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Coordinating Foot and Mouth Disease Research
EXECUTIVE SUMMARY

John Bashiruddin* and John Crowther?
! FMD-CSF CA Manager, IAH-Pirbright, UK;FAO/IAEA, Vienna, Austria.

The FMD-CSF Coordination Action is an EU fundedjpcd designed to gather and share
information relevant to the control of two of th@sh important diseases in the OIE List of
Notifiable Diseases, foot-and-mouth disease (FMM) eassical swine fever (CSF), both
of which have caused devastating outbreaks of skseaEurope and continue to pose a
serious threat to our livestock industries.

The objective of Workpackage 1 of the FMD-CSF Cégrdinated by the Institute for
Animal Health, Pirbright, UK, is to examine resdagaps relevant for the efficient control
of CSF and FMD and to identify the constraints vahieduce long term planning in FMD
and CSF research, and induce trans-national coliibo in FMD and CSF research,
within Europe, and between Europe and overseagmesin-or more information on the
project sednttp://www.fmd-and-csf-action.org/about

IAEA through its joint programme with FAO in theiaral health and production sector has
supported field and laboratory activities in impkartation, validation and harmonisation of
nuclear and related tests. Recently, these haverntsed tests to identify and differentiate
FMD directly and indirectly through serological amlecular tests such as NSP ELISA
and quantitative real time PCR. The aim of thidieads to foster technologies involving
direct diagnostic and reporting systems that candeel directly at the penside so that an
emerging disease can be monitored in real time.

This workshop combined the intentions of Internagianitiatives to better understand,
develop and manage research areas on foot-and-msetse (FMD). It brought together
experts invited from the FAO/IAEA Joint Division éithe FMD-CSF CA to examine
current research efforts. It was attended by a wadge of observers from international
research organizations, government institutionsiaddstry. These proceedings illustrate
the very large spectrum of research made and thepgrinvolved. Most of the research
programmes described were very similar.

The distinction between the needs of developedessldeveloped countries was reiterated
and it was concluded that there is still a gapumding more fundamental research into the
problems of endemic areas. The distinction betvperga and applied research was
discussed and it was agreed that this is not altcayslear.

A running theme was the need to develop hew metaAnds/accines as against using the
available strategies of well controlled conventioreccines. It was concluded that there
have been no real breakthroughs in vaccines. Tdiardrexpert illustrated the current norm
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by outlining a 5-15 year plan where conventionalciaes and diagnostics would be used to
control and zonally eliminate FMD in India in anaglable, conventional operation. Their
focus was on poverty alleviation through FMD cohtro

The meeting discussed topics involving the improsetof more conventional methods
and products for FMD control as well as ‘novel’ aggches. A major development shown
by a commercial company was the penside use ofdiggd novel PCR systems with
instant reporting of data. The possibilities anglioations of instant testing and reporting
were well discussed.

The temporal considerations for research were déemgortant and the need for short,
medium and long term planning was emphasized vattiqular reference to obtaining
funds for well identified tasks. There is littleudd that a good deal of research is being
maintained, mainly supported by developed counthesugh national resources. The
coordination of such research both before it isen@de great importance of project
planning and coordination of intent) and aftesitmplemented; was a major theme.

Specific gaps areas of research were identifigderareas of vaccines; immunology;
communication and harmonization. Although theregred FMD management initiatives,
these may be ending soon and the FAO/IAEA Joinsidin was targeted to take a lead to
coordinate FMD research through their coordinagsgarch programme (CRP) approach.
This was discussed and agreed and will be investigaith the Research Contract
administration.

In many ways this meeting illustrated the bendf&tting as many groups together
involved in FMD research to cross fertilize idemsghange plans and modify approaches to
save duplication and value add to other reseanels liThe meeting also gave the
opportunity of developing countries to voice the#eds and aspirations.

The organisers would like to thank all the partaeifs for attending the meeting and making
it so enjoyable and productive. The truly interaaél aspects of FMD was reflected by the
large number of countries represented and alsm#aduable contributions from

commercial concerns who ultimately have a largé fegplay in supplying vital products in
the fight against FMD.
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RECOMMENDATIONS

Coordinating Foot and Mouth Disease Research

4-7" December 2007, IAEA, Vienna, Austria

OVERALL

The meeting agreed that there is a fragmentednaspattern in the world and that
there is an intrinsic need to organise coordinat@etings between groups, often
comprising of the same limited panel of researchkess.

The meeting fully endorsed the vital need for ragebordination meetings between
the relevant parties and recommended that the B&HI1Joint Division could
organise, as soon as possible, a Coordinated Réseesgramme (CRP) to continue
the co-ordination of FMD research for the progressiontrol of FMD as was done in
the EU FMD-CSF Coordination Action.

FMD RESEARCH

The following areas were identified by two groupsidg the meeting after gap analysis.

1.

Increasing the duration of immunity followingozanation, shorter term aim:
The use of new adjuvants should be assessed &imgxiFMD preparations;
Intra-dermal injection using new technology injeatiguns’ should be
examined,;

Methods to induce and mucosal immunity should Earered,;
Tools to improve immunity testing should be develband standardised.

Matching new FMD isolates with existing vaccingsorter term aim:

An agreed standardized procedure system for vaceatehing is needed.

Potency testing of vaccines, shorter term aim:

An international accepted in vitro test systemadaine efficacy is needed to
avoid challenge protocols.

Disinfection, a shorter term major problem:

No proper information exists on how to disinfecgpremises. Existing rules
and regulations as well as do literature searchcante up with a proposal.
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5.  Vector vaccines, medium and long term problem:

Regulatory problems were recognised as to whickovgevould be acceptable
for the public.
Products from this area of research are not prageyet.

6. Fundamental immunology needs attention to umaedshost rather than virus, long
term problem:

Examine tropism and transmission in experimentdlranltiple field situations;
Better understand the genetics and phenotype mischsuof virus adaptation in
a combination of hosts;

Examine virus-host(s) interactions at the celligael, including persistence and
immune evasion;

Progress vaccine development in an informed waly digtinct fithess for
purpose guidelines clear at the start of any deveént.

