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s%# (Porcine epidemic diarrhea virus, PEDV) #=% 6 Bk %% (Porcine delta corona virus, PDCoV) =% 5 #f 3¢
&% % PCR (Real-time Quantitative PCR, qPCR) 7 ik, %R %8, =% qPCR # R REY I d 3 # B #9m 5004
F A E A B, HFMAEF; 3 HEV. PEDV 4= PDCoV =4t & 69 R AKAR M IR 5 51 % 6.02. 6.98. 6.92 copies/pL;
MR A T F R E (CV%) A 0.10%~3.00% Z 18], FEWF. KArgsimEp AT 248 ik 0 A &4 e
282 By A BTN, B BT AR R R FAREAR N ik BT AT, BRI FRAR ST = MAmAabhtE
HH 0%, SARETEEMNER—K, 2B ERXT P, %7 %5 PEDV. PDCoV 4= HEV =4k & 694k h £ 5 51 4
1.06%- 3.19%. 0.35%, AR/E7 ikt dESHA 1.06%. 3.19%. 0%. FFTEH, EZ69=F qPCR &N 7 H ik A
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Abstract: Animal-derived food safety incidents caused by zoonotic diseases occur frequently. In order to control and ensure
the safety of pork consumption from its raw material source and to control the cost of pork and its products consumption,
this study constructed a triple real-time fluorescent quantitative PCR (qPCR) method that can simultaneously detect
hepatitis E virus (HEV), porcine epidemic diarrhea virus (PEDV), and porcine d corona virus (PDCoV) in pork and its
products. The results showed that the triple qPCR method could only amplify the specific gene fragments of three target
viruses, which had high specificity. The minimum detection limits of the three viruses (HEV, PEDV, and PDCoV) were
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6.02, 6.98 and 6.92 copies/pL respectively. The coefficient of variation (CV%) within and between groups ranged from

0.10% to 3.0%, with good repeatability. The established method was applied to detect 248 samples of pork products and

exports and 282 raw pig manure swabs, and parallel detection was also conducted using corresponding virus detection

methods for comparison. The detection rates of porcine epidemic diarrhea virus, porcine deltacoronavirus, and hepatitis E

virus in pork products and exports were all 0%, which was consistent with the results of the corresponding virus detection
methods. The detection rates of the three viruses (PEDV, PDCoV, and HEV) using this method were 1.06%, 3.19% and
0.35%, respectively. The detection rates of the standard method for these three viruses were 1.06%, 3.19% and 0%,

respectively. The study showed that the established triplex qPCR detection method can accurately and rapidly detect three

viruses in pork and its products or pig samples, providing technical support for ensuring the market circulation of fresh pork

and its products and blocking the transmission of viral foodborne diseases.

Key words: pork; hepatitis E virus (HEV); porcine epidemic diarrhea virus (PEDV); porcine delta corona virus (PDCoV);

triple real-time quantitative PCR
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AEFE RS AR Bak 46.83 Ji/ke!, 4 RIS AN 2%
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HEV. PEDV Fl PDCoV 45 34 514 8 i 8 9 B W
MU, BT, PCR KM F AR AE S ) IR £ e
IR A AR 24k, B X — R E P A S e ee I
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55 4y FE RN, FEIRLASE A R 20 £y 36 248
FEdh, 2021 4F 12 H 0y F] 2022 45 3 H 03301 18] oAb i
K AR AL BN B IR AGHE s FRIH A R 2
il 282 1y REAAZIR R T BER S S F AR e s
57580 C MBI VKAE; HEV BHYEFREA  HPERIR
R R A S e 38 0 vp RIS oL PR AR AR N IE R
( African swine fever virus, ASFV) . % Ji& J§ &
(Classical swine sever virus, CSFV) | [ B 2 55 75
(Foot-and-mouth disease virus, FMDV) . ThIERIRIR
#F ( Pseudorabies virus, PRV) | 3 & ¥ 55 7 2 Y
( Porcine circovirus-2, PCV-2) | 3 [ 37 5 3 3 %Y
(Porcine circovirus-3, PCV-3) | 3541/]N% %5 (Porcine
parvovirus infection virus, PV) | 3% 4Lk B 15 %
J% B# ( Porcine transmissible gastroenteritis virus,
TGEV) . ZEJE KK 5 (Seneca valley virus, SVV) |
¥4 W H-9% 5% (Porcine Reproductive and Respiratory
Syndrome virus, PRRSV) FHPEBCRIBCRETH  HH ALHR
g G AR e L5 ZE AR AF s QlAcuity™ Probe PCR
Kit. QIAcuity® One-Step Viral RT-PCR Kit, JFki/»
#IAF & QIANGEN PLASA AT H A R W
pUCS57 Simple TA/-uiid FH pr a4 (5 8asz 285)
A YR A BR 4 7] 5 SsoAdvanced Universal
AR A A L2 i I R
F]; MagPure Viral DNA/RNA Mini LQ Kit J 38
A=Y FL B A FRZA F]; One Step Prime Script™ RT-
PCR Kit (Perfect Real Time) TAKARA T4 T.
BARAE .

