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SIV)Z 3 & AR TR RERR, STABLERSZHZFME, BREZEIGHK
P A M ik, AT M3 FRRAER A RATR L. [8 6] 2 2 48R 470 PRRSV. PCV3 fo
SIV ¢ =% RT-PCR 7 ik, A 3 RmEeATRFHEEFRRBEEREERIHF. [FE] 4205
58 5ot ok 42 645 5 E(PRRSV), # B 3R F =R (PCV3), HBARRKESIVIEAEFF|, 4 5%t
3 ﬁ%%léél ), 7 3% PRRSV M A= N 3 B (436 bp).PCV3 Cap 3 F (619 bp)F= SIV M 3 FE (199 bp).
it iR KR E A | MR ERALE 5 = F RT-PCR ¥l 7y ik, FEstiE 569 % 40w 7 ik #AT4HF 5
:t:i'_\ R E R MR E (4 R & 2 T 489 F) B Peig 40 PRRSV.PCV3. SIV #) = F RT-PCR
75 ik, 1 5t ¥ B 9% 2 (classical swine fever virus, CSFV). ¥ 4 J£ K J% % 2 (pseudorabies virus, PRV).
¥ [ 35 9% 2 2 B! (porcine circovirus type II, PCV2). % 48 +)> #% 2 2 & (porcine parvovirus II, PPV2).
%élﬂ ) J& 2 3 B! (porcine parvovirus 111, PPV3)F=¥% 403K % 4 1 & (torque teno sus virus I, TTSuV1)
56 AR BT I A M, FREES., HEAMLER IR, FEER PRRSV. PCV3. SIV ik 3 4
J%/? #9AR M T IR A 100 copies/pL, Hbia] &b X325 R ¥ —8 . A7 k3t BT E X5 EH
69 67 s R AAF AT M, 4R 27 PRRSV AR 4 16.5%, PCV3 FaHE % 10.5%, SIV [
MR 10.5%, mAGERSRE, [£#£) ZFEZHES. 4575 %, 8% R Tk RkFE DL
N, AT ARG FATHE L.

KEEIE): BEA R bR, BRAKBE A, R ARRBE, =% RT-PCR

E&WB: ERESVEITEFER2EZKDH (2021 YFF0703100)

Supported by: Young Scientists Project of National Key Research and Development Program (2021 YFF0703100)
*Corresponding authors: E-mail: ZHANG He: zhanghe01@caas.cn; WANG Yu’e: wangyue@caas.cn

Received: 2022-09-09; Accepted: 2022-10-27; Published online: 2022-11-29



FRNE: BT SRS MDREE . SRR =R BN R — 5 RT-PCR Al /7 @57 fe-e oo 5093

Development and preliminary application of a triplex RT-PCR
assay for detection of porcine reproductive and respiratory
syndrome virus, porcine circovirus type III, and swine
influenza virus

WANG Mengjie, ZHANG Wenli, WANG Xinrong, CHEN Jianxing, XIA Changyou,

CHEN Hongyan, ZHANG He', WANG Yu’e’

State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of
Agricultural Sciences, Harbin 150069, Heilongjiang, China

Abstract: [Background] Porcine reproductive and respiratory syndrome virus (PRRSV), porcine
circovirus type III (PCV3), and swine influenza virus (SIV), the major respiratory pathogens threatening
pig health, lead to great economic loss in swine industry. Therefore, it is an urgent task to develop
efficient and rapid detection assay for clarifying the prevalence of these pathogens in China. [Objective]
We aim to establish a rapid and accurate triplex RT-PCR method for simultaneous detection of PRRSV,
PCV3, and SIVand facilitate epidemiological investigation and disease surveillance. [Methods] Three
pairs of specific primers were designed according to the gene sequences of PRRSV, PCV3 and SIV and
the M and N genes (436 bp) of PRRSV, Cap gene (619 bp) of PCV3, and M gene (199 bp) of SIV were
amplified. The annealing temperature and primer concentration were optimized and the specificity,
sensitivity and reproducibility of the triplex RT-PCR were tested. [Results] The triplex RT-PCR can
rapidly detect PRRSV, PCV3 and SIV, but there was no amplification for classical swine fever virus
(CSFV), porcine pseudorabies virus (PRV), porcine circovirus type II (PCV2), porcine parvovirus II
(PPV2), porcine parvovirus III (PPV3) and torque teno sus virus I (TTSuV1). Thus, it was highly
specific. The lower limit of detection for PRRSV, PCV3 and SIV was 100 copies/pL and the inter-batch
and intra-batch test results were consistent. The method was applied to detect the 67 clinical samples in
some farms in Heilongjiang Province. The result indicated that the detection rate of PRRSV, PCV3 and
SIV was 16.5%, 10.5% and 10.5% respectively, and suggested mixed infection. [Conclusion] The
triplex RT-PCR is highly sensitive and specific, which can be used for the detection of clinical samples
and prediction of disease prevalence.

