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Abstract;: The aim of this study was to develop a multiple PCR assay on a basis of Genome Lab
Genetic Expression Analysis System (GeXP) for simultaneous detection of 8 pathogens of bovine
infectious diseases, including food-and-mouth disease virus (FMDV), bluetongue virus (BTV) ,
vesicular stomatitis virus (VSV), bovine viral diarrheal virus (BVDV), bovine rotavirus (BRV),
enterotoxigenic E. coli (ETEC), bovine herpesvirus 1 (IBRV), Peste des petits ruminants virus
(PPRV). The GeXP profilerutilisesgene-specific primers containing 5'-universal adaptor se-
quences. Eight gene-specific primers consist of a universal sequence fused to the 5-end and a
gene-specific sequence were designed according to the conserved sequence of each pathogen and
used for amplification. The reaction system and condition were optimized. The specificity of GeXP
were examined with samples of the single and mixture of 8 viruses’ co-infection. The sensitivity
was evaluated by performing the assay on serial 10-fold dilutions of cloned plasmids. And 305
clinical samples were detected by GeXP to further evaluate the reliability. The results showed
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that the corresponding specific fragments of genes were amplified respectively. The detection lim-

it of GeXP was 100 copies *

pL " when all of 8 pre-mixed plasmids containing target genes of 8

bovine pathogens. In detection of 305 clinical samples, the results of GeXP were consistent with

real-time PCR completely. Analysis of positive samples by sequencing demonstrated that the

GeXP assay had no false positive samples of nonspecific amplification. In conclusion, this GeXP

assay is a high throughput, specific, sensitive, rapid and simple method for the detection of 8

pathogens of bovine infectious diseases. It is an effective tool applied to differential diagnosis rap-

idly for clinical samples and epidemiological investigation.
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GAGCAGCCTGTCCATCCC ’
ACTCAA GCAGCCTGTCCATCCC
pvpy  AGUTGACACTATAGAATA  SEEEECEICERER o o
GCCGTGGGACCATACAGG ’ ’
CCGTC CC CAC AATCTC
AGGTGACACTATAGAATA ]
GTACGACTCACTATAGGGA
IBRV GCGTCATTTACAAGGAG - 188 gB 0.2
ATCTCGCCCATGCCCAC
AACATC CTCGCCC CCCAC
AGGTGACACTATAGAATA
GTACGACTCACTATAGGGA
BR CAGTGGC °C .
v ¢ AGTGGLTT( %‘ATTAG GGTCACATCCTCTCACTA 2l VPG 0.2
AAGCAT
GTACGACTCACTATAGGGA
AGGTGACACTATAGAATA
ETEC CGTTGCATCGAATTAA 2 16S RNA 0.2
¢ CTCAGGTGCGAAAGCGTG CETTGC . E ¢ . o3 65 RN
ACCAC
; T . TGAGATGCCCAAATGTTGC ’
CTTGA
AGGTGACACTATAGAATA (JTAL(:YALTLA‘LTATAQ‘(J({A ,
BVDV GTGAGTTCGTTGGATGGC TATGTTTTGTATAAGAG 308 5-UTR 2
TTCATTTG
AGGTGACACTATAGAATA
STACGACTCACTATAGGGA
PPRV TGGTTTGAGAACAGAGAA GGCEFEII“G;TE}CZGGGGZ’(;S 344 N 2
ATAATAGA

PN R B D 3 T3 10 40k 3 40 E T3 R S 5 R

Universal tag sequences are underlined. Chimeric primers were synthesized using tags and specific primers
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Table 2 Sources of Pathogens

2.2 HRMERESH

SR R AL B A i G T 1 L Ak BE L
F 1, WM GeXP £ PCR k. LIE 2
S 5 g bk AR AR AT 22 5 | W) B — AR R e R
B R HH PR S M L, TE Al 0, H B
KNS 51 H B WU AR £ BTV, FMDV | IBRV,
BRV.ETEC,VSV.BVDV #l PPRV 4} 5| 1 136. 72,
165.03.188.21.211. 71,252, 24,278, 04,309. 58 #
344.20 bp FES Mg, BAEXT R Y, T H
15 5 WA . AUH DNA SRUER 5505 25 1L 0L 1,

GeXP 45 H: GeXP Result

Pathogen

FMDV BTV

VSV BVDV BRV ETEC IBRV PPRV

FMDV

FMDV A 5K 36 95 B

FMDYV A inactivated virus
FMDV O #K i % 7%

FMDV O inactivated virus
FMDV Asia [ % K i % %
FMDYV Asia | inactivated virus
FMDV A 5K i B Hi

FMDYV A inactivated vaccine
FMDV O &I K i # 1

FMDV O inactivated vaccine
FMDV Asia [ %7K % # 1
FMDYV Asia [ inactivated vaccine

BTV

BTV 4 #K 3G ¥ #

BTV 4 inactivated virus
BTV 8 %K i 5 7

BTV 8 inactivated virus
BTV 9 B K iff 5 7

BTV 9 inactivated virus
BTV 15 %K i 75 7%
BTV 15 inactivated virus
BTV 17 B 3% % 7%
BTV 17 inactivated virus

BTV 18 B K i 5 7%
BTV 18 inactivated virus

Vsv

VSV NJ # K i 95 7
VSV NJ inactivated virus

(#TI

Carried forward)
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(&% 2 Continued)

