 and 16 are all more closely related to viruses from the middle and far east (possibly arriving in Europe via Turkey).   These observations showing 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.
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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. DNA clone libraries 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 proposal that PHSV should be recognised 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 from China.  Isolates YN77-2, YN-99 were identified as two strains of a new orbivirus that we have designated 'Yunnan orbivirus'.   The amino acid identities between proteins of Yunnan orbivirus and their homologous in other sequenced orbiviruses ranged from  18 to 48%. This clearly identifies Yunnan orbivirus as a distinct and probably as a new species within genus orbivirus.  The only problem with recognising it as a new species, is the absence of sequence data for comparitive purposes from some previously unassigned isolates and established species within the genus Orbivirus.  We hope to rectify these deficiencies within the remainder of the project.
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Coltiviruses:  During the first year of the project, full-length cDNA clones were generated and sequenced for 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.   cDNA clones are currently being  generated for the Salmon river virus.   
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Seadornaviruses: During the first year, we determined the full-length sequences of BAV-In6423 and KDV-Ja7075.  Analyses of these sequence data demonstrated large differences with other members of the genus Coltivirus as a result of which to these viruses have recently (May 2003) been reclassified as members of a new genus, designated Seadornavirus, within the family Reoviridae.

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). 

Viruses obtained from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were also analysed during the second year. 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 amino acid identities between proteins of Liao ning virus and homologs in other sequenced seadornavirus, ranged from  24 to 35%. This clearly identifies Liao ning virus as a distinct new species within genus Seadornavirus.
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Aquareoviruses:  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. 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 have 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. 
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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 will be sequenced by partner 1, to provide additional data for virus species within the genus Cypovirus.  Two further Cypovirus isolates from west Africa that are also being analysed (the first from Africa)  appear to represent new Cypovirus species .    

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 identified 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 constitutes the first member of a new genus to be proposed to the international committee for the taxonomy of viruses proposed name Apidecarnavirus.  
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Virus purification, production of antibodies and assays for virus identification: 

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 RNA of 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 confocal microscopy studies (along with GFP tagged protein) 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 of different BTV serotypes by RT-PCR (starting with those currently causing outbreaks in Europe).  These methods have 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.  Using the sequence data for genome segment 2 of all 24 BTV serotypes, primers are being designed and tested in RT-PCr assays designed to detect and identify each of the BTV serotypes.   

A BTV specific RT-PCR assay is also being 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.  The assay is currently being evaluated and if successful may form the basis of similar assays to detect and distinguish each of the other orbivirus species (based on the sequence data that we are currently generating).  
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Seadornaviruses: During the first year of the project, proteins 7, 8, 9, 10, 11, and 12 of Banna virus were expressed and used to prepare poly-clonal anti-sera that recognise the recombinant proteins and purified virus particles. We have found that the VP9 was the most immuno-reactive protein.

During the second year, we have used this protein to develop 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 test is currently being used for the epidemiological study of Banna virus in south-east Asia, in collaboration with Dr Jean Paul Gonzales at the University of Mahidol, in Thailand.
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Coltiviruses: During the first year we also expressed proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV.  During the second year we 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. 
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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 baculoviruses have been characterised and used to express the corresponding proteins fused to N-terminal 6x-histidine tag. This has allowed to purify the proteins and to raise specific antisera. These antibodies are being currently used to design diagnostic assays to complement the RT-PCR based detection methods. The histidine-tagged version of the VP6 core protein is being used for large-scale purification 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

We have produced a highly pure VP9 Banna protein which has been used for crystallisation trials at the Wellcome Trust Centre for Human Genetics (Professor David Stuart) in Oxford.  Protein crystals were obtained which diffracted to 2.5 angstrom. Seleno-methionine modified VP9 is now being produced in collaboration with Professor David Stuart and Professor Peter Mertens, to determine the crystal structure of this protein which is thought to be the T13 protein of Banna virus.

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 web ReoID 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 this site.
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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 are being used to generate antisera to support serological diagnostic assays. There has also been considerable 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 towards crystallisation and structural studies of the proteins of the viruses under study.      ( contents



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 isoltates.   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.  Over 135 BTV isolates and 38 other viruses have been added to the collection.  Documentation on virus isolates in the collection is also being added to the International Committee for Taxonomy of Viruses database (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. The possibility of storing samples if freeze-dried 'sugar-glass' to help preserve their infectivity is being explored. Over 600 field samples from suspected Aquareovirus-infected fish and molluscs from different geographic areas of Spain have been collected, documented, and stored for further analysis. Fifteen strains of Colorado Tick fever virus (CTFV), the type species of genus Coltivirus, have been obtained from official sources in the USA (CDC: Dr. Nick Karabatsos and UTMB: Professors Robert Shope and Robert Tesh). Three 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). Four strains of the Banna virus (BAV: strains BAV-Ch, BAV-In6423, BAV-In6969, BAV-In7043) the type species of genus Seadornavirus, have been obtained from official sources in the USA (UTMB: Professor Robert Shope). Eight additional probable seadornaviruses (isolates YN68, YN69, YN77-2, YN92-2, YN93, YN-99, NE97-12, NE97-31) have been obtained from China (CAPM: Professors Chen Bo Quan and Tao San Ju). These viruses have been propagated in mammalian cell cultures (Vero and BHK-21 cells), Mosquito cell cultures (C6/36 cells), or suckling mouse brains 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). These viruses were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C. 

During the first year, we determined the full-length sequences of BAV-In6423 and KDV-Ja7075.  The sequence analysis has made it possible to reclassify these viruses as members of a new genus, designated Seadornavirus, within family Reoviridae,. Sequence data has been submitted to the international databases.

The viruses that were obtained from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were analysed during the second year. 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 amino acid identities between proteins of Liao ning virus and their homologous in other sequenced seadornavirus ranged from 24 to 35%. This clearly identifies Liao ning virus as a distinct and new species within genus Seadornavirus. 

Milestones

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

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

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 that was started during the first year 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. 

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

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 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 segment 2 from representatives of all 24 BTV serotypes.  These data are being prepared for publication and submission to international sequence databases. Multiple isolates of the European serotypes have also been analysed demonstrating a good correlation between BTV serotype and variation in genome segment 2 (with the exception of BTV 24 India).  Sequencing studies are underway for genome segment 6 and 10 of BTV isolates to provide information on the relationship sequence variation to biological function and the frequency of  segment reassortment between established field strains and vaccines. By combining sequence data provided by partners 1, 3 and  5, phylogenetic trees were generated for different BTV strains (see www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.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 identify it is the oldest Orbivirus species sequenced to date. DNA clone libraries have been constructed for 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 being sequenced. Studies on EEV and PHSV have generated full-length data for the genome improving differential diagnosis from AHSV, identifying PHSV as a new Orbivirus species. ICTV has now accepted this proposal.  Sequence data identified Chinese isolates YN77-2, YN-99 as a distinct  mosquito-borne orbivirus, that we have designated '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,.  We hope to rectify these deficiencies within the remainder of the project.

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: During year 1, 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. 

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%. 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%. an ELISA was also developed for Eyach virus (the European coltivirus) based on VP6 (homologous to CTFV VP7). This test is being evaluated and should soon be available for epidemiological studies in Europe. 

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 for ongoing structural studies. The VP9 protein of Banna was used to produce crystals which diffract to 2.5 angstrom. Production of seleno-methionine substituted proteins and crystals is underway.

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. 

( contents


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:  Using methods similar to those already developed and published (by partner 3), to identify different AHSV serotypes, primers are being developed to amplify genome segment 2 of different BTV serotypes (particularly those currently causing outbreaks in Europe). These primers have been designed for the amplification and sequence analysis of genome segment 2 of BTV 1, 4, 2, 9 and 16.   These primers can be used in a single multiplex RT-PCR reaction to generate different size products and identify each of the 5 serotypes currently present in Europe.  This assay is being tested for sensitivity to the homologous serotypes and ability to distinguish them from the 19 other serotypes of BTV. Using the sequence data for genome segment 2 of different BTVs, primers are being designed to detect and identify members of each 24 serotypes. Primers have been designed, using sequences of segments 2 and / or 6, to distinguish vaccine and field strains. 

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. A BTV specific RT-PCR assay using genome segment 7 as the target is being further developed.  Touch-down PCR methods are being used to ensure that the assay is both sensitive and specific for BTV.  The assay is currently being evaluated / validated and if successful may form the basis of similar assays to detect and distinguish other orbivirus species (based on the sequence data that we are currently generating). 

Work has been started to provide more data on the sequences and relationships of different EHDV serotypes.  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 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.

