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Section II.1:

OVERVIEW OF THE PROGRESS DURING THIS REPORTING PERIOD  
( contents


Summary of the main objectives for this reporting period

( contents


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 Orbivirus (which includes the virus species Bluetongue virus, African horse sickness virus, Epizootic haemorrhagic disease virus, Equine Encephalosis virus and Palyam virus ), Coltivirus and Seadornavirus (which include human pathogens, e.g. Eyach virus), Aquareovirus (of fish) 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..  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 future 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. New assay systems will be designed and validated, then made available to survey the prevalence and impact of these viruses in the EU and elsewhere. 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 OBJECTIVES FOR THIS REPORTING PERIOD: 

( contents



Reference Collections: Isolates of seadornaviruses, coltiviruses, aquareoviruses, and orbiviruses, will form an initial basis for reference collections of the different virus genera.  Efforts will continue throughout the contract to add further virus isolates.  Representative isolates of these viruses will be adapted to cell culture and used for cDNA 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.


RNA sequence analyses:
Recent advances in cDNA synthesis, cloning and sequencing methods for dsRNA viruses, have involved improved RNA isolation methods, ligation of defined oligonucleotides to the RNA and use of high efficiency primers. Full genome sequences will be generated for representative seadornaviruses, coltiviruses and aquareoviruses. 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 more conserved (Pol, T2 or T7 genes), from different species of Orbivirus will be generated and used for phylogenetic comparison. 


Improved assay systems:  Purified Bluetongue virus particles can be used to generate high quality antisera, for virus species (ELISA) and serotype specific (neutralisation tests) diagnostic assays These methods will be adapted, to improve serological testing systems for both BTV and other orbiviruses. 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).


Web sites for molecular biological data: Web sites will be established to disseminate data concerning the reference collections, virus structure and the molecular 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.  

IAH Pirbright has been designated as Community Reference Laboratory for BTV.  As a result many more virus samples are being received from the current out breaks in southern Europe and the Mediterranean region, (including isolates provided by partners 3 and 5 - see individual partner reports).   These isolates, as well as BTV isolates provided by colleagues in India, are being added to the collection.   Negotiations are currently underway to obtain additional virus samples and/or sequence data for viruses studied by colleagues in Australia, South Africa and America.  Representative isolates of each of the currently unclassified orbivirus strains have been obtained from the American Culture Collection.  These viruses have also been added to the virus collection at IAH Pirbright and being adapted to growth in cell culture, prior to further analyses and sequencing. 
( contents


Aquareoviruses:  A collection of over 500 field samples suspected virus-infected fish and molluscs from different geographic areas of Spain have been collected, documented, and stored for further analysis. A main obstacle is the difficulty in obtaining characterised virus isolates from other research groups. 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.

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.

4 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 were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C.

RNA sequence analyses:
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Bluetongue  viruses: During the first year of the contract outbreaks of BTV have continued in southern Europe.  As a consequence BTV has formed a rather 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 4, 9 and 16 and most recently type 1 has been isolated in Greece.  In north Africa and the western Mediterranean outbreaks have been caused primarily by type 2 (although type 9 has also spread westward into Italy).

 
Oligonucleotide primers have been designed for amplification and sequence analysis of genome segment 2 (which determines serotype) BTV 1, 4, 2, 9 and 16.  Primers for type 1, 2 and 9 have been tested against reference strains of the 24 BTV serotypes and were shown to be specific for the homologous BTV type (partners 1 and 3).  During testing of these primers against diverse fields stains of BTV from distinct geographic regions it became clear that they were less efficient with some strains of each type than others.  Additional primer sets are being designed to ensure the efficient amplification of genome segment 2, from different topotypes of each serotype. 

Based on RT-PCR reactions and sequencing assays using these primers, cDNA products and sequence data has been obtained for genome segment 2 of European isolates of BTV 1, 2, 4 and 9, as well as additional isolates from other geographic regions.  By combining sequence data for different virus isolates provided by Partners 1, 3 and  5, it has been possible to construct phylogenetic trees for genome segment 2 of 1, 2 and 9 (see web site at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm ), which confirm the serotype of each virus isolate and help to demonstrate the origins of the current European virus strains.   These studies indicate that BTV-2 arrived in Europe from North Africa, showing similarities to Tunisian and isolates from sub Saharan Africa.  These studies have also confirmed the presence of BTV-2 and the absence of BTV-9 in samples from Sardinia and Corsica and most recently have demonstrated the presence of BTV-1 Greece (the 5th European serotype of BTV ).   The primers that have been tested so far for serotypes 4, 16 and several other types gave unsatisfactory results (poor specificity of product. For several BTV types there are no published sequence data available for genome segment 2, or where sequence data is available it is only for a short central region of the VP2 gene.  In these cases an alternative sequencing strategies are being adopted to support the design of homologous serotype specific primers for additional BTV serotypes.   

( contents


Other Orbiviruses:  Samples have been obtained from the American Culture Collection, for each of the different Orbivirus species, as well as the unassigned viruses within the genus.  These virus strains have been added to the virus collection at IAH Pirbright and are in the process of being adapted to grow in cell culture.   Genomic RNA from each of the viruses will represent a target for the cDNA synthesis, using oligonucleotide ligation to both 3’ termini of the dsRNAs and single primer RT-PCR, followed by conventional cloning and/or sequence analyses.   These studies have already demonstrated that Ndelle virus was wrongly classified as an Orbivirus, when it should have been assigned to the genus Orthoreovirus,  and that the isolate of St Croix River Virus  represents  a new species within the genus Orbivirus. 

RNA has been purified for Equine encephalosis virus (EEV), Palyam virus, Tilligerry virus  and several other species of Orbivirus.  These materials are currently being used for the production of cDNAs prior to further sequencing studies. 

( contents


Coltiviruses:  The Full-length sequences of CTFV-Florio and EYAV-Fr578 have been determined and 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.

Numerous additional partial sequences have been obtained from other variants of CTFV and EYAV and were deposited in the Genbank database. The sequence characterisation of coltiviruses opened the way for development of molecular and serological diagnostic techniques for infections by these viruses, namely the EYAV which has been isolated at different time intervals in Europe. Sequence analysis has shown that CTFV and EYAV are definitely closely related viruses, which might have originated from a common ancestor estimated about 50MYA.
( contents


Seadornaviruses: The Full-length sequences of BAV-In6423 and KDV-Ja7075 have been determined and 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). 

Sequence analysis has shown that BAV and KDV are related viruses clarifying their taxonomic status as distinct from CTFV and EYAV. The International Committee on Taxonomy of Viruses (ICTV) has approved their reclassification as members of a new genus officially designated as Seadornavirus. 
( contents


Aquareoviruses:  The full length nucleotide sequencing of the 11 genome segments of Golden shiner virus (GSV), a member of the species Aquareovirus A, has been carried out by P2 and made available to P4. As described below, cDNA GSV clones 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) were also characterised during this reporting period and 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.
( contents


Other members of the family Reoviridae: Full length cDNA clones have been generated for Cypovirus-2.  These clones will be sequenced by partner 1 to provide additional data for this virus species within the genus Cypovirus.  Two further Cypovirus isolates have been provided from west Africa.    These will also be analysed

Virus purification, production and characterisation of antibodies  for serological assays
( contents


Purification methods, (similar to those previously developed for Bluetongue virus particles) have been adapted for use with Equine encephalosis virus.  These particles have been used to generate high specificity polyclonal antisera, which are being used to develop diagnostic ELISA to detect EEV specific antibodies and antigens.  Purified BTV particles are also being used to generate antisera with high neutralisation titres to support conventional BTV serotyping assays (serum neutralisation assays).  RNA sequence data is being used to design primers for RT-PCR based assays to detect and identify the RNA of viruses the genera under study.  

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 and the identity of BTV-2 and absence of BTV-9 in field samples from Corsica.

BAV was purified, inactivated and injected to Balb/C mice in presence of Freund's adjuvant. Ascitic fluids were obtained from the mice and stored at –20°C. Recombinant proteins were prepared from cloned segments 6, 7, 9, 10, 11 and 12 of CTFV and segments 6, 7, and 12 of EYAV. Recombinant proteins were also produced from segments 7, 8, 9, 10, 11 and 12 of BAV-Ch and from segment 9 of BAV-In6969. All of these proteins were purified from GST fusion proteins and injected into Balb/C mice in presence of Freund's adjuvant. Ascitic fluids were obtained from the mice and stored at –20°C.  The major differences between the sequences of CTFV and EYAV were found in segments 6, 7 and 12, where protein sequences were only about 50-55% identical. More emphasis has been given to these 3 proteins as targets for detection of antibodies and distinguishing CTFV and EYAV infections. Sequence analysis has permitted to distinguish two genotypes (serotypes) among the BAV isolates (serotype A represented by the Chinese BAV-Ch and serotype B represented by the Indonesian BAV-In6969). These genotypes differed mainly in the sequence of their VP9 proteins, which were only 41% identical. More emphasis has been given to these proteins as targets for detection of antibodies and distinguishing BAV serotypes A and B infections. The prepared anti-sera have been evaluated in immuno-assays including ELISA and western blot assays.  It was possible to detect antibodies against CTFV in reference sera of patients infected with the virus (the Charles Calisher set of sera, obtained from the CDC). Proteins 6, 7 and 12 of the CTFV have proven to be the most promising targets for detecting antibodies against CTFV in infected humans. Similar studies are now being realised to verify the usefulness of proteins 6, 7 and 12 of EYAV in diagnostic tests. The confirmation of these studies will open soon the way for epidemiological analysis. It was possible to distinguish between serotypes A and B of BAV using antisera produced against the recombinant VP9 proteins. The same proteins were chosen as targets for future epidemiological surveys of seadornaviruses. 

Web sites for molecular biological data
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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. The site also 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 on this site 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 restricted-access web site has also been established for the ReoID grant at http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/ . The username is ReoID and the password is dsRNAvirus.   Important documents related to the grant,  as well as confidential information and reports 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.
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
Deliver-able(s)
No

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
Compete genomes of some viruses analysed

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

WP 4
Genome sequence analyses of orbiviruses  
1, 2, 3, 5
54
1
36
Sequences of segment 2 of BTV 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

WP 6
Design and test PCR based assay systems 
3, 1, 2, 4, 5
58
1
36
Sequences being analysed some primers avialble for assays

WP 7
Evaluate improved orbivirus assays for diagnostic purposes
1, 3, 5
28
6
36
Seological assays being evaluated for EEV. RT-PCR assays for BTV being evaluiated

WP 8
Epidemiological  studies of seadornaviruses / coltiviruses 
2
36
6
36
Assay methods being developed

WP 9
Epidemiological  studies of Aquareoviruses
4
34
6
36
Assay methods being developed

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
( contents



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 



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 virus isolates that are currently available, together with any new.   These viruses, together with cDNA clones and virus specific antibody preparations derived, will provide a resource for comparison and identification of new virus isolates.  Samples from the collections will be made 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 storage or –80 C freezer) space 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 fully documented regarding source and passage history.  Tissue culture adapted and plaque-cloned isolates will be developed, as dictated by the other areas of the project.  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 that can be used by the partner laboratories and other relevant 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. 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.  More samples from the outbreaks in southern Europe / Mediterranean region, and from India, are being added to the collection. Over 500 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 1.1            Set up and maintain reference collections for the orbiviruses, 

1.2 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 (Pol and T2 genes) of other strains, for RNA sequence comparisons.  This will also generate cDNA clones of the genome segments analysed that will be added to the reference collection. 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 using complimentary oligonucleotide primers.  The cDNA will be cloned and sequenced using established technology.  These methods offer significant advantages over more conventional techniques (poly A tailing and oligo dT primers), particularly in the rapid production of full-length cDNA clones from many segments of the genome.  The methods are usable with genomic dsRNA from any member of the Reoviridae.   Eyach virus (EYAV Fr-578), Banna virus and Kadipiro virus are currently available as prototypes for full genome sequencing. Conserved genome segments (Pol and T2 genes) from other isolates will be analysed for comparative / phylogenetic purposes.

