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From April 2014 to September 2015, 153 piglets from 52 farms in Jeju were diagnosed
with porcine epidemic diarrhea (PED). The major PED cases were focused on suckling
piglets (144 piglets, 94.1%), particularly in 1-7-day-old piglets. Histopathologically,
severe villous atrophy was observed in the small intestine, especially in the jejunum
and ileum. The mean villous height to crypt depth ratios of the jejunum and ileum
were 1.4:1 and 1.5:1, respectively. The major histopathologic findings of the small in-
testine were cytoplasmic vacuolation, cuboidalization, squamation, and exfoliation of
the mucosal enterocytes in the villi. The cytoplasmic vacuolations in the enterocytes
were the most prevalent lesions in the small intestine and were more severe in the ile-
um than in the jejunum. According to immunohistochemistry methods, the PED virus
(PEDV) antigens were presented in the cytoplasms of the enterocytes, and were dis-
tributed more prevalently in the ileum than in the jejunum. PEDV antigens were also
detected in the colon of 26 piglets (19.5%). Sequence comparison and phylogenetic
analysis indicated that 12 PEDV had more than a 98.9% homology with each other.
These PEDV strains were highly homologous with the genogroup 2 North American

group.

Keywords: cytoplasmic vacuolation; immunohistochemistry; piglet; porcine epidemic
diarrhea virus; villous atrophy

ME

2R3 d A AHo] 2 A(porcine epidemic diarrhea virus, PEDV)E= NidoviralesZ
Coronaviridae®} Alphacoronavirus%°l &5h= 3E 7H& ©L7F9] RNA Hio]
HAzA Aol Qo] FHEFLE T Auto|IE 7HA= Zlo] SAOITHII
PEDVE HXH B4 917 Aol & A(transmissible gastroenteritis virus, TGEV)2} 2
< ZEuto]g{ A0 At o] AJolsttt. PED= 19719 J=olA x2 EAgst
o ZHAES ALt 54 v SEONM F4 BASS UEo] 7]E0] ¥3A Q=
TGE®} ul-- |ARE /45 YEQTHR]. o] % b2 §9 =712 AstEo] o] 43
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< epidemic viral diarrhea (EVD)E B35ttt 1 ¥ 19769 9
oA ZRAES Z3T BLE AYSZ Y HA oA 34 HARSol
skt ol et F W9 AAS A HiX| A TGEVE 7]ek
FEAd dAAE AEEA Fyon, F AYE FE] Yot
19719 9ASE AAFE S EVD 1328, 19769 B4 AArES
EVD 2302 sttt o] EVD 2 A HA| oA F2uulo]
22 A HAAZE B2 =L, o] vio]# A7 EVD 1 Ao E ¥
o599 E Ho| 815)A o] AAPES PEDZ HEE AL AQketge
o, A7 A AAH o2 581 T2l

OFAJofof| A= R4 1983W TAY H7} Qlglom (3], Fuio
A 19929 AAF 342 Hole AAECERE PEDVE X502
EE3tHH4]. o7t 7A@ FHFAPE QR0 B o) ot
29, 19929 19%E 19934 12€714] 2Fd 71749] vio]g A4
AAL 9 F 56.3%7F PEDE J@E o, 1 F 90% Z=7F 104
g olote] Z /A= HFE O] AU 1 o] Fol= AxHoR
ghatE|o] X420 2 WhAYSY ot 2011-2012% AlojoflE tha 4
AAEE ek 184 201395 A3 SE 57104 PED
7b Adetar w2 A gitElo] & AAE HsiE 1L girte,71. Al
FollAl= PED7} 2004 3€ mpx|eto 2 IAYgE - oF 10\%t nldt
AYolglont, 20149 49RE ThA] WSt dR7HA] FE Atdol
Z 848 F3 & AAo|tt

et 2 As AFA G ALY AR 20149 4€95H 18
M 5] PED A A%S BA511, 7HAE =Hx|of oigt e
2 ZALeL 7 EE]E uto]g Ao gt sk B8 AAet
At T35t S=3 vl IS E PEDVE A4 Eejd
Hpo| 2 A9 FAFS v w stz sHiet.

0|

Mz H A

SAIME X PED U4 Sig ZAL

TAEES 20144 485 H 20159 9E7HA AFE W FE 5
7} 52304 7230 2A AFEEAAE SEAIA AL BA
A4 A" A 1530 E qd22 St 7HlA FE =
Zlo] thgt PED Atk FAA}L Fda A A5 (reverse transcrip-
tion polymerase chain reaction, RT-PCR) FAt 235 EHZ Z]
& gst9it). PEDE Add HAE A9, AEE 9 A=
T-E5ko] WA RS 2.

