


Outline

1. FMD diagnostic technology system, products and quality assurance at LVRI

2. Recent advance in FMD Diagnosis at LVRI
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FMD diagnostic methods recommended by WOAH and nation

Purpose
Method P:lpulatlon Individual animal Contributeto | Confirmation | Prevalence | . In_'lr'.nune sl?tus n
reedom freedom from - - . X individual animals or
from infection prior to erad |.|:?t| on of clinical of |nfe:|:t|on - populations post-
infection movement policies cases surveliance vaccination
Detection and identification of the agent®
Virus - + +++ +++ - -
isolation
Antigen
detection - - +++ 4+ - _
ELISA
CFT - - + + - -
LFD - - +++ +++ - -
Real-time
RT-PCR + + +++ +++ + -
RT-PCR + + +++ +++ + -
Detection of immune response
NESP Ab +++ ++ +++ +++ +++ -
SPADb ++ ++ +++ +++ ++ +++
ELISA®
VNT® ++ ++ +++ +H+ ++ -+
AGID™ + + + + + -

WOAH Terrestrial Manual, 3.1.8
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Diagnostic techniques for foot and mouth disease
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V1: 2003
V2:2018
Review: 2023(on going)
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National standard of diagnostic techniques for FMD



1.2 FMD diagnostic products in LVRI

R&d time Kit name New veterinary drug ID
2006.11.08 |[FMDV mutiplex RT-PCR kit (2006)FrEAUEF38E
2006.11.08 IE:}/IDV (O. A, C. Asial) typing RT-PCR (2006)FFEHF=392
2006.11.08 [FMD Asia1 antibody LPBE kit (2006)FrEHIEFLA1E
2006.11.08 [FMD O antibody LPBE kit (2006)FTEZGUEF425
2006.11.29 [FMDV NSP 3ABC indirect ELISA (2006)FHELUEF 695
2015.06.24 [FMDV NSP 2C3AB antibody LFD (2015)FHBEUEF 235
2018.12.10 [FMD O antibody LFD (2018)FTEZIUFF66S
2020.10.21 [FMDV O type C-ELISA antibody kit (2020)3EFRHEF522
2021.03.18 |[FMDV A type antibody LFD (2021)FHEZIUEF 135
2021.07.16 [FMD NSP 3ABC block ELISA kit (2021)FHBZUEF46S
10 FMD diagnostic kits Registered a new veterinary drug certificate

Establish test methods system according to WOAH standards, and
Explore a series of diagnostic products (kits)



1.3 Procedure of FMDV diagnosis at LVRI

1 2 3 4 5 6 M

Molecular detection(RT-qPCR, RT-PCR, sequencing)

Clinical samples > Serotyping (Capture ELISA)

N

Virus Isolation (BHK21, BTY)

But, frequently, .

fresh ES, Vesicular fluid... .

“bad samples”
Discovery lately
Reporting lately
Delayed sampling
Improper Transporting
Vaccinated animals
Temperature
Long time preservation




Differential diagnosis for FMD vaccinated or infected antibody

+ OPF/ pig lymph node
/ RT-PCR & VI

Infected

EITB/Dot-ELISA

(3A,3B,2C,3AB,3ABC)

Serology Surveillance

background investigation

resample

Serum

l

3ABC-NSP ELISA

Uninfected




1.4 Quality assurance of FMDV diagnosis in LVRI

Laboratory Quality Management System
ISO/IEC 17025
Accredited in 2017, reviewed in 2023

Tests accredited Accreditation body
LPB ELISA for FMDV antibody detection CNAS
SPC ELISA for FMDV antibody detection CNAS
ELISA for FMDV NSP antibody detection CNAS
virus neutralization test (VNT) CNAS
virus isolation(VI) CNAS
FMDV Antigen detection ELISA CNAS
RT-PCR for FMDV CNAS
Real-time RT-PCR for FMIDV CNAS
FMDV 1D Gene sequencing CNAS