Deliverables: The full genome sequence will be analysed from Banna virus and Kadipiro virus (genus Seadornavirus), as well as Eyach virus (EYAV) Fr-578 (a French isolate from the genus Coltivirus). These first full genome sequences for either genus will provide a standard to help identify other virus isolates from these genera.  Data will also be generated for conserved segments (Pol and T2 genes) of other isolates, particularly from Europe.  Data for complete genome segments will be submitted to relevant databases. The sequence data will be used to compare viruses and help identify the function of individual 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: The Full-length sequences of CTFV-Florio and EYAV-Fr578 have been determined and 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. Numerous additional partial sequences have been obtained from other variants of CTFV and EYAV and were deposited in the Genbank database. The sequence characterisation of coltiviruses opened the way for development of molecular and serological diagnostic techniques for infections by these viruses, namely the EYAV which has been isolated at different time intervals in Europe. Sequence analysis has shown that CTFV and EYAV are definitely closely related viruses, which might have originated from a common ancestor estimated about 50MYA. 

Seadornaviruses: The Full-length sequences of BAV-In6423 and KDV-Ja7075 have been determined and 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). Sequence analysis has shown that BAV and KDV are related viruses clarifying their taxonomic status as distinct from CTFV and EYAV. The International Committee on Taxonomy of Viruses (ICTV) has approved their reclassification as members of a new genus officially designated as 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

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 (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, then denatured and copied into cDNA using complimentary oligonucleotide primers.  The cDNA will be cloned and sequenced using established technology.  These methods offer significant advantages over conventional techniques (poly A tailing and oligo dT primers), particularly in the rapid production of full-length cDNA clones from many segments of the genome.  These methods are usable with the genomic dsRNA from any member of the Reoviridae.   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. These will provide the first full-length sequence data for the genus.  Data will also be generated for conserved genome segments (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

Aquareoviruses:  The full length nucleotide sequencing of the 11 genome segments of the golden shine virus (GSV), a member of the aquareovirus A genera, has been carried out by P2 and made available to P4. In addition to this, during this reporting period, part of the sequence of the stripped bass reovirus (SBRV) has been published. As described below, cDNA GSV clones 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. 

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 additional sequence data (e.g. for the conserved Pol and T2 genes) from uncharacterised species or unassigned viruses of the genus Orbivirus.  Comparison of RNA sequence data 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 that will be added to the relevant reference collection.  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:  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, then denatured and copied into cDNA using complimentary oligonucleotide primers.  The cDNA will be cloned and sequenced using established technology.  These methods offer significant advantages over conventional techniques (poly A tailing and oligo dT primers), particularly in the rapid production of full-length cDNA clones from many segments of the genome.  These methods are usable with the genomic dsRNA from any member of the Reoviridae.  The target viruses for these studies are the nine Orbivirus species for which no Pol or T2 gene 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, these include 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 already been obtained.  Isolates of all of the serotypes of BTV and EHDV are also available.

 Deliverables :The sequence of Pol or T2 genes 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: Outbreaks of BTV have continued in southern Europe. In the eastern Mediterranean region these have been caused by BTV serotypes 4, 9 and 16 and most recently type 1 has been isolated in Greece.  In north Africa and the western Mediterranean outbreaks have been caused primarily by type 2 (although type 9 has also spread westward into Italy).  cDNA products and sequence data has been obtained for genome segment 2 of European isolates of BTV 1, 2, 4 and 9, as well as additional isolates from other geographic regions.  By combining sequence data for different virus isolates provided by Partners 1, 3 and 5, it has been possible to construct phylogenetic trees for genome segment 2 of 1, 2 and 9 (see web site at   http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm ), which confirm the serotype of each virus isolate and help to demonstrate the origins of the current European virus strains. These studies indicate that BTV-2 arrived in Europe from North Africa, showing similarities to Tunisian and isolates from sub Saharan Africa.  These studies have also confirmed the presence of BTV-2 and the absence of BTV-9 in samples from Sardinia and Corsica and most recently have demonstrated the presence of BTV-1 Greece (the 5th European serotype of BTV 

Other Orbiviruses:  Samples have been obtained from the American Culture Collection, for the different Orbivirus species, as well as unassigned viruses within the genus. Genomic RNA from each of the viruses will represent a target for the cDNA synthesis.   These studies have demonstrated that Ndelle virus was wrongly classified as an Orbivirus, when it should have been assigned to the genus Orthoreovirus, and that the isolate of St Croix River Virus represents a new species within the genus Orbivirus. RNA has also been purified for Equine encephalosis virus (EEV), Palyam virus, Tilligerry virus  and several other species of Orbivirus.  These materials are currently being used for the production of cDNAs prior to further sequencing studies. 

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. 
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Workpackage number :   5   
Virus purification, production and characterisation of 

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 high quality antibody preparations for the development and improvement of diagnostic assays.  Virus purification methods for BTV will be applied to additional BTV serotypes and developed for use with other Orbivirus species. Purification methods will be attempted with seadornaviruses, coltiviruses and aquareoviruses. This will permit production of antisera against these viruses, which will be evaluated for diagnostic assays.  Monoclonal antibodies will be generated for aquareovirus. Individual viral proteins will be expressed to generate antigens for antibody production. Any particles that purified during the project will be used for an initial structural analysis.

Methodology and Study Materials:   Purification methods for Bluetongue virus, have previously provided particles for structural studies and the generation of antibodies.  These antisera, which are used in diagnostic ELISA for BTV specific antigens and antibodies, also have high neutralising titres and are suitable for determination of virus serotype.  These methods will be applied to additional BTV serotypes and to other Orbivirus species (e.g. Equine encephalosis virus and Palyam virus) that pose an economic threat.  

Seadornaviruses grow to high titres in cell and may be possible to purify them for antibody production. The major conserved core protein (T13) of coltivirus will be expressed for the generation of serogroup specific antibodies. An attempt will also be made to purify aquareovirus particles for both structural analyses and antibody production.   Monoclonal antibodies will be generated against aquareovirus particles using established technology. Antibodies will be evaluated for use in diagnostic assays.  Structural studies will include electrophoretic analyses of viral proteins, and electron microscopy.  If sufficient material can be obtained, particles will be used in crystallisation trials and/or cryo electron microscopy, using of 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. Polyclonal and or monoclonal antibodies will be generated against aquareoviruses for development of diagnostic assays.  Purified particles will be used in structural studies of these viruses by electrophoresis and EM.   (D10, D12, D13, & D19).

Progress and resources used BTV Purification methods have been adapted for use with Equine encephalosis virus.  These particles have been used to generate high specificity polyclonal antisera for development of diagnostic ELISA.  Purified BTV particles are being used to generate antisera with high neutralisation titres to support conventional BTV serotyping assays (serum neutralisation assays) within the community reference laboratory.  

BAV was purified, inactivated and injected to Balb/C mice in Freund's adjuvant.  Recombinant GST fusion proteins were expressed from cloned genome segments 6, 7, 9, 10, 11 and 12 of CTFV, segments 6, 7, and 12 of EYAV, segments 7, 8, 9, 10, 11 and 12 of BAV-Ch, and segment 9 of BAV-In6969. All of these proteins were injected into Balb/C mice in presence of Freund's adjuvant.. Ascitic fluids were obtained from the mice and stored at –20°C. The major sequence differences between CTFV and EYAV are in segments 6, 7 and 12, with protein sequences ~ 50-55% identical.   These 3 proteins are therefore primary targets for production of antibodies to detect of and distinguishing CTFV and EYAV  and BAV serotypes A and B. The prepared anti-sera have been evaluated in ELISA and western blots.  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. 

Milestones 

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

5.2 Purify coltiviruses / seadornaviruses for structural analysis, antibody production and serological assays.

5.3 Purify aquareoviruses for structural analysis, antibody production and serological assays.
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Workpackage number :   6   
Design and test PCR based assay systems

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 highly conserved between isolates from the same genus will be identified and selected (coltivirus, seadornavirus, or aquareovirus) for example the Pol, T2, or T13 genes. 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 (Pol, T2, or T13 genes) or different  BTV and EHDV serotypes (VP2 gene). 

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: 

RNA sequence data is being used for RT-PCR primers and assays to detect and identify the RNA of viruses the genera under study.  Using methods similar to those already developed and now published for AHSV (by partner 3),  primers are being developed for RT-PCR to amplify genome segment 2 of different BTV serotypes (starting with those currently causing outbreaks in Europe, types 1,2,4,9 and 16) partners 1, 3 and 5).  These primers were tested against the 24 vaccine strains and against some field strains. Validation of RT-PCR on biological samples (blood and spleens from Corsican infected or vaccinated sheep) is in progress.

RT-PCR and sequencing (primers against segments 2) have been used to confirm the identity of BTV-1 from Greece, and the identity of BTV-2 but absence of BTV-9 in field samples from Corsica.   In July 2001, a new outbreak was observed in Corsica, in spite of vaccination against the serotype 2. The results of RT-PCR assays have provided data to inform the French Veterinary Authorities’ decisions concerning further sheep vaccination during the winter 2001-2002. 
The reverse transcription-PCR technique (group RT-PCR using primers amplifying segments 7 and 10 and BTV-2 and –9 serotype-specific PCR primers), failed to detect BTV-9 in Corsica. The sequences of the ten BTV serotype 2 strains isolated during the outbreak demonstrated that the wild BTV serotype 2 (and not the vaccine strain) was the cause of the outbreak, and that it is identical to the virus isolated in the first outbreak (2000).

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.

 Milestones 

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

6.2 6.2
Design / test PCR based assays for aquareovirus.

6.3 6.3
Design / test PCR based assays for Orbivirus species.

6.4        Design PCR based assays for BTV / EHDV serotypes.
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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 the different test systems and reagents developed during the project for detection and identification of different Orbivirus species and serotypes.  Antisera generated against purified viral particles will be used to develop assays (ELISA) that are specific for antigens or antibodies of individual Orbivirus species.  PCR assays developed during the project will also be evaluated for use in diagnostic test systems for different orbivirus species.   High titre antisera raised against purified intact virus particles of different BTV serotypes will be evaluated for use in serotype specific, serum neutralisation tests. PCR will be designed to detect and distinguish genome segment 2 from different BTV and 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: A vital aspect of any test system, is some measure of its specificity, sensitivity and reliability.  The specificity and reliability of serological and PCR based assays and reagents will be tested against blind panels of reagents derived from the homologous virus, from related but distinct viruses, or which represent negative controls.  The sensitivity of the assays will also be tested and compared to conventional assay systems (where available) using tissue and serum samples from the relevant host species.  These tests will mimic the samples and storage conditions that would be experienced during routine testing.  Although PCR based assays appear likely to be the most sensitive it should be noted that the three assay systems (PCR, ELISA and competition ELISA) all detect different virus specific molecules (nucleic acid, proteins/antigens and antibodies respectively).  They are therefore all relevant for the testing different sample types. PCR based assays will be tested using purified RNA and samples derived from infected animals.  This will help to identify appropriate methods of sample preparation and storage. PCR based assay systems for Orbivirus species, or serotypes, provide the option of further confirmation by sequence analyses of the cDNA products.  This possibility relies to some extent on sequence data generated  in this project.  BTV specific antisera will evaluated in neutralisation assays to ensure that they have a high titre and are serotype specific.  PCR based serotyping assays will be compared against neutralisation assays to confirm their relative specificity and sensitivity.
 Deliverables: The project will deliver test systems for the orbiviruses, which have been evaluated for sensitivity and reliability.  These assays will include: Orbivirus species specific ELISA for antibodies and antigens (e.g. Equine encephalosis virus and Palyam virus); 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 made available to relevant diagnostic and reference laboratories.   (D5, D13, D14, D20 & D21).

