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Abstract: The aim of this study was to develop a rapid, accurate and sensitive method for the identification and di-

agnosis of atypical porcine pestivirus ( APPV) , classical

Wr#s B #7:2020-01-13 ' ' . T
BETE =" [EE AP 05 H (2018YFDOS01102) ; I swine fever virus ( CSFV ), porcine circovirus type 3

S48 R S FEHRIT H (2018NZ0150) s PUJI & + = 7 (PCV-3) and porcine teschovirus 1 (PTV-1) that caused
FAPTOETHT H (2016NYZ0052) ; [ 5 4l 7l B A congenital tremor in piglets. By analyzing the NS3 gene se-
20 1| 25 61357 11 BA 4 5 ( CARS-SVDIP) quence of APPV, E2 gene sequence of CSFV, ORF2 gene

EBR—N BT (1993-) , B ILHEME N, BHAF55 e, FENFE) sequence of PCV-3 and VPI gene sequence of PTV-1 reg-
WY NE TR oy T W HE5E . (E-mail ) 1491618529 @ istered in GenBank, specific primers and TagMan hydroly-

qq.com sis probes for four viruses were designed. Multiple TagMan
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fluorescence quantitative PCR detection method for congenital tremor related viruses in piglets was established by optimizing
the reaction conditions and procedures. The results showed that APPV, CSFV, PCV-3 and PTV-1 could be specifically de-
tected by the obtained multiple TagMan fluorescence quantitative PCR detection method, without cross-reaction with other
pathogens. By using the research method, the minimum detectable amount of APPV, CSFV, PCV-3 and PTV-1 was 9.2x
10* copies per microlitre, 48. 0 copies per microlitre, 56. 0 copies per microlitre and 17.0 copies per microlitre, respec-
tively. Results of the repeatability test showed that the coefficients of variation between and within groups were less than
2.10%, and the repeatability and stability were outstanding. The method was used to detect APPV, CSFV, PCV-3 and
PTV-1 in 273 clinical samples, the results indicated that the positive rates of APPV, CSFV, PTV-1 and PCV-3 were
20.5%, 2.9%, 1.5% and 10.6%, respectively. In addition, the detection rate of APPV and CSFV co-infection was
1.5%, the detection rate of APPV and PCV-3 co-infection was 4.4% , the detection rate of APPV and PTV-1 co-infection
was 1.5%, and the detection rate of APPV, CSFV and PCV-3 joint-infection was 1.1%. The detection method is simple,
time-saving and difficult to pollute the environment, and the detection results are sensitive and accurate. An epidemiological

investigation of congenital tremor-associated virus infection in piglets of Sichuan area based on this method can provide im-

portant data basis for later research.
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congenital tremor; atypical porcine pestivirus; classical swine fever virus; porcine circoviruses type

3; porcine teschovirus 1; multiple TagMan fluorescence quantitative PCR
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’f?%f’ﬁ%‘@%gﬁ( Congenital tremor,CT) B AR
BHFE" ) EHT G IO RORYT I, O A TR A
BT ERZ AN . AT BEA AR E TR R 5t e
R IR N RS, HAT, PR EC &2
UARAE | S8 B SR 3 ( Atypical pestivirus, APPV) |
¥IE R EE ( Classical swine fever virus, CSFV) J& R %
J% 8k 3 i ( Porcine circoviruses type 3,PCV-3) FlJEHE
% EE 1 5 (Porcine teschovirus 1,PTV-1) &5 |4
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1.1 mESHH

W B 5 I 27 A iE SR 3% ( Porcine reproductive
and respiratory syndrome virus, PRRSV ) | J# & )% BF |
AR SEDR G BE S BN RE 3 B SEFE R 1 B
(PTV-1) J&RATYENE VS5 7E ( Porcine epidemic diar-
thea virus, PEDV) fH1F K5 B ( Pseudorabies virus,
PRV) J#& ZAYiK % i 7% ( Japanese encephalitis virus,
JEV) JEFRIEEE (Rotavirus, RV ) 3 U 1] &0 K
PR E Y EA BRI R AT i RS T )1
A BRI
1.2 EEZiH

50 bp DNA Ladder 14 F RARAALBHE (Ab50) A
FRZNE], Premix Ex Tag ( Probe qPCR) | 396 % 5% i 5
£ DNA BERE BT & pMD19-T 1A | B fih 2
RAG R A A TR (KE) ARAH,
1.3 S|¥Rgit RE MK