7. Communication:

The mechanisms of rapid updating on current rebesnea results should be
improved,;

Data generation and risk analysis in aid of pregra@es and rapid response
should be highlighted and is fundamental.

8. Harmonization:

Should be encouraged and applied tools betteridescand examined.

9. Antivirals:

Research into chemical and biological antiviralsudt be highlighted as
adjuncts to vaccination.

10. Multi-targeted screening:

Progress here is good and should be encouragelbfpmosis, differentiation of
agent and antibodies against agent.

11. Whole genome sequencing should be encouraged.

Page 8 of 136



CA FMD/CSF D-WP1-4, D-WP1-4, D-WP1-1b
FP6-513755

WELCOME TO JOINT ANIMAL HEALTH DIVISION, IAEA, VIEN NA
Qu Liang

Director, Joint FAO/IAEA Programme Nuclear Techrequn Food and Agriculture,
IAEA, Vienna, Austria.

Dr Qu Liang welcomed the participants to the headigus of the IAEA in Vienna.

The IAEA has helped develop technologies to moogiiately and rapidly identify and
differentiate FMD from samples in the field sitwatiand laboratory to confirm infection. All
such technologies are used in European labs targoldcal health status as well as to test
imported animals and to be ready to assess heotddstinere be an outbreak.

Dr Qu Liang offered the idea of a long term stratgdan that extended to 2020 that held
animal diseases as a high priority and indicatedAfEA programmes willingness to support
and increase activity in this sector.

He wished all participants best wishes, fruitfidalissions and a pleasant stay in Vienna.

WELCOME TO THE MEETING
John Crowther and John Bashiruddin

Technical Officer, IAEA, Vienna, Austria.

John Crowther and John Bashiruddin also welcomegbd#mticipants of the
meeting/workshop.

A feature of the IAEA input has been to help depedad validate methods to differentiate
infected animals from those which have antibodidyg as a result of vaccination. Recovered
infected animals are classed as possible cariigre they may have retained virus and may
be infectious to others. A CRP involving 10 memétetes defined the performance of
commercial assays as well as developed new teatkto differentiation. The tests are used
to assess animal populations (cattle, sheep, gogds) in a surveillance manner to seek out
pockets of disease during an epidemic or more itapty to trade following an outbreak, to
re-establish a status of freedom from infectiore Vhlidated methods are now accepted in
European laboratories.

The IAEA is instrumental in helping validate molé&uechnologies involving the use of the
polymerase chain reaction (PCR) technology to trectdetection of FMD at the field side
as well as in the laboratory.

The objective of Workpackage 1 of the FMD-CSF CAocigxamine research gaps relevant
for the efficient control of FMD (and CSF) and tentify the constraints which reduce long
term planning in research, and induce trans-naticsiaboration in research, within Europe,
and between Europe and overseas countries.
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The requirement for specialised high containmecitifies to work on OIE Notifiable

diseases has restricted basic research to relatewlcentres, mainly away from universities
and research institutes. Applied research is madespread, but is mainly focused on
diagnostic developments, in which there is somenddncy. Other important issues, such as
understanding and modelling the risk factors andagpof the viruses, and developing better
vaccines and vaccine strategies are relativelyeosey.

Aims and aspects of this workshop in relation to gas in research and knowledge are:
To review current research and identify major redeéthemes and gaps;
To gauge the research orientations of major FMbtutes and funders;
To review the prospects and promises of reseawdhrtts global FMD eradication;
To understand the need for regional and/or intesnat coordination of FMD
research.

The agenda is set to review the body of scierkiicwledge gathered in the last 5-6 years, the
content of current research programmes, the regommadination of research and proposals
and prospects for future research.

The workshop will address the following:

How to directly tackle the needs for both appligdAstrategic and even perhaps

more basic studies

How to satisfy research needs within a very shorizion (applied),

Research needs of the future

o either strategic research (focused at longer tbunstill specific goals)

0 more or less basic research, so-called blue slearels, that have the potential to
produce ‘unexpected’ ground breaking leaps forward

needs and possibilities for research aimed dirextteveloping countries

o possibilities of funding for such studies and tls$bility of getting foreign aid
institutions more involved
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WHY THE MEETING IS BEING HELD

Martyn Jeggo

Director, CSIRO Australian Animal Health Laborato@eelong, Australia

Summary

With the near eradication of Rinderpest, FMD is\ifierld’s major animal disease and the
challenge ahead lies in its control, which alm@stainly has to be progressive control. Aims
of this meeting are to take stock and understaneicuregional initiatives, research efforts
around the world, and gaps and priorities in ragearhe successful FAO/IAEA Rinderpest
eradication programme implemented through a s€@@esrdinated Research Programmes.
There are several similarities between these disemsd some very important differences.
The needs of free countries and the very diffenexeids of the endemic countries need to be
addressed. The question posed is — Is the CRPagpamd management mechanism
appropriate for the global eradication of FMD? Hewll co-ordination be funded?

Discussion

To conduct the appropriate research it is importaknow what the end goals are, and thus,
what is meant by eradication. The short discuss@ired on the requirement to eradicate the
disease or the virus. Clearly the elimination & tirus was desirable ultimately and to
achieve this, even with the best vaccine, sometoesmmay need to continue vaccination for
some time and in the medium term it may be possthédiminate virus from certain

situations.
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SUMMARIES OF PRESENTATIONS
AND DISCUSSION
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FAO Perspectives on Control / Eradication of FMD

Juan Lubroth

FAO Animal Health Service, Rome, Italy.

Summary

The work of Animal Health and Production Divisidwaugh the Animal Health Service
(AGAH) was explained. AGAH is responsible for halgpimember countries to develop
strategies for the economic control of animal diesaAGAH's Infectious Disease Group
(IDG) take a lead in the international coordinatadrthe prevention, diagnosis and control of
important diseases, including foot-and-mouth dige@his group deals mainly with the
design and analysis of control strategies for itides diseases of farm animals. The main
objective is to reduce adverse impact of infectidiseases on livestock with a view to
optimising the contribution of livestock to humaelfare and rural development. This is done
by assisting member countries to improve preverdiuh progressive control of infectious
diseases and developing specialised informatiotesysto support decision making.