Progress and resources used

  A Method for the identification of AHSV serotypes by RT-PCR based assays has been published (partner 3). Oligonucleotide primers have now been designed that will amplify genome segment 2 of BTV serotypes 1, 2, 4, and 9.    The primers for BTV 1 and 2 have been tested using RNA from reference strains of all 24 BTV serotypes and only amplified sequences from the homologous serotype. These primers also amplified the relevant sequences from all isolates of the homologous BTV type that were tested (some more efficiently than others) and therefore provides an initial basis for BTV serotype specific RT-PCR based assays.    Primers against the other European types are currently being designed and tested.   Primers previously published for amplification and detection of segment 2 of American and Australian BTV isolates, in most cases gave many small of partial products when tested against reference  strains of the heterologous BTV serotypes and were therefore considered as less than ideal for serotyping assays.

Virus particles of Equine encephalosis virus and sub cores have been purified and used for initial structural studies (Electron microscopy).  These materials have been used to raise polyclonal antibodies, which are currently being used for development of diagnostic ELISA, similar to those previously developed and published for BTV. 

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.
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Workpackage number :   8  

 Epidemiological  studies of seadornaviruses / coltiviruses

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

The assay systems needed for these studies are still under development. However, It has been possible to detect antibodies against CTFV in reference sera of patients infected with the virus (the Charles Calisher set of sera, obtained from the CDC). Proteins 6, 7 and 12 of the CTFV have proven to be the most promising targets for detecting antibodies against CTFV in infected humans. Similar studies are now being developed to verify the usefulness of proteins 6, 7 and 12 of EYAV in diagnostic tests. The confirmation of these studies will open soon the way for epidemiological analysis.

Research workers of the Chinese Academy of Preventive Medicine (CAPM) have recently isolated new viruses in Beijing and in the Yunnan province (virus isolates : YN68, YN69, YN77-2, YN92-2, YN93, YN-99, NE97-12, NE97-31). These viruses are considered as probable Seadornaviruses, but our contacts at the CAPM confirm that these viruses have distinct electropherotypes from the seadornaviruses already known. These viruses could constitute new species or serotypes within the genus and deserve the characterisation of their full sequences. The sequence characterisation of seadornaviruses opened the way for the elaboration of diagnostic procedures, both molecular and serological, for infections by these viruses. 

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.
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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 mAbs 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 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
Golden shiner virus cDNA clones are currently being used to generate tools for the Aquareovirus diagnostic methods and the generation of new cDNA clones from other members of the genus. This genome characterisation has opened the way for development of diagnostic procedures, both molecular and serological, for infections of fish by these viruses. 



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 restricted-access web site has been established for the partners in the ReoID grant at http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/ . The username is ReoID and the password is dsRNAvirus.   Important documents related to the grant, as well as confidential 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. 

Milestones:

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

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

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

10.4
Set up a web site for Aquareovirus molecular biology data.
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3.   CONTRIBUTION OF THE PARTICIPANTS
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MAIN OBJECTIVES OF PARTNER 1 FOR PARTNER 1 (CO-ORDINATORS LABORATORY)  CONCERNING THE FIRST REPORTING PERIOD

CO-ORDINATOR Peter P. C. Mertens
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Dr Alan Samuel and Dr Shujing Rao (joins May 2002) are being supported by the project. 

A dedicated freezer has been purchased to store a reference collection of the orbiviruses, 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 as supplied by colleagues in India, South America, Australia and South Africa are being added to the collection as they become available. An inventory of the stored samples will be kept on a database using software purchased 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 currently stored in the collection is available on the project Website at www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/virus-isolates.htm (username: ReoID, password: dsRNAvirus).


Due to the recent outbreaks of bluetongue in Europe much of the research effort this year has gone into establishing methods  for the unequivocal characterisation of various isolates of BTV for strain identification and phylogenetic analysis. Methods to reverse transcribe segment 2 of blue tongue virus serotypes 1, 2 and 9 have been developed. The amplicons from these RT-PCR assays have then been used as the target for cycle sequencing using an ALF Express automated sequencing system. Initially the PCR primers were labelled with a fluorescent dye (Cy5 ) and used for sequencing. However, once combinations of these primers had been used to gain provisional sequence data, further primers were designed to facilitate the sequencing efforts. The sequence data obtained has been added to a database so that comparisons between isolates can be readily made. Trees depicting the phylogenetic relationships have been drawn from the preliminary data and these have been added to the Website  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm. These data are being regularly  updated as the quality and the quantity of the data increases. Once the full sequences of genome segment 2 of these BTV isolates has been obtained, the data will be deposited on 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 the PCR primers have been evaluated for both intra- and inter-typic specificity of reaction (www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/rt-pcr-primers.htm), they will eventually be listed on the dsRNA virus Website at  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ .



Currently research efforts are focussed on the ligation of primers to the termini of the viral RNA segments. This has been technically demanding and has involved collaboration and exchange of materials with partner 2.  Sequence data is now being accumulated on a number of  BTV serotypes for both segment 2 and segment 6, by cloning the ligated genome segments after PCR amplification and by direct sequencing of the full length cDNA products from the PCR reactions.    Using a novel system of phased primers facilitates this process. Once initial data has been obtained, additional specific primers are being obtained to facilitate further  RT-PCR and cycle sequencing. This methodology will now be applied to other orbiviruses for which no sequence data is available. 


RT-PCR assays are being developed and validated for the detection of different isolates of BTV based on amplification of sequences from genome segment 7 (which codes for the major BTV specific group antigen  VP7(T13)).  These assays are being tested to ensure that they will detect all different isolates of BTV and can distinguish them from other closely related orbiviruses.    Preliminary data suggest that further primer design, or additional sets of primers will be required.



Purification studies with Equine encephalosis virus (EEV) have generated both virus particles and subcore like particles, which have been used to generate polyclonal antisera.  Development  and validation of diagnostic ELISA is currently underway.   Purification studies with Palyam virus have generated purified virus and core particles, which are currently being used for the production of High specificity polyclonal antibodies.   These antisera will be used for development of ELISA when they become available.
( contents


REPORT Of ReoID PARTNER 2 DURING THE FIRST REPORTING PERIOD
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1-isolates and sequence analyses  of the  coltiviruses and seadornaviruses:

15 strains of Colorado Tick fever virus (CTFV); 3 strains of the Eyach virus (EYAV); 4 strains of the Seadornavirus type species, Banna virus (BAV) and 8 additional probable seadornaviruses have been propagated in cell cultures (Vero, BHK-21, or mosquito (C6/36) cells) or by injection into suckling mouse brains and stored frozen at –80°C. The Full-length sequences of CTFV-Florio and EYAV-Fr578 have been determined and 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.    Numerous additional partial sequences have been obtained from other variants of CTFV and EYAV and were deposited in the Genbank database. Full-length sequences of BAV-In6423 and KDV-Ja7075 have been deposited.  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).

Sequence characterisation of the coltiviruses and seadornaviruses has opened the way for molecular and serological diagnostic procedures for these viruses, including EYAV, which has been isolated at different time intervals in Europe. Sequence analysis has shown that CTFV and EYAV are closely related and that BAV and KDV are related but distinct from CTFV and EYAV. As a result the International Committee on Taxonomy of Viruses (ICTV) has approved their reclassification as members of the new genus Seadornavirus. Eight new viruses have been isolated and received from Beijing and the Yunnan province of China.  These are probable seadornaviruses, but have distinct electropherotypes from those already known and may constitute new species or serotypes within the genus.  They therefore require full sequence analysis. It is possible to distinguish between serotypes A and B of BAV using antisera produced against the recombinant VP9 proteins. The same proteins were chosen as targets for future epidemiological surveys of seadornaviruses.

Full-length sequence of a newly identified tick-borne orbivirus, designated St. Croix River virus (SCRV) has been deposited in the Genbank Database. The accession numbers for the SCRV sequence are (AF133431, AF133432, AF145400, AF145401, AF145402, AF145403, AF145404, AF145405, AF145406, AF145407). The sequence analysis has established SCRV as a new species within the genus Orbivirus. Sequences of segments 1, 5, 7, 8 and 10 of Ndelle virus have been characterised (accession numbers AF368033, AF368034, AF368035, AF368036 and AF368037) showing that it is a fourth serotype of the species Mammalian orthoreovirus, rather than an Orbivirus.
The Full-length sequences of the Golden shiner virus (Aquareovirus C species) and the Grass Carp reovirus (GCRV: unclassified aquareovirus), as well as genome segments 2, 3, 4, 8 and 10 of the Striped Bass reovirus (Aquareovirus A species) were characterised.  Genome segments 2 and 5 of Golden ide reovirus, an aquareovirus recently isolated in Germany have been analysed. These studies demonstrated that GCRV is a member of the Aquareovirus C species, rather than a distinct species. These studies have opened the way for development of molecular and serological diagnostic procedures for infections by these viruses in fish. 

BAV has been purified inactivated with beta-propiolactone. Recombinant proteins were prepared from cloned segments 6, 7, 9, 10, 11 and 12 of CTFV and segments 6, 7, and 12 of EYAV. Recombinant proteins were also produced from segments 7, 8, 9, 10, 11 and 12 of BAV-Ch and from segment 9 of BAV-In6969.  These particles and proteins purified from GST fusion proteins,  were injected into Balb/C mice in Freund's adjuvant for antibody production. Ascitic fluids were obtained from the mice and stored at –20°C.  Major differences between the sequences of CTFV and EYAV were found in segments 6, 7 and 12, where protein sequences were only about 50-55% identical. More emphasis has been given to these 3 proteins as targets for detection of antibodies and distinguishing CTFV and EYAV infections. 

Sequence analysis can distinguish two genotypes (serotypes) of BAV isolates, which differ mainly in the sequence of their VP9 proteins ( 59% different). These proteins therefore represent targets for antibodies to distinguish BAV serotypes A and B, for future epidemiological surveys of seadornaviruses.  It has been possible to detect antibodies against CTFV in reference sera of patients infected with the virus. Similar work to verify the usefulness of proteins 6, 7 and 12 of EYAV in diagnostic tests are underway prior to further epidemiological analysis. By analogy to the work with other members of the Reoviridae, mainly the Bluetongue virus, the T13 protein of Coltiviruses and Seadornaviruses will be expressed and analysed. 
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REPORT From ReoID PARTNER 3 DURING THE FIRST REPORTING PERIOD
AFSSA –Alfort 22 rue Pierre Curie 94703 Maisons-Alfort, France
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Four members of the AFSSA laboratory are involved  in this project, : Mr Emmanuel Bréard, PhD, funded by the EU project, Mrs Corinne Sailleau, BsC from AFSSA, Mrs Salhia Hammoumi, BsC (AFSSA) and Mr Stéphan Zientara, DVM, PhD (AFSSA). The main objectives of the AFSSA laboratory are relative to 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 first year were related to:

1) the selection of primers for serotype specific-typing of BT and AHSV,

2) the determination of the nucleotide sequences of BT serotypes of interest.