HRYE GenBank 1 E LB FHRAEEFAER i
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PREE, 7E APPV #R5 5'ibnic FAM 9 BENAT 7 3/
Fric MGB %141 ; 78 CSFV #4541 5/ sibric HEX 26
1,76 3" sighrnicd BHQL M ; 78 PCV-3 #8£%F 5' bR
ROX ZEEIEH 78 3'Smbric BHQ2 JE[T; 7 PTV-1 541
5'ubRiC CYS 9O 78 3 bric BHQ2 J&41, AP-
PV/CSFV/PCV-3/PTV-1 5 R EH 4 i Ak TAE ) T8
(1) A A PR ARG B TEILER 1,

%1 APPV/CSFV/PCV-3/PTV-1 35|41 iR$tF 51

Table 1 Sequences of primers and probes for APPV/CSFV/PCV-
3/PTV-1

2% 59751 (5'—>3")

FEK
(bp)
GTCAATAAGTTCCTCCACCAAGTCGT 113

ACCTGAAAGGGTGGTCCGG

APPV-F
APPV-R
APPV-P  FAM-ACGCCGATTTGATTCTC-MGB
CSFV-F  AAGGGTGAGTATCAGTACTGGTTTGAC 92
CSFV-R AGTGCTACCACCACCAAGACAA

CSFV-P HEX-CTGACCGCCACTCAGATTACTTCG-

CA-BHQI
PCV-3-F  GAGATGACGTTCATGGTGGAGTAT 99
PCV-3-R  ACGCCACAGAAGGCGCTAT

PCV-3-P  ROX-CCAGCTGTGGGCCTCCTAATGAAT-

AGTCTT-BHQ2
PTV-1-F  CCACCTCCATGACAGCAATG 82
PTV-1-R  TCCTCAATATCTCCTGCTTGCTT

PTV-1-P  CY5-TCAGGGACCAGGCGCTACAAACTT-

TTC-BHQ2
APPV %%%3E§Eﬂfﬁifpﬁﬁ,csw FR IR T, PCV-3 /R 3 B
W 3 8 PTV-1 R EHRS 1 8, FRA Liig519, R Fm
TSI, P RoREREr . REHTIH Y FAM \HEX \ROX ,CYS5 7565
JRET R TR MGB BHQI \BHQ2 J K FEM
1.4 EHRNRAERBH &

A B T 519, 43 5 LA APPV  CSFV |
PCV-3 PTV-1 BT 5 AR, 50 pl K20 14 5
f4E 25. 0 wl 2xTag PCR Master Mix 45 2.5 pl B
U519 .5.0 wl BEH ddH, 0, PCR W REFA0F .
95 C 4 min;95 °C 30 s,APPV 55 °C 30 s . PCV-3 55
°C 30 s.PTV-158 °C 30 s ,CSFV 60 °C 305,72 C 30
s,30 DMEFR ;72 C 7 min, 55 01 a5 & X0 15
SR AYE PCR Wi Aralifh 4z St 3R EUH
PR, R PHPE SRR TR 26 A TAEY) TR (L)
JReA A5 BR 2 W10, I 0F 0 25 R A T L X, 45
FEH 4 B BH M 20 TR S a0 IO AR A L R BH
FrRifEin T =20 CIRAF M Ja S50 %) BH AR AR
1.5 %E TaqgMan KHEE=E PCR &l 77X L
1.5.1 R umiaagtse RAFEAY TE(KE)