SERF R 7 PCR Y SR VR ES 0oL XR3 .
ML 2 H ik S5 RIBEBUX . TEIRIRSI EEZE
BROC A R B H 4 A 5 QIAcuity Four PCR Y
QIANGEN YA AR AT R F]; 4 [ shEEk
Bt /25 £E UVP AN LWL 4t
Biotech 2\ 5 HL 7 K 78 [E 38 2 A W A &
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orf AEP E AT W HRUTEE  Bigsa Il g
JEABRAF
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1.2.1 SIYBEABIT S &M 7E GenBank Hrk
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TN#E HEV i Z i se 3L H )7 41, 38 & DNAMAN
Il Megalign ZRA4F-2EF73E 5721 LU, ik HH 49r S 1
Fr B, FIFH Primer 6.0 AT 55 [ P FERET, K
BEHFHIS | IIRET S TAE T g A T AR PR H]
4. PEDV 5|¥#4ET 7 22 iR dE SN/T 1699-
2017 E WA THENE TS KA PER AR IRIE ), PDCoV 5%
£ 2 BARE SN/T 5124-2019¢%% Delta AR5
FERPRER R BIAL ), TS E LR 1.
1.2.2 PFHEEBCK 4  PEDV Fl PDCoV #9 BHH: 5t
B2 R B 193 K 7 31 (GenBank % 5% 5 4351 N
MT787025.1 Fl OK546242.1) H 4= T AW T & .
JH 25 32\ ] 59 MagPure Viral DNA/RNA Mini LQ
Kit 320575 S e ORI R BEAZ IR, P38 B 1 B .
JZ W AR 22 25 B8 One Step TB Green® PrimeScript™
RT-PCR Kit (Perfect Real Time)ix3| &30 45, I
PRIF M. kL 5% 42 °C, 5 min, 95 °C, 10 s; 95 °C THAS
P 3 min; 95 °C 28 10's, 60 °C B K 30 s, 72 °C 4
i 30 s, 40 PMEFF, 72 °C FE{H 10 min; 16 °C ~7FE
PCR 7=¥1%8 1% BB HE B Uk KU, #% 18 Takara Mini
BEST Agarose Gel DNA Extraction Kit JIiZ [8] A5
& BEAT YD ] e Ab 3R, BiE S $% B/ pUCS7 Simple
TA/ Vv FH o8 [ 2044 (5 B2 285D B E Ul B 0¥ B
W) R BEiE 23] PUCST K . B e iE =%k
1k 2 RTS DHSa B2 &40, P KI5 3% )5 PCR &
PE . P2, P45 SR 7E NCBI _LiE4T BLAST 43
BT, FEF A 4 B A TR BRI ISR . K il 2 e 1) S
7 FH TR DN ) A B A 1 8 1 S S Bk v
B, THEE VIR, URAEE-80 C 1 H
DNASE 1% = JRIDNAIK E x 6.02x 10” x 10
(éﬂ‘cﬁs&rg +H E‘J}#Eﬁ{éfﬁ) X 660

1.2.3 HHEE RNA #2H0  FESETANES2E SCHk [24].
P S FHBY ] Z S PREBEENR T . RS54 25 5y
PR 3.0 g BT 15 mL 23K, ST TRl g 2 md i
SLAE R AR &L, ZEA 4 mL PBS W UERE S 3 ¥R,
23R TR I IR AN UE R 4 T, JS i A 4.5 mL
PBS HifFIR AT, FHR A S0, Ml e s gl 4l5¢
SRR, I IR 3 UK, (e EE SR BRI R PBS

