o =
amumsstmhﬂua.,mfnﬂa&l\

FMD Serotype SAT1 \
La=MSLASIUAITINSIVATUNISASI?D
Juvdslsmhananiiloghuls-me

Ing

T AT AT A dn.q.ns. nTue yauden dly
A N N N L .
gugdndolsmhaua:unidos pimalolisn=uoamasain

donugummdnouionnn nsuladnd




MSD MANUAL

Veterinary Manual

World Reference Laboratory for Foot-and-Mouth Disease conjectured
conjectured disease status

Global distribution of foot-and-mouth disease. Distinct pools of viruses,
including various serotypes, circulate in different regions of the world, as
~indicated. (2026)

Courtesy of Dr. Antonello Di Nardo, Vesicular Disease Reference Laboratory,
The Pirbright Institute.

WRLFMD conjectured FMD status

Bl Free from FMD without vaccination
Free from FMD with vaccination

I Freedom from FMD suspended
Sporadic

I Endemic
No status

https://www.msdvetmanual.com/multimedia/image/world-reference-laboratory-for-foot-and-mouth-
and-mouth-disease-conjectured-disease-status

e MSD Copyright © 2026 Merck & Co., Inc., Rahway, NJ, USA and its affiliates. All rights reserved.
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v 7 Serotypes: O, A, Asia1l, C, SAT1, SAT2, and SAT3
v' SAT1 (Southern African Territories 1) iunilsluanesiusves Foot-

and-mouth disease virus (FMDV) gsinegluana Aphthovirus 2. ,/-
Picornaviridae

v’ Sasinnsnaneiuias dwaliiinnuvainuatemaiusnssunasueuiiay

‘Alexandersen etal., 2003

v' Serotype O and A ; Aisa Region
v No serotype Asia 1: 1998 in Thailand
v Asia 1in 2017 in Myanmar

V' h¥aanesiug SAT 18awawnsolumsunsnszaegsludniiug (cloven-

hoofed animals) u Ta nsede ans uasdniisndosswadn [Arzt et al.,

201 1 ] ‘17'im: https://www.foot-and-mouth.ore/sites/foot/files/quick _media/FMDV%20Serotypes.png
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*** Virology, genetic variability of FMDV
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Foot-and-mouth
disease SAT1
Topotypes

= SAT1 serotype aaslaFalsatin
uazinilesansnsauiseenfifly
13 topotypes l4un
Topotype I-XIII Tneinguiis
BIALAINNLANFNNINUGNITNUE
21 VP 1 uazanuduiusnig
Aimunnisaeaidelada

= SAT serotypes wulfdauluny
Tuntuawini wazd African
buffalo fluumasislsndnsny Tng
SAT1 fianunainuaienig
Mugnesugaiieteuifieun

FMDV serotypes au -

B Topotypes #d

De
(4

* SAT1/T155/71
* SAT1/Z2IM/23/2003

Topotype Il (SWZ)

* SAT1/RV/11/37
* SAT1/RHO/5/66

Topotype Il (WZ)

* SAT1/BEC/1/48
* SAT1/BOT/1/68

SAT1/T155/71
I (NW2)

SAT1/ZIM/23/2003

[ —
LR ———

————————————————————————————

e SAT1/RV/11/37
I (SWZ)

SAT1/RHO/5/66
e SAT1/MOZ/1/75

XIII
e SAT1/MOZ/P13/2010 BUF B16

p— SAT1/BEC/1/48
III (WZ)

— SAT1/BOT/1/68

N

SAT1/UGA BUFF/21/70 ]IV (EA-1)
SAT1/UGA/1/97 7] VIII (EA-3)

SAT1/NIGM1/75 v

Topotype IV=-XIII

* wumsnszaneveide luvansiuiiveauening iy Uganda,
Nigeria, Ethiopia, Angola uwax Mozambique

e SAT1/ISR/4/62 ]
VI

— SAT1/SUD/3/76

SAT1/UGA/13/74 VI (EA-2)