3) the differentiation between the wild and the vaccine strains (serotype 2)

Deviation to the activities previously planned:  This year (2000-2001), the increase in the number of BTV infected premises in Corsica has delayed our research programme. But we have had the opportunity to validate specific primers and the PCR technique on biological samples and field strains.
Contribution of the AFSSA Alfort laboratory

Selection of PCR primers for sequencing and serotyping:  We have focused our interest on the serotypes 2, 4, 9 and 16 of BTV. These serotypes circulate in Europe and in the Mediterranean basin. We have determined the nucleotide sequences (complete or partial) of the segments 2 encoding the VP2 protein which supports the serotype specificity. We have then selected primers, which have been tested against the 24 vaccine strains and against some field strains. The results are summarised in table 1. This table 1 indicates that the two pairs of primers that amplify the segment 2 of the serotype 2 and 9 are serotype specific. The primers that amplify the serotype 4 and 16, cross-amplify other serotypes and need further development.

The French Veterinary Authorities have taken decisions relative to sheep vaccination during the winter 2000-2001. In July 2001, a new BTV outbreak was observed in Corsica and in spite of vaccination against the serotype 2, 1587 blood and tissue samples of suspected sheep were sent to the laboratory. During the outbreak, the blood or spleen samples of vaccinated sheep from farm (in which a high mortality level was observed (<10%)) were especially studied: the bluetongue virus had been isolated and the presence of the serotype 9 (present in Italy) investigated. The reverse transcription-PCR technique (group RT-PCR using primers amplifying segments 7 and 10 and BTV-2 and –9 serotype-specific PCR primers), previously performed against BTV strains from cell culture, has been applied to biological samples.  The results show that the BTV serotype 9 has not been detected in Corsica. The sequences of the ten BTV serotype 2 strains isolated during the outbreak demonstrated that the wild BTV serotype 2 (and not the vaccine strain) is the cause of the outbreak, and that it is identical to the virus isolated in the first outbreak (2000).
 Determination of nucleotide sequences: The objective of this work is to determine as many genome sequences as possible in order to obtain a complete genome sequence database of the Orbiviruses (cf. web site). We have focused our interest in the segments 2, 7 and 10 of different serotype 2 strains. We have determined the complete sequence of: 

- the segments 2 (encoding VP2) of BTV serotype 2 (the Corsican strain (2000 and 2001), the vaccine strain used in Europe and the Tunisian strain)(Genbank AF356601),
- the segment 7 (encoding VP7) of BTV serotype 2 (Corsican (2000 and 2001), vaccine and Tunisian strains) (Genbank AF346302),

- the segment 10 (encoding NS3) of BTV serotype 2 (Corsican (2000 and 2001), vaccine and Tunisian strains),

-the phylogenetic analyses are presented in figures 1, 2 and 3. These Figure demonstrate that the BTV-2 Corsican strains (2000 and 2001) and the Tunisian strain seem to a same origin. 

-the sequences of the segment 5 of these strains are also investigated, and the sequencing of the segments 2 of the BTV serotype 4, 9 and 16 is under way.

Differentiation between the Corsican and the vaccine strain: In France, two BTV-2 strains are present: the wild (Corsican strain) and the vaccine strains, and it was of our interest to differentiate these two viruses. As illustrated in the figure 1, alignment of the segments 10 of the BTV-2 Corsican (2000 or 2001) and the vaccine strains shows a low homology (81%), whereas the segments 7 or 2 of these strains have a highest degree of similarity (respectively, 93.6 and 96.5). We have selected one pair of primers, which amplify the segment 10 of the vaccine strain (and not the segment 10 of the wild strain). The validation of this RT-PCR on biological samples (blood and spleens from Corsican infected or vaccinated sheep) is in progress.

Objectives: Next year, our objectives are to improve and to increase the number of serotype-specific primers, to validate those primers on biological samples. The determination of the nucleotide sequences of other genome segments will continue.
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CONTRIBUTION OF PARTNER 4

Departamento de Biologia Molecular y Celular, 
Centro Nacional de Biotecnologia (C.S.I.C.), U.A.M. Cantoblanco, 28049 Madrid, Spain
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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:
i) To determine the full-length sequence of a member of the aquareovirus A genera; ii) to collect and document available aquareovirus strains; iii) to begin the generation of aquareovirus cDNA clones; and iv) to start generating tools for the detection, and subsequent isolation of viruses in field samples.

Status work:

i) The full-length nucleotide sequencing of the 11 genome segments of the golden shine virus (GSV), a member of the Aquareovirus A genus, has been carried out by P2 and made available to P4. In addition to this, during this reporting period, part of the sequence of the stripped bass reovirus (SBRV) has been published. As described below, cDNA GSV clones 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.

ii) A collection of over 500 field samples suspected virus-infected fish and molluscs from different geographic areas of Spain have been collected, documented, and stored for further analysis. A main obstacle for this part of the WP is the difficulty to obtain characterised virus isolates from other research groups. Hopefully, this problem will be partially circumvented by the use of the diagnostic tools generated in the WP, allowing their isolation from field samples.

iii) In collaboration with P2, the technology for the generation of complete cDNA clones has been established in the laboratory. This technology is being applied to characterise the collected field samples.

iv) In view of the difficulties encountered to both characterise field samples and to obtain documented aquareovirus strains, a special emphasis has been made in the development of new diagnostic tools. A set of specific antibodies against different structural and non-structural reovirus proteins are being developed. For this, 8 recombinant baculoviruses expressing N-terminal histidine-tagged proteins GSV segments 5 to 11 have been generated. The different recombinant proteins have been affinity purified used to immunise both rabbits and mice in order to generate a full set of both polyclonal and monoclonal antibodies. In addition to this, sets of GSV specific primers are being tested for the development of PCR diagnostic assays.

Resources:

The effort of the working has been focussed on: i) the collection, preliminary documentation, and the attempts to isolate viruses in tissue culture from of field samples; ii) training and implementation of complete cDNA cloning techniques; iii) the generation of recombinant baculoviruses to produce purified GSV proteins for the generation of specific antisera; and iv) the testing of PCR primers for virus detection. The work has involved the work of the group leader, a postdoctoral fellow, and a predoctoral student.
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REPORT FOR ReoID PARTNER 5 DURING THE FIRST REPORTING PERIOD

Laboratory of Microbiology and Infectious Diseases, Faculty of Veterinary Medicine, Aristotle University, GR-54006 Thessaloniki Greece
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Scientific team: 

Ass. Prof. Maria Artopiou, Lect. Maria Papanastassopoulou, Dr. Kyriaki Nomikou, Dr. Panagiotis Markoulatos, Dr. Olga Mangana, Vassiliki Spyrou, Charalambos Kioutsioukis, Prof. Orestis Papadopoulos, Dr. Charalambos Billinis. 

Objectives: 

Participant 5 will contribute in the tasks on epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV strain. Also, P5 will perform cDNA clones of orbiviruses, evaluate antibodies for use in genus, species and serotype determination assays, design and test PCR based assays for different EHDV serotypes and design and test PCR based assays for different BTV serotypes.

Creation of reference collections:

Documentation and storage of currently available orbivirus strains. We have isolated and genotyped with SNT 18 Greek BTV strains. The isolated strains are different serotypes from different parts of Greece and from different species from the BTV epizootics during the years 1979, 1998, 1999, 2000 and 2001.  The viruses were sent to partner 1 for creation a reference collection with epidemiological data (year of isolation, species, and serotype).

Obtain and store additional orbivirus strains:

We have not isolated any other orbiviruses especially EHDV and AHSV. There is an active surveillance program, from the Greek Ministry of Agriculture, for the EHDV and AHSV.

All the sera (bovine, ovine and caprine) tested for EHDV with C-Elisa the last 5 years are negative (until today, about 2060 sera from all over the country). Also all the sera from the equidae tested for AHSV with C-Elisa are negative (until today, 3100 sera from all over the country). 
Documentation and storage of cDNA clones: 

For all the above isolates we have extracted the RNAs and generated the cDNAs. We have done the same work for the BTV serotypes 1-24 (South Africa origin) EHDV serotypes 1,2,318 AHSV-9 and Akabane virus.

RNA sequence analysis:

The full genome of segment 10 from all Greek BTV strains was amplified using the primers CB1 and CB2 (Billinis et al., 2001). Until now we have sequence results of two strains with serotype 4. The sequence results were sent to partner 1 for phylogenetic analysis. Sequencing of the other strains will follow.

Development of improved assay systems: 

Design and test PCR based assays for different BTV serotypes.   We have designed and tested a RT-PCR using primers for genome segment 6. It recognizes all the BTV serotypes. Also we have designed and tested a RT-PCR using primers for genome segment 10. It recognizes all the BTV serotypes and different BTV topotypes. Now we are working with this PCR testing the above mentioned field samples. Also we are trying to design a RT-PCR using primers for genome segment 2 specific, mainly, for BTV types  1,2,4,9 and 16.
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4. PROJECT MANAGEMENT AND CO-ORDINATION

( contents


Major project co-ordination activities during the reporting period

i) 
The initial co-ordination meeting of the project was held in 2001 in Thessaloniki  (Greece) and was attended by representatives from each of the partners.   A report of that meeting is available on the project Website at:    

ii) The second co-ordination meeting is being held in Minorca 21st and 22 May 2002, with representatives from each of the partners.  The agenda and notes from this meeting will also be added to the project Website.

iii) The project web site   (www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/index.html Username: ReoID ,  Password: dsRNAvirus) provides a mechanism that is accessible to all partners for dissemination of information concerning the project.   In particular this provides a mechanism to display and update the sequence data and trees generated by the project.  

iv)   Partner 2 has provided information and support to other members of the partnership in development of methods required to analyse the genome sequences of dsRNA viruses.  
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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

5. EXPLOITATION AND DISSEMINATION ACTIVITIES
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International Refereed Publications

( contents
Attoui, H. Stirling, J. M., Munderloh, U. G., Billoir, F., Brookes, S. M., Burroughs,  J. N., de Micco , P., Mertens,  P. P. C. and de Lamballerie, X. (2001) Complete sequence characterisation of the genome of the St. Croix River Virus, a new orbivirus isolated from Ixodes scapularis cells.  Journal of General Virology 82,795-804.
Attoui, H., Biagini, P., Stirling, J. M., Mertens, P. P. C., Cantaloube, J.-F. Meyer, A., De Micco, P. And De Lamballerie, X. (2001) Sequence characterisation of the genome segments 1, 5, 7, 8 and 10 of the Ndelle virus: Evidence for reassignment to Genus Orthoreovirus, family Reoviridae Biochemical and Biophysical Research Communications 287, 583-588. 