®1 SIS EH TS

Table 1 Primer and probe sequences
51YHRE JF31(5°~37) (AT T E (bp)
HEV-F CTCTCGGGCTCTTCTGTT 5187-5204
HEV-R GGTTGGTTGGATGAATATAGG 5342-5362 171
HEV-P CYS5-TGACCGGGTTGATTCTCAGCCCTTCGCCCTCC-BHQ2 5310-5341
PEDV-F AACGCTAACACTCCTTAG 26106-26123
PEDV-R GAAGCATTGACTGAACGAC 26255-26237 150
PEDV-P FAM-TGTACGCCAGTAGCAACCTTATAGCC-BHQ2 26143-26168
PDCoV-F CGACCACATGGCTCCAATTC 23406-23425
PDCoV-R CAGCTCTTGCCCATGTAGCTT 23475-23455 70
PDCoV-P ROX-CACACCAGTCGTTAAGCATGGCAAGC-BHQ2 23427-23452

#:: RATHEV, PEDV, PDCoV 5 | 3R 41 F5 80 B 4351 L) GenBank H 855 7X855794.1 ORF3FEH, B 5E5MT787025.1 MZE [ 5 K FIE: 5 5 0K 546242. 1

MEFERE NS,
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5000 r/min BS.0> 5 min J5 & H. AREZE TR &
Fe, Hil#5 10% MZSEERR, BEE R 0.1g £ 1.5mL
EP 4, il A 0.9 mL PBS, pH W& 7.2, IBiER %
3K, B 10 s, B 10 min &, LA 8000 r/min F% 5
B0 10 min, WHX Y5 E59rA9 1.5 mL EP & 45
AZTRFREL: W BB (AR S VB 200 pL, 4%
8 Mag Pure Viral DNA/RNA Mini LQ Kit $&Hz5]
S HAE, F KingFisher ML A% R HE BV UHE U
2 RNA.
1.2.4 =5 gqPCR ik R @ Kefifk HR4E One
Step PrimeScript™ RT-PCR Kit (Perfect Real Time)
ik 7 & Ui B B ¥E 4T HEV., PEDV fl PDCoV — H
qPCR JZ 1V, ]2 W A2 22 FNAR 17 2 RE R T 92 56 2R B
qPCR ALy i 2 FVRR 7, B2 2R : AR 95 °C,
10 s; A8 95 °C, 10 s, iR K HE{H 58 °C, 30 s, 45 P&
DG, FEILIERR L, P —2E 3% %1180 =XT 5]
Yy, FHG B BRAE BOR A T S N AR RS | R T
Ak, FHB KIREE (52, 54, 56, 58, 60, 62 °C), 51¥)
" & (HEV. PEDV 514 & 10 umol/L, PDCoV 5|
Y BE 5 pmol/L, f# H & 0.2, 0.4, 0.5, 0.6, 0.8,
1.0. 1.2 pL), ¥4k JE (HEV., PEDV £ £ ¥ &
10 pmol/L, f#if& 0.1.0.2. 0.4, 0.6, 0.8, 1.0, 1.2 uL;
PDCoV ¥R £+ #& £ 5 pumol/L, i fH & 0.2, 0.4, 0.6.
0.8.1.0. 1.2 1.5 pD) #7454k (36 2), 5
B =R H B0 RS A8 XAH 5 s
AT, BfiE = qPCR WA N 514

%2 HEV PEDV PDCoV —H qPCR At i 4 5
Table2 HEV PEDV PDCoV triple qPCR optimization reaction

system
FFR (L)
SsoAdvanced Universal Probes Supermix 12.5
PEDV-F(10 pmol/L) 0.2~1.2
PEDV-R(10 pmol/L) 0.2~1.2
PEDV-P(10 pmol/L) 0.1~1.2
PDCoV-F(5 pmol/L) 0.2~1.2
PDCoV-R(5 pmol/L) 0.2~1.2
PDCoV-P(5 pmol/L) 0.2~1.5
HEV- F(10 umol/L) 0.2~1.2
HEV- R(10 pmol/L) 0.2~1.2
HEV-P(10 umol/L) 0.1~1.2
AR 3.0
RNase Free H,0 #MEF25.0 uL

1.2.5 =3 qPCR H LR mrEidse  $2HL ASFV.
CSFV. FMDV. PRV, PCV2, PCV3, PPV, TGEV.

