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FMD epidemiology: background

The epidemiology of FMD is dynamic, defined by:

e Seven virus ecosystems (Pools) that maintain
specific FMDV strains requiring tailored
diagnostics and vaccines

. FERET
B

Pool 6

e Six circulating FMDV serotypes with an unequal
distribution

* Serotype C has not been detected globally since 2004

* Serotype O is globally the most dominant serotype Data from 2023:

* FMD control has led to FMD freedom in South
America (except Venezuela)
e 2025: FMD incursions into Europe (O and SAT 1)

e Loss of FMD free status in Indonesia (2022) and 16 0
countries in southern Africa (2021 - ) <0 =A +C +ASIA1 SAT1 =SAT2 =SAT3 =FMDVGD
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Headline global status for FMD (January 2026)
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Tailored diagnostic tools.......

Antigen detection ELISA:

* Established test approach to define the serotype of a FMD
virus in a sample

 Mab-based approaches are replacing Pab formats
LFDs:

* Pan-serotypic and serotype-specific versions of LFD are
increasingly available (inc. from commercial sources)

* Lower analytical sensitivity compared to PCR —based tests . " {

* Serotype-specificity is defined by the reactivity of the ) (
antib.ody reagents — scope for cross-reactivity should be , S8y ﬂ J’ ﬂ
considered : s 23 347 8573 0

* Importance of test redundancy Cavalera et al., (2024) Micro Acta 191:9
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Tailored diagnostic tools.......

Lineage-specific real-time RT-PCRs

e Toolbox of assays from different laboratories

o Ahmed (2012) TBED; Bachanek-Bankowska (2016) JVM; Chestley
(2022) FVS; El Bagoury (2022) JVM; Jamal (2015) PLoS One; Lim
(2022) TBED; Reid (2014) JVM; Saduakassova (2018) JVM

e Ability to rapidly identify the particular FMDV lineage
that is present in a sample

e Designed to be run along-side the pan-serotypic real-
time RT-PCR assays described in the WOAH Manual

e Could be used where sequencing capacity is not
available

e Ensure primers/probe remain fit-for-purpose
(https://www.foot-and-mouth.org/science/lineage-
specific-fmdv-real-time-rt-pcr-assays)
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Di Nardo et al., (2025) EID 31: 370
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FMD vaccines

* Vaccines are produced by inactivation of FMDV isolates
grown in cell culture

e > 2 billion doses administered annually

e Success in Europe and South America show that
vaccination is an important tool to control and
eradicate FMD

* Need to cover multiple serotypes and antigenic
variants

 FMD vaccines are not a standard product and can
have variable quality (i.e., different producers use
different master seed strains, at different antigen
payload, with different formulation regimes)

* Protective 146S antigen (intact FMDV capsid) is
unstable
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Headline global status for FMD (January 2026)
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 Which FMD vaccine should | purchase?

 How can | ensure that it is fit for purpose? (i.e.,

will it be efficacious for the specific FMD viruses
that threaten my livestock)
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Approaches for FMD vaccine selection

» Effective vaccines need to provide relevant heterologous
(cross) protection against field strains — cross neutralisation

* |n-vitro vaccine matching (WOAH Manual - Chapter 3.1.8)

- Compares the ability of defined bovine vaccinal sera (BVS)
to neutralise field strains vs a single homologous vaccine
strain

- Can be performed by VNT or LPBE

- R-value > 0.3 indicates that there is a close relationship
between the field isolate and vaccine strain — A potent
vaccine containing this vaccine strain is likely to confer
protection

- VM results are inherently variable (when the VNT is used)

mey—\

- Not a quantitative test
- Test multiple field viruses from related outbreaks
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Vaccine selection for endemic settings

Obvious gaps and challenges:

1. Vaccine-matching (r,-values) considers strain suitability but NOT the

quantity/quality/combinations of antigens in a final product (and is
limited due to access to vaccine strains and BVS)

WOAH Terrestrial Manual focus on homologous of monovalent
vaccines vs heterologous vaccine performance that is required in the
field with multivalent products

Increasing focus of testing:

Measurement of heterologous responses

Using formulated product supplied to customers

Use common/standardized FMDV viruses (Antigen Panels)
representative of the antigenic threats in a region — proposal for
reference antigens for East Africa
(https://www.wrlfmd.org/node/2096/)

)'( N WORLD ORGANIZATION FOR ANISAL HEALTH

Manual of Diagnostic
Tests and Vaccines

for Terrestrial Animals
:_l’ﬂ;'ll'l'm'l;‘l._:'i_ CIrdE and hr’.‘r_'j?.:

Foot and
mouth disease
vaccination
and
post-vaccination
manitoring
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https://www.wrlfmd.org/node/2096/

East Africa antigen panel

e Paper published in May 2025
* Candidate viruses for the other FMD endemic pools have been selected
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* Experience tells us that neutralising antibodies are correlated
to protection, but

e ....how much FMD-specific antibody is enough?

