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5 Protomers

— VP1
= 1 Pentamer

VP2
VP3
VP4 12 Pentamers

= Capsid

2008
Swiss Institute of Bioinfermatics
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Foot-and-mouth disease virus (FMDV)

Family Picornaviridae
Genus Aphthovirus
[ Serotypes - 46 Topotypes - Hundreds of sub-lineages and strains

Serotype Topotypes (15 — 20% nucleotide difference)

O 11
A 3
C 3
Asia 1
SAT 1 9
SAT 2 14

SAT 3 5 25nm, non-enveloped, icosahedral
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Besonderheiten der MKS:

Geringe Mindestinfektionsdosis

Virus wird in hohen Dosen ausgeschieden
Virus stabil iIn der Umwelt (aber saurelabil)
Viele Virusstamme, geringer Kreuzschutz
Subklinische Falle + Viruspersistenz

Viele Spezies empfanglich
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Duration of FMD Excretion in Cattle

Blood

Semen

Urine

Milk

Saliva

Aerosol

Nasal Discharge
Faeces

Probang samples

5 days

10 days

7/ days

5 days
11 days 1 -2 weeks

50
{0

50

ays
ays
ays

month to years

Sources: |IAH, AVIS
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,Ccarrier Animals*

Probangprobe > 28 Tage positiv
Nachweismadglichkeit intermittierend

Afrikan. Buffel 5 Jahre
Rind 3,5 Jahre
Kl. Wdk. 9 Monate

Nicht: Schwein
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Intermediate, sporadic

Free with vaccination

Countries with multiple zones: Pool 1 — Asia east Pool 4 — Africa east

FMD-free, free with vaccination or not free POOI 2 — ASia South POOl 5 _ Africa We5t
B e viuspresentin game pars Pool 3 — Eur-Asia  Pool 6 — Africa south
Pool 7 — America south

Pool positions are approximate and colours indicate that there are three principal pools, two of which can be
subdivided into overlapping areas . .
PPIng WRLFMD, Pirbright, UK (2011) (modified Haas 2013)

Free




. Endemic | A O ,SAT 1, 2,3 POOI 6 K j

SAT 1, 2,3

Intermediate, sporadic

Free with vaccination

Countries with multiple zones:
FMD-free, free with vaccination or not free

. Free. Virus present in game parks

Examples for important new introductions dlmelsile] (=Rl {eR=I=H

Free http://www.oie.int/animal-health-in-the-world/the-world-animal-health-information-system/the-oie-data-system/

Pool positions are approximate and colours indicate that there are three principal pools, two of which can be

subdivided into overlapping areas ) .
WRLFMD, Pirbright, UK (2011) (modified Haas 2013)
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Table 10. Sources of Primary Outbhreaks
of Foot-and-Mouth Disease, Worldwide, 1870-1993
Source ' Percent of Quthreaks *
Meat, meat products, or garbage &]&
Airborne {wind) or migrating birds 22
Livestock importations &
Contaminated objects or persons 4
Vaccines 3
Wildlife < 1

ko or Suspecied source

outbreaks with a reported source (n=627)

APHIS
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Foot and Mouth Disease Outbreak 2001
As At 08:00HRS 16 APRO1

Infectd ADIDIr

FlistGase Discouered
letectd LUeEBok Deake
ndex Case

nteckd Fam

mploat d Naket

Mouem e1ts 01 OF bevore 20-02-01

Mouem e1ts 01 21-23-02-01 A Confrmed 15.04-01

Conrtks
A Confrmed 14-04-01

Remaining Premises

Cmin Capegh =
DEFRA Liopnon Ko:G 0R7 %8 1 3 & PG NNEL

Ringvakzination unmaoglich!
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FMD In UK, irland, France, NL 2001 ©

Foot and Mouth Disease Outhreak 2001

Comparison of daily number of cases confirmed in the s ALOB:00HRS 164PRO1

1967/68 and 2001 FMD epidemics in Great Britain ;