SVV. PRRSV JRNBERZIRIE MR, LA HEV ., PEDV
1 PDCoV IR FHJBORL, I L RNase Free H,O
S BT BE A © Ak A i S N, S A 3R AT — R

qPCR J2 )W/, %7FE HEV ., PEDV #1 PDCoV =1 qPCR
WaRZNINEERZ T Co

1.2.6 — 3 qPCR JyiBURe Ml as Fbn e ith 2k 25 6l
¥ HEV. PEDV. PDCoV BH 1 & ki % B A4 FH b

11V IRA R, 22 10 5L EER RS, 1T 2 f5Fm R, 1
B BAPEXT IR, B2 =5 qPCR J7 A M PR, 545
WETTIRP O AT LB, ARG HER 6 a5, FH Applied
Biosystems® QuantStudio®5 %< )G 5E H# PCR X ALE
A2 —H qPCR JikbniEhgk, Harfrgetd:mle
58T
1.2.7 —# gqPCR ik & ZE LK ¥ HEV.
PEDV. PDCoV &G FHIE USRI THELE 10 4545 LU
B, BEHL 10°, 10°, 10* Fl1 10° copies/puL Y 4 AS[E]
e A R FE A JTORIUEF T —HE qPCR AR 15, ARk
JE ARSI 3 5 A A PN EE A AR E A G, AR
BEEE 3 K, VAN ETER ST iR A
1.2.8 N T35 4u5% AR SR
1.2.8.1 FESARERTTEE £E 2.5 emx2.5 cm*2.5 cm
A/ NBReAT] ) PR SR T e B 4 VRS A, BF 100 pl 107,
10°. 10? copies/uL =i BEH< ) HEV . PEDV Hl
PDCoV YR BHMH: kA% i £ BOR 43590 FH 3 ) 28 1
S8 = /NRUIRIR T, 5T 4 °C, 2 h DL BRI
TR L. BRT5 YL = ES R AR S 4 S
F 3 % 50 mL B0, A PBS WFEE BUSTIRWK,
5000 r/min 250> 5 min, BLEIEH 200 pL, 18 MagPure
Viral DNA/RNA Mini LQ Kit $& a5 & U6 8 451
1E, H KingFisher ML #ZMRE2BUHEBUREE RNA, 1%
i F—80 °C 17, B MURIEEE 3 K, [FRTLIR
V5 AL RE I JEURE PAARE S A A BT R
1.2.8.2 A TLi5 Y g 8 [IBCRIHRR. Y
= qPCR Kl i 43 S R AN [R) e BE s G i DI &I )
I ERAZ IR AN A BHE B AZ R A TASI, A R BE TR
3 WK, THFEYRTERISCER . [ICRIHAANTT
e s o DEDUR BESE PR $5 DL

R O = e e IR UL
1.2.9 SZFREEARKI  XF 2021 4 12 A 73 5] 2022
A 3 Uy AREDSLER T A A LI B Y 248 1355 1A
Tl Eh AN 282 1 A FR 5 PP B S I FAREAAZ IR FH —
. qPCR J7 75 FURR HER I J7 325 A7 A, W) Bsk LA
10° copies/pL 4 FH TR G ks & BHEXT B, RNase
Free H,O M IAPENTRE . XF &5 b 4T HLE 34T, PR
IR S M
1.3 HIEAIE

X FH DNAMAN £l Megalign #1447 751 b
XF, Premier 6.0 175 #)ikit. HE MG TELS R
IR SPSS A4 T 22537 F1 ANOVA
Sy AT s 3B KR AL B P SPSS A 43 M S SR
Origin 21l &% qPCR EZALFE R CFX-Managerr
D¢ G B8 PCR ¥ Bio-Radcc Tt 2= # /: #1 Applied
Biosystems® QuantStudio®5 ¢ )G 4E i PCR Y g4
AR THTTAL R

100
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2.1 [PAMEBRAHIE

HEV. PEDV F1 PDCoV = Fi 55 2% BH P 51 s i
B R HHE DU L 3,

F3 ORI Kb DAL
Table 3 Calculation of plasmid concentration and copy number
B4R FobiE (bp) BRI (ng/ul) 5 W%k (copies/pL)
HEV 2881 19.0 6.02x10°
PEDV 2860 22.1 6.98%10°
PDCoV 2780 21.0 6.92x10°
2.2 =E qPCR REZFERIMMK

2.2.1 iB:kIEEIE HEV. PEDV Hil PDCoV =
H qPCR iR K IREME L AN, 76 52~62 °C X [R5 5E
6 1™ B A BE R] Ct B A7 7E W 25 Mk 52 i) (P<0.05)
(1), 1B K HREE 58 #1 62 °C B}, HEV, PEDV
1 PDCoV —FpiigaE Ct HE/DN, b2 615 551
B, 7EiR KR 58 C i, =k EE Ct [HR/ NG Gk
B (I 2) o L5675 1849 B LR E 58 °C, 7Ei%

3151
31.0
305
30.0
295
29.0 |
285
280
275
270
26.5

CtfH

50 52 54 56 58 60 62 064
EHZ (°C)
AR JGREE T = qPCR #7314 Ct {441
Results of Ct values and significance of triple qPCR

Kl 1
Fig.1
amplification under different annealing temperatures
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ARn

iBKIRET, 2G A SRy 1 th 8 -1 B CtEE
k. = qPCR WY)W FEF M. 42 °C, 5 min; 95 °C,
10s;95 °C, 10 s, 58 °C, 45 s, 45 ME*F .