/\

www.pirbright.ac.uk



Estimating heterologous serological cut-offs

Be pragmatic:
Precise determination is not needed to identify poor quality vaccines!
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Selecting vaccines for the Middle East (Pool 3)

Heterologous responses of SAT1 vaccines against SAT1/I field isolates

3.50

eofimd

3.00
9 European Commission for the Control
of Foot-and-Mouth disease
2.50 " ; Viral antigens
: ? I® E é B BAR/50/2025

m IRQ/11/2025
1 QTR/7/2023
1 TAN/22/2014 *

*East Africa reference antigen (Paton et al., 2025)

Neutralisation titre (Log,)

1.00 Source of
" Producer I Producer I Producer I Producer I Producer I Producer sera
Biogénesis Bagd DOLLVET Boehringer Biopharma KEVEVAPI BVI
SAT1 2020 SAT1/BOT/1/77 Ingelheim O/A/SAT1/SAT2 SAT1 T155 SAT 109
SAT1/RHO-78 Sera collected Day
30de Zlde 21de 21de Zlde 35de post-vaccination
n=5 n=5 n=5 n=5 n=8 n=5

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 FMIDV-specific antibody. www.pirbright.ac.uk



Why FMD vaccines fail?

Poor quality vaccine (potency, 146S
content)

* Poor antigenic match to the circulating
strains

 Failure in the cold chain
* Low coverage in the target population

 Failure to follow recommended vaccination
schedules (two doses in the primary course)

FMD has potential for very high
transmissibility (estimated R 2-70)

* Failure to employ complementary control
measures — movement controls

Some real-world experiences

www.pirbright.ac.uk



Summary and concluding remarks

FMD diagnostic approaches need to consider the range of FMDV serotypes (and look-a-like

diseases)

Local validation of these tests is important to ensure that they are fit for purpose

FMD vaccines are unique

Need to cover different serotypes and antigenic variants

Producers supply vaccines that utilise different vaccine master-seed strains

Often formulated to contain multiple antigens (serotypes/strains)

FMD vaccines are difficult to produce and the antigen is unstable

New immunoassays that directly measure 146S content are being developed/validated

Use of poor-quality vaccine leads to poor trust in FMD vaccination campaigns

Testing of FMD vaccines is very important - providing evidence to stakeholders (investors,

farmers) to demonstrate:

Selected vaccine provides cross-protective responses to FMD viruses circulating in the field
Batch-to-batch consistency of the vaccine

* Post-vaccination monitoring to verify maintenance of the cold chain of the formulated vaccine, and to

ensure adequate herd-level coverage and duration of immunity in the target species
www.pirbright.ac.uk



Further information......

e FMD reports and lab testing
(https://www.wrlfmd.org/ref-lab-reports)

e Genotyping reports, Vaccine matching and
Serotyping reports

e (Other data sources:
e Quarterly WRLFMD/EuFMD report

(https://www.wrlfmd.org/ref-lab-reports) p—

* Annual report of the WOAH/FAO FMD S0 sk
Laboratory Network (http://foot-and- Fom
mOUth.Org/) Annual Report 2023

WRLFMD Quarterly R
April to June 201

e OpenFMD (www.openfmd.org) —
sequences, genotyping, vaccine selection
and surveillance Prbigi e

#BBSRC gémlm eofmd
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Indirect/immunogenicity studies to assess vaccine performance

FMD vaccine

Commercial batches within shelf-life - multi-valent
Supplied directly from company*

Cold chain monitored with temperature logger

Booster dose

Options: , g
1.  Conductedin a FMD- (according to the
r free COUE“;/ (59) r schedule recommended r
P 2. NSP antibody testing by the producer) p
T R TH
4 A 'n’ /’%
) . Sera stored
Naive animals @ at -20 °C @
Not vaccinated
Not Infected Sera collection Sera collection
>6 months of age 21 (or 28) dpv 10 (or 28) dprv

Sera tested by VNT
Titres against FMD viruses that pose a risk to the target population

Regional reference antigens o
www.pirbright.ac.uk
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