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Background and Problem Statement

d The National Institute of Animal Health (NIAH) is responsible for safeguarding

Thailand’s national biosecurity by screening a massive volume of imported
ive cafttle annually—a process crucial for breed development, livestock
production, and driving the rural economy. Under the Animal Epidemics Act
B.E. 25568 (2015),

d Bovine Viral Diarrhea Virus (BVDV), Bluetongue Virus (BTV), and Bovine

Leukemia Virus (BLV) are classified as high-risk transtboundary and emerging
diseases by the World Organisation for Animal Health (WOAH).
Consequently, mandatory official health screening and certification are
strictly required prior to any international movement intfo the country.

d However, the NIAH laboratory currently relies on singleplex real-time PCR and

ELISA methods, which require separate testing protocols for each individuadl
pathogen.

d This traditional approach is highly resource-intensive, drives up operationadl

costs, and extends turnaround fimes. Such inefficiencies create a significant
operational bottleneck, hindering the rapid diagnostic screening necessary
to prevent immediate biosecurity threats during urgent or high-volume cattle
Importations.
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Q The Solution: Shifting to a newly developed .
Multiplex Real-time RT-PCR Assay for . _—=
simultaneous detection of BVDV, BTV, and | = =
BLV within a single reaction.

1 Key Advantages: Drastically reduces .
turnaround time for high-throughput - 1A A A
screening while cutting laboratory -
operational costs and saving resources.

d Standard Compliance: Validated in sirict
accordance with the World Organisation for
Animal Health (WOAH) standards.

d Evaluated Parameters: Assessed for core
diagnostic features, including
Analytical/Diagnostic Sensitivity and
Specificity to ensure strong accuracy and o /
agreement with reference methods. o
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Study objective

This study aimed to develop, optimization and validation a mulfiplex
Real-time RT-PCR assay for the simultaneous detection of BVDV, BTV,
and BLV in a single reaction 1o enhance the efficiency and speed of

diagnostic services for imported cattle.

/

bevelopmeni, Optimization, and Validation of Multiplex Real-fime RT-PCR
Assay for the Simultaneous Detection of BVDV, BTV, and BLV in Cattle.
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Results and Discussion

Design probe primer

Design plasmid

Disease Gene Probe Sequence
BTV_OIE_NS3 FW TGG AYA AAG CRA TGT CAA A
BTV NS3 BTV_OIE_NS3 RV ACR TCA TCA CGA AAC GCT TC
BVD OIE 190-F 5’GRAGTCGTCARTGGTTCGAC
BVDV 5"UTR BVD OIE V326 5’ TCAACTCCATGTGCCATGTAC
BVD OIE TQ-pesti VIC-TGCYAYGT GGACGAGGGCATGC-BHQ1
OIE MRBLVL CCT-CAA-TTC-CCT-TTA-AAC-TA
BLV. | enveene | e MRBLVR GTA-CCG-GGA-AGA-CTG-GAT-TA
OIE MRBLV Probe |6FAM GAACGCCTCCAGGCCCTTCA BHQ1

Optimization

Circular Plasmid

*Reagent Selection: Utilized a gScript ™ XLT One-Step RT-qPCR Master Mix ToughMix®) for
mulfiplex detection of BVDV (RNA), BTV (RNA), and BLY (DNA).

*Reverse Transcription Phase: Converts BVDV and BTV RNA info cDNA during the initial setup.

*PCR Amplification Phase: Simultaneously amplifies the co-extracted BLV DNA alongside the

newly synthesized cDNA at higher femperatures within a single-fube reaction.

| step | _sfage | Cycles _
1

Reverse franscription 1
Pre-amplification 2

Amplification

50 °C
95°C

e

e

Limit of detection (LOD)

Temperature (C)

10 minutes

10 minutes

15 Seconds

45 Seconds

Limit of Detection (LOD) Determination:

QStandard plasmids of BVDV, BLV, and Dilufion

BTV with an initial concentration of 3.206
10'" copies/uL were prepared.

A 10-fold serial dilution was performed 100
ranging from 10" to 1010 10
0 The LOD was defined as the lowest 102
plasmid concentration that still yielded a 10°
detectable signal and reported a Cycle e

Threshold (Ct) value. The LOD obtained | 1o

Copy number
(Copies/reaction;

Maagmax Pathogen

BVD
10.748
14.862
18.372
22.924
25.049
29.346

Ct value

BTV

11.135
15.724
20.797
23.299
27.043
30.71

BLV BVD BTV BLV
11.327 10.624 10.573 10.955
14.258 14.868 14.822 14.321
18.258 17.735 18.38%9 18.913
23.522 21.266 22.288 22.871
25.345 24.629 25206 25.145
29.601 27.666 28903 28217

Magmax Microbiome

Ct value

10°¢

33.018

34.618

33.148 32.451 33.012 34.161

was 3.21x 10° copies/reaction.”
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107
10
107
1010

UND.
UND.
UND.
UND.

