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Development and Application of Real-Time RPA Method for Detection of Classical Swine Fever Virus

YANG Jun,NIE Fu-ping, WANG Yu et al ( Chongqing Customs Technology Center,Chongqing 400020)

Abstract [ Objective] To establish a rapid and sensitive detection method for Classical Swine Fever Virus ( CSFV).[ Method ] The 5’ con-
served non coding region (NTR) in CSFV genome was selected as the research object. According to the principle of recombinase polymerase
amplification (RPA) ,specific RPA primers and exo probe were designed.The reaction temperature and time were optimized ,and then a real-
time fluorescent RPA method for the detection of CSFV was established.[ Result] The method established in this study could obtain the detec-
tion results within 30 minutes under the constant temperature of 39 °C ,and realize the purpose of rapid detection of CSFV.The method only am-
plified the nucleic acid of CSFV ,but was not suitable for transmissible gastroenteritis virus (TGEV) , Actinobacillus pleuropneumoniae ( APP) ,
Haemophilus parasuis (HPS) , Mycoplasma hyopneumoniae ( Mhp) , porcine reproductive and respiratory syndrome virus ( PRRSV) , porcine
circovirus type 2 (PCV-2) ,porcine vesicular disease virus (SVDV) and porcine parvovirus (PPV) 8 common swine pathogens were all nega-
tive,,and showed good specificity ,and the minimum detection limit for the recombinant plasmid containing the CSFV target fragment was 8.3%
10° copies/pL.The developed CSFV real-time fluorescent RPA method and the real-time fluorescent RT-PCR in the national standard ( GB/T
16551-2020) were used at the same time to detect CSFV nucleic acid in 33 clinical samples collected from a pig farm in Chongging to verify
the practicability of CSFV.The results showed that the negative and positive samples detected by the two methods were completely consistent.
[ Conclusion ] The CSFV real-time fluorescence RPA method established in this study has mild reaction conditions , rapid nucleic acid amplifica-
tion, specific and sensitive detection results, which provides a new choice for the diagnosis of CSF.
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HIbR (AT I0R) S8 A% Je bk B 1% 28 9% 7 (ransmissible gastroen-
teritis, TGEV ) (IND 5 ) 5% ff Gt Ve g [ s 5 7 6 #F 1 (Acti-
nobacillus pleuropneumoniae, APP ) ( AP76) | Bl ¥& W& I #T &
(Haemophilus parasuis ,HPS) (SHO165) ¥ i % S JF 44 ( myco-
plasma hyopneumoniae ,Mhp) (168-L) J& B 54 5 MW 255 1
5% ( porcine reproductive and respiratory syndrome, PRRSV)
(BIAH-001) . %% |5 ¥ 9% 3 2 %Y ( porcine cirovirus Type 2,
PCV-2) (PMI167) . %% 7K ¥ %5 %5 % ( swine vesieular virus,
SVDV) . %% 40 /N 5 B ( porcine parvovirus, PPV ) 5 B £k
(cp99) , i1 H PRI B O S RGE S50 % RAF

1.1.2  EFER57), TaKaRa MiniBEST Viral RNA/DNA Extrac-
tion kit , PrimeScript™ 1st Strand ¢DNA Synthesis kit , Premix
Taq™ . DI1.2000 DNA Marker , TaKaRa MiniBEST Agarose Gel
DNA Extraction kit ,PMDTM19-T Vector Cloning kit ,DH5a &
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Z 540 TaKaRa MiniBEST Plasmid Purification kit, g [ &
A TRE (ORI ) A7 PR ) 5 AN B P 41 DNA S IRGR) &, 1
A RARAACRHE (A0 A BRZ R s Twist Amp exo kit, Il { &
[E Twist Dx 22F) o

