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Establishment of a rapid nucleic acid detection method for porcine
parvovirus based on recombinant enzyme polymerase
amplification-lateral flow dipstick (RPA-LFD)

YANG Qin!, QIU Yulou!?*, SUN Kai!?, SONG Siyi!, DONG Wenyi!, LIU Wanwan!, YE Zihong!?",
YU Xiaoping!~

1 College of Life Sciences, China Jiliang University, Hangzhou 310018, Zhejiang, China
2 Key Laboratory of Microbiological Metrology, Measurement & Bio-product Quality Security, State Administration
for Market Regulation, Hangzhou 310018, Zhejiang, China

Abstract: [Background] Porcine parvovirus (PPV) is one of the major pathogens threatening
the reproductive health of swine herds, causing tremendous economic losses to the pig farming
industry and posing a serious threat to the quality and safety of porcine products. [Objective] To
establish a rapid and sensitive detection method for PPV nucleic acid based on recombinase
polymerase amplification (RPA) combined with lateral flow dipstick (LFD) assay. [Methods]
We designed specific primer pairs based on the conserved sequences of the NS1 gene in PPV.
Then, we developed a RPA-LFD method for the detection of PPV by optimizing the reaction
conditions. [Results] The RPA-LFD method can detect PPV nucleic acid within 20 min at
39 °C, with a limit of detection of 10 copies/uL. The experimental results showed that only PPV
was positively detected by this method, whereas no cross reaction with porcine circovirus type 2,
pseudorabies virus, swine fever virus, porcine reproductive and respiratory syndrome virus or
foot-and-mouth disease virus was observed. In addition, the porcine tissue samples artificially
polluted with PPV and the simulated clinical samples were detected by RPA-LFD and
traditional PCR, and the results of the two methods were consistent. [Conclusion] The
developed RPA-LFD method does not rely on a thermal cycler and it is simple to operate and
highly sensitive and specific, providing an effective strategy for the on-site rapid detection of
PPV nucleic acid.

Keywords: porcine parvovirus; recombinase polymerase amplification; lateral flow dipstick

¥& 417N 75 (porcine  parvovirus, PPV)Z 5|
EEEIENG . RTIRG . WRSE TIN5
{IE(stillbirth, mummification, embryonic death, and
infertility, SMEDD){) = 2055 5 A~ —M. PPV &
TR TEERE, & — A IO 1Y) B EE DNA ST,
HIERH KN N 4.0-6.3 kb, f175 2 EEK
FF il B2 24 (open reading frame, ORF). H:H,
ORF1 ZifidAE 4548 11 NS1. NS2 1 NS3, ORF2
ML LE R VPL Il VP2, PPV T 1965 4F7E
TR 4 B H AR SR TS ), T 1983 4

FEE N R B ™, PPV A YRR, BE
AT DL o i TR EAR R AT, T A ik
ALRE IS Y g A 2 AR RDKIEE ) 3R E SR
¥3m PPV R E I8 90% L) F, i LW 5608
VT . BRI TE 2 B NI RN B g
B 5 W W 25 A 0 B SF IR A BT, PPV Y
TATAAUG R B T R BE R, X
G 7 b ) J5 o B A e AR BN, [R) XA
Al B s TR FE B o DR, S — e |
WERR . REW) PPV RN 1k BAS EREHE,
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PPV (RGN 7 12 T2 A W TR0 B ¥ E « PCR
TR it PCR FILSE . T B 5 2
Sy e R I 1) 28 M2 W ik, ABIZ T VR X 52
0 3 R BOR A . FERT AR . BRAERTEE . K
A%, 2 TFRMEmEE I 2 w10, i 4y
FHEYPER KB, PCR FIZE)EE B PCR 441
Rl i 73z W T PPV AZRR ARSI o 2 )5 B
SEUTEEN T — R [RIETRIN PPV S8 R R 2 3 7
(porcine circovirus 3, PCV3)# W E PCR ik, %
TR B A DB 3.12x10° copies/pL,
W ZE S USTE&T — BRI PPV 1 55 B 5 5t A o
PCR ik, #H M PCR Fik oA L, AR
Kl 8.76x10" copies/uL () PPV VP2 JL K x ifi
fi o ARG GERZ IR I H AR H A T . HERA P
L (HT SR A A IR AE AN DL, T EL
B[R] ,  JC R e B PR A U ) 75 5K

