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Foot and Mouth Disease (FMD)
/ | An ancient disease but still with us, and a threat for zones free from FMD NT \\
/ | =» socio-economic impact, losses, embargos... NN

F Highly contagious transboundary animal disease

= |nfecting cloven-hoofed animals (cattle and wildlife, more than 70 species are sensitive)
® Incubation period : between 2 and 14 days

=  Main symptoms: fever, vesicles, hypersalivation...

» Economic losses can be dramatic in FMD-free countries

FOOT AND MOUT

. MOORLAND
CLOSED
0 NOT LEAVE

THE ROAD | - © Colin McPherson

wwwcolinmepherson.cor

FMD full genome sequencing and comparing strains: Overview
of the Foot-and-Mouth Disease outbreaks in Europe in 2025

15t GF-TADs Regional Conference in the European region, 22-25/09/2025, Belgrade, Serbia



D AN AN 4P ap;

Foot-and-Mouth Disease virus (FMDV)
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Family: Picornaviridae, genus: Aphtovirus

Genome: positive single strand RNA

= Genome size of 8,5 kb coding :
- 4 structural proteins
- 11 non structural proteins
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Non-enveloped virus (small virus of 25nm), icosaedric capside
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(Adapted from Sarry et al. 2022)
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Foot-and-Mouth Disease virus (FMDV)
= High genetic and antigenic variability:
- 7 serotypes (O, A, C, Asial, SAT1, SAT2, SAT3)
- Many subtypes (Topotypes, lineages and sublineages)
= Sequencing of VP1 is commonly used to identify strains
= \accination exists, but forbidden in EU since 1991
= No cross-protection between serotypes A
= FMD control remains a challenge, due to vaccination and viral persistence
FMD full genome sequencing and comparing strains: Overview 15t GF-TADs Regional Conference in the European region, 22-25/09/2025, Belgrade, Serbia

of the Foot-and-Mouth Disease outbreaks in Europe in 2025
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pidemiology of FMID

\/
WOAH Members' official FMD status map
s! update A:::_z?
= Six serotypes (O, A, Asia-1, SAT-1,-2, and -3) are circulating '
globally
= Serotype O is the most prevalent worldwide
= Serotype C not reported since 2004 (Extinction ?) D vy ,
= Unpredictable spread of lineages between pools and over e il -
long-distance
= |dentification and characterisation of circulating strains
help to understand the transmission pathways and to
identify future lineages that may pose a threat
Long-distance “trans-pool” FMD virus movements @
FMD full genome sequencing and comparing strains: Overview 15t GF-TADs Regional Conference in the European region, 22-25/09/2025, Belgrade, Serbia
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Recent FMD events
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FMD outbreak in Europe : Germany, January 2025

GER/25200261/2025_ANSES
O/GER/BB/1/2025

GER/25200260/2025_ANSES
— GER/25200259/2025_ANSES

\/ ":*/\; Q P
<~ ® Outbreak reported by Germany in Brandenburg on a farm of water buffaloes (14 animals, 3 dead)
" = Lineage O/ME-SA/SA-2018 identified
=>» initially identified in South Asia, and then spread to West Asia
=  Most closely related sequence on VP1: O/TUR/Igdir/2024 (99.84%)

Vaccine matching test performed at EURL : effective vaccines available

GER/25200258/2025_ANSES

FRIEDRICH-LOEFFLER-INSTITUT

guinstitut fir Trergesundheit

FLI confirms foot-and-mouth disease in Brandenburg water buffalo

01/10/2025 MKSE, Short Messages

SR, S
(Pictures from our colleagues in Germany)

rtRT-PCR for the detection of O/ME-SA/SA-2018 FMDV

This real-time RT-PCR is a molecular tool for detection of Foot-and-mouth disease virus lineage
O/ME-SA/SA-2018, as it is an emerging lineage in South Asia since 2018,

https://eurl-fmd.anses.fr/
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GER/25200257/2025_ANSES
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.FMD outbreak in Europe : Hungary, March-April 2025
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= Qutbreak reported by Hungary on a dairy farm close to the border with Slovakia (2,5 km)

, <= Sublineage O/ME-SA/PanAsia-2ANT-10 jdentified (also named O/ME-SA/PanAsia-2PUN-16)
~ = Most closely related sequences are from Pakistan (2017, 2018: 99,22%) and Turkiye (2024: 98,58%)

| = No epidemiological link with the German case (same serotype, different lineage)

= Vaccine matching test performed at EURL : effective vaccines available

= 5 outbreaks between March and April

OVRUCAMB hangZPUNIP AK
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FMD outbreak in Europe : Slovakia, March-April 2025

) ~ ®»  Three outbreaks reported by Slovakia on March 215, close to the border with Hungary

™ Sublineage O/ME-SA/PanAsia-2ANT-10 identified (also named O/ME-SA/PanAsia-2PUN-16)
= Same VP1 sequence as in Hungary

<
]
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= Vaccine matching test performed at EURL : effective vaccines available