113 F#A{UER . Genie IFFIRY 1 DA I 2 58 (£ Op-
tiGene ) ; NanoDrop oneC fiff & 4% g 25 1 ¥k 8 I 2 ) (36
Thermo Scientific) ; Veriti 96 ZINFERAEE PCR {44#% (£ [F Ap-
plied Biosystems) ; GelDoc XR+EEME A% 5347 £ 5t (25 [# Bio—
Rad) ; Centrifuge 5417R 7533 B0 HL (2 E Eppendorf)

1.2 R E

121 BI¥FEEE . CSFV 5'NTR iy 360 ~ 374 N 5L 41 A,
BA B EEORSEIE . IFICEFEZ IR o P S E R X 5, A
NCBI F#; CSFV 3L H 4 5'NTR J3 4] #1743 8r, % Twist
Amp exo kit 5&F RPA BI¥ 1 exo HEEF 19 TH 2K, FIH
Primer premier 5 {1511 RPA 5| ¥#1 exo 41 , Z54E TAKA-
RA ARG 519 SR EH P SIT : CSFV-RPA-F:5'-GC-
CATGCCCATAGTAGGACTAGCAAACGGAGGGAC - 3'; CSFV -
RPA-R:5'-CTCGAGGTGGGCTTCTGCTCACGTCGAACTACTGA—-
3';CSFV-RPA-P .5 -GTAGTGGCGAGCTCCCTGGGTGTTCTA-
AGT(FAM)—(THF)CT(BHQ1)-GAGTACAGGACAG—-(P)-3’;
Hor  FAM S RIESEEE  THE Sy PU UK , BHQ1 Sy SR 74
I 1, P AR ER L]

1.2.2 JRFEZBRAYEEEL . {#i ] TaKaRa /%] MiniBEST Vi-
ral RNA/DNA Extraction kit i 7] & 43 B $2 B CSFV . TGEV
PRRSV .SVDV %] RNA L) A&z PCR-2 Fil PPV f#) DNA, fifi FH4H
T TR 4 DNA 32 B0 &2 230 42 L APP (HPS Al Mhp (1)
DNA, DL F3#8Eid R A W) AR rh AT . RNA $2HU5E 0L
Jo 5z B PrimeScriptTM Ist Strand ¢cDNA Synthesis kit J7 5%
A NS —%% cDNA, cDNA Fil DNA #) 8 -20 C & %1
#wH.

1.2.3  JFORibRiE S A0, CSFV %R RNA 32 BUS <7 B
1T RS i eDNA, DLz cDNA VR, s CSFV
RPA 5|4 (CSFV-RPA-F/CSFV-RPA-R) 47 PCR JZ )i,
K 1 P YA T IR EE R L UK, B 22 75 B TN /N i 4
FIH I, R R PMD™ - 19T 244k, #5131 DHSo 22540
JHL, DA BEIPE 5 3 B USRS, 1) FH 58 A0 AT DA R 2 1 43 B A
(NanoDrop oneC) 5 e BE , 45 20 2 #5 D1 %= [k
(ng/pL)x6.02x10%x 107 ]/ ( DNA K J#x660) H57 JFi i # D1
H,-20 CHRFE

1.2.4 CSFV 529856 RPA S S 09804k . Twist Amp exo
kit $2AE SN T C A TR 125 Fh i, 4 HA I 520K 1]
SV H A Rehy —dration Buffer 29.5 L ddH,0 8.2 pL,
10 wmol/L | FE5 1445 2.1 wL, 10 pumol/L 84} 0.6 pL, 4
ML 5 wL, 6 R I 36 7 P Mg™ 2.5 L, 35 155, BEA B
L5 ST B R 45 8 OptiGene Genie TI45 547 1058 Y A6
R, 01 35.37.39.,40 .42 °CF 2 Jif 40 min, iR4EY 14 i
2, W B I i AR e A BNy I T