222 Sl EWwE L SN E PEDV M
PDCoV W5 85 14 5 | W HREH R JE, M4l HEV §1%
HIZR CtfE . ¥R | POBE S5 E e HEV &%
1 B9 P 3T 5 9 R B e 415 (10 umol/L, 1.0 pL,
1.0 uL; 10 pmol/L, 1.0 pL, 0.8 uL), [RIARE 7 36
PEDV A1 PDCoV i Y A X 5| 4 £ vk B 40 &
(PEDV: 10 pmol/L, 0.5 uL, 0.2 uL; 10 umol/L, 1.0 uL,
0.5 uL, PDCoV: 5 umol/L, 1.0 uL, 0.5 pL; 5 umol/L,
0.8 uL, 0.4 uL) . FREF=Fm s A B mixss 4
REF U BE 22 LA & JF 347 RN, 358 H X = Rl B
Ct HMZGE SR/ MIH G . —FiREET]
PIRE AL S 1 & LK 3, Ct (H L3 4, #fiE —
B qPCR WEAERNARZRUNZE 5.

2.2.3 —H qPCR $r5SEEIE B R B dEr iy
= qPCR il 7 72 T HAth 10 FhAH s B A6,
LFEHR IR, 5 HEV., PEDV., PDCoV A4 AP 1 i
2, H.4y 10 #9% 2 (ASFV. CSFV. FMDV. PRV,
PCV2, PCV3, PPV, TGEV. SVV. PRRSV) FlH M=
XTHEITCY B 2 (8] 4), RIS () —FE qPCR £
M B RA M.

224 —=H qPCR REUZEFMIrAEML LA HEV.
PEDV 1 PDCoV A BHMH: BB (i B 43518 6.02x
107~6.02x10°, 6.98x107~6.98x10° F1 6.92x107~6.92x
10° copies/uL) 8 ™1k BEAE S AsHe , {5 A E 4L dg- 1%
J7E T = qPCR M7, G5 R BoR, —RR Bk
i f A 24 fEAG I ] 10° copies/uL( [ 5) . Tk
10° copies/uL 15 A BH M TR B 3 A5 # B (HEV,
PEDV #1 PDCoV FHY: BTk 5 43 514 6.02. 3.01.

0 = ™

—25000

2 4 6

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

T2

K2 f R KRS T = qPCR #7145
Fig.2 Triple-qPCR amplification results of optimal annealing temperature
G B 1,2, 3 0 BIREE KR E R 58 °C B, HEV., PEDV Al PDCoV =Rl i i 1 2k .
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Fig.3 Optimization results of Triple qPCR primers and probes for HEV, PEDV, and PDCoV
T 1, 2,3 435183 HEV, PEDV Il PDCoV et B I WHRET LA T, =FRaEid e ih 2k .
# 4 HEV, PEDV Hl PDCoV = qPCR 5L R (CL{H)
Table 4 Optimization results of triple gPCR primer probes for HEV, PEDV, and PDCoV (Ct value)
5 HEV-F, R, P PEDV-F, R, P PDCOV-F, R, P CtfH
- PRBA(uL) PRBA(uL) PB(L) HEV PEDV PDCoV
1 1.0,1.0,0.8 1.0,1.0,0.5 1.0,1.0,0.5 30.02 26.79 30.58
2 1.0,1.0,0.8 1.0,1.0,0.5 0.8, 0.8, 0.4 29.72 26.80 30.32
3 1.0,1.0,0.8 0.5,0.5,0.2 1.0,1.0,0.5 29.53 26.33 30.05
4 1.0,1.0,0.8 0.5,0.5,0.2 0.8,0.8, 0.4 29.33 26.83 30.31
5 1.0,1.0,1.0 1.0,1.0,0.5 1.0,1.0,0.5 30.92 26.79 30.40
6 1.0,1.0,1.0 1.0,1.0,0.5 0.8, 0.8, 0.4 28.91 26.32 30.43
7 1.0,1.0,1.0 0.5,0.5,0.2 1.0,1.0,0.5 29.03 25.93 29.99
8 1.0,1.0,1.0 0.5,0.5,0.2 0.8,0.8, 0.4 28.85 25.79 29.95