SATA/TCHAMIT2 X

SAT1/ETH/3/2007 ]IX

SAT1/NIG/1/2015 X

SAT1/ANG/9/74 Txu



*»* Differential Diagnosis in Pigs

asdanisisima FMDV SAT1
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Swine vesicular disease (SVD)

Vesicular exanthema of swine (VES)
Vesicular stomatitis (VS)
Senecavirus A infection (SVV)

Real-time RT-PCR
Virus isolation
Antigen ELISA

Sequencing iilaszy serotype esidela



< nsdanuuReriu FMD SAT1 (In Goats)

Small Ruminant Research
Volume 180, November 2019, Pages 15-20
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Ane1Adnulsan R maracuns Nt asuansni ldsama FMDV

Clinical presentation of FMD virus serotype SAT1 uaznsunsiiaddniduda

SAT1 infections in experimentally
challenged indigenous South African

goats L
AEN1SANEN
David D. Lazarus ° ¢ & &, Paidamoyo B. Mutowembwa °, Mohamed M. Sirdar @ °, 5 | e & o .
Thapelo M. Rametse °, Livio Heath °, Pamela A. Opperman @°, .SLOB LLA gVLg\] LA ﬂimj“u LR 97114 5 BN
Richard EJ. Burroughs °, Geoffrey T. Fosgate © -
somasng FMDV SAT1 wuunas
e SAT1 SAR/8/10
NANIFANE e SAT1 SAR/10/10
oL lAFUaTanN A linel 48 dalug e SAT1SAR/21/10
esveizinaniluliiane 5 41 *1[3unauaa: 1074.57 TCID50
eunzduda B liluiun 5 uay 9 nasduiade “3imnime: intradermolingual route
*wunainsaelsnluium 4 uay 8 nasdudaLTa *Junzduianliuingu 2 6o (in-contact goats)




FMD SAT1 Report-2025

Germany Hungary, Slovakia
Jan 2025 Mar 2025

SRS O/ME-SA/SA-2018

S

0O/ME-SA/PanAsia-2PUN-16

—— —
_{_'_.. c

South Korea
March 2025
Indonesia
2024-25

O/ME-SA/Ind-2001e

© WoAH

Algeria (2023/4)
SAT2/V
Tunisia (2024)
O/EA-3

SAT2/XIV
(SAT1/1 Qatar)

Bahrain, Iraq,
Kuwait, Turkiye
(2025)

SAT1/I

\

Iran, Iraq, Turkiye, Palestine, Israel
2023/2024

O/ME-SA/SA-2018

www.pirbright.ac.uk




TIMELINE

Q Bahrain (2025)

¢ Genetic link to Tanzania
» Evidence of transboundary

Iraq (2025)
Turkey (2025)
Azerbaijan (2025)
Cyprus (2025)
Lebanon (2025)

Near East
* Regional spread signal

@ Egypt (2025)

e First SAT1 detection
» Topotype |

» Naive livestock —

introduction

rapid spread

Epldemlologlcal shift
.4

-

-
--

RISK PATHWAY
Endemic source
Spread to Bahrain
Spread to Egypt

Near East expansion

Potential spread to Asia

N

-~ “anore - FMDV SAT1 Situ

Mediterranean Sea CYPRUS
| LEBANON
/ \ {

7

* Caspian [
1 Sea

l °*f'_“‘\\°~w

. EGYPT

3

-

KEY MESSAGE
* SAT1 Topotype | detected in Bahrain and Egypt in 2025

* Further detections in Near East countries increase
risk of regional spread

* Asia is at risk — strengthen surveillance, biosecurity,
and preparedness

AV BAHRAIN

%

V4 U

! Persian

Red [ Gulf
Sea 9 A

N

Arabian Sea

aﬂon(2025—2026)

L

ASIA

TANZANIA I

/\ ASIA AT RISK
- —

Israel Greece

(Potential spread in 2026)

-

China
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EMERGENCE AND GLOBAL EXPANSION OF FOOT-AND-MOUTH DISEASE
VIRUS SEROTYPE SAT1

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

Iraq Turkey Azerbaijan
Qatar Jan 2025 May 2025 Oct 2025 Lebanon

Jul 2023 Nov 2025

® =3 ® o E=3 ® O ® ©
Kuwait :9‘;‘;‘25
u
Bahrain Apr 2025 "9 - Cyprus
Jan 2025 Oct 2025 Feb 2026
Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun
2023 2023 2024 2024 2024 025 2025 2025 2026 2026

REF.: Emergence and Global Expansion of Foot-and-Mouth Disease Virus
Serotype SAT1 - Swine Health Information Center
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Geographic distribution of FMDV SAT serotypes reported outside endemic regions (2023-2026).