1.2.5 CSFV SZRI 285 RPA R R tilse . RPA 5K N

30~35 nt,exo FHEHC A 46~52 nt, [LE5E PCR Mo tE &
PCR 514 HREFH R, e P EAE SRR, T
Bk CSFV 52 mf 2¢ 5t RPA Y 45 5 1, £ % CSFV TGEV
APP HPS ., Mhp, PRRSV ,PCV -2 SVDV PPV ) cDNA &
DNA VE AR, LTC TR 25 85 T /K VR R B X0 R, 7200 22 ) 4
FERON AT HEATRI , PEAN 5 1R B R e o
1.2.6  CSFV SZRF2E1 RPA Uiy, il CSFV SEt
7t RPA K 7 2k B AU PE g 37 38 BE G fk A DH5 0 J8%
AU, SRIUTUR I E VR B T3R8 DUBUE Al
B BORIRESL AT 10 A5 2 S B , U B B2 1Y) JB kL 70
FWERRR , FEi R N A5 T 54T RPA §7 38 B i 5 ik
B B ATAGE H PR
1.2.7 I RAE S ARG, DA PR TR 58 3 R 4R 20 03 1LV
A S IR EEREA 5 3 FREREATD 3 173 B HEREAS , 43 391 4
IR , FHHEST 1Y CSFV SER 556 RPA J7 kit A T IEie s %
RSN, DAVEA AR SRR A i R IR, SR FH ) b e
GB/T 16551—2020 Xof i A AEAS HEA TR 05 B 52 9 RT—
PCR K, He#5 2 Ry e g5 G0k
2 #ERG5HH
21 HREMBEIE K CSFV ¥4 5 B b A DHSa J&3Z
b L HCE A CSFV %R R Bend) 240 Bk i 47 0,
F4 45 54 22 NCBI 3EAT BLAST HLXT, 25 5 7w, 4l A Y
R i BER/INA 124 bp, 5 U—3, 15 CSFV HA7 s EE [R5
P AL R B 99% L I, 2858 40T TLAZ IR B 11 43 B A3
JE BRI E A 25.5 ng/ W, Ay / Asgo (B 1.87, 1545 I
¥k 8.3x10° copies/wL,
2.2 CSFV ZR3E RPA R FMHRIMRA K BC L i 5
MR Z 53 HITE 35.37.,39 .40 .42 C k4T RPA U, A6 ¢
HCRREE o, IR ZE R R (B 1), Bl SR 3 B i, el £
PEGAT T B R B () B, H AR A 9 am B t B iy, {H 2
FONE R R 39 C I, 9 IGAF5 B 3 [ 5 Bl 2 B[] 42k
i1, 5 E S AW E L (B 30 min DLJ5, 2658 A5,
VLN HEASE S, 25 |, CSFV 525856 RPA fefd: s
T BN SN S ) 43024 39 °C 30 min,

g -
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B8] Time Il min

1 BEFRELMTEE RPA T ER RN

Optimization of real-time fluorescent RPA detection

Fig. 1
method for swine fever virus
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HPS Mhp ,PRRSV SVDV PPV .PCV -2 Z55& 375 WL I 3 9R
VERBESER G S—R B IR T 73 0 T L 1 SE 58 RPA 5
AT 1 4RI 20 Bl ORI () Y 2E 4T, CSFV B
PERERNTE SV IT UG 6 min Ji5 2865 BE B i Tk, AL Z T
HABFEA RTINS BEAE 30 min 2Z NEBTCZEAF 5 7=k, i
BIZ 5 10 B IR ER CSEV Z 18 W9 9 Ji JC 52 L,
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= Av
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B8] Time Il min

TE VAR BE -2 ~ 103 Qe M W R B 3 A T IR i B i ¢ ke
LT RISEE LA TR SIS IRAA 8 B 5H 5 IR 255 5 AIE
FEE JE PR 2 R KRR R SE AR R BT AR

