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Abstract: Porcine epidemic diarrhea virus (PEDV) infection causes acute diarrhea and dehydration in piglets, with a high mortality rate,
posing a serious threat to the healthy development of the swine industry in China. In order to clarify the epidemic trend and genetic evolution
of PEDV in Shandong Province, we conducted an epidemiological survey in 13 prefecture—level cities in Shandong Province from 2022 to
2023. The detection of the N gene of PEDV showed a positive rate of PEDV in 228 suspected diarrhea samples to be 48. 68%. Meanwhile
the co—infection of PEDV with porcine deltacoronavirus (PDCoV) and porcine rotavirus (PoRV) was found in the PEDV—positive samples.

Subsequently, the S1 gene of PEDV —positive samples was amplified and sequenced, and the genetic evolution analysis of PEDV —positive
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samples was conducted using MEGAG software, which showed that four prevalent strains belonged to the G Il ¢ type and one strain belonged

to the G Il a subtype. We further isolated the prevalent strains and confirmed the successful isolation of a PEDV strain ( named

SDQD20230628) through detection of the N gene and indirect immunofluorescence staining. The S gene genetic evolution analysis of the iso-

lated strain showed that the isolated strain had a close homology with the G II ¢ subtype. It was found that PEDV was still the main virus cau-

sing diarrhea in pig farms in Shandong Province, and a trend was emerging that the G Il ¢ subtype strains were getting prevalent. This study

not only enriched the molecular epidemiological data of PEDV in Shandong Province, but also provided important theoretical support for pre-

vention and control of PEDV.
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FMATHERETS (porcine eridemic diarrhea, PED)
TG RAT YN SN 7 ( porcine eridemic diarrhea vi-
rus, PEDV) 512 A4 — it £ G 14 5k (0 0 2k 9 9%
A, SRR I RAE R A KRR TS | et | K
A K G855, B A R R S T R T i ik
100%'" . PEDV F 20 42 70 4FARZERKIN B R B,
1978 4 LA 2% 3 Pensaert B YA HL BT T LR 3)1%
INEE, IR EERAT AN CVTTT . B S 7E £ A BR
PR 2 RN, HG IR AEAR 5t v E R
(transmissible gastroenteritis, TGE) H{l, FBIHFRH
WATTEWR TR TS (epidemic viral diarrhea, EVD)
HiE 1984 4FE R Z 8L PED i, 2010 4FJiK PED
PETS KRBT &, 45 v [ 337 8 Ml 3 il o R i 28 3%
i1 SRR

PEDV J& T o &HIRIKE T B ( Alphacoronavirus ) ,
RN K20 28 kb, ALHE 573 A 37 3 H A~ A B
PEX (UTR) A1 7 AP EEHE (ORFla, ORF1b,
S, ORF3, E, MAIN)"", S &1/ PEDV Kl —
FWEE T, &5 RERAE, B4, RAMBEL
FEED, RN S A AITIE ST AbUA, 5
Rt 2 AL G A iEm &, HmAMBUE e S
AR BB T S AU A G, Btk S HH &
WYL AE L [ UE 4T PEDV AYBAE AL i L S
BEEATSR SR S2 PIANIEEE, ST HEZ: 5 7 b
FHEFEEAPUN, S2 WL # AR 0L 2
RIEETAEN

ARFFEX LA AE PEDV JF R4 T Wi AT 2 i A
XPUATRERR AT 3 B M E , RAE S JEPRIX AT R AR
FristfEt AL sy Air, [al I A 8 ARG 5 (porcine To-
tavirus, PoRV) , J&fE/R¥E AR EE ( porcine delta-
coronavirus, PDCoV) FAL e B W 2 0 B (transmis-
sible gastroenteritis virus, TGEV) & [H P %, 4 #r
PEDV 53X 3 Fl e a2 i) S AF B0, LU L AR
# PEDV iR fe b I 2%, £& PED B
A1 Bl