Keywords: PRRSV; PCV3; SIV; triplex RT-PCR

F B S 2R G AiE R (porcine reproductive
and respiratory syndrome, PRRSV)J&E T sl ik &%
#EPH(Arteriviridae) s [k 4 5 55 J& (Arterivirirus) 1E
i RNA YR #E , 354 11 DIFHORE BEAE , 13-15 kb
K2 PRRSV LA LS 5 R ML s L R
WEHE | 5 BEILAE B R A . £LBEME T 1
% R BT AR R B R

#E(porcine circovirus type, PCV)J& 2 Al /M) H
R EZ—, EAMPCVL, PCV2, PCV3
FIPCVA4 IX 4 AL, 328 it 2 2 i 2 11 i
(Rep) Fli% &K 522K 1 (Cap)*. 1Y PCV3 J55 ik
VB IR A I R IR R I A SR R R
B 996 5 A A R A A B RS O g T IR
(swine influenza virus, SIV)J&E F 1E % 7 F)
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(Orthomyxoviridae)#.5% 1 X RNA K55, J&H A
TR 3t s i SR g LS 5 R A — R R R
WP, FELLHINL, HIN2 F1 H3N2 7653
HRAT, BRI S TR R I | FERE IR
. IR PR el T 5 B AR RE IR T, PRRSV
PCV3 il SIV J2 i 3 3 [ A= % SR Al o 80 DL Y
3 i SRR WGE P L, T ELAE R TR AR
FRIE o A B9 0 5 WP T 5 R G TR 5 Je%
Y rpkS I 21 54 21 /)N 8% (porcine parvovirus, PPV)
2 1 3 AR 6 RI(PPV-2. PPV-3 il PPV-6) K F& 4
MR EE 1 #(torque teno sus virusl, TTSuV1), 5
HAREAI L, PCV2 Fl PRRSV RS YA T
RS RS B R IR PCV3 7E4 A T HAES N
Ji PCV2 FI PRRSV IR AL 3 X Fil/R 75 PCV3
S ER IR 5 —EEAR)EP . PRRSV A
A5 1™ IR E SRR, I HL 5 R
WL B RJIBHRAERER, fEE SR,
WRIH R LA TR E . STV 2—Fh A
ALY, MO EFE R, 1 HE
JIE N, XA R A i A R 5K
FEEHEMN, K, B PO A
W7 ARG B 1 . A T 2R T A SRR AL
HEREORTB, R e A EOR T4
HAr, BEIRA%EXT PRRSV, PCV3 F1 SIV
B4 I3 27 Bs Skl i ELISA F1 qPCR 4y
W25, ABHERAAAE — Bl ii . ELISA Al AR H.
APGE | ERGE, (ARRE—IRZ K ; 5 qPCR
tHEL, £ RT-PCR M 4%, £ RT-PCR kil
FOARTE AL RN R A Z X519, Rt tak
PR ARSI 22 Fig it , B A I | SRR AR
L . BRI, EFRTIE 3 g I R IR (1) £
PCR J7 1 v A DLRGE o TR L , A58 51X PRRSV
PCV3 Fl SIV BRI H PRAF KI5 5 197,
WP R AR R 5 45, DU ST [R] i A |
3 AR EENY £ RT-PCR J5i%, R 2 (1 bk