FOHHAL
SEABAI- 20 JFE HA o] Hsto] DFSFES Felste
< AAF & AHEAQ FAEA 0 webd W71 e v
SHolrh 53] oS IR 25p7)A1 9] "skde | 3
Ach = Ao K2t P Y W 2F Aol w2t 4
o]k, 49 o4t 7Y 0|3}, 8 o]4Fo & A|Esto] vl w sttt

ol
—_

R
a]5] T}z
Eol YA

ot
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Ha| X2ty HA

2 B4 Al 8 UiF A4 715 Akl 59, 43714
= 9, 2FAe1AE, 34 2 3), (B 2 2R =St
AT - 10% SHLFTE2TH | T4 sto] ARkEl 2 A=
o] ket ket Eufste] 3-4 um FAZ HES AZTE $ he-
matoxylin¥} eosin G442 AA|sto] Fatdu|g o2 A7t

ye| 225k AP 8" F 1530 9] HA] F AFFHSet
A9H EAHartifact)o] $HFE|R] g2 124112 9] &% 2204 &
9] 9% AeE A3 st §529 #0](villous height,
VH)2t &9 Zol(crypt depth, CD)E Hlast3ich. &3] Fatdy]|
7 408 Alofof|l A A2 A% 3T 37, 7 107 RAE S
goto] B+ 9 BFUAE AFESH3loH, olF EYE VHY CD
9] vl APgstaich. T3 HiolH A FEo R Qs &4 W2 &
7t A2 8ok AL E AlEste] ERStath 38 2 IS
Fetdu|F o2 FESYS uf, 1004 AlokollA] 2§39 A=
7F10% v19r 7$- focal (G1), 10-50%E multifocal (G2), 50% ©]
A2 diffuse (G3)2 &5t

Z 1539te] F AFEHsel QI91F Ao geto] atEo] dA &
2 AR 126912 9] B 12001E] 9] IS o E A7 At
A M AIEE & o WES] Tt AlEsto] 7|53
g7 1008 E= 2008] Alofoll A R A2 2] 2 (exfo-
liation), HB3Hsquamation) ¥ A|ZZ 9] FE3Hvacuolation)2]
Ao w2t 10% vl A9 focal (G1), 10-50%%= multifocal
(G2), 50% o2 diffuse (G3)Z FEIHt. gt |22
HHE S W A R 19 Aol wt 48 w4
o o] 7 ols}, 8Y oo & AlEsto] WY Y1 E H| WS

o= HA A& F AR AR A8 A2 ALkl 135
ut2] 9] 34, 127729 3% 9 13312 9] A& oA disto
PEDV 9| £X5 &sh] 9sto] WP =2 3FeHimmunohis-
tochemistry, IHC) HANE =3dstatt. stetd 23S 4-5 um &
AZ ¥PEso] silane I8 &eto]| =0 FAbska gyt 9 gk
IHE AR 24 &£H0|EE 3% H,0,7F 27 phosphate
buffered saline (PBS, pH 7.2)°l 1023} ¥h-3-sl1, FA4] &
< 93 citrate buffer solution-2 97T A 60&7+ 35Tt 1
2} A Z+= mouse monoclonal anti-PEDV antibody (Median
Diagnostics, Korea)& 1:5008]2 343 th& 22 HHo| & s}s}
o 37CAA 1A17F ¥ESetA Lt 2% A2 EnVision/horseradish
peroxidase, rabbit/mouse reagent (Dako, Denmark)E &2}o|&=
ol Aststo] 37Col|Al 4027 W35tk ZF GAEE BHS Foll=
PBSZ 524 23]0] 2A FAlstgh. BE Hh3o] 2 dH
3,3'-diamino-benzidine tetrahydrochloride (Dako)Z HAA|71

%, 3% SHTolA vHe-2 SE 5k iR A2 Mayer's hema-
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toxylin (Sigma, USA)C.& FASIFoH, dot BRI S AA
SUstA

A Mol 2t 24 Y] PEDV T4 I =& 7|E9 B
£ Ed|Z 35F(expression grade, EG) 2.2 Al&3}t0] B7lsict
[8]. %, F2t@u]Z 2008 Aol 37, 3% L 2% HAFwIA|
oA PEDV o] ZA| AuAI29] 10% w]TtolA] daE= 3
§ =423 (focal, EG1), 10-50%% TH84/d(multifocal, EG2), 50%
o]A}2 u|ukA(diffuse, EG3)2.2 &3t}

HEF ZA

ZAIIZSRNA =&

AR 7 HLAE AASH] flste] & 153579 =R ool A
FHHo 2 EHS A & -70C o) BHsto] vio]z| A EE
S}gict. RNA Hio]#]2Q] PEDV ¥ TGEVe| tigh RT-PCRE 4
A5kt FAAHARE I5to] A RE DNase RNase free dis-
tilled water (Invitrogen, USA)} 1:10 B &E &@sto] 4SHS
0] &5ttt RNA %2 RNeasy Mini kit (QIAGEN GmbH,
Germany)E °]-§5t0] ARAPZL AAIGE Ao Foto] AAlst

At

RT-PCR £t8 X1

RT-PCRZ PEDV ¥ TGEVE &5 938t primer’t 375
o] 91+ A &E3HE premix?l i-TGEV/PEDV detection kit (Intron-
biotechnology, Korea)oll %3t RNA 2 pL ¥ DNase RNase free
distilled water (Invitrogen) 18 pLE £55t3oH, AAJE A

ol &8t st

RT-PCR E&54t=29] 212/

g 8 ¥, 2429 93 8 uLAS 1.5% agarose gel AollAl
77195 A th3 RedSafe nucleic acid staining solution
(Intronbiotechnology) €4(0.5 uL/mL in distilled wate) 22 &
A5tk Ultraviolet transilluminatior® ZH2He] -f4Ate] gt &
ojF WHE {75 EelstArt.