1 MRS

1.1 RFIF0LHAR

BioFlux RNA #& ik 77l & W B BIOER 2 Fl;
HiScript Il RT SuperMix for qPCR ( +gDNA wiper) , 2x
Phanta Max Master Mix ( Dye Plus) W H Vazyme 23] ;
Premix Taqg ( TaKaRa Taq Version 2.0 plus dye) .
DL1000 Marker . DI.2000 Marker . DL5000 Marker I [
TaKaRa 2% ®]; M54+ L i% (FBS) M H BI 2wl
DMEM ¥ | BRE F B4 A Gibco A H]; PEDV N
BEEHPE DR R AL EH 4, RREARIOLER
(FITC) #3ic B9 i Bl 1sGC —HLIA H Absin 23 A,
Vero E6 41l R AN SLI8 = -1
1.2 IEREARERFSRN

2022—2023 4F, MILARA 13 DT gtk
4R 228 (R IRTS ARG /N S S BURTE A/ Nm A
ZU59HE, A 1xPBS B Bt AT ML i, R
il 3 RIFEGO

FR4E BioFlux % i 4 B 371 4 v B 45 42 JORE A<
RNA, ifiid HiScript I RT SuperMix for qPCR ( +gDNA
wiper) XFARASFH) RNA 1755, G RPN .
37 °C 15 min, 85 C 5 s,

XF3R A5 ) cDNA # 47 PCR 974, H T % I
PEDV ., TGEV., PDCoV #il PoRV, ¥ 354 0L3% 1,
PHBRFUT ;. 94 CHAEYE 3 ming 94 CAEPE30 s,
56 CiB Kk 30s, 72 CHEMH 1 min, 32 PMEH; 72 C
21 FEMH 10 min, PCR PEHIZE 1% BB IR HHEE I R ik
1.3 PEDV S1 £[& PCR ¥ &K M F 547

BT X PEDV S1 K PCR ¥ 4FEFF . 94 °C WS
3 min; 94 CAEME30 s, 52 CiE Kk 30 s, 72 CIEfH
2 min 30 s, &R 32¥K; 72 CLIFEfH 10 min, PCR
) 22 B BEWHEE M L Uk 4 S FRPE AR AR 3% 2 b
FHEYRHEA R A EH T
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&1 59F5
H ARk GIE/ BN sl (5'-3") Fr Bk BE/bp BRI/ C
PEDV-F GAAATAACCAGGGTCGTGGA
PEDV N 492 56
PEDV-R GCTCACGAACAGCCACATTA
TGEV-F GATGGCGACCAGATAGAAGT
TGEV N 612 56
TGEV-R GCAATAGGGTTGCTTGTACC
PDCoV-F CGCGTAATCGTGTGATCTATGT
PDCoV M 541 56
PDCoV-R CCGGCCTTTGAAGTGGTTAT
PoRV-F CTTCGACATGGAGGTTCTGTACTC
PoRV VP6 329 56
PoRV-R CATTTCGTTGCGATTCTCTAG
PEDV-S1-F TTTCTAATCATTTGGTCAAC
PEDV S1 2315 52
PEDV-S1-R CAATACTGCCAGATTTACA
PEDV-S2-F1 GTCATAGTGGTGCCAACCTTATTGC
1815 56
PEDV-52-R1 CATAACGCTGAGATTGCGATTTAAC
PEDV 52
PEDV-S2-F2 TACTAATGGCCTTGGTACTGTTGA
1435 56
PEDV-S2-R2 AAGAAACATCACTGCACGTGG

1.4 FENHBESLETE

HUPEDV FHYELSREA AT, U5 IR
Bl 3 R, 4 °CF 12 000 r/min &5.0 10 min, JH
0.22 wm JE L U8 FVE W, B S00 pL T UEW S
500 wL. DMEM (%% 10 pg BEEE A 19% WHT) R A H
5, MENIERRR

FF Vero E6 UM EK = 80% /47, FHAbFRUF1Y
PERERALFN T Vero E6 Z0A, TR & — A~ FH X R
(500 wL PBS 5 500 wL DMEM iE%4], & 10 wg JBi
F1%MT), 37 CIHF 1 h, WEL WG, H 1xPBS
THUE3 WK, IMAZERRE (% 1% X HTH 10 peg/mL i
fiff) #53% 48~72 h, 24 BB R (CPE)
B, REVRRER3 R, WM, B3 MU, I
RNA, ifid RT-PCR #7314 PEDV N 3 (20 1.2)
FEE DR (IFA) %55E .,
1.5 IFA #&i

