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ABEHXNEKHFE RT-LAMP #M A5 00&8 N N F

WAER, IR®, AT, & F, 4HE'?, %k B2
(LA R SR 2, DU )1 AR 6111305 2. P0JIIRAE AR dr B2 e, DU I R 6111305 3. 7)1 ARk R 27 S 1 e i
SNSRI S S P R 611130)

FEE . W FPR T SR R AR AL TR Y (RT-LAMP ) PRER I A B FE N KA EE (SVA) 7788 A
SVA AN FR M PR BUR RNAHRIE SVA VPI JEHJFA it —E X0 H 0 R BE 6 AN X 4 205 05 1 174
FRY 8 F57 RT-LAMP #0753 . I FHEEST (8 RT-LAMP 630 07 25 6 1 B8 05 2 % B985 0 W 25 A A0S B 8 0
SERE DT RS SE N RS T SRR B SVA VP JECKREL 10 1756 B R BB B MR (1x10° ~ 1107
¥ U1) 4T RT-LAMP Al RT-PCR JZAE , 3K RT-LAMP A8 75 325 B RALHE . SRAEBE & R 5 HY S s 38 7 Aok o i 3k
126 {3 e S, % RT-LAMP F1 RT-PCR #:U , I A SYBR Green I #E4T i %5 . 45550, 5154 RT-PCR A I,
RT-LAMP #1075 2% R U i1 00045, H-5 HAE 35 038 SR N, ELAT v B SRR P RN Re S o I AR R o R 00 25 SR
IR B T REA SVA BHIEAR N 29. 6% , K RIIEEA SVA PR N 100. 0% ,2 F7 i 46 25 B — B, 5 N
100% ., &5 LR , A WF58 S 9 RT-LAMP kil g7 vk s (AT | 255 A 20, JUHTE F T I3 2L 2 S0 00 X SVA (1)
P BT,

KGR A BIFENRWEE; RT-LAMP; R

FESES. (939.4 XEkFRIZAS, A XEHS: 1000-4440(2019)04-0868-06

Development and application of a reverse transcription-loop mediated iso-
thermal amplification ( RT-LAMP ) assay for detection of Senecavirus A
(SVA)

YANG Yu-chu', WANG Chen-xi', ZHOU Xue-ke?, ZHAO Jun®, XU Zhi-wen'?, ZHU Ling'"
(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China; 2. College of Life Sciences, Sichuan University, Chengdu
611130, China; 3.Key Laboratory of Animal Disease and Human Health of Sichuan Province, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: The objective of this study is to establish a method for detecting Senecavirus A(SVA) simply and quickly
by reverse transcription-loop mediated isothermal amplification ( RT-LAMP) technology. A set of four primers specific to six
regions within the SVA VPI gene was designed for the RT-LAMP assay using total RNA extracted from SVA cell culture. To
evaluate the specificity of the RT-LAMP assay, viruses related to foot-and-mouth disease virus (FMDV) or known of por-
cine common virus, including pseudorabies virus (PRV) , porcine reproductive and respiratory syndrome virus (PRRSV) ,
classical swine fever virus (CSFV) , were tested together with SVA. To assess the detection sensitivity, 10 fold serial dilu-
tions of RNA template ( 1x10°-1x107 copies) were used in
RT-PCR and RT-LAMP. To evaluate the application value

Y fm H H#3:2019-05-15
ESTE . JUI4RHE ZFS TR H (2015NZ0072) 5 + = 17 & of this method, a total of 126 nasal swab and vesicular

TR (2016NY20052) fluid samples were collected from suspected sick pigs to
VEERN A (1998-) , 40 RN AR, E BT I R R detect by RT-LAMP and RT-PCR, and SYBR Green [ was
AT 2Wi A, TR JEEF IR S —EH, added to visualize the detection. The results showed that

BIEE . R ¥, (E-mail) abtezl72@ 126.com the sensitivity of RT-LAMP detection method was 1 000
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times higher than that of traditional RT-PCR. And there was no cross reaction with other viruses, so it had high sensitivity

and specificity. The results of clinical samples detection showed that the positive rates of SVA in nasal swab samples and ve-

sicular fluid samples were 29. 6% and 100. 0% , respectively. The results of the two methods were consistent and the coinci-

dence rate was 100%. In conclusion, the RT-LAMP assay established in this study is rapid, simple and cost-effective, es-

pecially suitable for rapid diagnosis of SVA in the field and basic laboratory.