PEDVE| fHsIX ZAL

AFE A A 7oA HAEE PEDV 5 12520149 85F: KOR/
JJ-1-8/2014, 20159 45 KOR/JJ-1-4/2015)°l thet R-43H4 A
AFE A5 PEDV spike (S) 942 &S 918t primer:
Chen 5919 Wi o] ut=} A 2HstAtt. PEDV RNAE AAF £10]
U &% 220 28¥ TRIzol LS (Invitrogen Corp., USA)E °]&
sto] &5}tk RT-PCR2 RT @AI= 50COllA] 304, pre-cycle
heating ©Al:= 95COllA] 5&, cycle reactions Gl 94T A 30
%, 52CA 28 30%, 72T 1& 3027F 35 cyclesE 3 &

https://doi.org/10.14405/kjvr.2021.61.e30

F5% 4SS pGEM-T vector system 11 (Cat. No. A3610; Prome-
ga Corp., USA)E °]-&sto] S22t

PEDV #AAE 24317] #lsto] 2299 /A4S T73% SP6
sequencing primers °©|-85+0] A2 (Macrogen, Korea)oll ABI
Prism 3730xi DNA sequencer® 3% @74 E& BEs190H,
#=d S FAAES UEst7] f18) CLUSTALX alignment pro-
gram} BIOEDIT 7.053 program< AH8-510] 241519t}

olF, FAARAHA 2HE EHE ASHH EFE WE7] A
Mega ver. 6.0 (Mega Software, USA) Holl £°19)3= neighbor-join-
ing method & ARE-8FATH10].

SAH X2

[HC AAFE 53 714 PEDV &9 ¥4 53(EG)Q EGI,
EG2, EG3E ZZ 1, 2, 302 X85t 3t v AA| A ¢=
o] B4 3 B 539 EEUAE ARSI =/ 3,
3% 2 A% 23 Y PEDV $¥9] ¥d Ao 194 9le Aol
7} A=A E ERlsl7] 9J510] IBM SPSS Statistics ver. 25.0 (IBM
Corp., USA)Z AHE5H] ANOVA test® SAIEAS AAsHH 0
, p < 0.05% W F-9J3t 207} = A= 7HEskirt

aut

M= LY PED ZITH sigt

AFrolA 20149 425 E 1870€ B¢t PEDE AHd o= F
1530 2 ER1= e =R 9] AFE R 49F n|vio] 1019
(66.0%), 4-79% 43112](28.1%) L 8¥= oA} oulE](5.9%)= &l
E 9t o] F, 84 ol A= 99 2t 10€%, 1483, 15
dg, 9 17970 Z+Zh 19, 213 3vtE &2 FEE L

AFEEAAE 7F58AZRAL A=) B2, 20149 FA7HA]
AFE W A4 FE 57HE 304309, PHA] ER2E AFA]
2143, AAEA] 9052 et Qltk. PED7F A9E = 57h=
% 5282 A 571 F 9 17.1%0] Doth AGERE AFA|
19.6% (42/214), AAZEA] 11.1% (10/90)F e} AFA A <]
PED %HA40] & &2 Ao2 IRIFct HA 5718 3, "Wz
AlEste] AHEGS ], AFEY ARG st S
29.9% (41/137), 133 27.8% (10/36), 4™ 4.2% (1/24)° =7+
=o] st 9J9ict.

A 717 B 5L
X3g}tslo] PEDE Atk
2 AJEste] PED A
¥ 1471(19.4%), 693} 790] Z+Z} 174(1.4%), 8€ 371(4.2%), 9¥ 4

ol

F5olA o A AA Q=EE HALE
d¥E & 727(1531tE])0]qict. o]E ¥4
B3t A} 20149 49 1374(18.1%), 5

r

4

o

7A(5.6%), 108 17(1.4%), 1183 12¢¥ 27(2.8%), 20159 1€ 974
(12.5%), 2¥ 57(6.9%), 3% 67(8.3%), 49 174(1.4%), 5¥ 34
(4.2%), 693 79 174(1.4%), 92 54(6.9%) 2.2 JERFTHTable 1).
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wEhA] AFE W 2 I AEQD 20149 493 590 T
QIS Ho|tpr sk 7o A7 HIE HojEo, o]F 54
710 ECI XA ThA] F7Foke G Hola it

AE 5235 71 9F FEE 249 A3 13] FAH 9 5
7H= 35%7H67.3%)92H, 23], 33] W 43] 95 57H= 247 15%
7H28.8%), 1%57H1.9%) D 1%57K1.9%) 2 Lrebgth.

KM T

%9402 PEDE 718 B4k AR 955l L3
93, 9% AR 97k BEEo] ol B 79l HFel: &
P4 EL A9 $opy Whg=o] $Elol YrkFig. 14). 9
el 3}514 ghe fuael S67} i Solggleh 2L &
Mz Aol JAL Restgion, Auo] BAsA obA
7 vl S W8 Bol BRH BRETHE, 1B). 24 Fuat
Azbere] B W Amyko] AL golstA] egiet. A4 A
B WgelE FAe] 5opg the-Eo] Futslo] Uoiek Aol &

Fig. 1. Gross findings. (A) Note yellowish watery feces (arrow)
around the anus in suckling piglet. (B) Small intestine. Note thin
and transparent intestinal wall (arrows), and yellowish watery
contents in the lumen. (C) The kidney. Note the yellowish-brown
materials (urate crystal, arrows) in the renal papillae.