¥ Vero E6 4%l T 24 FLA € A |, fram
MR A RE 2 80% e A7, HX 200 pL #EFEWAERN, WH
LhJa, M IxPBS{HVE3 K, MAZERFE (% 1%
HUFN 10 wg/mL RAEG) , 55% 48 ~72 h, FR4H 3 30
CPE W}, FP24EF50, A 200 pl 4 CHIR K 4% %
RHEE 2 10 min, FH 1xPBS ¥k 3 Ik, A
200 wL 0.1% Triton X - 100 B A IE, FRIHFE

15 min J5, FJ IxPBS J5¥E 3 K, H 5%BSA EHR =
T FE30 min, F 1xPBS ¥ 3 K, AP PEDV-N
EHBATIRES A (1:200), BT 37 ClRATHE
60 min, H] IxPBS {f¥E 3 K, MA FITC bric bt i
IeG =%t (1:100), #HEWH 1 hJ5, H IxPBS ¥
UE3 K, MIA DAPL B4 (1 : 1 000) s#ESGCHFH
10 min, I 1xPBS ¥E%E 3 ¥k, T INPToE K E A5
BHE, BETVOUEE DS T,
1.6 HEHkHSERYEENF

%% PEDV CH/JLDH/2016 ( GenBank : MF346935)
Bk, BB E R S N KB, =By
B THsIw R 1, ST R By L 1.3, &)
PEDV S2 JE[H PCR ¥ 34 #2)¥7 . 94 C HiAE 4 3 min;
94 CAME30 s, 56 CiIR K 30s, 72 CHEM 2 min, 1
327K, 72 CLIEAEM 10 min, PCR P24 B
I FL K S8 B MR R AR 2Lt SR A R
B2 R
1.7 PEDV 5 E#R S EE A 5 bk X3 F0 iz 15 3 4L i
LAk

i if DNASTAR 3K b8 43 s bk S S 791 5
NCBI ' PEDV Btk % 54 (£ 2) MFETEME, X
Iy BRI T I AT AL AL BT
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X2 PEDV 2EZEHEFIIER

BB PR EP k5 S HEHK B /bp
AJ1102 i 1X188454 4158
attenuated DR13 i [ JQ023162 4 149
CH/GDGZ/2012 i KF384500 4158
CH/JLDH/2016 G| MF346935 4158
CV777 Fir+ AF353511 4152
GD-1 T E IX647847 4158
GD-A T E JX112709 4158
GER/L00719/2014 (| LM645058 4152
32008 SR KC210146 4149
KNU-1406-1 i KM403155 4152
LC GHE| TX489155 4158
LZC i EF185992 4152
OHS51 XH KJ399978 4152
OH15962 ESJES| KJ584361 4 161
PEDV-LNsy E KY007140 4173
SM98 i [ GU937797 4152
USA/Colorado/2013  3[H KF272920 4161
USA/Towal06/2013 [ KJ645695 4152
virulent DR13 i JQ023161 4152
7129 T KU847996 4152
85-7 LM KX839246 4143
SD-M T E JX560761 4149
USA/Towa/16465/2013  J&[H KF452322 4161
USA/Indiana34/2013 5[ KJ645641 4161
GDSO1 i KM089829 4158
CH/HNLH/2015 GHE| KT199103 4161
PEDV-LYG i KM609212 4161
CH/JXJA/2017 T E MF375374 4161
XM1-2 i KX812523 4 161
PEDV-SX HE KY420075 4149
CH/GZSB/05/2020 [ MZ161080 4 164

2 H#R

2.1 PEDV #FRITRFAE

2022—2023 4F, TEILNARA 13 D Hu i iy ss 3k
RAE 228 BRI FEAS, il RT-PCR kil & 30
PEDV BH 12K 48.68% (111/228), PoRV PHM: %
5 7.89% (18/228), PDCoV [H M £ K 3.07%
(7/228), TGEV AK i, %F PEDV FHPEREA P I &
B, FrREFEAM 13 Mg ¥4 Bl PEDV & 4L,

