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1.1  FMD diagnostic  methods recommended by WOAH and nation  

WOAH Terrestrial Manual, 3.1.8 National standard of diagnostic techniques for FMD

V1: 2003
V2: 2018
Review: 2023(on going)



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)新兽药证字38号

2006.11.08
FMDV（O、A、C、Asia1）typing RT-PCR 
kit

(2006)新兽药证字39号

2006.11.08 FMD Asia1 antibody LPBE kit (2006)新兽药证字41号

2006.11.08 FMD O antibody LPBE kit (2006)新兽药证字42号

2006.11.29 FMDV NSP 3ABC indirect ELISA (2006)新兽药证字69号

2015.06.24 FMDV NSP 2C3AB antibody LFD (2015)新兽药证字23号

2018.12.10 FMD O antibody LFD (2018)新兽药证字66号

2020.10.21 FMDV O type C-ELISA antibody kit (2020)新兽药证字52号

2021.03.18 FMDV A type antibody LFD (2021)新兽药证字13号

2021.07.16 FMD NSP 3ABC block ELISA kit (2021)新兽药证字46号

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

Clinical samples Serotyping (Capture ELISA) 

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

Virus Isolation (BHK21, BTY)

fresh ES, Vesicular fluid…

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

But, frequently, 



Differential diagnosis for FMD vaccinated or infected antibody 

+

Infected

Uninfected

Serum

3ABC-NSP ELISA      

+ -EITB/Dot-ELISA

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

OPF/ pig lymph node 
RT-PCR & VI

Serology Surveillance

(herd immunity)

≥4/5+

background investigation resample



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 FMDV CNAS

FMDV 1D Gene sequencing CNAS

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

1.4  Quality assurance of FMDV diagnosis in LVRI



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 

2.4 Preparation of diagnostic methods for SAT2

2.3 CLIA for detection of antibodies against FMDV SP and NSP



2.1  Antibodies Detection of Competitive ELISA（SPCE）

Substrate
Incubate at 37 °C 
for 30 min

Incubate at 37 °C 
for 15 min

Capture Antibody FMDV antigen

Competitive enzyme-
labeled antibodies

IgG in the serum being tested

type O, type A

Contact：田宏 tianhong@caas.cn

mailto:tianhong@caas.cn


Traditional hybridoma technology was used to successfully screen the 

serotype-specific antibodies against FMDV type O and A
O

D
4

5
0

Screening for the specific antibodies of FMDV serotype O、A

Ascites  1:1000

Myeloma cell culture

Myeloma cells

Immunized animals

B lymphocytes

PEG induced cell fusion

HAT screening

Hybridoma cell cloning

In vitro culture
Cells are seeded and 
ascites fluid is 
prepared

Monoclonal antibodies



• 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. 

The features of FMDV antibodies detection of SPCE 



2.2  Technology Platform of LFIA

Colloidal Gold LFIA 

Quick and Easy

15 minutes 

Peroxidase-like 
Nanoparticles LFIA

First Application

Fluorescence 
Microspheres LFIA

Digitization Accurate 
and Sensitive 

2 0 0 8

2 0 2 1 - 2 0 2 3

2 0 1 7

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

Contact：蒋韬 jiangtao@caas.cn

mailto:jiangtao@caas.cn


Products: technological Innovation of LFIA  

The list of LFIA kits

1
Lateral Flow Assay Kit for Detecting 
Antibodies against FMDV Type O

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 
results of which can be obtained within 10 minutes.

2
Lateral Flow Assay Kit for Detecting 
Antibodies against FMDV Type A

New Veterinary Drug Registration Certificate：no.（2021）New 
Veterinary Drug Certificate no.13；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 results of which can be 
obtained within 10 minutes.

3
Lateral Flow Assay Kit for Detecting 
Antibodies against FMDV Type Asia-I

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 
results of which can be obtained within 10 minutes.

4
Lateral Flow Assay Kit for Detecting Non-
structural Protein 2C3AB Antibodies 
against FMD

New Veterinary Drug Registration Certificate：no.（2015）New 
Veterinary Drug Certificate no.23；Veterinary Drug Product Approval 
Number：Veterinary Medicine 280178215；20 strips/kit; to detect 20 
sera samples; The results of 90.1% of samples were recorded to reach 
the standard of the OIE recommended 3ABC-ELISA method; This 
operation-friendly and equipment-free product can be applied to on-
site testing.



2.3  CLIA for detection of antibodies against FMDV SP and NSP

• Rapid：15-30min

• ELISA format

• Early detection: antibodies to 3ABC 

and 2C at 2 dpc

Chemiluminescence method=CLIA



2.4  Preparation of diagnostic methods for SAT2

• 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

VP1 Protein expression and identification Preparation of monoclonal antibodies

Preparation of biomaterials



Preparation of diagnostic methods for SAT2

monoclonal antibodies identification

Screening of hybridoma cell lines
Mab purification 

Subtype identification
Specificity
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Preparation of diagnostic methods for SAT2

Performance test of monoclonal antibody in Pirbright
Antibody effectiveness verification

Contact：田宏 tianhong@caas.cn

mailto:tianhong@caas.cn


Preparation of diagnostic methods for SAT2

Sample 

number

intra-batch

Coefficient of 

variation/%

interlot

Coefficient of 

variation/%Mean value SD Mean value SD

1 0.334 0.003 0.750 0.289 0.007 2.355 

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 
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Sensitivity, specificity and repeatability of SAT2 antibody detection kit 
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Colloidal gold test strip method for SAT2

Colloidal gold test strip pattern

VP1 protein

Colloidal Gold

Antibodies to be tested

VP1 monoclonal antibody

T C

T C

T C

Positive

T C

Negative

Invalid

Contact：田宏 tianhong@caas.cn

mailto:tianhong@caas.cn


Colloidal gold test strip method for SAT2

Specificity, sensitivity, repeatability and stability of SAT2 antibody test strip 

Sensitivity test

A. Neg ；B. SVA； C. FMDV-A；D. FMDV-O；E. FMDV-SAT1；F. FMDV-SAT3；G. FMDV-SAT2

Specificity test

Repeatability  test



2.5  other joint detection methods 

• Based on the epidemiological investigation, surveillance and quarantine requirements
• co-detection methods for FMDV+ PPRV、 FMDV + LSDV and FMDV+ PPRV + Brucella
• The results show good specificity and sensitivity compared to the single method for FMDV ,PPRV, LSDV

FMDV+PPRV
FMDV

PPRV

FMDV+LSDV
FMDV

LSDV

FMDV

Brucella

PPRV

FMDV+PPRV+Brucella

Sample Species Quantity Method
Result

FMDV(+) PPRV(+)

OPF sheep 188 FMDV+PPRV 7 6

Contact：马维民maweimin@caas.cn

mailto:maweimin@caas.cn


Diagnostic technology supports FMD prevention and control 



Thank You
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