 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
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Workpackage number :   
7   
Evaluate and validate diagnostic assays for orbiviruses 

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, in most cases gave 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. Oligonucleotide primers designed to amplify and sequence genome segment 2 of BTV serotypes 1, 2, 4, 9 and 16, have been tested using RNA of reference strains of all 24 BTV serotypes and will 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 type (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. 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  The specificity of these assays is currently being tested.  

A BTV specific RT-PCR assay is being developed using genome segment 7 as the target.  Touch-down PCR methods are being used to ensure that the assay is both sensitive and specific for BTV.   If successful this 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).   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: During the second year, we have used expressed VP9 of Banna virus 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. a 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. 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. 

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 http://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, that is of value to the whole dsRNA virus research community. The site lists nucleotide sequence accession numbers for virus genome segments http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm and provides phylogenetic trees comparing some virus isolates.   Comparisons of BTV genome segment 2 that are presented http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm reveal the relationships of recent isolates of BTV types 1, 2, and 9 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 recently used to confirm the identity of the BTV-1 isolate from Greece.

A web site has been established for the partners in the ReoID grant at http://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 http://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 http://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. 


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.

( contents


3. CONTRIBUTION OF THE PARTICIPANTS: Partner 1, Second Period:                                     ( contents

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

Due to the recent outbreaks of bluetongue in Europe the project continues to focus on establishing and improving methods for the characterisation of BTV isolates, for serotype / strain identification and phylogenetic analysis. A -80 freezer was purchased for the orbivirus reference collection, both to support the ReoID project and as a long-term resource.  The orbiviruses that are currently available at IAH, along with appropriate documentation, are being added to the collection.  Further samples from the outbreaks of BTV in Europe and India, South America, Australia and South Africa have been added to the collection during the second year.  This process will continue and the collection will expand, as more isolates become available. An inventory of the stored samples will be kept using software that is being developed for the purpose (Freezerworks).  This will help to ensure the nature and identity of the isolates used as reference strains. A list of the viruses in the collection is available at: www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/virus-isolates.htm. Data is also being added to the ICTV database (http://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 have been developed that allow more rapid and reliable conversion of dsRNA molecules to cDNA copies.  These 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 this 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 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 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 of representative isolates of all 24 of the BTV serotypes.  We anticipate that the equivalent data for genome segment 6 will also soon be complete and data for genome segment 10 is being generated   This provides a database that will help other laboratories to identify virus isolates 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 are being prepared so that they can be deposited in the sequence database (Genbank) and accession numbers will be added to the dsRNA virus Website at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv_sequences.htm.   When PCR primers have been evaluated for both intra- and inter-typic specificity of reaction, they will also be 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

Coltiviruses:  15 strains of the Colorado Tick fever virus (CTFV) and a virus isolate ('Salmon river virus' (SRV) related to CTFV) isolated from a human in Idaho, were obtained from Dr. Nick Karabatsos and Professors Robert Shope and Robert Tesh. SRV was propagated in cell cultures (Vero and BHK-21 cells) and stored frozen at –80°C. During the first year we generated full-length cDNA clones and determined the sequence of CTFV-Florio and EYAV-Fr578. We 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 data have been submitted to the international sequence databases and have shown that CTFV and EYAV are closely related, and may have originated from a common ancestor about 50MYA.  cDNA clones are currently being generated for SRV.

Proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV have been expressed. An ELISA test was developed for CTFV based on VP7. The specificity of this test was assayed using 368 blood donors (and found to be 98.2%). and sera of patients infected with CTFV (the Charles Calisher set of sera, obtained from the CDC) with sensitivity of 100%. We have also developed an ELISA for Eyach virus (the European coltivirus) based on VP6 (homologous of VP7 of CTFV), which is ly under evaluation and should be available  in the near future for epidemiological studies in Europe. 

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) were obtained from China (Professors Chen Bo Quan and Tao San Ju). These viruses were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C. 

During year 1, the genomes of BAV-In6423 and KDV-Ja7075 were sequenced  Allowing us to reclassify these viruses within a new genus  of the Reoviridae, designated Seadornavirus.  During the year 2, viruses from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were analysed. 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 strains of a new seadornavirus species that we have designated as Liao ning virus. The amino acid identities between proteins of Liao ning virus and their homologs in other seadornavirus ranged from  24 to 35% identifying  Liao ning virus as a distinct species within genus Seadornavirus. 

Poly-clonal anti-sera were prepared against expressed proteins 7, 8, 9, 10, 11, and 12 and purified virus particles. of Banna virus.  VP9 (the most immuno-reactive protein) was used to develop an ELISA for Banna virus antibodies against in human sera. The specificity of the test using 322 blood donors was found to be 100%.  We have tested with this ELISA 300 sera of Malaysian patients with neurological syndrome 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 being used at present for the epidemiological study of Banna virus in South-East of Asia, in collaboration with the University of Mahidol in Thailand.

Orbiviruses:  During year 1, the full-genome of a new tick-borne orbivirus, designated St. Croix River virus (SCRV) was sequenced, identifying it as a new species within the genus Orbivirus. SCRV was shown to be the oldest orbivirus species sequenced to date.  Among the viruses obtained from China, isolates YN77-2, YN-99 were identified as two strains of a new mosquito-borne orbivirus that we have designated 'Yunnan orbivirus'.  Comparisons of amino acid sequences of Yunnan orbivirus proteins with homologs from other orbiviruses showed 18 to 48% identity. This identifies Yunnan orbivirus as distinct, and we await amino acid sequence data for other established species to see if it represents a further new species within genus Orbivirus. 

Aquareoviruses:  We have finalized the sequence analysis of aquareoviruses that was started during the first year. The phylogenetic analysis have shown that their exist an unusual genetic relationship 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 analyses have suggested that aquareoviruses and orthoreoviruses might have originated from a common ancestor 510 Million Years ago.
Other members of the family Reoviridae: After the 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 identified a new 10 segmented dsRNA virus, in an Aedes mosquito cell line. Full genome sequences revealed a maximum of 20% amino acid with other members of the family Reoviridae, (Fijiviruses and cypoviruses). This virus constitutes the first member of a new genus proposed to the ICTV (the genus Apidecarnavirus).

Structural analyses: Purified Banna virus VP9 was used to generate protein crystals (which diffracted to 2.5 angstrom) at the Wellcome Trust Centre for Human Genetics in Oxford (Professor David Stuart). Seleno-methionine substituted VP9 is now being produced in collaboration with professor David Stuart and Professor Peter Mertens, to determine the crystal structure of this protein (the T13 protein of Banna virus).         ( contents
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AFSSA –Alfort 22 rue Pierre Curie 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).

The main objectives of the AFSSA laboratory in the Orbivirus field concern bluetongue (BT) and African horse sickness (AHS). Since October 2000, the French Island of Corsica is infected by the BTV (disease belonging to the A list of OIE). 
Selection of PCR primers for sequencing and serotyping: In the last report, we have described the complete nucleotide sequences of the genome segments 2, 7 and 10 of different bluetongue virus serotype 2 strains (Corsican 2000 and 2001, vaccine and Tunisian 2000). The comparison of these 3 sequences demonstrate the identity of the Tunisian and Corsican (2000 and 2001) viruses. During the 2nd reporting period, the sequences of the complete genome segments of the Corsican and vaccine strains were determined. Primers were designed which amplify segments 1, 3, 4, 5, 6, 8 and 9 of the vaccine and the field BTV 2 strains Primers for sequencing the segments 2 of the BTV serotype 4 and 9 were also designed.

Determination of nucleotide sequences: Segments 1, 3, 4, 5, 6, 8 and 9 of the vaccine and the field BTV 2 strains were amplified, sequenced and deposited in GenBank. Comparisons and analysis of these sequences have revealed a significant degree of divergence between the amino acid sequences of  the S9 and S10 from the BTV 2 wild-type and vaccine viruses. In these segments the divergences are localized in particular regions, which have been described as domains involved in particular interactions with the infected cells.  The complete sequences of the segments 2 of BTV-9 (from Greece) and 4 (provided by Pirbright) have also been determined. We had previously determined the S2 sequences of the BTV serotype 2 (Corsican) and 16. Different S2 sequences of the BTV serotype 1 had been already determined and deposited in GenBank. In this way, the segments 2 of the 5 BTV serotypes present in the Mediterranean basin (serotypes 1, 2, 4, 9, and 16) are now sequenced. 
Differentiation between the Corsican and the vaccine strain: One pair of primers, was selected which specifically amplify segment 10 of the vaccine strain (and not the segment 10 of the wild strain). This RT-PCR has been validated on biological samples. During the reporting period, we have designed specific primers for the detection of the wild BTV 2 strain. Finally, we can also differentiate these two BTV 2 strains by comparison of the restriction pattern obtained after amplification of the segment 6 of these strains and digestion with the BamH1 enzyme restriction. 