EMPRES is a special programme of the IDG that fesum effective containment and
control of transboundary animal disease (TAD) amulveng and emerging diseases through
regional and global cooperation. The main compaehEMPRES are early warning
through epidemiological surveillance, early reattiorough rapid deployment of containment
and elimination activities and the preparationaftingency plans, enabling research by
fostering collaboration and coordination of glopedgrammes such as global rinderpest
eradication programme (GREP). International expentsultations are conducted to gather
knowledge and opinions on current situation andaesh. An overview of FAQ'’s current
FMD projects was presented.

Discussion

In the context of a global FMD eradication prograeitnwas noted that a ‘disease free’ state
would not be adequate and a ‘virus free’ conditi@s necessary. FMD free with vaccination
amounts to no circulating virus in the epidemiotagiarea. Therefore, FMD free without
vaccination would have to be the ultimate aim ef phogramme. That in turn would
necessitate the cessation of vaccination to shatthiere was indeed no circulating virus.
Some problems in this concept were discussed fameile where the source of virus was not
known, such as in South America, it may be diffitaldeclare the region virus free and the
cessation of vaccination may carry extreme riskepfieg in mind that vaccination does not
produce sterile immunity, stopping it will enhartbe risk of re-infection from wildlife or
carriers where virus is constantly reintroducece Trade barrier caused by the perceived
carrier state will remain with any global programthat relies on vaccination and would need
to consider the socio-economic aspects. Perhaps diteases are more important in some
parts of the world. Regionally, one country coudd igo it alone’ and countries in a particular
region need not only to be FMD free but to be frerade. The major problem with FMD
control is animal movement control and, althougbcuaation is probably the way forwards
the commitment of resources and securing polit\ckliremain major hindrances.
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FMD Dogma and Chestnuts

John R. Crowther

Joint FAO/IAEA Animal Health Division, Vienna, Atr&.

Summary

Although there has been a constant active res&asd on elements of FDMV, there has been
little development in dealing with the needs of imbeveloping countries afflicted with the
disease, this even though FMD is perceived as thst major threat to developed countries.
The areas of accurate and rapid reporting throegtelband more definitive diagnostics are
available though poorly used. Recent developmenissiant testing and reporting will
greatly help the real time detection of FMD and taesexploited. New products should be
prophylactic in nature and include vaccines andgysirinfortunately again, the impetus to
provide the ideal vaccine to developing countrgesat provided through a concerted
managed and long term strategic offensive. The lyigledemic situation requires that
animals are protected through humoral as well asosal immunity; that transmission is
reduced or eliminated and that the carrier stafellig assessed so that a definitive tolerance
can be ascribed which cannot be zero. An idealinachould give life long immunity
against all serotypes, after a single dose; prowideosal protection and avoid any carrier
possibilities. Although the aims are high, theytaterable. Simpler research founded on
current products needs to be made, for exampleasarg the duration of immunity through
modified delivery systems and / or increasing thigganic load. There is also a strong
responsibility of international organisations tcammend procedures for gradual control
based on quality data, rather that continually niogrinappropriate fire-brigade operations

Discussion

Points noted were that the main problem with thmuoence of FMD is the restriction in
trade. Rogue farmers exist and are a risk to IBbHD eradication; presumably compensation
by the government is an attractive alternativedomal trade.
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Global FMD Research Alliance (GFRA)

Martyn Jeggo

CSIRO Australian Animal Health Laboratory, GeelpAgstralia.

Summary

In the face of previous outbreaks in Europe tharobmeasures taken to eradicate FMD have
always included stamping out. Public opinion is fawgely against large scale culling of
livestock for the control of infectious diseasesthere an alternative to stamping out? Is
eradication possible with alternative control measf Although there are differences (and
similarities) between FMD and Rinderpest (RP) txs possible for RP with a good vaccine
and companion diagnostic tests.

Why has it not happened yet? Unfortunately, thesrurvaccine will control FMD but can

not eradicate it. Since the 1980s there has beemvaturn in FMD research; a trend that
needs to be reversed. The opportunity to stagdatraand use modern technologies such as
the ‘-omics’ to get new generation vaccines needsettaken. Funding for basic research
needs to be sought. The USA, who have identifiedFd a candidate bioterrorism agent and
have the capacity to contribute most significamlpny global effort, are not willing to fund
work done outside its own borders.

GFRA, in its first form in 2004, proposed that rassh efforts should be focused on antiviral
compounds against FMD because immunity after vaticin with current vaccine
formulations is not instant and there is a nedilltthe gap in time between inoculation and
the acquisition of protective immunity. Recentlye funding effort has been derailed by other
animal disease priorities such as avian influe@RA in its second form has two
programmes. The first concentrates on preparedrgbss a partnership between Australia,
UK, USA and Canada to work on better vaccines, imonuodulators, diagnostic tests and
improved epidemiology. The second programme focasdbe development of tools for

FMD endemic countries such as affordable, broadiing vaccines that limit spread, and the
better understanding of the carrier state.

Discussion

A comment was made that vaccines could only begfdite solution — biosecurity, on farm,
regional and international, was a key point ind¢betrol and eventual eradication of FMD.
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EU Support for FMD Research

John Bashiruddin

Institute for Animal Health, Pirbright, UK.

Summary

Since 1984, Framework programmes (FPs) have beemdm financial tools through which
the European Union (EU) supports research and deweint activities covering almost all
scientific disciplines. FPs are proposed by theopean Commission (EC) and adopted by
Council and the European Parliament following aleoision procedure
http://cordis.europa.eu/fp7/faq_en.html#1.

An overview and progress of the current FMD redeartd coordination projects supported
by funds from the EU was provided. Ongoing projéatsled by DG RTD include FMD
ImproCon, Lab-on-site, and the FMD-CSF Coordina#ation funded under FP6, whereas
EMIDA (Era-net) and DISCONTOOLS are recently apmoprojects under FP7.

