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Future needs and goals of CSF research

EXECUTIVE SUMMARY

The foot and mouth disease (FMD) and classical si@ver (CSF) Coordination Action

(CA) is an EU funded project designed to gather ahdre information relevant to the
control of two of the most important diseases i @IE List of Notifiable Diseases, FMD

and CSF, both of which have caused devastatingreakb of disease in Europe in the
course of the last 15 years and continue to pasFiaus threat to the livestock industry of
EU Member States.

The objectives of work package 1 of the FMD-CSF @#® to identify research gaps
relevant for the efficient control of CSF and FMBDdato identify the constraints which
reduce long term planning in FMD and CSF researahgd induce trans-national
collaboration in FMD and CSF research, within Ee;opnd between Europe and overseas
countries. For more information on the project ségtp://www.fmd-and-csf-
action.org/about

The U.S. National Veterinary Stockpile (NVS) is td& American repository of vaccines,
personal protective equipment, and other criticgtexinary products. Homeland Security
Presidential Directive 9 (HSPD-9) required the NMSdeploy within 24 hours "sufficient
amounts of animal vaccine, antiviral, or therapeptoducts to appropriately respond to the
most damaging animal diseases affecting humanhhealtl the economy..." The NVS
exists to augment state and local resources infigie against the 17 most dangerous
animal diseases that could potentially devastateergan agriculture and seriously affect
the economy. CSF is the fifth disease on the fish® 17 biological threat agents.

Dr. Cyril G. Gay, National Program Leader, Animataith, USDA-ARS, was selected by
the U.S NVS Steering Committee to chair and organéz workshop consisting of
international experts to conduct a gap analysithefknowledge and tools to control and
eradicate CSF. The expected deliverables fromwibekshop are recommendations on
specific countermeasures to stockpile, both comialéravailable and “in the pipeline”, to
ensure that the United States has an arsenal lolfyhefficacious countermeasures to control
and mitigate the impact of an outbreak of CSFs Expected that the recommendations will
also include, where necessary, research needshter &l knowledge gaps or research to
advance new technologies that will fundamentallyprove our ability to control and
eradicate CSF.

This workshop combined the intentions of the U.Satibhal Stockpile to assess
countermeasures and to analyse gaps of knowled#j¢oais with the goals of the FMD-
CSF CA to identify research gaps. Furthermore & iméended to help to avoid duplications
and promote research cooperation within Europe lztdieen Europe and the US. The
participants from the US could benefit from recBatropean experiences in CSF control.
On the other side European scientists were ineataatCSF research activities in the US.
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The aims of this workshop have been:
()] review the inventory of tools and strategies fa tontrol of CSF
(1)) review recent and current research

() define current and long term research gaps inighe 6f CSF and identify
constraints

(IV) assess current and future countermeasures andonwat&cision models

For the workshop leading scientists in the fieldG8F, experts from research institutions
and industry, members of the EU-Commission as a®lfepresentatives of international
organizations (OIE and FAQO) were invited.

Previous to this meeting a questionnaire was passetie participants of the Annual
Meeting of the National Swine Fever Laboratoriesl ao other institutes dealing with
diagnosis and research on CSF. The questions vienat &@urrent research projects and
opinions concerning research gaps. The results prdslished in the FMD-CSF CA Report
D-WP1-2b: “Inventory of CSF research programmegéuts/ orientations; time-table of
expected outputs of identified projects, constgitat uptake and report of task force on
maintenance of CSF expertise at European and glewal’ in October 2007. Using these
documents researchers working on different field€8F research were invited and asked
to summarize their work in a short presentationrauthis workshop.

The workshop was divided into four sessions: diatjns, vaccines and other
countermeasures, epidemiology and control, as aglbasic research. In the beginning of
each session the invited presentations were giweget an introduction and overview on
running projects, possible gaps and constraintserAéach session there was time for
discussion on open questions and research gapselisaw for the assessment of
countermeasures.

Presentations given at the meeting can be accessdéde website of the CRL for CSF
(http://viro08.tiho-hannover.de/download/eurl_dowvads.htn). However, this is a
restricted area which is not open to the publissi@rds can be obtained on demand from
the CRL €ri@tiho-hannover.de

Conclusions and recommendations were compiled a@nded upon at the end of the
meeting. They are summarized in this report and bal forwarded to the European
Commission, national and international funding oigation as well as scientific institutes.
The resulting report of the countermeasure assegsweas submitted to the US National
Veterinary Stockpile Steering Committee (Appendix 4

The workshop illustrated the benefit of gettingnaany groups together involved in CSF
research to adjust their plans in order to avoidlidations and to agree on fundamental
research gaps. Significant gaps could be identifigtie areas of epidemiology and control,
vaccines, as well as basic research. The resultheofworkshop should influence the
funding of research projects by national and irdBamal organisations. It could influence
decisions of the vaccine and diagnostic industryels

The organisers would like to thank all the partaeifs for attending the meeting and making
it so productive and enjoyable.
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Future needs and goals of CSF research

Conclusions:

In general diagnostics are well developed, thermiargent need for improvement,
however any improvement could make a contribution

There are promising’2generation DIVA chimeric vaccine candidates
Emergency vaccination is not yet a generally a@efol for CSF control

There are severe deficits in our knowledge conogroontrol strategies using
emergency vaccination using conventional and/orAiccines (efficiency and
safety of alternate strategies)

Most of the predictions of epidemiological modeds/é not been tested in the field yet
in vitro proof of principle has been presented for sevantiVirals, howevenn vivo
data are scare

There are severe knowledge gaps concerning virgsHm@raction and other basic
aspects of pathogenesis

Recommendations:

Diagnostics:
In general: For each test a second confirmatorgyassneeded
Improve (realtime) RT-PCR
o Definition of minimal standards and best practiocedglines (detection
limits, thresholds, limits of pooling, “doubtful selts”)
0 Explore the necessity of implementation of interc@itrols (reference
material, house-keeping genes)
o Definition of costs and capacity
o Increase of throughput and quality from samplingxtraction
o Establishment of a second realtime RT-PCR withffar@int amplicon for
confirmation only (e.g. when PCR is positive andigiisolation negative)

Rapid pen-side testing technologies
o0 At present developments should be followed, noipubsearch money
should be invested

0 Added value for CSFV diagnostics is partly consedejuestionable
May be of benefit in developing countries, lackagjistics (poorly
equipped state labs)

0 Best practise guidelines for pen side tests ardetkte

o Consequences of the results must be clarified

DIVA diagnostics

o Field data for existing DIVA vaccines should beledled with high
priority

o Selectivity (and sensitivity) of existing DIVA diagstics need
improvement

o Companion tests for new DIVA vaccines must be dgyadl and validated
in parallel to vaccine development

o Confirmation test for Erns-Ab-ELISAs should be deped
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Vaccines and antivirals:

Vaccines:

o

o

More data on existing live DIVA vaccine candidates needed (reduction of
transmission, efficacy, safety)
Research on interaction between vaccination aner alisease control
measures should be conducted
Different disciplines should interact (holistic apach), when evaluating the
suitability of novel vaccines
The protocols for the use of vaccines in wild boeed improvement
estimation and improvement of bait uptake by yoanignals
evaluation of marker vaccines suitable for orall@pgion
definition of the efficacy of oral immunisationwild boar