W R R R AR
1 #R5H*

L1 mESIhKE

K B 5 I 2 B AR B (PRRSV) 73 B Bk |
¥ PHAE R R 7% (pseudorabies virus, PRV)73 B #k
B R A 250 2 SR FRAE o 8950 75 (classical
swine fever virus, CSFV)EM k. ¥ RIFMH 5
2 TR R (PCV2) JE AR/ 35 2 B3 BU(PPV-2,
PPV-3) KGR EE 1 FBY(TTSuV 1)¥ i o [
P2 25 S W SR T 2% . PCV3 Cap FE[H A BRI STV
M B Bet PESE A RIE L. 67 Byl RFE iR
BRI .
1.2 FERFILF

TR L 4] DNA/RNA $RBURHI &, KARE
YA B wl s pMDI8-T Fl PrimeScript™ RT
reagent Kit, FHEAYHEARALTOAE R A ;
Gel Extraction Kit, bl EREERHLARAH];
2xTag RT-PCR StarMix with Loading Dye, Jtit
WA R PR v o AR T e A, FE8R
kiR F] 5 Eppendorf Master-cycler RT-PCR 1,
e EAA RS QI A= Y RHECA BR 2w .
1.3 SI¥MMRItE &K

Y5 GenBank & PRRSV M Hl N
(EF635006.1). PCV3 Cap (MF318451.1). SIV M
(MN418820.)IISHE I FS, it 1 3 %)
FesMED IR 1), B A AR R A RIS
1.4 RIRAHIE

P IRG R L N2 DNA/RNA $RBGAF £k
B 45435 $2 B PRRSV (CSFV Al SIV 1) 51 RNA,
SR J5 A A PrimeScript™ RT reagent Kit #1750 4%
SFARM cDNA, FERAFET-20 °CH T MR 25
BEINZH DNA/RNA 2 U5 G i B 4532 5 PRV
PCV2, PPV1, PPV2 fil TTSuVI [ DNA, FH{}
F-20 °CH .
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Table 1 Primers for the triple RT-PCR

Primer name Gene Primer sequence (5'—3") Product size (bp)
PRRSV-F M and N TTGTGCTTGCTAGGCCGC 436

PRRSV-R ACTAGGGGTAAAGTGATG

SIV-F M TTCACGCTCACCGTGCCC 199

SIV-R GGCCCATACAACTGGCAAGT

PCV3-F Cap CAGCCCCCTAGCCACGGC 619

PCV3-R ACTTCATTACCCGCCTAA

1.5 ELHFRAARAERB S &

43 5LA PRRSV 4 ¢cDNA & i) PCV3 Cap
FEDUFN SIV M OB iR, SR 1 HAE g
YAt PCR, MR FR AN S5 2% Tag
RT-PCR StarMix with Loading Dye it 45454,
55 °CiR K Imin, PCR 434" ) 2 B N Wi 58 s
VKR T S alifl, 2% pMD-18T 2k,
AL R IAATR DHS o JBSZ 8400, 35100 T &%
A 50 mg/L 2 F ) LB Bi33krp 37 °CRi R 1R,
PR RVE #E1T PCR S JF A Tl . $REUTT
I e J3E 4 S i DL
1.6 = RT-PCR RN & Bk

DIAG A 3 Fo B 41 ORI AR & AR, SR
Tk 2 BE 5 5 W e PR e B A0 A B g R BE R 51 )
W . RWAKZR Q0 pl): 2xTag PCR StarMix
10 uL, 3 X5 ARIZHeE 0.2, 0.4, 0.6, 0.8,
1.0 pmol/L i a freidi W it , Ak 1 uL, ddH,O
AMEZE 20 uL ., J2 25442 95 °C 3 min; 94 °C 30's,
51.0, 51.8, 53.2, 54.2, 55.0°CiRk 30's, 72 °C
1 min, 30 ME¥; 72 °C 5 min,