Countries are categorized by serotype detection: SAT1 (red), SAT2 (blue), and both SAT1 and
SAT2 (purple), indicating locations where both serotypes were reported over this period.

FMDV SAT serotypes
B sarn
B sar

REF.: Emergence and Global Expansion of Foot-and-Mouth Disease Virus
. SAT1 and SAT2 Serotype SAT1 - Swine Health Information Center
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< DISEASE EVENTS FEED

FM D in C h i NnNa Foot and mouth disease, China
April 2026

SHARE DISEASE EVENT <

Greecqd (Lesvos)

Egypt

o
© Mapbox © OpenStreetMap

Interact with shaded countries and map pins to see associated reports

Summary

China has confirmed 219 cases of foot and mouth disease (FMD) in cattle across
Gansu Province and Xinjiang Uyghur Autonomous Region, marking the first detection
of the SAT1 serotype in the country. The outbreak raises serious concerns due to the
lack of cross-protection from existing domestic vaccines, prompting immediate culling
and disinfection measures while authorities assess the risk of spread to other livestock
regions.



Vaccine Matching-SAT1/1 (2025)

» Limited vaccines are available for this serotype (SAT1/Rho788!)

SAT1/Rho78"

heterologous
Isolate rivalue titre (logi)

BAR/37/2025| 0.31 2.20
BAR/50/2025| 0.39 2.30
IRQ/1/2025 0.26 2.13
IRQ/11/2025| 0.19 2.00
QTR/6/2023 0.42 2.34
QTR/7/2023 0.61 2.50

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



Vaccine Matching 2025 (Cont.)

Heterologous responses of SAT1 vaccines against

SAT1/l field isolates

3.50

=
8‘) 3.00 ? E‘.
= : T Mot oo coneet
(1))
£ 250 i i
= - . Viral antigens
g ’ . B BAR/50/2025
= [oo] 0
T 200 _ H ) M IrRQ/11/2025
2 [1QTR/7/2023
g H ] [ TAN/22/20147
g 1.50 - H “East Africa reference anbigen (Faton et &, 2025
Z &
1.00 sourc
Producer Producer Producer Producer Producer Producer e of
Biogénesis Bago DOLLVET Boehringer Biopharma KEVEVAPI BVI sera
SAT1 2020 SAT1UBOTHITT Ingelheim O/AISAT1/SAT2 SAT1T155 SAT 109
SAT1/RHO-78
s llected
30dpv 21dpv 21dpv 21dpv 21dpv 35dpv Day post.
n=5 n=5 n=5 n=5 n=8 n=>5 vaccination

NB: Some of the sera used for this testing was generated from trial-blends of vaccines and therefore
customers are advised to carry out in-country testing with the final formulated product to confirm that
responses in vaccinated animals achieve these levels of FMDV-specific antibody. www.pirbright.ac.uk



Vaccine Matching 2025 (Cont.)

Emergence of serotype SAT1/I in the Middle East (Bahrain and Iraq)

* Reports of an upsurge of FMD outbreaks in Irag where local testing
(agELISA) identified serotype SAT1 and O viruses

» SAT1/I detected in samples sent to WRLFMD

* Same genetic clade as the sequences from Bahrain (but, not
identical!) — do these viruses represent different introductions?