WA= 7 B AL 590l A9 8410] R of
AeH(Fig. 10), 25 7HA19] TF HolH = 2T 4= A

AE 1530k HAA 27 W +F HE=2] A798.0%)
7t 9 W 3ol EA62.7%) R A9 84FA H&H60.1%)°0 HIsH
o] 2 BE2 FHEIHTable 2). HA]] AFERE & AJolE
Ho|A|= A, A 241 A2 8UF o9l HAoA
FABHA Skt

Ha| T2ty ZAr At

W zZ e o7 4279 HubgolA 7 A wisHiol &
ZEgon, Austz], 28F5 9 FuoAe SEg ¥us &
4 919ltt. PEDZE 219 A 9] AolA 71 FE A e
oA - RO A3 5T S0l 3T 37| dist
o] VH:CD H|&Z v|w gt 23t 374(1.4:1)°] 3731.5:1)°] =[5k
thh WA yebg o, o2 Aol vist] 4-747 9] X E0] ¥
A3 517 B A 1.3:12 7P WoktH(Table 3).

vlo]g A 7o) e 4% 19 Y8t oz}, &4 ik
L7t A2 S WHE AF FEEAY BAERE TX
(72.6%, 90utE)RH= 314(78.2%, 979t=])olA g2l §go] ©
2 HIASHA BREAH(Table 4). T3 A% 8 5320 G371 34
(50.0%, 62921} 3173(54.0%, 678H])oNl A BT =4 HEE et

B3 FRAATAZY uAgR 24, AWSHFig. 2A), HES}
(Fig. 2B), ATA9] A4 sht E= ofe] 719 £¥T FxE
FA(Fig. 20) L AuAZ g2h(Fig. 2D)0] TEE T} L5 AH
e 29 FAlo] SAFCR FFE O JI, /AR A &
AE AR Q] o] £Astar YAt T2y {304 EF Bt
2 A9 YAY wjS- nleFetgct. A AR AAIA =T T
= A Wl 3439 4 E4Q1 94to] A FEFH QI
374 126712 2 37 120utE] oA TEE FRAFTAREY] E4F
HHES H WS TH(Table 5). 0] F AEA] Fx g4 ¥wo] 7t
Z =2 vEE IEEYY HEst ¢ Ay g2 03 Yyt
55 Alzde] Fxsh= G3 57 Hl&ol 7MY #3411, 373H75.4%,
95utE))H k= 314(81.7%, 98utE])olAl B BIHEHA 1=
o} A AR g2 34T 37 BFA Gl B G3 HEO]
F2 BHH, W3t e 3700|419 G3 Hl&o| 3] Hlsto] =
A B} A9 A v wshd, FANAE A9 dFoj

rlo

o

gl

Table 1. Monthly outbreaks for 72 porcine epidemic diarrhea cases in Jeju from April 2014 to September 2015

Month

Year

1 2 3 4 5 7 8 9 10 1 12
2014 - - - 13(18.1) 14 (19.4) 1(1.4) 1(1.4) 3(4.2) 4(5.6) 101.4) 2(2.8) 2(2.8)
2015 9(12.5) 5(6.9) 6(8.3) 101.4) 3(4.2) 101.4) 1(1.4) 0 5(6.9) - - -
Values are presented as number (%).
-, not tested.
4/12 https://doi.org/10.14405/kjvr.2021.61.e30
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Table 2. Frequency of the characteristic gross findings in the major target organs of pigs associated with porcine epidemic diarrhea

Age (d) Gross findings (%)
Milk curd in the stomach Watery contents in the small intestine Urate in the renal papillae
< 4(n=107 67(663) 99 (98.0) 63 (62.4)
4-7(n = 43) 22(512) 42(97.7) 27 (62.8)
>8(n =9 7(77.8) 9 (100.0) 2(222)
Total (o = 153) 96 (62.7) 150 (98.) 92 (60.1)

Table 3. Mean VH, CD, and VH/CD ratio of the small intestine from 124 piglets

Organ Age (d) No. of piglets Mean VH (um) Mean CD (pm) VH/CD ratio (mean + SD)
Jejunum (n = 124) <4 78 212.6 162.1 1.6 £ 0.6
4-7 38 205.7 177.3 1.3+ 05
> 8 8 225.5 179.9 1.4+ 05
Total 124 214.6 173.1 14+ 05
lleum (n = 124) <4 78 206.1 154.0 1.6 £ 0.6
4-7 38 179.5 162.0 1.3+ 06
> 8 8 217.7 174.6 1.6 £ 0.7
Total 124 201.1 163.5 1.5+ 06
VH, villous height; CD, crypt depth.
Table 4. Histopathologic grade for the villous fusion of the small intestine from 124 piglets according to ages
Organ Age (d) Grade Negative
G1 G2 G3 Total (%)
Jejunum (n = 124) <4(n =281 10 6 40 56 (45.2) 25
4-7 (n = 35) 2 8 17 27 (21.8) 8
>8(n =28 1 1 5 7 (5.6)
Total 13 15 62 90 (72.6) 34
lleum (n = 124) <4 =81) 5 16 40 61 (49.2) 20
4-7 (n = 35) 1 6 21 28 (22.6) 7
>8(n=8) 0 2 6 8 (64.5) 0
Total 6 24 67 97 (78.2) 27