1.7 = RT-PCR 455 M4iR1E

435 PRRSV, SIV, CSFV () ¢cDNA X%
PCV3, PRV, PCV2, PPVI, PPV2 Fil TTSuV1
i) DNA At , FIHLAS ) —5 RT-PCR J7
Yot ATk, [E B LA E 4 Bk pMD-PRRSV
pMD-SIV Fl pMD-PCV3 M FHMEXT R, DA ddH,O0
FIEREXT R, PEAR 2O 2 R R

1.8 =ZE RT-PCR RHMIXIE

¥ 3.22x10% copies/ul Y FE 4 JE KL
pMD-PRRSV . 2.17x10% copies/uL F T 21 Jii Hi
pMD-SIV F1 1.65x10° copies/uL Ay 5 2H J5i %
pMD-PCV3 Fi kel [al—# DR A 5, %88 10 £
fs LA BE, R 2 biy 2 Fh RT-PCR S 5%
PFEAT = RT-PCR R P 1 7 12 1 RAEE
1.9 =%E RT-PCR EEMIRE

o ST () = RT-PCR J7 vk k78 58 1%
S, HNIREE . Ll pMD-PRRSV., pMD-SIV
il pMD-PCV3 Mttt 17 RT-PCR 4744, &4
TIGM 3 RER ; HEEKE AR Ok
pMD-PRRSV . pMD-SIV F pMD-PCV3, Z5{AFH
RAEJG, MRS T 50817 3 Ik RT-PCR 4"
4 DIVFEASZ O I E Ak
1.10  If&PRAF A #)

FERIEVTA T X M, SRAE 67 0y il
HAURESL, W FTE S A = RT-PCR Jikk
I PRRSV . SIV Fl PCV3, P¥AG I BRI FH %L
Ho PR RERREE IO VL B R AR A BHRE b
B2 g T 2 mL B.OAEIF A PBS FI I # k 37
PFEWIEEIS, 4 °C. 12 000 r/min B5.0> 1 min
B3, ¥ B AL 41 DNA/RNA $2HGR &
VeI AR BUREE A RNA, SRJ5 ] PrimeScript™
RT reagent Kit Je #5415 # cDNA, £5HL
2 uL fE Rt . N A ST T 57 i RT-PCR
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Kl 565 E S @ i R E A T IE AT IS, 94°C 3055, 55°C30s, 72 °C 1 min, 30 MEH;

DL S %7 T 1 MR 72 °C 5 min, PASRAERNAR R 5 5 R kA
RT-PCR 43, ZEH WA 1,

2 BERHAN 23 =E RI-PCREBEMIRWER

21 BARE AR R A ZA5ILL PRRSV., CSFV. SIV [ cDNA #i

Wzl 3 R FOR 2SI PCR AIFLss PRV PPVIL PPV2, PCV3, TTSuV1 il PCV2
SR, AL BB 5 PRRSV. SIV f1 PCV3 (g 9 DNA Jyith, AIA{E{L/5 A9 =5 RT-PCR J7
FR BORBER  100% , ROTEgg gy PARHOTRRI, IRFEL ddHLO0 SV BITERTIE. 50k
Tk . AR ST ok % (LA PRRSV. SIV il PCV3 HMI0 I,
VL T B RN L B L B= R e X} PCV2.PRV .CSFV .PPV1 .PPV2 #l1 TTSuV1
6.02x 107660 L K I, 23150t ok 0 IR, S5ORINEE 2 B, RWTZO R
FE VBRI : pMD-PRRSV %5 3.22x10° copies/uL . T AF HIAESRES
pMD-SIV 4 2.17x10* copies/uL F pMD-PCV3 24 ZE RT-PCR REERWER

. 8 1 A 4] Y7 -
H 1.65%10° copies/yiL. 4 3.22x10° copies/ul A9 F 41 Uk pMD

22 =& RIPCR & [ & HH LS PRRSV . 2.17x10® copies/uL (1) HE 41 ffiki pMD-SIV

SR RS RT-PCR SHE AR B4y 1 1.65%10° copies/uL FTEZLBTR: pMD-PCV3, %%
BEAEA. RYHiE = RT-PCR ik z. L0 BT 1055 B HARABUR SR 11
2xTag PCR StarMix 10 uL, k. FiE514(PCV3 Tt , IR IS A9 —H RT-PCR J7 ik rkaiil .
1 PRRSV B14HBE 4 0.2 umol/L, SIV B4k B R, PRRSV, PCV3, SIV HH FURARE MG
% 0.3 pmol/L)¥ K 1 uL, BidR 4 1 ul, ddH,0  FYRIUTFRZ35120 10, 10, 100 copies/ul, %54
#ME % 20 uLo RT-PCR JZ W 251 : 95 °C 3 min; W 3 Fos, RINZOTERBER S .