Antivirals

o

Explore the potential of antiviral substances irF@8ntrol, e.g. in
combination with vaccination in order to bridge fmanity-gap”
in viva. more data on administration route, toxicity, phacokinetics,
efficacy, comparative trials with vaccines
in vitro: proof of the antiviral concept
applicability in the field, guidelines for markaithorisation,
compatibility with national and European legislatio

Epidemiology and control:

* In general a better interaction between differestiglines, e.g., virology,
epidemiology, modelling, social and economic sagsnolicy is needed.

o

Improvement of CSF control strategies (in general)

« control in wild boar, control of epidemic CSF inndestic pigs
(industrial holdings, backyard pigs) and endemi¢Cs&mi wild pigs
and backyard pigs)

* most importants the focus on early detection of outbreaks (&mor
high risk period, systems to increase awarenesseguiting)

» Assessment of effect of state-of-the-art diagnestoy. PCR

* Improvement of control strategies in wild boar

Development of models of different eradication tetgges (holistic approach):

» identification of population densities, social stures, and habitat
selection of wild boar (population dynamics)

» prevalence of persistently /chronically infectedhaals

e acceptance and significance of hunting as a medthodluence wild
boar populations in future

e data on transmission of CSF from domestic pigsitd boar and vice
versa

» further development multinational CSF databasdsaass for
modelling of epidemics and control measures

* development of Decision Support Systems (DSS) dagaithe
selection of different control strategies

* improvement of protocols for usage of vaccinesiid Wwoar
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« Improvement of CSF control strategies in domests:p
» development of models of different eradicationtsiyées (holistic approach):

» without vaccination: efficiency of standstill meass, routes of
transmission, measurement viral load of tissuesimal infectious
dose of meat

» with (emergency) vaccination, oral vaccination, BlVaccines

» risk analysis: safety of products from vaccinatenals, retailer and
consumer acceptance, international trade conditions

* prevention of introduction:
* monitoring of the global CSF situation, risk assemst for EU
» assist Third Countries in control efforts (knowledgansfer, education)

* Improvement of CSF control strategies in backyagd:p
* development of models of different eradicationdach country /region
» structure and demography of the population
* swill feeding
* influence of human related parameters
« critical size of community/hosts able to maintamesndemic situation
» critical threshold of animals to be vaccinatedatoid endemic
stability)
» effect of combined vaccination and stamping ouiges (to avoid
endemic stability)

Basic research:

» Pathogenesis/Virulence
« Identification of cellular receptors
» Host genetic factors in the pathogenesis of CSF
» Identification of virulence factors
» Parameters to score virulence
* Immunology
* Immune response to CSF
* Immune evasion
* Mechanism of early protection by modified live vexas (C-strain)

* Viral functions
* Function of viral proteins, interaction with cebwlgenes, replication
and morphogenesis
* Role of genome stability/instability (quasi spegieghat factors
influence virus stability (role of recombination)
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INTRODUCTION

Welcome to the University of Veterinary Medicing‘Tierarztliche
Hochschule Hannover”

Gerhard Greif

President , Stiftung Tierarztliche Hochschule HarmmpHannover, Germany

Gerhard Greif welcomed the participants to the aamnpf the University of Veterinary
Medicine. He briefly summarised recent acitivitedghe Tierarztliche Hochschule in the field
of research on infectious diseases. He wishedaatigipants a successful workshop, fruitful
discussions and a pleasant stay in Hannover.

Welcome to the meeting
Volker Moennig

Community Reference Laboratory for CSF (CRL),
University of Veterinary Medicine, Institute for Milogy
Hannover, Germany

Volker Moennig also welcomed the participants @& Workshop. He outlined the objectives
of the “European” part of this joint workshop areldmphasized the uniqueness of this event.
In the framework of the FMD/CSF Coordination Actidnis intended to review recent
research on classical swine fever and to identifpdrtant areas of research that should be
addressed in the near future. In combination whth dbjectives of the Colleagues from the
US National Veterinary Stockpile Program it is exjeel that both parts of the joint meeting
will add to the overall results.

Introductions, Goals, and Targets
Cyril Gay

US Agricultural Research Service,
Beltsville, Maryland, USA

Cyril Gay introduced the U.S. National Veterinarjo&kpile (NVS) as a repository of
vaccines and diagnostics for the control of emeygliseases as a response to terrorist acts
and emergencies. Cyril Gay was selected by the NV& Steering Committee to organize a
workshop consisting of international experts toeasscountermeasures, both commercially
available and in the pipeline.
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For the assessment and ranking of the countermesasudecision model will be used. The
decision model is available as a Microsoft Excekad sheet. The criteria for the assessment
can be selected by this workgroup. A preliminarycsecriteria has been already identified to
expedite the process. The participants should weigh selected criteria and give points
between 2 and 10 (straight numbers) e.g. for vacdor efficacy, safety, one dose, speed of
scale up, shelf life, distribution/storage, quickset of immunity, DIVA compatible,
withdrawal, cost to implement. Afterwards the expahould select vaccines and diagnostics
for the assessment and weight them.

During the following discussion the participants thie workshop pointed out that the
assessment of countermeasures depends stronghe @orntrol and eradication strategy used
in this area.

Page 13 of 47



Overview: CSF-Situation in Europe and worldwide, dénition of the threat,
prevention and control, obstacles

Volker Moennig, Community Reference Laboratory@8F, Hannover, Germany

Summary

Classical Swine fever (CSF) is - next to foot ammlith disease - the most dreaded exotic infection of
swine. Some countries have managed to eradicates@&fessfully, e.g. Canada 1963, USA 1976 and
Scandinavia (free from CSF for more than 70 yeahsistralia was first free in 1903, however,
thereafter three reintroductions occurred (1924219960), that could be cleared rapidly. In casttra
to Rinderpest, which is on the brink of eradicatafter a global concerted control effort, there are
specific obstacles that prevent a similar sucaesbé case of CSF. Most countries with a substantia
pig production — except those mentioned above -e ltansiderable difficulties to remain CSF-free
over longer periods or to deal with endemic CSHs Hpplies for industrialised, threshold as well as
developing countries.

In the Western Hemisphere with approximately 15Mioni pigs CSF is at present confined to some

countries of Central and some northern countrieSaefth America, i.e. 67% of the continent is free,

6% more of the continental area will be free slyaatid on 27% of the continent considerable control
efforts are made to eradicate endemic CSF. At ptedere are severe problems in the Caribbean
(Cuba, Haiti, Dominican Republic) and some Cenfyialerican countries. Under the auspices of the
FAO several Panamerican organisations have desgigdah for the eradication of CSF in the Western
Hemisphere. According to this agenda this parhefworld is expected be free from CSF by 2020.

In Asia with the world’s largest pig population about 523 million, the situation is by far more
unfavourable. In almost all South Eastern Asianntees CSF is endemic. The situation in China is
not clear. In most countries CSF is notifiable, gmdphylactic vaccinations using modified live
vaccines are compulsory. Outbreaks are usuallpvi@t by official interventions, e.g. transport
restrictions. However, not all countries have augincy plans (e.g. Myanmar, Vietnam, Mongolia).
Reportedly there are frequent outbreaks in Chirspiteeregular vaccination campaigns; unfortunately
the situation is not reflected in official notifttan statistics. In Japan CSF was apparently eatetic
by a systematic vaccination and control policyieast there were no reports to OIE.