H: RPFFIRIEM B, RER 0514, PERAREER, HEVAIPEDV B S [ HREME 10 umol/L, PDCoV KI5 41544 45 umol/L .,

%5 HEV PEDV PDCoV = qPCR k%

Table 5 HEV PEDV PDCoV triple qPCR reaction system 3000 1 PDCoV
R FRR(AL) o PEDY
2xOne Step RT-PCR Buffer I 12.5 ol 2000
Ex Taq HS 0.5 e HEV
PrimeScript RT Enzyme Mix Il 0.5 K 1000
HEV-F(10 pmol/L) 1.0
HEV-R(10 pmol/L) 1.0 0 : n = ;
HEV-P(10 umol/L) 1.0 0 10 20 30 40
PEDV-F(10 umol/L) 0.5 [GE=
PEDV-R(10 pmol/L) 05 %l 4 HEV. PEDV fil PDCoV = qPCR 55tk
PEDV-P(10 pmol/L) 0.2 Fig4 HEV, PEDV and PDCoV fluorescence of triple qPCR
PDCoV-F(5 umol/L) 0.8 specificity test
PDCoV-R(5 umol/L) 0.8 . N N . N S
PDCOV-2(5 pmollL) o4 B IRy 4. 25901, =% qPCR Kl Jr ik,
v 30 HEV FHMEBORIAGIFR A 6.02 copies/uL, PEDV [H:
RNase Free H,0 AMEF25.0 L JERIAS I B A 6.98 copies/pL, PDCoV FHA: sk A

BR>A 6.92 copies/pL, IR Tz H & Ioy #4 ith £k H ok

1.505 copies/pL, 6.98. 3.49 1.295 copies/uL 1 6.92.  IAEFIFHEZEG(E5E
3.46. 1.73 copies/pL), #47 = qPCR 2, HZTC 2Rl 24 R WO (K 6), TEAZ IR $5 D %L
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Fig.5 Sensitivity of triple-qPCR of HEV, PEDV and PDCoV
TE: A P ERE 0~7 43 5IMCER HEV JBURiHE DUECK 6.02x107~
6.02x10° copies/uL; &l B H1 & 7F 0~7 43It 3 PEDV ki #5
HCH 6.98%10'~6.98x10° copies/uL; &l C HHEIE 0~7 43-5I1%
2% PDCoV ki LUK 6.92x10'~6.92x10° copies/uL.

1000

107~10* copies/pL JEEIPN, =R aEbrfE i 2 R
HEPESRE R . HEV., PEDV Hl PDCoVZR Mk iE 2%
(R 415312 0.999. 0.996 Fil 0.993; =FlRFE5 P
B (E) 533 94.16% . 113.56%F1 112.15%.,
225 —H qPCREXE MIUE LI 10°, 10°, 10%,
10° copies/uL HJ HEV ., PEDV . PDCoV & FRIEFkL
VERASMR, AT T AL EE S AL EE SR . AL
R HATEAE R MEZE (SD) B/ T 0.4, P s
4f-, dH PRI R AR 53 R B (CV %) ITE 0.10%~3.00%
Z[a], A] W7 #Y —H qPCR Kl 7 ik i1 A2 MDA M Fa
REMAF(FR 6),

226 ANTiHmRFREMEEE A 10% 10°,
10% copies/uL =¥ ) HEV., PEDV Fll PDCoV
VB BHPE BTRIAZ 8 Xk S RO RN Tis 4%, PP —
H qPCR HiEEE M P KNSR . 458 B,

A3
31
30
29
28
77
26
25 >
i 24
5 % y=—3.47x+38.77
71 R=0.999
%9 E=94.16%
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16
15
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il s L

CHH
[\ ]\
N

23 y=-3.03x+37.93
3 R=0.996
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i 5 UL

CH{H
15
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Fig.6 Standard curve of triple-qPCR of HEV, PEDV and
PDCoV