Attoui, H., Mohd Jaafar, F., Biagini, P., Cantaloube, J. F, de Micco, P., Murphy, F. A., de Lamballerie, X. (2002). Genus Coltivirus (Family Reoviridae): Genomic and Morphologic Characterisation of Old World and New World Viruses. Archives of Virology, 147(3) 533-561.
S. Zientara, C. Sailleau, G. Dauphin, C. Roquier, E.M. Remond, F. Lebreton, S. Hammoumi, E. Dubois, C. Augier, G. Merle and E. Breard. 2001. Identification of the Bluetongue virus serotype 2 (Corsican strain) by reverse transcription and PCR of the genome segment 2, The Veterinary Record, in press.
National publications
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Zientara S. et Gourreau J. M. (2001). Cas-image : la fièvre catarrhale du mouton. Virologie, in press.

S. Zientara, P. Hendrikx, E Albina, S. De La Rocque, J.M. Gourreau, M. Gregory, Genevieve Libeau, Corinne Sailleau, Colette Grillet, E. Breard et J.C. Delecolle. (2001). La fièvre catarrhale ovine en Corse en 2001. Epidémiologie et santé animale, 40, 129-134.

Zientara S, Breard E, Hammoumi S, Gourreau J.M. et Sailleau C. (2001). La fièvre catarrhale. Le point vétérinaire, in press.

Zientara S, S. De La Rocque, J.M. Gourreau, M. Gregory, A. Diallo, P. Hendrikx, Genevieve Libeau, Corinne Sailleau et J.C. Delecolle. (2000). La fièvre catarrhale ovine en Corse en 2000. Epidémiologie et santé animale, 38, 133-144.

Zientara S., Gourreau J.M.  (2000). La fièvre catarrhale du mouton ou "blue tongue" en Corse. Bulletin des gtv, neva, n° 9, 163 - 165.

Gourreau J.M., Zientara S., Hendriks P. 2001.  La fièvre catarrhale du mouton : comment la diagnostiquer ? La dépêche Vétérinaire, n° 649, 16–19.

Zientara S. (2001). Fièvre catarrhale en Corse en 2001. La Semaine vétérinaire, n° 1032.

E. Albina, P. Hendrikx, S. Zientara, C. Grillet, S. De La Rocque, C. Sailleau,
G. Libeau, M. Gregory, O. Kwiatek, C. Le Goff. (2001). Emergence de la Fièvre catarrhale du mouton (Bluetongue) au sud de l’Europe. BIPAS (Groupe d'Etude et d'Epidémiologie de la Faune Sauvage Méditerranéenne), 19 Mai 2001.

M. Gregory, Zientara S, P Hendrikx. (2002). La fièvre catarrhale en Corse en 2000 et 2001. Bulletin épidémiologique AFSSA-DGAl.

Zientara S. (2000). La fièvre catarrhale du mouton en Corse. Bulletin des groupements techniques vétérinaires, in press.

 Zientara S. (2001). Seul le sérotype 2 de la fièvre catarrhale a été isolé en Corse. La Semaine Vétérinaire, n° 1033, 28.

Conferences  Talks and Abstracts
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E. Breard C. Sailleau et S. Zientara (2001) - Communication “Diagnostic et typage moléculaire du virus de la fièvre catarrhale des ovins", III journées francophones de virologie, Paris, 19-20 avril 2001.

E. Albina, P. Hendrikx, S. Zientara, C. Grillet, C. Sailleau, G. Libeau, M. Gregory, O. Kwiatek, C. Le Goff. "Emergence de la Fièvre catarrhale du mouton (Bluetongue) au sud de l’Europe". Groupe d'Etude et d'Epidémiologie de la Faune Sauvage Méditerranéenne (GEEFSM), 19 Mai 2001.

Pascal Hendrikx, S. De La Rocque, E. Albina, Delecolle J.C., Zientara S., Gregory M. 2001. Table ronde sur le changement climatique Les maladies émergentes consécutives au réchauffement et à l’extension des zones humides. Les incidences sur la santé animales : l’exemple de la fièvre catarrhale du mouton, Montpellier, le 15 Mai 2001.

A. R. Samuel, S. Maan, S. Zientara, C. Sailleau, N. J. Knowles, E. Bréard, S. Hammoumi, P. S. Mellor, and P. P. C. Mertens. Molecular Epidemiology of Bluetongue Viruses from disease outbreaks in the Mediterranean basin.  Abstract and oral presentation at the XIII world Congress for Virology, Paris 27th July -1st August 2002.
A. R. Samuel. Recent outbreaks of Bluetongue Virus in Europe. Oral presentation at the meeting of the South Wilts Virus Group held at Pirbright November 2001.

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) The atomic structure of Bluetongue virus: a molecule machine.    Queens University Belfast March 4th 2002. 

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
6. ETHICAL ASPECTS AND SAFETY PROVISION
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We are not aware of any ethical or safety issues that have arisen

7. MID-TERM REVIEW

( contents


It is anticipated that the mid-term review meeting will coincide with, and form part of the second annual co-ordination meeting.   This meeting will be held during the winter of 2002-2003 (at a date to be fixed) on the island of Sardinia (a major focus for the current outbreaks of BTV in the western Mediterranean).  

8. PLANS FOR THE NEXT REPORTING PERIOD

( contents


(
Generate sequence data for genome segment 2 of representative isolates of the remaining BTV serotypes.

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

(


(
The second annual co-ordination meeting will be held in late 2002/early 2003 in Sardinia, organised by partners 2 and 3.   
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9. REQUESTS TO THE COMMISSION

( contents


      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).

( contents


We envisage no major changes to the contract at this stage.   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.

SECTION III : SCHEMATIC DESCRIPTION OF THE PROJECT

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


Overall Objectives of the project :

The principal objectives of the project are to set up reference collections for certain important virus pathogens within the family Reoviridae.  The project will characterise the genomic RNA of these viruses (sequence analysis) in order to establish a database for the virus family as a whole.  These data will be made available via the project Website (http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ ), allowing any new virus isolate, which can also be analysed, to be compared to the reference stains and therefore identified as a specific virus species or serotype.  These methods will be 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.  Where some representative sequence is already available, it 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 be amplified with the complimentary oligonucleotide primer, then cloned and sequenced in a conventional manner.    By generating sequence data for the DNAs made in this way from the whole genome of new or previously  uncharacterised virus species, the project will establish a data base that can be used to identify any further virus isolates.  By analysing the sequences of genome segment 2 of different BTV serotypes, the project will establish a database that can be used to identify the serotype of new BTV isolates by non-serological methods (RT-PCR and sequencing) .  The sequence data will be freely available via the internet and will represent a resource that can be used by any interested laboratory.  These assays and tests are and will continue to be 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 :

Initial virus collections have been established for the orbiviruses, coltiviruses, seadornaviruses and aquareoviruses, 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.  Sequencing studies of the orbiviruses have not only demonstrated that St Croix River virus is a new and distinct Orbivirus species, they also demonstrated that Ndelle virus had been wrongly classified as an Orbivirus, when in reality it was an Orthoreovirus.    These observations demonstrate the power of sequence analysis and comparison for the identification of these viruses. 

Primers have been designed for the amplification of genome segment 2 of BTV serotypes 1, 2, 4, 9 and 16 (the types currently present in Europe).  These primers have been used in PCR assays to confirm the presence of BTV-2 but the absence of BTV-9 in Corsica (allowing vaccination to proceed with a BTV-2 vaccine) and the presence  for the first time of BTV-1 in Greece.   Additional sequence data is making it possible to compare different isolates of BTV from Europe with those from other regions, demonstrating their origins

The two most relevant publications emanating from the project : 

Attoui, H., Biagini, P., Stirling, J. M., Mertens, P. P. C., Cantaloube, J.-F. Meyer, A., De Micco, P. And De Lamballerie, X. (2001) Sequence characterisation of the genome segments 1, 5, 7, 8 and 10 of the Ndelle virus : Evidence for reassignment to Genus Orthoreovirus, family Reoviridae Biochemical and Biophysical Research Communications 287, 583-588. 

Attoui, H., Mohd Jaafar, F., Biagini, P., Cantaloube, J. F, de Micco, P., Murphy, F. A., de Lamballerie, X. (2002). Genus Coltivirus (Family Reoviridae): Genomic and Morphologic Characterisation of Old World and New World Viruses. Archives of Virology, 147(3) 533-561.
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First Annual Progress Report

(QLK2-CT-2000-00143)

ANNEXES 1:  INDIVIDUAL PARTNER REPORTS
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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 FIRST REPORTING PERIOD

( contents


An initial collection of orbiviruses has been established within the laboratory.  The viruses that were already available in the laboratory have been added to the collection with appropriate documentation.   A freezer dedicated to the storage of these reference strains has been purchased, both to support the ReoID project and as a long-term resource.  Further samples from the outbreaks of BTV in Europe and those supplied by colleagues in India, South America, Australia and South Africa are being added to the collection, as and when they become available. An inventory of the stored samples will be kept on a database using software purchased 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 currently stored in the collection is available on the project Website at  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/virus-isolates.htm. 

Because of the recent outbreaks of Bluetongue in Europe, bluetongue virus has been the major focus of our studies and we have accumulated sequence data from as many isolates as possible of those serotypes, which pose a threat to Europe. This data will form the basis of a database for comparisons with any new virus isolates in the future.. Preliminary analyses of the data (phylogenetic trees) are available on the dsRNA virus Website.  www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm
The development of a reverse transcription polymerase chain reaction (RT-PCR) technique, so that segment 2 of BTV serotypes 1, 2 and 9 can be amplified, has successfully been achieved during the reporting period.  Further development of the technique is continuing, as more sequence data accumulates, allowing Project participants to identify more efficient primers that are and optimal for a particular serotype/genotype. The primers already designed have successfully amplified segment 2 of isolates from sources as diverse geographically and temporally as Nigeria, Sudan, Australia and India . 

(www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/btv-2-seg-2-primers.htm)  They have also been used to amplify products from outbreaks occurring in Europe, identifying strains of serotype 2 from Tunisia, Corsica and Sardinia. Phylogenetic trees have been constructed to show the genetic relationships between the various isolates www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/BTV2-segment-2-tree.htm
Primers for serotype 9 have been used to amplify genome segment 2 sequences from BTV isolates from Serbia, Greece and Bulgaria. This proved particularly useful when used on isolates from Corsica , where it was possible to amplify segment 2 of  BTV-2 but not segment 2 of BTV-9. This was a good indication that BTV-9 was not present. www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/btv9-segment-2-tree.htm
The identification of serotype 1, in Greece (or the first time  in Europe) was a clear indication of the usefulness of this approach. A sample submitted to Pirbright from Greece had already tentatively been serotyped as BTV-1 by the Greek authorities. The RT-PCR sequencing method was able, within one week, to confirm that the  isolate was BTV - 1 and was most closely related to sequences of strains of BTV-1 on the database from India . http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/BTV1-segment2-tree.htm.   This result was generated considerably quicker than would have been possible using conventional serological techniques. The isolation of BTV-1 at this time must be regarded as evidence that an effective  route for BTV strains to enter Europe and cause infection in sheep is currently still open. It also highlights the fact that the threat to Europe from BTV can be from many areas. The BTV-2 outbreaks in Tunisia, Corsica, and Sardinia are most closely related to BTV genotypes found in sub-Saharan Africa, showing the movement of the virus from the South-Northwards. The BTV-1 in Greece shows the probable movement of BTV from the East-Westwards, not directly from India but possibly via Turkey. The BTV-9 isolates from Serbia, Bulgaria and Greece in 1999 and 2001 were almost certainly from the East (i.e. Turkey). It is imperative that good collaboration with various countries is established so that samples can be obtained to give a clear and up to date picture of the distribution of the various BTV serotypes and the genotypes within those serotypes. Results from sequencing studies for the terminal regions of segment 2 of BTV-4 are now available in the laboratory . Preliminary analysis of the data is currently underway and primers that are specific for these  regions of BTV-4 genome segment 2 are currently being designed  (see table ) . for both sequencing studies and RT-PCR based assays.  