2. Recent advance in FMD Diagnosis

2.1 Development of antibodies detection of Competitive ELISA (SPCE)
2.2 Technology Platform of LFIA

2.3 CLIA for detection of antibodies against FMDV SP and NSP

2.4 Preparation of diagnostic methods for SAT2

2.5 other joint detection methods



2.1 Antibodies Detection of Competitive ELISA (SPCE)

Capture Antibody

Tyvyymp

Incubateat 37 ° C
g¢| for 15 min Substrate

Competitive enzyme-—
labeled antibodies

Contact: HZ tianhong@caas.cn
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Screening for the specific antibodies of FMDV serotype O, A

‘ (mmunized animals .
@ Ascites 1:1000

B 7K 1:1000
Myeloma cell culture
2.0- 2B4
« O - 2B5
O
EHEREMmE 2ﬁ
Myeloma cells B Iymp ocytes
BZ"E (PEG)
BSERES
PEG induced cell fu5|on HAT% |:>
HAT screening
?x@éﬂ]ﬂﬁlﬁﬂé
Hybridoma cell cloning
RIMETE ﬁ}ﬁléﬂ]ﬂﬁ;
In vitro culture \ $|J§ﬂim/
&Sells are seeded and
ascites fluid is
l l prepared
BrEIR BTRER

Monoclonal antibodies

Traditional hybridoma technology was used to successfully screen the

serotype-specific antibodies against FMDV type O and A



The features of FMDV antibodies detection of SPCE

* The operation is simple, reaction is only in one-step process, and

* The reaction time is about 42 min,

Both serotype and titer could be determined
* determine the serotype, without cross-reaction, has high conformity with VNT.
* accurately determine the titer to evaluate the efficacy of the vaccines.

Titer <8 8 11 11 <8 <8 <8 <8 <8 <8
P3687 P3673 P3661 P3679 P3682 P3B42 P3638 P3672 P3655 P3668 Positive Negative
1 2 3 4 5 6 7 8 9 10 11 12
1: 8 0.796 | 0.896
1: 16
1: 32
1: 64
1: 8
1: 16 | 081 |
a2
1: B4
P3684 P3659 P3683 P3693 P3678 P3624 P3631 P3690 P3686 P3674 360  1.53675
Titer <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 0.922
Positive
174 382 459 139 320 2 9 471 12 PO722  control
1 2 3 4 5 6 7 8 9 10 1 12
A 0212 | 0119 | 0194 | 0.173 | 0.105 0.2 0.106 | 0.217 0.13 0293 | 0.521
B 0379 | 0411 0535 | 0403 0.27 0354 | 0197 | 0647 | 0296 | 0371 0.266
& 0437 | 0433 | 0878 | 0659 | 0289 | 0247 | 0233 | 0817 | 0.591 0.587 | 0.328
D 0857 | 0586 | 1.087 | 0963 | 0283 | 0358 | 0.337 | 0993 | 0709 | 0954 | 0511
E 0.977 | 0.805 0.357 | 0462 | 0.646 0.997 0.808
F 1.247 0.637 | 0683 | 0922 1.228
& 0.985 | 1.008
H
Titer 360 360 128 180 720 720 720 180 256 180 360

450
450
450
450
450
450
450
450



2.2 Technology Platform of LFIA

* 8 kinds of livestock diseases diagnostic test-strip 2021-2023
* 3 obtained the Veterinary Drug Product Approval Number

2017

Fluorescence
Peroxidase-like Microspheres LFIA
Nanoparticles LFIA

2008

Digitization Accurate

i L
Colloidal Gold LFIA First Application and Sensitive

Quick and Easy

SENSORS ‘\;‘ pas:)
A

Detection of p53 Protein Based on Mesoporous Pt-Pd Nanoparticles
with Enhanced Peroxidase-like Catalysis
Tao Jang"** Yang Soag ' Dan Du,"* Xungao Lin*" and Yuche Lin***
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Contact: &%y jiangtao@caas.cn
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Products: technological Innovation of LFIA