Vaccine studies: The previous report described the duration of dsRNAemia in the lambs blood, which have been vaccinated with the live vaccine. We have already reported that the vaccine genome was detected by RT-PCR since 41 days after vaccination. The vaccine genome has been detected in all spleen samples and in 9 lymph nodes. The purpose of the present work was to study the serological response of the 14 vaccinated sheep. The antibodies were detected 14 days post-infection. All vaccinated sheep were significatively positive at the end of the experiment (D28). Control and contact sheep remained negative throughout the period, showing the absence of vaccine spread. No virus was isolated after 6 passages of each sample on BHK-21 and Vero cells. 

Moreover, a study of the thermostability of the vaccine strain was performed. The initial titre of the vaccine was 104.3 TCID50/ml. The aliquots of vaccine were submitted to three temperatures: 35°C, 45°C and 50°C; during 90, 180, and 360 minutes. The results show that the vaccine strain titre strongly decreased when submitted to temperatures higher than 35°C. The poor heat stability of this vaccine necessitates the recommendations of specific measures of storage which must be adhered to before and during use.
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 viral S6, S7, S8 ,and S10 cDNA inserts were first cloned into a PbacFast donor plasmid, and the recombinant plasmids were transformed into DH10bac competent cells which contain the bacmid. We have obtained 4 bacmids, which contain the NS1, NS2, NS3 and VP7 genes. Theses DNA are then used to transfect insect cells.
Molecular tools for African horse sickness virus diagnosis: Primers were previously designed  to amplify and detect African horse sickness virus (Sailleau et al., 2000).  These have been validated by using the AHSV – infected samples collection at Maisons-Alfort (provided by IAH – Pirbright). 92 samples were tested in our laboratory: 71 samples isolated in 1999 and 21 isolated in 2000. 
Objectives: Our objectives for the remaider of the project are  to improve the molecular tools, by sequencing and selecting type-specific primers and validating these primers on biological samples. We want also develop serological tools (western blot and ELISA).  We are expressing the three nonstructural proteins and the structural VP7. Their antigenicity will be evaluated using western blots and ELISA.
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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 was to generate nucleotide sequence information fore different members of the genus Aquareovirus to eventually perform a complete 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
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.  These baculoviruses were characterised and used to express the corresponding proteins fused to N-terminal 6x histidine tag. This has allowed to purify the proteins and to raise specific antisera. These antibodies are being used to design a diagnostic assays to complement the RT-PCR based detection methods.  The histidine-tagged version of the VP6 core protein is being used for large-scale purification for future X-ray analysis. 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 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.   We are currently working on the growth of field virus isolates.

Resources:The effort of the working has been focused on: i) the production of specific antisera the collection against GCRV; ii) collecting field samples; iii) Development and implementation of a nested RT-PCR assay; iv) isolation and purification of viruses from positive field samples. The work has involved the group leader, a postdoctoral fellow, and a predoctoral student.
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Laboratory of Microbiology and Infectious Diseases Faculty of Veterinary Medicine Aristotle University GR-541 24 Thessaloniki  Greece
Scientific team:  Assist.prof. Maria Artopiou, Lect. Maria Papanastassopoulou,Dr. Kyriaki Nomikou.Dr. Panagiotis Markoulatos, Dr. Olga Mangana, Prof. Orestis Papadopoulos, Dr Suzana V. Nikolakaki 
Objectives:  Participant 5 will contribute in the tasks on the epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will also perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV strains. Also, P5 will prepare 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 2nd year

Creation of reference collections: We have isolated and serotyped (using serum neutralisation assays) eighteen Greek BTV field strains. The isolated strains were of different serotypes, from different parts of Greece and from different species,  from the BTV epizootics during the years 1979,1998,1999,2000 and 2001.
Collection and storage of additional orbivirus strains:  During 2002, we tested (by C-ELISA) 1235 bovine, ovine and caprine sera and 3180 equine sera from animals from all over the country, for the EHDV and AHSV (within  the surveillance program of the Greek Ministry of Agriculture). All the tested sera were found to be negative.  In the same period, 265 blood and spleen samples suspected for BTV were tested by Ag detection ELISA for EHDV. So far we have not isolated any other Orbiviruses especially EHDV.
Generation of cDNA clones of Orbiviruses:  During the first year of the program,  cDNAs from the 18 serotyped Greek BTV strains, reference BTV strains serotypes 1-19  from Ondesteport Institute,   EHDV serotypes 1,2,318  and AHSV type 9 were generated. 

RNA Sequence analysis: From the 18 Greek strains serotyped during the first year, full length sequences were analysed for genome segment 10 of 9 strains (7 of serotype 4, 1 of serotype 9 and 1 of serotype 1). Sequences from 5 other strains were obtained with a portion of 400-528 bases.  No sequence information exists from the remaining 4 strains. Phylogenetic comparisons were made, based on the Clustal W program. Among the 9 strains with full length segment 10 sequences, the Greek strain of serotype 1 was closely related to Chinese and Australian strains. The seven strains of serotype 4 and one of serotype 9 segregated into two phylogenetic groups, more or less related to the Chinese strains. The phylogenetic analyses of the 5 strains with 400-528 Bp sequences showed a strange relationship to the American strains. Sequence results and phylogenetic analyses of the last 4 strains are in process. However, the above results need to be confirmed before a publication
Design and test PCR based assays for different BTV serotypes: During 2002, an RT-PCR was designed and tested, using a set of primers for genome segment 7, which recognizes all BTV serotypes. We tested all the above mentioned field samples using this “group specific” set of primers.  Also we have also designed and tested an RT-PCR using primers for genome segment 2 for BTV serotypes 1, 3 and 16. We have tested all the above mentioned field samples using these sets of primers.  Using the RT-PCR with the primers for genome segment 7 and primers for genome segment 2 in field samples isolated during 2001, we have detected BTV serotype 1 in field samples from North West and West Greece. Now we are trying to design an RT-PCR using primers for genome segment 2 specific for BTV serotypes 2, 4 and 9. 
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Major project co-ordination activities during the reporting period

i) The second co-ordination meeting was held in Minorca 21st and 22 May 2002, with representatives from each of the partners.  An agenda and notes from the meeting have been added to the Website:http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/meeting_report_menorca-2002.htm.
ii) The Mid-Term meeting was held on Lesbos 26-27th November 2002, in collaboration with the BTV vaccine project.   A report of the meeting is being prepared and will appear at as soon as it has been approved by the partners at: http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/meeting-report-lesvos_2002.htm.

iii) 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 concernig assay and primers generated by the project.  

iv) 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.  

v) Houssam Attoui from Partner 2 spent 2 weeks on a collaborative visit to Partner 1, resulting in collaborative structural studes of expressed viral proteins With David Stuart's Laboratory in Oxford

vi) Partner 3 has provided Partner 1 with samples of  BTV from the Outbreaks in Corsica, to be added to the project reference collection.  

vii) Partner 1 has provided RNA samples  from reference strains of BTV serotypes to Partner 3 and 5 for testing and sequence analyses 

viii) Partner 5 has provided Partners 1 and 3 with Greek viruses for analyses
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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
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Singh K. P., Maan S., Samuel, A. R., Rao, S. Meyer, A., and Mertens, P.P.C., (2003)  Phylogenetic analysis of bluetongue virus genome segment 6 (encoding VP5) from different serotypes. Abstract submitted to the OIE Bluetongue virus Symposium in Palermo, Sicily October 2003.

Anthony, S., Maan S., Samuel A., Mertens P. P. C. (2003) the differential diagnosis of bluetongue virus: a PCR approach. Abstract submitted to the OIE Bluetongue virus Symposium in Palermo, Sicily October 2003.

S. Maan, A. R. Samuel, K. P. Singh, A., Meyer,  S. Rao and P.P.C. Mertens. (2003)  Molecular Epidemiology of Bluetongue Viruses from disease outbreaks in the  Mediterranean basin. Abstract submitted to the OIE Bluetongue virus Symposium in Palermo, Sicily October 2003.

S. Maan, N. Maan, R. O’Hara, A. Samuel, A. Meyer, S. Rao & P. P. C. Mertens (2003) Complete sequence analysis and comparisons of genome segment 2 (encoding outer capsid protein VP2) from representative isolates of the 24 BTV serotypes. Abstract submitted to the OIE Bluetongue virus Symposium in Palermo, Sicily October 2003.

S. Maan, N. Maan, K. Singh,  A. Samuel & P.P.C. Mertens (2003) RT-PCR based assays and sequencing for typing European strains of Bluetongue virus and differential diagnosis of field and vaccine strains. Abstract submitted to the OIE Bluetongue virus Symposium in Palermo, Sicily October 2003.

