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Development and Application of a Triplex RT-PCR for Detecting Porcine Epidemic

Diarrhea Virus,Porcine Enterovirus-9 and Porcine Kobuvrius

REN Yupeng,ZHANG Bin* , YUE Hua,LIU Yan
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Abstract: The aim of this study was to establish a triplex for simultaneously detecting porcine epi-
demic diarrhea virus (PEDV), porcine enterovirus-9 (PEV-9), and porcine kobuvirus (PKV),
Two pairs of special primers were designed according to the published sequences of PEDV,PKV
in GenBank,one primers of PEV-9 were synthesized according to reference. A mixture of 3 paris
of primers was used for amplification of viral nucleic acids,yielding 3 different amplicons with si-
zes of 681 bp,454 bp,and 313 bp for PEDV,PKV and PEV-9 respectively by optimizingthe reac-
tion condition. Testing of the sensitivity of multiplex RT-PCR indicated that the lowest detection
limits were 5. 97 pg for PEDV,0. 11 pg for PEV-9,0. 74 pg for PKV,respectively. For the speci-
ficity test,all of pathogens in the negative controls were found no amplicons. A total of 46 speci-
mens from piglets with acute diarrheas collected from Sichuan province were tested by triplex RT-
PCR,and the positive rate were as follows: PEDV 76. 1% ,PKV 39. 1% ,PEV-9 73. 9% ,and the
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positive accordance rate between simplex and triplex PCR of PEDV,PEV-9, PKV were 100%,

91% ,and 94 % respectively. In addition, the fact that three pathogens were detected simultancous-

ly in one sample indicated mixed infection in the diarrhea disease. It was also suggested that the

pathogenic mechanisms of three kinds of pathogens is somehow synergetic. This study showed

that the triplex RT-PCR may be a useful tool for rapid and sensitive etiological diagnosis for acute

viral diarrheas in piglets and provides an effective technical support for pathogenic molecular epi-

demiology investigation. Besides,it established the foundation that we can further explore the re-

lationship between the traditional diarrhea pathogens and potential new intestinal pathogens.
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Table 1 The primer sequences for multiplex PCR
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GHCH®’/%
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KB /bp
Length (bp)

ATGTCTAACGGTTCTATTCC

PEDV ,
TTAGACTAAATGAAGCACTT
— CAAGCACTTCTGTCTCCCCGG
GTTAGGATTAGCCGCATTCA
TCGGGACTGGTTTGGAGG
PKV

CAGCCGCGACTCTATCAA

45.5

681
45. 8
61.9

313
45.0
55.6

454
66. 1

PN ENIE 500 = BT 2 Nl Iy N S & 2
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2000

1 000
750

500

250
100

M. DL2000 A X 43 + B # #5 #ff s 1. PEV-9 PCR =47 2.
PKV PCR 724 ;3. PEDV PCR 724

M. DL2000 DNA marker; 1. The amplification products
of PEV-9; 2. The amplification products of PKV; 3. The
amplification products of PEDV

B 1 EAIR PCR ¥ 1= B ik

Fig. 1 PCR products of three pairs of primers
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[E] 5 1R JCRJEAE 55 °C L T [F — R AR & i fk 3
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JEFEAT UL 45 R R IR KR 55 Ciif PCR 47
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FHE AR PCR Sz A4 5 K 25 140 46 96 6 75
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B TR EE AR EE DR R AT s DD
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M. DL2000 A% 43 F i fEbpf s 1~5. 18 kiR 53. 1,55,

56.7.58.1.59.0 CH} PCR i hj 4%

M. DL2000 DNA marker; 1-5. PCR amplification at

53.1,55,56.7,58.1,59.0 °C respectively

B2 %£EPCRIENBEHKL

Fig. 2 Optimization of annealing temperature of multiple
PCR

) cDNA 8¢ DNA #A #4791 . L PEDV, PEV-
9. PKV %R FEAAE Ay BHPEXT B . &5 5 3 W Bk B %
Xif BEAL L LA VG B T 1 45 I (RIS
2.4 =E PCREBERE

TR IR 25 SR R W] 5 SRS AR R RIR &
JORAE il #2101, 6 s AR AL A& (R4 T F PCR 373
B R fIG AE R U ) 3 A BT R BE AR & 43 5 S PEDV
5.97 pg, PEV-9 0. 11 pg,PKV 0. 74 pg([& 3).
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M. DL2000 DNA marker; 1. Plasmids template; 2-11.
Plasmids template diluted for 5',5*,5%*,5*,5°,5%,5",5%,
5%and 5'"-fold respectively
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Fig. 3 Sensitivity results of the multiple PCR detection
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PKV 39.1% .PEV-9 73. 9% ; H.rp £ # H PEDV fiy
IEYERE A PKV #1 PEV-9 # . #2/8 PKV #I
PEV W] RE 55 IE TE AH 5 52 Bl %) 46 £y FEH A 5
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Table 2 The detection of clinical samples

¥ B 45 4 24y 9 PEDV 100 % \PEV-9 91% ,PKV
94 % R FT S = & RT-PCR & B4 & ol {5 &
(£ 2),

B Lo IR BB PEDV PEV-9 PKV
Sample source Sample counts A B A C A D
T2 Ya’an City 9 9 9 8 7 5 5
J& 1 H Meishan District 7 7 7 7 7 1 1
22 H Chongzhou District 3 2 2 0 0 2 1
R VLIX. Wenjiang County 9 2 2 8 6 4 4
K E H Dayi District 6 4 4 5 5 2 2
IFK X Qionglai County 12 11 11 6 6 4 4