A i5p B i
2 000
2000
{008 1 000
750
750 500
500
250 e
100 100

E1 =ZERT-PCREMEERSIMIKEMKE A:1-5:3B KJEEE351H451.0.51.8.53.2.54.2 F155.0 °C;
B: 1-5: 54350 0.1, 0.2, 0.3, 0.4 1 0.5 pmol/L; M: DL2000 DNA Marker

Figure 1 Optimization of reaction temperature and primer concentration for triple RT-PCR. A: 1-5: Annealing
temperatures are 51.0, 51.8, 53.2, 54.2 and 55.0 °C, respectively; B: 1-5: Primer concentrations are 0.1, 0.2, 0.3,
0.4 and 0.5 umol/L, respectively; M: DL2000 DNA Marker.
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bp M N 1

2000
1 000

50

250
100

2 == RT-PCR 51 M: DL2000 DNA
Marker; N: FAPEXTHR; 1. PRRSV., PCV3. SIV
IRAFRAER; 2: PCV3; 3: PRRSV; 4: SIV;
5: CSFV; 6: PRV; 7: PCV2; 8: PPV1; 9: PPV2;
10: TTSuVl

Figure 2 Specificity test of the triple RT-PCR. M:
DL2000 DNA Marker; N: Negative control; 1:
Standard plasmid mixed PRRSV, PCV3 and SIV; 2:
PCV3; 3: PRRSV; 4: SIV; 5: CSFV; 6: PRV; 7: PCV2;
8: PPV1;9: PPV2; 10: TTSuVl.

bp M1 2 3 45 6 7 8 9 10
2 000

1 000
750

500

250
100

3 =E RT-PCR #&M M: DL2000 DNA
Marker; 1-9: B FURIRIHEM 10 1515 LR Bk
FEAR U R 1x105%-1x10° copies/uL; N b BHEXT &

Figure 3 Sensitivity test of the triple RT-PCR.M:
DL2000 DNA Marker; 1-9: Recombinant plasmid

standard was diluted from 1x10*~1x10° copies/uL; N:
Negative control.

& 2 =E RT-PCR K&

Table 2 Detection for clinical samples of triple RT-PCR

25 =ERT-PCREEMRELER

o ST =5 RT-PCR kT EEE
R, #AIREE L. pMD-PRRSV, pMD-SIV #il
pMD-PCV3 A T RT-PCR §" 4, BRI SL K
e 3 W E K it m R 8 o B HR R
pMD-PRRSV ., pMD-SIV #il pMD-PCV3 Z{A&FH
RA G, TEM R0 405317 3 I RT-PCR 4
H, SR N, feE SH R — 2, S5
Kl 4 R, RULZ G EA RIFMES
2.6 lmAME @M LR

o FHASHFZE 357 i = RT-PCR J57:%F 67 5y
Il REE ARG, 252 % PRRSV Al PCV3 IRA
JYL R Ay 9%, PRRSV I SIV IR A YL RN 1.5%,
SIV #1 PCV3 IRAIEGH 3%, 3 Fli iR A sy
Hhy 3%, HE7 A = RT-PCR Al 5 2 5 B 4
) PCRAGINAF A 2G5 5] 100%, 45 94136 2 Fiw,
FTIZ T HA R AT A R FHASCR

2000
1 000
750
500
250

100

4 =ERT-PCREEM A. #itHi%; B:
#iREE; M: DL2000 DNA Marker

Figure 4 Repeatability test of the triple RT-PCR. A:
Intra batch repetition; B: Inter batch repetition; M:
DL2000 DNA Marker.