Samuel A.R., Maan, S., Zientara, S., Sailleau, C., Knowles, N.J., Bréard, E., Hammoumi S., Mellor P. S., and Mertens, P.P.C.. Molecular Epidemiology of Bluetongue Viruses from disease outbreaks in the Mediterranean basin. (oral presentation and abstract) International Virology Congress,  Paris 27-31 July 2002.
Lager, I., Gorch, C.,  Vagnozzi, A.,  Duffy, S.,  Miquet, J.,  Draghi, G., Cetrá, B., Ronderos, M., Ramirez, V.,  Maan, S., Hamblin, H., Samuel, A., Mertens, P.P.C. (2002) First isolation of Bluetongue Virus in Argentina: Serotyping.  (Abstract and oral presentation) VIIth Argentine Congress of Virology:
A.R. Samuel, S. Maan & P.P.C. Mertens. Molecular Epidemiology of Bluetongue Virus. Abstract and Oral presentation at the annual meeting of the Association of Veterinary Teachers and Research Workers, Scarborough, April 2002.  Research in Veterinary Science. April 2002, Vol. 72. Supplement  A. Abstract No 34 Page 16. 

Mertens P.P.C. (2002) Recent development in molecular studies of bluetongue virus Department of molecular Biology, University of Pretoria, South Africa.  23rd May 2002.  

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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6. ETHICAL ASPECTS AND SAFETY PROVISION

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

7. MID-TERM REVIEW
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Co-ordination Meeting 25th – 28th November 2002  Lesbos, Greece

The following is a summary of the action points and major topics of discussion covered at the meeting. 

DAY 1 (27th November)

Present:-

Partner 1:
Prof. Peter Mertens (co-ordinator), Dr Alan Samuel  (minutes), Dr Shujing Rao

Partner 3: 
Dr Stéphan Zientera, Dr Emmauel Bréard

Partner 4:
Dr Paco Rodriguez

Partner 5:
Dionisis Panagiotatos, Dr Kiki Nomikou, Dr Maria Koubati-Artopiou  

Invited speakers:
Dr Giovanni Savini, Dr Rossella Lelli – IZS Teramo

Additional attendees:


Dr Rachel O’Hara -
Institute for Animal Health, Pirbright, U.K. (minutes)

Dr Philip Mellor -
Institute for Animal Health,  Pirbright, U.K.

Dr Baptiste Dungu -
Onderstepoort Biological Products, South Africa

Prof. Oya Alpar -
London School of Pharmacy UK

Dr Truuske Gerdes -
Onderstepoort Veterniary Institute, South Africa

Dr Gert Venter -
Onderstepoort Veterniary Institute South Africa

Prof. Polly Roy -
London School Health & Tropical Medicine UK 

Mr Chris Hamblin-
Institute for Animal Health, Pirbright, U.K. (first morning session only)

Ms. Eva Veronesi -
Institute for Animal Health,  Pirbright, U.K. (first morning session only)

Introduction

P. Mertens explained that, due to strikes by air traffic controllers in France, Houssam Attoui and Xavier de Lamballerie (Universite de Marseille: Partner 2) were unable to attend. As a result, the meeting was likely to finish earlier than planned. Thanks were extended to Partner 5 for hosting the meeting and for providing such excellent facilities. Attention was drawn to the Administrative and Financial matters listed at the front of the agenda. In particular, it would be a great help if partners could send two copies of the financial reports directly to Peter Mertens to ensure swift processing. In addition, partners are requested to submit a brief summary of their presentation to facilitate compilation of the 12-monthly scientific report. Although the Commission had been invited to attend this meeting, no response was received which was rather disappointing. Instead, Peter Mertens and Philip Mellor will give a presentation to the Commission at a later date.

Presentations on progress of the work packages.

Peter Mertens (Partner 1 and Co-ordinator)

Basic sequence information of members of the family Reoviridae will be used to produce improved diagnostic tests. A database is being constructed at IAH Pirbright to maintain sequence data, which will be available to all partners. Reliable information is needed for the viruses used concerning their origins and isolation, and a reference collection of viruses is being created at IAH Pirbright. Again, the isolates and information will be available to all partners and all partners are asked to contribute viruses and sequence data.

Much of the work at Pirbright to date has involved production of sequence data for segment 2 of BTV produced by Sushila Maan. Examples of all 24 serotypes should be available within six months. Collaborative work is also being carried out on various dsRNA horse viruses with S.Africa (AHS, EEV), Australia (Elsey Station Horse virus), France (two new viruses from Zimbabwe) and South America (Peruvian horse sickness virus). A brief description was then given on the current distribution of BTV serotypes and vector species in Europe followed by a summary of the work done 
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at Pirbright on a possible over-wintering mechanism (a paper concerning this mechanism is available on the web at http://www.sgm.ac.uk/JGVDirect/18705/18705ft.pdf ).  There was discussion of the possible role of cellular factors and the implications for import and export of animals. Further studies in this area are planned. 

Philip Mellor: (From IAH Pirbright, Co-ordinator of BTV Vaccine and Risk Contracts)

Thanks were again extended to Partner 5 for hosting the meeting. 

An update was given of the current Bluetongue situation in the Mediterranean basin. Of particular interest is serotype 9, which has extended further north than any other serotype and is being transmitted by a vector other than the usual C. imicola. Furthermore, C. imicola has now been reported from a number of new areas in Italy and Greece, which had been predicted by the vector distribution model developed by Baylis et al.   The virus also appears  to be over-wintering in areas which are free from adult vectors during the winter. 

A summary was given of the factors involved in determining vector competence and the various possible barriers that exist to limit or prevent successful transmission, including vector susceptibility and environmental factors. It was stressed that a single bite from an adult of a competent vector species, that itself has a fully disseminated BTV infection, is sufficient to infect a mammalian host, although transmission from host to vector is much less efficient.  In addition, adult Culicoides can become infected after feeding on blood with a relatively low virus titre (approximately 2 logs) and, once infected, remain so for life. Fortunately, transovarial transmission has never been reported in Culicoides. Polly Roy asked how long Culicoides live (Answer: approx. 10-12 days, longer at lower temperatures) and suggested it would be interesting to investigate the molecular mechanisms of the cell/virus interactions involved in determining vector competence.

COFFEE

Alan Samuel: (Partner 1) An overview of the pros and cons of various diagnostic methods was presented, which stressed the potential advantages (speed and specificity) of molecular methods, in particular RT-PCR. Current work is focussing on the phylogenetic comparison of VP2 of BTV, EHDV and AHSV. There was some discussion as to the best region of the virus genome  to use for sequence comparisons, taking into account the high variability of neutralising regions. Preliminary results were presented showing that genome segment 2 of BTV-2 isolates from Africa, US and Europe formed a distinct group, when compared to those isolated from Asia.  However, BTV-9, isolates from Australia were shown to be distinct from those causing the recent outbreaks in Europe. Sequence data was also presented on FMDV, showing how phylogenetic analysis provides information concerning virus epidemiology and tracing of virus origins. Polly Roy suggested that the Indian BT viruses, which are infecting and killing cattle would be interesting to investigate further and will attempt to facilitate the procurement of isolates by IAH Pirbright.

Giovanni Savini:Dr Savini presented a talk on phylogenetic analysis of the Bluetongue virus serotypes found in the Mediterranean basin in recent years. He gave an overview of which countries the various serotypes had been present and which years outbreaks had occurred.  He also gave a more detailed outline of the outbreaks that had occurred in Italy. Phylogenetic analysis of segment 2 data was presented. This included data from the same locations in successive years and from different species (goat, sheep, cattle & deer). Dr Savini also data showed that the Italian and Greek BTV isolates were closely related (99% identity) and that the Greek strain of BTV-16 was closely related to an Israeli type 16 (98% identity). They had found no evidence of differences between isolates from either species, year of isolation or geography.

Dr Dianosis Pagiotatis commented that BTV infections seem to occur in waves from the east to the west according to the data presented by Drs. Samuel & Savini. Dr Mertens commented that re-assortmnet could confer characteristics which enable some virus strains to persist.
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Dr St(phan Zientara: Dr Zientara presented data concerning the phylogenetic sequencing and molecular diagnosis of the bluetongue virus. Two hundred and fifty samples have been examined and everything was negative, apart from 1 sheep that was positive for the vaccine strain. They have sequenced the complete genome of a Corsican isolate.  They have found in further studies that there is complete homology of segments 2, 7 & and 10 between all isolates obtained so far. Dr Zientara proposed that partners should pool the sequence data to give a clearer overall picture. Dr Zientara then discussed the % variation found (both nucleotides t & amino acids) of the various segments of the vaccine strain. He then went on to describe the RT-PCR which they have been using successfully for differentiating between BTV serotypes 1, 2, 9 & 16.