&l

A Confrmed 15.04-01

Graph showing the quantities of carcases disposed of through bt

different disposal routes during the FMD outbreak

A Remaining Premises

12000

10000

w000 Mol Problem: Rendering

Carcasses disposed of | Tonnes
2
8

4000 1

) 2000 .
= 0 | ool Bt Lo L phalhcotnd Whem A

S 885853885883 868%83¢%82%58¢%8¢8+8
b 8 23 8 32 3 88 88 85 5 88 38 ¢g g g2 ¢
] S E 2 £ 8 8 8 8 8 £E % 8 8 8 8 8 & & = %
B . ~ B n &2 2 8 £ 8 2 R £ 8§ 88 8 g 8 F 5 2
s 4 _ i _ _
5 I O Rendering B Landfill OMass burial O Burn/On farm burial

= Figure 6 Graph showing the contribution of different disposal routes during the outbreak
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Holdings Atfected

e 2,026 infected premises in GB (UK 2,030)
e 7,139 dangerous contacts (including 3,302 contiguous premises)
e 247 slaughter on suspicion cases

Animals Slaughtered for disease control measures (% of number slaughtered)

3.915,849 total animals slaughtered
600,600 cattle (15%)

3,172,012 sheep (81%) A o

138,731 pigs (3%) oy
2,597 goats (<1%)
520 deer (<1%)
1.389 other (<1%)

Y Nt

-‘*v'y."‘"b '”‘ "w xl

Animals Slaughtered for welfare reasons 7R

e 548,190 under the Light lamb scheme
e 2,000,800 under the Livestock Welfare Disposal Scheme (LWDS)

Source: DEFRA Disease Control System 30 November 2001
Naote fioures are provisional and subject to change
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29. Dez. 2010 - Wildboar with FMD signs

hunted
04. Jan. 2011 - FMD confirmed
9. Jan. 2011 - Outbreak in Kosti
15. Jan. 2011 - Outbreak in Rezovo
31. Jan. 2011 - Outbreak in Gramatikovo
19. Marz 2011 - Outbreak near Kirovo, |

Beginning of 2nd series

Typing:
Serotype O, Topotype ME-SA,
PanAsia-2ANT-10

Greatest homology with isolates
from Asian part of Turkey
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FMD in Bulgaria 2011

T. Alexandrov et al. /Veterinary Microbiology 166 (2013) 84-90 85

8 = g
j/? 2 ;

Shumen ——y .

A

o
Vaiha BULGARA

o N

Bulgaria
¢ FMDV + wild boar

Burgas -(5-J

e FMD outbreaks

Black Sea

. Cordon Sanitaire

Haskovo

East-Balkan pigs

Fig. 1. Locations of the shot FMDV positive wild boar and the 11 outbreaks in domestic livestock within the surveillance area comprising sampling areas A, B
and C and the East-Balkan pig herds.
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Non-invasive
survelllance

Aims at detecting virus by PCR; Targets epi-
unit (all animals attending a feedlng site);

As frequent as needed

Khomenko, et al, 2013,

03182013 04.17.35]
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Was passiert wenn man die MKS nicht konsequent bekampft?

462 Bekiimpfung Maul- und Klauenseuche
am 1.12,1937

Maul-und Klouenseuche
am 1.8.1937

Moul -und Klauenseuche
am 1.6.1937

Maul- und Klauenseuche
am 1.10.1937
Maul-und Klauenseuche
am 1.6.1938

Abb. 103, Verlauf der MKS-Panzootic 1937/38.

a)Stand am 1. 6. 1937, b) Stand am 1. 8. 1937, ¢) Stand am 1. 10. 1937, d) Stand am 1. 12. 1937, " .
©o)Stand am 1. 6. 1938. (Aus: WALDMANY 1939.) e Rohrer u. Olechnowtz, 1980

oy — el

Die MKS hat nichts mit ,Massentierhaltung” zu tun!
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Beratung durch den Tierarzt - Was kann der Landwirt tun?