Fig. 2. Note the characteristic histopathologic porcine epidemic diarrhea virus lesions (arrows) in the small intestine. (A) Cuboidalization,
(B) squamation, (C) cytoplasmic vacuolation, and (D) epithelial exfoliation of the enterocytes. (A-D) H&E, scale bar: 50 um.

AT ¢o2 ekt Esie Hus
o e WEE RS v, JuEg g
H34 chpstA BRI 389 A9 403

u]u

https://doi.org/10.14405/kjvr.2021.61.e30

of FR oA ATAES] FL} 714 Bo] B wlste],
847 ool st Aol e T 9UA) Yokt E3F B
o} w2 4209 v @ 4-7099] 01 G35F Fdo] B
Upebset,

5/12



Korean J Vet Res 2021;61(4):e30 © Hyeon-Ju Kim, et al.

Korean Journal of Veterinary Research KJ VR

Table 5. Prevalence and grade of histopathologic lesions in the mucosal enterocytes in the jejunum and ileum according to ages

Organ Age (d) Histopathologic lesions Grade
G1 G2 G3 Total (%)
Jejunum <4(n =282 Exfoliation 17 2 18 37 (45.1)
Squamation 10 8 24 42 (51.2)
Vacuolation 9 10 44 63 (76.8)
4-7 (n = 36) Exfoliation 4 1 8 13 (36.1)
Squamation 1 5 10 16 (44.4)
Vacuolation 1 2 23 26 (72.2)
>8(n=28) Exfoliation 3 1 4 (50.0)
Squamation 0 2 5(62.5)
Vacuolation 2 1 6 (75.0)
Total (n = 126) Exfoliation 24 4 26 54 (42.9)
Squamation n 15 37 63 (50.0)
Vacuolation 12 13 70 95 (75.4)
lleum < 4(n = 80) Exfoliation 12 5 12 29 (36.3)
Squamation 14 14 11 39 (48.8)
Vacuolation 10 9 48 67 (83.8)
4-7 (n = 34) Exfoliation 6 1 12 (35.3)
Squamation 4 3 3 10 (29.4)
Vacuolation 2 3 23 28 (82.4)
>8(n=6) Exfoliation 3 1 0 4 (66.7)
Squamation 1 1 2 4 (66.7)
Vacuolation 0 1 2 3 (50.0)
Total (n = 120) Exfoliation 21 7 17 45 (37.5)
Squamation 19 18 16 53 (44.2)
Vacuolation 12 13 73 98 (81.7)

HAZXZISIS ZAL At

2704 PEDV 3¢ ti7E 9158 5 £ J9S 5Es
3 e x5t Jusirt AgE Aoz A2 B SHA
oA FEE I AR CH(Fig. 3A and B), YF B 40 = 2 4
DA ZNNE FLS TS 5 9t 2ATH o UL EGL
%= EG2E RIESHAU AR 3% EG39] £EE Ho|7|% si3ick
(Table 6). Z2v AH1(-F, F9sd] 9 7[ef 285504 & Hio]
HA JAS HET 4 gk 3] PEDVY 3337|171 obd A
o= AR e 2R FuFEARAE Hio]Z A Fdo] A
7% stHom(Fig. 30), £78% 2] S42Q X5 Ho|x
Act.
vlo]H A A AL 3)4(85.8%, 109utE])o] F(82.2%, 111
u2])o]| ¥]3to] &4 UEldthTable 6). A H oz 424 ZH A
£ EG3 539 &9 Td A7} 80% oS ARt At 2
9] B9 ARt 13301 7HA] F 19.5% Q6RtE)A o] A&

ot 4 A7dz B I Il 55 vwd A3, 33 3
7ol A%l vlshA |8 WA =& FEoE FAHANp <
0.05). 9] T&Z A AFHE=R v wg A Table 5), 4-7Y

20, My

6/12

B9 = A 37H90.0%, 3692} 3178(92.1%, 351F)olA 7 &
o] A&t v 84 ol =R 9 B7(55.6%, 59t 317
(66.7%, 6Fe]) BI04 FASHA ZHashe e 2ol it
T3 33 2 3149 PEDV B¢ $Y Ud 532 AYEE H|w
g AFlo Mk 8P u|Tke] Hx]7t Y ot A9 IE TFE
o524 A=A UERtHp < 0.05).