Dr Maria Koumbati & Kiki Nomikou  (Partner 5) : Maria presented data on the phylogenetic analysis of segment 10 showing apparent variation in some isolates of BTV-9. Kiki presented data obtained using a serotype specific RT-PCR for BTV diagnosis. The main focus of their recent research has been to check for the extent of BTV-1 outbreaks in Greece. BTV-1 has been found to be present on Lesvos, Rhodes and also in the north west of mainland Greece. It was suggested that perhaps data available for segment 10 from the various groups sequencing could be pooled.

Dr Paco Rodriguez (partner 4): Dr Rodriguez presented data on the aquareoviruses, which consisted of a general introduction to these viruses and the strategy of cloning they had used to examine the isolates available to them. Since the meeting in Menorca Dr Rodriguez stated that the main thrust of their research had been directed towards the development of a diagnositic assay. A nested PCR has been developed., which has been used to screen samples obtained from various fish farms in different locations.  These samples have also been usedin attempts to obtain further isolates of aquareoviruses.

Dr Shujing Rao (partner 1): Dr Rao gave a presentation which outlined the new methodology he has developed for cloning and sequencing dsRNA virus genome segments, particularly focussing on those orbiviruses for which no sequence data is available and which have not yet been assigned to an Orbivirus species. He also presented the some of his sequence data and results of searches against the international databases. Most of the twelve viruses for which data had been obtained were orbiviruses although not closely matching those previously characterised. The results of his analysis of Ndelle virus confirmed previous studies showing that it is a mammalian orthoreovirus. Dr Rao also presented data on his previous analyses of cypoviruses.

At the close of the meeting various informal groups between partners discusses how collaborative links could be fostered.
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8. PLANS FOR THE NEXT REPORTING PERIOD
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(
Continue sequencing studies of the available dsRNA virus genomes

(
Make attempts to obtain more viruses for study, both from existing reference collections around the world and from new isolations.  

(
Maintain website and increase links to ICTVdb

(
Publish currently available sequence data and obtain accession numbers for genome segments 2, 6 and 10 of different BTV serotypes.

(
Publish currently available sequence data and obtain accession numbers for genome segments 2, 6 and 10 of different unassigned orbiviruses and cypoviruses

(
Make proposals to ICTV for the recognition of various new genera , and species of dsRNAviruses within the family reoviridaer

(
Create a method to exchange sequence data between partners via the project web site. 

(
Develop and validate RT-PCR based assays and sequencing methods for detection and identification of different BTV serotypes.    

(
Continue expression and purification of viral proteins / particles for antibody (assay) production and structural studies.

(
The next annual co-ordination meeting will be held in mid  2003 in Spain, organised by partners 2 and 4   
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9. 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. 
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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 of representative isolates of all 24 BTV serotypes and for segment 6 of most serotypes.  These data are being prepared for submission to the international sequence databases.    They are also being 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.

Mertens P. P. C. and Mellor P. S. (2003) Bluetongue State Veterinary Journal  (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 Rachel O'Hara, 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 Orbivirus genus, family Reoviridae causes an economically important disease in sheep (OIE List A) but can also infect cattle, deer and goats.  BTV is transmitted by biting midges (Culicoides. Genus) and has a global distribution between latitudes 50o North and 30o South that depends primarily on the distribution and activity of competent vector species. BTV 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, BTV-2, BTV-3, BTV-5, BTV-6, BTV-7, BTV-9, BTV-13, BTV-15 and BTV-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, which has a primer pre-annealed by a chemical linker, to both 3’ ends of the double stranded RNA molecules. Full-length cDNA amplicons can be made by 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 fourteen of the twenty-four BTV serotypes (for which genome segment 2 sequence data was not available) 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).   The results obtained with these segments show broadly similar genetic relatedness, for individual isolates, between different serotypes and confirm that in the majority of cases serotype could be identified by sequence analysis of genome segment 2.    The one exception to this appears to be an isolate of BTV from India, which although difficult to type (by serological methods) was provisionally identified as type 24.  However, the sequence of segment 2 from this strain shows a close relationship in to the reference strain of type 20 (figure 1).  In contrast preliminary data (not shown) suggests that genome segment 6 is closely related to that of type 16.  This virus may therefore be an unusual reassortant between the two genome segments (2 and 6) that jointly control serotype.  

Comparison of BTV-4 strains indicates that 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 these outbreaks.   Comparisons of BTV-2 isolates suggests that genome segment 6, may sometimes show greater sequence differences between BTV   
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isolates within a serotype and could sometimes be used as a target to differentiate between field and vaccine strains. This possibility will be the subject of further study.

 Segment 2 of available isolates of BTV-1, 2, 4, 9 and 16 (European  serotypes) have been sequenced. These data were used to draw phylogenetic trees, establishing the genetic relationships between different strains and providing information concerning the origins and epidemiology of the strains currently affecting Europe (see Figure 2). Data generated so far has shown that the BTV-2 

strains from Sicily, Corsica and Tunisia are more closely related to African viruses than those from India. This indicates 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 (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 South African BTV-4 reference strains and BTV-4 from Argentina (see figure 2) 

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 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 full length (2.9kb) sequences of BTV genome segment 2 for 71 isolates have been determined (BTV-1 12 isolates, BTV-2 12 isolates, BTV-4 6 isolates, BTV-9 9 isolates, BTV-16 5 isolates) and are in the process of being prepared for submission to the international databases. This will significantly increase the data available for BTV and will provide a resource for other researchers in the field. 

In order for BTV vaccination programmes to be effective it is important that the correct serotype of vaccine is used as rapidly as possible.   In the past BTV serotypes have been identified primarily by virus isolation and serum neutralisation assays. These techniques are time consuming, require expensive standardised reagents and may give equivocal results. Sequence data for BTV genome segments 2, 6, 7 and 10 is being used to develop and improve RT-PCR and sequencing based methods for virus diagnosis and serotype determination. The exchange of sequence data between ReoID partners, along with primers and RNA preparations, is helping this process. 

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). Work is also in progress to design and validate primers to identify and differentiate European vaccine and field strains of BTV, by targeting genome segment 2 6 or 10 either singly or in combination.  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 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 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 
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variation in specific orbivirus genome segments and its relationship to biological function. Sequence data generated for BTV genome segment 7 is also being 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.  A proposal to recognise PHSV as a member of a new Orbivirus species has been accepted ICTV.    The genome of Ndelle virus has also been characterised and is closely related to mammalian orthoreoviruses. It has therefore been 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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FigureS. Conversion from RNA to DNA for eight viruses, showing the high specificity in DNA.
amplification by RT-PCR. Left panel is amplified DNAs for the large group of RNA segments (from 1 to 3
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MAIN OBJECTIVES OF THE PROJECT FOR PARTNER 2 CONCERNING THE SECOND REPORTING PERIOD

1-Documentation of the current strains of coltiviruses

15 strains of the Colorado Tick fever virus (CTFV) have been obtained from Dr. Nick Karabatsos and Professors Robert Shope and Robert Tesh.  A virus related to Colorado tick fever virus was isolated from a human in Idaho and was was obtained from 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.
2-Documentation of the current strains of seadornaviruses

Four strains of Banna virus (BAV: strains BAV-Ch, BAV-In6423, BAV-In6969, BAV-In7043), the type species of genus Seadornavirus have been 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). These viruses were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C. 

3-Generation of cDNA clones of coltiviruses 

During the first 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 sequence analysis has shown that CTFV and EYAV are definitely closely related viruses, which might have originated from a common ancestor about 50MYA.

At present time cDNA clones are being generated for the Salmon river virus.
4-Generation of cDNA clones of seadornaviruses 

During the first year, we have determined the full-length sequences of BAV-In6423 and KDV-Ja7075.  The sequence analysis has permitted to reclassify these viruses as members of a new genus within family Reoviridae, designated Seadornavirus.

The viruses that were obtained from China (YN68, YN69, YN92-2, YN93, NE97-12, NE97-31) were analysed during the past period (second year). 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 amino acid identities between proteins of Liao ning virus and their homologous in other sequenced seadornavirus ranged from 24 to 35%. This clearly identifies Liao ning virus as a distinct and new species within genus Seadornavirus. 
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5-Participation to generation of cDNA clones of Orbiviruses

During the first period 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 has 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.

At present we have identified a new mosquito-borne orbivirus. Among the viruses obtained from china, isolates YN77-2, YN-99 were identified as two strains of a new orbivirus that we have designated Yunnan orbivirus. The amino acid identities between proteins of Yunnan orbivirus and their homologous in other sequenced orbiviruses ranged from  18 to 48%. This clearly identifies Yunnan orbivirus as a distinct species  and probably as a new species within genus orbivirus. 