Improcon is the acronym of the project entitled phovement of Foot and Mouth disease
control by ethically acceptable methods based @mnsfically validated assays and new
knowledge on FMD vaccines, including the impactadcination” and is a partnership
between ten participating institutes. There ig@ngt desire to reduce reliance on large-scale
culling of animals to control future outbreaks ®fib in EU Member States. As an
alternative, it is proposed to use emergency vaticin and then to screen for residual
infection using tests for antibodies to the nomxstiral proteins of FMD virus. It is intended
to amend the policy on FMD control to enable sutlajaproach to be used in the very near
future. In reality, this means that current continges must be based on the use of existing
vaccines. Therefore, this project seeks to addhesspecific gaps in our knowledge and
technological ability with respect to the implemagidn of a vaccinate-to-live policy. The
availability of adequate discriminatory diagnosésts is the keystone of the new EU FMD
control policy. The project is focused on the vatidn of NSP-based tests to discriminate
unequivocally between infected and vaccinated alsinmaorder to allow the implementation
of the new policy in the immediate term. Validasaof existing and new NSP-tests as
confirmatory tests are major output of this praj@dte experimental design will provide
expected outputs in the field of the impact of waation on the carrier state and on virus
dissemination, the onset of vaccinal protectiomcuge potency in relation to emergency use,
vaccine strain selection and new marker vaccinkis froject focuses on marker vaccines to
induce durable protection against FMD. Conventi@mal marker vaccines will be targeted to
dendritic cells with particular attention to proraatendritic cell mucosal homing (from
parental immunisation), because mucosal immunitypzavent FMD virus establishing local
infection and the carrier status. More informatiam be found on the project website
http://www.fmdimprocon.org/index.php.

For a complete list of publications arising frone tlwork of ImproCon please see
http://www.fmdimprocon.org/peerreviewed.php.
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Lab-on-site is the short title for “New and Emergifiechnologies: Improved Laboratory
and On-Site Detection of OIE List A Viruses in Araile and Animal Products” and is a
partnership between 9 institutes. Notifiable dissam the OIE List occur regularly in
countries around the EU and represent a permalmezattfor the member countries. The aim
of this project is to provide new, robust teststfar front-line diagnosis of these diseases by
developing and applying more rapid and sensitig8rig regimes based on recent advances in
molecular biology for laboratory use. The combioatof the development of rapid, simple
pen-side tests and the application of new advahmgdtech approaches in a single project is
novel and will have a high strategic impact. Thplaation of the new methods inside and
outside the EU will contribute to more effectivazgmtiological measures to prevent the
entry of these diseases into EU regions and mesthts. More information on this project is
available from http://www.labonsite.com/index.php.

Publications arising from the work of Lab-on-site:

- Liu, L., Widen, F., Baule, C., Belak, S. (2007)oAe-step, gel-based RT-PCR with comparable
performance to real-time RT-PCR for detection akslcal swine fever. Journal of Virological
Methods, 139, 203-207.Banér J, Gyarmati P, Yacoudakhverdyan M, Stenberg J, Ericsson O,
Nilsson M, Landegren U, Belak S. (2007), Microarkmsed molecular detection of foot-and-
mouth disease, vesicular stomatitis and swine uksicisease viruses, using padlock probes.
Journal of Virological Methods, 143, 200-206.

Gyarmati P, Mohammed N, Norder H, Blomberg J, B&akVidén F. (2007). Universal detection
of hepatitis E virus by two real-time PCR assagigman and primer-probe energy transfer.
Journal of Virological Methods, 146, 226-235.

Fernandez J, Agluero M, Romero L, Sanchez C, Bel&ki8s M, Sanchez-Vizcaino JM. (2007)
Rapid and differential diagnosis of foot-and-moditease, swine vesicular disease, and vesicular
stomatitis by a new multiplex RT-PCR assay. Jouoh&lirological Methods, 147, 301-311.

Rice JE, Sanchez JA, Pierce KE, Reis AH Jr, Osharnwangh LJ. (2007). Monoplex/multiplex
linear-after-the-exponential-PCR assays combingll RiimeSafe and Dilute-'N'-Go sequencing.
Nature Protocols, 2, 2429-2438.

EMIDA is a project under the ERA-NET scheme, thgeotive of which is to promote and
support the cooperation and coordination of natipnagrammes in the European Research
Area (ERA). It will coordinate European researchha area of animal health, including
emerging threats, infectious diseases and surmedldt is a partnership between government
departments of 18 countries and aims to devel@grated animal health policies, optimise
research provision and increase the capacity oh@realth science and research to maintain
EU expertise.

“Optimising research efforts for the developmenthe&f most effective tools for controlling
infectious animal diseases” is DISCONTOOLS. Thigjget will take an integrated, rational
and methodological approach in order to acceldhatg@rocess of research and development
of tools against major infectious diseases, inclgdioonoses, for food animals, minor
species, non-food animals and wildlife. The ainthaf coordination action is to undertake
three successive stages of preliminary assessinentder to best target areas of research.
These are: the prioritisation of the infectiousedises, a gap analysis for the priority diseases,
and an analysis of available and new technologidsam assessment of their value for the
future development of tools. A gated managementagmh will be included. The project will
deliver improved control tools of diseases of majgportance to the EU and the rest of the
world through an integrated, coordinated and rafigtrategy optimising the targeting of
research efforts, from fundamental research toldpweent. The project will develop
synergies, reduce duplication, increase publicgte\partnerships and international
collaborations, reduce economic impact of the dise@oncerned and contribute to poverty
alleviation in developing countries.
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EU: FMD-CSF Coordination Action

John Bashiruddin

Institute for Animal Health, Pirbright, UK.

Summary

The FMD/CSF Coordination Action is a 3 year EU-fadgroject that will gather and share
information relevant to the control of two of th@stimportant OIE listed diseases, foot-and-
mouth disease (FMD) and classical swine fever (CB&th of which have caused devastating
outbreaks of disease in Europe and continue to peseious threat.

The overall coordinator and FMD subgroup coording®avid Paton, from the Institute for
Animal Health (and World Reference Laboratory fMP), Pirbright, UK. The CSF
subgroup coordinator is Volker Moennig from frone thuropean Community Reference
Laboratory for CSF at the Hannover Veterinary SthGermany. A total of 11 partners and
many associate partners from nearly all Europestestand from various other countries
provide global expert inputs into coordination aities.