Work to collect sequence data  for the other outer coat protein, VP5, encoded on genome segment 6 has recently been started. Comparisons by phylogenetic analysis of  segment 2 and segment 6 will allow us to consider which of the segments is most appropriate for establishing useful molecular epidemiological data.  These studies may also  provide evidence of genome segment re-assortment between strains,  which has been shown in laboratory studies to be capable of generating  progeny viruses that have novel antigenic properties.

RT-PCR assays are being developed and validated for the detection of different isolates of BTV based on amplification of sequences from genome segment 7 (which codes for the major BTV specific group antigen  VP7(T13)).  These assays are being tested to ensure that they will detect all different isolates of BTV and can distinguish them from other closely related orbiviruses.    Preliminary data suggest that further primer design, or additional sets of primers will be required.
Work has also been started on sequencing segment 10 of the isolates of BTV-9 from Bulgaria and Serbia so that data can be compared with that obtained by partner 5 on the Greek isolates.


Purification studies with Equine encephalosis virus (EEV) have generated both virus particles and subcore like particles  (see figure), which have been used to generate polyclonal antisera.  Development  and validation of diagnostic ELISA is currently underway.   Purification studies with Palyam virus have generated purified virus and core particles, which are currently being used for the production of High specificity polyclonal antibodies.   These antisera will be used for development of ELISA when they become available.

The sequencing methodology which has been optimised for BTV isolates will now be applied to characterise the orbiviruses for which no sequence data is available. Attempts have been made with Tilligerry virus but were initially unsuccessful. The  optimisation of the technique with BTV isolates should however facilitate the technology transfer to other viruses.

Participants 

Dr Peter Mertens  (Co-ordinator)

Dr Alan Samuel

Mrs Sushila Maan

Mr Simon Anthony

Mr J. N. Burroughs

Dr  Philip Mellor

Dr S. Rao

Mr  Chris Hamblin

New Primers designed for the PCR and Sequencing of BTV Serotypes 4 & 9.

Serotype/seg/position
Length
Sequence
Comments

Sequencing Primers




BTV-4/2/p318Ftc "BTV-4/2/p318F"
21 mer
Cy5-GACGGATGCTAAGTGGATGAA
numbering refers to nt

BTV-4/2/p700Ftc "BTV-4/2/p700F"
20 mer
Cy5-GGTCTATCATATAACAGATT
numbering refers to nt

BTV-4/2/p986Ftc "BTV-4/2/p986F"
20 mer
Cy5-CATGTGAACATATTTCGGAC
numbering refers to nt

BTV-4/2/p1354Ftc "BTV-4/2/p1354F"
21 mer
Cy5-GTAAGATGGCTTTATCTCTGA
numbering refers to nt

BTV-4/2/p1975Ftc "BTV-4/2/p1975F"
19 mer
Cy5-TGTACCTGTTGTGACGTCC
numbering refers to nt

BTV-9/2/p229F tc "BTV-9/2/p229F "
19mer
Cy5-TTCAGATAACAGTAAGTGG
numbering refers to aa

BTV-9/2/p800+Rtc "BTV-9/2/p800+R"
22mer
Cy5-TGACTATCTTTTCAGCATCATC
numbering refers to aa

PCR Primers




BTV-4/2/p318Ftc "BTV-4/2/p318F"
21mer
GACGGATGCTAAGTGGATGAA
numbering refers to aa

BTV-4/2/2000Rtc "BTV-4/2/2000R"
20 bp
AACTTGGACGTCACAACAGG
numbering refers to aa

BTV-9/2/50Ftc "BTV-9/2/50F"
17mer
GATGTGCCWGATGGTGA
numbering refers to aa

BTV-9/2/950R
21mer
TAGTTTAATTAAGATCTCATC
numbering refers to aa

BTV-9/2883R tc "BTV-9/2883R "
19mer
GCGACTCCGCGCACATGTT
numbering refers to aa

[image: image1.png]



Agarose Gel showing specificity of the TF/TR terminal primers for genome segment 2 of bluetongue serotype 1. The 24 lanes show the products generated from RNA templates purified from all 24 serotypes of BTV as indicated.  The primers gave a product of the expected length only with the BTV-1 RNA template.  Some smaller non-specific bands were generated with some of the other serotypes e.g. 3, 13.  A smaller (non-full length product was also produced with the BTV-1 template.
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Agarose Gel showing specificity of the TF/TR terminal primers for genome segment 2 of bluetongue serotype 2 primers. The 24 lanes show RT-PCR products with RNA templates purified from all 24 serotypes of BTV.   The absence of a product in every case except with the homologous BTV-2 template, shows that these primers are specific  BTV type 2. 

[image: image3.wmf]1

BTV-1/CSIRO/156/Australia/1980

 

(Gould)

BTV-1/India---AC

BTV-1/Greece/2001

BTV-1/Kuala Lumpar/Malaysia/4/87

BTV-1/Nigeria/77

BTV-1/Biggarsberg/RSA/1958

BTV-1/Sudan/76

BTV-1/India---AB

BTV-1/India/Haryana/99

BTV-1/India--S10

BTV-1/India/Chennai/2001

BTV-1/India/Rajasthan/92

600 nt at the 5' end of segment 2

Neighbor joining tree showing relationships between BTV1 isolates

Asia/Australia

Africa

Preparation of Equine encephalosis virus sub-core particles,

purified by CsCl gradient centrifugation, 

negatively stained and viewed by electron microscopy

[image: image4.wmf]1

BTV-2/RSA59-22

BTV-2/Ona-A/Florida/USA/1982

BTV-2/Vaccine Strain

China/AA-1996

India/AA-1982

BTV-2/Nigeria/1977

BTV-2/Sudan/9-1983

BTV-2/Corsica/France/2001

BTV-2/Corsica/France/2000

BTV-2/Sardinia/P4-2001

BTV-2/Tunisia/R1/2000

BTV-2/Sardinia/P6-2001

1

Comparison of BTV-2 Segment 2 nucleotide sequences

Africa/USA/Europe

Asia

( contents


Strains of BTV  serotype 1 used to create a phylogenetic tree
Type
Strain
Geographic origin
Date

collected
Species
Database

Acc. No.
Reference

BTV-1
SA
Biggarsberg, South Africa
1958
sheep
X55800
Gould & Pritchard, 1990







Maan et al., unpub.

BTV‑1
CSIRO 156
Beatrice Hill, Northern Territories Australia
1980
cattle
M21844
Gould, 1988






X06464
Yamaguchi et al., 1988







Maan et al., unpub.

BTV-1
Y863
Shizong, Yunnan, P.R. China
1986
sheep
AF135217
Bonneau et al., 1999

BTV‑1
IND‑1
Rajasthan, India



Maan et al., unpub.

BTV‑1
IND-2
India



Maan et al., unpub.

BTV‑1
IND-3
India



Maan et al., unpub.

BTV-1
India
India


L42171
Pritchard & Gould, 1995

BTV-1
171/7460
Honduras


L42170
Pritchard & Gould, 1995

BTV‑1
KL 4/87
Kuala Lumpur, Malaysia
1987?


Maan et al., unpub.

BTV‑1
N 423
Nigeria
1977?
cattle?

Maan et al., unpub.

BTV‑1
NY‑76
Sudan
1976?


Maan et al., unpub.

BTV‑1
82/4
Cameroon
1982
sheep

Maan et al., unpub.
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Strains of BTV serotype 2 used to create phylogenetic tree

Type
Strain
Geographic origin
Date

collected
Species
Database

Acc. No.
Reference

BTV‑2
22/59 (BT2)
Ermelo, Transvaal, South Africa
1959
sheep

Maan et al., unpub.

BTV-2
Ona‑A
Florida, USA
1982

M21946
Yamaguchi et al., 1988

BTV-2
Ind/171
India
1982?
sheep?

Maan et al., unpub.

BTV-2
N 350
Nigeria
1977?
cattle?

Maan et al., unpub.

BTV‑2
SUD 83‑09 (GP‑4)
Sudan
1983?


Maan et al., unpub.

BTV-2
V440
Jinghong, Yunnan, P.R. China
1996
cattle
AF135218
Bonneau et al., 1999

BTV‑2
R1 (BT‑74)
Tunisia
2000


Maan et al., unpub.

BTV-2
Corsica
Corsica, France
2000

AF356601
Sailleau et al., unpub

BTV-2
BT‑44
Corsica, France
2000


Maan et al., unpub.

BTV-2

Corsica, France
2001


Maan et al., unpub.
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Primer designation

position
Primer orientation
Primer sequence (5’-

BTV-2/2-TF
Forward
GTTAAAACAGGATCGCGATGGATG

BTV-2/2-TR
Reverse
GTAAGTTGAACAGATCGCGGACCTG

BTV-2/2-IF
Forward
TTAATAGTGCATTCRGAGAGAGCGT

BTV-2/2-p200R
Reverse
ACGCTCTCTCYGAATGCACTATTAA

BTV-2/2-IR
Reverse
CCTTCGCGTCAAATGTTGATTGAGT

BTV-2/2-p302F
Forward
GCGGAACCBGTDGATGAAG

BTV-2/2-p302R
Reverse
?CTYAAACCGATGACTRATGA

BTV-2/2-p558R
Reverse
TCATYAGTCATCGGTTTRAG

BTV-2/2-p558F
Forward
CTYAAACCGATGACTRATGA

BTV-2/2-p845R
Reverse
GGTKGAAACAACRTTMAAATT

BTV-2/2-p845F
Forward
AATTTKAAYGTTGTTTCMACC

BTV2/2EpFPR (053-046)
Reverse
ACATCTCTGGAATCTTRGATAC

BTV2/2WpFPR (053-046)
Reverse
ACATCTCTGGAATCTTGGAAAC

BTV-2/2pFPF(928-934)
Forward
GGATAGTAACGCATAGGGTT
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1-Documentation of the current strains of coltiviruses: 15 strains of the 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), 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.

2-Documentation of the current strains of seadornaviruses: 4 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) and 8 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 were propagated in Mosquito cell cultures (C6/36 cells) and stored frozen at –80°C. 

3-Generation of cDNA clones of coltiviruses:  The Full-length sequences of CTFV-Florio and EYAV-Fr578 have been determined and 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.

Numerous additional partial sequences have been obtained from other variants of CTFV and EYAV and were deposited in the Genbank database. The sequence characterisation of coltiviruses opened the way for the elaboration of diagnostic procedures, both molecular and serological, for infections by these viruses, namely the EYAV which has been isolated at different time intervals in Europe. Sequence analysis has shown that CTFV and EYAV are definitely closely related viruses, which might have originated from a common ancestor about 50MYA.

4-Generation of cDNA clones of seadornaviruses : The Full-length sequences of BAV-In6423 and KDV-Ja7075 have been determined and 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). 

Sequence analysis has shown that BAV and KDV are related viruses and permitted to clarify their taxonomic status as being distinct from CTFV and EYAV. Hence, the International Committee on Taxonomy of Viruses (ICTV) has approved their reclassification as members of a new genus officially designated as Seadornavirus.