= 6 outbreaks between March and April bl
99 | HUN/252002061/2025 ANSES
Foot and mouth disease 22.04.2025. HUN/252002062/2025 ANSES
HUN/252002063/2025 ANSES
Legend SK/1/2025
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Full Genome Sequencing (FGS) vs VP1 sequencing : advantages

( & Genomics and outhreaks:
XD foot and mouth disease

AN // Rev. Sci. Tech. Off. Int. Epiz, 2016, 35(1), 175-189

G.L. Freimanis, A. Di Nardo, K. Bankowska, D.J. King, J. Wadsworth,

N.J. Knowles & D.P. King"

OFUKGEZ 102001 (DO4D4172) QUK G27/2001 [DOA041TE)
a] VPI OFUKG222001 (DO4DE1T3) h] WG 101“(&‘125’2]11 (DQ20417S)
OIUKG433%2001 (DOA04163) OUKG/ 1252001 (DQ4O0417T)
OYUKG/ 1447872001 (DQ4D4152) ® um OUKG/ 1172001 (DQ404150)
OIUKG/S011/2001 (DOS04168) — OV UW(G/2085/2001 (FS4237D)
QAUKG/ 116762001 (DO404164) o OYUKIGY 15072001 (DQ404176)
| QFUKIG/ 1555/2001 (KM257082) EO!'I.I(G‘M’JIH (EF552888)
QVUKG/TD3/2001 (EFS52550) 100 OFUKGS4TDN2001 (EFS52596)
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- o
Fig. 4

A comparison between phylogenetic analysis of data generated from the same foot and mouth disease virus isolates collected during
the 2001 foot and mouth disease epidemic in the United Kingdom using VP1 only or WG (whole genome)

Maximum likelihood trees were produced using MEGAv.6.06 {70)

With access to the full genome, you increase the
resolution and you can find more differences
between isolates that can be identical based on

VP1 analysis

FMD full genome sequencing and comparing strains: Overview
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The use of Full Genome Sequencing

/ JOURNAL OF VIROLOGY, Nov. 2006, p. 11274-11282 Vol. 80, No. 22 OPEN @ ACCESS Freely available online PLOS parogen OPEN G ACCESS Freely available online '@"PLOS [°"‘
LS / 0022-538X/06/508.00+0 doi:10.1128/JV1.01236-06
~ N Copyright © 2006, American Society for Microbiology. All Rights Reserved. .. . . " T " "
S Transmission Pathways of Foot-and-Mouth Disease Virus Reconstruction of the Transmission History of RNA Virus
/ Molecular Epidemiology of the Foot-and-Mouth Disease Virus in the United Kingdom in 2007 Outbreaks Using Full Genome Sequences: Foot-and-
/ . . . . v % X - TN
“x\ Outbreak in the United Klngdom in 2001 Eleanor M. Cottam'?, Jemma Wadsworth', Andrew E. Shaw', Rebecca J. Rowlands’, Lynnette Goatley', Mouth Disease Virus in Bulga"a in 2011
X X Eleanor M. Cottam,"?* Daniel T. Haydon,” David J. Paton,' John Gloster,* John W. Wilesmith,? Sushila Maan', Narender S. Maan', Peter P. C. Mertens', Katja Ebert’, Yanmin Li', Eoin D. Ryan’, . et ) 5 2 5 ‘
Nigel P. Ferris,! Geoff H. Hutchings,' and Donald P. King' Nicholas Juleff', Nigel P. Ferris', John W. Wilesmith®, Daniel T. Haydon?, Donald P. King', David J. Begona Vald *, Lilyana , Tsviatko Alexandrov®, Preben Normann®,
- - ) Paton’, Nick J. Knowles'* Nick J. Knowles', Jef M. Hammond', Georgi K. Georgiev?, Fuat Ozydriik®, Keith J. Sumption®,
Graham J. Belsham®, Donald P. King'

= TCS statistical parsimony analysis clearly showed the
genetic evolutionary history of the virus.

Unknown

* Transmission routes can be determined by traditional

contact tracing (black arrows) and by genetic data
o o FIG. 5. TCS analysis of two clusters of infected premises. Statistical parsimony analysis of known and unknown virus transmission events. Each
(gray arrows) (SI|ght d'fferences can be obse rved) connecting branch line represents a nucleotide substitution, with each dot representing a putative ancestor virus. Black arrows indicate the

transmission route determined by traditional contact tracing, gray arrows indicate the route supported by the genetic data. The data show the close
genetic relationship of IP1692 to IP1597 and IP1654, although epidemiological tracing suggested IP1692 was infected from a more distantly related
source.
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FGS in Germany
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As for VP1, proximity with a strain that circulated in Turkiye in 2024