Europe has approximately 210 million pigs, i.e.$beond largest pig population of the world. Despit
considerable efforts to control the infection thare recurring outbreaks in European countriess Thi
also applies to a certain extent for EU memberestatvhich are experiencing occasionally re-
introductions of CSF-virus. At present wild boapptations of a few member states are affected, and
the new member states Romania and Bulgaria aragfamme difficulties in the control of CSF in
their domestic as well as their feral pig populasioA similar situation is seen in other countoéthe
Balkan Peninsula.

The EU control policy of the last 18 years, i.e.prophylactic vaccination, culling of infected and
suspect animals, movement controls and epidemidbgdracing, has proven to be successful in
professional holdings. For CSF in wild boar contstilategies were refined and there are several
examples for a successful eradication in the wited population. The worldwide present problem is
the eradication of CSF in very small holdings ajgpbackyard pigs This type of holding is typical
for many countries of Central and South AmericajtBdAfrica, South East Asia and South Eastern
Europe. In many if not most cases these holdingnateregistered by veterinary authorities, illegal
trade and swill feeding are common, pig ownersrarefamiliar with CSF and its implications and
their willingness to cooperate with authoritiedass. In addition backyard pigs are essential fa th
livelihood of their owner’s families. Reasons foetlack of cooperation with authorities are a latk
contact persons, mistrust in compensation practindsgnorance. In this respect the CSF problem has
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a strong social and educational dimension. It carexpected that the for the following reasons the
worldwide persistence of the infection cannot berogme in the near future:

e Swill feeding

« Domestic slaughter of pigs without veterinary cohtr

« lllegal live animal markets, uncontrolled trade arahsport with live pigs and pig products

* No or insufficient registration of pigs or pig hoids

e Qutdoor pig holdings without biosecurity measures

< Insufficient protection from contact with wild boar

« Insufficient capacities of the veterinary authestfor the surveillance of pig production, pig #rad
or control of outbreaks

« Inadequate education of animal holders and la@dwafreness

* Poor or no biosecurity, traditional holdings

* Lack of interest of owners in efficient diseasetoan

From an EU perspective this is unacceptable. Desgiie complicated socioeconomic factors
influencing the CSF situation, attempts will be mad control CSF in small holdings. At present
Romania is vaccinating backyard pigs on a largéesda parallel — as a precautionary measure —
commercial holdings are being protected by vacmnatising the subunit marker vaccine. According
to historical experience this strategy should latter two years at the latest to the eradicatioG8F.
However, as long as CSF occurs in neighbouring@atiountries there is the constant threat that CSF
might be re-introduced by illegal movement of piggig products at any time. A similar threat exist
for all EU members and other countries that arsgty free from CSF with respect to increased
global trade and personal mobility. The CommunigfdRence Laboratory maintains a large virus
database with isolates from all parts of the woddd analysis of CSF viral isolates from recent
European outbreaks indicated that these viruses wéroduced form several parts of the world.
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SUMMARIES OF PRESENTATIONS
AND DISCUSSION

Session 1: Diagnostics
DIVA diagnostics

Alexandra Meindl-B6hmer, Community Reference Labmmafor CSF, Hannover, Germany

Summary

In the EU council directive 2001/89/EC it is clgastated that preventive vaccination against
CSF is forbidden. However, during an outbreak oF@sre might be exemptions. The use of
emergency vaccination might be allowed under thieviang criteria: rapidly rising number
of outbreaks, densely populated livestock (pig®aatikelihood of further outbreaks, and
shortage of processing capacity. In the case ofganey vaccination either a modified live
vaccine or a marker vaccine could be used. Und#aineconditions meat and animals could
be traded even within the EU. However, so far nontxy has ever tried to do so. So far,
there has not been made much use of this posgitnliise emergency vaccination either. At
present Romania uses emergency vaccination tootrgontrol the CSF outbreaks in this
country. The consequences of a strict non-vacangiplicy could be seen exemplany the
CSF outbreak in the Netherlands in 1997/98. Abtauen million animals were killed mainly
for animal welfare reasons. The culling and desimacof thousands of healthy animals is
ethically and economically no longer tolerable.

The use of DIVA vaccines, which allows the diffeiation of infected from vaccinated
animals together with an accompanying confirmatest could be the solution. So far only
E2 subunit vaccines are commercially available.eDIVA vaccines have only been tested
in experimental animals on a rather low numberig$ pout have never been used in the field.
Some of them have shown very promising resultsasarfid might be a real improvement for
the future. But there is no special interest of nwrcial companies in the development of
new vaccines. Field data are also lacking for tmmpanying diagnostic assays. That is the
case for DIVA RT-PCR as well as for DIVA antibodyLISA. Evaluation studies with
experimentally vaccinated animals have shown timgrovements are needed especially for
DIVA-ELISAs.

Therefore, new DIVA vaccines and accompanying digfn assays should be developed,
validated and brought to the market. For the futhexe are visions of a vaccination to live
strategy and to prove the freedom of disease basede absence of nucleic assay instead of
on an absence of antibodies. The safety of suclethad should be elucidated and the trade
implications as well as the consumer and retaibeeptance need to be checked with OIE,
FAO, and others.
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Real time RT-PCR as a routine diagnostic tool for dtection of CSFV genome

Immanuel Leifer, Friedrich-Lo6ffler-Institute, RiemGermany

Summary

Several diagnostic methods are available for thectien of Classical Swine Fever. They
differ in sensitivity, specificity and practicakyi RT-PCR is a tool with high sensitivity,
specificity, reliability, and practicability, whicis used lately as a routine diagnostic tool. RT-
PCR systems are easy to automate and therefosuigable for high-throughput diagnostics.
With the help of real time RT-PCR (qRT-PCR) systdites amount of nucleic acids can be
estimated. There is a correlation between resolisdgsease.

Many different published and unpublished gRT-PCHRstgpanpesti systems as well as CSF
specific systems partly with internal controls. Thiegration of an internal control during the
DNA/RNA extraction controls both the effectivenessnucleic acid isolation as well as the
occurrence of inhibition and degradation factorgerdlaboratory ring trails have shown that
similar results could be achieved with standardigfd-PCR methods as well as with in-
house methods. However, some of the latter hav&mvesses with specificity and sensitivity.
It is advisable to establish two different qRT-P@Rtocols for the routine diagnosis in order
to avoid the missing of escape mutants in the primpeobe regions. In summary good,
standardized, and reliable gRT-PCR are availabléhimroutine CSF diagnosis.

In addition gRT-PCR can be a part of the DIVA pijpbe. The discrimination of the genome
between vaccine virus and field virus by qRT-PCkhis base for the genetic DIVA system.
Within this system animals vaccinated with convemai vaccines (live attenuated vaccines)
as well as new genetically engineered construgtal (vectors, DNA vaccines, mutated full
length CSFV genomes, chimeric pestiviruses, tramsptemented deleted CSFV genomes)
can be discriminated from infected animals. Recuéet for genetic DIVA is the detection of
of field virus strains of CSF without detection thie vaccine virus and other pestiviruses.
Chimeric marker vaccines make it much easier teeldgvspecific gRT-PCR, because the
genome does not occur in field viruses.