The Research workers of the Chinese Academy of Preventive Medicine (CAPM) have recently isolated new viruses in Beijing and in the Yunnan province (virus isolates : YN68, YN69, YN77-2, YN92-2, YN93, YN-99, NE97-12, NE97-31). These viruses are considered as probable Seadornaviruses, but our contacts at the CAPM confirm that these viruses have distinct electropherotypes from the already known seadornaviruses. These viruses could constitute new species or serotypes within the genus and deserve the Characterisation of their full sequences. The sequence characterisation of seadornaviruses opened the way for the elaboration of diagnostic procedures, both molecular and serological, for infections by these viruses.  It was possible to distinguish between serotypes A and B of BAV using antisera produced against the recombinant VP9 proteins. The same proteins were chosen as targets for future epidemiological surveys of seadornaviruses.

5-Participation to generation of cDNA clones of Orbiviruses:  The Full-length sequence of a newly identified tick-borne orbivirus, designated St. Croix River virus (SCRV) has been determined and deposited in the Genbank Database. The accession numbers for the SCRV sequence are (AF133431, AF133432, AF145400, AF145401, AF145402, AF145403, AF145404, AF145405, AF145406, AF145407). The sequence analyses have established SCRV as a new species within the genus Orbivirus. Its relationship other Tick-borne or Insect-borne orbiviruses was established and SCRV was shown to be the oldest orbivirus species sequenced to date.

6-Generation of cDNA clones of unclassified viruses

Sequences of segments 1, 5, 7, 8 and 10 of the Ndelle virus have been characterised (accession numbers AF368033, AF368034, AF368035, AF368036 and AF368037). For a long time this virus has been considered by the ICTV as an unclassified orbivirus. Sequence analysis has proven that this virus does not belong to genus Orbivirus but rather to genus Orthoreovirus and shown it to be the fourth serotype of the Mammalian orthoreovirus species.

7-Generation of cDNA clones of Aquareoviruses:  The Full-length sequences of the Golden shiner virus (Aquareovirus C species) and the Grass Carp reovirus (GCRV: unclassified aquareovirus) were characterised. Sequences of the genome segments 2, 3, 4, 8 and 10 of the Striped Bass reovirus (Aquareovirus A species) where also characterised. A recently isolated aquareovirus in Germany has been designated Golden ide reovirus. We have realised the sequences of segments 2 and 5 of this virus. These analyses have demonstrated that GCRV is a member of the Aquareovirus C species. Previous studies concerning the analysis of GCRV genome by RNA-RNA blot hybridisation has suggested it to be 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 elaboration of diagnostic procedures, both molecular and serological, for infections of fish breeds by these viruses. 

8-Production of anti-sera from purified viruses and recombinant proteins:  The BAV has been highly purified from cell culture using caesium chloride gradients. Virus was inactivated with beta-propiolactone and injected to Balb/C mice in presence of Freund's adjuvant. Ascitic fluids were obtained from the mice and stored at –20°C. Recombinant proteins were prepared from cloned segments 6, 7, 9, 10, 11 and 12 of CTFV and segments 6, 7, and 12 of EYAV. Recombinant proteins were also produced from segments 7, 8, 9, 10, 11 and 12 of BAV-Ch and from segment 9 of BAV-In6969. All of these proteins were purified from GST fusion proteins and injected into Balb/C mice in presence of Freund's adjuvant. Ascitic fluids were obtained from the mice and stored at –20°C.

The major differences between the sequences of CTFV and EYAV were found in segments 6, 7 and 12, where protein sequences were only about 50-55% identical. More emphasis has been given to these 3 proteins as targets for detection of antibodies and distinguishing CTFV and EYAV infections. 

Sequence analysis has permitted to distinguish two genotypes (serotypes) among the BAV isolates (serotype A represented by the Chinese BAV-Ch and serotype B represented by the Indonesian BAV-In6969). These genotypes differed mainly in the sequence of their VP9 proteins, which were only 41% identical. More emphasis has been given to these proteins as targets for detection of antibodies and distinguishing BAV serotypes A and B infections. 

The prepared anti-sera have been evaluated in immuno-assays including ELISA and western blot assays. It was possible to detect antibodies against CTFV in reference sera of patients infected with the virus (the Charles Calisher set of sera, obtained from the CDC). Proteins 6, 7 and 12 of the CTFV have proven to be the most promising targets for detecting antibodies against CTFV in infected humans. Similar studies are now being realised to verify the usefulness of proteins 6, 7 and 12 of EYAV in diagnostic tests. The confirmation of these studies will open soon the way for epidemiological analysis. 

It was possible to distinguish between serotypes A and B of BAV using antisera produced against the recombinant VP9 proteins. The same proteins were chosen as targets for future epidemiological surveys of seadornaviruses. 

By analogy to the work that have been realised on other members of family Reoviridae, mainly the Bluetongue virus, the T13 protein of Coltiviruses and Seadornaviruses will be expressed and analysed. 

LIST OF PUBLICATIONS

Attoui, H., Mohd Jaafar, F., Biagini, P., Cantaloube, J. F, de Micco, P., Murphy, F. A., de Lamballerie, X. (2002). Genus Coltivirus (Family Reoviridae): Genomic and Morphologic Characterisation of Old World and New World Viruses. Archives of Virology, 147(3) 533-561.

Attoui, H, Stirling J. M., Munderloh, U. G., Billoir, F., Brookes, S. M., Burroughs, J. N., de Micco, P., Mertens, P. P. C., de Lamballerie, X. (2001). Complete sequence characterisation of the genome of the St. Croix River Virus, a new orbivirus isolated from Ixodes scapularis cells. Journal of General Virology 82, 795-804.
Attoui H., Biagini P., Stirling J. M., Mertens P. P. C., Cantaloube J. F., Meyer A., de Micco P., de Lamballerie X. (2001). Sequence characterisation of Ndelle virus genome segments 1, 5, 7, 8, and 10: evidence for reassignment to the genus Orthoreovirus, family Reoviridae. Biochemical and Biophysical Research Communication. 287, 583-588.

There was a delay in the time of starting the project due to administrative reasons. It was not possible for us to recruit the personnel until the 22nd of August 2001, when a technician was engaged for the starting of the project.

Moreover, for technical reasons we had to buy a tissue extractor that was not included in the in the material that was decided at the time when the project proposal was written.

We have received the sum of 635576. 41 French Francs (equivalent 96892.99 €). The remaining sum from year 2001 is 40094.44 Euros. The way that the 56798.55 Euros have been spent is shown in the copies (attached) concerning the management of the account by the Université de la Méditerranée, and include the payment of the salary of the Technician (Mr. Mourad BELHOUCHET) until the 21st of June 2002. 

Human resources used during 2001

Academic personnel (Dr. Xavier de Lamballerie)

1750 hours

Engineer/PhD (Dr. Houssam Attoui)



2300 hours

Technician (Mr. Mourad Belhouchet)


650 hours

For Academic year 2002 we preview the following:

Academic personnel (Dr. Xavier de Lamballerie)

1750 hours

Engineer/PhD (Dr. Houssam Attoui)



2300 hours

Technician






1860 hours
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In this European project, four people of the AFSSA laboratory are involved : Mr Emmanuel Bréard, PhD, funded by the EU project, Mrs Corinne Sailleau, BsC from AFSSA, Mrs Salhia Hammoumi, BsC (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 first year were related to:

1) the selection of primers for serotype specific-typing of BT and AHSV,

2) the determination of the nucleotide sequences of BT serotypes of interest.

3) the differentiation between the wild and the vaccine strains (serotype 2)

Deviation to the activities previously planned

This year (2000-2001), the sanitary situation in Corsica and in particular the increase in the number of BTV premises have delayed our research programme. But we have had the opportunity to validate our specific primers and the PCR technique on biological samples and field strains.
2. Contribution of the AFSSA Alfort laboratory

Two fields have been studied :

2.1 – Selection of PCR primers for sequencing and serotyping.

We have focused our interest on the serotypes 2, 4, 9 and 16 of BTV. These serotypes circulate in Europe and in the Mediterranean basin. We have determined the nucleotide sequences (complete or partial) of the segments 2 encoding the VP2 protein which supports the serotype specificity. We have then selected different primers. These different primers were tested against the 24 vaccine strains and against some field strains. The results are summarised in table 1. This table 1 indicates that the two pairs of primers that amplify the segment 2 of the serotype 2 and 9 are specific of these serotypes. The primers that amplify the serotype 4 and 16, cross-amplify other serotypes and need to be more precisely designed.
The French Veterinary Authorities have taken decisions relative to sheep vaccination during the winter 2000-2001. In July 2001, a new outbreak was observed in Corsica, and in spite of vaccination against the serotype 2, 1587 blood and tissue samples of suspected sheep were sent to the laboratory. During the outbreak, the blood or spleen samples of vaccinated sheep from farm (in which a high mortality level was observed (<10%)) were especially studied: the bluetongue virus had been isolated and the presence of the serotype 9 (present in Italia) investigated. The reverse transcription-PCR technique (group RT-PCR using primers amplifying segments 7 and 10 and BTV-2 and –9 serotype-specific PCR primers), previously performed against BTV strains from cell culture, has been applied to biological samples. The results are summarized in table 2.

These results show that the BTV serotype 9 has not been detected in Corsica. The sequences of the ten BTV serotype 2 strains isolated during the outbreak demonstrated that the wild BTV serotype 2 (and not the vaccine strain) is the cause of the outbreak, and that it is identical to the virus isolated in the first outbreak (2000).

2.2 – Determination of nucleotide sequences

The objective of this work is to determine as many genome sequences as possible in order to obtain a complete genome sequence database of the Orbiviruses (cf. web site). We have focused our interest in the segments 2, 7 and 10 of different serotype 2 strains. We have determined the complete sequence of: 

- the segments 2 (encoding VP2) of BTV serotype 2 (the Corsican strain (2000 and 2001), the vaccine strain used in Europe and the Tunisian strain)(Genbank AF356601),
- the segment 7 (encoding VP7) of BTV serotype 2 (Corsican (2000 and 2001), vaccine and Tunisian strains) (Genbank AF346302),

- the segment 10 (encoding NS3) of BTV serotype 2 (Corsican (2000 and 2001), vaccine and Tunisian strains),

The phylogenetic analyses are presented in figures 1, 2 and 3. These Figure demonstrate that the BTV-2 Corsican strains (2000 and 2001) and the Tunisian strain seem to a same origin. 

The sequences of the segment 5 of these strains are also investigated, and the sequencing of the segments 2 of the BTV serotype 4, 9 and 16 is under way.

2.3 - Differentiation between the Corsican and the vaccine strain

In France, two BTV-2 strains are present: the wild (Corsican strain) and the vaccine strains, and it was of our interest to differentiate these two viruses. As illustrated in the figure 1, alignment of the segments 10 of the BTV-2 Corsican (2000 or 2001) and the vaccine strains shows a low homology (81%), whereas the segments 7 or 2 of these strains have a highest degree of similarity (respectively, 93.6 and 96.5). We have selected one pair of primers, which amplify the segment 10 of the vaccine strain (and not the segment 10 of the wild strain). The validation of this RT-PCR on biological samples (blood and spleens from Corsican infected or vaccinated sheep) is in progress.

3 - Objectives 

Next year, our objectives are to improve and to increase the number of serotype-specific primers, to validate those primers on biological samples. The determination of the nucleotide sequences of other genome segments will continue.