Betriebshygiene!

. . . L ]
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e Unterbinde Zugang zum Stall durch Betriebsfremde!

o Stelle betriebseigene Overalls und Stiefel!

e Reinige vor der Desinfektion
- Schmutz schutzt das Virus vor dem Desinfektionsmittel!

e Desinfiziere Oberflachen vollstandig
- Mit Desinfektionsmittel bespriihen alleine nitzt nichts!

e Beachte die Einwirkungszeit (und Temperatur!)

e Verwende ein geeignetes Desinfektionsmittel (DVG-gelistet,
viruzid)
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Klinik der MKS

Speicheln
Fieber
Milchrtickgang

Jungtiersterben
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Tongue of steer with 1-day-old vesicle which ruptured when the tongue

was drawn from the mouth.
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Tongue of steer with
3-day-old lesions.

Sero-fibrinous exudation
into the lesions has
resulted in a loss of
earlier red raw
appearance and

also sharpness

of margination.

Early granulation evident.
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4-day-old lesions.
Note progressive
loss of lesion
margination

and extensive
fibrin infilling.
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Steer’s tongue with a 10-day-old lesion characterised by loss of papillae,

indentation at the site of the lesion and fibrous tissue proliferation.

T
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3 day old vesicle - the epithelium overlying the vesicle is friable and
easily stripped off
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2-day-old lesion on the dental pad and upper gum of a sheep.
The margins of the lesion are sharp.
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2-day-old lesions, inter-digital space, along the coronary bands
Note blanching and swelling



FRIEDRICH-LOEFFLER-INSTITUT

FLI

0000 it 1910

0000 Bundesforschungsinstitut fiir Tiergesundheit
¢ ? v Federal Research Institute for Animal Health

o . DEFRA
‘ & r's,:""‘ -

vesication of a pig’s 4-day-old lesions

' 1-day-old
snout, gum and lips. Scab formation and healing evident.
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Unruptured 2-day-old
vesicle on the

supernumerary digit - s 3-day-old
lesions along

the coronary
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Labordiagnostik der MKS

-

,Minimum Standards for FMD Labs*

Unterdruck Chemische Desinfektion oder
Doppelte HEPA Flter (Abluft) Autoklavieren von Ausristung und Abfall
Gasdichte Klappen (Zuluft) Duschen + Quarantane

Thermische Abwasserbehandlung Tierkdrperbehandlungsanlage
(Im Containment) Notstromaggregat
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MKS-abo
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Aufgaben der Labordiagnostik

Bestatigung klinischer Verdachtsfalle

Charakterisierung des isolierten Virus
u.a fur die Impfstoffauswahl!

Untersuchungen zur Klarung epidemiologischer
Fragestellungen - ,tracing back® (,,tracing on“?)

Aufhebungs-, Handelsuntersuchungen
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Labordiagnostische Verfahren |

Antigen- Nachweis
- ELISA, friher: KBR
- Kinftig: LFDs

Nukleinsaurenachweis
- RT-gPCR

Virusnachweis und Charakterisierung in Zellkultur
(Nur im MKSV - Hochsicherheitslabor FLI Riems!)
- BHK21, ZZ-R127, IB-RS-2
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Virus isolation
ZZ R 127 (fetal goat tongue cell)
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One-tube RT real time PCR RSO
2: -A-22
3: - A-1r97
4: - A-1r99
1200 8 1200 | | g e
1100 prs JmEs - SAT1
1000 = _.f" 1000 7 - SAT2
= e .
0w iy o: - Asia
U @00 ot 800
4
2700 P F00
E Iy
5 e A 600
E 500 v 500
= 400 400 10: SVDV
:D-rz 300 300 11: CSFV-Alfort
g 200 o ,a/ =0t 11: neg. control
100 F A oo |
o L |
D#Tn-m———- Tﬂ.r: o :F-n
-100 +—— ——t ———t | —-100
O 2 4 6 B 10 12 14 16 16 20 22 24 26 28 30 32 34 36 38 a0 42 44
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One-tube RT real time PCR