Scientific and Technical objectives of the FMD-CSk are to strengthen and coordinate
existing initiatives for collaborative actions invimg:

The Community Reference Laboratory/National Refeedmaboratories network
The Research Group of FAO’s European CommissiothiControl of FMD
The network of reference laboratories of the Offitternational des Epizooties
Other international stakeholders involved in FMBea&rch

The programme is divided into several workpackagelsiding the coordination of research,
global disease surveillance, risk analysis, vaco#serves, diagnostics, laboratory
preparedness, control policies including vaccimatiad wild boar issues, and will initiate
new collaborations.

A brief summary of the objectives and expected autes of each workpackage was given as

was the progress within them. More information uithg reports produced by workpackages
can be seen at www.fmd-and-csf-action.org.
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Other Initiatives: Welcome Proposal

R. Venkataramanan

Indian Veterinary Research Institute, Bangalamejd.

Summary

As this project is still a proposal to be submittedhe Welcome Trust only a brief overview
was given at this meeting.

This is a 5 year strategic interdisciplinary resbgrrogramme to develop, test and promote a
suite of technologies and approaches that will Enalveduction in the incidence of foot-and-
mouth disease (FMD) in endemic settings of the ldgweg world, and a reduction in the
impacts of FMD on livelihoods and enterprises obmplovestock keepers and their
dependents. This will be achieved by: (1) A betirederstanding of factors contributing to the
spread and persistence of FMD and to the developaiéong-lasting, protective immunity;
(2) The generation and testing of new thermostBM® vaccines able to promote long-lived
and more broadly protective immunity; and (3) Tlesign and modelling of novel
intervention strategies that can provide altermetito frequently repeated mass vaccination
for FMD control.

This proposal has two integrated thematic areas.fif$t focuses on short- and medium-term
improvements in the deployment of available FMDtoairtechnologies in the field, through
the systematic scrutiny and analysis of criticahfoin FMD control and the application of
the results of this analysis to the design anduatan of pilot interventions. The second
thematic area of the project focuses on the dewedmp of vaccine technologies that are
specifically tailored to the needs of endemic sgtiin selected regions of the world.

This overview provided and explanation of the mac$ras for the coordination and
integration between these elements.
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Overview of FMD Research 2001-2005

John Bashiruddin

Institute for Animal Health, Pirbright, UK.

Summary

The FMD-CSF Coordination Action is an EU fundedject designed to gather and share
information on the control of foot-and-mouth dise@8MD) and classical swine fever (CSF).
Workpackage 1 (WP1) of this project is to examingent research, research gaps and
orientations of funding bodies relevant. WP1 ssit@identify the constraints which reduce
long term planning in FMD and CSF research, anddedrans-national collaboration in
FMD and CSF research, within Europe, and betweeogdeuand overseas countries in a
coordinated way.

One of the fist tasks in WP1 was to take an invgndd current research and one way that this
was achieved for FMD was to look at the publicatiecord for FMD over a 5 year period.

On line databases such as Pubmed, Biosis etc.usetkto search for research articles
published between March 2001 and August 2006. ABBQtarticles were found in scientific
journals and data such as Type, Author, Year, ,Titbeirnal, Date and Country were taken to
an excel spreadsheet. They were sorted into cagsgaurch as Viral evolution, Validation of
serology, Vaccine selection, Vaccine efficacy, Miaeaevelopment, Transmission, Risk
analysis etc. dependant on title and keywords phed in the articles. Totals of publications
in categories were presented graphically. This peefiroduced results that were correct in
terms of overall totals but did not necessarilyduee a picture of the breadth of subjects
because often papers could have assigned to memreotie category. Another database where
duplicates were permitted was created and this $ionéng into categories produced a better
picture of the subjects of research. Publicatieteting to the 2001 outbreak and
epidemiology were by far the most in number; viewslution, vaccine efficacy, transmission
studies especially after 2004, and immune respaese also well represented. Publications
on penside tests appeared in 2005. The trend wasde more applied research perhaps at
the cost of basic research. The UK, USA, The N&hds, Spain India and China seem to
produce most of the publications; Australia, Bra@&nada, Germany, France, and South
Africa were significant contributors to FMD sciditiliterature.

Discussion
The discussion reflected overall views which sumseathose felt in the meeting as a while.
Point were made concerning technical cooperati®namnd trade issues.

An idea put forward by IAEA was that vaccines ambdostics should be made free for the
world. There was some argument about the profitaltif FMD vaccines and this should be
examined with commercial producers. The Indian govent will make it free for Indian
campaign. Global funds should be committed botinéodevelopment of a new generation of
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vaccines and also in the shorter term to providimgventional vaccine and diagnostics. This
would entail more control in how vaccines are usasked on good data as to the immune
status of herds before and during vaccination cagnparather than the ad hoc situation at
the moment in many countries with a reactive resp@TER the disease spreads. This
would also allow better development of stategiesrndemic counties.

An emphasis was made that new vaccines must benstoowork and that manufacturers
should be responsible for this. Single shot vaccimere regarded as a priority due to the
difficulties of animal movement and high costs @feated campaigns.

Research needed to improve them to stop transmissio

A better handle on epidemiology through targetegat@gches is needed which reghires far
mopre groind work involving diagnostic methods aedology, ALL OF WHICH ARE
AVAILABLE.

It was noted that the only strategy at the momense of conventional vaccines. India
exemplifies this and they will use conventional noets to try and zonally eliminate FMD.
They will vaccinate all cattle and buffalo in thexh 10 years and cannot wait for new vaccine
ands also will not commit money to do the research.

It was noted that standard of research projectsk aod supervision has got worse (a gap).
And that it takes time to train researchers. Othegsied that research is getting better.

