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Establishment and application of visual LAM P detection
method of infectious bovinerhinotracheitis virus

Shijuan Dong’, Meng Feng', Ruisong Yu, Chunfang Xie, Bingging Chen, and Zhen Li

Shanghai Key Laboratory of Agricultural Genetics and Breeding, Animal Husbandry and Veterinary Institute, Shanghai Academy of
Agricultural Sciences, Shanghai 201106, China

Abstract: Three pairs of primers were designed according to the conserved region of IBRV ¢gB gene published in
GenBank(GenBank Accession No. DQ006857.1) using the software Primer Explorer V4. The loop mediated isothermal
amplification (LAMP) assay was established by optimization of the reaction system and then evaluated through sensitivity and
specificity tests. In total 393 clinical specimens were detected for IBRV using the established LAMP assay performed at 65C
for 50 min, which produced a ladder-like pattern of amplification bands and the detection result could be judged by color
change. The sensitivity of the assay was 10 copies/uL plasmid DNA which was 1000 times higher than that by PCR method
and equivalent to nested-PCR. There was no cross-reactivity of the assay with bovine viral diarrhea virus (BVDV),
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pseudorabies virus (PRV) and vesicular stomatitis virus (VSV).

The positive rate of 301 nasal swabs and 92 serum

specimens were 87.6% and 58.8%, respectively, which meant nasal swab specimen was more suitable for clinical IBRV
detection by the method. The IBRV LAMP method established in this study has the advantages of visualization, quickness,
specificity and sensitivity and be suitable for rapid detection of clinical IBRV detection on the spot.

Keywords: infectious bovine rhinotracheitis virus(IBRV), Loop mediated isothermal amplification (LAMP), gB gene
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(Betaine) (HNB)
Sigma Bst 2.0 DNA NEB
13 sSI¥YEIt5EaK
NCBI IBRV @B
(GenBank Accession No. DQ006857.1)
Primer
Explorer V4 IBRV 3 LAMP
nested-PCR ( 1 (
)

1.4 f5% DNA #h$2

AxyPrep DNA IBRV

DNA
15 PHMRAIAH &
IBRV DNA P1
P2 PCR 25uL
DNA 1.0 uL P1 P21.0 uL (10 wmol/L)
Taq MiX 125 uL  ddH,0 9.5 uL
94 °C 4min 94°C 30s
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64°C30s 72°C30s 30 72 °C 10 min TrissHCI 10 mmol/L (NH4)>,SO, 10 mmol/L KCI
1% 2mmol/L MgSO, 0.1% Tritonx -100 pH 8.8) 2.5 uL
pMD18-T DH5a (FIP/BIP: LF/LB: F3/B3
Xba [ 40 pmol/L: 10 umol/L: 5 umol/L ) 6 pL
Hind III 10 mmol/L dNTPs 3.5 uL 100 mmol/L MgSO,
DNA 20uL 4.0 mol/L 1.0uL 8000 U/mL Bst
10 2.0 DNA 1.0puL 3 mmol/L HNB 1.0 uL
LAMP DNA 1.0 uL DEPC 25 uL
16 LAMP KRR R Rk RHHEAL 65°C S0 min
161 LAMP
3 IBRV 1.6.2 LAMP
DNA LAMP LAMP dNTPs MgSO,
( ddHO ) 25uL
10xIsothermal Amplification Buffer (20 mmol/L 2 LAMP

#£1 LAMP3|#IFY%
Tablel Primersfor LAMP

Primers Sequence (5'-3) Locationin gB gene  Length (bp)
Lamp F3 CGAGCACACCAGCTACTCG 981-999
B3 TCTCGCAGCATTTCGTCC 1170-1 187
FIP AGACCGGCTCCTTGAGGCGCGG
AGCGCTTCCAGCA
BIP CGCGGAACTTTTTGCGTACACA
GCCAGCGAGCACACGT
LF TCGCGCTTGTAGTAGCCCTC 1 021-1 040
LB TGGGTGCCCAAGCGCAAA 1120-1 137
Nested-  Outer forward primer (P1) GGCTCTACCGCACGGGCACCTCT 836-858 362
PCR Outer reverse primer (P2) GCGGCTCTCGTCTCGCAGCATTT 11751197
Inner forward primer( P3) GCGCTCTCGACCGGGGACATT 916-936 245
Inner reverse primer(P4) CACTTGGCCAGCGAGCACACG 1140-1 160

*x2 LAMP REABRBML
Table2 Optimization of LAMP reaction system

No. Mg (mmol/L) dNTPs (mmol/L) Rate of primers concentration (inner:loop:outer)
1 6.0 1.0 20 pmol/L:5 pmol/L:2.5 umol/L
2 6.0 14 40 pmol/L:10 pmol/L:5 pmol/L
3 6.0 1.6 40 pmol/L:20 pmol/L:5 pmol/L
4 8.0 1.0 40 pmol/L:10 pmol/L:5 pmol/L
5 8.0 14 40 pmol/L:20 pmol/L:5 pmol/L
6 8.0 1.6 20 umol/L:5 umol/L:2.5 pmol/L
7 10.0 1.0 40 pmol/L:20 pmol/L:5 pmol/L
8 10.0 14 20 pmol/L:5 pmol/L:2.5 umol/L
9 10.0 1.6 40 pmol/L:10 umol/L: 5 umol/L
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LAMP
IBRV

2 RS0
21 LAMPEMEMN
LAMP
( 1) LAMP
2% LAMP
100 bp

( 2

22 LAMP RNIAZMHE
IBRV DNA 2

LAMP

Bl 1 LAMP RIZEYATARALEEIE
Fig. 1 Visua identification of LAMP reaction. 1:
positive control; 2: negative control.