HBRF ) Premix Ex Tag( Probe qPCR) 517
£ ¥ TagMan 7¢ 65 & PCR K, 20 50 LA 5 ¥ 1.4
Hike 2 () APPV JBURL ., CSFV J5RL, PCV-3 Ji A il
PTV-1 ok AR , 761U 25 S g A i a1 4 ]
FEFER AT 40 wl RN R R IRA 51 9 &  5EHH
it SR KCHE A B R AT i — 2D Ak DA 3 R 3
S AR 2R R g A
1.5.2 ArfEw & e94)4E  HU pMD-APPV pMD-CSFV |
pMD-PCV-3 Fl pMD-PTV-1 % 4 Fhbr i Bk, 23 53
17 10 5 BERR RS, [RIATRE 2 U0 R R4 3 AN FAT
52, FAL)G i 2 8 TaqMan 766E & PCR 1A &
PRI TASI , S5 Je ST AR HE £
1.5.3 #FHiXE RS @ )£ H TagMan
FLE R PCR 7% APPV CSFV PTV-1 PCV-3,
RV .PRRSV JEV PRV #1748 535, AT 1%
TR R
154 RAcHiRE 53504 pMD-APPV pMD-CSFV |
pMD-PCV-3 FI pMD-PTV-1 %5 4 Fifr i 45 Foki e 10 4%
BB EERRE, T4 BIVEE 1wl 10° ~ 10°#% D1 Ay o 40 ook
VERBEAR , FHAS BF 5% 8 57 1Y) 2 8 TaqMan % 65 &=
PCR A HL PCR J5 i34 ARG, e S BRI X 2
T 32 1 AR T 0B PP
1.5.5 EAMRE EMHFESET,SHCE W
% TaqMan 2)GE R PCR J7iESE T 3 M Sr Ay 2H
W AR EE MR, AR R RE(CV) SRIPA ik
M,
1.6 IR SRR
SRAEK B VU148 FR o0 b X RS 3 1 4 B
W11 B DL AR AR AR S (USRS RS IR 273
0y, ARG 37 B9 £ H TaqMan 266 E & PCR 7
AEATREIN , S ATT R e A R
2 RS
2.1 % E TagMan %X EE PCR AiEREL
BT IFA AT 1Y 4 % 519 AR EF 53 50 B
£ 10 wmol/ LY TAEVWREE , {5 P R4 208 15 51 9 H]
(0.5 ul 1.0 pl 1.5 pl) HEE & (0. 10 ul,
0.25 wl.0.50 wl.1.00 wl) FHE KRB (52.0 C .
52.7 °C ,54.0 °C 55.9 °C ,58.4 °C .60.3 °C 61.4
C A1 62.0 °C)Xf HHE DG 5% (RT) PCR R
MR R4 . B B E 1 40,00 wl PO 2O
RT-PCR JZ W AR R AT ;20 pl Premix Ex Tag( Probe
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qPCR), £ 1.00 pl 4 XF I F Ui 51 4, CSFV,
PTV-1 .PCV-3 APPV # 4t Hl & 43 % & 0.50 pl,
0.50 wl.0.25 wl.0.25 pl, 4% 1.00 wl 4 Fjbxr i 5
BT, LA LB KRN R, 18 DU O
RT-PCRIYFAES N 5544 :95 €C 5 min;95 °C 30 s,
56 °C 30 5,40 MEH IR KB BIUEEDOLIE S .
2.2 FREHZILE

%f pMD-APPV ., pMD-CSFV, pMD-PCV-3 i
pMD-PTV-1 4 FhbryEFURIIEAT 10 f586 BEAR RS, $5 HR
LA Y SR A5 47 1 A7 G0 00 O s 7 A o it 46 (&
1), HH, pMD-APPV X h 9 g ( 53K 2 4f FH i)
() SY VG EL(Y,) LR RRILANY, =
-3.572x,+38. 828 , R} = 1. 000 ; pMD-CSFV % 1 1) 1g
(BORIE LR ) (x,) S MR (Y,) R
Z KR AY, = -3.358x,+35. 587, R2=0. 999 ; pMD-
PCV-3 XY 1g (BRI ) (xy) 59 HETE 36
R(Y,) Mgt R F A RY, =-3.5214,+36. 361,
R2=0.998;pMD-PTV-1 X 1 19 g ( ki & 4f FH &)
() SYHOGIREL(Y,) LM X REIELNY, =
-3.838x,+39. 813 ,R2=0. 999,

405
35
30
S 25
20
15 1 ) 3 4 5
lg (ORI R FH &)

1:pMD-CSFV (SRS 2 0k ) , 2 pMD-PCV-3 (3% R #1955 2 3 A
kL) ,3:pMD-PTV-1( JEHER B 1 BUTRL) 4. pMD-APPV (J4
JEMAVEINRE KL ) . Cq R/RTE PCR 4 34k e v BF L3 ¢
VAR5 IR BB E B (B T 42 D 4 B IR A4,
E 1 %E TagMan %KFXEE PCR #RA MLk
Fig.1 Standard curve of multiple TagMan fluorescence quanti-

tative PCR

2.3 R

A G ST B 2 B TaqMan 2¢ Y6 5E @ PCR
757X APPV , CSFV , PTV-1,PCV-3 RV, PRRSV .
JEV PRV WY 5E A0 AT A, 45 3R B R, {3 APPV |
CSFV \PTV-1 PCV-3 B 8L AU iy 4™ 1% it £, i HoAth
TR EE IR A R Ry s it 2 (1 2) , RIZ Ty
TEA RIS,