R A Y 1 (recombinant enzyme
polymerase amplification, RPA)J&— i faj B H R
RIS AR . 2006 4, Piepenburg !

ETZ 540 DNA & iy H S A fg A 5
B, JFRT RPAEIR ., 514 PCR 7 A,
RPA A FAAE ML, (LTHTE 35-43 °CIHE
YREE R R 15-25 min B AT S2EL H bR B A Bt
Py, HA PR A R REs LT
LA PO, RPA P 1E =Wy v] DLl ok 2 F0 7
RAEATRGIN , AN B AR EE S LUK | TR
1) 52 B 2 S X i AN 2 A 10 4R 4% (Tateral flow
dipstick, LED)?¥, Hrp, LFD Jeifahidss, il
1o PR IR WRZA AR A AR 2 (T ) MR 2k (C k)
) 20 €0 B AT UL e 45 R o B RPA 5 LFD #H
45461 RPA-LFD BRI RRAnEl 1 fros, E4
fiti (recombinase)5 ¢ 5 PE 5| W1 45 58 -5
WA, %K A YRER IR BT 456 WEE DNA
R 81 X3k, T R S R B 45 44 (D-1oop) 5

H4E DNA %54 (single-stranded DNA-binding,
SSB)HE I RI4h & # 5% 1) DNA 58, Bilk
DNA ## 5 1; W54 B DNA REHLE 455
I 3" 57 )5 5 DNA 4% B9 SE 41, 120 R e eI

e N
® - - @
Il AN
i \
\ §
Iy ? Py | ‘\
. Nucleic acid RPA E;éi (1 leces"
; : Lt
extraction s 2 a p
@ < = —_—
@y  —
o /
YN T £ 7 = 5/
vy /3 @ ‘é?\&‘ |
LA @ /4
\ % L/
- S, %
C line T line
— Primers Recombinase  @®» SSB ‘ "1 ) Polymerase QNI rRPA amplification products
N (7
®Biotin @ FAM  \gf Streptavidin AuNPs labeled anti-FAM antibody ]f Anti-rabbit antibody

1 EABRABTBESNRBMARFENREREE
Figure 1 Schematic diagram of the recombinant enzyme polymerase amplification-lateral flow dipstick
(RPA-LFD).
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MR AT, BT LAR RS 1S .
WA FAM Al biotin BUbRIC AP 3% 7= i n =
LFD, 5 5FE i3 EM IR & Fricht FAM Fifk
(AuNPs labeled anti-FAM antibody)%5 &7 i &2
W, WA EAER T, RE SRS T 4
W, WEEESE T LAvEERREMEMIK, RN
AR o] LAY St 4570 s RN & A Pk ek 2T
£ C %, #Fh)&E e 5w TR (anti-rabbit antibody)
R, @A . RPA-LFD JCAURH Ll
IES . ERAERAE . KAt R, 7E H AR R 1)
B 37 PR ARG ) v B A

ARWFSTLL PPV A NS JEH R 4% , %345
SYES| AT RPA §714, 454 LED X9 147~
WIREA AT ARSI, AR ST —FhEEXT PPV %
FR1%) RPA-LFD J5ik, S PPV RXHR B 4G I
PO AR F B

1 #e5F*E

1.1 #H&m

PPV S Hi . i [B ¥ %5 5 2 B (porcine
circovirus 2, PCV2) ¥ 1 . ¥ thIE R K &
(pseudorabies virus, PRV)¥E 1 . J i H- % 7