* >15% nt difference to the sequences from the cases in Qatar
supporting the idea that these are separate introductions into the

region
» SAT1 also reported (WAHIS) for outbreaks in Kuwait — April 2025 r1value
QTR/5/2023  0.39 1.85
* Limited vaccines are available for this serotype (e.g., SAT1/Rho78"!) e
e Preliminary vaccine matching results: oo B
Analysis will be repeated using BVS for aqueous-formulated vaccine |F:E;$g§2 g:gﬁ iié
IRQ/23/2025  0.13 1.37

and for serotype O.....

www.pirbright.ac.uk
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Outbreak in a FMD-free countries with or without
vaccination and FMD endemic countries

Diagnostic windows

2 Active surveillance 1 Rapid 3 sero-surveillence | Clinical Diagnosis i
for infected animals confirmation of for FMDV exposed
(including pre-clinical clinical signs animals
cases) Yirus detection methods | | Serclogical surveillance
Clinical antibody
, lesions response

Yirus neutralisation test (VINT)
Liquid Phase Blocking ELISA (LPBE)
Selid Phase Competition ELISA (SPCE)

FMD virus Antigen capture sandwich ELISA

in blood

PCR based diagnosis
* Multiplex PCR (mPCR)
¥ Quantitative reverse
transciption PCR (RT-qPCR) Waceinated |

Virus isolation and subtyping 5 '

o
R SPs @

1 2 3 4 5 6 7 8 eeee 14 l

MEASUREMENT

Representative “in contact” cattle data from }" ~
Alexandersen et al., 2003 and unpublished data

W -
from IAH Structural Neon-Structural
Protein (SP) Protein {M5F)
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* Real-time RT-PCR
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* Virusisolation

zi} Y] d' A o a dﬂl
> LLEJﬂLG]f’E)ll’JiﬁLW’E)fJufJuﬂ'liﬂﬂ!fb'@

* Antigen ELISA
> a31911 antigen vouse FMDV

* Sequencing for serotype identification
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FMD Diagnosis (Cont.)

Annex 1. Draft MFDV Molecular Diagnostic Algorithm

Draft FMD Molecular Diagnostic Algorithm

Pan-serotype detection of FMD

-~

qRT-PCR (3D)
(Callahan 2007)

IF Ct = 30

A
1‘--.'.

{ Optional

i Multiplex qRT-PCR
1

1

]

e

(30, 5'UTR)
{Reid 1997, Callahan 2007)

s

[

IF Ct < 30

Serotyping of O, A, and Asia 1 using qRT-PCR
Serotyping Multiplex qRT-PCR ]

for Pool 1 and 2
[REF : LVRI)

T
i
-. J?

IF Ct =30

L .

Lineage specific gRT-PCR
qRT-PCR Serotype O specific + ME-SA/Ind 2001
QRT-PCR Serotype A specific + Asla/SEAST
qRT-PCR Serotype Asial specific
[REF : APQA ; PIRERIGHT?T)

R ——
4 4t

| T —

IFCt<30

rl

[
]
L}
L

Sequencing of VP1 for genotyping

(1) Conventional RT-PCR using universal VP1 primers, and;

(@) Direct sequencing of the PCR product
[Le 2012)

RRLFMD-Pakchong
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FMD Laboratory
Diagnostic Workflow
(RRL Approach)

* Clinical suspicion

* Real-time RT-PCR (Probe and Primer Follow WRL)

* Antigen ELISA (Reagent from WRL)

* Virusisolation (Primary Lamb Kidney Cell, BHK21, ZZR)

* Sequencing & phylogenetic analysis (Probe and Primer
Follow WRL)

* NSP ELISA (2 Commercial Kits; DIVA)

* Vaccine Matching (In house reagent; O, A,As1)

* ***Final Message:
Rapid, accurate laboratory diagnosis is essential for FMD
control and regional preparedness.



Qutbreak detection (Clinical suspicion)

!

Laboratory confirmation (Serotype identification)

!5H3ﬂ1<‘lﬂ1§!§@ﬂ 1

Genetic & antigenic characterization (Sequencing & phylogenetic analysis)
v A

Emergency

T ——

[
1
E Vaccine matching (rl-value)
\

i Y

FMD Vaccine T
1

I I

1 1

e l =

I Select high-potency appropriate vaccine E

\\ ';

Emeregency vaccination

!

Post-vaccination monitoring
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