5000
5 4000
?, 3000 .
ai 2//3 4
4z 2000
=
¥ 1000+ 5~8
0 L A 1 J
10 20 30 40
EIEL

1:PCV-3(JE BRI EE 3 1) ;2. CSFV (JEIGEE ) 53: APPV (4%
ARIAVERNEE) ;4. PTV-1 O SERRNE: 1 20) ;5. RV (FE H 0w
) ;6 PRRSV (BT 5T LR G HERRTR) 57 JEV (3 Z R
WTE) ;8: PRV (HHIERIGTE)

2 BRUERKER

Fig.2 Results of the specificity assay

24 REMH

K ARG C 2 FE N AR DN J7 vk % iR 5 1
1wl 10°~10°$5 DU BHMEA AR AT PCR 973, 4nf&l
3.l 4 i, £ TagMan %¢ 6 5E & PCR J5 4}
CSFV APPV  PTV-1,PCV-3 A 5 I 46 i BR 4% vk N
1wl 48 #5001 9.2x10% # D1 17 #8501 56 #5 U1 ; & #i
PCR J7 % CSFV  APPV PTV-1 PCV-3 B &K H
IFRARK R 1wl 4.8x10° $£ 01 9.2x10* $£ D1 [ 1.7x
10° $801 5.6x10% ¥ D1, W45 AT 5007 LB, 1E
%} APPV CSFV il PTV-1 [yl | 2 5 TagMan %¢
JEE i PCR MR ARR B AR T 5 A0 PCR #2555 T
100 £, M%) PCV-3 1Y S5 AR A I BRAH # 7 5 #L PCR
TOREE R 11 00015 , RUIABIGE I @37 (1) 2 5 Taq-
Man 26 £ PCR Rl 75 vk L& #L PCR 7 5
R,
25 EEH

I3 L 5 A5 B () pMD-APPV  pMD-CSFV |
pMD-PCV-3 Fl pMD-PTV-1 Fp i 5 kLl B A, 9E 47
NI R I, %2 458 58, APPV CSFV
AN E AR S R A /N T 1.50% 5 PCV-3,
PTV-1 (41N EZ A 55 R /NT 2.10%;
APPV CSFV 4 ) & &2 i 50 28 5 REH /N F
1.00% ; PCV-3 PTV-1 (¥4 8] 8 42 1 46 28 57+ 2R 8
N 1.60%,
2.6 lARHE R

S R N = VAl I A TaqMan % 6 & &
PCR J7 X R 45 1 B8 LB 17 8 O AL 248 B L Il
B A WAE I R RE S AT R, 45 R BR, APPV
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A:PCV-3CHEBIPREE 3 RY) ;B PTV-1(JEHERURTE 1 &) ; C. CSFV CHERUMTE) ; D: APPV CREIEIUELERTE ) ;1~5:1 wl 10° ~ 10" 45 DUFRifiAse

MY ZE TaqMan FOLE R PCR § L

3 £ E&E TagMan WHEE PCR REEIKKEER
Fig.3 Results of sensitivity test by multiple TagMan fluorescence quantitative PCR

50 bp
100 bp

M 1 2 3 4 5 6
50 bp
100 bp
A
M 1 2 3 4 5 6
C

A PCV-3(FE R 3 ) s B PTV-1 (JEHERRGTE 1 ) ;C. CSFV (SR ) ;D APPV (AR SLAVEIRRE) 51~6:1 pl 10° ~ 1003 DL AR

MR B PCR 4 B 25 51

4 E# PCR REERKER
Fig.4 Results of sensitivity test by common PCR

K 2 20. 5% (56/273) , CSFV BY# R Ky
2.9%(8/273) ,PCV-3 B Kt E N 10.6% (29/
273),PTV-1 Bk th 8 1.5% (4/273) , Hr
APPV [CSFV —F LRk %R 1. 5% (4/
273) ,APPV PCV-3 35 I [m & e i 6 13 22 0y
4.4% (12/273) , APPV .PTV-1 — # 3t [a] &k 4L 1y
K%k 1. 5% (4/273) ,APPV .CSFV . PCV-3 4t
R RS 58 1. 1% (3/273) o i R A ) 25
WK, APPV Hl PCV-3 [y Bl 8k e )t g ™
TR AV A | 45 R OGP s 1) B 458 7 ok IR
M, DR A ST v Ak, R 22 ARG I vk L ok
2

