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1. OVERVIEW OF PROGRESS DURING THE REPORTING PERIOD 
Project objectives (as specified in the Technical Annex):

1. To attempt to colonise European potential vector species of Culicoides in the laboratory and to assess reversion to virulence of vaccine viruses in sheep subsequent to passage through one or more of these vectors (possibly C. imicola, C. nubeculosus, C. obsoletus).

2. To examine the ability of live vaccine viruses to re-assort with wild-type viruses in both insect vectors and vertebrate hosts and, to partially characterise any reassortants.

3.
To develop methodologies for producing safe, efficacious, inactivated whole virus vaccines, to measure their immunogenicity in comparison with the existing live virus vaccines. 

4. To carry out trials comparing the efficacy of experimental sub-unit vaccines with new inactivated whole-virus vaccines and the commercially available live virus vaccines, and to evaluate them as candidates for commercial production.

5. To further develop and evaluate particle or subunit-based vaccines using recombinant baculovirus expressed virus-like particles (VLP) and/or core-like particles (CLP) of BTV.

6. To develop test(s) enabling differentiation between animals infected with live BTV’s (field or attenuated vaccine virus infection) and those vaccinated with non-replicating vaccines.

7. To develop molecular epidemiological methodologies for backtracking BTV outbreaks to source and differentiating vaccine viruses from field strains.

Overview of scientific progress during the reporting period

The project partners have all worked hard and enthusiastically to ensure that project objectives and milestones are achieved as closely in accordance with the schedule written in the technical annex as is possible. 

Colonisation work:
Attempted colonisation of vector and potential vector species of Culicoides (e.g. C. imicola, C. obsoletus, C. pulicaris and C. nubeculosus) requires among other things, that large numbers of these individuals be easily obtainable (for experimental work) and that wild-caught females be able to be blood fed once captured.  Staff of partner 2 visited the laboratory of partner 1 to facilitate this work during 2002. A source of large numbers of C. obsoletus was located in the vicinity of partner 1’s laboratory and methods were devised to efficiently blood feed them. Similarly, moderately large populations of C. pulicaris group midges were also located near to the laboratory of partner 1 and attempted blood feeding will take place during the midge season in 2003. Methods to blood feed the known vector C. imicola have already been devised by partner 2 in South Africa and were also effective when used with the European strain of the species in Greece.  Blood feeding of C. imicola and C. obsoletus, therefore no longer seems to be a major problem. The work with C. obsoletus and C. pulicaris is exceptionally timely as recent studies have recorded the isolation of BTV from these species during European BT outbreaks, in the absence of the known vector C. imicola. This strongly suggests that they are able to act as fully competent BTV vectors. This work is due to be published during 2003.

Fieldwork to investigate the breeding sites and biology of C. imicola the major vector of BT in Africa and Southern Europe has now been planned for early 2003. 

An existing, small laboratory stock of C. nubeculosus kept in the laboratories of partner 1 has now been upgraded so that several thousand flies can be produced per week. This will provide an invaluable source of material for vector competence studies and for BTV virulence studies on vaccine virus passage through vectors.

Reversion to virulence of vaccine viruses on vector passage:

The work in assessing reversion to virulence of vaccine viruses subsequent to vector insect passage is now well underway. Partner 1 has already passaged the commercially available OBP BT serotype-2 vaccine virus through vector midges via the oral and intrathoracic routes and has detected no evidence for increased virulence on inoculation into naïve sheep. Partner 2 has infected potential vector species of Culicoides with BT serotype 1, 4, 9 and 16 vaccine viruses and has shown that these viruses can replicate to high titre in 4 species of Culicoides (C. imicola, C. bolitinos, C. huambensis and C. magnus). This strongly suggests that these viruses will be able to be transmitted by vectors. Partner 2 has not yet assessed reversion to virulence of these viruses on insect passage and this work is planned for 2003. 

Risk of reassortment between BTV’s

Field and vaccine strains of BTV-2 and 9, and field strains of BTV-1 and 16 have been obtained from several regions in and around Europe. Representative isolates have been selected as potential parental strains for reassortment and sequencing studies. These include BTV-9 from Bosnia (a non-imicola area), BTV-2 and 9 from southern Greece (imicola areas), BTV-2 from Sicily (from C. pulicaris) and the OBP BTV-2, 4 and 9 vaccine strains. These viruses are being characterised in terms of their ability to initiate and establish infections within adult vector Culicoides. Viruses with distinct differences in their biological properties will be used in reassortment studies in 2003.

The genomic ds RNA of duplicate samples of BTV reference and vaccine virus strains (BTV-1 to 14 and BTV-16) have been purified and their profiled resolved by SDS-PAGE analysis. No differences were detected between any reference virus and its corresponding vaccine strain, except for BTV-5, which is being reinvestigated. However, there were clear differences between the different serotypes.

Development of whole inactivated BTV vaccines

Partner 3 has obtained twenty-five candidate vaccine seed viruses (BTV-2). These have been tested for identity, growth characteristics, purity and titre and one has been selected as the first vaccine Master Seed Virus. A full extraneous agent testing procedure is now underway on this virus. 

Work to select other candidate vaccine seed viruses from other BTV serotypes (serotypes 1, 4, 9 and 16) isolates obtained from partner 4 has just commenced. This work will continue into 2003.

Development of subunit-based vaccines using recombinant baculovirus technology

cDNA copies of BTV genome segments 2 and 6 (encoding outer capsid proteins VP2 and VP5) from European strains of BTV-1 and 9 have been generated by partner 1 and supplied to partner 5. Subsequent to sequence analyses these will be used in the construction of VLP’s as a basis for subunit vaccines.

Partner 5 has re-established BTV VLP technology in its laboratory, has generated full-length VP2 and VP5 clones of BTV-2 from Sardinia. Partner 5 has also generated recombinant baculoviruses expressing VP2sar and VP5sar clones. Work is now moving on to produce BTV VLP’s simultaneously expressing the capsid proteins VP3, VP7, VP2 and VP5 using a single recombinant virus. 

Partner 6 has developed novel microencapsulation and adsorption methodologies for BTV intact particles, supplied by partner 1, and VLP/CLP’s, supplied by partner 5. This work will be continued in 2003 to optimise these interactions and to initiate in vivo studies.

Molecular epidemiological methods to identify the source of virus incursions and the creation of a sequence database

A reference collection of BT and other orbiviruses has been set up and is being added to continually. At the present time over 200 BTV isolates are in the possession of partner 1 and information on these is being added to the project website, as time permits. Sequence analyses of BTV genome segment 2 from multiple European and other strains of BTV-1, 2, 4 and 9 and 16 is progressing well and initial phylogenetic trees based upon the sequences of the genome segment 2’s of over 50 BTV isolates have been constructed. Information relating to each of the virus isolates in the database, to their sequences and to the phylogenetic trees is being made available on the project website at the following addresses:
http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm
http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm
http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm
Also available on the website are the project documents, meeting reports, other dissemination documents including selected publications of the BT vaccine project, The BT Risk project and the ReoID project.

Please note part of the web site is password protected (Username: ReoID and Password: dsRNAvirus).

BTV vaccine strains (i.e. BTV-2 and 9 as used in Italy, the Spanish Balearics, Corsica and parts of the Balkans, as well as the Turkish vaccine strain of BTV-4 (as used in European Turkey in 1999) have now been added to the project BTV collection. Subsequent to analyses data on these vaccine virus strains may be added to the sequence database on the project website during 2003.

Table 1: Work package list

Work-package

No.
Work-package title
Responsible

partner 
Person-months
Start month
End month
Summary of progress to month 12

    1
Attempted colonisation of potential European vector species of Culicoides
         2
     48
    0
   36
Work commenced, early blood-feeding problems solved

    2
To assess reversion to virulence of vaccine viruses on passage through vectors & tested in sheep
         1 
     36
    0
    36
Vaccine virus passage through vector midges  in progress

    3
Assess the risk (frequency) posed by reassortment between selected vaccine viruses and wild-type BTV
         1
     30
    0 
    36
Parental viruses for reassortant work being characterised.

    4
To develop efficacious inactivated vaccines & to measure their immunogenicity in sheep & other ruminant species 
         3,1
   181
     0
    36
First master seed virus (BTV-2) selected and being characterised. Further candidate seeds (BTV-1, 4, 9, 16 under test

    5
To develop & evaluate novel inactivated vaccines, & an assay differentiating between infected & vaccinated animals
          5,1
   148
     0
    36
cDNA copies of segments 2 & 6 of BTV-1 & 9 made. VLP technology re-established & in progress. Novel microencapsulation & adsoption methodologies being characterised

    6
To develop molecular epidemiological methods to identify the source of BTVs causing outbreaks & to differentiate between vaccine & field strains
          1
     84
      0
    36
Reference collection of BTV’s initiated. Project database of BTV sequences & phylogenetic trees established


           TOTAL

   527




Table 2: List of Milestones (Milestones wholly or partially achieved in italics & bold)

Milestone 
Title
Delivery date
Partner
Description

1
Collection of European vectors from the wild
24
1, 2
Vectors collected & blood feeding techniques being tested 

2
Rearing of European vectors & establishment of colonies
36
1, 2
C. nubeculosus colony being upgraded

3
1st year vaccine virus passage through  vector insects 
12
1, 2
1 vaccine virus passaged  & tested, work with remainder initiated

4
2nd year vaccine virus passage through vector insects
24
1, 2
All vaccines viruses passaged once & tested

5
Completion of vaccine virus passage thro’ vectors & testing
36
1, 2
All vaccine viruses passaged twice & tested

6
Selection of suitable parental strains for reassortment studies
12
1, 2
Suitable strains of BTV in process of selection 

7
Assess the risks  posed by reassortment between vaccine and wild type strains of BTV
36
1, 2
Determine the relative frequency and consequently risk posed by BTV  reassortment

8
Isolation & purification of BTVs
12
1, 3
Master seed virus of 1st vaccine selected & being characterised. Candidate seeds for other’s acquired 

9
Large scale production & inactivation of selected BTVs 
18
1, 3, 4, 5, 6
Inactivation procedures optimised, novel vaccines & reagents produced