Note: 1. CSFV; 2 - 10. TGEV, APP, HPS, Mhp, PRRSV, PCV -2,

SVDV, PPV, Negative control
E 2 BEFRFIAEOLE RPA il 7 24 R
Fig.2  Specificity of the real-time fluorescent RPA detection

method for swine fever virus

2.4 CSFV LEZE RPA SRR HIRIE £l CSFV H4
kL B 8.3% 107 copies/ wL, $412% 5 h: HEAT 1 22 10 15 H0
B BU ARSI BT 5 L AR SIHE R siAl , FH ST 1Y SE it
5t RPA Jrikift A v, &5 5 Bon (B 3) , B BURH 1
FAG, BESE AN 2] 2 615 -5 A sk () tho il 22 328 /5, i L e 2 19
YT SR EEWARNIFEAR, X CSFV H 4 kLR [ 2 8.3
10° copies/pL PLF ARSI 2665 5, M, 1% CSFV St
Yt RPA J5 3k S AR A H B 8.3% 10 copies/uL, 7 i J¥
Bt

—_
(=3
d
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% 5% Fluorescence || x 10*

B8] Time Il min
H:1~6 Jg 8.3x107 ~8.3x10% copies/ ulL
B3 SHERBEAEE RPA il ka0 ss
Fig.3 Sensitivity of real-time fluorescent RPA detection method

for swine fever virus

25 IAREREN MEKRFEFBERET 33 O, [H
g ST Y CSFV S 3¢5 RPA J5 1 1 [ bR vE J7 2%
SRR B TR RR TR AL TR ARG I, 45 5 B (% 2) ,RPA JF

N 20 fy My REA A I 2 4 CSEV AZRRFEPE, I 5 {7k 2
BEREAR Y 2 £ CSFV AZIRFATE , N S 3 FFIEREAS rh G iy
1 {5y CSFV AZRRBHPE, A 3 43 EREAC G Y 1 4y CSFV %R
FHYE, 5 B AR HERY SEIT 90 RT-PCR RIS R 58 2 —2
R2 HERSRKRERENLER
Table 2 Detection results of clinical samples of CSFV

SERFFOL RPA Kpll] 5250t RT-PCR Rl
Detection of real time Detection of real time
B, fluorescence RPA fluorescence RT-PCR
Sample
EE B W B
Positive Negative Positive Negative
1M.7E Serum 2 18 2 18
L4, Lymph Gland 2 2
JFAE Liver 1 1
B I Kidney 1 1
41t Total 6 27 6 27

3 W54

FRFE T 1954 4EAFR] AR S A s s i (HCLY ) JF R
TR b AT 2 B H A, BRI A 1320 1Y R AT L A H Hif
FEARATD S TR TAT (AT A8 3, 18 R T R 7 42 O M it
Hb, GNP REHAR IS CSFV 175 32, 7 4% AT REAE CSF R URAT
R h R EEAE . B SRE IX Z08 h 2R T
CSF, A S [7 st DX Py S R R v AT A V2 A T L A3 P REH 9 2
e AFstsh'

PR ] SE A2 W0 T B B St CSFV 428 il 15 e 28 56
BT H TR DAAE SR 2 B, FUER S 5 B  S
WP ZRGHE PAEER I 8 A0/ 85 S5 AL, Rt , 75 223k T
LRI 2% . CSFV [ SZgb &/ 7 ik T8 A
RT-PCR A% %A HATE i i, 4 VF 2 7 ik
(1) CSFV AR el 0] & nT b,y 17 528 CSF iy 3L
R, AT RFFE BT & T i # RT-PCR 24" 514-1%
FFRERLFERS RT-qPCR R4 46, o TR PCR (4G
WA S A T AR 22 S IR 1 O 2%, G e IR B 46 =0 RT -
qPCR'™™" A 40 1 (LAMP) "'/ F1 RPA; CSFV b,
AL SRR AR, Qs 40 &R PKIS B¢ SK6 F 355743
BEIAS B2, (B8 B 40 25 X5 A T v Ry, 5 2
WG N DRI 5 5 S 5 G 2 B 50 2R 6 e
b AT LM TS 21 Jr k2 Wy CSEV, i sl 4
e it A B R 2 2 HA TS Y R 9 2 6 7
PERGTE %5 % — Zh 5% 9% 25 (bovine viral diarrhea—mucosal di-
cease virus, BVDB) 145 2£ 11 5955 95 75 ( border disease virus,
BVD) 7Edi it b5 CSFV ARSI, 3% 2 i s ERRE 8
SRR T ELBUAOK -8 b CSF 5™ o B, 32 10 7
AR AN S 9 B 7 T A AE RRURMEARR R S 22 1 1) A, A
3T R g ) >