Z2R9] A9 447 gt 19ute], 4-79% evte] L 8L ol4F 1
utg] 5 F 26+ 9] HiZ|oA PEDV &o] A& At}

olH U QRSN ZAL Zat

TGEVE A 714 340192, PEDVE 15119H(98.7%)°14 ¥4
TS B o YA 253 2 4UR)= 3402 FRI=E A
AFLoA AEE 12539 PEDV S SAAES 243 27 2+ &
2]F7k0] 98.9% oAl AEAE Holx JYrHFig. 4). B AF
sH4 EglE 23 2, 8% PEDV+ genogroup 2 (G2)°l &
oo} 9lol S EAHFig. 5). HZ wlFolAE ¥ego] Aulgt

https://doi.org/10.14405/kjvr.2021.61.e30
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Fig. 3. Expression of the porcine epidemic diarrhea virus (PEDV) antigens (arrows) in the cytoplasms of the intestinal enterocytes. (A)
Jejunum (immunohistochemistry [IHC], scale bar: 200 pm). Higher magnification of enterocytes (insert) (IHC, scale bar: 20 um). (B) lleum
(IHC, scale bar: 200 um). Higher magnification of enterocytes (insert) (IHC, scale bar: 20 um). (C) Colon (IHC, scale bar: 100 pm). (D) Re-
verse transcription polymerase chain reaction products of PEDV. NC, negative control; PC, PEDV (525 bp) and transmissible gastroenteritis
virus (755 bp) positive control; M, 100 bp ladder; lanes 1 and 2, fecal samples.

Table 6. Expression grade of porcine epidemic diarrhea virus antigen in small and large intestine according to piglet ages

Organ Ages (d) Grade Average EG (mean + SD)
EGO EG1 EG2 EG3 Total (%)

Jejunum <4(n =286 16 7 9 54 70 (81.4) 2.17 + 1.20*
4-7 (n = 40) 4 1 6 29 36 (90.0) 2.50 + 0.96*
>8(n=9 4 0 0 5 5 (55.6) 1.67 + 1.58*
Total (n = 135) 24 8 15 88 111 (82.2) 224 + 117

lleum <4(n =280 12 3 9 56 68 (85.0) 2.36 + 1.11*
4-7(n = 38)° 3 2 30 35(92.1) 2.55 + 0.95*
>8(n=9 1 0 5 6 (66.7) 178 + 1.48*
Total (n = 127) 18 7 1 91 109 (85.8) 238 + 1.10

Colon® < 4(n =89 69 9 3 7 9(21.6) 0.41 + 0.89
4-7 (n = 36) 30 5 1 0 6(16.7) 0.19 + 047
>8(n=9 8 0 0 1 1(11.1) 0.33 + 1.00
Total (n = 133) 107 14 4 8 26 (19.5) 0.35 + 0.81*

EG, expression grade.
*Significant difference compared to the EG of 8 days or older pigs (*p < 0.05).
*Significant difference compared to the EG of jejunum and ileum (*p < 0.05).

insertions and delections in the spike gene INDELs) 15 PEDV ~ Ash= &S Uehlia it H50] FE 7P 2= g=
9 ¥ 4Jo] 73t North American 15 PEDV 2%0] 2 Hlo  AFE ARAFEHS, H83 2 EA)A AFH oz A5t
m[11], o] AollA BAS 12539 PEDVE 2% North Ameri- 2 Y3tk o]2e H2 57 7ho] A At ogs}r] ¢ XPE}

can 1E &3H3 91-2-& BRIT 5 A9tk o] A2 351 A & 27 ohel, oA FAde
ARF, 2 DA 589 AT WY A B FAEG = T
1= 2] 5°] A4 PED 29 Qo2 2= k. IA S &

g0
£42 B0 UAE PED 9t 24 A3l th2w, PEDVY
S5 59719 A9 AL Rol TGESK: B2 3 Fle] 3% 1) 23 499 U0 Hubat FES T RAEF 2,
A §43Hd PEDE A9 4% ANAAEL, AR 70l g AP olPRFo) M BEY WY 57 BHY, AFRY BE
e 7ol 11814 3 95840l WAke AR woln ol AROL ZRUA UL A, mE skl U B 3
QITHs). ol ATE Fo AFE YolA] PEDE AP Aol S S0z Bag uh gkl

SA W] % % A9 Aol PALO] AF WAAPLE  PEDVE F0) 44 59, 34 9 51e] $mARAE] 2F
4710) SolqwA S7hsH %S Rl T Ich ERPED WA Hlo] $19) 9152 2estel F4EFY A4S ST PEDV
5257 % 177162.79% S7101A 281014 BAIE 43171A) A e Al SebEoR Ao Poun FA9 S NS TRt

-lFl
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Seq> | Ua0ta | 2014 32018 | 412014 | 52004 | /2014 | 72014 7201 | 12015 | 272015 | 32015 | 42015

I(OR,-‘JJ-HZOMFD 09971 0997 099 0997 0998 099§ 0997 099Y 099 0993 0995

KOWJJ-E!ZOMI 0.9971D 0997 0997 0997 0997 0997 0997 0992 099 0993 09%4

|KOR.’JJ-3I2{]14I 0997 0997ID 0996 0997 09971 0997 0997 0991 0996 0993 0995

IKO'RJ’JMJQOMI 0996 0997 099D 0997 0997 0997 0997 099 0995 0993 0994

KOR{JJ-S{ZOMI 0997 0997 0997 0.997'") 0998 0998 0997 0991 099§ 0993 0.995

KOR/))-6/2014] 0998 0997 0997 0997 0.993]19 099§ 0997 0991 099 0993 0995

IKOR}JJ-HZOM 0998 0997 0997 0997 0.99@| 0.9981D 0997 099y 099 0993 0995

|KOFVJJ-8!2014 0997 0997 0997 0997 0997 0997 0997ID 0991 099 0993 0995

KOR/)J-1/2015| 0991 0994 099§ 099Y 099 0994 0991 0.994D 099 099 0989

KOR/)J-2/2015] 0996 0996 0996 0995 099% 0996 099 0996 099D 0992 0994

KOR/))-3/2015] 0993 0993 0993 0993 0993 0993 0993 0993 099 0992ID 0991 Fig. 4. Nucleotide sequence homol-
ogy for the spike gene of 12 porcine