10
Comparative testing of the traditional & novel vaccines
36
1, 2, 3, 4, 5, 6
Testing of traditional & novel vaccines in animals

11
Generation of cDNA clones of outer capsid protein genes
18
1, 2, 5 
Achieved for BTV 1 & 9

12
Generation of VLPs & CLPs, & individual BTV proteins
24
1, 2, 5
Construction of relevant recombinant baculoviruses underway

13
Development of slow release /adjuvant delivery systems
36
1, 2, 5, 6
Microencapsulation & adsorption characteristics being determined

14
Evaluation of recombinant expressed BTV proteins /particles as vaccines 
30
1, 2, 4, 5, 6
Novel vaccines tested in animals

15
Evaluate assay for BTV non-structural proteins
36
1, 2, 4, 5 
Test for NS1/NS2 to distinguish vaccinated from infected animals

16
Generation of sequence data for European BTVs
24
1, 2, 4, 5
Many viruses have been sequenced (see project website)

17
Generation of sequence data for current live vaccine strains
24
1, 2, 4, 5
Relevant vaccine viruses have been obtained & sequencing due to begin

18
Establish  sequence database 
36
1, 2, 4
Established 

Table 3: List of Deliverables (deliverables wholly or partially achieved in italics and bold)

No.
Deliverable title
Due date
Nature
Dissemination

1
Methods of collecting live vector Culicoides & of persuading them to blood feed  established 
24
R
PU

2
Methods of rearing vector Culicoides eggs through to the adult stage established
36
R
PU

3
Methods of persuading the mating of adult vector Culicoides devised & at least one provisional colony of a European vector species established
36
R
PU

4
Vaccine viruses assessed for ability to cause clinical signs in sheep on 1st   vector insect passage via the intrathoracic route
36
R
PU

5
Vaccine viruses assessed for ability to elicit clinical signs in sheep on 1st  vector insect passage via the oral route
36
R
PU

6
Assess reassortment of BTVs in cell culture, mammalian hosts &  in  insect vectors, to aid assessment of the role of reassortment in generating new virus strains 
24
R
PU

7
The frequency of reassortment between vaccine & wild- type BTV strains will be assessed & thereby the risk posed by the use of live virus vaccines during outbreaks of disease or in endemic situations
24
R
PU

8
Characterisation of progeny reassortant virus strains
24
R
PU

9
Growth & purification characteristics of some   European serotypes/strains of BTV determined
18
R
PU

10
Inactivated BTV vaccines produced for European BTV serotypes 2,4,9, & 16
36
R
CO

11
Efficacy of the new inactivated vaccines in  European & African breeds of sheep & possibly other ruminants will have been compared with the existing live, attenuated vaccines 
36
R
CO

12
Clear recommendations provided, identifying the safest most effective vaccines for use in Europe
36
R
CO

13
cDNA clones of outer capsid protein genes from European BTV serotypes/strains generated
18
R
PU

14
VLPs of European serotypes/strains & other reagents (CLPs, individual proteins) generated for evaluation as a basis for inactivated vaccines
24
R
PU

15
Slow release formulations generated using  inactivated native particles 
24
R
CO

16
The particles, expressed particles & expressed proteins, with & without slow release formulations, will have been evaluated as a basis for vaccines 
36
R
CO

17
An assay to detect antibodies to BTV non-structural proteins will be developed & evaluated for discrimination between infected & vaccinated animals
36
R
CO

18
RNA sequence data for conserved & variable genome segments generated
24
R
PU

19
RNA sequence data for the current live vaccine viruses generated
24
R
PU

20
Initial database of the sequences established & available for use by the partnership
36
R
CO
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3. CONTRIBUTION OF THE PARTICIPANTS 

Partner 1 – IAH, UK (Dr PS Mellor, Prof PPC Mertens and Mr C Hamblin) – The Coordinator
Contribution during the first year of the project

Culicoides colonisation and vaccine studies
Attempted colonisation of vector and potential vector species of Culicoides (WP 1)
This area of study was planned for the second and third years of the project but commenced early. Preliminary work has been undertaken to collect live adult female C. obsoletus, C. pulicaris (UK) and C. imicola (South Africa). Methods of persuading these species to blood feed in the laboratory have also been devised (C. imicola – membrane feeding through chick skins; C. obsoletus and C. pulicaris – blood/sugar feeding from cotton wool pads). These methodologies are being evaluated for efficiency. Fieldwork to investigate the breeding/mating habits and biology of C. imicola in South Africa is planned for early 2003.  A colony of C. nubeculosus established in the insectaries of partner 1 is being significantly upgraded to provide a source of adult insects for work in workpackages 2 and 3 during the second and third years of the project.  

Assessment of reversion to virulence of S A vaccine viruses on vector insect passage (WP 2)

Development of a Clinical Reaction Index for BTV in sheep

A Clinical Reaction Index (CRI) designed to provide an objective and comparable estimate of BT disease severity in sheep was originally reported by Huismans et al in 1987 (see Annex 1). This CRI has now been modified and validated by partner 1 to reflect a reassessment of the clinical signs induced by BTV infection and the current animal welfare concerns in the UK and Europe (see Annex 1).

Virulent virus control studies

Freeze-dried sheep blood isolates of virulent BTV serotypes 2, 3, 9 and 16 have been obtained from partner 2 and inoculated separately into naïve sheep. The sheep were examined daily and clinical signs recorded and scored according to the modified CRI in order to provide a base line for comparison when the live vaccine viruses are tested in year 2 of the project (see Annex 1).

BT vaccine virus reversion studies on vector-insect passage

The European potential BTV vector C. nubeculosus and the known vector C. sonorensis have been infected either orally or via intrathoracic inoculation with live BT vaccine virus serotype 2 as detailed in WP 2 in the project technical annex. Infected midges were assayed daily and clinical signs and temperature were recorded and scored according to the modified CRI (Annex 1). To date no evidence of reversion of the OBP BT vaccine virus serotype 2 to virulence has been detected.

Collaborations

Partner 1 has provided laboratory facilities, supplies of virus, training in virological and EM techniques, to facilitate the initiation of partner 6’s microencapsulation and adsorption studies with live BTV – WP 5 (see report of partner 6 – London School of Pharmacy for a description of the work carried out).

Partner 1 has also assisted partner 3 in developing and providing protocols for the production of specific reagents to be used in the assay of candidate vaccine viruses that comply with International Standards – WP 4 (see report of partner 3 – MERIAL).

Molecular Biological Work

General

Field and vaccine strains of BTV-2 and 9, and field strains of BTV-1 and 16 have been obtained from several regions within Europe and have been added to the virus collection established by partner 1 (see WP 6). Representative BTV isolates from the collection have been selected as potential parental strains for reassortment and sequencing studies (see WP 3). These include isolates of BTV-9 from Bosnia Herzegovina (non-imicola area), BTV-2 and 9 from southern Greece (imicola area), BTV-2 from Sicily (originating from C. pulicaris) and the OBP BTV-2, 4 and 9 vaccine viruses strains. These viruses are being characterised in terms of their abilities to initiate and establish a disseminated infection within adult vector Culicoides from the colonies maintained in the insectaries of partner 1. Viruses with distinct differences in their biological properties will be used in reassortment studies, both to establish the relative frequency with which the exchange of genome segments can occur and to identify those segments/proteins that are responsible for specific biological characteristics of the virus. Virus isolates from different regions and sources within Europe (i.e. different vector species or host species) are also being characterised by nucleotide sequence analyses of selected genome segments (2, 6 and 10 – see WP 6). Through comparison with equivalent genome segments of viruses from other geographical locations or with vaccine viruses this will generate preliminary data on the significance of genome segment reassortment and the possible persistence of genetic material from live vaccine viruses released into the field. The findings will form the basis of a sequence database that will provide a valuable resource for future molecular epidemiological studies. 

Development of subunit-based vaccines –WP 5 

cDNA copies of BTV genome segments 2 and 6 (encoding outer capsid proteins VP2 and VP5) from European strains of BTV-1 and 9 have been generated by partner 1 and provided to partner 5. Subsequent to sequence analyses these will be used in the construction of VLPs as a basis for subunit based vaccines.
Development of molecular epidemiological methods to identify virus sources ….. – (WP 6) 

A reference collection of BTV and other orbiviruses is in the process of being established by partner 1.  Details of the viruses that have already been stored are available (using Username: ReoID and Password: dsRNAvirus) on the project website at:

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm. Vaccine strains of BTV-2 and 9 generated by OVI (Partner 2), as used in Italy and the western Mediterranean islands, as well as the Turkish vaccine strain of BTV-4 have now been added to the collection.  

 Sequence analyses of genome segment 2 from multiple strains of BTV-1, 2, 4, 9 and 16 (the serotypes currently affecting Europe) is progressing well and initial phylogenetic trees, which indicate the more likely geographic origins for European BTV-1, BTV-9 and BTV-2, are shown on the dsRNA virus web site at :  http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm. Sequencing studies are in progress on genome segment 2 of representative isolates of the remaining 24 serotypes of BTV, to provide a database for the identification of other BTV isolates. Sequence analyses are also underway with genome segment 6 of these viruses. Genome segment 10 has recently been implicated in the control of vector competence. Sequencing studies of BTV genome segment 10 from European vaccine and wild type strains (provided from the new virus collection) are currently underway to assess this possibility. As sequences for individual virus isolates are completed they will be submitted to the international databases and their accession numbers added to the lists on the dsRNAvirus website at:

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm.

Other activities

During the course of the year partner 1 carried out a number of co-ordination activities including running a Culicoides identification course, organising the initial and 1st annual co-ordination meetings, production and circulation of the Minutes and Action points, and dissemination of project findings through publications and presentations. Most of these activities are reported in detail in section 4 of this report.
Problems

The major problem has been in securing sufficient high security animal accommodation to carry out the vaccine testing work. Pressures will be less intense during 2003. Also, the post-doctoral scientist (vaccine and Culicoides colonisation work) was not in-post until Oct. 2002.