£ UTR 3 UIR
i
Genom — N
@B)
24
T]'ﬂﬂﬂﬂﬁﬂllﬂpl‘ﬂdu]ﬂ'e I Pohprotein I II Polyprotein I
v v v v
~ o P1-2A I IBC II P3 |

} ! | |
Schrittweise spalemg ) [_vreves | R l

der Translationsprodukte ™ + v
I VPO I VP3
A 3Byas
. 3] ] e ———
o % -
NP Strulturproteine Nichtstrulkturproteine (NSF)

Grafik: Klopfleisch 2008
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Labordiagnostische Verfahren Il

Antikorper gegen Strukturproteine

Liquid-Phase Blocking ELISA (LPBE)
Solid Phase Competition ELISA (SPCE)
Priocheck FMDV type O

VNT

Antikorper gegen Nicht-Strukturproteine

(NSP)

- BABC ELISA, EITB
- Commercial NSP ELISA (Priocheck FMDV-NS)
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CAPSID

2A

Vpg

* TRANSLATION

y |\
N[ ][ 18 Jic] [ 2¢  [3a38| PRO | c s?;¥ein

+ PROTEOLYTIC PROCESSING

P1 (1ABCD/2A) P2 (2BC) P3 (ABCD)

[Jw]® [1c] o Q2] 2 | " PRO |
' " '
R | o g 1 e

1AB (VP0) VP3 VP1 2A 2BC 3A 3B 3C 3D
J \ l \ Protease Polymerase
1A 1B

VP4 VP2 2B 2C

CEVAN (Centro de Virologia Animal, Buenos Aires) (modif. Haas)
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Infiziert

% ! !‘J
J
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'i/!,
47 A
vé
% ! !J

Geimpft mit
inaktivierter
Vakzine

Naive

Kris De Clercq, modif. Haas



Zentrales Labor ,,sauft ab!“
74 Leute, 3 Schichten

WRLFMD
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Threshold for sending samples to lab for FMD testing

What is a suspect case of FMD?

high

text-book clinical signs of FMD in several animals

oral/foot lesions (vesicles!) in single animal

oral/foot lesions (vesieles) in several animals

oral/foot lesions (vesieles) in single animal
unspecific clinical signs several animals

unspecific clinical signs in single animal
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Diagnostic Tests and Containment Standards

Risk of
escape

from lab EUFMD MINIMUM STANDARDS
1985/93 2009 2013

high Neu:

Diagnosis of
FMD in regional

uinea pigs labs permitted!

Cell culture

low

Timeline

1910 2013
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MINIMUM BIORISK MANAGEMENT STANDARDS FOR LABORATORIES
WORKING WITH FOOT-AND-MOUTH DISEASE VIRUS (2013)

SECTION I.
LABORATORIES WORKING WITH FOOT-AND-MOUTH DISEASE VIRUS
IN VITRO AND IN VIVO

(“MBRM STANDARDS FOR FMDV LABORATORIES?)
(Article 65(d) and Annex XllI of Council Directive 2003/85/EC)

SECTION II.