Virus Reported detection method!' > positive rate (%) Triple RT-PCR positive rate (%) Coincidence rate (%)
SIvV 3.0 (2/67) 3.0 (2/67) 100.0
PRRSV 9.0 (6/67) 9.0 (6/67) 100.0
PCV3 1.5 (2/67) 1.5 (2/67) 100.0
PRRSV+PCV3 3.0 (4/67) 3.0 (4/67) 100.0
PRRSV+SIV 1.5 (1/67) 1.5 (1/67) 100.0
SIV+PCV3 3.0 (2/67) 3.0 (2/67) 100.0
PRRSV+SIV+PCV3 3.0 (2/67) 3.0 (2/67) 100.0
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3 WwE5E®

b 3 AR 29 AL R AL SRt 2, ZF
JRAR A R AR W 2 . PRRSV., PCV3 #il
SIV VE R4 35 R IRl i BE AR YL PR , WD
B R IR S B AR A AR DL, T ELTR AR
YU b AL i e 5 R i ™ B e O
PRRSV Fl PCV3 {RA B H B Se R MR,
1M H PRRSV il SIV 1A B YL 2 AL A 1) B g2 i
N, HBLIL-6 Fl IL-10 [ mRNA ik /KB
B4 B3 BR PRRSV MLV S BTG AR AT,
D] b A 0 g 7 [) s AG 0) Z2 of Ji A A 3%
Zheng ZEUH FHAZRT G E B PCR B T
] B A6 PRRSV Al PCV3 F{ 6 5 %5 ; Anderson
S5OV R g v v [ B ARG U A 0 P 5 A A
WREE . BIFORRE . AL IR S R A R 5
% R R AR PGHE S s, —H RT-PCR J&—#f
L2 SR L0 Salll R

AWFFEEXT PRRSV [ M Fll N JE[F . PCV3
B Cap FEFFN SIV ) M FEFITT 3 X4k
S1Wy, Zih IR R PCR 55 | vk B 6 1 7 B
iR Rn, mAERJGREHR 55 °C, PCV3 Al
PRRSV 5[#1HJE N 0.2 pmol/L, SIV 5143k Ky
0.3 umol/L. Ll . MUt . EE WK
IE, 255 8R40 PRRSV, PCV3 #il SIV
X 3 R AEAS I A BAYE , X%t CSFV PRV \PCV2,
PPV, PPV2 Fl TTSuV1 %5 H: At 2 kil 2 >4 A
Ph, RUNZ T EEA RIFWR: 514 ; PRRSV,
PCV3 1 SIV T4 JFURbR M b A BR 43501y
10, 10 1 100 copies/uL, 5[] #f 25 g 7 (ks
Wl PRRSV (£ PCR Mo 48 i34 vy (146
I PCV3 W ZH PCR ML, AN EEA RIFH
BRORRAE 5 5 IR A5 1V S ) G T A 9 SR ) R A
SR RN B AR AR EL , A FE 8 ST ARSI
PAACEAG AR R o R, i HLELA [ A A
3 e B R L o ] A P e A 45 SR 1 —

i, RIZrEEA RIFmERYE, ah, FIH
AWFIEH 2T RT-PCR K 5 vk B AT
BRI ML X R R A I BE LRt 3 R R
67 IIGIARFE S A A , 2555 B/, PRRSV FIPCV3
IRAIYEF 9%, PRRSV HI SIV IRAIERYLR Ny
1.5%, SIV 1 PCV3 IREEYH 3%, 3 Fiiplaiik
BIRYLRN 3%, FH B L g R 3 Fivie
R Ik T HOAE, FF83 100%, RIZITER
A RAFMIG RN R . 1 FAWFIE T BB
B BT ASRE S R AR IR A TR O, A
fRE—2AE

ZE BTk, AREFSEERST PRRSV, PCV3 il
STV iX 3 Flvi J5 2 7. i = B RT-PCR #5301 5 2%
A R B R S PE S BB BRI RAE S AT
YRR , SRy 5295 114 350 77 A S8 D A I B 4t 1
RISy % o
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