Changes to the scientific team of partner 1:


None
Partner 2 – OVI, South Africa (Dr GH Gerdes and Mr G Venter)
Contribution during the first year of the project
Attempted colonisation of vector and potential vector species of Culicoides (WP 1)

This area of work started late because of the departure of a senior entomologist during late 2002. However, this loss has been mitigated by the employment of a replacement and work is planned to commence in early 2003. A visit by staff of partner 1, including Dr A Blackwell an expert in characterising Culicoides breeding sites is planned for early 2003 to facilitate work. In anticipation of this the controlled environment insectaries of partner 2 are being re-equipped to enable climatic conditions to be reproduced more reliably. Wild-caught C. imicola are already being handled and fed in these rooms. In addition, containers suitable for maintaining adult C. imicola and encouraging oviposition are being developed using experience previously gained in this field by partner 2. 

Assessment of reversion to virulence of S.A. vaccine viruses on vector insect passage (WP 2)

Initially, wild-caught midges were membrane fed on BTV in artificially infected sheep’s blood (antibody negative). Later and after discussion at the co-ordination meeting, sheep were first infected with vaccine virus to provide the blood for the Culicoides feeding. Both approaches are reported on.

At an initial strategy meeting it was decided to use both of the major South African vector species (C. imicola and C. bolitinos) and other Culicoides species that happened to be abundant. It was also decided to include a BTV reference strain to enable comparisons between oral susceptibility to vaccine and reference serotypes, and also to act as a control in the work. To date, a total of 10,506 Culicoides, collected from two locations have been fed on one or other of the following viruses: a reference strain of BTV 1, BT vaccine viruses 1, 4, 9 and 16, suspended in blood. After a 10-day incubation period at 23.5oC all surviving midges were individually assayed for virus and 124/6004 tested positive. Of these, 59/124 were infected with the reference strain of BTV 1 and the remaining 65 were infected with one or other of the vaccine viruses.  BT vaccine strains were able to orally infect and establish persistent infections in 4 of the 18 Culicoides spp. assayed. These were C. bolitinos, C. imicola, C. huambensis and C. magnus). Subsequent to the 10 days incubation period BT vaccine virus titres ranged from 0.65 to 4.4 log10 TCID50 of virus/midge with a number of individuals containing over 3 log10 TCID50 of virus indicating a fully disseminated infection and suggesting that transmission would be possible (see Annex 2).

In an attempt to look at the clinical responses of naïve sheep to infection with live vaccine viruses and assess the clinical reaction index (CRI) 6 seronegative Dorper sheep were housed in insect proof accommodation. Duplicate animals were infected s/c with 1 ml of one or other of the vaccine viruses at titres ranging from 104.75 to 105.75 TCID50/ml per sheep, and temperatures were checked twice daily. Serum was obtained on days 0, 21 and 28 and heparinised blood on days 7 and 14, and any day when the temperature ( 40°C. The CRI was monitored for 10 days between days 5 – 15. Clinical signs were as expected, minimal, as this breed of sheep is relatively insensitive to BT although a low-level viraemia was detected. Of 24 blood samples collected only 1 sheep inoculated with BT vaccine virus type 16 showed a marked febrile response and consistently yielded positive virus isolations. This work will be repeated using merino sheep which are considered to be highly susceptible to BT. Work done at Onderstepoort Biological Products with merino sheep and BT vaccine virus strains 1, 2, 4, 10 and 16 showed that only types 10 and 16 vaccine viruses failed to induce significant clinical signs (see Annex 2). 

Partner 2 considers that an investigation of the level, duration and frequency of vaccine virus viraemia in induced in sheep is of crucial importance when assessing the likelihood of vector Culicoides transmitting these viruses in the field.

Re-assortment studies (WP 3)

Following rather inconclusive meetings and correspondence between Dr Mertens and Dr Cecilia de Mattos at and after the 1st co-ordination meeting, partner 2 took the initiative to run BTV reference and vaccine strains on gels to separate the segments. Sixty four tissue culture flask supernates of duplicate (vaccine and reference) strains of BTV 1 – BTV 14, which are contained in the 3 x pentavalent OBP vaccine bottles, plus BTV 16 were used as source material (see Annex 2). The viral genomic (ds) RNAs were purified and the profiles resolved by SDS-PAGE analysis.

No distinction could be made between any given vaccine and reference strain (attenuated and virulent virus) except in the case of BTV 5 - which is being re-investigated. However, there were clear differences between the different serotypes. Partner 2 considers that it could be worthwhile to complete the full set of reference strain comparisons and to pursue the work into further comparisons subsequent to virus passage in the vector and hosts (see Annex 2).

Development of molecular epidemiological methods – vaccine & other virus sequence data (WP 6)

Partner 2 has already undertaken sequencing of the BTV VP2 gene of certain BTV reference and vaccine strain pairs of interest to Europe and field isolates of BTV from Greece, Italy and Israel, in collaboration with IZS Teramo in Italy. Partner 2 therefore, suggests that further such studies could also be undertaken as part of the present project and invites discussions to achieve that objective, with Professor Mertens of partner 1 (see Annex 2).

Problems 

A closer collaboration between scientists dealing with molecular investigations of partners 1 and 2 would be beneficial.

The departure of many staff from the employ of partner 2 has delayed work in some areas (e.g. colonisation studies). Replacements have in part remedied these difficulties. However, a major additional problem has been that the planned supply of many of the vaccine viruses to partner 1 for testing has not taken place. The reason being that the vaccine strains belong to OBP a separate company operating on the same site as OVI who have refused permission. OBP have asked to join the consortium as an equal participant sharing the work plan and funds of OVI. This request has been accepted in principal by the project partners but having two vaccine producers in the consortium (i.e. MERIAL – Partner 3 and OBP) raises may additional concerns concerning intellectual property rights and access to possibly commercially sensitive information. At the present time OBP has drawn up a consortium agreement which has been passed to MERIAL for comment and possible agreement.  

Changes in the scientific team

Drs van Dijk and Paweska present at the conception of this project left before work commenced.

Mr Meiswinkel, senior entomologist, left in March 2002 and has been replaced by Ms Peinke as from September 2002.

Dr De Mattos, senior biochemist, left in mid-2002.

Subcontractors

No major subcontractors

Partner 3 – MERIAL (Dr M Lombard, Dr P Dubourget, Dr S Boutrand and Dr H Coupier) 

Contribution during the first year of the project

Methodologies for the development, testing and provision of inactivated vaccines against BTV (WP 4)

Initial requirements of partner 3 were for:

· Acquisition of vital source material

· Methodologies to grow and identify BTV.

· Identification and characterisation of the viral isolates

Subsequent to the above a pre-master seed virus will require development.

Acquisition of viral source material

The first samples were obtained from 4 sheep suffering from BTV infection in Corsica. Blood samples and a series of tissue samples (See below) were collected from these animals. Serological samples were also taken from the source sheep at the same time and showed that they were Border Disease Virus and Maedi-Visna virus free. Samples were also collected at post mortem, and analyses carried out by the ESST Reference Laboratory on brain stem and lymphoid tissues from each of the source sheep confirmed that no abnormal prion protein able to resist proteinase K was detected by the “Platelia Biorad Test”. 

Acquisition of specific methodologies

Classical virological methodologies already exist at partner 3, in-house.

Specific techniques to grow and identify BTV isolates were acquired from publications and in discussion with other partners. These techniques included: primary virus isolation techniques using embryonating hen’s eggs (ECE) - inoculated by the intravenous route, detection and characterisation of BTV isolates using Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR).

A preliminary phase of approximately 2 months was dedicated to learning and setting up these new methodologies. At the same time cell lines suitable for direct isolation of BTV and for amplification of the virus once isolated, were selected. 

The second phase consisted of developing and optimising the RT-PCR tests. Specific serogroup and serotype specific oligonucleotide primers were first identified based on published sequences. All oligonucleotides were synthesised commercially and their specificity checked. Viral RNA extraction was done by both in-house methodology and commercial QIAamp Viral Mini Kit (Qiagen). Reverse-transcriptase reactions were performed using commercial Qiagen OneStep RT-PCR Kits. These analytical tools were not only necessary to confirm the identification and characterisation of the Corsican BTV isolates but also to enable the detection of other potentially co-infecting viruses that may have been co-circulating in the sheep population. 

Extraction of viruses from original samples and identification

From the 4 BT clinically sick sheep 21 different tissue samples were collected (blood, spleen, liver, tongue). Red blood cells were disrupted by sonication or quick freeze/thaw cycles and other tissue samples were triturated using a Turrax grinder. All samples were tested for the presence of BTV by RT-PCR and virus isolation methods (cell culture and iv inoculation of ECE). The results showed that only BTV serotype 2 was present, and approximately 25 potential seed candidates of this virus were isolated and grown in culture. After amplification of the 25 potential seeds, tests for identity, purity and titre were carried out and 4 isolates were selected as seed virus candidates.  

Seed virus production

Seed candidates were passaged through 3-5 serial iv passages in ECEs. At each ECE passage level, positive isolations were passaged 3-6 times on BHK-21 cells in roller bottles until a complete and consistent cytopathic effect was effected. At this stage infectious titres were within limits deemed acceptable in the commercial experience of partner 3 and RT-PCR results confirmed the identity of the virus.

One of the 4 candidate seeds was then chosen as the Master Seed Virus. A full “Extraneous Agent Testing Procedure” is now in progress on this virus

A summary of partner 3’s work can be seen in Annex 3 (Individual partner reports).

Problems

Selection of other candidate seed viruses from other serotypes of BTV has been delayed due to the late delivery of suitable isolates. However, happily this problem is now resolved as in January 2003 partner 3 took delivery of several isolates each, of BTV serotypes 1, 4, 9 and 16 from partner 4.  

Changes in the scientific team of partner 3

None

Subcontractors

No major subcontractors

Partner 4 – GVS, Greece (Drs D Panagiotatos, O Mangana, K Nomikou, M Patakakis)  

Contribution during the first year of the project

Collection, identification and characterisation of BTVs and their supply to other partners (WP 4)

Partner 4 has collected samples for potential BTV isolation from many locations in Greece during the current BTV incursions. These samples have been returned to Athens and subjected to virus isolation procedures (iv inoculation of embryonating hens eggs, cell culture in BHK-21) and virus identification procedures (C-ELISA - for BTV antibodies; S-ELISA - for BTV antigens, PCR and SNT - serum neutralisation test). Four BTV serotypes have been identified and characterised on Greek territory and all have now been identified (BTV 1, 4, 9 and 16). Examples of each of the 4 serotypes have been supplied to partner 3 for the development of vaccine master seed viruses (see Annex 4 – list of viruses supplied by partner 4 to partner 3). 