4 - List of publications

International publications 

S. ZIENTARA, C. SAILLEAU, G. DAUPHIN, C. ROQUIER, E. M. REMOND, F. LEBRETON, S. HAMMOUMI, E. DUBOIS, C. AUGIER, G. MERLE AND E. BREARD. 2001. Identification of the Bluetongue virus serotype 2 (Corsican strain) by reverse transcription and PCR of the genome segment 2, The Veterinary Record, in press.
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- S. ZIENTARA, P. HENDRIKX, E ALBINA, S. DE LA ROCQUE, J.M. GOURREAU, M. GREGORY, GENEVIEVE LIBEAU, CORINNE SAILLEAU, COLETTE GRILLET, E. BREARD et J.C. DELECOLLE. 2001. La fièvre catarrhale ovine en Corse en 2001. Epidémiologie et Santé animale, 40, 129-134.
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- ZIENTARA S. 2001. Fièvre catarrhale en Corse en 2001. La Semaine vétérinaire, n° 1032.
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G. LIBEAU, M. GREGORY, O. KWIATEK, C. LE GOFF. 2001. Emergence de la Fièvre catarrhale du mouton (Bluetongue) au sud de l’Europe. BIPAS (Groupe d'Etude et d'Epidémiologie de la Faune Sauvage Méditerranéenne), 19 mai 2001.
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- Communication “Diagnostic et typage moléculaire du virus de la fièvre catarrhale des ovins" E. BREARD, C. SAILLEAU et S. ZIENTARA, III journées francophones de virologie, Paris, 19-20 Avril 2001.

- Oral communication "Emergence de la Fièvre catarrhale du mouton (Bluetongue) au sud de l’Europe". E. ALBINA, P. HENDRIKX, S.ZIENTARA,C.GRILLET,C.SAILLEAU,G. LIBEAU, M. GREGORY, O. KWIATEK, C. LE GOFF. Groupe d'Etude et d'Epidémiologie de la Faune Sauvage Méditerranéenne (GEEFSM), 19 mai 2001.

- PASCAL HENDRIKX, S. DE LA ROCQUE, E. ALBINA, DELECOLLE JC., ZIENTARA S., GREGORY M. 2001. Table ronde sur le changement climatique Les maladies émergentes consécutives au réchauffement et à l’extension des zones humides. Les incidences sur la santé animales : l’exemple de la fièvre catarrhale du mouton, Montpellier, le 15 Mai 2001.

Table 1 : Results of the study relative to the specificity of the selected primers


serotype 2
serotype 9
serotype 4
serotype 16
Others serotypes

serotype 2

PG1-MG1
Yes
No
No
No
No

serotype 9

S2P9-S2M9
No
Yes
No
No
No

serotype 4

S4P-S4M
No
No
Yes
No
 13, 22, 23, 24

serotype 16

P4-MG3
No
No
No
Yes
 3



Blood
Embryonated eggs
BHK 21


Date of reception
RT-PCR serotype 2
Clinical signs
RT-PCR

group
RT-PCR serotype 2
CPE
Virus neutralisation
RT-PCR serotype 9
Sequences

F2

1
12/7/01
+
+
+
+
+
Serotype 2
-
Serotype 2

2
13/7/01

+
+
+





3
16/7/01

+
+
+





4
24/7/01
+
+
+
+
+
Serotype 2
-
Serotype 2

5
24/7/01
+
+
+
+
+
Serotype 2
-
Serotype 2

6
9/8/01

+
+
+





7
9/8/01

+
+
+





8
14/8/01

+
+
+





9
14/8/01

+
+
+





10
16/8/01

+
+
+





11
16/8/01

+
+
+





12
16/8/01

+
+
+





13
17/8/01

+
+
+





14
21/8/01

+
+
+
+
Serotype 2
-
Serotype 2

15
23/8/01

+
+
+
+
Serotype 2
-
Serotype 2

16
23/8/01

+
+
+
+
Serotype 2
-
Serotype 2

17
24/8/01

+
+
+





18
29/8/01

+
+
+





19
7/9/01
+








20
7/9/01
+








21
7/9/01
+
+
+
+





22
7/9/01
+



+
Serotype 2
-
Serotype 2

23
7/9/01
+
+
+
+





24
7/9/01
+
+
+
+
+
Serotype 2
-
Serotype 2

25
7/9/01
+
+
+
+





26
8/8/01

+
+
+
+
Serotype 2
-
Serotype 2

27
23/8/01

+
+
+
+
Serotype 2
-
Serotype 2

Table 2 : Validation of the serotype-2 specific primers on biological samples (spleen and blood), BTV-infected embryonnated chicken eggs and BTV-infected cells. 

.

Figure 1 : Phylogenetic associations of the Corsican isolate and other BTV isolates. Complete segment 10 sequences for the BTV isolates were compared using the DNAstar software
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Figure 2 : Phylogenetic associations of the Corsican isolate and other BTV isolates. Complete segment 2 sequences for the BTV isolates were compared using the DNAstar software.



Figure 3 : Phylogenetic associations of the Corsican isolate and other BTV isolates. Complete segment 7 sequences for the BTV isolates were compared using the DNAstar software.
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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:
i) to determine the full-length sequence of a member of the aquareovirus A genera; ii) to collect and document available aquareovirus strains; iii) to begin the generation of aquareovirus cDNA clones; and iv) to start generating tools for the detection, and subsequent isolation of viruses in field samples.

Status work:

i) The full-length nucleotide sequencing of the 11 genome segments of the golden shine virus (GSV), a member of the Aquareovirus A species, has been carried out by P2 and made available to P4. In addition to this, during this reporting period, part of the sequence of the stripped bass reovirus (SBRV) has been published. As described below, cDNA GSV clones 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.

ii) A collection of over 500 field samples suspected virus-infected fish and molluscs from different geographic areas of Spain have been collected, documented, and stored for further analysis. A main obstacle for this part of the WP is the difficulty to obtain characterised virus isolates from other research groups. Hopefully, this problem will be partially circumvented by the use of the diagnostic tools generated in the WP, allowing their isolation from field samples.

iii) In collaboration with P2, the technology for the generation of complete cDNA clones has been established in the laboratory. This technology is being applied to characterise the collected field samples.

iv) In view of the difficulties encountered to both characterise field samples and to obtain documented aquareovirus strains, a special emphasis has been made in the development of new diagnostic tools. A set of specific antibodies against different structural and non-structural reovirus proteins are being developed. For this, 8 recombinant baculoviruses expressing N-terminal histidine-tagged proteins GSV segments 5 to 11 have been generated. The different recombinant proteins have been affinity purified used to immunise both rabbits and mice in order to generate a full set of both polyclonal and monoclonal antibodies. In addition to this, sets of GSV specific primers are being tested for the development of PCR diagnostic assays.

Resources:

The effort of the working has been focussed on: i) the collection, preliminary documentation, and the attempts to isolate viruses in tissue culture from of field samples; ii) training and implementation of complete cDNA cloning techniques; iii) the generation of recombinant baculoviruses to produce purified GSV proteins for the generation of specific antisera; and iv) the testing of PCR primers for virus detection. The work has involved the work of the group leader, a postdoctoral fellow, and a predoctoral student.
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Objectives

Participant 5 will contribute in the tasks on epidemiology aspects of BTV by providing field samples and epidemiological data from Greece. P5 will perform molecular characterisation, by sequencing the NS3-NS3A region of Greek BTV strain. Also, P5 will perform cDNA clones of orbiviruses, evaluate antibodies for use in genus, species and serotype determination assays, design and test PCR based assays for different EHDV serotypes and design and test PCR based assays for different BTV serotypes.

RESEARCH ACTIVITIES DURING THE FIRST REPORTING PERIOD

(01/01/2001 - 31/12/2001)
· CREATION OF REFERENCE COLLECTIONS
· Documentation and storage of currently available orbivirus strains

We have isolated and genotyped with SNT 18 Greek BTV strains. The isolated strains are different serotypes from different parts of Greece and from different species from the BTV epizootics during the years 1979, 1998, 1999, 2000 and 2001.

The viruses were sent to partner 1 for creation a reference collection.

The epidemiological data (year of isolation, species, and serotype) are shown in Tables 1. 

Table 1. Epidemiological data for BTV strains from different geographical region of Greece  

No
STRAIN
AREA
YEAR *
TISSUE
SPECIES
SEROTYPE









1
GR79LS
Lesvos (island)
1979
Spleen 
Sheep
BTV 4

2
GR199/7a/98RS
Rodos (island)
1998
Blood
Sheep
BTV 9

3
GR180/99RS
Rodos (island)
1999
Blood
Sheep
BTV 4

4
GR228/99EG
Evros
1999
Blood
Goat
BTV 4

5
GR308/99RS
Rodos (island)
1999
Blood
Sheep
BTV 16

6
GR408/99ChS
Chalkidiki
1999
Blood
Sheep
BTV 9

7
GR395/99LS
Lesvos (island)
1999
Spleen 
Sheep
BTV 4

8
GR413/99LS
Lesvos (island)
1999
Blood
Sheep
BTV 4

9
GR280/99RoS
Rodopi
1999
Spleen 
Sheep
BTV 4

10
GR279/99RoS
Rodopi
1999
Spleen 
Sheep
BTV 4

11
GR692/99EvS
Evia (island)
1999
Spleen 
Sheep
BTV 4

12
GR610/99EvS
Evia (island)
1999
Spleen 
Sheep
BTV 4

13
GR457/99PS
Pieria
1999
Spleen 
Sheep
BTV 4

14
GR631/99MaS
Magnesia
1999
Blood
Sheep
BTV 4

15
GR382/99LS
Lesvos (island)
1999
Spleen 
Sheep
BTV 4

16
GR378/99CB
Chios (island)
1999
Blood
Bovine
BTV 4

17
GR1217/00ArS
Arta
2000
Blood
Sheep
BTV 4

18
GR1472/01LS
Lesvos (island)
2001
Blood
Sheep
BTV 1

YEAR* : The year that we have isolated the strain.

· Obtain and store additional orbivirus strains

We have not isolated any other orbivirus especially EHD and AHS viruses.

There is an active surveillance program, from the Greek Ministry of Agriculture, for the EHDV and AHSV.

All the sera (bovine, ovine and caprine) tested for EHDV with C-Elisa the last 5 years are negative (until today, about 2060 sera from all over the country). Also all the sera from the equidae tested for AHSV with C-Elisa are negative (until today, 3100 sera from all over the country).

· Documentation and storage of cDNA clones

For all the above isolates we have extracted the RNAs and generated the cDNAs. We have done the same work for the BTV serotypes 1-24 (South Africa origin) EHDV serotypes 1,2,318 AHSV type 9 and Akabane virus.

· RNA SEQUENCE ANALYSIS

The full genome of segment 10 from all Greek BTV strains was amplified using the primers CB1 and CB2 (Billinis et al., 2001). Until now we have sequence results of two strains with serotype 4. The sequence results were sent to partner 1 for phylogenetic analysis. Sequencing of the other strains will follow. 

· DEVELOPMENT OF  IMPROVED ASSAY SYSTEM

      -   Design and test PCR based assays for different BTV serotypes

We have designed and tested a RT-PCR using primers for genome segment 6. It recognizes all the BTV serotypes. Also we have designed and tested a RT-PCR using primers for genome segment 10. It recognizes all the BTV serotypes and different BTV topotypes. Now we are working with this PCR testing the above mentioned field samples. Also we are trying to design a RT-PCR using primers for genome segment 2 specific, mainly, for BTV types 1,2,4,9 and 16.
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