FHPER IR 40% ~61.54% (3 3), MAh, 7E 111 4
PEDV FHMREA T L, PEDV 5 PoRV FhEL 3k
7.21% (8/111), 5 PDCoV & Yt & F 3.6%
(4/111)

£3 2022—2023 £ 1L %K & PEDV RITHRFAEHIESRIT

Hi X 4 ik AR Y PR % 6 FRPER/ %
i 26 16 61.54
A 11 6 54.55
190458 15 8 53.33
M 29 15 51.72
PlipES 30 14 46. 67
eSS 15 7 46. 67
& 13 6 46.15
I I 11 5 45.45
T 9 4 44. 44
gL 18 8 44. 44
g 34 15 44.12
T 7 3 42.86
HEDy 10 4 40. 00
At 228 111 48. 68

2.2 PEDV PHHARR S1 EEF G RBEEHL ST

4538t PEDV #E LR NI AL b AL, i —
A g PEDV-S1 &3 F 195X PEDV BHEAEA
AT ST FE PR By 4 34 Al iy . R A WA B B
DNASTAR Fl MEGA6, #7738 15% 1) PEDV S1 & [
5 NCBI _ENAFEAREMR PEDV #bE S1 3K
AT LT 40, & 5 Bk PEDV )8 T G 11 A,
Hb4tET Gl WA, 1 HET Glla LA, $R
G Il c WASHERRTE LU AR A B AT #EpR 1Y B (K
1),
2.3 PEDV AL BLEE

4 PEDV BHYER)/NGAHSWIES | dRal)s, Bt ug
JE B E IR ERP T Vero E6 2, 705 PEDV &k,
HiE 3 1%}5, Vero E6 4l H BRHLAL )« & iR #f
AR (B 2A), M5, @B aifk PEDV
¥k, i IFA 35, FIH PEDV N 2 H i 55 BBt
A, Xtalifbiy PEDV BabkiFATSE . 4R IR, 8
24 h JE7E AN R R R I B R e (I 2B) , HIE
SERL 4y B )1 Bk PEDV EEAR, B H M A K
SDQD20230628 , 4 Reed—Muench 72l & 1% 73 5 £k
FIEEM, 45R BN, SDQD20230628 #k4lifh & = 1%
PR TR A 107° TCID/mL,,
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2.4 SDQD20230628 #kHY S EE Fr 5 18 K 5= f& i3
ot

I MEGA6 % SDQD20230628 #k Fil NCBI [ 4 4
32 ¥k PEDV 2% 80k S SERGE A7 R JEMEXF Lt (&
3) FusfE e E (Kl 4) Ué}ﬁﬁu%ﬁ 1%
B, AL AL R FH Neighbor—Joining J5 154724,
FFHEFT 1 000 YK Boot strap 155, 4558 8%, 32 ¥
PEDV JFH EZE M G 1a, GIb, GIla, GII b,

100 57

G Il ¢Fi1 S=INDEL iX 6 3 H WA AW 5750 25 ik s
FCHHEFEE, 5 G 1 a fCERIFHEFRIEME R 93. 6% ~

94.8%, 5 G 1 b AERFBEERFEER 93.7% ~ 94%,
5 S—-INDEL X £ 8 #k RN 96. 1% ~96. 2%, 5
G Il afCREERRFEIEIE N 98. 1% ~98.5%, 5 G b AL