Establishment of an RNA sequence database to help identify the origins of new BTV isolates (WP 6)

Examples of the 4 BTV serotypes sent to partner 3 from Greece, plus additional isolations and full documentation (date and location of isolation, species and tissue from which isolated, passage history, other comments) are due to be supplied to partner 1 during early 2003. The sequences and other information pertaining to these isolates will be included in the database on the project website at:

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm.

Other activities

Partner 4 made the arrangements for the first annual meeting of the project in Lesbos, Greece. This was an important meeting since it was also the first combined coordination meeting with colleagues of the sister-project, Phylogenetic sequence analysis and improved diagnostic assay systems for viruses of the family Reoviridae (Contract No. QLK2-CT-2000-00143). The combined meeting was held on November 26th – 29th November 2002 and delegates of both projects were present throughout. In addition, colleagues from IZS Teramo who are involved in bluetongue research in Italy, were also invited and participated in the meeting making presentations and sharing their findings with project staff (see Annex 7 - Agenda of the Lesbos meeting and Minutes/Action Points of the first part of the meeting). 

 Problems

No problems reported but partner 4 has offered, in principle, to allow the testing of novel BTV vaccines developed during the course of the project including challenge, in high security accommodation on Greek territory. This generous offer will offset problems that could have arisen should a comprehensive testing programme no longer be possible in South Africa. 

Changes to the scientific team of partner 4

None

Partner 5 – LSHTM, UK (Professor P Roy)  

Contribution during the first year of the project

To develop and evaluate synthetic particle or subunit-based vaccines using recombinant baculovirus expressed VLPs etc… (WP 5)

Re-establishment of VLP technology using existing recombinant virus 

The initial aim, which has been achieved, was to revive recombinant baculoviruses that express relevant proteins for VLP formation and thereby generate a master virus bank. In addition, we have initiated optimisation studies of protein expression and antigen/VLP recovery at a laboratory scale. Initial plans were to use existing stocks to produce prototype vaccines against BTV serotype 10. To undertake this, recombinant baculoviruses namely, AcBTV.VP3/VP7, AcBTV.VP2 AcBTV.VP5 have been produced from stored transfer vectors containing expression cassettes for the appropriate BTV proteins. Transfer vectors were transfected into Spodoptera frugiperda 9 (Sf9) cells along with triple-cut baculovirus genomic DNA from BacPak 6. After 72 hours standard plaque assays were performed. Recombinant plaques were picked and amplified in Sf9 cells prior to repeating plaque assays to ensure genetically pure virus. Plaque purified virus was amplified in Sf9 cells prior to confirmation of recombinant protein expression by SDS-PAGE and Coomassie staining. Viruses showing good levels of protein expression were selected and used as a basis for amplification of laboratory scale master and working stocks of virus. These viruses were subsequently used for expression of CLPs containing VP3/VP7 and VLPs containing VP2/VP3/VP5/VP7 (see Annex 5).  The purified CLPs have now been supplied to participant 6 to initiate encapsulation studies.

Recovery of full-length VP2 and VP5 clones of BTV-2 from Sardinia

Viral genomic dsRNA was isolated from BSR cells infected with the Sardinian isolate of BTV-2 at 2 days post inoculation. RNA extraction was performed using standard protocols and used as a  basis for a reverse-transcriptase PCR (RT-PCR) and production of a cDNA amplicon of genome segment 2 (encoding the VP2 protein) (see Annex 5). cDNA products of the correct size (approx. 2.8 kb) were separated by agarose gel electrophoresis, eluted and ligated to pMOSBlue (Amersham) prior to transformation into E. coli strain DH5a-FT. One clone was selected for future studies (as described in Annex 5) and the complete segment 2 gene (L2) was sequenced. A similar strategy was undertaken to generate cDNA clones of the M6 segment that encodes the VP5 protein. 

Sequence analysis confirmed that the isolated cDNA copies of the genome segments 2 and 6 were present as full length clones of the BTV-2 VP2 (VP2sar) and VP5 (VP5sar) genes respectively. These analyses also confirmed that the virus belonged to BTV serotype 2 and showed closest homology to a recent BTV isolate from Corsica. At the amino acid level, the sequences of these two isolates are identical but different from other serotype 2 strains of BTV as shown in Figures 1 and 2 (Annex 5).

Generation of recombinant baculoviruses expressing VP2sar and VP5 sar clones

The L2 cDNA was cloned into the transfer vector pVL1392 and was successfully used to generate a recombinant baculovirus expressing high levels of VP2. The M6 cDNA was cloned into the transfer vector pAcYM1 and is currently being used to generate a recombinant baculovirus expressing VP5. Once the VP5 expressing virus has been made it will be used in mixed infections together with the VP2 expressing virus and a dual VP3/VP7 recombinant virus to produce VLP’s.

New recombinant constructs for expressing BTV proteins of European serotypes

 Based on our experience with the baculovirus expression system it was concluded that the ideal strategy for the production of BT VLP’s would be the simultaneous expression of the capsid proteins VP3, VP7, VP2 and VP5 using a single recombinant virus. We have successfully used triple and quadruple expression vectors in which up to four cDNAs were cloned into one transfer vector and then inserted into the polyhedrin locus for the simultaneous expression of four proteins. However, occasionally there were problems with the stability of the recombinant viruses. To avoid these potential problems it was decided to insert the two cDNA expression cassettes encoding VP3 and VP7 into the polyhedrin locus, and the other two cassettes encoding VP2 and VP5 into the p10 locus. Since the serotype-specific determinants reside within the outer capsid proteins VP2 and VP5, whereas VP3 and VP7 show little variation between serotypes the cDNA’s encoding VP2 and VP5 of different BTV serotypes were inserted into an existing recombinant baculovirus already containing the cDNA’s encoding VP3 and VP7 of BTV-10. In a two-step approach the purified DNA of the VP3/VP7 virus is used as starting material for the construction of  the quadruple recombinant baculovirus expressing all four major capsid proteins of BTV. In the first step a lacZ expression cassette is placed into the p10 locus of this VP3/VP7 expressing baculovirus. The purpose of the lacZ/VP3/VP7 recombinant is to facilitate identification of the final quadruple VP3/VP7/VP2/VP5 recombinant virus. This is generated in the second step by co-transfection using DNA of the plaque-purified lacZ/VP3/VP7 recombinant and a newly constructed transfer vector for the p10 locus containing the VP2 and VP5 cDNAs. The transfer vector was constructed specifically for this project since there were no multi-promoter plasmids available for the p10 locus. We have now started using the DNA of the lacZ  recombinant to insert the VP2 and VP5 cDNAs of a  BTV-2 isolate from Sardinia and expect to have plaque-purified quadruple recombinant virus in early 2003.

Problems

None reported

Changes to the scientific team of partner 5

None

Partner 6 – School of Pharmacy, London, UK (Professor O Alpar, Dr S Somavarapu)   

Contribution during the first year of the project

Bluetongue virus vaccines: novel adjuvants and development of slow release formulations (WP 5)

Summary of work carried out

Purified BTV-1 particles were adsorbed to aluminium phosphate, surface modified aluminium phosphate with chitosan and, polylactic acid (PLA) microparticles surface modified with a chitosan additive. This study showed that the purified BTV-1 adsorbs more to the positively charged surface modified formulations. Purified BTV-16 particles were also microencapsulated in PLA 100 kDa microspheres. Preliminary assessment of the effects of emulsifying agents on the encapsulation efficiency and infectivity of virus particles was carried out. It was concluded that microspheres can be prepared with PLA 100-kDa polymer loaded with purified BTV and that the encapsulation efficiency was increased when the polyvinyl alcohol (PVA) was solubilised in PBS. It was also shown that purified virus maintained infectivity in a 5% w/v PVA solution whereas the same purified virus particles lost around 40% of infectivity in a 0.5% w/v chitosan solution. Chitosan nanoparticles were also prepared and loaded with purified BTV-1 particles. It was shown that these formulations were able to maintain infectivity at the same level as pure BTV-1 particles following inoculation of embryonating chicken eggs.

This work is described in detail in Annex 6 arranged under the following major headings:

1. Adjuvants, microencapsulation and adsorption – relevant background

Adsorption of antigens to particles

Chitosan

2. Adsorption of purified BTV-1 particles to aluminium phosphate, surface modified aluminium phosphate and surface modified PLA microparticles with chitosan

Surface modification of aluminium phosphate and PLA microparticles with chitosan

Adsorption of purified BTV-1 to aluminium phosphate and surface modified aluminium phosphate with chitosan

Results and conclusions

3. Microencapsulation of purified BTV particles in PLA 100 kDa

Effect of emulsifiers on purified BTV particle infectivity

Preparation of PLA microspheres loaded with purified BTV-16 particles

Results and conclusions

4. Chitosan nanoparticles for encapsulation of purified BTV particles

Preparation of chitosan nanoparticles

Determination of BTV-1 loading efficiency

Characterisation of nanoparticles

Infectivity studies

Results and conclusions

Problems

None reported

Changes to the scientific team of partner 5

None
4. PROJECT MANAGEMENT AND CO-ORDINATION (typically up to one page)
Major project co-ordination activities during the reporting period

(i)
The initial coordination meeting of the project was held at the Onderstepoort Veterinary Institute (partner 2) in South Africa on 24th – 25th April 2002. The meeting was attended by delegates from all partners (see: Annex 7 for Agenda and agreed minutes of the meeting). During the course of the meeting the work plan for the first year of the project and the role of each of the partners was agreed. The first annual coordination meeting was also held in 2002, (26-29th November) in Lesbos, Greece and was a joint meeting with the ReoID project. The agenda and agreed (Vaccine Project) minutes of this meeting are also shown in Annex 7.

(ii) During the period 24th May to 14th June Mr Gert Venter (partner 2) an expert in feeding wild caught Culicoides spp. visited the laboratories of partner 1 to transfer this technology to the staff of partner 1, and also to receive training on intrathoracic inoculation of viruses into potential vector species of Culicoides. The results of this visit are described in detail in “Report on an overseas trip to the Institute for Animal Heath, Pirbright, UK” (see Annex 2). 