(porcine reproductive and respiratory syndrome virus,
PRRSV)JZ B . J&J& % 55 (classical swine fever

virus, CFSV)JETH . J& H B85 B (foot-and-mouth
disease virus, FMDV )% 1 47 i v sl B A
R w2 it o ASBFE AR e iR pUCS7-NST J&
K% NCBI 1AM B PPV (NC-001718.1) 554
G, BEEUNS 1 SE K ORAT B4 28 pUCS 7 #idk

*1 EREMRAEYTESY

HH <5 30 B A2 D FRHECR RS W6
1.2 EERFIFNERE

TwistAmp® Basic Kit, TwistDx 2\ ] ; 5 5%
FL[H 2] DNA/RNA $&BUAGR &, KRR
AL ) AR/ F 3 PrimeScript™ RT reagent Kit,
FAEY TFE(KRE)A R/ A); Milenia GenLine
HybriDetect, Milenia Biotec 23 7] ; DL2000 DNA
marker (100-2 000 bp), #iilZsHEME B A R
ocEls BERERE, BUMBOH I RMECA R A A
TBE, HEAZ2AEMBIE M ABRA ] ; DNA
R M, A T A TRCEE) A RA
w) . PCRAY, HLIK{X, Bio-Rad A+,
1.3 5|¥I8iRIt 5k

M NCBI ¥ P2 T 2% PPV 1143 [H] 3 41 (8 3%
5 : NC-001718.1), #FJ] NCBI BLAST T.H.i#
A3 P 9 ) FE X 43 AT, S HC NS T JE P ) PR 5T
X1, f#if Primer 5.0 #{4i%it 3 Xt F PPV
Rl RS RPA SIMI(ER 1), T TEIRANS
AR AT RRARES SR, 3 BIHE BT RY 5 b
ic Biotin, Fif5I1#H 5umbric FAM. 5191
AT AEY TR () oy A R A\ & 5 e
ite RAEITSIY, R TwistAmp® Basic
Kit B P RCHl SOV ARFR . RO R 29.5 uL,
. RS0 umol/LY4% 1.5 uL, BHYEFRAE
Jki 1 uL, MgOAc % (280 nmol/L) 2.5 uL,
T F B FKAME 50 uL, 7E 39 °CHE IR /K B 5
HRN 20 min, 33P0 1.5%30 R AREE A
HL DK A o

Table 1 Recombinant enzyme polymerase amplification primers

Primer name Primer sequence (5'—3")

SN1-F1 Biotin-AAGTTAGAATAGGATGCGAGGAAAGACCA
SN1-F2 Biotin-AGGAGAGACCAGAGCATACACAACCAATA
SN1-F3 Biotin-AAAGTTAGAATAGGATGCGAGGATAGACCA
SNI-R1 FAM-TCAGGTACATTTCCCCAATGATGCATATA
SN1-R2 FAM-TTCAGTTTCTTCTAAAAGTCCAAAATCACC
SN1-R3 FAM-TTTTCGGACCAATCAGATACATTTCCCCAA
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1.4 RPA-LFD &89k

T HEE HAREER T 0R , X RPA 1)
2N I BE R S g B[R] A A0 . RPA SR 5
Ay STE 3543 °CH 14 20 min, 181 WAL LE 5
G0 £ 114) B0 €0 0 R S R S N R o A e A R R
VLR A b, R BB ] A S E R 5. 10,
15, 20, 25 min, ARH LRSI 25 SR 4
S ZESPAAINI T8
1.5 RPA-LFD R EM4FHF MG