N
“
|

. UAE/5/2021
= Very small number of full genomes are available for O/ME-SA/SA-2018
| TUAEM4/2021
. . *' L NEPBB/2021
= More FGS are required to have a global picture
NEP/36/2022
UAE/10/2021
o [ UAEm/2021
GER/25200261/2025_ANSES UAE/1/2021
OI/GER/BBI/1/2025 73
% GER{25200250/2025_ANSES L oMN/227002083/2021 142 Sh-2018
GER/25200259/2025_ANSES
GER/25200258/2025_ANSES
%8| | GER/25200257/2025_ANSES NEP/26/2022
L OMTUR/gdir2024
— UT-Otarod-2008 NEP/13/2022
+ O/ICFMDA47/2022 B
O/ICFMD79/2021 BAN/MY/My-466/202
- OICFMD1674/2021
4 | UAE/14/2021 [ SRL/1/2019
UAE/15/2021
96 ) OMN/23Z001414/2022 256 ree \_ SRL/2/2019
L OMN/23Z001423/2022 265
85 - OMN/23Z001410/2022 240
L OMN/23Z001442/2022 227 OITURIS3/24
- OMIN/23Z001405/2022 231
OMN/232001407/2022 237 — GERM/BBI2025
82 |- OMN/23Z001455/2022 250
— OMN/23Z001397/2022 220 TUR/1112/2010 ] Panasia2
, FGS
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FGS in Hungary-Slovakia

Date of
confirmation of
the outbreak

Number of animals Nb of samples
in the farm received

FGS performed

Country  Outbreak number

Hungary
Slovakia
Slovakia
Slovakia
Slovakia
Slovakia
Hungary
Hungary
Hungary
Hungary

Slovakia

H1 (Kisbajcs)

S1 (Medvedov)
S2 (Narad)

S3 (Baka)

S4 (Mala Luc)

S5 (Plavecky Stvrtok)
H2 (Levél)

H3 (Darnozseli)
H4 (Dunakiliti)

H5 (Rabapordany)
S6 (Jurova)

06/03/2025
21/03/2025
21/03/2025
21/03/2025
25/03/2025
30/03/2025
26/03/2025
02/04/2025
02/04/2025
17/04/2025
04/04/2025

1370
706
806

1313
268

3521

2573

1051

2597
875
876

O N P N W B~ U N W W b

Yes (4/4)
Yes (2/3)
Yes (3/3)
Yes (2/2)
Yes (5/5)
Yes (4/4)
Yes (3/3)
Yes (2/2)
Yes (1/1)
Yes (2/2)
Yes (8/8)
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TCS tree (statistical parsimony analysis)
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evidence for a single introduction of the virus.
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\‘;/;j Putative secondary ancestors for both « sub-branches »

NV Presence of a single putative common ancestor for all the sequences recovered from infected animals provides

5L02793 Narad_20/03/25 |/

SLO2803_Plavecky_Stvrok_30/03/25

SLO2805_Plavecky_Stvrok_31/03/25 —{ 5L02804_Plavecky_Stvrok_31/03/25
SLO2806_Plavecky Stvrok_30/03/25

S5 3521ans S5 >

H3 1051ans

HUN3065_Darnozseli_01/04/25

$L02794 Narad_20/03/25

S1 706ans

HUN3066_Darnozseli 01/04/25

H4 2597 ans
HUN32067 Dunakiliti_01/04/25

HUN3266_Rabapordany_17/04/25
HUN3267_Rabapordany_17/04/25

H 5 875 ans

SLO2798 Mala_Lue_24/03/25
b SLGZM_M:I:_LIJ:_ZSJ,:DZ::H- 5L02801_Mala_Luc_26/03/25
‘:SLozam_Mala_mc_zsjna,lzs 5L02802_Mala_Luc_26/03/25

S4 268 ans 54

S6
S6

5L02791_Medvedov_20/03/25
5L02792_Medvedoy_20/03/25

SG 876 ans

O/TUR/G.Antep (199-25)

140 nt

{ 5L02797_Baka_20/03/25 53

H1 1370ans
(vt v s

1313 ans

5L02796 Baka_20/03/25 S 3

H2 2573ans

HUN2060_Kisbajes_06/03/25
HUNZ2062_Kisbajcs_06/03/25

H1
H1

HUN2063_Kisbajcs_06/03/25

A Samples from same animals

Comparison based on 8180 nt
Each branch = 1 nt of difference

H1

HUN3062_Level_25/03/25

FMD full genome sequencing and comparing strains: Overview
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Take-home messages on the HUN-SK cases

2 = Full genome analyses of 36 samples (12 from Hungary and 24 from Slovakia) was performed at EURL

= FGS give a picture of the outbreaks related to available data (Not all samples have been retrieved from
all animals)

= Single introduction of the virus

= “Real” ancestor of the outbreak not sampled (probably originated from Hungary few days before the
sampling of the first animal; date of first infection was estimated 27-28 February 2025 (EUVET report))

=  The Turkish strain identified in the VP1 phylogenetic tree has been sequenced and confirm that a similar
virus has circulated in West Asia, but as for the VP1 analysis (98,58% of nt identity), it is not a “perfect
match” (98,26 % of identity with HUN2061)

= More information is required on strains circulating in West Asia

',,,f“ Cooperation is mandatory to combat FMD (sharing information, sharing data)

FMD full genome sequencing and comparing strains: Overview st ) . . . ) .
of the Foot-and-Mouth Disease outbreaks in Europe in 2025 15t GF-TADs Regional Conference in the European region, 22-25/09/2025, Belgrade, Serbia
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