FRERREITRYE N 97% ~98. 4%, 5 Gl ¢ WHRE R
PRFEIIE R 98. 6% ~98. 8%, 3ot A FE AL AR il [] 5 14 43
Mres i @, SDQD20230628 #kJE T G e WAL,

gi: SDQD20230628 -
95 A sDQDK

A SDJNing20230111

CHIGZSBI05/2020 clle
CHIJXJAI2017
CH/HNLH/2015

LYG
CHIJLDH/2016-MF346935
A SDLC20221112
70] GD-A

98 L GD-1

91 L gpso1

GIb

100 CH/IGDGZ/2012

|LC
100 1AJ1102

USA/ndiana34/2013 7

USA/Colorado/2013
OH15962
USA/lowa/16465/2013 Glla

XM1-2

73— KNU-1406-1

OH851

GER/L00719/2014

e Z1.29

100
62

100 | usAtowa106/2013

E A SDBZ20230728
PEDV-LNsy

S-INDEL

wqm
84 SM98

1000 g5z

100 virulent DR13 _
JS2008 T
91 | I'

Gla

cv777

0.01

A RRABFI T

1 EF PEDV S1 ERE A RN F

d DR13

100
93 SD-M
631 PEDV-SX

B PEDV FHPERES

HRtgEE AR
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Control

Control

kIR

A TERRE 24 h S AL S (BRI =25 wm) 5 B. iEid IFA WL 24 h ISTEAME 404 (FRR =25 pm) ,