MINIMUM BIORISK MANAGEMENT STANDARDS FOR LABORATORIES
UNDERTAKING DIAGNOSTIC INVESTIGATIONS FOR FMD IN THE FRAMEWORK OF A
NATIONAL CONTINGENCY PLAN

(“MBRM STANDARDS FOR FMID CONTINGENCY LABORATORIES”)
(point 13 of Annex XV to Council Directive 2003/85/EC)
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FMDV Nucleic Acid Detection by Real Time PCR

Federal Research Institute for Animal Health

BSL3+ FMDV BSL2
Containment containment
( Germany: FLI)

Extraction

Detection

For diagnostic samples &
from the national Analysis
veterinary service, a class Il
MSC in a licencened FMD
contingency lab (Germany:
» VUA") will do!
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LFDs fur Amtstierarzte als ,pen-side test”

Der LFD ist bei Aphthenmaterial dem
Ag-ELISA ebenbdrtig, aber schneller und
ohne Laborausbildung im Stall einsetzbar

Er gehort in die Hand des entsprechend
fortgebildeten Amtstierarztes und soll

dessen klinische Einschatzung unterstitzen.

Er spart insbesondere bei Sekundarausbriichen
Zeit und gibt eine hohere Sicherheit fir
Totungsentscheidungen.

Er kann aber nicht die Labordiagnostik ersetzen.
Fur Sekrete-und-Blutist der LFD nicht geeignet!

Die PCR ist etwa > 1000x sensitiver als der LFD.
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MKS-Ausbriiche (alte Bundeslander)
Anzahl der Gehéfte

Impfung gegen die MKS

16000 15.42

Ab Mitte 1960er Jahre: :
Tilgung der endemischen .
Stamme durch jahrliche g 0
Flachenimpfung der -
Rinder =
Unterstiitzt durch . -
»,Stamping out“ und 3
Verbringungsverbote
Ab 1970: nur noch Einzelfalle,
peinlicherweise z.T. durch oo
Impfstoff(herstellung T SR e e S e a e
1991: Ende der jahrlichen y
Impfung in der EU, TR EN-I
Neu: Vakzinebanken, (HHEREE A e — v S—

197071727374 7576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92
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Wirksamkeitsprifung von MKS-Impfstoffen

EP — Challenge Test

| 3 groups of 5 cattle
[\
Tier| Dosis VL\VR HL | HR 1 Dose
ENTSRPAPETAraAN] Y, Dose
TS T Hr°/®* 11/16 Dose
T e o T g
7 1/ 4 e | v e ol .
8 [ v vl 17 -4/5 | 2 Control animals
10 A G| | | F’
P EYr 0 P P .
T Do |t15 | Intradermolingual
14 1/15 + |+ + |4+ 1:' . i ]
L e infection 21 d.p.i
| 17 o REENENEIRE




Schema der MKS Impfstoffherstellung

Permanent
cell line

Purify and
Concentrate

Inactivate
(BEI)

(1)

Dauer: Wochen bis Monate Dauer: Tage

»,Gefahrlich” ,ungefihrlich




Problem der limitierten Vakzinestamme

WRL for FMD (Pirbright): | \/accine strain (for each category are not
Vaccine bank

e listed in order of importance)

Medium A Eritrea

SAT 2 Zimbabwe

Priority SAT 1 South Africa
A Malaysia 97 (or Thai equivalent such as A/INPT/TAI/86)

A Argentina 2001
O Taiwan 97 (pig-adapted strain or Philippine equivalent)
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ves I A 22 lrak  |A 24 Alran 96 |Alran 99
Vaccine Cruzelro
A 22
> 32 PD 50 2,64 PD 50 6,06 PD 50 3,84 PD 50
Irak
A 24
: n.d. 13,93 PD 50 n.d. n.d.
Cruzeiro
A lran 96
2,00 PD 50 n.d. > 32 PD 50 10,56 PD 50
8,00 PD 50
A lran 99
13,93 PD 50 n.d. 18,38 PD 50 > 32 PD 50

A22 vaccine — A Egypt 06: 10,56 PD50
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Two dimensional virus neutralisation test - neutralisation

0.3 log
sera
dilutions
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FMDV Strains in Vaccine Banks 2013