A. = RT-PCR &4 ) FHPEAEAS ;B PEDV B.351 RT-PCR 546t FHAEAE A 05 C. PEV-9 B3 RT-PCR 32 46 th FH AR A 450 D.

PKV #.51 RT-PCR 4 i FHPEARE A %L

A. The numbers of positive samples detected by triplex RT-PCR; B. The numbers of positive samples detected by RT-PCR of
PEDV;C. The numbers of positive samples detected by RT-PCR of PEV-9;D. The numbers of positive samples detected by RT-

PCR of PKV
3 3 i

T BB IE TS I IR 2 AT A A R
/R PEDV &R @G M R 2R RZ — 1%
W BE BB TR A6 B ORI B L K An
My FE s PEDV & il J5 R b F 8k S 2 Fis 4
o R K5 A B P B A il N R R T R A R
T EL IR e M 1 3 TR 41 RNA HE A 40 5 25 9%
B ORFlab BHiE £ Al % [, 7€ PLP 1 Mpro
EHMER TS S5 i FAEH . 05 K BB
PEDV J& YL A i L B T BT 4 R 7= R KE B R
G2 A I L AT Al 2 5E  B0 h) IRE3 35 £k DT 67 8 45
IFN-B ik ' . 785 PEDV [ Bl & i) SARS
i FEE ST TR B BN PLpro S5 & (X IFN 4540
TEFY . BL4h.PEDV PLP & (it HA 2517 Rl
(DUB) & P il & T R 45 Puid . it PEDV 47
1 22k 3 ARG DA R DU R K SR R SN Y R 2%
BLH .

PEV b, 2 i 3 % W9 75 , 76 {85 Fn 2B b 38
AR AGE . WER R IR R i A PEV &l
R 312 25 i R Il Jg o 7 T R A o AEL R LI i PR 2%
PR R PRV ORI AR B & I — 28 5 18 1 A G

(4 1 T8 9 25 - 7E 1H 545 M A H PKV P % 16. 7%
F) 99, 00 ARAF AR A FH L = RT-
PCR ¥& X%t 46 5y I8 15 A i 2E 474 D0, &5 SR R B, 76
PEDV [HPEREA tf, PKV F1 PEV-9 5 1 24 51
32. 7Y H1 89. 5% I [a] —J5 kL 3 F I [ o A7 7
AR i P 3858 29, 106 5 Hh O 4 9799 I [ A7 76 D3 [
FUR BT fE . X5 PEDV L 51 B9 15 32 40 i 5 5%
T AT BE AR FEBR ZR L 9] G 8 95 1 ) TEN-B 2 35 38
MR M PLP vz RALME R TR PUA M T3 %
7R DT 0 3] 1 2 A0 BB S B G i He 5 41 i 1
FH AT BEE #E5% H B bk 4 PEV-9 . PKV 845 /K |-
Fh TN R G A S i T8 4R . UL, A b Bk —
5 6T WY A S g 3 9 75 ) IR 1) S0 HLELHED T IR AR
it

A5 L, PEDV CV777 #k . PKV S-1-HUN #f
SR P50 52, 27 5 R UE M R S e i, ke 3k
PR R S DX 43 ) 8 1 R S M 5 4 TR i 228 S0k
J—*%F PEV-9 ¥ 55190 6 3 %5 W 7E IR — 1K &
172 & PCR ¥4 s &AL 7251 9 i 43 51 4 PEDV
0.5 uL.PEV-9 0. 25 L. PKV 0. 25 pL,if J i &
55 ‘CHf PCR ¥ 38 %R B 5 76 55 57 R i 560 v X
LA 99 DR W0 A 5 i 0 B A R G L A il
o 75 S5 BT 4O (8 7 38 9 )R AT RT-PCR A, £
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TH WM I R B 2 E RT-PCR Y% (57 B & XURAE. gy %M. 2 B AL 50 Ak

oS M R 5 R B 0 2 R R 2 1 T [ A
Jo R B 43 9k PEDV 5. 97 pg .PEV-9 0. 11 pg.
PKV 0. 74 pg, #HZEHERAWE. ¥ —&
RT-PCR % b F T i R 2S48 A i 09 A 0, 5 2 i &
ME I RT-PCR ¥ #F 17 o 4, 45 R R B Fe fH p
PEDV [AYESA R =& hf i & I ki 45 R A7 &
RIE T 9100, $En 2 % W FH I R R AR 4G I 5L ]
11k Ry it — 2D TR AR % G2 115 9 )5t 0 fip 3 V5
B IR G R B T R .

4 &

AR k&7 T PEDV.PEV-9,PKV =&
RT-PCR #i75 % o Ath 22 B0 5 W95 B 25 AN 46 4
T 46 £y I RAEAS K U, 5 5050 RT-PCR % #
B BHMERE AR 4 3564 35 90 %6 1L b, ELB g Tl 5
TR 3 T 0, R ) A R 9 SRy T IR A T A A
AP 12 W .
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