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From Viral Pathogenesis to Practical Control

Roongroje Thanawongnuwech,

DVM, PhD, DTBVP Talk Outline
Professor of Pathology ®* FMD Serotypes
Faculty of Veterinary Science ® FMD Pathogenesis
Chulalongkorn University ® SAT1 Epidemiology

roongroje.t@chula.ac.th FMD monitoring & surveillance
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Mongolia
Viral sequences highlight most frequent

Kazakhstan
Central Russia

connections between countries (reflect
trade and animal movements)

Thailand
Laos
Cambodia

India
Bangladesh
Nepal

Potential risk pathways:

* lllegal imports

Bhutan Myanmar \ Vietnam * Import of fodder
Pool2 © > ~ Pool 1 + Overseas workers

* Returning travellers
*  Wildlife

Sri Lanka Malaysia

Tportant
D Infrequent

www.pirbright.ac.uk

> @ > 7 Serotypes: O, A, Asial, C, SAT1, SAT2, and SAT3

sUuuun1ss=u1a
FMD

l

S

TSVA

wnnsdiunmsnusorisgm i
Thai Swine Veterinary Asoclation

-~

Pool 2 \fﬁ‘j

]

Source: WRLFMD, 2026
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Origins of SAT1

»  SAT1/I- Similar viruses in
East Africa

» SAT1/IlI- Same as
BOT/1/77 vaccine

SATI/IN

Strain
Either through ineffective
inactivated vaccines or
spilling from the lab
&
& ©

¢
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LEB/18/2025

LEB/28/2025

LEB/27/2025

LEB/31/2025

LEB/30/2025

LEB/29/2025

LEB/11/2025

LEB/10/2025

LEB/13/2025

MOG/6/2026

MOG/5/2026

MOG/8/2026

MOG/7/2026
UT-Khorasana_T/1731/IRN/2025
UT-Khorasani_T/1781/IRN/2025
AZB/2/2025

AZB/1/2025
UT-Khorasani_Q/1629/IRN/2025
LEB/4/2025

LEB/2/2025

LEB/3/2025
UT-Khorasani_Q/1630/IRN/2025
TUR/Igdir/1217/25
UT-Khorasani_A/1627/IRN/2025
UT-Khorasani_A/1628/IRN/2025
BOT/1/77

NMB/1/2015

BOT/24/77

BOT/17/77

Serotype SAT1

2022

Early
2025

Late
2025

2025-
2026

Mar/Apr

2026

SAT2/XIV in Iraq, Jordan, Turkiye,
Oman and Bahrain

SAT1/lin Iraq and Bahrain -
spread to Kuwait, Turkiye and

Egypt
Detection of SAT1/Ill in Iran and

Turkiye closely related to a
vaccine strain (>99% identity)

SAT1/Ill outbreaks in Europe
(Cyprus and Greece)

SAT1/I1ll cases reported in China
(two provinces)

SAT1/Ill cases in Mongolia
(Bayan-Olgii Province)
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S. Spread into different 4. Enters into blood B 2. Starts to replication in
organs and tissues causing viremia “ )‘ pharyngeal epithelium

1. Aerosol
/ infection

/ 3. Effusively multiplies in the
| pneumocytes of lung

8. Myocarditis in calf

- N P . 6.Developed vesicles on the toes
'_/ ‘) 70 , ”"’ > :
— Secondary bacterial ~ mouth, tongue, pharvnx, noes, udders
https://doi.org/10.1016/j.virusres.2024.199514¢0mplications on feet, udder il Aot

and nasal cavities
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Clinical presentation of FMD virus
SAT1 infections in experimentally
challenged indigenous South African
goats

KinwudasnudUaediganisdalud binn3a 1 GYulU TRavdaavdeiun
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2
@ h,},ttps://do'i"‘.‘ﬁrg/lO.1016/j.smaIIrumres.2019.09.014
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FMDV SAT1 infection causes mild
clinical signs in indigenous South

e Attention should be focused on the oral
mucosa of the lips and gums in addition