6-Generation of cDNA clones of Aquareoviruses

We have finalised the sequence analysis of aquareoviruses that was started during the first year. The phylogenetic analysis have shown that their exist an unusual genetic relationship 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 analyses have suggested that aquareoviruses and orthoreoviruses might have originated from a common ancestor 510 Million Years ago.
7-Identification of a new group of viruses within family Reoviridae: the genus Apidecarnavirus
After the 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 identified a new virus with a 10-segmented dsRNA genome, in an Aedes mosquito cell line. This 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. This virus constitutes the first member of a new genus to be proposed to the international committee for the taxonomy of viruses. 

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

During the first year of the project we have expressed proteins 7, 8, 9, 10, 11, and 12 of the Banna virus and prepared specific polyclonal anti-sera to the recombinant proteins and to purified virus particles. We have found that the VP9 was the most immuno-reactive protein.

During the second year, we have used this protein to elaborate 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 test is being used at present for the epidemiological study of Banna virus in Southeast Asia, in collaboration with the unit of Dr Jean Paul Gonzales at the University of Mahidol in Thailand.
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During the first year we have also expressed proteins 6, 7, 9, 10, 11 and 12 of CTFV and 6, 7, and 12 of EYAV.  

During the second year we have elaborated an ELISA test for CTFV based on the most immuno-reactive protein, the VP7. The specificity of this test was assayed using a random population of 368 blood donors and found to be 98.2%. we have 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 elaborated an ELISA test for Eyach virus (the European coltivirus) based on the VP6 protein (the homologous of VP7 of CTFV). This test is currently under evaluation for its specificity and should permit in the near future the conduction of epidemiological studies on the European continent. 

9-Production of highly pure recombinant proteins : application to structural analyses

Another aspect of the protein analysis is the production of highly purified proteins for structural analysis. 

We have produced a highly pure VP9 Banna protein, which passed crystallisation trials at the welcome trust centre (Professor David Stuart), in Oxford. Protein crystals were obtained which diffracted to 2.5 angstrom. Seleno-methionine modified VP9 is now being produced in collaboration with professor David Stuart and Professor Peter Mertens, to determine the crystal structure of this protein which is supposed to be the T13 protein of Banna virus.
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DURING THE SECOND REPORTING PERIOD

AFSSA –Alfort 22 rue Pierre Curie 94703 Maisons-Alfort, France
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In this European 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 two animal diseases : bluetongue (BT) and African horse sickness (AHS). Since October 2000, the French Island of Corsica is infected by the BTV (disease belonging to the A list of OIE). The main subjects in which the AFSSA team were involved during this second year were related to:
1) the selection of primers for PCR-typing of BT and AHSV,

2) the validation of these primers on biological samples,

3) the determination of the nucleotide sequences of BT serotypes of interest, and in particular, the complete sequencing of the Corsican and vaccine BTV 2 strains genome,

4) the development of serological tools (ELISA).

2. Contribution of the AFSSA Alfort laboratory

2.1 – Selection of PCR primers for sequencing and serotyping:

In the last report, we have described the complete nucleotide sequences of the genome segments 2, 7 and 10 of different  bluetongue virus serotype 2 strains (Corsican 2000 and 2001, vaccine and Tunisian 2000). The comparison of these 3 sequences illustrates the same identity of the Tunisian and Corsican (2000 and 2001) viruses. During the reporting period, the sequences of the complete genome segments of the Corsican and vaccine strains have been determined. Primers, which amplified the segments 1, 3, 4, 5, 6, 8 and 9 of the vaccine and the field BTV 2 strains, were selected and described in Table 1. 

Primers for sequencing the segments 2 of the BTV serotype 4 and 9 were also designed.

2.2 – Determination of nucleotide sequences:

The segments 1, 3, 4, 5, 6, 8 and 9 of the vaccine and the field BTV 2 strains were amplified, sequenced and assigned in Genbank (Table 2). Comparisons and analysis of these different sequences have revealed a significant degree of divergence between the amino acid sequences of the S9 and S10 from the BTV 2 wild-type and vaccine viruses. In these segments the divergences are localised in particular regions, which have been described as domains involved in particular interactions with the infected cells. Results are presented in Table 3 and in the figures 1 and 2.

The complete sequences of the segments 2 of the BTV serotype 9 (from Greece) and 4 (provided by Pirbright) have also been determined. We had previously determined the S2 sequences of the BTV serotype 2 (Corsican) and 16. Different S2 sequences of the BTV serotype 1 had been already determined and assigned in Genbank. In this way, the segments 2 of the 5 BTV serotypes present in the Mediterranean basin (serotypes 1, 2, 4, 9, and 16) are now sequenced. The phylogenetic associations of the segment 2 sequences of these 5 serotypes are presented in figure 3.
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2.3 - Differentiation between the Corsican and the vaccine strain:
In the previous work, we had selected one pair of primers, which specifically amplify the segment 10 of the vaccine strain (and not the segment 10 of the wild strain). This RT-PCR has been validated on biological samples (Corsican vaccinated sheep blood or lambs blood, which have been experimentally vaccinated). During the reporting period, we have designed specific primers for the detection of the wild BTV 2 strain. Finally, we can also differentiate these two BTV 2 strains by comparison of the restriction pattern obtained after amplification of the segment 6 of these strains and digestion with the BamH1 enzyme restriction. The summary of these results are presented in Figure 4 and 5.

2.4. Vaccine studies:
The previous report described the duration of dsRNAemia in the lambs' blood, which have been vaccinated with the live vaccine. We have already reported that the vaccine genome was detected by RT-PCR since 41 days after vaccination. The vaccine genome has been detected in all spleen samples and in 9 lymph nodes.

The purpose of the present work was to study the serological response of the 14 vaccinated sheep. The antibodies were detected 14 days post-infection. All vaccinated sheep were significatively positive at the end of the experiment (D28). Control and contact sheep remained negative throughout the whole period, thus showing the absence of vaccine spread. No virus was isolated after 6 passages of each sample on BHK-21 and Vero cells. 

Moreover, a study of the thermostability of the vaccine strain was performed. The initial titre of the vaccine was 104.3 TCID50/ml. The aliquots of vaccine were submitted to three temperatures: 35°C, 45°C and 50°C; during 90, 180, and 360 minutes. The results show that the vaccine strain titre strongly decreased when submitted to temperatures higher than 35°C. The poor heat stability of this vaccine necessitates the recommendations of  specific measures of storage which must be adhered to before and during use.
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 viral S6, S7, S8, and S10 cDNA inserts were first cloned into a PbacFast donor plasmid, and the recombinant plasmids were transformed into DH10bac competent cells which contain the bacmid. We have obtained 4 bacmids, which contain the NS1, NS2, NS3 and VP7 genes. Theses DNA are then used to transfect insect cells.

2.6. Molecular tools for African horse sickness virus diagnosis:

Concerning African horse sickness virus, the primers, which have been selected (Sailleau et al., 2000), have been validated by using the AHSV – infected samples collection stand in Maisons-Alfort and sent by IAH – Pirbright (C. Hamblin). 92 samples were sent in our laboratory: 71 samples isolated in 1999 and 21 isolated in 2000. The first results of this validation test are presented in Table 5.

3 - Objectives 

Next year, our objectives are to improve the molecular tools, by sequencing and selecting type-specific primers and validating these primers on biological samples. We want also develop serological tools (western blot and ELISA). In this way, we are expressing the three nonstructural proteins and the structural VP7. Their antigenicity will be evaluated by western blot and ELISA.
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Table 1 : Primers used for the sequencing of the wild and the vaccine BTV 2 strains 
PRIMERS
FRAGMENT
SEQUENCES
LOCALISATION