3 0

AR H ST 1 £ B TaqMan 766 E & PCR K
773 %F CSFV (APPV (PTV-1 PCV-3 A4 AR A
FRAT SR 1wl 48 $£ 01 9.2x10°# 01 17 #0156
1, % A PCR J5 ¥ & Il CSFV , APPV  PTV-1,
PCV-3 1 35 fIR A I B 43 591 4 1l 4.8x 10° 45 DL
9.2x10*4£ 1 [ 1.7x10° 4% Il 5. 6x 10* 4% Il | H:
APPV (CSFV \PTV-1 I AR Al B 35 Lk % 1 PCR
TR T 100 %5, PCV-3 Y S5 A6 T B LG 3 90
PCR J7iE 428 11 0001, A< il 45 % >R B 4 i ik
A7 K6 I 1Y 45 SR W 7R, APPV  CSFV | PTV-1,PCV-3
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(A I BH P R 4 BN 20.5% . 2.9% . 1.5% .
10. 6% , 37 APPV  CSFV 3 [f] B e (9 K i 5%
1.5% ,APPV PCV-3 LRl JE YL 46 th 355 4. 4%,
APPV [PTV-1 JE R YL K 80 1. 5%, APPV |
CSFV PCV-3 L[] Bk 1R 1. 1%, ARBF5E
7 1 2 H TaqMan ¢ 5E i PCR Rl 7 i BA
RIAFry R FesrEmEE N,

*2 ESHARER
Table 2 Results of repeatability tests

- P2 1K BRRE(%)
(1 ) iy 41 ]
APPV 9.2x10% 0.66 0.29
9.2x107 0.33 0.24
9.2x10° 0.27 0.06
9.2x10° 0.11 0.03
9.2x10* 0.59 0.11
CSFV 4.8x108 1.02 0.25
4.8x107 0.62 0.42
4.8x10° 0.58 0.23
4.8x10° 0.42 0.46
4.8x10* 0.42 0.92
PCV-3 5.6x10% 0.50 0.47
5.6x107 0.86 1.08
5.6x10° 1.73 0.67
5.6x10° 0.68 0.37
5.6x10* 2.01 0.54
PTV-1 1.7x108 0.29 0.17
1.7x107 0.20 0.82
1.7x10° 1.81 0.70
1.7x10° 0.39 0.31
1.7x10* 1.01 1.50

APPV SR ML RS  CSEV SRR T3 ; PCV-3 . M5 B FR o 7 3 1L ;
PTV-1 S5 BEHRTE 1 1Y,

I\ 1962 4F#X 3Gz 45 75 o [ 3 R R BT
SERPERZERALI | B P9 A B8 T AR & BT T Kt
(] BT (H— ELTCVR R 3 A B R DR, 1998 4F fifi
SCHREETT 2005 AR HEAE A B s AR g
FNA P 5 G Y 0,55 T 1k I BRAT- 3 5 R 7 B 191 B
AR GRS . 2005 4F Hause 25 F5TIE
52, APPV A BRRATHE e R R Wi s R, Bl S, 42
BREAE R e e A R O & B B R

APPVIIRATM . 2016-2017 4, Chen 25 ffi F %%
JERE T PCR JTEXTHET P TR 2 B BT e R
PERR B R AT ) W, 25 SR R B AT A e R
PR PCV-3 B BEAAFEIR 3R, 2 AT 08 Se Rk
Y AT 3 B PCV-3 412108 L4y B &5 31
PCV-3 F 25 B s i O, 25 119 95 7 2K
HHE . 2018 4F Possatti 25 i H #i5X PCR 7%
AR APPV 5 PTV ARG, H[m] 52 ma i B 41
W IFHZFR B M EAVE N AFHE e R I &
R M. 8% ~35. 0% , e A MWL E R | i
FEREBIFET - RIEE] 100. 0%, BT 1M oA SR IT
TR, DRI b I 2 o SO i LU BiG o7 L By i
IR OCHE , H AT B0 Iy 2 # h B A
BRAER A, TOTE XA T3 5 T R B AH s 13 1 7 )
AFRSIN , ASHHF 5T ST B £ B TaqMan 2¢)G5E 7 PCR
RN Ty 3, v LA R0, 7R B R S G AT A S R PR AR
BAR AR A T X 0 S, 6 TR B AT 0 e R
PERZE LA S = R A AT R I G R 2, BT
LTI VU )4l DX AT 5P R 7 R S ik e
T DL T IA TG F VR A, T LRI B B 36 $2 AL T
B LA

4 25 i

ARG IIE S T R B Ak et
FE R R 55 T 2 M 56 5 5 19 22 T TagqMan 3%
Yozt PCR J7 i , SOl T APAFRE S TV AR WA 5 05
BRI T ) S
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