In the future real-time PCR machines which can det@ore than one fluorescent dye may
find their way into routine diagnostics too. Theable the design of multiplex assays which
allows discrimination and differentiation of e.gnternal controls, CSFV and other
pestiviruses as well as vaccine viruses like Cysiraone PCR assay.
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Rapid pen-side testing technologies and other modetechniques

Phil Wakeley, Veterinary Laboratories Agency - UK

Summary

An overview was given about rapid pen-side teste@hnologies for notifiable diseases. A
number of different rapid pen-side tests have lmeloped so far or are under development
by commercial companies. The companies are natuiaussing on the more lucrative end
of the market e.g. AIV and FMDV and not on CSF. {¥imeay be quite ignorant of what
might be useful for disease control due their bemkigds in engineering, physics or chemistry
rather than the veterinary sciences.

The technologies that are available now or coulddesloped in the short-term target nucleic
acids or antigens. With respect to viral genomitec#on, PCR and isothermal amplification
methods are available. RT-PCR for CSFV is well ldghed in the laboratories and there is
hardware available for carrying out these proceslae pen-side on a limited number of
samples. There are also various isothermal amglifin systems, but no LAMP assays have
been published or are commercially available foFCS

With lateral flow devices (LFD) a simple detectiorethod was developed for amplification
products and antigens. For CSF there is a largebaumf monoclonal antibodies available
(both commercially and not) for the production dflL detection systems that could be
rapidly trialled if the political will was there tdo so. The debate to test for notifiable disease
using pen-side devices has largely been resolvé/our of using these tests with the drivers
being political rather than scientific.
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The Luminex xXMAP technology — multiplexing made eas

Irene Greiser-Wilke, TiHo, Hannover, Germany

Summary

The Luminex’'s XMAP technology is a new technologiiet is built on already existing
techniques like flow cytometry, microspheres, lasdigital signal processing and traditional
chemistry. These techniques were combined in otdeperform bioassays with a lot of
parameters at the same time. The advantage oveEltHeA system in addition to the
multiplexing is that the results are quantitatiVée system is fast, but expensive. It can be
used for diagnostics and for research. For CSFdstges it may be useful as discriminatory
DIVA test and for CSF research in order to pratile cytokine expression.
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Session 1: Diagnostics

Discussion

After Session 1 and during the workshop lunchesdbearch gaps regarding CSF diagnostics
were discussed. The participants agreed that folh é@st a second confirmatory assay is
needed.

They agreed on the high priority to get field dixtan DIVA vaccinated animals e.g. serum
samples from E2 vaccinated animals from Romania.

It was noticed, that only one marker ELISA with N\properties is commercially available.
The selectivity of this test is rather low. Themefoit was recommended to improve the
selectivity (and specificity) of this test and tevelop new Erns-ELISAs for conformation
purposes. It was noted, that the new chimeric Dix&cines need companion tests as well. It
has to be figured out if the commercially availaBlElSA tests can fulfil this objective or if
new tests have to be developed. For these devetdpntemay be necessary to define new
monoclonal antibodies against CSF specific epitopes

Regarding RT-PCR the importance of minimal stansfaeduirements and best practice
guidelines for instance for pooling and thresholdse discussed. For all RT-PCR in the
laboratories the costs and capacities should heetefind the throughput and quality from
sampling to extraction should be increased. A cosige about what to do with “doubtful”
results is necessary. It was noted that contrdpe@ally reference material, should be
implemented and that the advantages and disadwmntafyinternal controls (e.g. house
keeping genes) should be explored.

An idea put forward by the participants from thd Rlas that a second realtime RT-PCR with
a different amplicon should be established onlydonfirmation in the labs. This test has a
special relevance with samples from wild boar whake positive in RT-PCR but virus
isolation negative.

There was some argument about the importance ad 1@gn-side tests. They may have
additional value in developing countries with aklaaf logistics or in case of a serious
outbreak with lots of infected farms for secondrdhforth and so on cases. Because the
further development of such technologies is alspoéitical decision it is necessary to
establish best practise guidelines e.g. for thesastwhat are the consequences of positive
and negative test results. The participants agregdneral to follow the development and not
to use public money for the improvement of pen-sats.

Other technologies e.g. microarrays or luminex rhayused for screening of samples from
clinical cases for exclusion diagnostics.

It was stated that CSF diagnostics is well devealojpegeneral and that there is no urgent
need for improvement. Some work is and will be dertain the framework of EPIZONE.
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Session 2: Vaccines and other countermeasures

Classical swine fever: vaccines and vaccination

Willie Loeffen, CVI, Lelystad, The Netherlands

Summary

An overview of available vaccines and vaccinesha pipeline, their characteristics and
features were given. Vaccination against CSF hasetmajor gaols. The significance of the
goals depends on the CSF situation in the coumtryendemic situations the prevention
against economic losses and the eradication odibease through preventive vaccination
becomes most important. In epidemic situations onéy eradication of the disease through
emergency vaccination plays a role. Each goal nskyfar specific characteristics of the
vaccines used.

For emergency vaccination marker vaccines may baddftional value because they allow
determining the infection status of on animal inelegeent of vaccination status. The pros and
cons of available and registered vaccines, on amel lof the conventional vaccines e.g. C-
strain and on the other hand of E2 marker vacciwese listed. The disadvantage of
conventional vaccines is that they have no markepgrties while commercially available
marker vaccines have some weaknesses in efficatycasts. “Field tests” are ongoing in
endemic situations (Romania) but so far therelach in collection of good data and results
in order to measure the efficacy of E2 vaccineghia field. In addition the companion
diagnostic tests need improvement of their selggtand sensitivity.

The question was posed if we really need a pexfactine and how can we determine the
need for more new vaccines if we can not deterrnthireadditional benefits of such a vaccine.
There are some experimental vaccines in developri@et chimeric pestivirus vaccines may
have enough potential. Further studies are neededrder to estimate the efficacy in

transmission studies, model studies and field exysts. A proposal for some of these
studies has been submitted to the EU already.

Additional gaps are:

1. the research on interaction between vaccinationo#imel measures

2. economic models of eradication strategies involviragcination (including market
potentials of products from vaccinated animals)

3. use of vaccines in wild boar

4. application routes of vaccines (i.m., oral, i.d.)

5. alternative or supplementing measures

For all further studies a closer cooperation betwdiferent sciences especially virology,
epidemiology, social and economic sciences is mgsortant.

Page 21 of 47



Immunisation of wild boar against CSF — Vaccine aplication methods
Matthias Kramer, FLI, Wusterhausen, Germany

Summary:

Vaccination of wild boar against CSF may play apamant role in eradication programs
in addition to hunting and other measures. It hétpslecrease the susceptibility of the
wild boar population for CSF by increasing the peewalence. The standard procedure
of oral immunisation of wild boar against CSF cathg used in Germany comprises the
establishment of 1-2 baiting places/kimunting ground in close cooperation to forest
services, hunters, and wildlife managers. The tigirea covers a size of 200 to 500 m
About ten days prior oral immunisation the wild bagre attracted with maize. The baits
are laid out by hand (30 - 40 baits per place) @mcered by soil or wood. In remote or
hardly accessible areas the baiting is performeatl thie help of aircrafts or helicopters.
The vaccination is carried out three times per yeaouble campaigns with an interval of
28 days.