¥ PPV FrifE TR HEAT 10 1588 R B
(10*-10° copies/uL), 43 HIVE AR AE C LAY
51T 4T RPA-LFD &, [l B DL TE B 7k
Ve BAPERT IR, i RPA-LFD J7 32 (AR IR .
TG TERE 4 DNA/RNA 372 BGR 71 & %5 75
PET AT BRI B S Ak, $REUW LR 4] DNA
BT 20 CIRAFE T S350 PRRSV .
CSFV fl FMDV Z&[H 4] RNA £ PrimeScript™
RT reagent Kit 2 5% i &2 7 fb 5 cDNA, &
fEF-20 °CH& M. 4l PPV ArifEk:,
PPV .PCV2.PRV [{JDNA, Ll &, PRRSV .FMDV |
CSFV 1Y cDNA AR HATR s, Hs
AR iR AR AR KG T 485 S PF My RPA-LFD J5 3 K
s
1.6 ALISZEHLAVEN

MBCH TS SR . JEE . R
AL S, FHE L PCR J7 32514 Fr g Af
it WP XA AR I T S AN [ e B Y A
JoTRL S R i FEA TG Gy, AR R 20T YUk B
5 5%x10*=5%x10" copies/mL . &% B .0 R
FENZ DNA - H B &1 I 45 0 vy i bR sk A%
FREEEC s, 76 4 mL AR 203 dhoin A S5 R 24
W, WFE 15 min JEIMATCK LB, ¥R K
AR E0AE T 8 000 r/min B0 1 min 53
PR, PRV 3 RIS 20 pL JCTE K I AR BRE
an HE N ZH DNA WA, M HC 1 uL #47
RPA-LFD #:iil] .

1.7 iRE AR AV

MATTH FETT GG IE 26 03I B3 TEMERE &
REHLIE A PPV 1 S M AE ARG IRFE &, R
A Firdd 7 i RPA-LFD J5 B 1% 8 PCR )7
53 % 26 A ALLIG PRAE db A ARSI, b 2 b
J7 i B — 2k .

2 HERE54M

2.1 RPA 3|¥IR00F1E

Sy 3 MBI T RPA 38, FHEXT
BE 1L 10° copies/uL ) PPV FRyE BRI AE A AAR ,
RF P X B LG TR 25 B T/ A AR, 3 1 B R e
B B YK B P kA T a0 . SR 2 B
N, 3 X B YIRE R Y BRR AT, (HORTR]
5195t YRR AR Hd SN1-F2/R2 514
XoF F 8 P % T T A, I FLX BR 2 A o
BAE R A, F R R, NI
SN1-F2/R2 5| ¥ 515 A e fE RPA 514,
2.2 RPA-LFD kM EZHHIHILER
2.2.1 RPA-LFD R{ERNEE

L SN1-F2/R2 #514¥), LA 10° copies/uL PPV
FrRUE R B L RPA e biA 2 , % RPA-LFD
I N (3543 °C )i Ak - SEBRZE RN 3

E2 FHEMRESIYIGSY85FiE  M:DL2000
DNA marker; +: FHHEXTHR; — BN AR
Figure 2  Screening the recombinant enzyme
polymerase amplification (RPA) primers. M:
DL2000 DNA marker; +: Positive control; —:
Negative control.
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35°C 37°C 39°C 41°C 43 °C

Contro] [ee———

Test L e —

B 3 EAMBAIBESMNREMARZR KT
im BRI
Figure 3

temperature.

Optimization of RPA-LFD reaction

i/, RPA-LED 7E 35—43 °CIREF I 2 FHYE(S
5, MIEEELE 39 °CHHRAT A& b A I LR B {6 ik
W, VRO AT, MR 39 CCH AN £k
B, PO, HIL, #iE 39 °CH
RPA-LFD H e iy i B o
2.2.2 RPA-LFD &1 & NATE

TERAE RV IRE TR, X RPA Ay 7 B[]
(5-25 min) A1tk , g5 K 4 s, OV
[ 7E 5—15 min 5550 3 Bl 25 A [0 B4 398 o 1717 14
WikhsE , M 15 min FFUGAE 5 5m BE 18 ) I FLfE
JE A B IG5E o AT RO I R, A AR R L
YRS R A R, R8> RPA Vs
], PHiE RPA 934 19 e A0S 8] 28 15 min.
2.3 RPA-LFD R EMFFMHIRIELER
2.3.1 RPA-LFD REE

