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Pool 1: Status in 2023

Characterisation of different FMD virus lineages
Based on data from WRLFMD, RRLSEA, the OIE/FAO Lab Network and reported @SEACFMD

Country ' ME-SA/  ME=SA/ ASIA / Asia-1
- ) : ASIA/Ind
PanAsia PanAsia-2 Sea-97
Cambodia 2019 2016 2019 2016
Laos 2020 2017 2018 2018

Malaysia 2005 2020 2022*
Myanmar 2021 2010 2017
Thailand 2012 2019 2022*
Vietnam 2019 2018 2018 2017 2006
PR China 2020 - 2019 2019 2009

Indonesia

Mongolia 2018 2017 2016

s this the true picture of FMD in SEACFMD countries? " Not sequenced @ WRLFMD
... or does under-sampling bias our understanding of the epidemiology? www.pirbright.ac.uk



Lineage-specific real-time RT-PCRs for Asia

e Assays cover 8 FMDV lineages in South and Southeast Asia

Serotype Lineage Oligo name Sequence (5’-3’) Reference
FWD O-PA-FP1(sense) TGGACCTGATGCARACCCC
ME-SA/PanAsia & PanAsia2 REV O-PA-RP1(antisense) TCGTGTTTCACTGCCACYTC Unpublished
Probe O-PA-P2 (sense) FAM-CTCCGCACYGCCACCTAC-TAMRA
FWD IND-2001d FPv3 (sense) GAAGAGGGCCGARACATAC
ME-SA/Ind-2001 REV IND-2001d RPv2(antisense) GCCACAATCTTYTGYTTGTG Unpublished
Probe IND-2001d Pv2 (sense) FAM-CTGCTSGCCATTCACCCG-TAMRA
FWD O-Mya98-FP2 (sense) CTGGGTGCCAAATGGAGCA
SEA/Mya-98 REV O-Mya98-RP3(antisense) CACGGTGTGGTGMCGTGT Unpublished
Probe O-Mya98-P6 (sense) FAM-ACCACCAACCCAACGGCRTAC-TAMRA
FWD O-CathFP3(sense) GATGCARATCCCTGCYCAC
CATHAY REV O-CathRP3(antisense) ACCCARGTGAGRTCGCC Unpublished
Probe O-CathP2 (sense) FAM-CTGCGGACGGCCACCTACTT-TAMRA
FWD A-JB-F (sense) GCCACGACCATCCACGAGCT Jamal &
ASIA/Iran-05 REV A-JB-R (antisense) GTCCTGYGACRACACTTCCAC Belsham. 2015
Probe A-JB-F-P (sense) FAM-CTCGTGCGYATGAAACGTGCYGAGCT-TAMRA !
FWD G-VII_FP (sense) TGCTCAACTCCCTGCCTC T
ASIA/G-VII REV G-VII_RP (antisense) GAGTTCGGCACGCTTCAT
Probe G-VII_P (sense) FAM-CCACYACCATCCACGAGCTG-BHQ1 el A
FWD A-Sea-97_ FP2(sense) GGACAGGTTYGTGCARATC
ASIA/Sea-97 REV A-Sea-97_RP2(antisense) CACCACAATCTCAAGATCAGA Unpublished
Probe A-Sea-97_P2(sense) FAM-GCGCGCGGCYACCTACTACTTT-TAMRA
FWD Asialforward3 (sense) GCAGTWAAGGCYGAGASCATYAC
REV Asialreverse2 (antisense) GCARAGGCCTAGGGCAGTATG Reid et al., 2014
Probe Asialprobe4 (sense) FAM-AGCTGTTGATCCGCATGAAACGYGCG-TAMRA

* “molecular toolbox” combines previously published assays
and unpublished content
* Primer and probe sets previously circulated (see table)

Now in Press (Frontiers in Vet Sci.)

www.pirbright.ac.uk



Homologous and cross-reactive results

e Assays evaluated using FMDV isolates (n=85)
— Samples representing the different lineages
— 3D rRT-PCR used to benchmark the results

Avg Ct per rRT-PCR assay (# samples)