The list of LFIA kits

New Veterinary Drug Registration Certificate : no. (2018) New
Veterinary Drug Certificate no.66 ; Veterinary Drug Product Approval
Number : Veterinary Medicine 280178855 ; 25 strips/kit; to detect 25
sera samples; The results of 85% of samples were recorded to reach
the standard recommended by the OIE LPB-
ELISA method; This operation-friendly is suitable for on-site testing,the 2
results of which can be obtained within 10 minutes.
New Veterinary Drug Registration Certificate : no. (2021) New
Veterinary Drug Certificate no.13 ; 25 strips/kit; to detect 25 sera
Lateral Flow Assay Kit for Detecting samples; The results of 85% of samples were recorded to reach the
Antibodies against FMDV Type A standard recommended by the OIE LPB-ELISA method; This operation-
friendly is suitable for on-site testing,the results of which can be
obtained within 10 minutes.
25 strips/kit; to detect 25 sera samples; The results of 85% of samples
Lateral Flow Assay Kit for Detecting were recorded to reach the standard recommended by the OIE LPB-
Antibodies against FMDV Type Asia-I ELISA method; This operation-friendly is suitable for on-site testing,the
results of which can be obtained within 10 minutes.

New Veterinary Drug Registration Certificate : no. (2015) New
Veterinary Drug Certificate no.23 ; Veterinary Drug Product Approval > . . -
Lateral Flow Assay Kit for Detecting Non- Number : Veterinary Medicine 280178215 ; 20 strips/kit; to detect 20 . m ‘%‘IHI: H:% f"l‘ﬁjﬁ‘ m& E‘I
4  structural Protein 2C3AB Antibodies sera samples; The results of 90.1% of samples were recorded to reach Lanzhou Shouyan Biotechnology Co. , Ltd
against FMD the standard of the OIE recommended 3ABC-ELISA method; This

operation-friendly and equipment-free product can be applied to on-
site testing.

Lateral Flow Assay Kit for Detecting
Antibodies against FMDV Type O




2.3 CLIA for detection of antibodies against FMDV SP and NSP

>

3ABC CLIA B 3ABC-2C CLIA

Chemiluminescence method=CLIA

= 100 =
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< — o
. . __Z_:‘ 60 | .é' pry 3
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50 o sensltivity:95,73%, 20 a sensitivity 1 100%
. ; specificity 198,97%, 10 ; specificity:96.47%
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2.4 Preparation of diaghostic methods for SAT2

SAT 2 outbreaks in North Africa/Middle East

\\Q

0 { N . 1\ | Recentdetection of other East
S\ e\ B <
et LEH 2 '«q\/‘ African FMDVs in the Gulf States
i’ il ) N (since 2020):

A< | A/AFRICA/G-1 (2021)

Bahrain

Eaa SAT2/XIV (zozs)? S
\ \ SATZ/IV (7012)

SAT2/XIV (2023)
SAI2/VI (2015)

SAT2/1V
Yemen (1990)

Lthiopia

2022

B (02)r MER | 5/EA-3 Bahrain (2021)
SAT2/VI1) IAq SAT2/VII SAT 1 - Qatar (2023)
L (2012) = (2000)

e ¢
f \
A - KEY
d b
fag S stz

Other SAT2
lineages

SAT2 FMDV spread to the Middle East
and West Asia;

2 topotypes of SAT2 FMDVs : topotype
XIV and topotype VII;

For SAT2 / XIV strain, RT-qPCR was
established with the specific primers
and probe recommended by WRL, and
SAT2 antibody detection: blocking ELISA

method



Preparation of diagnostic methods for SAT2

Preparation of biomaterials

— T -
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0| myeloma cell
100 $ o ‘
116  / ‘ , , , % 5
. G > - - 5@ - B3,
66.2 A - >
= @ ° v .
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" w0 | oma cell cell screening
culture

VP1 Protein expression and identification Preparation of monoclonal antibodies



Preparation of diagnostic methods for SAT2

monoclonal antibodies identification
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Preparation of diagnostic methods for SAT2

Performance test of monoclonal antibody in Pirbright
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Preparation of diagnostic methods for SAT2

Sensitivity, specificity and repeatability of SAT2 antibody detection kit

100
1001 J—

80
801
60
601
40_ ................................................................