(iii) During the course of the year it became apparent that partner 2 (OVI) was not able to supply the South African vaccine viruses to the various partners as had been agreed in the project document because ownership of these had been transferred to Onderstepoort Biological Products (OBP), a separate organisation operating on the same site. Senior representatives of OBP were met by the Coordinator in the UK and it was agreed that subject to the existing partners agreement OBP should participate in the project sharing the funds and work plan of OVI. On this basis OBP were invited to attend the first annual project meeting which they did in November 2002. Details of the precise level of their involvement will be discussed in early 2003. Meanwhile the Coordinator has obtained, from other sources, examples of most of the South African vaccine viruses considered to be threatening Europe.

(iv) One of the viruses most required by the project has been the Turkish type 4, vaccine virus for sequence comparisons with Greek field isolates. The coordinator is happy to announce this virus has now been obtained and partner 1 will be conducting sequence comparisons in 2003.

(v) Sequences and phylogenetic trees of viruses acquired and submitted by project partners to partner 1 are now being made available to all partners and others via the project web site at:


http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm
Work package
Work package title
Partner No.
Person months

1
To attempt to establish Culicoides vector colonies
1,2
24 (each)

2
To assess reversion to virulence of vaccine viruses on vector passage
1,2
18 (each)

3
To assess risk posed by reassortment between vaccine & other viruses
1,2
24, 6

4
To develop & assess the efficacy of inactivated whole virus vaccines
1,2,3,4,5,6
36,36,45,36,12,16

5
To develop & evaluate subunit & recombinant vaccines
1,2,4,5,6
24,24,12,56,32

6
To develop methods to identify the source of virus incursions & to differentiate between vaccine & field strains of virus
1,2,4,5,6
24,24,24,12


                                                                            TOTAL

527

5. EXPLOITATION AND DISSEMINATION ACTIVITIES

Progress towards exploitation of the project results

Progress towards the development of inactivated whole virus vaccines by partner 3 (MERIAL) with the assistance of partners 1,2,4,5 and 6, that are intended to be produced and offered commercially, continues, according to the project plan.
Major dissemination activities during the period 

(i)
The project web site, providing information to partners and other interested parties, is up and running and may be accessed at the following addresses:



http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/ReoID/viruses-at-iah.htm


http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-phylogenetic-trees.htm

http://www.iah.bbsrc.ac.uk/dsRNA_virus_proteins/orbivirus-accession-numbers.htm

Part of the web site is password protected (Username: ReoID and Password: dsRNAvirus).

(ii) Oral presentation – PS Mellor
Bluetongue and African horse sickness – an emerging threat. The Gull Review - 08.02.2002

Oral presentation – PS Mellor

Bluetongue in Europe – AVTRW meeting, Scarborough, UK. 26.03.2002

Oral presentation – PS Mellor

Update on bluetongue virus in Europe – ReoID Project Meeting, Menorca, Spain 20.05.2002

Invited oral presentation - PS Mellor

Global perspective on African horse sickness and bluetongue – Xth International Congress of the Asia-Australasian Association of Animal Production Societies, New Delhi, India 25.09.2002.

Oral presentations - PS Mellor

Overview and epidemiology of bluetongue – the current situation.

The vectors and the transmission of bluetongue virus.

The clinical picture of bluetongue, and post mortem findings – “On Alert for Bluetongue”, A joint DEFRA/SVS Meeting, National Agricultural Centre, Stoneleigh, UK 20.11.2002

Oral presentations – PS Mellor

Opening address

Bluetongue virus update

Factors involved in the transmission of bluetongue virus by vectors – Combined Coordination Meeting of the EU projects, Bluetongue Vaccination and ReoID, Lesbos, Greece, 26-29.11.2002. 

List of publications directly emanating from the project during the period (for copies see Annex 8) 

Mellor PS & Wittmann EJ (2002) Bluetongue virus in the Mediterranean Basin (1998-2001). The Veterinary Journal, 164, 38-46.

Baylis M. (2002) The re-emergence of bluetongue. The Veterinary Journal, 164, 5-6.

Takamatsu H, Mellor PS, Mertens PPC, Kirkham PA, Burroughs JN & Parkhouse RME (2003) A possible overwintering mechanism for bluetongue virus in the absence of the insect vector. Journal of General Virology, 84, 227-235. 

Anonymous (2003) On alert for bluetongue The Veterinary Record, 152, 30-31.

Paweska JT, Venter GJ & Mellor PS (2002) Vector competence of South African Culicoides species for bluetongue virus serotype 1 with special reference to the effect of temperature on the rate of virus replication in C. imicola and C. bolitinos (Diptera: Ceratopogonidae). Medical & Veterinary Entomology, 16, 10-21.

Mellor PS (2002) Bluetongue and African horse sickness. Royal Society Inquiry into Infectious Diseases in Livestock (Chairman Sir B Follett), “A Commissioned Paper”, pp. 14.

Samuel AR, Mann S, Zientara S, Sailleau C, Knowles E, Breard E, Hammoumi S, Mellor PS & Mertens PPC (2002) Molecular epidemiology of bluetongue viruses from disease outbreaks in the mediterranean Basin. Proceedings of the IUMS International Congress of Virology, Paris, France, 27th July – 1st August 2002, Abstract V-23.

Takamatsu H, Mertens PPC, Mellor PS, Kirkham PA, Burroughs JN & Parkhouse RME (2002) A possible overwintering mechanism for bluetongue virus in the absence of the insect vector. Proceedings of the IUMS International Congress of Virology, Paris, France, 27th July – 1st August 2002, Poster.

6. ETHICAL ASPECTS AND SAFETY PROVISIONS

We are not aware of any ethical or safety issues that have arisen.
7. MID-TERM REVIEW
The mid-term review is planned for a date to be fixed during late November or early December 2003. Project partners at the first annual coordination meeting at Lesbos, Greece in November 2002 decided that the meeting should take place in the UK. 

Professor Polly Roy, project partner 5 (the London School of Hygiene and Tropical Medicine), kindly offered to organise the venue for the meeting and said that she would report back to the co-ordinator to disseminate meeting details (dates and venue) to the other partners once these had been selected.

8. PLANS FOR THE NEXT REPORTING PERIOD

The major tasks for the next reporting period are as follows:

· Collaborative visit by staff of partner 1 to partner 2 to investigate the environmental factors relating to Culicoides imicola larval sites (see Annex 9).

· Colony of C. nubeculosus established in the insectaries of partner 1 to be upgraded to enable the provision of material to other areas of project work.

·  Ensure delivery of all outstanding BTV field and vaccine strains/isolates to relevant partners.

· Passage of further BT vaccine viruses orally and intrathoracically through the vectors, and assessment for enhanced virulence in naïve sheep.

· Final selection of BTV parental viruses for reassortant studies and, reassortant studies commenced.

· Master seeds of remaining BTV serotypes threatening Europe selected and large scale production of relevant viruses initiated.

· Vaccine virus inactivation protocols established by partner 3.

· Construction of relevant baculovirus expression systems completed, and dynamics of BTV (whole particle and SVP) microencapsulation/adsorption interactions, elucidated. In vivo studies with slow release formulations commenced

· Evaluation completed of NS1-NS3 as a basis for an assay enabling differentiation between Vaccinated and infected animals.

· Further sequence data on European BTV (field and vaccine) strains added to the project database. 

The second annual meeting of the project is to be hosted by partner 5 (LSHTM), and is scheduled to take place in the UK in late September or early October 2003.

9. REQUESTS TO THE COMMISSION

In the light of the statements made in section 4 (iii) above it may become appropriate to modify the project contract to include a new partner OBP who will share the funds and work plan of the existing partner 2 (OVI). The scientific Coordinator will inform the Commission at the earliest opportunity should this become necessary.

SECTION III: SCHEMATIC DESCRIPTION OF THE PROJECT
Overall objectives of the project:

    Bluetongue virus (BTV) is a devastating disease of ruminants, particularly sheep that since 1998 has been causing severe losses in many countries in southern and eastern Europe (Spain, Greece, France, Italy, Greece, Turkey, Bulgaria and the Balkans). One of the reasons that BTV has proved so difficult to control is that it is transmitted by several species of biting midges (Culicoides) and those involved in Europe have not all been identified, neither are Culicoides spp. able to be worked with easily in the laboratory. A second reason is that the only existing vaccines are live attenuated virus preparations and many authorities are concerned about the safety aspects of using these since there exists the possibility that such vaccine viruses may be able to revert to virulence and be transmitted by vector insects. Consequently, the main objectives of this project are to identify and attempt to colonise one or more European vector species of Culicoides so that their role in the possible transmission of the live vaccine viruses can be assessed and to develop new inactivated, inherently safe, replacement vaccines. 

Experimental approach and working method:

    Attempted colonisation of potential European vector species of Culicoides will be undertaken using techniques derived from those that have already proved successful with other species. The existing vaccine viruses of those BTV serotypes that are threatening Europe (1, 2, 4, 9 and 16) will then be used to infect the vectors to see if transmission is possible and, if it is, to determine whether such insect-passaged viruses are likely to cause disease in sheep.

    Collections of BTV’s isolated throughout the infected area in Europe will be set up. The various viruses will be characterised and the resulting information will be placed on an internet-based website. Sequence information from this collection will enable the geographical origin of field strains invading Europe to be identified, enabling control measures to be accurately targeted. Selected BTV isolates will also be used to develop inactivated inherently safe vaccines. Several approaches will be used to achieve this. Initially, the inactivated vaccines produced will be based upon whole virus particles since the necessary technology is well established, and the chances of success are high. However, subunit-based vaccines will also be produced using recombinant baculovirus expressed “virus-like particles” and core-like particles. The efficacy of the live virus vaccines and the various inactivated vaccines at protecting sheep from disease will then be compared and, the most effective will be selected for commercial production.   

    An assay based upon one or other of the BTV non-structural proteins, that enables differentiation between field-infected/ live virus vaccinated animals and those vaccinated with inactivated vaccines will also be developed to enable virus incursions to be following in the field. 