Rectal temperature (°C)

APVS
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African goats

to the tongue

{ days pre exposure and 0-14 days i contact

e [A::\
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FMD viral detection in clinical specimens as determined by RT-qPCR after
challenge with FMDV SAT1 pool (in challenged goats) and unchallenged in-contact

goats

DPC

Group
Experimentally
Infected

In-contacts

https://doi.org/10.1016/j.smallrumres.2019.09.014
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FMD in Swine

‘Tiger heart’ calf deaths surge in
FMD-positive herds

Staff Reporter 12 January 2026 | 10:01 pm

Ff »

The FMD virus causes severe
damage to the heart muscle,
resulting in the characteristic
striped 'tiger heart’ lesions seen oi
this pig heart.
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Greece Cyprus Germany Hungary, Slovakia China

( 2) araumramsaudiany (Timeline)

FAO Rapid Risk Assessment
Yszdiulomauwsealudssina
Aidaliinulsa = geann

(very likely)

© WOAH

Maghreb (2025) | [ Middle East (2025) Southern Africa Iran, Iraq, Syria, Turkiye,
O/EA-3

Algeria (2023/4)

SAT1/! and SAT1/IlI Serotypes SAT1, Palestine, Pakistan, Israel
Middle East (23-5) SAT2 and SAT3) 2023-2025

Mar 2026 Dec 2025 Jan 2025 Mar 2025 March 2026 .
SAT 1 SAT 1/Ill O/ME-SA/SA-2018 O/ME-SA/PanAsia-2°U%16 J ESNS T ©S°°Wu FMD SAT11udsn
e — ® WuyausiudrAguasmsunsnsEang
4’ : ' PAVVAT  usnpiimauewimaouldes
— ‘ NTEANTWEITTN
South Korea i FAO aondAéiou
A Mar 2025, Mar 2026 ' wwunsidseiolu Near East
KEY e Pool 7 Indonesia ' uaz West Eurasia
- ]
®o ~ 2024-25 : E——
@® san 0/ME-SA/Ind-2001e i FAO vsnodnsoulude
SAT1 - ' North Africa, West Asia
: uaz Caucasus
1
i
; g
:
]
'
i
®

FAO wauds=inatu

© 000 ¢

SAT2/V SAT2/XIV Eswatini O/ME-SA/SA-2018 talﬁﬂuawdi"ﬂn
Botswana, Lesotho www.pirbright.ac.uk
Informal movements of small ruminants, sub-clinically N P L
infected yet capable of shedding the virus. = o33 -

Figure 1: Timeline of detections of FMDV SAT1 outside endemic regions (202: )26), showing emergence in 2023, expansion in 2025, and spread into Europe by 2026.



1:ananiunsai{udu -
anomsiao  dovdWALAUAU  UIASNISAIUAL

sl i'? ‘5

auéue‘fmnmua. Saguluds:inAni Aaugn, Zso

219519 (32) (0 &A) Tulloviu SAT | {uwuiifiaika
dadaudadsv: no1ua’auua'(ums '
> 6 000 a9 msauwsaus ouTan

ﬂD‘IIJﬂ\')DalWUlCIUlla U‘I(‘lSﬂ"ISCIOlUQ\)

ldunmMsmaIA ® wans:numuiAsugho
[FovdonISUWSNS:91e Ao WAvIAISaVNaNs:NU
Wurdninouaulildsoais %@ NOLASUFND

AuA: avAmMsgunwdailan (WOAH), o0ANSoIKISUa:INvasUHoaHUS:881a (FAO), ua: Farmers Weekly



son FMD ahagwus SAT1 4

ADULFSVIKUNIDIoA2vYUa

@@= &

Isaunuazrindos (Foot-and-Mouth Disease: FMD) lflutsn'bs“aﬁﬁociasguuso
Tudasnua wiu Ia ns=0a uw:= un: uazgns lidaAu Ldns=NUIASYIND
ADTULUAYDIKIS HLasNISAISEKIUSINADEIYLIN