Basic knowledge is needed for example in disinfeésta and no work is being done even
though many member states priorities this.
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Institutional FMD Research Programmes:

Summary

An overview of the current FMD (and SVD) researcbgsamme of th®anish Technical
University at the high containment laboratories in Kalvehawedholm was given bggren
Alexandersen The research focussed on pathogenesis and pacsstairborne spread, field
and molecular epidemiology, improved diagnostias mr@chanisms of virus replication.
Lindholm is the only facility equipped for full deaFMD diagnosis in Denmark and provides
diagnostic cover for a wide region including Norw&yveden, Finland, Iceland, Estonia,
Latvia and Lithuania. The laboratory has a stroegjré to be one of the top 5 FMD research
establishments in the world. A new high securityolatory and animal facility has been built
recently. Highlights of current work included stesslion the host range of FMDV and infected
Bactrian camels in Dubai, control options at thillife/domestic interface in Uganda, and
investigations at the Landhi cattle colony in Ptas

Vesicular disease research at @entral Veterinary Institute , Lelystadt, The Netherlands
was presented byldo Dekker. Research activities at CVI centred on diagnastearch —
detection of FMD with molecular methods and improeat of serological testing by NSP
ELISA; vaccine testing — in terms of transmissimtradermal delivery and potency; risk
analysis, control and statutory tasks. Throughloesé efforts cooperation and collaboration
through various EU projects was highlighted andiltssvere presented.

The use of better targeted vaccination (site omalhiand the injection aparatus is a good
area since it was shown that does can be reducktiti@s of humoral antibodies increased.
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Rapid Diagnostic Systems: Smiths Detection

Carmelo Volpe

Smiths Detection, Watford, UK.

Summary

The company has developed a system using PCR whralyged and robust. A small
machine which can be sterilised uses fixed modulgsh can be tailored for any disease
detection. The company has an FMD module testeddyr The operator in the field simply
has to place a sample in the module and closé&é@.nodule is placed in the machine and the
test is done including sample extraction and amal¥y&esults are then transmitted directly to a
central point or collation. The communication iotway allowing advice to be taken from a
central source and this better management of disasREAL TIME. The diagnostic
sensitivity and specificity can be set at requinetits to allow unequivocal results. This
approach is strongly supported by IAEA and is seerevolutionising diagnosis in real time
allowing better control through surveillance moniitg and giving a much better early
warning network. It is possible that in time evégjd worker can access such machines
providing a massive potential diagnostic force ezal tome epidemiology. An added
advantage is that spread of FDM can be reducedghrits instant detection whereby
workers can be warned not to visit other farmsaftime period, rather than progressively
sampling blind. Vlidatio of the system is on-goiagd thr IAEA has a coordinated research
programme dealing with Avian Influenza.

Discussion

There was great interest in this methodology wiscimost too good to be true. Costs were
discussed and the rate of development. Other coomheoncerns are also involved in thisk
systematic using altenative PCR and new physipetimrm assays.
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Promises of Molecular Biology

Andrew King

Consultant, Pribright, UK.

Summary

Potentially, the application of molecular bioloditachniques could be used to make in vitro
testing of vaccine more relevant, make existingcivees better, design antiviral drugs,
genetically modify the host to promote resistarmcENIDV and make new vaccines. It is
suggested that vaccines should be selected orethiéty to produce high affinity antibodies.
Many of the subunits of FMDV are toxic to cellsréiere it seemed that the intact stabilized
capsid was needed to elicit immunity and the pd#s#s of antigen delivery by vectors was
explained.
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Country Aspects

Summary

Contributions from the following were made who pgd®ad aspects of research done in their
respective countrie$iong Yin from the Lanzhou Veterinary Laboratory, GanShijna;

John Bashiruddin, Institute for Animal Health, Pirbright, United Kidgm; Cyril Gay,
USDA-Agricultural Research Service, Marylatd5A; Ingrid Bergmann from the Pan
American Foot and mouth disease centre, Rio dardamer South America; Gaolatlhe
Thobokwe from Botswana Vaccine Institute, Gabarone Botswang and,
Venkataramanan R. from Indian Veterinary Research Institute, Baloge forindia.

Most speakers explained the organisational straaititheir Institutes and the dependencies,
relationships and links they had with the relevgmternment departments, research funding
bodies and other institutes. They also providedarview of the human resources deployed
for FMD diagnosis and research and organisatianattsire of that force. Most had
multidisciplinary teams working on FMD. By far mastthe funds for research were awarded
from the Ministries of Agriculture. Other funding@dies were the EU, Ministries of Defence,
International agencies and country specific reseaotincils.

Research areas were molecular epidemiology, ridkeanly warning, new vaccines using
biotechnology, high throughput diagnoses, epidemgipland transmission, immunology and
pathogenesis. Countries with the disease providem/arview of the current status including
some outbreak information. The World Reference kataoy in the UK received by far the
most clinical samples from a wide geographic aedia and South America relied mostly on
serology but have complete capabilities. The ggratebjectives of the USA were rapid
detection, vaccine development, predictive biolagyd training. As the South American
Reference centre in addition to the above actwi@eiality Assurance programme for regional
laboratories was also very important. The BVI wadargoing expansion and refurbishment
to increase production capacity and upgrade to Dtepable antigen production. India’s
primary goal and impetus for FMD control is poveatieviation and its efforts included
economic impact analysis and the upgrading of vecproduction.

Most institutes provided summaries of their curmasiearch projects. It was evident that these
institutes had a long pedigree in FMD researchthatithere was significant bilateral and
multilateral collaboration between them. Howevewas also evident that there programmes
were not coordinated globally.
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Immunology of FMD

Ken McCollough

Institute of Virology and Immunoprophylaxis, Mé@taeusern, Switzerland

Summary

The needs of the host in the production of immuretgvant to the neutralization of the
antigen were stressed. Important aspects of imrdafence induction such as adjuvants and
their targets, antigen presentation, maturationadggand the types of cells and their
stimulating factors were explained. It was import#at vaccine antigen preparations
contained components that would provide stimulufi¢oinnate and adaptive immune
systems. It was very important that the innate imensystem be activated correctly followed
by the activation of the adaptive immune systempravide the appropriate and specific
humoral and cell mediated immunity.