Achievements and results to date:

    One colony of a potential European BTV vector has been established and other species are under investigation. Commercial live BT vaccine viruses have been shown to be able to infect vector Culicoides spp. suggesting that transmission of these viruses is possible. Insect-passaged vaccine virus (BTV-2) has also been used to infect naïve sheep but no evidence of reversion to virulence has yet been detected.   

    A master seed virus for the first inactivated, whole virus vaccine (BTV-2) has been selected and is under test. Other, candidate, master seed viruses of BTV-1, 4, 9 and 16 are also under test. Recombinant baculovirus technology has been established and will be used to produce subunit vaccines based upon “virus-like and core-like particles. Novel microencapsulation and adsorption methodologies are also being explored to attempt to enhance the efficacy of the new inactivated and subunit vaccines.

    A database of BTV sequences based upon isolates from across Europe and elsewhere has been established and the information is being made available to interested parties via the project website.  



The two most relevant publications emanating from the project:

Mellor PS & Wittmann EJ (2002) Bluetongue virus in the Mediterranean Basin (1998-2001). The Veterinary Journal, 164, 38-46.
Takamatsu H, Mellor PS, Mertens PPC, Kirkham PA, Burroughs JN & Parkhouse RME (2003) A possible overwintering mechanism for bluetongue virus in the absence of the insect vector. Journal of General Virology, 84, 227-235. 




Workpackage number:		1


Start date or starting event:	0


No. of partner responsible:	2


Nos. of other partners involved:	1


Person-months per partner:	Partner 1 = 24; Partner 2 = 24








Objectives


To attempt to establish laboratory colonies of potential European vector species of Culicoides (e.g. C. imicola, C. obsoletus gp., C. pulicaris gp, C. nubeculosus)  for use as a tool in BT epidemiological studies in Europe.





Description of work


Live specimens of the major potential vector species of Culicoides in Europe will be collected from the wild (in Europe and South Africa) using light traps especially manufactured for the purpose, or other appropriate methods & techniques as devised by partners 1 & 2 (e.g. collection of immature stages from breeding sites). Female Culicoides of the target species (C. imicola – Partner 2, C. obsoletus gp, C. pulicaris gp & C. nubeculosus – Partner 1) will be identified on “cool tables” or under CO2 anaesthesia and will be selected out & divided into 3 categories: gravid females, blood engorged females and non-gravid - non-engorged females. The non-gravid – non-engorged females will be encouraged to blood feed using a range of natural (host animal) & artificial (membrane feeding) techniques in standard use by partners 1 & 2. All gravid and blood engorged females will then be incubated under appropriate temperature, humidity & light regimes, & will be encouraged to lay their egg batches using a variety of real or simulated breeding site materials (e.g. for C. imicola - wet clayey soils containing animal faeces, for C. obsoletus – damp rotting vegetation or old ‘matured’ farmyard dung, for C. nubeculosus – seepage from farmyard dung heaps). If gravid specimens are reluctant to lay their eggs, the technique of decapitation will be used to force oviposition.  Rearing to adult will be attempted using a range of breeding site conditions chosen mainly on the basis of biological observations of wild populations in order to select the most efficient & appropriate. Attempts will then be made to encourage adult Culicoides derived from the colonization attempts & wild-caught adults to mate in the laboratory using a range of light-dark regimes, humidity levels, cage sizes etc & the most efficient combinations will be selected for standard use. Should these colonization techniques prove successful for 1 or more of the species under test, permanent colonies of sufficient size to be used in other areas of project work (Workpackage 2) & for future studies on vector capacity & control will be established.  


Task 1 	Partners 1 & 2 to collect live adults (or immature stages) of the targeted species rear to adult if immature, then persuade to blood feeding & to oviposite their eggs (Months 0 – 24).


Task 2	 Partners 1 & 2 to rear eggs through to adults in the laboratory, persuade the adults to mate & to establish at least 1 provisional colony of a target species of Culicoides using breeding and environmental  conditions developed by observation of wild populations (Months 0 – 36).






































Task 1.	Partner 2 to prepare selected monovalent BTV vaccines and Partner 1 to vaccinate naïve sheep and monitor them for viraemia (Months 0-24).


Task 2.  To attempt to infect vector species of Culicoides (Partner 1 – C. variipennis, Partner 2 - C. imicola & C. bolitinos) by feeding them upon sheep with vaccine virus viraemias, or artificially with vaccine viruses and field strains (Months 0-36).





Progress & resources used.


Preliminary work has been undertaken to collect live adult female C. obsoletus, C. pulicaris (UK) and C. imicola (South Africa). Methods of persuading these species to blood feed in the laboratory have also been devised (C. imicola – membrane feeding through chick skins; C. obsoletus and C. pulicaris – blood/sugar feeding from cotton wool pads). These methodologies are being evaluated for efficiency. Fieldwork to investigate the breeding/mating habits and biology of C. imicola in South Africa has been planned for early 2003.  A colony of C. nubeculosus established in the insectaries of partner 1 is being significantly upgraded to provide a source of adult insects for work in workpackages 2 and 3 during the second and third years of the project.  





Milestone 1. Several of the target species have been collected and preliminary biological studies have begun. Further field-based studies are planned for early 2003, in South Africa.





Milestone 2. A colony of C. nubeculosus established in the insectaries of partner 1 is being upgraded to provide source material for other areas of project work








Workpackage number:	2


Start date or starting event:	0


No. of partner responsible:	1


Nos. of other partners involved:	2


Person-months per partner:        	Partner 1 = 12; Partner 2 = 12





Objectives


To assess reversion to virulence of selected South African vaccine viruses on European vector insect passage via both oral and intrathoracic routes.





Description of work


Vector insect passage via the oral route (Mode 1)


Batches of European, potential vector species of Culicoides (including some of: C. obsoletus gp., C. pulicaris gp. and C. nubeculosus – Partner 1; C. imicola – Partner 2) plus the known vector C. variipennis as a positive control and totalling up to 100 insects per batch & per species will be infected orally with each of the BT vaccine virus serotypes under test (4,9,16). The ‘infected’ vectors will then be incubated for 7-10 days to allow virus replication & dissemination before being offered a feed upon, a naïve sheep of a breed highly susceptible to BT disease (eg. merinos & their crosses).  Subsequently, a proportion of the ‘infected’ vectors will be pooled in at least 5 ml of diluent & an aliquot assayed to determine virus titre. The vector-passaged virus will then be divided into 2 parts. Part 1 will be inoculated into each of up to 3 naïve sheep (1 ml per sheep) of a breed highly susceptible to BT disease. Part 2 will be used to orally infect a second batch of potential vector species of Culicoides. These will be incubated for a further 7-10 days to allow virus replication & dissemination before being offered a feed upon a naïve sheep as before. The ‘infected’ vectors will be pooled, the titre of the pool determined, then at least 1ml of this second-passaged virus will be inoculated into each of up to 3 further disease susceptible sheep.


Vector insect passage via the intrathoracic inoculation route* (Mode 2)


Each of the vaccine viruses under test will be inoculated intrathoracically into a batch of at least 100 individuals of one or more vector species of Culicoides. The infected vectors will be incubated for 7-10 days to allow virus replication & dissemination before being offered a feed upon a naïve sheep of a breed highly susceptible to BT disease. Subsequently, the infected vectors will be pooled & treated as in Mode 1, except that Part 2 will be used to inoculate a second batch of vector Culicoides.


*- intrathoracic inoculation of vectors will be used in addition to oral infection as this ensures that 100% of individuals are infected & able to transmit whereas oral infection always results in lower infection rates & variable transmission rates.


Task 3.	Vector insects (C. obsoletus/pulicaris/nubeculosus – Partner 1; C. imicola – Partner 2) to be infected intrathoracically with BT vaccine viruses & the infected vectors, & first & second vector-passaged viruses to be used to infect naïve sheep. All animals to be monitored clinically (Months 0 – 36).  


 Task 4.  Vector insects  (C. obsoletus/pulicaris/nubeculosus – Partner 1; C. imicola – Partner 2) to be orally infected with BT vaccine viruses & the infected vectors, & first & second vector passaged viruses to be used to infect naïve sheep. All animals to be monitored clinically (Months 0-36).





Progress & resources used.


The commercially available live BT vaccine virus (serotype 2) has been passaged once through the European potential vector, C. nubeculosus, and the known vector C. sonorensis, by oral and intrathoracic routes and BTV naïve sheep have been infected with the insect passaged virus – no evidence of reversion to virulence was detected.


SA vaccine viruses BTV 1,4, 9 and 16 have also been used to orally infect several other European and African potential vector species of Culicoides. Infections with vaccine viruses were established in C. imicola, C. bolitinos, C. huambensis and C. magnus.  The responses of naïve sheep to vaccine virus infection have also been established using the CRI.





Milestones 3 - 5.  Monovalent SA BT vaccine viruses serotypes 2 and 9 have been received by partner 1. Pentavalent formulations of SA vaccine viruses (1,4,6,12,14; 3,8,9,10,11; 2,5,7,13,19) have also been received by partner 1.  


BT vaccine virus serotype 2 has been passaged orally and intrathoracically through a potential European Culicoides vector and through naïve sheep by partner 1. 


BT vaccine viruses serotypes 1, 4, 9 and 16 have also been passaged orally through European and African Culicoides vectors and the clinical responses of naïve SA sheep infected with the vaccine has been assessed using the CRI.   








Workpackage number:		3


Start date or starting event:	0


No. of partner responsible:	1


Nos. of other partners involved:	   2


Person-months per partner:          Partner 1 = 24; Partner 2 = 6





Objectives


Assess the risk posed by genome segment reassortment between selected vaccine viruses and wild-type BTV





Description of work


Field and vaccine strains of BTV will be selected, with genome segments that are readily distinguishable by high percentage polyacrylamide gel electrophoresis  (SDS-PAGE).   The ability of these viruses to grow in different systems, particularly in adults of the insect vectors or in tissue culture cells will be determined.  Culture cells, mammalian host animals, and insect vectors will be infected with two ‘distinguishable’ BTV strains.   Progeny virus particles will be plaque purified and characterised by SDS-PAGE analysis of their genome segments.   The number of reassortant viruses, as compared to parental ‘type viruses’ that are detected will be used to evaluate the relative frequency of reassortment.    Since vector insects become persistently infected with BTV, the affect of varying both the timing of infection with the two different parental strains and the time of sampling will also be evaluated. 