Key words:

tection

FENFKIRFE A(Senecavirus A ,SVA) Z—FhBHH:
(R EAEE RNA 25, WHPR K 2E N R 45 9 B (Seneca
valley virus, SVV )" SVA J& % J5 & P /K i %
(Porcine idiopathic vesicular disease, PIVD) [ Jiit
A TR M 5 B 2t IR BEAT | R R FE L, W
I 6 7 A K IR A T A AR R I (B — R L
MELLIE S RE IR AT B 1 Y MK IR i K T
B2 SEKRIPE O RGP X 43 . SVA BEIH 41 41
T — P IEHE ( Open reading frame , ORF) |, ' %
1 AZREA, ZEALINFE 24 .3C EH N
(3Cpro) Ffig FHE FIBEKAR, 77 AR 3 RhE5 A A 8
P HO 28 11, HP S HIZE 11 (vpO vp3 il vpl ) TER
FRTEACTT , ARS8 & 7 2 2 i LA K 5 0 7 1
TR EAR b X i E HEAR T, S5 A PR
i, SVA SRBLH —Fh i e e e, ] HE [o] 3 BR A 22
UML) AT B — R A R
PUEAI N IE (0 7R 1500 AR T T SVA
SRR R AR TR, 0T B W BUR AL AT T
KEAHKFFT

WP N B3 2002 4515 ICFE 3275 Y Y PER. C6
MO PG E] SVAT T H AT, SVA T 7R
NSNS S R A A g R
PR YRS, SVA B K IR R & MK R E
e AR EBE P, B e — S X RO
AT A LRV U NG U= O R R )
E H IR LA ST JRAH L By P4, e 0 R
EZ NS TN

Wil %-3R 4 W 5% )X V. ( Reverse transcription-
polymerase chain reaction, RT-PCR ) Fl1 5L i ¢ 6 5 1
PCR ( Real-time quantitative-polymerase
reaction, RT-qPCR ) il 8 =X B & Wl 5 [ 1. ( nested-
polymerase chain reaction , nested-PCR) ${ RE 4% 12
I FHF SVA BRI R T A i B
N VR AL , AN TG B TE R 2 S = M SR Y

chain

Senecavirus A; reverse transcription-loop mediated isothermal amplification ( RT-LAMP) ; rapid de-

FEATEDIS Y SVA K60

W RN T FRY W R (Reverse
transcription loop-mediated isothermal amplification,
RT-LAMP ) J&—Ff BB A I 22 Ffo I A4 i 47 14
AR RN B SRR AN A TR
fiH, SR B I R A B 6 RT-LAMP 5 A6 1
SVA, I ABE S B XS SVA VPT JEP Fi ] RT-
LAMP ARG, —FRE TR | i 25 A A D0 1 PR A
A SVA G YA 7 125, X ARSI O vk e
BRI B ] B 4B T e & BRI 58 i, BT
BYFRATTHRIA X 73 SVA FIH A 3 K A 2850 1Y ik
BE , DT EE K I 3 AT B IS NG T, A s R TR
2 SVA Begedfit 7 — Mo ng ks,

it

1.1 &% &

SVA Ttk SC W s WA W BoR bl 73 5 4 JF
A7, BB 5 (FMDV ) | J O IE R 9 i 7
(PRV) B ¥k Fa, J% 0 5 W W 28 5 E 0 3
(PRRSV) ##k SC-NJ J&I5% 5 (CSFV) B0k C M
S AEYEOR IR EE . DU AN [F] M X SR 5E )
RAETKIBT R S A it 3 126 1y
1.2 RT-LAMP #1 RT-PCR 5| #1#9i%it

R4 GenBank L&KM SVA BIRITH1) (% 5%
5 :KY618836) , FE4mts VP1 & U FFI4E K RT-
LAMP %1 RT-PCR E’\]ﬁlﬂf?ﬁﬂ, iz i Primer Explorer
V4 844 (http ;. //primerexplorer. jp/ elamp4.0.0/index.
himl) it — 4 519, G 1E 58519 F3 B3, W59
FIP BIP, fifi ] Primer 5 #XfFiF51% (F,R) X}
VPI FEN AT RT-PCR 9748 AW TR 5149
B A T A TR ( i) ety A7 FR A Rl 5 i, 5l
YIRS 1,

