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The pathogenicity of the intestinal cell-adapted porcine
deltacoronavirus to piglets
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2. Shanghai Engineering Research Center of Pig Breeding, Shanghai 201302, China)

Abstract To analyze the pathogenicity of the Porcine deltacoronavirus (PDCoV) adapted to intestinal cells
in piglets, the IPEC-J2 cells were infected with PDCoV which was isolated from ST cells for adaptability
testing. The PDCoV antigen was detected by indirect immunofluorescent assay (IFA) , and then the virus
growth curve was plotted. Finally, the pathogenicity of PDCoV adapted to IPEC-J2 cells in piglets was
analyzed. The results showed that: 1) PDCoV isolated from ST cells could infect IPEC-J2 cells with CPEs
and PDCoV antigen could be detected within the cells. PDCoV reached its proliferation peak at 48 hours
after infecting IPEC-J2 cells. 2) PDCoV adapted to IPEC-J2 had intestinal pathogenicity in piglets, causing
significant diarrhea symptoms and even death. Obvious intestinal histopathologic lesions were observed,

and histopathological examination revealed lesions in intestinal epithelial cells and villi, and the antigen was
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localized in the intestinal epithelial cells by immunohistochemistry. 3) Gut immune cytokine analysis

revealed that the type | interferon expression was upregulated after PDCoV infection in piglets. Both Th1

and Th2 type intestinal cell immune responses were activated simultaneously, inducing the production of

immune cytokines in infected piglets to exert antiviral effects. Taken together, PDCoV isolated from ST

cells, has strong adaptability to IPEC-J2 cells, and exhibits strong intestinal pathogenicity in piglets. The

study lays the foundation for further research on the pathogenic mechanism and antiviral immunity of

PDCoV.
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TS JR I 118 — T 5 2H R vl 3L ) 4 e R B D AT W
gk B 24k ik 2 E K B REE T PDCoV
B AR SEE g R R H A P E L EE R
RAE R RO EL BN, R
15 1% Y b 3 B PDCoV 1Y BH P 3 1 3k 7 %0~
30% . PDCoV YL J5 A5 & I I A IR 7™ 3
JEAE AL AR T 4% AT P 75 %% B (Porcine epidemic
diarrhea virus, PEDV)™ 4R 1fij , B YL T PDCoV 5%
TS Ty R G IR AR 55, Ry 1l PR A2 W 5 93 s B 455 444
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TR M 7 O 8ok bk 22 i FH 1 b B 40 i 5 i 3 4
PR /95 BE AR AR B A0 M AY . TPEC-J2 48 L %5
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(Dulbecco’ s modified eagle medium, Gibco, USA)
Hras i 5% JE 4 v (Fatal calf serurn, FBS) , 1%
H R/ HER R (Gibeo) .
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AWM AR AT, B0 R B A S R
TR S A B TR A0 UUTE RNA i Jm &1t 75% 2 ik
% Ja . n A 20 pl B DEPC /K 3 fi# U0 3E B b
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S 5k - LLUEC RNA B4, 2 B PrimeScript™
Ist Strand cDNA Synthesis Kit 35 B 45 #F 17 %& [ 41
R s, B A Y cDNA FE S 9% % & & RT-
qPCR # i o

S AR Z FE A cDNA 1 pg . TB Green Premix
Ex Taq™ II 10 pLL. \ROX Reference Dye 11 0.4 pL .
K@ K7 pL . B/ 51 (10 pmol /L) & 0. 8 ul.,
20 pLo BASFE S 3AEE AL, BE RO,
A SIS 2 B PCRALHEAT Y™ 38 o | W 2% 1F -
95 °C 30 s5 95°C 55,60 °C 34 5,40 MEFF . I
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Table 1 RT-qPCR related primers of cytokines

% K J¥ 41 (5'-3"
Name Primer sequence ( 5'-3")

GAPDH-F CTGAGACACGATGGTGAAGGT
GAPDH-R CACCCCATTTGATGTTGGCG

IL-2-F CCCTTGCACTCATGGCAAAC
IL-2-R TAGCACTCCCTCCAGAGCTT
1L-4-F ACACGACGGAGAAGGAAACC
IL-4-R GTTCCTGTCAAGTCCGCTCA
IL-6-F CTGGGTTCAATCAGGAGACC
IL-6-R GTTAGGGGTGGTGGCTTTGT
MCP-1-F ATCAGCTCCCACACCGAAG
MCP-1-R GGAGAATTAATTGCATCTGGCTGG
IFN-a-F AGGGACTTTGGATCCCCTCA
IFN-a-R CATCTCATGCACCAGAGCCA
IFN-B-F TGGCTGGAATGAAACCGTCA
IFN-B-R CCAGGCACAGCTTCTGTACT