 


Previous studies have demonstrated the potential for reassortant viruses to have novel antigenic or virulence characteristics.  In consequence reassortants (that could be generated as a result of live virus vaccination in the field) may pose a significant but undefined risk.  Any reassortant viruses that are found to contain mixed outer capsid components (one derived from each parent) will be serologically evaluated, both after isolation and after multiple passage in cell culture. 


Task 5	Selection and initial characterisation of appropriate wild type and vaccine strains of BTV, that are suitable for reassortment studies  (Months 0 - 24)


Task 6	Carry out dual infection experiments in insect and mammalian hosts and in cell culture, followed by plaque purification of progeny viruses (Months 0 - 24)


Task 7	Characterise progeny virus strains and assess the relative frequency of reassortment (Months 24 - 36). 






































 


Task 5.										 (Months 0 – 24).








Task 6.										 (Months 0 – 24). 








Task 7 										(Months 24 - 36). 





Progress & resources used.


Field and vaccine strains of BTV-2 and 9, and field strains of BTV-1 and 16 have been obtained from several regions in and around Europe. Representative isolates have been selected as potential parental strains for reassortment and sequencing studies. These include BTV-9 from Bosnia, BTV-2 and 9 from southern Greece, BTV-2 from Sicily and the OBP BTV-2, 4 and 9 vaccine virus strains. These viruses are being characterised in terms of their ability to initiate and establish infections within adult vector Culicoides. Viruses with distinct differences in their biological properties will be used in the reassortment studies.           


The genomic ds RNA’s of duplicate samples of BTV reference and vaccine virus strains (BTV 1-14 and BTV 16) have been purified and their profiles resolved by SDS-PAGE analysis.  No distinctions were detected between any reference virus and its respective vaccine strain, except for BTV-5, which is being reinvestigated. However, there were clear differences between the different serotypes.   This work may be extended to cover the full range of vaccine and reference virus strains during year 2 of the project.                                             








Milestones 6 - 7. Suitable parental BTV strains have been acquired and are in the process of selection for use in reassortant studies to be carried out in the second and third years of the project. SDS-PAGE genomic profile analysis of 15 BTV vaccine virus strains and their reference strains has been undertaken.




















Workpackage number:		4


Start date or starting event:	0


No. of partner responsible:	3, 1


Nos. of other partners involved:   2, 4, 5, 6


Person-months per partner:	Partner 1 = 36; Partner 2 = 36; Partner 3= 45; Partner 4  = 36; Partner 5 = 12; Partner 6                                                                               = 16.





Objectives


To develop efficacious inactivated, whole virus, vaccines, to measure their immunogenicity in comparison with the existing live virus vaccines and existing experimental sub-unit vaccines. 








Description of work


Effective methods have previously been developed by Partner 1 for the small-scale purification of BTV virus particles. These procedures will be adapted (as far as is feasible and useful) to enable their use in large-scale commercial vaccine production.  Partner 3 already has established procedures in place for the commercial production of inactivated virus vaccines, including those directed at related orbiviruses such as African horse sickness virus (AHSV). 





Task 8 – The development of inactivated whole virus vaccines: Partners 1 and 4 will select and provide European isolates of the BTV strains that are required for immediate vaccine production (2, 4, 9, 16 etc).  The growth and purification characteristics of these viruses, including identification of appropriate host cell lines will also be carried out by partner 1.   Partner 3 (in collaboration with partner 1) will grow, purify (partially or completely, as appropriate) and inactivate virus particles of these strains, for production of an inactivated vaccine. Detailed descriptions of this work, designed to produce commercial quantities of these vaccines to EU standards and using selected adjuvants are set out in Annex 1.


Task 9 – Live attenuated vaccines will be provided by partner 2, recombinant baculovirus expressed VLP will be generated by partner 5 in association with partners 1 and 2, Inactivated vaccines will be generated and provided by partner 3, in association with partner 1, sub unit vaccines [for example VP7(T13) based] will be generated by an association of  partners 1, 2 and 5.  Partner 6 will provide slow release delivery systems, specifically for use with and to increase the efficacy of the non -replicating BTV vaccines.  Comparative efficacy testing of the inactivated whole virus, synthetic virus like particles (VLP), protein sub-unit, RNA based, DNA based and live attenuated BTV vaccines will be undertaken using a virulent virus challenge procedure (as described in work packages 1-3), within appropriate facilities for handling live BTV, by partners 1 and 2.  The immune response of the vaccinated animals will be monitored and compared with the level of protection and any secondary viraemias observed.  The response of local breeds of sheep and possibly other ruminant species to vaccination with killed, recombinant expressed or non replicating (non infectious) vaccines in an area of Europe considered to be at high risk of BTV infection (Greece), will also be undertaken by partner 4, in association with the other partners.  The levels of immune response generated will be evaluated and compared to the results of challenge experiments described above. 





Progress & resources used.


 Twenty-five candidate vaccine seed viruses (BTV 2) have been acquired by partner 3 from other project partners and after tests for identity, growth characteristics, purity and titre, one of these has been selected as the vaccine Master Seed Virus. A full extraneous Agent Testing Procedure is now underway on this virus.


Selection of other candidate seed viruses from other BTV serotypes was delayed due to the late delivery to partner 3 of suitable isolates. This impasse has now been overcome and partner 3 took delivery of several isolates each of BTV serotypes 1, 4, 9 and 16 in early January 2003. Master Seed Viruses from each of these serotypes will be selected during 2003. 





Milestone 8. Isolates of the 5 European BTV serotypes (BTV 1, 2, 4, 9 and 16) have now been acquired. Work is underway to purify these and vaccine Master Seed Viruses are being selected. 


Milestones 9 – 10. Large-scale production of the seed viruses will be undertaken during 2003 and inactivation studies will commence.





Methodologies for the development, testing and provision of inactivated vaccines against BTV





Workpackage number:		4.1


Start date or starting event:	0


End date:			month 9


Responsible Partner		3





Milestone 1.	All the isolates of the selected 4 serotypes supplied to Partner 3, with the corresponding historical data transmitted (by month 1)


Milestone 2.	End of Preparation and Control of the four Master Seeds (Milestone 1 + 8 month (


by month 9).





sub-deliverable 1.	Field Isolates of BTV of serotypes 2, 4, 9 and 16 collected in appropriate conditions, with all necessary documentation concerning their history, and suitable for vaccine production.


sub-deliverable 2.	Master Virus Seeds of BTV of serotypes 2, 4, 9 and 16, produced in GMP conditions, with adequate QA and QC records (including Certificate of Freedom from Extraneous Agents), and suitable for vaccine production.





Objectives


To establish a collection of blue tongue virus field strains of each selected type (2, 4, 9 and 16) from EU countries, and from neighboring countries.


To select suitable candidate vaccine strains from the collection.


To prepare Master Seed Vaccine strains according to GMP requirements (freedom from extraneous agents).





Description of work


Task 8:


sub-task 1 - Partner 1 will collect, prepare, and supply to Partner 3, an appropriate range of field isolates of each of the BTV serotypes present in EU and neighboring countries (serotypes 2, 4, 9 and 16).


 sub-task 2 - These isolates, selected by Partner 3, will be sent to a recognised laboratory having the expertise to properly prepare the four Master Virus Seeds and to test them for freedom from extraneous agents according to European Directives 81/851/EEC, 81/852/EEC, 91/412/EEC and European Pharmacopoeia.





Methodologies for the development, testing and provision of inactivated vaccines against BTV





Workpackage number:		4.2


Start date or starting event:	0


End date:			month 23


Responsible Partner:		3








Objectives


To determine and measure:


Parameters for BTV culture on BHK Cell in suspension (types 2, 4, 9 and 16).


Parameters for complete inactivation.


Parameters for concentration and purification of blue tongue virus suspensions.





Description of work


Task 8:


 sub-task 3 - When proved to be compliant with European Directives 81/851/EEC, 81/852/EEC, 91/412/EEC and European Pharmacopoeia, the vaccine strains will be transferred to Partner 3 and will be adapted to cell culture at the pilot, then industrial scale.


sub-task 4 - Techniques for the quantification of the antigen will be developed and validated by Partner 3 for optimisation of the growth parameters.


 sub-task 5 - Existing industrial methods for the inactivation of viral suspensions will be applied to blue tongue virus in order to select the most appropriate one (or combination of two). When selected, the method will be optimised (Concentration of the inactivating agent, Duration of the Inactivation process).


The reproducibility of the selected process and its compliance with European Pharmacopoeia will be evaluated and validated by the appropriate methods (kinetics of Inactivation, control on cell culture).


The actual inactivation of viral suspensions will be tested by additional methods (several cell cultures known to be susceptible to BTV, injection to susceptible animals).


sub-task 6 : The suspension will be concentrated and purified at the industrial scale using several technologies. Then the selected method will be optimised and validated.





sub-deliverable 3.	Large volume of virus suspensions.


sub-deliverable 4.	Validated technique of quantification of the antigen and optimised vaccine production.


sub-deliverable 5.	Fully validated method for inactivating suspensions of BTV at industrial scale.


sub-deliverable 6.	Concentrated and purified antigen ready for formulation.





Milestone 3.	Availability of large volume of virus suspensions. (Milestone 2 + 6 months (


by month 15).


Milestone 4.	Method validated for the quantification of the antigen (Milestone 2 + 7 months (


by month 16).


Milestone 5.	Method validated for the inactivation of the four serotypes of BTV 


(Milestone 2 + 8 months (by month 17).


Milestone 6.	Obtaining of industrial batches of concentrated and purified antigen by established methods


	(Milestone 5 + 6 months (by month 23).





Methodologies for the development, testing and provision of inactivated vaccines against BTV





Workpackage number:		4.3


Start date or starting event:	0


End date:			month 36


Responsible Partner:		3





Objectives


To establish reliable Safety and Potency tests in target species, and to explore the Non Structural Protein (NSP) serology.