TE: A. HEV #rifE I 28 ; B. PEDV #RifEHI 2k ; C. PDCoV A i
£k

HEV. PEDV Fll PDCoV =FPJia: A= [A] V5 4L ik & (1Y
[e] A R 358 L T 22 551 (P=0.285, P=0.580, P=0.613>
0.05), YA 22 ANOVA 6 56-LSD ¥2: 3E47 9
b, =R s ISR AT B P R TS Ye ik i 2 [a] 9 22
SEYETEGE 24 X (P<0.05) (3¢ 7). A WL, =Fhipg
BETEANE A5 GL i B2 19 B b A ISR 2 45, oI REwk
R A

2.2.7 SEBRAE SR EE R W AT FH SN/T 4235-
2015, SN/T 1699-2017 Al SN/T 5124-2019 Fr # K
W7 s . BT 40 = H qPCR & J7 5% 2021 4=
12 A E] 2022 4 3 F A BATE] B G A Hhues U
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# 6 HEV.PEDV #l PDCoV = qPCR B & HKIIE
Table 6 HEV, PEDV and PDCoV triplex qPCR repeatability test

HEN TS 28 (CefH) k) 5 SLER (Ce {H)
FEARZERD  FESRE (copies/pl) . . 3 HNAEFRECV (%) 5 3 2 [E) 28 5 RECV (%)

6.02x10° 18.24 18.28 17.99 0.86 18.78 1891 18.82 2.06

HEY 6.02x10° 21.47 21.66 21.82 0.81 22.08 2223 22.17 1.39
6.02x10* 24.62 24.56 23.99 1.43 25.58 25.56 25.49 2.68

6.02x10° 28.35 28.54 28.00 0.97 28.99 29.07 29.01 1.52

6.98x10° 20.26 20.50 19.97 1.31 20.81 20.86 20.97 1.90

PEDY 6.98x10° 22.71 22.82 23.01 0.66 23.59 23.60 23.66 1.86
6.98x10* 25.29 25.04 25.40 0.73 26.59 26.04 26.40 2.48

6.98x10° 29.00 28.87 2891 0.23 30.00 30.12 30.01 2.08

6.92x10° 20.85 20.83 20.69 0.42 21.58 21.53 21.64 2.07

PDCOV 6.92x10° 22.69 2258 22.50 0.42 23.67 23.38 23.42 2.20
6.92x10* 25.80 25.78 26.00 0.47 26.79 26.79 26.85 2.00

6.92x10° 29.84 29.98 29.84 0.27 30.06 30.08 30.13 0.42

T ZE qPCR J7ikRREK OB A [R]75 Gk B iR
Table 7 Recovery rate of different contamination concentration
of canned raw meat by triple-qPCR method

. R (%)
TRRE AR : : :
10* copies/pL (n=3) 10’ copies/uL (n=3) 10* copies/uL (n=3)
HEV 25.3040.12° 30.75+0.29° 23.40+0.44°
PEDV 21.89+0.48" 29.17+0.32° 20.67+0.48°
PDCoV 27.51£0.47° 32.94+0.84° 25.26+0.45°

TE:a, b, o FURE—47 OR[FT5 YLk B ) Z [0 (¥ 22 5 8 &, P<0.05,

# 8 —H qPCR FIBRIEARGIN 5 v 0 S il Y

FRPEAS I 25
Table 8 Positive test results of triple qPCR on pig derived
samples
= H qPCRIGHIN 7 % CH{H eI 5 v CHE
TR
HEV PEDV ~ PDCOV HEV PEDV PDCOV
5-1H N/A N/A 36.90 N/A N/A 38.16
5-2C N/A N/A 35.56 N/A N/A 37.92
5-2E N/A N/A 37.28 N/A N/A 38.17
5-3E N/A N/A 36.90 N/A N/A 38.20
5-4B N/A N/A 36.97 N/A N/A 38.34
5-9B N/A N/A 37.40 N/A N/A 38.26
1-7E 37.64 N/A N/A N/A N/A N/A
1-7F N/A 19.39 36.04 N/A 39.94 38.99
1-10H N/A 39.61 38.15 N/A 36.01 39.08
1-12F N/A 37.54 36.66 N/A 39.05 38.99
NC N/A N/A N/A N/A N/A N/A
POS 20.96 19.14 25.54 30.30  29.69 27.72

% gc B X B s POS: B X A s N/A: Kol 2 55 % 1 1 5 PR e 3
FI ) 248 4y Hy F3% PR R HCH 5, DL R 282 15 £ FE5H
Y A 2R S A A . RS I 25 R R, TR
248 Oy H 1RSI B R, AR AEAS I k. =
gqPCR J73:%f HEV., PEDV #I PDCoV = Fl ik 7 1Y
Koz H 4R 0%; 16 282 Uy it 1 i A 3% 283K T 16 5
h, FRUEDTEXT HEV., PEDV # PDCoV =MW EE
S RS BN 0%, 1.06%. 3.19%; = qPCR )57k
ARG 551N 0.35%., 1.06%. 3.19%(F 8), Al I,
55 FRAEAS I J7 v AH L, HEV A H 45 2] T 12 7),