O/PanAsia &
PanAsia2

0/Ind-2001 0O/Mya-98 O/CATHAY A/G-VII A/lran-05 A/Sea-97 Asial 3D

O/PanAsia &
PanAsia2

0/Ind-2001

0/Mya-98

O/CATHAY

A/G-VII

Sample lineage

A/Iran-05

A/Sea-97

Asial

» Assays correctly detected 83/85 of the isolates

e Critical point: heterologous signal, whilst generally weaker, is
evident for 1.9% of the tests (13/680 assays); assays must be
compared with 3D. www.pirbright.ac.uk
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O/MOG/19/2018
O/MOG/15/2017
OIMAY/2/2018
O/SKR/5/2019
O/SRL/5/2017
O/BHU/22/2017
O/SAU/9/2018
O/SRL/2/2018
O/SRL/4/2016
O/SRL/11/2014 (MF947482)
ONIT/17/2018
ONIT/22/2012
O/MOG/12/2017
O/IRN/114/2010 (MT443278)
O/IRN/2/2010 (MT443197)
O/AFG/34/2017 (MT443044)
O/IRN/6/2015 (MN276044)
OITUR/27/2014 (MT443880)
O/IRN/7/2015 (MT443385)
O/MAY/10/2016
OIMAY/9/2016
O/MAY/12/2016
O/MOG/7/2018
O/MOG/25/2018
O/MYA/1/2015
OINITI4A7/2018
ONVIT/31/2019
O/HKN/6/2010 (JQ070302)
O/HKN/20/2010 (HM229661)
O/HKN/1/2011 (JQ070306)
O/HKN/10/2010
O/HKN/13/2010
O/HKN/14/2010
O/HKN/7/2010 (JQ070303)
O/HKN/24/2010 (KM243162)
O/HKN/5/2011 (KM243167)
O/HKN/10/2015
O/HKN/8/2015
O/HKN/8/2014
O/HKN/1/2015
O/HKN/6/2018
O/HKN/2/2016
O/HKN/3/2016
O/HKN/4/2016

0/Mya-98 @_ A/Sea-97 Asial 3D
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A - specific

_E O/CATHAY A/Sea-97 Asial 3D
A/IRN/20/2016 (KY982296) uD uD uD uD uD uD UD 2172 | ]
A/ISR/14/2017 uD uD uD uD uD
AISAUI6/2015 (KY982302) uD uD uD uD >
AISAUI37/2016 (KY982317) uD uD uD uD <
100 AISAUI20/2016 (KY982313) uD uD uD uD n)
— A/IRN/25/2018 uD uD uD uD ]
— A/IRN/39/2016 up up uD up <
= AITUR/12/2017 ub up uD ub —_
[ AIBHU/27/2017 uD uD uD UD
— 100 A/BHU/28/2017 uD uD uD uD -
— AJIRN/7/2017 (MT442308) ub uD ub uD
— A/IRN/6/2016 (MT442304) ub ub ub ub 2
{ — AIAFG/74/2011 (MT442114) ub ub ub ub —~
" o AJAFG/50/2017 (MT442138) up uD uD up 3
A/IRN/2/2018 (MT442312) ub ub ub ub S
% A/IRN/3/2018 (MT442313) ub ub ub ub IO
100 A/IRN/2/2017 (MT4423086) ub ub ub ub G
81 A/IRN/10/2018 (MT442317) ub ub ub ub =
ANIT/25/2017 ub ub ub ub
AJLAO/2/2014 ub ub ub ub
AIMAY/15/2014 ub ub ub ub
100 AITAI/9/2019 ub ub ub ub
o ATAI/11/2019 uD uD ub upD >
— ANVIT/26/2016 uD up up up Y
10 —— A/SKR/4/2018 ub ub ub ub m
— AIMOG/2/2016 33 33 33 38 jl>
' AICAM/5/2016 0 U o o o)
ANIT/22/2016 ~
~ AIMOG/13/2013 ub ub ub ub
[ AJILAO/1/2015 33 33 33 33 —
A/MOG/4/2013

0.02
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Asia 1 - specific

Asial/PAK/43/2015 (MT442764)
Asial/IRN/26/2016 (MT442662)
Asial/TUR/18/2015 (MT442813)
Asial/IRN/1/2015 (MT442659)
Asial/IRN/20/2015 (MT442661)
Asial/IRN/19/2018 (MT442666)
Asial/PAK/10/2019
Asial/IRN/1/2020
Asial/PAK/69/2019
Asial/NEP/38/2017

ubD ubD ub
ub ub ub
ubD ub ub
ubD ubD ub
ub ub ub
uUbD ubD ubD
ub ub ub
ub ub ub
ubD ub ub
ub ub ub
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Equivalent sensitivity to Callahan 3D
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The challenge of FMDV sequence diversity