To determine a dose-effect relation to select the commercial antigen payload according to BTV type and


nature of adjuvant.


To compare the efficacy of the selected inactivated vaccine with existing live virus vaccines by challenge.


To study the duration of immunity by serology in target species.


To test sera of vaccinates for the absence of Non Structural Protein antibodies. 





Description of work


Tasks 8 and 9:


sub-task 7 - Appropriate challenge methods should be developed in target species to assess the potency of the different vaccines (inactivated and live attenuated). Safety test will be carried out according to the general Monograph of European Pharmacopoeia.


Sera from vaccinated and control animals will be collected pre- and post-challenge to investigate the possibility to differentiate vaccinates from infected animals through NSP antibodies.


sub-task 8 - To prepare experimental vaccines, a range of antigenic payloads will be formulated with different adjuvants, including novel (slow release) delivery systems.


The dose-effect relation for each type of vaccine will allow to select the most efficacious formulation. The safety test will confirm its suitability for field use.


sub-task 9 - The selected vaccine will be tested by challenge in sheep together with existing live virus vaccines in the facilities of Partner 1.


sub-task 10 - The vaccine will be tested in all target species for duration of immunity (by serology).


sub-task 11 - Serum collected from animal vaccinated should be tested by Western-Blot or ELISA if available to look for antibodies directed against non-structural proteins.





sub-deliverable 7.	Implementation of Safety and Potency tests, and evaluation of NSP antibody


 detection method.


sub-deliverable 8.	Formulation of the vaccine.


sub-deliverable 9.	Efficacy data related to the new inactivated vaccine, compared with existing live vaccine.


sub-deliverable 10.	Duration of immunity established in all target species.


sub-deliverable 11.	Possibility to differentiate vaccinated from infected animals (if confirmed).





Milestone 7.	Safety and Potency methods established. (by month 20).





Milestone 8.	Formulation of the vaccine finalised (Milestone 6 + 4 months by month 27). 





Milestone 9.	Results of the challenge test available in sheep (by month 30).





Milestone 10.	Results of the Duration of immunity available in all target species (by month 36).





Milestone 11.	Results of the Western-Blot and/or Elisa test available (by month 32).








Workpackage number:		5 


Start date or starting event:          0


No. of partner responsible:	5, 1


Nos. of other partners involved:   2, 4 & 6


Person-months per partner:    	 	Partner 1 =24; Partner 2 =24, Partner 4 = 12; Partner 5 =56; Partner 6 = 32





Objectives


To develop & evaluate synthetic particle or subunit-based vaccines using recombinant baculovirus expressed VLPs, CLPs, & other orbivirus proteins, and to develop and test assay differentiating between infected & vaccinated animals.  





Description of work


Task 10 - To generate virus like particles containing outer capsid proteins derived from serotypes/strains of BTV that currently threaten Europe.  Partner 5 has pioneered the development of baculovirus expression systems, particularly as used in the production of virus like particles (VLP) & core like particles (CLP) of BTV. Previous studies have demonstrated the potential of these particles for use as non-replicating antigens for vaccination. Using established methodologies, full length clones will be generated by partners 1, 2 & 5 of genome segments 2 & 6, encoding outer capsid proteins VP2 & VP5, of each of the BTV serotypes currently causing disease in & around Europe (2, 4, 9, 16), & possibly other strains considered to pose a threat to Europe (6, 10 & 13). These virus strains will be isolated & grown by partner 1, providing live virus or genomic dsRNA to other members of the partnership. Recombinant baculoviruses will be produced expressing VLPs containing outer capsid proteins of the European BTV serotypes/strains. These materials will be generated in sufficient amounts to permit a full comparison of their efficacy, with the existing conventional vaccines & other inactivated vaccines. 


Task 11 – To generate BTV CLP, VP7, VP2 & VP5 of European BTV serotypes/strains.  Recent studies have demonstrated that CLP of BTV, & the major core protein VP7(T13) from either BTV or AHSV, can raise a protective immune response, independent of circulating antibody, which may depend on a T cell response.  BTV outer capsid proteins can also be used to generate a neutralising antibody response; CLP & expressed VP7(T13), or the outer capsid proteins VP2 & VP5, will also be assessed as vaccine components. These materials will be generated in sufficient amounts for a full & comparative analysis of their efficacy as vaccines. 


Task 12 – Explore slow release technologies for BTV vaccines.  Partner 6 will provide expertise on slow release mechanisms, & reagents particularly for use with the non-replicating antigens provided by partners 1, 2 & 5.  They will also assist in the production of appropriate slow release antigens for vaccination purposes, using materials supplied by Partners 5, 1 & 2.


Task 13 – Evaluate recombinant expressed BTV proteins/particles as vaccines. The expressed BTV proteins & synthetic particles generated (tasks 10 & 11) will be evaluated by partners 1, 2 & 4, allowing direct comparison with conventional live-attenuated or inactivated vaccines (see WP4).  Consideration will be given to the most effective, safe & appropriate vaccine, which may then be selected for commercial production.


Task 14-Develop an assay to distinguish between vaccinated & BTV infected animals. It is important for future BT control programmes to be able to distinguish between animals naturally infected with BTV & those vaccinated with a purified-inactivated vaccine, or with a recombinant-expressed subunit/synthetic particle vaccine.  Previous work in the coordinator's laboratory has produced such an assay based upon a monoclonal antibody to NS1.  However, this antibody is no longer available & a new source of suitable high quality reagents will need to be developed to resurrect such an assay.  Non-structural proteins of BTV (NS1 &/or NS2) will be expressed & purified.  These will be used to raise high titre polyclonal antibodies for development of a new ELISA to detect antibodies to these proteins in sheep cattle & goat sera. Testing of the assay will be by Partners 1, 2, 4 and 5.











 Progress and resources used.


cDNA copies of BTV genome segments 2 and 6 (encoding outer capsid proteins VP2 and VP5) from European strains of BTV-1 and 9 have been generated by partner 1 and supplied to partner 5. Subsequent to sequence analyses these will be used in the construction of VLP'’ as a basis for subunit vaccines.


Partner 5 has re-established BTV VLP technology in their laboratory, has generated full-length VP2 and VP5 clones of BTV-2 from Sardinia and has generated recombinant baculoviruses expressing VP2sar and VP5sar clones. Work is now moving on to produce BTV VLP’s simultaneously expressing the capsid proteins VP3, VP7, VP2 and VP5 using a single recombinant virus. 


Partner 6 has developed novel microencapsulation and adsorption methodologies for BTV intact particles, supplied by partner 1, and VLP/CLP’s, supplied by partner 5. 














Milestone 16. Sequence data is being continually generated for all European BTV strains.


Milestone 17. Sequence data for several of the vaccine viruses used in and around Europe is in the process of being generated from virus strains held by partner 1.


Milestone 18. A project sequence database has already been established and is available at the project website.





Progress and resources used.


A reference collection of BT and other orbiviruses is in the process of establishment. Sequence analyses of BTV genome segment 2 from multiple European (and other) strains of BTV-1, 2, 4, 9 and 16 is progressing well and initial phylogenetic trees have been constructed. This information is available on the project website. 


BTV vaccine strains (i.e. BTV-2 and 9 - as used in Italy and the Spanish Balearics) as well as the Turkish vaccine strain of BTV-4 (as used in European Turkey) have now been added to the project BTV collection. Subsequent to  analyses data on these virus strains these may be added to the sequence database on the project website during 2003.





Milestones 11-15. cDNA copies of the outer capsid proteins of several European BTV’s have been generated.


 Construction of baculovirus expression systems and novel slow release methodologies has commenced. 








Workpackage number:		6


Start date or starting event:	0


No. of partner responsible:	1


Nos. of other partners involved:   2, 4 and 5 


Person-months per partner:	          Partner 1 = 24; Partner 2 = 24; Partner 4 = 24 Partner 5 = 12








Objectives:


To develop molecular epidemiological methods to identify the source of viruses causing BTV outbreaks (in Europe)


and to differentiate between vaccine and field strains








Description of work


Previous studies on BTV have demonstrated that the more conserved genome segments (eg. segments 1, 3 and 7 coding for VP1 (Pol), VP3(T2) and VP7(T13)), can show significant nucleotide sequence variation that is independent of virus serotype.  These variations correlate with the original geographic origin of the virus and groups of BTV strains (which are more closely related) have been identified as ‘topotypes’.  In contrast, the genome segments (2 and 6) that code for the orbivirus outer capsid proteins (VP2 and VP5) are not only the most variable, they also have a controlling influence on both virulence and serotype.   Specific variations between vaccine and field strains are therefore thought most likely to be identifiable in genes coding for these proteins   The ability of the virus to exchange individual genome segments by a process of ‘reassortment’ can result in strains with genetic material derived from more than one source.  By sequence comparisons of the more conserved genome segments we anticipate that it will be possible to determine their origins from strains or isolates from specific geographical regions.  By comparisons of the more variable genome segments it should also be possible to determine if they originated from specific vaccine or field strains.  This project will establish a sequence database for the relevant genome segments of different BTV strains that currently exist in, or threaten Europe, as well as all existing vaccine strains.  The database will be used to determine the geographic and biological origins (eg. from a vaccine or field strain) of any BTV isolates made during disease outbreaks in Europe.  The project will also seek to add data for other BTV isolates.   


Task 15 – To generate RNA sequence data for BTV strains that represent an immediate threat to Europe (serotypes 2, 4, 6, 9, 10, 13, 16).  Partners 1 and 4 will generate isolates of the different BTV serotypes that currently exist within Europe, as well as the immediately adjacent geographic regions (strains 2, 4, 6, 9, 10, 13 and 16).    Partner 2 will provide the attenuated BTV strains currently used for vaccine production in South Africa, including those recently used for vaccination in Turkey (serotype 4) and Bulgaria (serotypes 3, 8, 9, 10 and 11).  Partners 1 and 2, in association with partner 5, will collaborate on sequence analyses and comparisons of these viruses.	


Task 16 – To establish an RNA sequence database to help identify the origins of further new BTV isolates  (from Europe).   Partners 1 and 2, with the help of partner 4 will establish a sequence database, that can be readily accessed (via the web) to help identify the origins of BTV RNA sequences derived from new BTV isolates. 	
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