1 2 M bp

2000

1 000
750

500
250

100

B2 LAMP R F=4E R 8k 53 4
Fig. 2 Gel electrophoresis analysis of LAMP products.
1: negative control; 2: positive control; M: marker.
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bp

2000

1 000
750
500

250
100

E 3 LAMP RNiEZHMIL
Fig. 3 Optimization of LAMP reaction system. 1,4-9: different reaction systems according to the table 2 were repeated
three times.

5 5 ( 6
MgSO, 6 mmol/L
100 mmol/L MgSO, 1.5uL (7
FIP/BIP: LF/LB: F3/B3 25 LAMP 75 316 Bk 2 B
40 pmol/L: 20 umol/L: 5 pmol/L LAMP
301 92
2.3 LAMP 5 nested-PCR &= 4 EE 5] IBRV
10 8 nested-PCR
1x10* 1x10° 1x10° 1x10"
1x10° 1x10°" LAMP nested-PCR S —— ey e
PR LAMP CONBEBDEEG
10 copies/uL 3
( 4 nested-PCR
10 copies/uL ( 5A) PCR
1x10* copies/uL ( 5B) P 6
LAMP nested-PCR
PCR 1000
24 LAMP RN455FM a 0 B
PRV VSV BVDV LAMP
IBRV ddH,0
LAMP B4 LAMP R8N
Fig. 4 Sensitivity of LAMP. 1-6: the concentration of
LAMP standard plasmid is 1x10%, 1x10%, 1x10% 1x10%, 1x10°,
LAMP 1x10™ copies/pL.
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bp M1 2 3 4 5 6 7 8

B
bp M1 2 3 4 5 6 7 8
E7 LAMP RIZHRMAATIRK
2000 Fig. 7 Visual detection of LAMP specificity. 1:positive
1000 control; 2: negative control;3; PRV; 4: BVDV; 5: VSV.
750
500
250
100 bp
= 2 000
5 Nested-PCR 5 PCR & Rz 8R4
Fig. 5 Sensitivity of nest-PCR and PCR. (A) 1 000
Nested-PCR. (B) PCR. M: marker; 1: positive control; 2: 750
negative control; 3-8: the concentration of standard 500
plasmid is 1x10%, 1x10°, 1x10°, 1x10", 1x10° 1x10°*
copies/uL. 250
bp 100
2 000
1000 8 EBSYPHMEAE MELA BRIk ST
750 Fig. 8 Gel electrophoresis analysis of partial positive
500 samples. 1-7: positive samples, 8: negative control, 9:
positive control, M: marker.
6 LAMP RE45R1H 97.01%
Fig. 6 Specificity of LAMP. M: marker; 1: IBRV; 2: 77.2%
negative control; 3: PRV; 4: BVDV; 5: VSV.
92.4% (McNemar
3
) nested-PCR LAMP IBRV
4 5 nested-PCR LAMP
P 0.05

:&*Td (n=at+b+c+d)
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%3 R FA LAMP & nested-PCR 753 #& M43 IBRV B4

Table3 |IBRV detection results by LAMP and nested-PCR in farm
o Number of positive samples Positive rate (%) Total positive rate (%)
Farm Origin Sample number
LAMP Nested-PCR LAMP Nested-PCR LAMP  Nested-PCR
No.1  Nasal swab 209 166 162 79.4 77.5 87.6 87.1
No.2 Nasal swab 92 88 89 95.7 96.7
No.1  Serum 56 27 28 48.2 50.0 58.8 51.4
No.2  Serum 36 25 19 69.4 52.8
% 4 LAMP, nested-PCR 77 MER FTH AL PCR ELISA
=014 LAMP
Table 4 Comparison of results from nasal swabs by
LAMP and nested-PCR
LAMP
Paired count data
+ - Total
+ 248 (a) 3 (b) 251 (a+h) IBRV
Nested-PCR — 6(c) 44 (d) 50 (c+d) 9B
Total 254 47 (b+d) 301 (N
o (atc) (b+d) (N) (HNB)
IBRV LAMP
%5 LAMP, nested-PCR # il i & #£ 2 B 25 R 3t tb
Table 5 Comparison of results from serums by LAMP
LAMP and nested-PCR
i . LAMP
aired count data
+ - Total LAMP
Nested-PCR  + 39 (a) 8 (b) 47 (a+b) nested-PCR PCR
- 13 (c) 32 (d) 45 (c+d) 1000 10 copies/ulL
Total 52 (atc) 40 (b+d) 92 (N) IBRV LAMP (
2.23x10° copies/ul  1.68x10* copies/uL )\
O Fan [*° GeXP IBRV
3 Wik
6
GeXP-PCR
HNB
Mg?*
IBRV Mg®*
IBRV
IBR LAMP
IBRV
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