5 5 GeXP 455 GeXP Result

Pathogen FMDV BTV VSV BVDV BRV ETEC IBRV PPRV

VSV IND % K i 5 2
VSV IND inactivated virus

— — + — — — — —

BVDV

Oregon CV24(BVDV-1 #) - - —
NADL(BVDV-1 #l) - - -
AV68(BVDV-1 i) - - -
GX-BVDV1(BVDV-1 #) - - —
GX-BVDV2(BVDV-1 #I) - - -
GX-BVDV3(BVDV-1 #I) - - -
GX-BVDV4(BVDV-1 #) - - —
GX-BVDV5(BVDV-1 #I) - - -
GX-BVDV6(BVDV-1 #I) - - -
GX-BVDV7(BVDV-1 #) - - —
GX-BVDVS8(BVDV-1 #I) - - -
GX-BVDV9(BVDV-1 #I) - - -
GX-BVDV10(BVDV-1 #) - - —
GX-BVDV11(BVDV-1 #1) - - -
GX-BVDV12(BVDV-1 i) - - -
GX-BVDVI13(BVDV-1 #) - - —
GX-041(BVDV-2 #1) - - -

++ ot
|
|
|
|

BRV

NCDV — — — —
BRVO014 - - - —
GX-BRV]1 - — - -
GX-BRV2 - - — —
GX-BRV3 - - - —
GX-BRV4 - - - —
GX-BRV5 - - — —
GX-BRV6 - - - -
GX-BRV7 - - - —

+ + + F + ++ o+ o+ o+
|
|
|

GX-BRV8 - - - -

ETEC
GX-ETEC1 - - - - -

+
|
|

GX-ETEC2 - - - - - + - -
GX-ETEC3 - - - - - + - -

IBRV K i 5 7
IBRV inactivated virus

PPRV KiE %5

PPRYV inactivated virus
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Fig. 1 Specificity results of the GeXP-mono PCR assay
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Fig. 2  Specificity results of the GeXP-multiplex PCR assay
with mixed template of 8 cattle infectious pathogens
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Fig. 3 Sensitivity results of GeXP-multiplex PCR assay
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Table 3 Clinical detection results of 305 samples

FE i = FH R 5 45 B (GeXP £ 8 PCR 455 /7% 5% PCR 45 5 /0] FE 45 5.)
By A= P
Background of s Bk No. of positive results (GeXP-multiplex PCR/real-time PCR/sequencing)
Iinical | Clinical sample Number
clinical samples BTV FMDV 1IBRV BRV VSV  BVDV  ETEC PPRV
e -
FAERT 141 3/3/3 18/18/18 27/27/27
Fecal swab
JoiE AR W5 4 B
it BE I
Cattle without 70 32/32/32
Blood sample
any morbid :
symptoms MRA T 30
d si Conjunctival swab
and signs
BERRT
Nasal mucus swab
£ - B 4 W
Oesophageal- 2 2/2/2
pharyngeal fluid
TR
Vesicular skins 2 2/2/2
TR ARG
e e 2 2/2/2
i 434 Vesicular fluid /z/
Cattle showed A
typical symptoms A 10 10/10/10 10/10/10
. Mucous membrane
of disease
FAT 15 5/5/5 10/10/10 15/15/15
Fecal sample
3 o
B A 3 3/3/3  3/3/3
Lymph node
£ 26
BT g 4/4/4
Nasal mucus swab
£t Total 305 32 4 8 0 41 55 0
BRI 6 H 3/ %%
Positive 10.5% 2.0% 1.3% 2.6X% 0 13.4% 18.0% 0

detection rate

FEPS B AR e 655 o FH AL PR B AR R I 6 ol bk
0 15 SR B, S0 G AR HE AL T AR B A0 T U RS
R 070 RES R AR R R R
PESF AR 5 0 R R 4K 22 o b 25 W DA TR X L 45
ANTE B S B — WO R 2 A R A
GeXP Z 5N KK T RGACA A B, /] &
P LA, AL L T 53 8 B A A o B 3 T I R
B i R

Il PR #4945 5 o, BVDV 5 ETEC, BRV 5
ETECE GBS m,. e 7.5 M 1. 620, KA
fi it BVDV fil BRV IR & & e 25 . R AT #E
BVDV YL A= 1), 5] 2 B G g J7 F B 4l 3 At A
AR ZE Gy AR B, B fE 4 ETEC g 8 & g,
BRV EZEUL 1 AR BAR A S5 RN 75

TR A A A R P I A IR R B (ELATS BB A 3
fER A F BRV (19 880§ BR S0P I8 T 3 5 2
HF BRV 5 ETEC J& & J& 4 i 5% 1 . 0 38 5% &
20 L o i R B RO BB R T 43 WA 5 T IR
FEEM . TG BVDV Hil BRV 48 & 90 4 i1
FHAH2E . LR 2> 0L BVDV 5 BRV JLE Yy, X4t
TR A L A 24 R A B IR TS HERE R LAY 4R L Xk
A T I BN s KR BT A L 58 43 35 R A R
I S s S N o S Sl N QALY R A
Ko H X I RAE IR B K TR A B IR T Y
KA AR TP L LR PR AR R e A A T 3]
VSV. & 263 kiR 5 B A AR R 3 4 (5
75 RE A8 10 3] 95 5L, Ho b L BVDV S i 2 T IRGIE
)Y 30k S B 78 4 BF Hh B) )2 AR AE S R SR AL 1 &
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B Es R . — K GeXP iR Z A 96 (34 fi » Ho i
P DG A S ARG TN B A g 2 R A
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