S
S -] )
40 \. 20-
g ¢ & & & © &
° 12 L4 18 116 132 Le4 |28 1:256 OA'O 04'? Q\é\\’ Gyf\% .AQ,“’OQ .Qef’oc
NSNS ESS
& & Q9 %‘2’0)
Sample dilution ratio Virus name
Sensitivity test Specificity test
intra-batch interlot
Sample Coefficient of Coefficient of
number Mean value SD variation/% | Mean value SD variation/%
(@]
£
g 1 0.334 0.003 0.750 0.289 0.007 2.355
2 2 0.506 0.028 5.440 0.403 0.011 2.815
':‘; 3 0.555 0.013 2.254 0.551 0.008 1.491
” 4 0.674 0.020 2.895 0.656 0.013 2.038
5 0.740 0.009 1.216 0.593 0.027 4.583
6 0.762 0.037 4.793 0.442 0.018 4.160




Colloidal gold test strip method for SAT2

Colloidal gold test strip pattern | —A——
A — ./ j l ./ Positive

® VP1 protein o TC
@ coloidal Gold N Negative
A, Antibodies to be tested T C
); VP1 monoclonal antibody !/ Z
T C > Invalid
N N
T C

Contact: HHZ tianhong@caas.cn
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Colloidal gold test strip method for SAT2

Specificity, s en5|t|V|ty, repeatablllty and stability of SAT2 antibody test strlp

A.Neg, B.SVA; C.FMDV-A; D.FMDV-O; E.FMDV-SAT1, F.FMDV-SAT3; G.FMDV-SAT2 A A A N M
Specificity test Sensitivity test

Repeatability test



2.5 other joint detection methods

Amplification

RFU

Amplification

e co-detection methods for FMIDV+ PPRV .

FMDV+LSDV

Amplification

|

S=

—— i = = —
10 20 30 40
Cycles \ T
. " PPRV

SS

~
~, ~~a
~., ~
~~~~~

~~
~~~~~~
~~~~~
~~

-
—————
—————
- -
oty
-

FMDV +PPRV +Brucella
Result
Sample | Species | Quantity Method
FMDV(+) | PPRV(+)
OPF sheep 188 FMDV+PPRV 7 6

Contact: K maweimin@caas.cn
* Based on the epidemiological investigation, surveillance and quarantine requirements

FMDV + LSDV and FMDV+ PPRV + Brucella

e The results show good specificity and sensitivity compared to the single method for FMDV ,PPRV, LSDV
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Diagnostic technology supports FMD prevention and control

Live Virus by virus ssolation in cell cultures
P —
Uninfected 1 -4 DAYS

Rk R AT ER LAF
Viral Proteins (antigen) by LFD or by
Antigen detection ELISA

10 - 30 MINUTES (LFD)

Lesion, swab, Virus or viral 4 HOURS (ELISA)
ALK 021 11 5 FMD Virus probang or e components

Infected blood samples can be
detected

AR KA TR (@K A WA e 5 e
FAT M SR B %] (2021—2025 SF) N4y il 4

Viral Nucleic Acid (genome) by RTFPCR

PROBANG
SAMPILES

Anti-FMD antibodies can be detected m

R Anti-viral serum by ELISA or VNT
covere S antibodies can ———

(or vaccinated) be detected

5 - 18 HOURS (ELISA)
2 -3 DAYS (VNT)

Rl AT 3R
2021 4F4 413 H
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