7]
1 OlbSa 7 arowus
A, O, C, SAT1, SAT2, SAT3 ua:= Asial
nUAuAuuasSATulaw I =atewus
Tuarunsadavnuvhuaowusla

2 oanisvavaad
0 gv uwawwoaviuun 3u ikdon yn uin
uazidiuu wWoo ks dikdnaa Gunzwwan
druuaa andaiorvonsSouwausin
AFoledauknan

3 NMISUWSNS=8
dadonmumskiels nSomsiiuBo JuBolu
dranw Jaatd: 9o91s: Uiuu uasdonindvaun
uwssintunIsnIoudiedas 1@orW soviin
QuUNsN BuwIKu: uazegsaaludvudadou
unaswaanoundasla

4 nis>30Gv2»aw.
davasaofiudguluriovwdiiudnis louSud>asv
unluduwov Sowdobouna WwaiiudulsAuas
szuanuwus

5 misUsavAiuxkan
wSuaswaoudasaniunodonaw msuis=3v
uazAduas=HUNg KInGSABu dovldSaBufasy
AuanuwushissuaIiwiu

 azSu2onnanv
| nastnawmav

e IGuwuLnniuuawsnaaulad (sub-Saharan Africa)
e U 2025-2026 wuniss=urauanwumduagivaatiov

Jssina/Wuniwunasszunaaiga

e 350, UHISU,

| = B0J4, goa, Q
qsA, Tadsa, o8y
NSy, daswoa, * Ju (srevudirao)

| = l@avnuau, Juaalau « Saube (Gaohu

HAvowuido)

e dailuiaidsdoulnajdgoiuinewu SAT1 unau
SoludnUfuAu - A>IdgvgounKiNtBawun

e FAO t@auds=inAalumiBouazudiwniRiwuaotuwsSou
Sud2 ua=gns=aunistiis=3v

;Q anuousiduyav SAT1

» dadosuusv uwsns=oelduaradavniv
« Dahudowe (Topotype) Kaxouuvu
- Topotype | : IndiFdvvaranuawsniazSuaan
- Topotype Il : Indidgvarefulusaiuuvivsia
e Wwouuvnanswusldai$s dovaaawaswinata

ikala SAT1 Svufivoa?

e ansawnsavuniBaludSuicugouin > »
uazootdudd “veneBa” (amplifier) =
widoGvoyadidia udiduad @ "
adaluninaBuiomsideognsun | E;

@ dasdculnnilubnibAvunuds SAT1
,&( 3afu SAT1 Oshdanslan

= - - -
@1&' mMistAasugisdasuazNMsAissHoUszINAZY

' KINITANISSIUTA =NSTNUSUUSYCD
INUASNS NISAT AIULUAVDIKIS uasdSaanwaas

@ uusnmmwdavAundifAny

wihis=SvonmisidaUnduavdasaawindda
shruounasifudoadwavassoniufiidoavds ]
w@Suvnasnisaoudasanenivioniwluwisuy ]
AOUAUMSIAdDudWwAaSoL ITUYOQ
Andudosinuadvdou 5-14 Su
TulRomstAvaIKISGuUungnsuazdasnuda

A wazonauazinBagunsai dow savrin
IuwWIKUE nasdnagidviaonwisuy

O 0000000

wSouuwunmistigsatiufasvAvaiowus
uazUszauviukusuviufMmfudtov




Js:=1Qu

ukavrnimdakan
mswululoide
nuAuRuludasdoulkng
Sagufiludoxdu
nmisUdavriutuarowus
A IWIABYNISSIUIO
UNUINYaVENS

anunmisniaiaa
(U 2025-2026)