5’(3’
PRODUIT D’AMPLIFICATION

(PB)
SEROTYPE

AMPLIFIED

F1P
1
CCGGGTAAAAATGCAATG
-4 ( 12
F1P-F1M: 1622
2

F1M
1
ACAATGAACTGCGGTACC
1618 ( 1601



F1AP
1
CGAGAAATACAAGTTCGGG
1345 ( 1363
F1AP-FIAM: 1548
2

F1AM
1
ACAATCCTCCTTATCGGC
2893 ( 2876



F1BP
1
CGTTGATACAAATTCGAA
2728 ( 2745
F1BP-F1BM: 1216
2

F1BM
1
GTAAGTGTAATGCGGCGC
3944 ( 3927



F3P
3
GTTAAATTTCCGTAGCCATG
1 ( 19
F3P-F3MA: 1504
2

F3MA
3
CAATGATAAGTCATCCCAAT
1504 ( 1485



F3PA
3
CAAGTCAATTATGGTCCAAC
1260 ( 1279
F3PA-F3M: 1512
2, 9

F3M
3
GTAAGTGTGTTTCCGCTGCCG
2772 ( 2752



F4P
4
GGCCGCCGTTAAAACATG
-7 ( 9
F4P-F4M: 1312
2

F4M
4
TGACCGACTTCTTCATTAC
1305 ( 1287



F4PA
4
TCAGATCGATCGCAGATG
810 ( 828
F4PA-F4MA: 1154
2

F4MA
4
CCCTCACCTAGCAGTC
1964 ( 1949



F5P
5
GTTAAAAAGTGTACCCTTAGCG
1 ( 22
F5P-F5M: 1637
2

F5M
5
GTAAGTGTAAGTGCTTCG
1637 ( 1621



F6P
6
GTTAAAAAAGTTCTCTAGTTG
1 ( 21
F6P-F6M: 1769
2, 4, 9,16

F6M
6
GTAAGTTGAAAAGTTCTAGT
1769 ( 1750



F7P
7
GTTAAAAATCTATAGAGATG
1 ( 20
F7P-F7M: 1156
The 24 serotypes

F7M
7
GTAAGTGTAATCTAAGAGA
1156 ( 1138



F8P
8
GTTAAAAAATCCTTGAGTCAT
1 ( 21
F8P-F8M: 1124
2, 4, 9,16

F8M
8
GTAAGTGTAAAATCCCCCC
1105 ( 1124



F9P
9
GTTAAAAAATCGCATATG
1 ( 18
F9P-F9M: 1032
2, 4, 9,16

F9M
9
CTACGTCAAGAAGGTAC
17 ( 1032



F10P
10
GTTAAAAAGTGTCGCTGCCATG
1 ( 22
F10P-F10M: 822
The 24 serotypes

F10M
10
GTAAGTGTGTAGCGCCGCATACCCT
822 ( 798



PG1
2
GTTAAAATAGCGTCGCGATG
1 ( 20
PG1-MG1: 2943
2

MG1
2
GTAAGTTGAACAGATCGCGG
2943 ( 2924



PGB
2
TGGATAGTTGAGCCGATGTT
1562 ( 1581
PGB-MG1: 1381
2

P5
2
CGATGTTTACTTTACTCTACG
1128 ( 1148
P5-M5: 553
2

M5
2
ACGGGATCATCA

GTCATCGG
1681 ( 1661
PG1-M5: 1681
2

Table 2: Accession numbers of the wild and the vaccine BTV 2 segments 
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Corsican strain serotype 2 (isolated in 2000)
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Figure 1b.

 Phylogenetic tree showing a comparison of the 

segment 6 sequences  for selected BTV serotypes.
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Table 3 : percentage of divergence between the nucleotide or amino acid sequences of the vaccine and the wild BTV 2 strains
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Figure 1 Comparison between the NS3 sequences of the wild and the vaccine strains.
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Decoration 'Decoration #1': Hide (as '.') residues that match

the Consensus exactly.
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Decoration 'Decoration #1': Hide (as '.') residues that match the Consensus exactly.
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Figure 1b.

 Phylogenetic tree showing a comparison of the 

segment 6 sequences  for selected BTV serotypes.

[image: image16.wmf]M

L

S

G

L

I

Q

R

F

E

E

E

K

M

K

H

N

Q

D

R

V

E

E

L

S

L

V

R

V

D

D

T

I

S

Q

P

P

R

Y

A

Majori

ty

10

20

30

40

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

1

NS3SERO2VACCI

N.PRO

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

E

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

1

NS3SEROCORSE

.PRO

P

S

A

P

M

P

S

S

M

P

T

V

A

L

E

I

L

D

K

A

M

S

N

T

T

G

A

T

Q

T

Q

K

A

E

K

A

A

F

A

S

Majori

ty

50

60

70

80

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

41

NS3SERO2VACCI

N.PRO

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

41

NS3SEROCORSE

.PRO

Y

A

E

A

F

R

D

D

V

R

L

R

Q

I

K

R

H

V

N

E

Q

I

L

P

K

L

K

S

D

L

G

G

L

K

K

K

R

A

I

I

Majori

ty

90

10

0

11

0

12

0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

S

.

.

.

.

.

.

.

.

.

81

NS3SERO2VACCI

N.PRO

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

81

NS3SEROCORSE

.PRO

H

T

T

L

L

V

A

A

V

V

A

L

L

T

S

V

C

T

L

S

S

D

M

S

V

A

F

K

L

N

G

T

S

A

E

V

P

S

W

F

Majori

ty

13

0

14

0

15

0

16

0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

I

.

.

.

K

T

.

.

.

.

.

.

12

1

NS3SERO2VACCI

N.PRO

.

M

.

.

.

I

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

I

.

Q

.

.

12

1

NS3SEROCORSE

.PRO

K

S

L

N

P

M

L

G

V

V

N

L

G

A

T

F

L

M

M

V

C

A

K

S

E

R

A

L

N

Q

Q

I

D

M

I

K

K

E

V

M

Majori

ty

17

0

18

0

19

0

20

0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

16

1

NS3SERO2VACCI

N.PRO

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

S

.

.

.

.

.

.

.

.

.

.

.

.

.

16

1

NS3SEROCORSE

.PRO

K

K

Q

S

Y

N

D

A

V

R

M

S

F

T

E

F

S

S

V

P

L

D

G

F

E

L

P

L

T

-

Majori

ty

21

0

22

0

23

0

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

I

.

.

.

.

.

.

M

.

.

.

.

20

1

NS3SERO2VACCI

N.PRO

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

20

1

NS3SEROCORSE

.PRO

Decoration 'Decoration #1': Hide (as '.') residues that match

the Consensus exactly.

[image: image17.png]Figwe 2. Phylogenetic tree constructed from full length nucleotide sequences
of European Serotypes of BTV genome $-2 nt sequences (Full length 2.9Kb)

BTVAISUIEN g1y 1i0am

BTV-UNGSNR, / prv-1isaitass

BTv-1aus BT
BTV-1INDD

BTV-1INDa
BTV-1INDC

BTV-1 INDY
BTV-1INDe

BTV-2/Turisia0n,
BTV-2 Vacciesp

BTV-2Francenn
BTV-2/Sudan/as3

BTV-2ingias2

AVACCIREINZ
43UDB301

-

1BTURDD/D ATURTEIO!
1BTUROOIZ

1BTURDDIO!
16/Stephz.

1BIAISM

asajam
avacc/RBi2 1

16Ny

9Aust1085™

9TUROOI4

9BULaAD1
TUROOMS3
9B0802/02

aTUR0OIS

/

GSERD1I01

01




[image: image18.png]Figure 1a. Phylogenctic tree showing a comparison of full length
(2.9Kb) segment 2 sequences of all 24 serotypes of BTV

BTV-128A

572158-17-Califarnia
AFO17278/17-Colorado

RO 2154 BTV-1554
438, aTurkef | VACC
450D
sarg
2400
BTV- 2054 .
M7437-11-Pol
asVace
BTv-1954 a5
aBUL
aT4
BTV-TSA 9808
BTv-2184
254
28AVact
2N
20TLos BTv-054
2IND,

AF1362182-Chirla
18Avace

BTV-143A
X55601/BTV-3
1BNig
1671

X0B464-1-F olly; 1US; M218441 Aus 1BBATBSA-VACC
23N 0001531 3-Folly

UB4200/25-Polly | gry-1ggaETV-E8A LITTATIBTV-13
01 L4BBBE/23-Pritchard




[image: image19.png]Figure 3. Design and Validation of new Type specific PCR primers

BTV-2

M-C12 34567891011 12 M-C 1314151617 18 1920212223 24

Different BTV Serotypes Different BTV Serotypes




[image: image20.png]Clone 124

Clone

Figured. PCR screening of 96
dones for Peruvian horse virus.
The inserts of clone DNA were
amplified using the primers flanking
the insert and the PCR products were
examined on agarose gel. Multiple
clones for all groups of RNA were
identified on gel. Two or three of
each ofthese lengths were picked up
for sequencing. The white lines are
regions of4 kb DN A mastker.