Discussion

It was suggested that if cross protective vacoma® desired then the induction of stronger
CMI may achieve this. A lower affinity antibody pes1se could also cross protect. However
high affinity antibodies would provide better nallization but be very specific. T cells

were thought to be important in protection but eatly there were no methods of inducing
them.
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GAPS IN RESEARCH AND DISCUSSION

Chair: Sgren Alexandersen

Summary

The leader for Workpackage 1, Sgren Alexandersgiiaimed the purpose of the gap
analysis. The meeting was divided into two groupdiscuss the two main themes of
Vaccinology and Pathogenesis. Vaccinology (incapog immunology) had the following
subjects: Vaccine efficacy, Vaccine selection, \iaedevelopment, Inactivation, Immune
response, Antigenic site and Validation serologthBgenesis (incorporating viral factors)
had the following subjects: Virus evolution, Transsion, Airborne/aerosol spread, Risk
analysis, Pathogenesis & persistence, Outbreakeddtr structure and biology, Molecular
epidemiology, Epidemiology, Host-pathogen intei@tsi, Host susceptibility and Pen side
and on site tests. DIVA/NSP testing and disinfeistavere also discussed.

These subjects were discussed under the followsaglings:
* Research needs within a short horizon (applied)
* Research needs within an intermediate horizontésfi@
* Research needs within a long horizon (basic)
* Research needs for rapidly developing technologies
* Research in and with endemic “countries”
» Constraints
* Resources, including from development/aid agencies

* Future organisation

Conclusions and recommendations

The groups were:

Group 1, Vaccinology: Isabel Minguez-Tudella, Caie¥eng, Yin Hong, Eliana Smitsaart,
Andrew King, Dragos Gradinaru, Liesbeth Jacobde&iChenard, Gaolathe Thobokwe,
Malik Merza, Paul Guntram, Venkataramanan, KeniMiRullogh, John Crowther;
and

Group 2, Pathogenesis: Juan Lubroth, Aldo Dekkxdy Cherbakov, Lea Knopf, Martyn
Jeggo, Cyril Gerard Gay, Ingrid Bergmann, John Baddin, Soren Alexandersen.

Recommendations reported in this document wereekand agreed from these discussions.
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COORDINATION OF RESEARCH

Chair: John Crowther

Summary

Although this was the major aim of the meeting @aswiot discussed in full as a separate
topic. A synthesis of attitudes can be made.

1.

2.

That coordination is needed.

That there are many national and Internationalities each with their own form of
liaison and system of administration who do nagrisrelate.

That coordination can be viewed at different levets European (EC), USA, but that
there is NO global approach.

That a global approach is needed and this showdlotate efforts to stimulate
research into problems of FMD in endemic areastihuce and of FMDV and the
constant threat to non diseased countries.

That the status quo in research has been maintion&® years.
That there is a great deal of overlap in FMD redear

That FMD research has suffered through resourées tr pandemics such as Avian
Influenza.

That the critical mass of research workers is toalsand that training in research
should be coordinated.
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Coordinating Foot and Mouth Disease Research

4-7" December 2007, IAEA, Vienna, Austria

Photographs

Dr. Crowther relating to FMD virus- Dr. Bashiruddin listens to a question
simple but not stupid indeed.

Dr. Crowther presents flowers to Svetlana for all her help. Other flowers on desk
for Roswitha
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Mr. Liang the Director of Joint FAO/IAEA Division View showing Isabel Minguez Tudela ; Ken
welcomes all. McCullough;

Left to right, Hermann Unger, Juan Lubroth and Martyn Jeggo Martyn Jeggo asking the ultimate
appreciate a scientific joke. question.
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Ken McCullough and Isabel Minguez (EC)

Botswana and China
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Yin Hong
Yin Hong. and Xuepeng Cai

Yin Hong, Soren and John Crowther as
usual speaking

Yin Hong and Xuepeng Cai
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Gaolathe Thobokwe is happy.

Alexey Scherbakov

Smith’s Carmelo Volpe happy. Sgren Alexandersen strikes defiant pose.
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Venkataramanan R.

Sgren Alexandersen talks and Cyril Gay sits it out.
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Hermann Unger with 2 day growth.

Aldo Dekker hanging loose. Aldo Dekker the man in black.
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Andrew King defying a question from Aldo Dekker?

Cyril Gay at computer; Alexey Scherbakov to left of Lea Knopf;
all over the head of Sgren Alexandersen

John, Soren and Aldo
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Eliana Smitsaart (Argentina) Ingrid Bergmann has her say.

Liesbeth Jacobs has her say. Lea Knopf (OIE) has her say.

Page 41 of 136



CA FMD/CSF D-WP1-4, D-WP1-4, D-WP1-1b
FP6-513755

Juan Lubroth ponders, Ingrid looks happy. Juan Lubroth a picture of contentment. Ingrid
happier still.

So what do we need for FMD research?
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Venkat, John and Elianna

Pondering the problem Martyn Jeggo

Nice shot Ken McCullough Nice shot Malek Merza
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Reason for meeting?
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APPENDIX 1

D-WP1-4, D-WP1-4, D-WP1-1b

Coordinating Foot and Mouth Disease Research

Day 1

14.00-14.15

14.15-14.30

14.30-14.45
14.45-15.00

15.00-15.20

15.20-15.40

15.40-16.10

4-7" December 2007, IAEA, Vienna, Austria
Agenda

Vaccine Banks

Introductory Aspects
Welcome and Introduction to IAH-Pirbtig

Overview of the CA

Chris Oura

David Paton

Introduction to the workshop, the agearttl objectives that may Paul Barnett

lead to the formulation of a memorandum of undeditay
covering:
- Mechanisms for vaccine bank representatives to
communicate/meet regularly
Agreements on best practice, data sharing and ialater
exchange
Harmonisation of protocols and procedures
Recommendations for future research
Other aspects that a network may contribute tosvard

Background Presentations
OIE Chapter on Guidelines for Antigeaodine Banks
Brief overview of EUFMD vaccine bankh\aties

Results and analysis of the CAWP4 muresdire survey on
vaccine banks

Coffee Break
Background Presentations continued

Antigen and Vaccine Banks for Emergasfaxcination in the
European Community

Paul Barnett
Tony Garland

Paul Barnett

Paul Barnett
(Chair)
Alf Fussel
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16.10-16.20 Animal Health Australia and the arramgiets applying to the

16.20-16.40

16.40-17.00

17.00-17.20
17.20-17.40
17.40-18.00
19:30

Day 2

09.00-10.30

10.30-11.00

Australian FMD vaccine bank

Experiences in producing vaccines tO¥NbAT serotypes and
implications of genetic and antigenic diversityvatcine
coverage.