The uptake of the baits by age classes of wild baarbe measured with the help of biting
traces of the vaccine blisters. Results from expenital and field studies together with
studies of the serological prevalence have shoamnthie bait uptake of young wild boar is
not sufficient. One reason may be the size of #ditslwith about 3 x 3 cm. Therefore, the
baits for younger animals should be improved witieker pieces and other flavour. In
experimental studies the bait uptake of young alsiroauld also be improved by placing
the baits in shelters which adult animals could eoter. These results have to be
confirmed in the field.
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Antiviral drugs

Frank Koenen, CODA-CERVA, Ukkel, Belgium

Summary

An antiviral drug is an agent which destroys oribis the growth and reproduction of
viruses. Different agents have shown already thetential as antiviral drugs for several
viruses. In general, antiviral strategies like dmablecules, small interfering (si) RNA and
peptides are applicable for all viral diseases. IBmalecules e.g. Imidazol [4,5-c] pyridines
and siRNAs have shown to inhibit thevitro replication of CSFV and other viruses. Single
domain antibody fragments could passive immunizera Foot-and-mouth disease.

In vitro data which proof the antiviral concept of theserdg are available, bt vivo data
are scarce. More data are needed on administratates, toxicity, pharmacokinetics,
pharmacodynamics and efficacy. Studies in the fislbuld elucidate if cocktails or
monotreatment are necessary, if the transmissiothefvirus could be inhibited, if in
combination with vaccination the “immunity-gap” ddue bridged and if residuals in meat or
other eatable products occur. No guidelines forketaauthorisation are available so far. In
addition, the compatibility of antiviral drugs witlational and European legislation has to be
confirmed.
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Session 2: Vaccines and other countermeasures

Discussion

During the discussion and assessment of vaccineeraeparticipants highlighted the
importance of further evaluation of the new chirogrestivirus marker vaccines especially
regarding safety, transmission, efficacy etc. Thare very promising marker vaccine
candidates, but so far not enough data are availabl

It was stated that despite the possibility to usergency vaccination within the EU it is not
yet a generally accepted tool for CSF control. Témsons are complex and more political
than scientific. To establish a risk assessmemrofiucts from vaccinated animals and to
evaluate their market potentials may help politisiavith their decision to use emergency
vaccination.

More data are needed also for antivirals. rheitro proof of principle has been presented for
several agents, but vivo data are lacking. Comparative trials between aatiand vaccines
were suggested. The particpants agreed that al$ivitay be of additional value especially in
combination with vaccination. It was noted thategsh on interaction between vaccination
and other measures is a gap.

During discussion about the effect of vaccinatiowild boar the problem came up that the

percentage of uptake of baits by young and oldenas is not known. Bait markers could be
the solution but the experimentally tested onesatallowed for instance in Germany.
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Session 3: Epidemiology and control

CSF control strategies in industrial holdings withand without vaccination
Klaus Depner, FLI, Riems, Germany
Summary

In an ideal world CSF can be controlled withoutcoraation. Problems arise in areas with a
high livestock population density e.g. the CSF epitts in The Netherlands 1997/1998.
During this outbreak more than 12 392 000 pigs haeen destroyed mainly due to trade
restrictions and animal welfare reasons.

For CSF control strategies with vaccination seveifierent vaccines are available. DIVA
vaccines can be divided into conventional and gerietVA (gDIVA). For the first the
differentiation is based on antibodies. Vaccinatainals can be discriminated from infected
animals by serological tests e.g. ELISAs. For thst the differentiation is based on the
genome. Vaccinated animals can be discriminateoh frafected animals by the genomic
differences of vaccine strain and field virus dygreal time (Q)RT-PCR. The control strategy
using gDIVA based on a certified freedom from vimstead of freedom from antibody.

Live attenuated vaccines are safe and highly efiiiciThe efficacy depends on the virus titre
(minimum 100 PD50 per dose), the time between waticin and challenge, as well as the
age of the pigs. The C strain for example protettsady four days post vaccination and
shows benefits already within one day. The prodectasts at least for one year or even
lifelong. A serological discrimination between vemted and infected animals is not
possible, but live attenuated vaccines are suitbdslgenetic DIVA with the help of qRT-
PCR.

Sub-unit vaccines e.g. E2 vaccines can be usedifteremhtiate between infected and
vaccinated animals, because the vaccinated angeakdop antibodies only against E2. The
manufacturers claim that the protection from clhicourse occur six weeks after single
vaccination and 2-3 weeks after double vaccinatin,independent assessment have shown
that even twice vaccinated piglets can transmitsviand that even after 21 days post
vaccination there is a limited virus transmissidbhe companion tests for the E2 vaccines are
not really sensitive enough.

The estimated costs of different control strategieShe Netherlands were shown. The costs
for parental vaccination are enormous. It is stillopen question if it is possible to vaccinate
pigs parentally in a densely populated area wighghort time. The risk of virus spreading by
the vaccination team itself is also uncertain.

An alternative to vaccine injection could be oratweination with hydrogels.

The decision to use vaccination or not depends emeral criteria and risk factors. The
following points favour vaccination:

- high number of outbreaks

- high likelihood of new outbreaks in the coming nfent

- use of illegal swill feeding is suspected

Criteria against vaccination are:

- the epidemiological situation and background isegic
- minimal biosecurity measures are not being impldstn
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Control strategies in back yard pigs, evaluation otlifferent strategies, research gaps

Vittorio Guberti, FAO AGAH, Rome, ltaly

Summary

For the control of CSF in back yard pigs threetsgigs have been applied: 1. Large scale
vaccination, 2. Stamping out, 3. Vaccination araagting out merged together. During large
scale vaccination almost all individuals are vaatad in order to reduce the number of
outbreaks and the environmental viral load. Laig@esvaccination is a successful strategy in
long term in countries with a positive economintteBest example is Europe in the past
century.

The stamping out strategy is used in Europe ateptas case of outbreaks. It is also used in
order to manage the very last outbreaks in largees@ccination strategies. The stamping out
strategy is not feasible in large countries whaeeibfection is endemic. It is not accepted by
pigs’ owners in poor countries, where the pigs tAee only source of food and income. In
addition stamping out is difficult to apply in pooountries due to high costs and (common)
weakness of Veterinary Services.

After insufficient vaccination campaigns the vimmay remain endemic in a certain area. The
consequence of decreasing herd immunity is a latgeber of outbreaks. In these cases a
combination of vaccination and stamping out measergs is necessary.

In order to establish control strategies for bac#typigs in a certain area many kinds of
information are necessary. Information about th@alraphy of the back yard pigs (number
and distribution of pigs, the turn over, the lifgas, fertility etc.) is needed. Human related
parameters e.g. average income, inhabitanfs/kiiay a role as well. In addition,
epidemiological data (transmission rate betweenvattdn groups and villages, lethality rate
and recovery rate, duration of herd immunity, epi@#ogical unit, sampling unit) are
necessary. The problem is that in general the paak holdings are a poorly known system.

Several parameters can influence the endemic ewolaf the infection. The role of these
parameters should be elucidated. So far it is mowk which role play partial insufficient

vaccination and stamping out measurements. Hoteidbst critical community size able to
maintain the infection endemic? How many animaésta be vaccinated in order to avoid
endemic stability? How should vaccination and stagnout measurements work together in
order to avoid endemic stability?
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Endemic CSF in small holdings, request for improveaontrol strategies

Eugen Olaru, Diagnosis and Animal Health Instititecharest, Romania

Summary

Eugen Olaru gave an overview about the CSF sitnatio Romania. After banning the
vaccination in 2002/2003 the number of outbreaks inareased every year in industrial
holdings and backyard pigs. The reasons were:

non identified pigs, kept in the backyard and fregring systems

contacts of the free ranging pigs with wild boars

illegal slaughter of the affected pigs

neighborhood contacts

illegal swill feeding

local illegal pig trades and movements

late announcement of CSF suspicion

no data on incidence of the CSF infections in \eitéhrs, no special hunting of young

animals in summer

Therefore, in December 2006 with support of the BCnew control strategy was

implemented. This program includes a temporary gerery vaccination of backyard pigs
with a live attenuated conventional vaccine anccieation of pigs in industrial holdings with

an E2 subunit vaccine. The number of outbreaksdeaseased and in 2008 up to now no
outbreaks were announced.
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Control strategies in wild boar, evaluation and comarison of different strategies,
research gaps

Matthias Kramer, FLI, Wusterhausen, Germany
Summary

CSF infected wild boar is the most important sowt@rimary infection in domestic pigs
causing about 60 % of all primary infections. Irder to decrease the number of CSF
outbreaks in domestic pigs a successful contratesyy in wild boar is indispensable.