1.7 BESH

K SPSS25. 0 B %k 12t 46 5 40 48 11 43 A 5 &
B[] 0 22 1] 2R A 56 6 50 40 iE 47 22 55 Wb 35 1 0
Br, P<<0.05 %R 2 5 W3 , D HEAEE 30,
& i Graphpad5. 0 5¢ A% o

2 HBHRESH

2.1 PDCoVZEIPEC-J2 4HA8 ERI A KM
PDCoV (1 MOD &Yt IPEC-J2 40 g 55 — AR T
G B A M AR, 2R OBE R AN i (B 4E TR IR L
(b)), Ak E AR 258 =058 i RT-PCR %% , H
(9 455 K/ 504 bp (I8 2) , gk g e R B st . oF
— 3l o 1] B2 e P O8O I 5 AT I E B e A
(0.1 MOD 4 Jfl 45 & 5,55 56 (I 1(dD) , =5 H X |
NI w6, F W PDCoV 7 IPEC-J2 47 T A %% &2
il I A AL AR
2.2 PDCoV 7 IPEC-J2 A B 1Y 4 & #h &k
PDCoV (0.1 MOD /& %¢ IPEC-J2 41 Jiil 5 , R
[F) B ) A 4 40 B B3 s TCIDs, 28 il A 4K il
L3, 458 FW,PDCoV YL IPEC-J2 40 il
J& 12 hi B % BT W B W I =, IR AR IR 48 hiik
FI) 16 = 06 R R TE 8 107 TCIDs/mL, Bl J5
e R YL J5 60 M1 72 h 4E £ AE M X B G 4
R .

XJ PDCoV/g&He]

Control group PDCoV-infected group

E1 PDCoV B IPEC-J2 A= 4 M AR
Fig. 1 The cytopathic effect in IPEC-J2 cells infected by
PDCoV
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2 PDCoV B IPEC-J2 4 /5 RT-PCREE
Fig. 2 Identification of PDCoV after infection in IPEC-J2

N N ~1 o0
T T

SRR
T

R EEEE (1ogTCID, /mL) Virus titer

cells by RT-PCR

1 1 1 1 1 1

12 24 36 48 60 72
JEYL A /h Infection time

E 3 PDCoV 7 IPEC-J2 40 il 19 4 4K # 2%
Fig. 3 The growth curve of PDCoV in IPEC-J2 cells
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2.3 &N IPEC-J2 41 i &9 PDCoV X {F ¥ B B iR
43 #
2.3.1 s RmER
P35I PDCoV i B LG M FUR B, 76 T B
20 h P B0 4 2 AT A% (25 1 55 ) 3K #E
15 U s R 2R R, T 10 32 h , JEARIR
WL FH ST FREE RIS AR 6 RO 2 S AE
J5 A8 hAET: I s 73 4 2 HAF M (3 5 14 5D
TG 36 hili BUETS R0/, 12k 31 B0 5 5
5 KRG s — R #4385 (1 SO NE I # 5 24
h BT IR B 3B WK A 5 TR R A A S5
0T 1E] B A BRAT AT I RARAE SR & MOB AR IEH

JEYLY] Infection group

X RZH Control group

2.3.2 mEALFIK

Sk BB LA R B AR R AE R SE T AT R HEAT T
I A 12 2005 B 24 4G A o A 0T DL R AR T AT
K /0N i B T R I CRL 4 Ca) ), %k BB 2H AT i A 36 I
WEH R 1 E (B 4(b)) o X 95 28 B 1 25 g
E— 20 BEAT A 219 B2 43 B HE 34 8 % B 56 20
70 25 W 28 B SR ™ EE 0 g 9K B 2 4 b
CEACe)) X BRZAT 36 0 25 i 45 B o2 3, ok WP i
HE A (B 3Cd)) o e AL EE IR R BT 4F
F 00 235 i v B L K A b S R EE Y PDCoV
PR BAAE CE 4Ce) ), B XT BE S 19 25 i vp oK A6 D0 1)
PDCoV it 5t B 4 i (& 4CH) .

W

() () M FIFE AR AL 5 (o) (d)h HE Y 5 Ced) (D Jg e difh .