[image: image21.png]1234567 81234 M5678

%

FigureS. Conversion from RNA to DNA for eight viruses, showing the high specificity in DNA.
amplification by RT-PCR. Left panel is amplified DNAs for the large group of RNA segments (from 1 to 3
segments of similar size ca 4 kb). Right panel shows the DNA products for medium and small groups of RNA
segments. Numbers from 1 to 8 are viruses Ndelle, Tilligerry, Umatilla Iupiranga, Eubenangee, Orungo,
MvCPV (a cypovirus), and BTV. The sizes of genomic RNAs for orbiviruses are proximately from 0.8 to 4 kb;
the amplified DNAs duplicate the RNA patterns ofthese selected § viruses. M: 1 kb laider of DNA size

markers from Gibeo,





( contents





Figure 2: Comparison between the VP6 sequences of the wild and the vaccine strains.
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Figure 3: Comparison of the VP2 sequences of the serotypes present in the Mediterranean basin
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Figure 4: Molecular tools for the differentiation between vaccine and wild BTV 2. Specific RT-PCR  using primers specific of the segment 10.
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Figure 5: Specific RT-PCR using specific primers of the segment 6, followed by a hydrolysis of the amplicons by the BamH1 restriction enzyme. 
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Table 5: Validation of  the serotype specific RT-PCR by using a coding panel of  field isolates.
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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 to eventually perform a complete 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
Status of the WP during this reporting period :

i) 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.

ii) The corresponding baculoviruses have been characterised and used to express the corresponding proteins fused to N-terminal 6x-histidine tag. This has allowed to purify the proteins and to raise specific antisera. These antibodies are being currently used to design diagnostic assays to complement the RT-PCR based detection methods.

iii) The histidine-tagged version of the VP6 core protein is being used for large-scale purification for future X-ray analysis.

iv) A nested RT-PCR aquareovirus detection method has been developed using a set of primers specific from genome segment 2.
v) 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.

vi) We are currently working on the growth of field virus isolates.

Resources:

The effort of the working has been focused on: i) the production of specific antisera the collection against GCRV; ii) collecting field samples; iii) Development and implementation of a nested RT-PCR assay; iv) isolation and purification of viruses from positive field samples. The work has involved the group leader, a postdoctoral fellow, and a predoctoral student.
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Phylogenetic sequence analysis and improved diagnostic assays for the viruses of the family Reoviridae"
FAIR QLK2-CT-2000-00143 
Second  Individual Progress Report for the period
from 01/01/2002 to 31/12/2002
Participant no 5: 

Laboratory of Microbiology and Infectious Diseases
Faculty of Veterinary Medicine
Aristotle University
GR-541 24 Thessaloniki  Greece
Tel. +30  2310  999924
 

Fax. +30 2310  999959
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
Participant 5 will contribute in the tasks on the epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will also perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV strains. Also, P5 will prepare 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.
REPORT OF THE WORK DONE DURING THE 2ND YEAR

WP1 - Creation of reference collections
a. Documentation and storage of currently available orbivirus strains.
We have isolated and serotyped with SNT 18  Greek BTV  field strains.
The isolated strains were of different serotypes from different parts of Greece and from different species from the BTV epizootics during the years 1979,1998,1999,2000 and 2001.
b. Collection and store additional orbivirus strains. 
During 2002,  within  the surveillance program of the Greek Ministry of Agriculture for the EHDV and AHSV we tested by C-Elisa 1235 bovine, ovine and caprine sera and 3180 equine sera from animals from all over the country. All the tested sera were negative.  
In the same period, 265 blood and spleen samples suspected for BTV  were tested by Ag detection ELISA for EHDV. So far we have not isolated any other orbivirus especially EHDV.
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WP2,WP3,WP4 – RNA Sequence Analysis
( contents



a. Generation of cDNA clones of Orbiviruses.
During the first year of program,  cDNAs from 18 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
From the 18 Greek strains selected and typed during the first year, sequence results of full length of segment 10 were done in 9 strains (7 of serotype 4, 1 of serotype 9 and 1 of serotype 1). Sequences from 5 other strains were obtained with a portion of 400-528 bases, whereas no sequence information exists from the remaining 4 strains. The phylogenetic analyses were based on the Clustal W program. Among the 9 strains with full length sequences, the strain of serotype 1 was closely related to Chinese strains and one Australian. The seven strains of serotype 4 and 1 of serotype 9 segragated into two phylogenetic groups, more or less related to the Chinese strains. The phylogenetic analyses of the 5 strains with 400-528 bp sequences, showed a strange relationship to the American strains. Sequence results and pylogenetic analyses of the last 4 strains are in process. However, the above results need to be confirmed before a final announcement.    
WP5,WP6, WP7 – Development of Improved Assay systems
c. Design and test PCR based assays for different BTV serotypes.
During 2002, an RT-PCR using a set of primers for genome segment 7, which recognizes all BTV serotypes were designed and tested. For verification, we have tested all the above mentioned field samples using this “group specific”set of primers.  Also we have designed and tested an RT-PCR using primers for genome segment 2 for BTV serotypes 1,3 and 16. We have tested all the above mentioned field samples using these sets of primers. 
Using the RT-PCR with the primers for genome segment 7 and primers for genome segment 2 in field samples isolated during 2001, we have detected BTV serotype 1 from field samples from  North West  and West Greece. Now we are trying to design an RT-PCR using primers for genome segment 2 specific for BTV serotypes 2, 4 and 9 . 
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Results of the study of the selected primers on the BTV- Reference Strains 
CDNA
BTV1/2L3
BTV1/2R3
BTV1/2L1
BTV1/2R2
BTV4/7L
BTV4/7R1
BTV4/7L
BTV4/7R2
BTV16

L/R
BTV3 L/R

BTV1
302
423
433
409
-
-

BTV2
-
-
433
409
-
-

BTV3
-
-
-
409
-
591

BTV4
-
-
433
409
-
-

BTV5
-
-
-
409,faint
-
-

BTV6
-
-
-
-
-
-

BTV7
-
-
-
409,faint
-
-

BTV8
-
-
433,faint
409
-
-

BTV9
-
-
-
409
-
-

BTV10
-
-
433,faint
409
-
-

BTV11
-
-
433
409
-
-

BTV13
-
-
-
409
-
-

BTV14
-
-
-
409
-
-

BTV15
-
-
-
409,faint
-
-

BTV16
-
-
-
409
300
-

BTV17
-
-
-
409
-
-

BTV18
-
-
-
409
-
-

BTV19
-
-
-
409
-
-

TcellsBHK21
-
-
-
-
-
-

TcellsVERO
-
-
-
-
-
-

AHS 9
-
-
-
-
-
-

EHD1
-
-
-
-
-
-

EHD2
-
-
-
-
-
-

EHD318
-
-
-
-
-
-

Note:

Primer pairs BTV1/2L3-BTV1/2R3 and BTV1/2L1-BTV1/2R2, that produce PCR products of 302bp and 423bp, respectively, are derived from Segment 2. 
Primer pairs BTV4/7L-BTV4/7R1 and BTV4/7L-BTV4/7R2 give PCR products of 433bp and 409bp, respectively, and are derived from Segment 7.
Primer pair BTV16L/R gives PCR products of 300bp and is derived from Segment 2 . 
Finally, primer pair BTV3L/R gives PCR products of 591bp and is derived from Segment 2 as well.
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Results of the study of the selected primers on the BTV- Field samples
cDNA
BTV1/2L3
BTV1/2R3
BTV1/2L1
BTV1/2R2
BTV4/7L
BTV4/7R1
BTV4/7L
BTV4/7R2
BTV16 L/R
BTV3 L/R









F1  (BT4)
-
-
433
409
-
-

F2 (BT9)
-
-
-
409
-
-

F3 (BT4)
-
-
433
409
-
-

F4 (BT4)
-
-
433
409
-
-

F5 (BT16)
-
-
433
409
300
-

F6 (BT9)
-
-
433
409
-
-

F7 (BT4)
-
-
433
409
-
-

F8 (BT4)
-
-
433
409
-
-

F9 (BT4)
-
-
433
409
-
-

F10       ( BT4)
-
-
433
409
-
-

F11       ( BT4)
-
-
433
409
-
-

F12 (BT4)
-
-
433
409
-
-

F13 (BT4)
-
-
433
409
-
-

F14 (BT4)
-
-
433
409
-
-

F15 (BT4)
-
-
433
409
-
-

F16 (BT4)
-
-
433
409
-
-

F17 (BT4)
-
-
433
409
-
-

F18 (BT1)
302
423
433
409
-
-

Note:

Primer pairs BTV1/2L3-BTV1/2R3 and BTV1/2L1-BTV1/2R2, that produce PCR products of 302bp and 423bp, respectively, are derived from Segment 2. 
Primer pairs BTV4/7L-BTV4/7R1 and BTV4/7L-BTV4/7R2 give PCR products of 433bp and 409bp, respectively, and are derived from Segment 7.
Primer pair BTV16L/R gives PCR products of 300bp and is derived from Segment 2 . 
Finally, primer pair BTV3L/R gives PCR products of 591bp and is derived from Segment 2 as well.
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Decoration 'Decoration #1': Hide (as '.') residues that match the Consensus exactly.
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