1.3 fREZERIRE
SVA A5 FRM | o K B ORI G TR
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73 000 g fKH# ES.0> 10 min Ji7 B EIEW, 1 TRIzol
357 (Invitrogen, USA) M 200 wl A9 [ G 42
HUpEE RNA ¥ RNA %% T 20 wl DEPC Ab3K 1,
K FH TaKaRa 38075 & #E 47 5 7% S il £ cDNA 1R
Mo S FHIEAE T =70 CAH .

*1 s19F5
Table 1 Sequences of primers
LioRIIDIRES 514 JP5(5'—3") (AT
RT-LAMP  SVV F3 CCGATCTCGACTACT- 2 866~2 886
GAATG
SVV B3 GAGAACGCCACTGT- 3017~3 036
CAGAC
SVV FIP CATCGTCCTGCTGTG- 2 881~2 941
CACCT-AGAAGGACGC-
CGTCTTCC
SVV BIP TTCTAACACCCCGC- 2 953~3013
CCAACA-TTGACGTA-
CAGGCCGAAAC
RT-PCR SVV F TACAGTTTGGCCT- 3 063~3 083
GTTTCACT
SVV R CGCCCAGTAAAGTGG- 3 010~3 030
TAGGG
VP1 SVV VP1 F  TCCACCGACAACGC- 2 733~2 753
CGAGAC

SVV VP1 R TTGCATCAGCATCTTCT- 3 505~3 525
GCT

1.4 #3 RT-LAMP RNk &

RNRE Y & 453 0T . cDNA 50 ng, F3 Fi
B3 £ 0.2 wmol/L, FIP 1 BIP % 1.6 pmol/L, #3¢
B 3. 00 pul (8 U/ul), dNTPs 1.4 mmol/L, Bst DNA
AW 1.00 ul (8 U/wl) , M-MuLV J2 % % 0. 75
pl (200 U/pl) ,RNA P 0. 50 pl (40 U/pl)
LAMP buffer 12. 50 pl, HH LAMP buffer 425K
20 mmol Tris-HCI(pH 8.8), 8.0 mmol MgSO,, 10
mmol KCI, 10 mmol (NH,),S0,, 0.1% Triton X-
100, % DEPC AbBH/K 2 25 wl J W AR, i i %
JN; AR ARAL , B 2 BN T EE R 65 °C, KA Ik
R 45 min, 525 80 C S 10 min, HUA™ 3G 7= 4 5
il T 1. 5%IrHEHEEE I F UK %5 5 25 1, JTHU 4% 20
wl LA SYBR Green 1 7E 548G 4L
1.5 RT-PCR R Rk &

KA 10.0 wl W AR & :2XTaq PCR Master Mix
(TaKaRa, Dalian, PR China)5.0 wl, IE 2 [H] 5[4
(10 pmol/L) % 0.5 pl, cDNA 1.0 pl, % J5 b 5%
DEPC Ab3E/K . RV FEFA:95 °C 5 min; 95 °C 30
$,56 C 30 5,72 C 30 s, ¥ 35 ¥K,72 °C 10 min,

FH 1. 5% B g W B i | vk 7= 9 g6 AT o0 i, O
Goldview Z{t,
1.6 RT-LAMP #RHiXI8

FIFH pGEM-T Easy Vector ( Promega) X} SVA
VP SERFEAT [l gl Ak, 6 I v B 3] K AT B
DHS5a ", $EHUE 4 5okl DNA . F5FH Nde 1 12k
PEAK, T7RNA A TSN 556 B cRNA |, 44k f5 D
FEWRETE T =70 CORAF. AT 10 £ 6% Lo BE 1Y
RNA HEH2 (1x10°4% I ~ 1x 107 #% 01 ) #4T7 RT-PCR
H RT-LAMP #3347 W 28 1. 5% Bl WH B i
FL UK IS A SYBR Green 1, 7548 1% BB 5T W8
RN
1.7 RT-LAMP #5418