¥ PPV FR U UKL 10 R E R BN
10*-10° copies/uL 1E AR 1T RPA-LFD R
FERGIN, SEEGaE A 5 fis, RPA-LFD A
MR AT 35 10" copies/uL o
2.3.2 RPA-LFD #5114

S PPV FRUERTARL . PPV, PCV2,
PRV, PRRSV. CSFV Fll FMDV ¥ /E MR
X T EEST B RPA-LFD J7 ik b A T4 S5 v A . 5K

Smin 10min 15 min 20 min 25 min

Control

Test

E 4 EHBRAEHIIZESNREMRKEZRE
B EI AL
Figure 4 Optimization of recombinant enzyme

polymerase  amplification-lateral  flow  dipstick
(RPA-LFD) reaction time.

¥VON NNy N
ST S Y N
S

v o C,
N I N N

Control | e ————— e

Test

MM AL

E 5 HHEMEAHMYIBESMNRBEMAAEZR
BE NC: FIPEXTRR,
Figure 5  Sensitivity test of the recombinant

enzyme polymerase amplification-lateral flow dipstick
(RPA-LFD). NC: Negative control.

IEERANE 6 Fron, LA PPV Frifl ki il PPV %
R SR R 1) S 6 2 5 B BE 1 s I, s i
For i 25 SR 35 R B , 2 BH it #3571 RPA-LFD i
W A BT RSPk
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Control =

Test F—

6 ERMRAHBYBESNRBMRAKES
ERHFRME NC: FAMEXTRE.
Figure 6 Specificity of the recombinant enzyme

polymerase  amplification-lateral  flow  dipstick
(RPA-LFD). NC: Negative control.

233 ALSEHERBENER
FIEAG TS, RPA-LFD 5 77 SE BRAE
ORI RG oE R M, 4 B RS R IS g Tk

Pork Porcine kidney
(copies/mL) (copies/mL)

(5x10%*=5x10" copies/mL)FI &N . ' . ¥
JF i A 5 AT RPA-LFD J7 3% il HL PCR
i, g5 R A 7 M 8 o, T YLk B R
5x10* copies/mL F1 5x10° copies/mL K 4 F
£ 5 BRI S BH% ., RPA-LFD J7 ik flE
L PCR BRI 25 S A — 3o XI5 Qe B
5x10% copies/mL Fl 5x10' copies/mL A 4 Fh##
i, RPA-LFD J7 V5 B IN 25 R g B, T
M PCR Kl 25 2R 9 BT, XAl fEE H T PCR
A6 W0 SR ARG 2 B A A B o S A R SR
B, RPA-LFD J7 V&G A 75 JL A bl A9 Az 0
FR A 5x10' copies/mL, L& ki PCR Ay R &
5100 1%,
2.3.4 1R PR A A A 25 2R
FIHEEST () RPA-LFD J7 L%} 26 /Bl
JRFE S #EAT PPV BRI, Rl 5% L PCR
Ik Xt B A, 25 2R a3k 2 ik, RPA-LFD
D7 kA B PERE & 21 13, BHPERESS 5 67, %4
K5 HEH PCR K45 R —2 .

Porcine blood
(copies/mL)

Porcine liver
(copies/mL)

Control © I

7 EEMREETEBEESNABARFAERMNAL SRR

Figure 7

Detection of artificially contaminated

NC H Igﬂ‘ﬁx?fﬂﬁ o

samples by recombinant enzyme polymerase

amplification-lateral flow dipstick (RPA-LFD). NC: Negative control.
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8 PCR FERMALSRER

M: DL2000 DNA marker; NC: BAVEXTRE .