(a)(b) is for autopsy; (c)(d) is for HE staining; (e) (D) is for immunohistochemistry.
E4 ERIPEC-J2ZAME PDCoV B FHEINE TN RFEBHAFE
Fig. 4 The autopsic and histopathological changes in piglets infected with PDCoV adapted to IPEC-J2 cells

2.4 &M IPEC-J2 i fa 1) PDCoV B 1FHEF

EHEEFETH

PDCoV 1y #2458 B J& W i, 1 i 18 G 92 i J2 AL
RRBIEWNE — BB, T i — 2L U
PDCoV B YL J5 i i fo 8 IR - 1 3R 38 R AL , 7 I 5¢
JE 55 2406 KA 55 A 1k 5 A7 5%, B g 41 4L
25 WA VR BIE B I I A AH G S 32 T 1) mRNA %
KK 453 % PR 56 41 A 45 /N B An it ] T 5 0
R LU B A AN [ B[] B 3 AN [l B B A v o TL-6
I MCP-1 16 W8 J5 55 2 KT+, Ja B B[] 32 35 F
ik ,IL-2 FIL-4 75 /5 5 4 R W 3% B I (P<
0.05) ; IFN-a Fl IFN-R 55 5K - 76 B 8 ) 5 4 K 2
T (P<<0.05) , 5 X B4 25 5 & 3% (P<<0.05)

(K 5) . 459 5K PDCoV Y44 Jn L R &
Thl B9 41 i 42 92 v A Th2 B Bt 4 b0 58 KN, I 3807
S LA TR T4 R 23k, sh W HLIR GE i 7% 1k e g
F G0 B AN L R %o o S
3 3 it

i b S 2 Mg 35 D U e R A AR ) i A B
iy 305 9 75 3 o A b R AN 2 PR kA B B R 4
Ji, 1 T B 20 AR B HE 41 41, PDCoV Xt i il 2%
R T R R K B M T AR o A L B B
i ke L fi B A i 2 LT  ig EIR L 5 I R IR TS
FEAR W) o o T8 A0 AR A 50 5 X I B S0 AL
AN AT B 2 S R L AIF SR L AR 2 40 A
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=6d =06d IFN-a =6d
30k
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[q\]
10}
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Ja& Y SR X HRZH
Infection group ~ Control group Infection group ~ Control group Infection group ~ Control group
441 Group 4341 Group 441 Group
E32d 63) 2d
(b) @Em2d  (d) 55 100 -
100 114 & 4d MCP-1 &3 4d INF-B & 4d
soh I = od 20 =6d 0 =6d
% 60 F % 15 % 60
o 40t 10 40t
20 5 20
" ; 0 2 L —— N s 0 = s
JE LA X BA 4 LA X} AR4L SR X
Infection group ~ Control group Infection group  Control group Infection group Control group
4341 Group 4341 Group 4341 Group

& 5

i& Rz IPEC-J2 4R A9 PDCoV B L1735 R B7 1 4 B B F mRNA RiL K F

Fig. 5 The mRNA expression levels of different cytokines in the intestine of piglets inoculated orally with IPEC-J2 cell-culture

adapted PDCoV

N A 0 7 3B R FE , L0 PEDV U TGEV LA K& oAl
Ji 18 56 AR B 24 R LU e IPEC-J2 40 g2 ] i
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FfL . Z i 5 43 0 4l LLC-PK ST J IPEC-J2
41 M #E 4T PDCoV [ 43 8 %', & 3L IPEC-J2 4
J A e A 2 S R A B 1 N 25 ) 81 B i R R
PDCoV 114 43 25 F1 B 5, 55 A WF 52 T BA iy 300 B 5% 45
R, WA, 5 LLC-PK & ST 41 /i
AR L, 40 SR Al R L 5 0 285 6 AR A v o 5 7 B s 1
g B SR UL IPEC-J2 48 g, ) 7] BE <3 39 i IPEC-J2 44
JLxF PDCoV il RFEA 1Y Z e o T 2 A ik 5 fifi
255 ST 40 M 15 9% 19 PDCoV 223 J& Jt IPEC-J2 44
Ha, 25 5 % B, PDCoV i) LFE IPEC-J2 41 il #8214
ROT B0 4 M A8, 5 Z Bl i WE o S e AE 8L A
FE R MG LLC-PK 41 il 15 3% 1) PDCoV A] LA7E
IPEC-J2 41 ffg rf 258 A% A% (A2 5 LLC-PK #l
ST 4il "> 34 4 7 B AH AR, PDCoV 7E IPEC-J2 1
5 T ARG, (A 3] 1077 TCIDs/mL. 35 4
128 K B & KB N(pAPN) /& PDCoV A {2 4
Jit0 () E B A7 AR R, LLC-PK ST A IPECJ2