UND.
UND.
UND.
UND.

UND.
UND.
UND.
UND.

UND.
UND.
UND.
UND.

UND.
UND.
UND.
UND.

Diagnostic sensitivity

BVD

(Bovine Viral Blood 20
Diarrhea)

BTV

(Bluetongue Virus) dleee =
BLV (Bovine

Leukemia Virus) tHeoe 40
Negative samples Blood 20

detected

detected

detected

20/20
detected

20/20

detected

20/20

detected

20/20

Not defected Nof detected

TOTAL SAMPLES -n 60/60 60/60 100%

Z%Diagnostic
sensitivity

100%

100%

100%

100%

Repeatability and Reproducibility

The objective of this test is to compare the within-group repeatability and the inter-operator reproducibility
among three participants. Reference Field Strains (BVD, BTV, and BLV—3 samples each, totaling ¢ replicates) at
a concentration of 10 were processed using the MagMAX Pathogen and MagMAX Microbiome extraction kits.

The test results are detailed in the table below."

10-¢ 34.60

Concentration Mean Ct (Op 1)

Mean Ct (Op 3)

| MagMAX Pathogen: Recovery Results

8.21%

e 2 £
5 5 5

E & =
L) ) 5

%cv | MagMAX Microbiome: Recovery Results

Amplification Plot of Single Plex

Amplification Plot
Amplification Plot

Amplification Plot of Multiplex Real fime RT PCR

Amplification Plot
Amplification Plot
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Vdlidation Sample Panel

A total of 80 samples referenced from the National Institute of Animal
Health (NIAH) were included in the evaluation, which consisted of:

O BVDV reference field strains: 20 samples

[ Positive True positive (TP) False positive (FP)

D BTV reference field SirainS: 20 Samples Test result I Negative False negative (FN) | True negati ive (TN)
O BLV reference field strains: 20 samples Diagnostic senstivty (%) = [TPATP + FN)] x 100

. Diagnostic specificity (%) = [TNATN + FP)] x 100
O Negative control samples : 20 samples Accuracy (%) = (TP ¥TNVITPHFPAEN TN X100

O Nucleic acid extraction was performed using two commercial kits: MagMAX
Pathogen and MagMAX Microbiome. The resulting numbers of positive and
negative detections were then used to calculate diagnostic parameters
according to the following formulas.

Diagnostic specificity

MagMag MagMag Y-Diagnostic
Pathogen Group m- Pathogen Microbiome specificity

Bovine herpesvirus Tissue 10 10/10 10/10 100%
1 (BoHV-1), suspension Not detected Not detected °
S ynoytal vivs | Tiswe 10 10/10 10/10 100%
yney suspension Not detected Not detected °
(BRSV)
Bovine .
- Tissue 10/10 10/10
P0r0|r(1|:f)I|L_13e)nzo—3 suspension o Not detected Not detected 0972

TOTAL SAMPLES -“ 30/30 30/30 100%
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Material and Methods

BVD,BLV,BTV Primer &
Probe were designed based
on WOAH terrestrial manual

Probes were labeled with reporter
dye (BTV=FAM, BVD=VIC, BLV= Cy5)

Phase 1:

Design probe primer
& Positive Controls Gene Target Synthesis (Conserve gene)

Positive Control:
Target gene-inserted
Plasmids

BTV= NS3 gene, BLV= env gene ,BVDV= 5_UTR

primer/probe concentrations and
thermal cycling conditions to

Phase 2: maximize fluorescence signals
Probe primer and Optimization

Plasmid optimization The limit of detection (LOD) was

determined using serial dilutions of
the plasmids

Analytical evaluation

Phase 3 1. Analytical Sensitivity Diagnostic Sensitivity

1. (LOD95) & Specificit
Validation method 2. Analytical Specificity P !

Precision & Stability
1. Precision & Accuracy (Ct variation)

: 2. Repeatability (Consistency under
(via 2x2 Table) identical conditions)

(Cross-reactivity)

o

d The validated Multiplex Real-time RT-PCR provides a rapid,
cost-effective, and highly reliable diagnostic tool.

Q It significantly strengthens the biosecurity measures of NIAH

by accelerating the health cerfification process for
imported live caftle and ensuring the effective prevention
of fransboundary disease outbreaks into Thailand.
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