WHanssnuxkInNnssuln

P EICOONES®

uawsniaauld

IWVISUWU
=1
(ADWdevav)

unulu

IMauIn
wazlusowil

€9 laursalovniula

a =
(Iwuluwuni)
2vumsoldun

(GofinunWwuLdu)

mavuwsns:=oeviunid
wuuasrlukareds=ina
ua=tudu

suusLUIN

(luiins + SaBuluwsou)

w > G

wawdaoaaav AUNUNISAUAUFY

msAua:msdoaan

o - - »
(ww dwmdn oaon?mw(inﬁuﬁo:i endrfonEinuini
mssnydula) ua=zrninANuUazaNan

fiun: FAO Alerts Countries in Asia and the Pacific to Enhance Preparedness for Foot-and-Mouth Disease SAT1, 15 April 2026 ua:doyavn FAO

wuriclan kaeninia 218y
wuus:=31 wuuJs:3n wullus:e:
Juwadudn3adu duwadouindadu DuwddudIndadu
Oty otarisly Olatuuwwui
€3 liawisaloviula €3 Wawsalovriuld €3 Wawsadovriuld
A Jawunaw-gv ! Uwunaw A dr-Jaunaw
& vorudolda ‘w - yoredoldd voyalou
szuradotiov s=urauUs:=Usig
3 e = > AaudwIna
Tukareninia Tuvvds:=ina
SuUusv suusv suusvdounin
udnouAulduvau udnouquiduvasu AsuAulduINn3

“ - _— 2
e SAT1 Aoadudsvinufiedovsuatetwindda
' g e wiu “UsvAurautiia” as>awuids nasuausvids

ns:nudoinuasns e soulanunnniadou WaunUavdaditasugie 1asughous:ina

ALbuAvIKIS uazAxuduAvNMvaIKkIsvavnlnIA

uazajadinmwdad \ )
Food and Agriculture Organization
of the United Nations




THE 12'" ASIAN PIG VETERINARY
SOCIETY CONGRESS 2027

¢ APVS

SUSTAINABLE SWINE INDUSTRY
ONE HEALTH, ONE WORLD, ONE FUTURE

2025: Emergence of serotype SAT1 in the Middle East

Bahrain, Kuwait, Iraq, Turkiye and Egypt

* Reports of outbreaks in Iraqg (Feb 2025) where
local testing (by agELISA) identified serotype SAT1

* SAT1/1 with >15% nt difference to the seqs from
Qatar (2023) separate introductions into Pool 3

* SAT1 outbreaks in Bahrain (Jan 2025), Kuwait
(April 2025), Turkiye (May 2025), Egypt (July 2025)
due to SAT1/I topotype

* Vaccine matching:

SAT1/Rho78" D A
heterciogous * Not confirmed
rivalue titre (log o) : by national
BAR/37/2025 0 N0:31 2.20 o B
BAR/S0/2025 S 0:39 2.30 17200 o e s
IRQ/1/2025 | 0.26 2.13 phovydcoms v o I :
| KENYO202% " O A AT A
IRQ/11/2025| 0.19 200 | an12023 4 ; N
QTR/6/2023 [N0M42 234 | im0 :
QTR/7/2023 [1N062 250 | N ) et v s e
EGY/3/2025 |[SN0:33 2.14 o -

Further evidence via heterologous testing for other vaccines by VNT (not
vaccine matching)

+ Additional sera raised against SAT 1 vaccine viruses tested by VNT
» Sera included: BVI, Boehringer Ingelheim, Biogenesis Bago, KEVEVAPI and Dollvet
* Viruses: Iraq, Bahrain, Qatar and East African ancestor (n=4)

www.pirbright.ac.uk

rl 2 0.3 - suggest that there is a
close antigenic relationship
between field isolate and
vaccine strain.

rl <0.3 - suggest that the field
isolate is antigenically different
to the vaccine strain
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Co-circulation of two serotype SAT 1 topotypes

Country reports (earliest dates): From Pool 4 :