KOR/)J-4/2015| 0995 0994 0995 0.9'34 0995 0995 0995 0995 0989 0994 0.991|[D epidemic diarrhea virus strains in Jeju.

T glon], WelzAet o 2 VHICD H&o] A4hESel 7-gi10]  WHet @ gete] &0z veht qoirh Ed AR AHAAE

A 317HA] FHhske AoE gBA AoH2]. iiolA= PED #4
o] Ao BlE 1992-19934 Ato] & 7170& AARE 2% 38
2 3]0l A VH:CD H]&0] B 3:1-2:1 A== Z4sgon, 4

3l oA 1:1914 1:27HA]

FAHA A5H7 = SHHH5]. 2

| AER] A4 Eoh T I8 B & PEDV 7
29] 9%, AoAxo] Tx3} d oo 2 g9
o] 230X 4 7152 A A oA A Ho] 4
A et g

2T = T3

g2 oulsly

ol w2 §
WIS}z Qs
F EET

£35] of2l HAIA EL AL

o

0|

20134 u]FoAE PEDZ - A= fgEoA Hajd
PEDVE 10-35¢% Fo=jR|o 1A AAIZ At HE 24-484]
7H 3 AR A Y FE F44E B0, A%oA VH:CD H[&
o] AAER 1.2-3.4:1 ZEZ A% §29 952 ok stk
[6]. o] Aol A A =29 B¢ 34 3)72] B+t VH:CD
Hjgo] 247} 1.4:11 ¥ 1.5:12 Yepgon, 53] 4-79% A= F
At 3PF BRolA 1.3:12 7P FA vEidTh B3 915E 2
9] % AAE AT 55U G39 H&O] 50% o] HA 3F 4
3o A =T Sl whEbA A oA EAge PEDVO
H|5to] Z| L A ofA WAst 9= PEDVE] HYgol & 9 %
L AYS TR0 & AJALSLAL e Ao R FHr

PEDVOl| ZaH A9 2o A = HeEzAgH oz 4 1
A&3 A Ao ze] g2t 2 A2 ff 3% 34 A70] B4
Ao g yepdti2,6l. IA W =88 PED #E =X oA ez
28ha AZAL Aol AR 3T S|4 F2 ol FF

Aot SEATAZS AlZFo| 5] W 22 2Tt FAH
o] 9111, YA L] zo]7} oA At AY AldE H¢ |
oA =lon, g2 ZuAz7} dre|E o] FutifFo] k& E]
o] Q71 SFITHS, 13]. & AFollA B RATHH 2749 HA ol

EAHEGS o, A2l W 32 F4, AR I3t 2=

O O,

8/12

Ho|A g},
IHC AAF A3t 37343 334 ZEAsHA oAl Zof A
PEDV glo] IdEQlom TA(82.2%) K= 3)7(85.8%)°N141
EA FEE I QA v E AARE A 9] AAol|A |22 e
{0 7o) AT A FYA|TE 19.5%2] BFNME FA4Z o] A4t
PEDV 92 A&d 4 At A Ao w29, PEDVY] A
AR Q=AY JAFJHAIAIL A oA 27F0] §RAFTA| L} 27
atollA] FFFAAARE o]&sto] oA FUS AETH HF A
TH2]. o]ofl ¥isto] 3pA ) E= R4 ¥HAYg PED H¢- 2
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[14,15]. 284 2 20134 #[=o)|A PEDVE AJAFAIZ] =HA|
oA 5ukE] A FeollA] g E ARolA o] HEH v ik
[6]. webA] o] AFEo|A LAY PEDE 7 Fufjof|A] dhayet
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EAE 94 A= A AR HIRS AFEES O Aok '
Ex 990z ZEEHS A oE g9t
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Fig. 5. Phylogenetic analysis based on the complete genome sequences for the spike gene of 12 porcine epidemic diarrhea virus (PEDV)

strains in Jeju. Phylogenetic trees were constructed from the nucleotide sequences by the neighbor-joining method.
INDELs, insertions and delections in the spike gene.

https://doi.org/10.14405/kjvr.2021.61.e30 9/12



Korean J Vet Res 2021;61(4):e30 © Hyeon-Ju Kim, et al.