Control strategies in wild boar are mainly basedfiga different tactics depending on the
characteristic features of the outbreak and theiladipn affected:

1. Doing nothing
2. Reducing the population density
By increasing the hunting pressure
By application of contraceptives
By reducing feed availability and habitat changing
Combination of strategies 1. and 2.
Oral immunisation of wild boar
In affected areas and the surrounding
In areas at risk
5. Combination of strategies 2. and 4.

W

After implementation of oral vaccination of wild d&wothe number of CSF cases in wild boar
has decreased from 2004 onwards (with a small ai2806 and 2007). The seroprevalence
of wild boar in areas with vaccination was sigrafitly higher than in areas without
vaccination.

The number of CSF outbreaks in domestic pigs cabgetirect or indirect contacts to CSFV
infected wild boar decreased since the establishofasral vaccination campaigns in affected
areas. Since 2003, no CSF outbreaks in domestgwwége caused by CSFV infected wild
boar.

In order to further improve CSF control and eratilicastrategies in wild boar the following
research gaps should be closed:

* Horizon scanning methods and forecasting systemesetning CSF risks in wild boar
populations e. g.
— Development of population densities consideringeveable energies
— The role of wild boar meat and products of wild boagin in future
— Acceptance and significance of hunting as a metiooohfluence wild boar
populations in future
« Development of new methods to assess the populd&aosities, social structures and
habitat selection of wild boar in changing ecosyste
» Development of Decision Support Systems (DSS) chggrthe selection of different
control strategies
e Further development multinational CSF databasdmsis for modelling of epidemics
and control measures
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Strategies to deduce the “true” number of wild boar(Sus scrofa)iving in a certain area

Ulf Hohmann, Research Institute for Forest Ecolaggl Forestry , Trippstadt, Germany

Summary

In order to develop epidemiological model schenwscbntrol strategies, risk assessment,
etc. it is important to know about the true numbewild boar in a certain area. So far the
estimates of population trends based mainly onydely harvest rates, but many factors
induce a bias which weakens the validity of thetarates.

On the Research Institute for Forest Ecology andestoy in Trippstadt, Germany in
collaboration with the University of Koblenz-Landaimstitute for Environmental, a non-
invasive method was developed in order to deteetsiatial and temporal dynamics and
absolute density of wild boar with the help of ssampling and genotyping. The presentation
showed the benefits but also the difficulties ofstimethod. First preliminary population
estimates based on a modified capture-mark-recyptadel indicate that population size has
been underestimated for a 4.000 ha study areaekbcatthe Palatinate Forest (South-West-
Germany).
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Classical Swine Fever: Virus transmission

Willie Loeffen, CVI, Lelystad, The Netherlands

Summary

Vaccines are more and more used to eradicate disean whole populations, not to protect
individuals from getting diseased or dying. In ortteeradicate CSF from a whole population
the transmission of the virus between herds, gagmeproduction ration (R), is crucial and
should be below 1. Transmission parameters carséeé to estimate efficacy of intervention
measures, including the dynamic process of pratectfter vaccination. Because of these
dynamics, it is not possible to say that a vaceiuile work after X days, as is often done.
Instead, there is an increasing protection in tagainst transmission, from no protection at
the moment of vaccination until full protection eftY days. At the same time, virus
transmission within a herd is also a dynamic predastime. Introductions of virus shortly
after vaccination, and well before full protect@gainst transmission is reached, can therefore
still result in only small and self-limiting outkaks. This reduces the risk of transmission to
other herds, ultimately allowing full eradicatiof the virus. Because of these dynamics,
vaccine efficacy with respect to eradication of #reis can only be evaluated in models and
not in simple animal experiments. Transmission @rpents can provide valuable parameters
for these models though.

The underlying mechanisms of transmission, espggaralis excretion, virus transport, virus
survival, and host susceptibility should be furtleducidated in order to get more exact
models and quantify possible routes of transmisarmheffect of intervention measures.
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What do modellers need?

Hans-Hermann Thulke, Helmholtz-Centre for EnvirontaéResearch — UFZ, Leipzig,
Germany

Summary

Modelling is a structuring process shifting imagioa towards knowledge. It allows
exploring the logical consequences of knowledgel il experts and improving decision
making even in the absence of “further” informati@onclusively, what modellers basically
need is continuous review by experts whether thdahles incorporate the recent thinking
from which the tackled question originates.
Regarding CSF imomestic pigsmodels have been developed to investigate theadpoé
infection and the success of control strategiessiclering costs, political and ethical issues.
Critical issues were singled out e.g. time delafl ygnotection after vaccination, the role of
standstill measures and their efficiency to suppoesitact events.
Related towild boar there exist a few population-based analytical nwae projective
matrix models based on life-cycle parameters. Theleis are developed in order to find
answers to the following questions:
- which parameters favour or exclude persistenceSH (D a certain area
- how do intervention measures (primarily vaccingtianteract with the virus
characteristics, with ecological condition of thests, and with our abilities to monitor
the changes in immune status
Critical issues were the individual variability disease outcome, the wild boar density, and
the inseparability the sources of immunity in tleddf (infection or vaccination).
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Economic aspects of Classical Swine Fever-future egs for decision support

Helmut Saatkamp, Wageningen University, Wageningée, Netherlands

Summary

The aim of economic science is to support the dveranagement of Classical Swine Fever,
i.e. decisions by governments and stakeholdersagmgpprevention, monitoring and control.
Beside financial impacts (direct costs, consegaéntsts, aftermath costs) also non-financial
impacts of CSF have to be considered, such asivater socio-ethical and psychological
impacts. In addition several developments influegailecision making can be observed e.g.
increased awareness of the general public, disegpea of borders, the tendency to put more
emphasis on prevention instead of control.

Given these developments, some requirements forefutesearch and knowledge for the

viewpoint of economics and decision making can &evdd. Economics as a science should

provide a holistic (and multi-disciplinary) apprbacto decision support and CSF
management, i.e. provide an integrated approachrewvention, monitoring and control of

CSF. This requires both efforts regarding concdizaton and the development of

appropriate methodology. Further more, since CSFbesoming more and more an

international disease problem, harmonization ofregghes and methodology should receive
attention to enable comparison of research results.

From the decision support point of view, there asweral areas which should receive

attention in the near future:

- ldentification of trade-offs between (resource @dlibon to) prevention, monitoring and
control,

- Revealing (new) areas and instruments for mitigatihe economic impact of CSF
(marketing of vaccinated meat and piglets; optiailaication of resources)

- Integrated bi- or tri-lateral cross-border reseaoch improved collaboration between
countries in control and prevention, as well asnarketing of products originating from
vaccinated animals.