Figure 8 Detection of artificially contaminated samples by PCR. M: DL2000 DNA marker; NC: Negative

control.

* 2 EHBRAMIEESMNRBEMXLEM
PCR X} 4R LIl PR 4 dm B 42 U 45 3R

Table 2 Comparison of the results of recombinant
enzyme polymerase amplification-lateral flow dipstick
(RPA-LFD) and PCR for simulated clinical samples

Detection method PCR
Positive ~ Negative  Total
RPA-LFD  Positive 5 0 5
Negative 0 21 21
Total 5 21 26

3 Wik

UTAER, RPA FORTENS IS Yy i 7y i
f4 1 F AN 2 o Liu 55 P0%) F RPA 454 PfAgo
HE ST T — P RS A /N R A Tk
39 °CIEH 25 min BIVAT 58 ORI , 5 fEAG I B Ay
3.89x10* copies/uL. Hou 25L& M M5
(Vibrio parahaemolyticus) toxR %&PH {7 X AR
SRR IR A5, N T — iR R o S TR Y
RPA-CRISPR/Cas13a-LFD Jrik, LA R
1 copies/pL, REKE 7T TagMan-qPCR Jr ik
(10% copies/uL). Zhang ZFP8HE N T — R A6
WAL Y M RSB 5 1 RPA-LFD 7, kil R
B A 10" copies/pL, A5 HABERR AR & 4

LML . 5 H B PCR BEARANE A, RPA $
ARARUAG G, — e i i B S%AR2 ] s 2
P AR, wiERAKE . AMERIREIRE . &
e L1 B2 T P ey 2% e L T
RPA S B, HA 347 P A € 5 min X 2K
SME, 15-20 min BEA[ ARGy 384, 45
4 LFD #HA TS 2 min BIAT 58 R AT #04L 0
B2, [RE, RPA-LFD HA o i A 4G R U, H
Ko BRK 2 1 copies/uL, REE ELH # PCR &
10 £ L4 I RPA-LFD [HiE 200 A dee T How
FHE] . AR 2 BT ML & 37 = P G
W B W7, AR B R s i
BT HZ—, SR, HAET RPA K ARAF7E
— B RBR M, B, RPA Bl AR M AT
. M= 5 1 P i B RPA 514
BHK(30-35 bp), 7F 3543 °CIEIRY el Farh 25
Sy e e AR R SBT3 Can 51 P — R MRl
Yy, WIS EURBATESE SR Hik, @55
T2 41 RPA 5195 12 22 48 5256 DA 2 fe A5 |
Yy, [R5 | )T 51 i R 2 R
TEEITFH) . Hk, [R5 Yy iR 0

RPA N KR 5y Y 3 =W 9 #80™ 4 28 W5
Y| S I R R R A )38 KO B R T
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SIEHCE BRI A o SR 3 P R I 2R 8 (i — 1A
At B SEBR“REA PE-25 1 i st P e, W]
B RRAR TS Y RS o A0, Rl Ak B A i 2 4
R K. BB, BAAELES T EA% O R
B AR AR e, BRI T RPA &
R, AR Bl 1 = A0 i 50 O BF &
#E)7, RPA MIBIAA BB WAL,

4 HZp

AWFEE T PPV 5 BEARST 1 NST SE R
51y, A vEIRA—XF RS |9 NS1-F2R2,
I FH B 4 i SR A Tl 4 4 A I e O e % 2 BT
R, @ 7Tk . fRifE . RE. ATAE
) RPA-LFD J5 ¥ , o] b T4 A% 7 i PPV
GAERE R L SE X ool

A

e SSHRERAE, BERAREL, $RESCE; BN
e JFRBT, BUOCE; L. SRS R
e Bl #oC . BE o Xl Ko
B mrEh: eARIES, RBUES; mer: #
PRI

{E&EF T IRR AT AR

YR8 P W2 JOATAn] A BE22 52 W AN SO A i AR
e 2T sl AR
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