PEDV Fl PDCoV #i 3% —3 .
3 hHt54Ee

SRS O S EERE 1T LA o R k]
BRSSPI B, X ShEE A L IR R R L K
N FE A 38 DA L2 A ™ B )R e WHO 1
BN, 75% 1 3 e s S N SR AR, Hoh A
70% Z/] AL Y —Fh st AR IR S IR TR
AR EE . SRR RS S A &Y, AR H
AR 2l T S EE T, AR A AT
JZ L B INSRIR TR RE B S, A R AR
I A B AL 1) e BT R o i el B v
a M B &2 Ry NI IR TG, fcohy SR rh AP 25
AAERTEE(MERS-CoV) Fll5 | 7™ 8 & PEPF IR S5 5 1F
i EE (SARS-CoV) #BJE N B 15 b= A1 . 7L
T T el Al 98 REA B ¥ TAESE 130 373 18l & A 2
b, EFE DAMREERAELR ., BERE ML SN
PEAR U A S g0 = AR IREEAN4, B EEA
SIEEZ RAERE, (B AT RER TS UL, M il 48 92
1 7 B 1) ] SEHE 1 VA A 2R T AN A M R R R B
SARS-CoV-2 7548 A B R M rl 8 CoVs
AR, INEPETFIE S 4R Tl RImigs (e
Py EAAE RNA FoUE M2 FUR B L R a5+ 1, AHE
SR H A SRR 75 8 2 A S ARG A T REME: o

HAT, XF HEV., PEDV #l PDCoV =i 8¢ 1K
) Z2 SR FH 2. H 26 6 72 B AN 2R A AR B 18 S
(Loop-mediated isothermal amplification, LAMP ) &5
R W AR, 228 qPCR & J7 = iAo 8570
T HAth 2% 35 28 57 (K I 7 2% v, TaqMan 26 56 @2
 RT-PCR Jy 5 XF HEV B4 46 I R 4 7T 35 2.0
10" copies/uL!"); X} PEDV ) RT-PCR Jy 3246 i B
A 4x10* copies/pLPl, SZHS ¢ Y6 RPA 45 iR A I 5
1B F1 RT-LAMP e A6 i o 75 B9 R85 ¥ 20
2 copies/uL, 235 Xt PDCoV N 2 [K & 37 2¢ 51 RT-
qPCR Jy KM R A 6.3 copies/uL!>!, TagMan ¥4}
qPCR Jy A bR 2.2 copies/uLP?, A58 H, =
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HL qPCR A J7 72 %0 =i 75 A B {EAS: HH BRI EIA
FA7HE D%, X} HEV ., PEDV Fll PDCoV —Fhiik#E
FE A BR 43591/ 6.02., 6.98. 6.92 copies/uL. A
L, 207k RBUE R E, HARBORSEE T 28 [ AR 5
T ZZ X5 ARSI S S0, B = A REAR B R T
FEEIHRAK. 5 4h, HEV., PEDVAI PDCoV —FhJik 8
TEARSEFE TR S T aAS Hh 3 5 DS I RE Sk |
SKIFURIAL Y VA8 PRRE i S5 AR AR L, BHAPAEAG: H A< )]
WAL o FE AR R XA R AP 2 50 5% P sl EA T
HEV KU S5 59 o, & . 38 i S s a B 55 AN
[A]7=d i HEV BHAA3AT — 8 2857, TELAZEFEIT A I
Bl £ A 5 v HEV BHMAS Rt & & b
HEV BHPAEAG HY 3855734 AT B Py 28 3 hin s £ il
J, B TR R ARG, ELAS RIS P B B T AN A
AR R A5 AR BT SUHR e X B A AR R
Wi 33X S A SEAT 51 AHAT . T HEV AR
G55 R B W R WS BEAE R EE HH AR M5, TETCA R
T TR T ZEEREIF IR P AT PRI, ASBIF
FEAEHE 48 R R G et ARG I % 1) [R] s e 1 —
b B B9 A HH 5 6B AT SH BT HEV .. PEDV Al
PDCoV =Fji 5 i B IR AL H A — &S H M
fH.
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