The status of vaccine strain seleetioarrent methods,
limitations and work in progress and the new saatin vaccine
matching in the OIE manual

Cross protection of FMD vaccines itleat

The Global Foot and Mouth Disease Relsedliance —
prospects of new generation vaccines

Discussion

Informal dinner

Concerns shared by FMD vaccine bank owners:
Round table discussions

1. International Security and Confidentiality of VageiBank
Data
Biosecurity aspects
Commercial confidentiality aspects
Recommendations

2. Vaccine Strain Selection and Vaccine Matching
- Current methods, applications and limitations
Exchange of materials and data
Research requirements
Recommendations

3. Manufacture/Quality Assurance and Supply ofigeris and
Formulated Vaccines

Purification of antigen in respect of contaminafegsg.
Non structural proteins of FMDV)
Types of formulation (aqueous/oil/other)
Antigen payload in relation to the speed of onset a
duration of the immune response; breadth of anitigen
coverage; and responses in different species
Decisions on the amount to be stored as antigemsnd
formulated vaccine
Dependency on a limited number of manufacturers
Speed of contractual supply
Potential problems of competing priorities
Recommendations, including the identification of
possible collaborative research projects

Coffee Break

D-WP1-4, D-WP1-4, D-WP1-1b

Rob Keogh
(Presented by
Bill Turner)
Wilna Vosloo

David Paton

Katharina
Brehm
Bryan
Charleston

Tony Garland
(Chair)

David Paton
(Chair)

Hervé Coupier
(Chair)
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11.00-13.00 4.

8.

Testing of safety, potency and afficand stability for

antigen and formulated vaccine

- Specification of acceptance criteria
Test methodologies
Test frequency
Need for independent testing
Exchange of findings
Research requirements
Recommendations

Storage of Antigens and Formulated vaccines

Duration of storage
Biological security
General Security

Health and Safety Issues
Recommendations

Licensing Issues for Formulated Vaccine
Emergency, unlicensed use
Effect of changes in licensing criteria
Recommendations

Rotation/Disposal of antigen/vaccine
- Rotation frequency
Safe disposal

Possible practical uses of time expired antigeuivac

Recommendations

Any Other Issues.

13.00-14.00 Lunch Break

14.00-15.00 Discussion of ideas on forming a fut@ecine bank network

Advantages/disadvantages of network
Level of networking

o] Technical

0 Administrative

o] Supportive

Mechanisms and framework for collaboration
Possible draft of a Memorandum of Understanding

15.00-15.20 Coffee Break

15.20-16.00 Summary of Recommendations

16.00 End of Workshop

D-WP1-4, D-WP1-4, D-WP1-1b

Paul Barnett
(Chair)

Vilna Wosloo
(Chair)

Alf-Eckbert
Fussel
(Chair)

Paul Manser
(Chair)

Paul Barnett
(Chair)

Paul Barnett
Tony Garland
(Chairs)

Paul Barnett
(Chair)
David Paton
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APPENDIX 2 Copy of Handouts

Report on the Expert meeting of consultants on Moleular techniques Applied to FMD
Diagnosis and Surveillance, 68 December, 2005, IAEA, Vienna, Austria

This report was available at the meeting and caacbessed atww.fmd-and-csf-action.org
in the research section.

Page 48 of 136



CA FMD/CSF D-WP1-4, D-WP1-4, D-WP1-1b
FP6-513755

List of participants and publications from Lab-on-Site (available in full at the meeting)

Participants:

P1:
P2:

P3:
P4.
P5:
P6:
P7:

P8:
P9:

The National Veterinary Institute (NVI), Uppsalay&len

Queen's University of Belfast (QUB), Virology Lalatory, Veterinary Sciences
Department (VSD), Northern Ireland, UK.

Danish Institute for Food and Veterinary Reseal@R\(F), Department of
Virology, Lindholm, Denmark

Universidad Complutense de Madrid (UCM), Facultadv@terinaria, Madrid,
Spain

Veterinary Institute of Debrecen (VID), Debrecemndary

SVANOVA Biotech AB, Uppsala, Sweden

Istituto Zooprofilattico Sperimentale della Lombearé dell’"Emilia Romagna
(IZSLER), Brescia, Italy

Ghent University (UGENT), Merelbeke, Belgium

The Institute for Animal Health (IAH), Pirbright,nited Kingdom

Third Parties: FAO/IAEA Joint Division, IAEA, Vienna, Austria ; ONK AB,

Uppsala, Sweden; The Research Center Borstel (R@B)nitz-Center, Center
for Medicine and Biosciences, the Division of Vatary Infectiology and
Immunology, Germany;

Publications
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ONE-STEP PRIMER-PROBE ENERGY TRANSFER (PRIPROET) REAL-TIME
RT-PCR DETECTION OF SVDV USING ROTOR-GENE 6000
M. Hakhverdyan, T.B. Rasmussen, A. Uttenthal, SaiBe
WAVLD, Australia, 2007
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APPENDIX 4 Copies of Presentations

Why the meeting is being held

Martyn Jeggo
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FAO Perspectives on control/eradication of FMD

Juan Lubroth
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FMD Dogma and Chestnuts

John Crowther
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Global FMD Research Alliance (GFRA)

Martyn Jeggo
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EU Support for FMD Research

Improcon: John Bashiruddin
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EU Support for FMD Research

Others: John Bashiruddin
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FMD-CSF Co-ordination Action

John Bashiruddin
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Welcome Proposal

R. Venkataramanan
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Overview of FMD Research 2001-2005

John Bashiruddin
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BioSeeq: A portable veterinary diagnostic laboratoy

Carmelo Volpe
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Promises of Molecular Biology

Andrew King
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Research Programme: Danish Technical University

Sgren Alexandersen.
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Research Programme: Central Verterinary Institute

Aldo Dekker
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Country aspects: China

Hong Yin
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Country aspects: FMD programme Pirbright

John Bashiruddin
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Country aspects: USA

Cyril Gay
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Country aspects: South America

Ingrid bergmann
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Country aspects: India

R. Venkataramanan
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Country aspects: Botswana

Gaolatlhe Thobokwe
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Immunology of FMD

Ken McCollough
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