4 M pAPN 2 3k K O 19 25 5 AT AR 43 52 WA X
PDCoV By 5 &bt . BHET, &A=& 1E IPEC-J2 41 g
1 FF T PDCoV 0w MLl i AH W98 . B 98 %
B, 2 b o K % 28 M 56 B9 miRNA (sse-miR-30c-3p il
ssc-miR-374b-3p) . % M il PDCoV 7£ IPEC-J2 4
Ji 0 S, S S e A R R RN . A,
PDCoV % % 19 4F 45 #4 & 1 5 (nsp5) i i ¢ fif
POLDIP3 (DNA polymerase
protein 3) #ll il F Bt 5 8 /E H L {2 # T PDCoV 7
IPEC-J2 40 g (i J2& e J& PDCoV #k i 15 3 Ha 2 hif
) —Fp s . AL TIPEC-J2 & PDCoV £ HL I
Mo i A A, AR LN E A
PDCoV &4 IPEC-J2 4l fifd I T LL3E B AL AR, R
St 53¢ H B0 HL ) 25 Bl

LLC-PK 1 ST 4 il 73 # i) PDCoV 2% 44 i 5
P51 2K FERRYS & WA Atk RERT
JE R I fe 26 5 BUBOK AR H VR v R A SE T
LLC-PK HI ST 4fi ff1 3 58 () PDCoV &% 11~14 H
% i) Gn %% (Gnotobiotic piglet, Gn piglet)Ji 3~4 d
eI 7™ 0 KR T TR i o B 2 2 2% R 3R

delta interacting
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I 2 BECR M 22 5, T RB R B O A 508 Y 2
T B AT L A B9 R 3l 2 K 56 F B Gn
W ok T 2 R LR TR I A RE R SR 7E A
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(1 Gy Ik T % A b AT B R A SR AT A 1 H
By R B R IR R I R R T . A A
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HR RS 5 H S B B AT 3 05 L B T R85 A B
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FERET 5 AL I 58 2 F CBh Sk R R H O T
[ A J& ST R VR 199 5 , 4 IPEC-J2 4 i 38& i 5
XATHE B EO PE R B BB T A R R AR R SR T B
%, B WA IPEC-T2 40 M B 23 i 38 0% 75 10 2%

9 HIL ) B RE Jz N7 AR PR S e ) L S O, {EL R 14 R
— B L RF T .
S ML X PDCoV 8 e 4T He 538 Iy 2 1) 3+ 7%

H, PBMIC 4 i F A4 K G0 8 1 11 4 2% S 4 [ 7
B AR R LR R

2. AW KB, PDCoV & %E’Mﬂ%d\%ﬂﬂl -6
FIMCP-1 19 3R 3K 5 7 B0 7 R Se Th i 78 & A e g
I AL A PR 3 A ok TI -6 2 M 8 i S i iy R B, R W]
PDCoV 55 1 Th2 AUy i 2, 77 A AR R A0 B 1A 5,
5 PEDV & IPEC-J2 4t ffg 42 48 [l + (JL- 1B . IL-
6. IL-8 Fl TNF-o)mRNA K- T m A, 1L-2 F
IL-4EMFE SR8 4 K LIt 3, 3R W Thl B G 2N
Wil o B T8 P 2 (IFN-a f1 IFN-B) %% 5 K-
FERFEEH AR BET &, RI PDCoV IR IFEL T
PUAR I TR PUIR RN SR, X Le P 58 A &

A0 H 7 X PDCoV B gL A1 4% A F =2 A 4 sl %
1 ¥ e 2 — 2T

AR5 K B PDCoV A LAY IPEC-J2 41 il If:
T AL AR A e B PDCoV 1 35 /1N i v i T
Yo S, R Ja BERIESEAS IR 3 i 18 56 R B (PDCoV
PEDV & TGEV) Z [1] 5% 5 i 18 40 M AH B AE H] i1 22
SR ALBIR 22 I O W 5% 0 1 AE IPEC-J2 46 i
R Y 1 FH B B Al . AN ARBF SR R,
IPEC-J2 41 Mg 55 7% 1 f8 1 PDCoV TEAT M H A
Fow M A7 B VS R IR A R AR T,
Rl LB 4 i S A2, O H 23 IR B0 i i Thi
A Th2 B 40 B G058 IR, 75 5 YL AT 5 7 16 G 8 40
JE0 PR 5 ) Bl 35T A 1 508 R B e B, 7 A TR T
PR K FEHUIR RN, W28 BT T M 3 e g R B A
PDCoV f IPEC-J2 3 i BRI 3 5 L AE T, G
S5 Jigp 18 G BE B A TR AR B 5E HE A

4 & i
AW K P45 ST 4i i 4 2 ¥ 58 i) PDCoV
] DR YL % 7 38 40 i IPEC-J2, £ 5 3% B IPEC-J2

40 8 1 PDCoV X A+ 4% 2= PLAC 5 19 i BUW MR, R
PDCoV i 2o HL I B TR A B 58 25 28 JE it .
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