0 0
5 5
10 O/PAK/30/2015 10 O/NEP/1/2015
15 © 15
[ S O
(] 20
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45 i* 45
No Ct o O No Ct ( J ( J ( J { ] {
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Reciprocal RNA dilution (Log;) Reciprocal RNA dilution (Log;,)
Forward: Probe: Reverse (antisense):
O-PA-FP1 0-PA-P2 0-PA-RP1
TGGACCTGATGCARACCCC CTCCGCACYGCCACCTAC GARGTGGCAGTGAAACACGA
PAK/30/2015  TGGACCTGATGCAAACCCC CTCCGCACEGCCACCTAC GAGGTRAGCAGTGAAACACGA
NEP/1/2015 TGGACCTGATGCARgCCCC CTCCGCACTGCCACCTAC GAGGTGGCIGTGAAACACGA

www.pirbright.ac.uk



SAT2/XIV: laboratory tools "'?g \$/

Institute

* New lineage-specific rRT-PCR for SAT/XIV developed by KVI,
Israel and WRLFMD

* Initial results indicate that a ver2 primer/probe set detect SAT2/XIV
viruses but not serotype O, A, Asia 1 or SAT2/VIl viruses

* Further information: https://www.foot-and-
mouth.org/science/lineage-specific-pcr

* Encouraging data from FMD (SAP) Institute, Tirkiye and
WRLFMD indicate that the SAT 2 specific of the antigen-
ELISA produced by IZSLER can detect this viral lineage

e SP-ELISAs can be used to detect responses, but be aware
that cross-reactivity with antibodies from
infection/vaccination with other FMDV serotypes may
complicate sero-diagnosis

www.pirbright.ac.uk
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The way forward?

Lineage-specific assays target capsid encoding sequences

The performance of these lineage-specific assays is constrained by
sequence diversity of the FMDV genome.

* This is true, even when mismatches are accounted for by degenerate bases
in the oligonucleotide sequences

* Intra-lineage sensitivity
* Inter-lineage specificity

Based on feedback, full genome sequences have been shared with
WOAH

Assays may only have a relatively short life-span before field isolates
evolve!

In silico tool to predict assays performance?

A B

pathogens MPy i 9 1L HT
Article g,. f, : —‘ x

GoPrime: Development of an In Silico Framework
to Predict the Performance of Real-Time PCR Primers 3 o
and Probes Using Foot-and-Mouth Disease Virus T

as a Model s

£ £
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Enhanced sequencing capacity using MinlON?

* Rapid and portable sequencing
method for full genome
sequencing

 Sample-to-sequence <24 hrs

* Equipment requirements: PCR
machine, Qubit, MinlON,

* pan-FMDV pools of primers have

been designed to amplify g SV S 0SB0 VGO A
overlapping amplicons
* Preliminary data indicates that the ssiv is () SV 15 )
protocols can be applied for the =
O/ME-SA/Ind-2001e lineage T —

* WRLFMD can provide assistance to
set up these methods and analyse "B 2 SRR

- & - au

d ata (16] [17] (18] [19]

www.pirbright.ac.uk
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The nanopore sequencing process

Triage based upon 3D

‘ 2.5h
$ﬁ$ RT-PCR

-

2.5h

Library
prep

t

Optional probe enrichment
for enhanced sensitivity

Sample to sequence in a working day

www.pirbright.ac.uk



Genome tiling strategy
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Simple methods of genome amplification for
segquencing

* Performing amplification in a multiplex (multiple amplicons per
PCR reaction) rather than single-plex (one PCR reaction per
amplicon) fashion has no effect upon sequencing efficacy.

Coverage following nanopore sequencing (A/TAl/8/2019)

Single reactions Multiplex
1x10° | ]
- e T e ™ : nrr— e~ W,
Af b o —.\ 2 = ﬁ
4

£ | S

1x103 | -

g * poly(C)
e OSUTR
® polyprotein

1 |
1x10 e 3UTR
e poly(A)
0 ZOIOO 4OIOO BOIOO 80I00 0 ZOIOO 4000 6000 80I00

Genome position
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Probe based enrichment

Block —
* Biotinylated probes can _l_
be used to pull out — —
defined target sequences | ®
e O -
Hybridise  m— —
* Widely used to enhance ¢ o l >0
sensitivity of NGS e
Capture ‘ ‘ —
* Designed a panel of $$
26,275 FMDV-specific 1
oligos —

PCR : R —

Adapted from Munyuza et al, 2022

www.pirbright.ac.uk



Probe enrichment enhances FMDV genome
coverage

102 10~ 106
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S
10' Mm
£ 14 l| h
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Nanopore sequencing: summary

* Nanopore technology could be deployed into FMDV laboratories
in Southeast Asia to rapidly characterise FMDVs.

e Simple protocols.

* High sensitivity obtained via PCR of overlapping tiles.

* Further increase in sensitivity theoretically possible using probe-
based enrichment.

* Requires hardware and computational input (support possible via
WRLFMD if necessary).

e Consumables cost can be as low as ~S$25/sample.

* Email Andrew.shaw@pirbright.ac.uk for protocols/advice.

www.pirbright.ac.uk
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