Incentive mechanisms for actors (farmers AND retal)l
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Early detection systems for Classical Swine Fevepresent and future

Armin Elbers, CVI, Lelystad, The Netherlands

Summary

A global experience with Classical Swine Fever cedks is that the index cases are detected
often too late, in many cases several weeks aftsetoof clinical signs. The late detection
often results in spread of disease to other famusflocks, especially in densely populated
livestock areas. In consequence large epidemicsdeaglop which are difficult to control.
Therefore, the improvement of early detection systes absolutely necessary.

One main pillar of the early detection system f@FOs the alert by media via world wide
web e.g. proMED-mail/ PigSite E-Newsletter or viewsletter, radio, television for instance
after outbreaks in other countries. Another pasrthie obligatory reporting of clinical signs of
a notifiable disease by farmer or veterinary pteier to veterinary authorities. This will be
kept in the future, but is not high priority becauwsith this detection we are most of the time
too late (3-6 weeks after introduction). The reasdor late notification are the lack of
specificity of the clinical signs, especially inetrearly stages of CSF and the negative
economical consequences for farmers. The finarmia emotional relationship between
farmer and veterinary practitioner and social-psyagical considerations may also delay the
notification process.

After occurrence of a higher mortality than norragbost-mortem investigation of dead pigs
has been carried out. The tonsils of the animalge Haeen submitted to the National
Reference Lab for antigen detection. The numbegigfcarcasses delivered for rendering in
relation to herd size has been used as an alamalsigodel studies have indicated that only
in fattening farms this procedure will decrease lingh risk period for 2-3 days. For sow
herds no advantage could be shown. Thereforesyisiem will be kept in the future, but not
with high priority.

Another approach is the submission of blood samptes CSF diagnosis after group
medication of pigs with antibiotics with no desiretfect. In practice, there is no grounded
basis for it in the pig industry and so almost amples are submitted. The system is not
specific enough.

After the CSF outbreaks in Germany in spring 200pilat project was started in The
Netherlands were farmers or veterinary practitisreauld send in samples for CSF exclusion
diagnostics in case of unspecific clinical signgeveeen. The advantage over older models
was that no isolation of the farm was necessary teteiving the result. The project was
funded by the emergency fund. The project was &esscin the beginning and is still in
operation but the enthusiasm to use it has disapgeanaybe because the costs for the
individual farmer are too high.

In order to improve the early detection of CSF #idsecommunication and more transparency
of notification process is necessary in order tiddeup and regain trust between farmers and
veterinary authorities. A Clinical Decision-Supp8ststem (CDSS) is in development. It will
be able to calculate the probability that clinisedns are caused by CSF using a Bayesian
computer network. This can help the veterinary fiti@aner in convincing the farmer to
exclude CSF by submitting samples.
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In addition to these measurements socio-psychabgitidies should be carried out to find
answers on questions like:
o How to change behavior of pig farmer?
o Relationship between farmer and practitioner?
Integrity / independent judgment
o Which economic/behavioral incentives will facilgat
reporting of real suspicion ?
use of exclusion diagnostics in case of non-speciinical signs?

Research on technical solutions like pen-side testsystems less dependent on farmer or

veterinarian e.g. slaughterhouse, monitoring ofytiedthperature, air or manure sampling, air-
sniffers may also contribute to the improvementarfly detection systems for CSF.
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Session 3: Epidemiology and control

Discussion

The participants agreed that research on epidegyaad control strategies is very important
in order to be prepared for the future in the viefvthe proceeding globalisation with
increasing trade and travel. The enlargement ofBtewith admission of countries where
CSF is endemic in domestic pigs and/or wild boamnisdditional challenge.
CSF control strategies have to be developed oradwgal in industrial holdings, backyard
pigs, and semiwild pigs for epidemic and endemiaasions as well as in wild boar. The
decision making has to take into consideration séviefluences e.g. the involvement of
governments and the general public.
The different eradication scenarios should be coethastamping out, vaccination with
different vaccines and diagnostic tests (DIVA),nsistill measures, vaccination to live
scenario, strategy based on genome detection thstfeantibody detection and strategies in
wild boar. The following questions need an answer:

- What are the effects of the different eradicaticensrios

- How could they look like?

- What is needed?

- What effect plays the earlier onset of protectiostpaccination?

- Could pen-side testing help to reduce the totalscokan outbreak by finding the last

cases sooner?

It was repeated several times that the developwoferuntrol and eradication strategies should
be an holistic approach and a cooperation betweprdemiologists, virologists,
immunologists, modellers, economists, politiciane$ailers, consumers and so on.

It is most important to find strategies to decretheehigh risk period, the time between CSF
introduction into an animal and detection of thestfioutbreak. In this time the agent can
circulate freely. This seriously hampers the eratitted campaign. During the last outbreaks
in Europe it took between three and ten weeks antlouncement of the disease. Therefore,
new strategies should be found in order to incréhseawareness, to increase the reporting
and to think of systems to improve the number af@as to be sent to the laboratories.

It was stated that wild boar and backyard pigsralatively unknown systems. Models for
different eradication strategies in wild boar nésfdrmation about the population dynamics
and the influence of different virus strains on ghevival of persistently and chronically
infected wild boar. How is the prevalence of thasanals and how could the number figured
out? In addition data are needed on the efficacgraf immunisation in wild boar with the

help of positive markers. The vaccine applicationyoung wild boar has to improve. The
significance of hunting as a method to influenckelwibar populations was discussed.

A comment was made that risk analysis on safefyrodlucts from vaccinated animals has a

high priority in order to improve the acceptancera@at from vaccinated animals by retailers
and consumers. The legislation should reflect dselts of that research.
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Session 4: Basic research: Immunology, Pathogenesigal functions

Innate immune responses and pathogenesis of clasdiswine fever: current knowledge
and research gaps

Artur Summerfield, VI, Mittelhausern, Switzerland

Summary

The high affinity of CSFV for the immune system lwihfection of macrophages, endothelial
cells and dendritic cells is associated with systeamd local IFN type | and inflammatory
cytokine responses in primary and secondary lymphossue. It is proposed that
lymphopenia, destruction of lymphoid structures baukocyte apoptosis is a consequence of
a virus-induced “cytokine storm”. CSFV infection ofacrophages and dendritic cells is
associated with such cytokine responses in a ye#l-specific manner. While macrophages
are involved in secretion of pro-inflammatory cyiteds, plasmacytoid dendritic cells are the
only cell type able to produce large quantitie$Fdd-a. The latter represent a most prominent
and early response, and is proposed to repredeyt @vent in immunopathogenesis.

Future research should address immunopathogengesis b

(1) defining the sequence of events during innate ineragctivation,

(i) identifying detrimental versus protective immunspenses,

(i) defining the role played by individual cell typesdehow these cells interact.
Equally important is to address open questiorieemareas of “molecular pathogenesis”. This
includes the identification

® of the cellular receptor(s) of CSFV,

(i) host receptors sensing CSFV for induction of inmai@une responses,

(i)  viral genes influencing CSFV replication in cell§ the immune system and

cytokine responses therein.
Considering the role of wild boar as a reservoirtfe virus, the pathogenesis in this species
should also be investigated.
Altogether, this knowledge is critically importafdr a rational vaccine design. It is also
anticipated that this will enable the developmehinovitro models for the identification of
viral virulence factors.
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CSF: Innate Immune evasion

Helen Crooke, VLA, New Haw, UK

Summary

CSFV, like other pestiviruses, is able to replidgateell cultures without causing a cytopathic
effect or inducing interferon production. In facBEV infection prevents the apoptosis and
interferon secretion normally induced on infectiaith other viruses or the addition of
dsRNA. In collaboration with researchers at thstitnte for Animal Health, Pirbright, we
have investigated the mechanisms behind this evadithese innate immune responses. Our
strategy has been to systematically investigatentbkecular pathways involved to identify
host components targeted by the virus and alsopptyaandom screening techniques to
identify host proteins that interact with viral s, with the aim of elucidating the roles of
the viral proteins during infection.