FIFHEEST 1Y RT-LAMP A8 5725 X6 5 171 8855 928
B (FMDV ) M — 6% % UL 95 B¢ ( PRV, PRRSV
CSFV) #EAT K1, DEPC 4b B K /E R B M X I, 7=
W2 1. 5% B IR EEE L LK, GoldView Y {8 5 4541
§T R ULER
1.8 IRERE

2017 4E % 2018 47, 761U )1 4 AN [6] L X 52 4%
(AR A I T A0 P FERH AT 2R EE T 126
T BRI AS . R A HIFSE 57 /Y RT-
LAMP 1% ¥ RT-PCR #EA T4
2 55T
2.1 RT-LAMP 5|1 &E

LR ARG, 0 T S5 AR B 7 B[R] R0 ik
B RT-LAMP JZ W 7 65 °C F i#4T 45 min, %X )5 80
CHFLE 10 min LLKTE DNA B4, 729 318 b
BB UK AT 700, I IR 2 B e 1, Nl 1A
B, BHPESTHR s 1 2Btk £, i B A X R
WA L, [FREHh, an & 1B Bis, BAT BT
HRAE 2 9, I X BRAS e AR 1k
22 HRMHAE

HIE 2 BN, A SVA H2H Fokifiti e RT-LAMP
PHERT DB IE S5 AR B, HoAthps B2 A ) 2%, 45 2R
FH % RT-LAMP Al 7 s B B ek
2.3 FRMERE

&l 3 &8 RT-LAMP 7EFR5 RS2 R 1x10" 45 DL A
50T LA 2| 1 RT-PCR HBERGI 1 x 10* 4% U1 ()
SVA, FAIRAY A SYBR Green 1,7 50 &
Bt B A5 R AT B IS, S (1 Dl &l 3A
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(A)

bp
2 000

1000
750
500

250

100

A :RT-LAMP P~y BB e vk A 25 21 5 B I A MR AL 2 585
RrEER . B A 5E B, 1 FoR XS IR, 2 FoRAPEXT IR,

1 I&F SVA RT-LAMP & k7

Fig.1 Verification of SVA RT-LAMP

(A)

2 000

1000 [
750
500

250
100

M 1 2 3 4 5 6
e

bp

2000

1 000
750 |

500
250

100

M: DNA %% F B F5#fE; 1 ~ 6: 4> 5% SVA, FMDV, PRV,
PRRSV ,CSFV  BAPEXT R,

2 A REY¥KE RT-LAMP &4 R

Fig.2 Detection of different pathogens by RT-LAMP

A.LAMP-SYBR Green I €% ;B . LAMP K458 ;C. RT-PCR HLIK&5H . M. DNA 20 F BTl brifi; 1~ 8. 1x 107 #5 U1 ~ 1x 10° ¥ I ;9. BAPEXTHE

3 RT-LAMP SE{$iXIG 45 R
Fig.3 Sensitivity tests using the RT-LAMP

2.4 I EREE R AGT

FIAH RT-LAMP 3 filH B RT-PCR 75X} 126 1y
e RAE S 2R AT TR, S5 SR WL 5% 2, S5 R oK, 115
Oy BT RES TP 34 5 SVA FHME; 11 9y 7kJE
WRES A 11 15 5% SVA BHE, 2 FhOT /5 &R N
100% , 45 556 4 —5

3 3

SVA Z—FP FHYEAYPA%E RNA R E, BESE—IK
KB FIREE T R G K, e 2 A a8k
& Mo SEAE R AR PRI 2 2015 4R S, AP E g

KAV RN I , 25 F2 08 M 8 i T E R B 22 5540
RO RIS R IR N SVA T SVA [
SEZY 5y 5 FMD TR IE 8 R A, B L 7 —Fh R
PO RIS SVA T A B E X,
I, ASWFIE B S T RT-LAMP 346 SVA

SVA fAAETF S 53 WY S K S W, an
IR R RS B O R . K R AR R,
R BB AR =, T LA FH KR VRO AR R I 9 7 e
FER, ok A JE IR T IR AR SVA K i
R, il 46.9% (15/32) F1 51.5% (17/33) ,
MNTEIRFH A SVA K R 5 A%, SVA FHMEZRA R
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Table 2 Detection results of clinical sample