2 PEDV SDQD20230628 #k @i Vero 45| #2 HR T 22

[RIE /%
2 | 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 2 23 24 |25 | 26 | 271 | 28 29 30 3 32 33
1 961 (985 (982 937 (937 [934 (985 (983 (984 (961 (947 (981 (962 934 (973 (937 (970 (988 (987 (984 (986 (939 (937 (973 (973 [972 (962 (940 (%61 (974 1 ST
2 967 (989 (987 [940 (940 (936 (991 (989 (988 (966 (951 (987 (968 (936 (976 (941 (973 (991 (995 (990 (991 (941 (940 (976 (977 (975 (968 (943 [9%6 976 2 G ®q
3 |70 | 67 936 (935 (964 (963 [1000 [936 [935 |939 |952 |979 | 935 |950 {988 [937 [964 |933 | 934 | 935 | 936 (935 994 |963 935 (935 (934 (954 (%64 [953 (937 | 3 LG BF185%92.q
4 40 | 34 | 49 9638 (960 [959 [953 (970 (971 (971 [999 [970 (966 [989 (952 (953 [960 (951 (964 (967 (963 (965 [958 (959 (952 (952 (951 (996 (962 [999 [953 4 OHB51- KI399978seq
5 15 | 11 | 68 | 32 7 | 941 [ 940 [ 936 | 998 | 995 | 997 | 968 | 950 | 987 | 968 | 935 | 981 | 941 |977 | 986 | 989 | 985 | 987 | 941 | 940 | 980 | 980 | 979 | 967 | 944 | 968 | 981 5 OH15962- KI584361.seq
6 19 | 14 | 68 | 33 | 13 9 | 939 | 935 | 988 | 988 | 986 | 967 | 950 | 994 | 970 | 935 |973 | 939 | 970 | 984 | 987 | 982 | 984 | 941 | 939 |972 |973 | 972 | 969 | 941 | 967 |974 6 PEDV: LNsy- KY007140.58q
7 67 | 63 | 37 |42 | 62 | 64 )9 | 964 | 940 | 939 | 943 | 959 | 984 | 939 | 955 | 964 | 940 | 999 | 937 | 937 | 939 | 940 | 937 | 969 | 999 | 938 | 939 | 938 | 960 | 997 |959 | 940 7 PEDV: SX- K¥420075.5eq
8 67 | 63 |38 |42 |62 | 64 | 01 940 (939 (943 (959 (983 (938 (954 (963 (939 (998 (936 (937 (939 [940 (937 (968 (998 (938 (938 (937 (960 (996 [959 [939 8 SD M IX560761.55q
9 70 |67 |00 |49 |68 | 68 | 37 | 38 6 | 935 | 939 | 952 | 979 |935 | 950 | 988 |937 | 964 | 933 | 934 | 935 | 936 | 935 | 994 | 963 | 935 | 935 | 934 | 954 | 964 | 953 | 937 9 SVB8- GB37797 seq
10 15 |09 |67 |31 |02 |12 | 63 | 63 | 67 996 (970 (951 (988 (969 936 (981 [941 (977 (987 [990 (986 (988 (942 (940 (980 (980 (979 (968 (943 (970 (982 | 10 USAGdlorado2013- KF272920.seq
11 16 | 10 | 67 |29 |04 |11 | 63 | 63 | 67 | 03 970 (950 (988 (967 (934 (978 (940 (974 (986 (989 (985 (986 (940 (939 (976 (977 (976 (968 (942 (970 (978 | 11 USAIndana34.2013- KI645641.5eq
12 |17 |12 | 64 |30 [03 [15 [ 59 [ 60 [ 64 | 04 | 06 1 953 [985 [97.1 (938 (979 (944 |976 (984 988 983 |985 |944 |943 |978 | 978 |977 | 970 |946 | 971 |979 | 12 USAlowa 164652013- KF452322 seq
13 |41 [ 34 |49 |01 33 [33 [ 42 [ 43 [49 [31 [29 [30 966 (989 (952 (952 (960 [951 (963 (967 [962 (965 [958 (959 (952 (952 (951 (996 (962 [999 (953 | 13 USAlowa106.2013- K645695.5eq
14 | 55 | 51 | 21 30 [52 [52 |16 [17 |21 [51 |51 |48 |31 0 | 966 | 978 | 950 | 984 | 947 | 947 | 950 | 950 | 948 | 985 | 984 | 949 | 949 | 948 | 972 | 984 | 970 | 950 | 14 Virdent [CR13- J023161.seq
15 |19 |14 |68 |35 |13 |06 |64 |65 |68 | 12 | 11 15 | 35 | 62 935 (973 (939 [970 (983 (986 (981 (984 (940 (938 (972 (973 (972 (968 (941 [9%66 (973 | 15 XMi- 2- Kx812823.seq
16 | 39 |33 |52 |11 [33 [31 [47 |48 [52 [32 (33 [30 [11 |35 |33 954 (955 (952 |965 (968 [963 [9%66 |955 |954 | 953 [ 954 [953 [990 [958 | 989 |954 | 16 2129- KUBATO96.5q
17 |70 |67 |12 |50 |69 |69 |37 |38 |12 |68 |68 |65 | 50 |22 | 69 | 53 7 | 964 | 933 | 933 | 935 | 936 | 934 | 993 | 964 | 934 | 935 | 935 | 953 | 964 | 952 | 937 | 17 85- 7- KB39246 seq
18 |27 |25 |66 |49 |19 |27 |63 |64 |66 | 19 |22 |22 |49 |52 | 28 | 48 | 66 939 (987 (974 976 [979 [974 [942 (939 (992 (992 (992 (953 (942 [952 (1000 | 18 AN102- JX188454.52q
19 | 67 |62 |37 |41 |62 |64 |01 |02 |37 |62 |62 |59 |42 | 16 | 64 | 47 | 37 939 | 19 Atenuated [R13- JAD23162.52q
20 |31 |27 |70 |51 |24 |31 |66 |67 |70 |24 |26 |25 | 51 55 [ 30 [ 50 |71 13 987 | 20 CHAGZ2012- KF384500.52q
21 12 |09 |69 |37 |14 |16 |67 |67 |69 |13 [14 [16 [38 [ 5655 [ 17 [36 |70 | 27 974 | 21 CH M1
2 13 |05 |68 | 34 | 11 14 |64 |64 |68 |10 |10 |13 |34 |52 |14 |33 [ 69 | 24 77 | 2 CHHNLH2015- KT199103(Gk).seq
23 16 |10 |67 |38 |15 |18 |63 |63 |67 |14 |15 |17 |39 |52 |19 |38 | 68 | 22 979 | 23 CHJLCH2016- MF346935.seq
24 |14 |09 |69 |36 |14 |16 |66 |67 |69 |12 |13 |15 |36 |55 | 17 |35 | 70 | 27 974 | 24 CHJXIA2017- MF375374(CAlk).seq
25 |64 |61 |06 |44 [62 [ 62 [32 [32 |06 |61 [62 |58 [44 |15 |63 |46 | 07 | 60 942 | 25 OVT77- A353511.seq
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