RPA % f.f1 Niall Armes F 2006 452 H , iZH AR W& 3
ML LA (T4 UvsX protein) \HEZH I KA (T4
UvsY) FIERSEZE 58 (T4 gp32) o H2H B 7e 7 4 1 A
TR T , FHEIHRAFBEFIIE R D-FRE5H , J5 shikE S
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51, DNA A ( Bsu ) Sau) WFES 41 3-OH i FF 46
B — 2 5 e A — R FRE , SR, SEIEA PCR 254
1) B A% DNA 35814, AHLE PCR 3R, RPA BB AR F
BLRIAE : DR ACR T, A B, RPA W AR i 45
TAEAT, 8k R A D0 e A R T ) A R I 5 B A
FERIIEATIE ,— 2%k LT AR HEF T 2 B AR 1, @
XS A I A A B R AR, 3 A HH i) B8 J2 S 0 5 A5 Y R A
AT o AH EL HAD SR AR, e TR 75 i 3
(NASBA) fF5 - FHIRIRY 4 AR (SMART) 561 fift Jie iy
Y 14 (HDA) A4 S48 1 (LAMP) %5, RPA [RJF:4
P, HARRBTE . O3 IR IR TCELR , v] LS DNA
5 RNA {55 B0k, 1 NASBA HAEY 1% RNA, Q%5 %
AR — X R K AR5 5149 (30 ~ 35 mer) RIAT 347
RPA {80, AT LA PR T — 2 oObARiC B S B S i o8
JEAG 5 11 LAMP £ R T E L5655 |9, BeidE i i , Bk i1
GGG | DT ERE T KA T AR, GRPA (174 )2 XU DNA
43 F AT ARIHIA 2 PCR -6 B i it a) A AR A 7007 5
LAMP (4 38 7= — e R/INRAE 1 B, %t R WR A R
R, TR AT BB L RN, AR TR B 3 Y
FEAE XA LAMP J5 ik e KA SR BR- . 1E A RPA ) I
IR A IZHOR A R DORIRSZ T KRR T AR 5%, 9
HA R PCR B — AR A% BRI B, AR, 78 52 12 W1 )7
TASEN 2R o MR J Sy T 48 0 i 7 AL e
B LA 2 T 4L SR A B ARSI ik, RARE R
SR, A2 S BE R LLL S 0 B Y SN2 W B T R R 3
Fis Abd 457 HEF RPA HAR 8 7 ol LIRS T A 1 7 A~ 1
W ERERE NI A 5 3 s Wang 252 4157 1 PCV2 SERFSE
RPA K 712, 858 5@ PCR & 10 5 F i B4 4
XTHEIN IR B VP72 s 3L P9 ST i RPA K Jrids,
TE 38 CEG S 30 min BV A FRAGAG I 45

AT A P 2 B RPA FE7E AN AL, A 4
A BORBERA i 500 bp M) 2 B i PR MR, H &
T 1 B R B R, o T T RN TR R A R
R, A AR AR R R PR O 2 T i, TOTR AR I 1
ECAA ], T TE R S HE 5 PCR A4 5E e A Zh g, (EXF T
SE PRI AT AR 5]

ZHFE T RPA REA 41X CSFV 5'UTR 5 B <7
BIRFA, BET T 4SS AR T, #5717 S22 RPA K
5, SEB T CSFV P2 Wi, 1% 5 %5 APP HPS,
Mhp .PCV-2 PRRSV .SVDV TGEV PPV Jo38 X2 Ji7 , K i P
ik 8.3x107 copies/ L, ¥ S PE 4T, UM 7 , o CSFV PR
H ERIZWHRE TR I T R,

5% ik
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