B R R B T RT-LAMP #0255 (FRESR) RT-PCR #0255 (PR SR)
JE 1L BT 29 12/29(41.4%) 12/29(41.4%)
FKIEW 3 3/3(100.0%) 3/3(100.0%)
BT BT 29 13/29(44.8%) 13/29(44.8%)
IKATHE 4 4/4(100.0%) 4/4(100.0%)
il BT 24 4/24(16.7%) 4/24(16.7%)
TKIEI 1 1/1(100.0%) 1/1(100.0%)
FE A BERT 14 3/14(21.4%) 3/14(21.4%)
KA 2 2/2(100.0%) 2/2(100.0%)
LSRN BT 19 2/19(10.5%) 2/19(10.5%)
TR I 1 1/1(100.0%) 1/1(100.0%)
584 B 115 34/115(29.6%) 34/115(29.6%)
IKIE I 11 11/11(100.0%) 11/11(100.0%)

15.0%(3/20) ., 1fi SVA (=K Ui B] SVA BV 7F
DU 1| 3 DX 3 A7

LAMP 2 N 56 FH AN 51 047 38 R 4 S o
M, B N s 1 5] 45 R IE R DNA F B, t
TSI 86 DNA F BE& A 5519 5 i
DNA F BE R ] B ANTH, PR K 26 2 ] B 4D T 51
Z 2T IR G54, o b — 2 R 5 1 ) 5 H
MR K243 5 5 e B A RN, E Y DNA
F BE 53 A 7 A T T R ZE IR S R, L [R)E R mE
FREERE L SR DATE B4 I 425 465 A6 A /2 4 2 17 0 A
M, SEAT 48 SR 9 1, I I B AR AR SRR A B
LAMP [ 1 BT HARRER A 47 38 S5 B 76 I R A )
[STREE Ay

o D 1 A DU 5 >R ] RT-PCR RT-gqPCR #l
B PCR AR, FH 1.5~2.0 h AfE5E L, 1M
LAMP JEfE Y38 [ i, 50 1 PCR I H AR
KB ME GRS —EE 30 ~60 min P RIAT 58 AR
FNE 3 B FEASBE ST, RT-LAMP 3275 18 J 45
min, RUH A AR SRR,

Xof 2 A G, LAMP A6 )y o 3k 3] L 2
I SO E B PCR ARSI /K G 5y
PCR J5 i 2~5 MR G A7 HGEHE S5 A8 T A
10 A5 DL A . ARWF5E L T RT-LAMP 7%
F1 RT-PCR 7:K2 SVA A HURM: £ 48 RT-PCR 7]
DATE 1x10* 48 DU £ (IR B B R K2 U SVA, 1fif RT-
LAMP JE7ERG B 110" 5 DLt A I 2] SVA,

F RT-PCR R ¥ 551 0001, iE W Fo o ML ¥ B
AR EUERYE . T IR 126 Stk FiK
S REAS b, F RT-LAMP 46 ) 35. 7% (45/
126) 1Y) SVA FHAE, 1% L RT-PCR WA 45 1y
SVA PHMEREA , 2 7 ik n RBUE A 221 000£% , (2
5B ARSI 23 0 2 A [R] B4, 1 A% 1 T 55 80,
&M T LAMP SR 4T fE3E R P81 1 6 4~ X sk
T 4 Z5007 A5 W R 5 1 W, A ] — Ab AN DT fE
B ORREMEAT SN, /0t IR AR R S v 8 (0 15 0, EL
ANAZ PCR i 52, BT LA RT-LAMP % BA &
SRR RE S IS, 5% M RT-PCR A A, RT-
LAMP #6300/ 75— fi 50 (R R IR A A%, N 75 B2 4%
B S IE I, HICT 438, W] B A 4 2k
9 3G RORBRAR T A, a4k 7 AR 20 B (8T 1
FHHES

Z5 b RT-LAMP 3% J& —Fh R s /I SVA
7 . 2T IR TR AR, BT R B R AR A S it
FYBRREE SVA R YRR o [RII  ASBF 98 i (9 5 ik
RE I )2 000 % M IR FE I TAE N GO, T fj e Ay
AHBSEI SVA (PR S8 5 | 7E SVA 1Y Tl By AR
Jrh R EENE SRR

SE .
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