Stamm (codiert) EU D Hessen
1 2,5 1,75 01 |
2 1,75 i i
Problem of 3 2 i |
limited 4 > 1,75 o1
vaccine doses 5 4 1,75 i |
6 2 01
7 2,5 1,75 01 |
Problem of 8 4 1,75 01 |
limited o 2 01 |
vaccine strains 10 2,5 i i
11 2,5 | |
12 5 1,75 10,1 |
Strains 13 2 io,1 i
confidential! 14 2 1,75 i0,1 i
15 2 01 |
16 2 L J

European Producers: Merial and MSD/Intervet



Problem der limitierten Vakzinedosen

P R — EU-Vakzinebank: max. 5 Mio Dosen pro Stamm
Movement of FMD infected animals hefore 23rd F Foot and Mouth Disease Outhreak 2001
markets, abattoirs and dealers As At 08:00HRS 16APR01

Deutsche Vakzinebank: 1,75 Mio Dosen pro Stamm

ltectd LUeEDok Deake

Infeced Fam

o om[u o i

mplatd Naket A Confrmed 15.04-01

——— Mouem eits o4 Of bevore 20-02-01 & ConERe G ADEEE
o -
——— Mouem eits 01 21-2302-01

[ contss

A Remaining Premises
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Internationales Recht

EU: Directive 2003/85

Vaccinate-to-live policy option

Followed by early recovery of OIE status of FMD-free without vaccination

Need post-vaccination serosurveillance to demonstrate absence of infection
— From 30 days after vaccination

— Either all animals (Impfgebiet) or “5% prevalence with 95%
confidence’”’(Umgebunq)

— Regional labs using commercial NSP tests do the screening
(EUFMD)
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Internationales Recht

OIE: Recovery of free status in a
free country or zone without vaccination

3 months after stamping out and serological surveillance (App. 3.8.7)

3 months after slaughter of all vaccinated where stamping out,
emergency vaccination and serological surveillance (App. 3.6.7)

6 months after the last case/vaccination, where stamping out,
emergency vaccination not followed by the slaughtering of all vaccinated.
Serological surveillance according to App. 3.8.7 should demonstrate
absence of infection (NSP antibodies) in the remaining vaccinated
population.
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Ansatze fur neuartige MKS-Vakzinen

Was leisten MKS-Vakzinen? Was leisten MKS-Vakzinen
nicht?

« Verhinderung/Reduktion
klinischer Krankheitszeichen

* Verringerung der

« Erzeugung einer sterilen
Immunitat

* Verhinderung des

Virusausscheidung Carrierstatus
* Verhinderung/Reduktion der . Abdeckung mehrerer
Ausbreitung Serotypen

« Erzeugung einer
lebenslangen Immunitat

 Stabilitat bei RT
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Ansatze fur neuartige MKS-Vakzinen

Gentechnisch veranderte MKSV Lebendvakzinen
Gentechnisch verbesserte MKSV Totvakzinen

Empty Capsid Vakzinen

Protein-Vakzinen Bisher nicht
reif far

Peptid-Vakzinen _
Feldeinsatz!

DNS-Vakzinen

Bedingte Ausnahme:

Rekombinante Vektorvakzinen AdE-EMDV Vaccine in USA



Fazit Impfung:
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Wenn morgen die MKS ausbricht, muss sie, sofern eine Impfung
moglich und sinnvoll erscheint, mit konventionellen Impfstoffen

bekampft werden.

Die dazu nétigen Antigene mussen aus den fl. Stickstofftanks der
europaischen Hersteller Merial und MSD/Intervet kommen.

Mehr als ca. 2 -5 (10 ?) Mio Dosen pro Stamm sind kurzfristig nicht verfigbar.

Die deutsche Vakzinebank enthalt 8 Stamme, die EU Bank 16 Stamme.

Dies schrankt die sinnvollen Optionen flr den Einsatz der Impfung stark ein.

Problem der
limitierten
Vakzinedosen

Problem der
limitierten
Vakzinestamme