R ( ) (East Africa) Vaccing escapas Matched SAT1
Country SAT 1/ SAT 1/ .
Bahrain January 2025 V?CCIHES,.
Iraq February 2025 biosecurity and
Kuwait April 2025 .
Turkiye May 2025 November 2025 surveillance
Iran . . measures at the
Egypt July 2025
Azerbaijan October 2025 farm, market, and
Lebanon November 2025 border levels
Israel January 2026 - -
Cyprus Dec 2025/Feb 2026 Al the pl.*l.mary
Syria January 2026* means of limiting
China March 2026 .
Greece March 2026: topotype - not yet reported VITUsS Spread'
Palestine April 2026: topotype - not yet reported

*Outbreaks not confirmed by the national authorities www.pirbright.ac.uk



Surveillance methods

Passive surveillance

Observer-initiated

Farmers

Vets

Hunters

Public

Active surveillance

Investigator-initiated

Random Risk-based

Routine inspection

Asian-African Foot and Mouth Disease Prevention and Control Technology Workshop, 3-5 August 2026, Lanzhou, China =
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Risk-based surveillance

Random _
All areas and value chain

nodes have the same
chance of being selected

TSVA
T LRt g

s i
Swive Veterinary Asoclation

Risk-based

Looking for something where
we think it is mostly likely to
be found (FAO, 2014)
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Surveillance in context — Enhanced Passive Surveillance

Tradition.al passive Encourage disease reporting Enhanced passive surveillance
surveillance (awareness campaigns...)
o Improved early detection

Enable more reporting channels [~
(hotline, SMS, WhatsApp...) _ 2 0 Better assessment of disease burden

May suffer from under-

reporting and/or delays o Engaged & informed community

Incentives |

‘* 0 Enhanced cost-effectiveness
Subsidized vet treatments,
decontamination or compensation...

Multiple causes:

= Financial Increase allocation of resources for response

= Social (transportation, sampling, human resources...)

= Logistics
=  Cultural
=  Awareness

Regular feedback to reporters to build trust

Important to be realistic about what b i _ .
may be stopping reports... \
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Surveillance in context — Active surveillance

When FMD risk is heightened? Biosecu rity

When FMD is confirmed as present?

Prioritise early detection

Clinical inspections in high-risk areas with reporting of
suspect cases (using a sensitive case definition) and
sampling

v"  Ensure measures are taken even if FMD is not
seen or suspected

Prioritise case detection to facilitate control

Tracings, surveillance zone inspections

Resources may be limited depending on sensitivity of passive
surveillance

Consideration case definitions and sampling

Asian-African Foot and Mouth Disease Prevention and Control Technology Workshop, 3-5 August 2026, Lanzhou, China
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10 producers of FMD Vaccines in China

1/ (4 J~ By Biwei Antai Biological Jinyu Baoling Bio-
/e Technology Co., Ltd pharmaceutical
Vﬁ Yeiw G)EEaE Co., Ltd
& ,::,;.: ";.’.’Uf "g;“ Heilongjiang

Jilin

Xinjiang Tecon Animal The source of

Liaoning

Husbandry Bio-technology Slnlanc oy nos e gRSiion
CO., Ltd Bar @ Tianjin the teChnO|0gY
y Al ' Ningxia Shanxi  ghandong is from LVRI
. < Ve haanxi.  Henan Jiangsu
Veterinarian Biology Science - |
and Technology Co. Ltd Sichuan Hupel SO0 _ _ :
il Zhejiang United Biomedical

Lanzhou Biological Medicine (Shanghai) Co.,Ltd.

Guizhou
Factory of China Animal unnan PO oratongd g '
= Husbandry Industry Co., Ltd
HuaYu Bio-pharmaceutical Zhongpu Medicine Factory ¢ /wan ® Jinhai biotech
@ G Co., Ltd of China Animal Husbandry ... B Meili Zhongcheng

Industry Co., Ltd. N
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