Thus far we have established that CSFV infectiogeis one of the transcription factors,
IRF3, required for the induction of type | inteder that inhibition of apoptosis occurs at
multiple points within the double stranded RNA iodd cell death pathway and that the viral
protein Npro is an important factor in these preess Screening of human and porcine cDNA
libraries, using the yeast two-hybrid system, hdeniified a number of host factors that
putatively interact with this unique pestiviral pem.

Our current goals are to identify precisely the hagism of inhibition of apoptosis and to
establish the significance of the viral-host prot&iteractions we have identified. Our long-
term aims are to identify further roles of the Vpeoteins and to use the knowledge gained by
these in vitro investigations to further our undi@nsling of CSFV infection of the host.
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Mechanisms of virus replication and functions of tle virus proteins

Martin Beer, FLI, Riems, Germany

Summary

Pestiviruses are enveloped viruses of the famifwikiridae with a positive stranded RNA
genome of ca. 12.5 kb and one large open readargefrf(ORF) encoding a polyprotein of
about 449 kDa. The ORF is flanked by 5'and 3'usietad regions (UTR) which are
important for viral replication. An internal ribos@al entry site (IRES) within the 5° UTR
allows cap-independent translation of the viral ypobtein, which is co- and
posttranslationally processed into 12 mature pmstdiy viral and cellular proteases. The
virion consists of four structural proteins: C, Er&l, and E2. The basic core protein C forms
a capsid that surrounds the viral genome. The thhgmsylated envelope proteins Erns, E1
and E2 are located in the lipid membrane of callalégin. While the envelope protein Erns
seems to play a role for the first cell contact aad RNase-activity, virus entry is mediated
by the most immunogenic envelope protein E2 by ibmpdo cell surface molecules (the
bovine CD46-molecule was e.g. demonstrated aseptecfor BVDV). Furthermore, eight
non-structural proteins (Npro, p7, NS2, NS3, NSHS54B, NS5A, and NS5B) are encoded
by the pestiviral ORF (Figure 1). The first proteinthe ORF is Npro, an autoprotease which
Is not essential for viral replication in cell aui¢, but seems to be important for interferon
antagonism. The protein p7 is supposed to take ipavirus release as a “viroporin” by
permeabilization of cellular membranes, and thegims NS2, NS3, NS4A, NS4B, NS5A and
NS5B are required for viral RNA replication, e.g.[@otease (NS2, NS3), helicase (NS3) and
polymerase (NS5). However, additional functions tbése proteins are suggested, and
therefore the aim of ongoing research.

Pestiviruses can be divided into cytopathogenig &yl noncytopathogenic (ncp) biotypes.
Ncp pestiviruses cause no visible changes of aglige cp viruses lead to typical signs of
apoptosis like fragmentation of DNA and cell deabh. cp pestiviruses, NS3 is more
efficiently expressed, e.g. due to insertions otatons allowing a more efficient cleavage
between NS2 and NS3. Therefore, the cp biotyphasacterized by marked higher amounts
of detectable NS3 in infected cell cultures. FOFESso-called defective interfering particles
(Dls) were found in cp-isolates.

It has to be stated that up to now the mechanisrassémbly and release of infectious
pestivirus virions is not well understood. Mostelik, the budding process is initiated at
intracellular membranes, and virions are releasid fusion of particle-loaded vesicles. The
outer surface of pestiviruses contains the two nmarmdsanchored envelope glycoproteins E1
and E2, and the envelope glycoprotein ERNS whickda classical transmembrane domain
and is secreted from infected cells. Envelope prdiE2 is the major immunogenic protein of
pestiviruses, and E2 is present in E1-E2 heteradime well as in E2-E2 homodimers linked
by disulfide bridges in virions and pestivirus-iofied cells. The role of E1 in pestivirus
infections remains unclear. However, a recent stody shown that both E1 and E2 are
necessary to mediate entry of pseudo-typed retre@g into porcine cells. These results
suggest that the E1-E2 heterodimer, rather thafeth&2 homodimer is the functional form
during viral entry. In general, the infection preseof enveloped viruses requires a fusion of
the viral and the cellular membrane. For pestiwsighe binding to target cells involves not
only the interaction of glycoprotein E2 with cedul membrane proteins but also the
interaction of ERNS with glucosaminoglycans. Theida occurs within the endosomal
compartment in the presence of low pH which propabiluces conformational changes to
the glycoproteins.
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Classical swine fever: Identification of virus andhost virulence determinants

Martin Hofmann, 1VI, Mittelhausern, Switzerland

Summary

Studies focussing on viral and host-determinedemnce factors have been limited in the past
by three major obstacles: Firstly, a unequivocéinien of the term virulence in CSF is still
lacking, and only recently clinical and patholodisaoring systems have been proposed.
Secondly, despite many efforts, no reliainlevitro parameters correlating with the virulence
of a CSFV strain in its natural host have been doudonsequently, all studies aiming at
identifying viral virulence factors must be carriedt by experimental infection of pigs.
Thirdly, all viral virulence factors identified gar reduce the virulence of the virus if mutated
or deleted; however, none of them is able to cdresey avirulent parent virus into a virulent
progeny upon insertion. Furthermore, many of tlelence factors seem to be strain-specific.
Therefore, future research must focus on
® a universally applicable and quantifiable defimtimr the terms "highly virulent",
"moderately virulent”, "low virulent” and "avirul&h(or at least find a definition
for "virulent" vs. "avirulent");
(i) the identification of reliablan vitro parameters for assessing the virulence of
CSFV in its natural porcine host; and
(i) identification of viral virulence factors that aas virulence factorger se i.e. their
presence or absence renders the virus virulentinrl@nt, respectively.
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Session 4: Basic research: Immunology, Pathogenesigal functions

Discussion

During the discussion in Session four it was unded that basic research is important and a
prerequisite of further developments e.g. in tle&fof vaccines and diagnostic tests. A lot of
points regarding viral functions, pathogenesis iamdunology are still unclear. The role of
genome stability or instability and which factangy influence is uncertain. What role plays
recombination and is there a possibility of recamakion of viruses in an animal vaccinated
with modified live vaccine and field virus?

It was noted that some viral proteins or peptidesable to influence the virulence of a virus
strain, but real virulence factors have not beemdbyet. Inserting a potential virulence
inducing gene sequence into a genome of an avirateain did not turn it into a virulent one.
The reason may be that several factors have to leomemt each other resulting in a virulent
CSF strain.

The pig breeding may also have an influence obtiteome of a CSF infection. Some
breedings are more susceptible for the diseasedt@ns. The opinions about the importance
of this finding differ.

Another point requiring more research is immunolagyg. the mechanism of early protection

after vaccination with C-strain. Results of thisdst could be used to influence the vaccine
development.
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