Korean Journal of Veterinary Research KJ VR

g (enzyme-linked immunosorbent assay) 71, RT-PCR 5°| &
S5 9t 2 AoA A £9 15388 422 RT-PCR &
AFS 438 23}, 151ut2]7} PEDV FAjolglou, U] 2utE]=
/95 Uetigicth. 22y o] F uie] S5 HExAgHos
2% 29 53 58 L A x| o] 919S Hut ofY
2}, IHC A+ 23 PEDV &Y o= Ty = Q). whahA =7
o slo]HA7t AEE F A% FRATA X £AE F71E 1Y
ouf, AE YollA FES g9 Hio]H A FA]o] o]FojR]A] QFof
FEHoZ upo|g A viEo] AU QY #F 27| 9A Y A=
AE 4 S Ao ddFh PEDVY ¥Fo g dlol5oix 1
e CV777 EEFE T2 AZHGAZ HA A FZIAH
APEE o]g5to] viol2 A S AARE A7 7A F 9 12-184]
7ol 27 A m]Azo] ZHho] o]FoiA| L 24-36417H0] A &
sto, o] Hpolg| A 9] FAT} T oA 29 ¥t ] 95
o] ¥rgettH2]. HZ ul=g PEDVE A FAIZ A F¢ 7
A F 24-48A17F ol BHS Bof ol Ar} viE = Tkl 519
tHe). RT-PCR HAP|H-E PEDVE TGEVE A ds17]of uf
9 golsta §IZE g7 ol 7] = SHA|g, B U] Hiol# A wiE
o] M| H2 HH 27| B Yol HEHA & 7lA40] 9
ok T3 THC 712 W2 A4 ¥ #aat 3 24 Y vf
o|Z A9 FH7IA] FAT 4= $ F83 AT |He s S
A F 24 o9 F47] A F 24 A5 H-EE 5 it
5] AAL 34 HolE /A9 AAg 24 T B¥ol g A
oA Za 14 2Zgho] 9& ¢ IHC 7' PEDV H&
< 93 -85 Fe4E 4 Qo 23y [HC 71EE AHEHst
AHA A8 E]o] AU, AT ] geto] EAT Aol gk
W Agof Agto] wEct. webA HolZ A9 7 Al719F A,
#aE HAY HH A, Al &8 = Y= AR RS E
A ol wEt Ay e] &-gof Agho] ©hE 5 917 i,
RT-PCR¥} THC 7|"H-Z ¥-8sto &8st & o HE3t PED
o] o]Fo]d 4= 9IS Ao E AYyzbHrt.

A FEH/ PEDZE 18 I 12 A Fort 20109
108 5= 93 A9 TG ZHE00A] 80-100% Doke =2 HANE:
< B0l PED7} $AY3E o] § T} ofx|o} 7SR F45] A utE]
Rod[16], ulFo A= 20134 59 ofo] 2950 A B o] Fx
2 A% & Aoz SMEEITHe] FHolAE 20139 THRE
239 AAEE A YGoA PED7} Agol TS & Ao
2 ik Aol AFEE U WEA G} £2= 0] 9l Aol
Easls 7w, 20029 4€5H oM XA FHE 2
/g5t S g2HH 2] A5 U =R 12719 ¥iglo] A

, A4S 5ol ghefAgt Higlo] 58 9L
Hio|t}, wEhA 201449 4¥ o] % ISt 9l AF% W PEDY
3% 715 5ol 93t AniHth= BA oA Utk AR,
2 5ol o5t 71A14 RAzto] 93 FAEUE 7Hs/dol w2 Ao
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2 3= Qich
7 24 EEl® PEDVE CV777 BEF) o9 SARE A
o2 A g4l 18U 2 sHSAAGER Ao =,
= WEAGY FE 571 A AAF oA E2gt violzA
2010¢ 87K, 20129 ¥ 2013¥ 97} & & 1759 PEDVY S, open
reading frame 3 (ORF3), envelope (E), membrane (M), nucleop-
rotein (N) -7 gk A7|M LGS BAst] AP ESH B4
< RARIGTHL7). O A3 = PEDVE 24 S-4APEE 34 27
o] 38(G1 € G2)2.& YHA. PEDV S 47] 49 2A 9
AF7F &3 IF(GDI HREY oFF7} &5k 185G R
UH L, G2 THAl G2-13F G228 AlREY, &5 4
/92 Fdl 10% ol Aol & UEr L QIich. T3 A= 1 Q=
WAL e 24 §AAE e £44T ORE3, E, S,
N, M 22 Z5/4o] ¥koH, S 32429 3% 91.8-99.3%
(90.0-98.9%)Z °F 10%2] x}o]& WP 99t} B&o] 39l
A& 20109 o]F F= 9 Hu] SA A TAYZ PEDVE AR 4
B4Jo] =1 WdAJo] Fslod, 201049 o]Ae] PEDVEF 537 4
HA4 ] Zto] 7}k QIgiTH18,19]. o]t PEDV S| ¥ol& Qlsto] =
WE HEe YoM E 7]E) AMSSEL 9l w419 wo] Rt
gk ZAIK o] A71=3 9l Agoltt. whebA ZhatollA= T
AJ513l Q1= PEDO gt Al AHaet A7y o] egisint ofyat
A A 7)1 9 fa4o] Qs WAl AT 59 Aol ©RE vt

Skal 20,211
oj¥l oA EEE F 1259 PEDV S F44E tido = &
Mg B4 A3} 7} vho] 3 A 9] 41542 98.9-99.8%01 &5t
= ZA0& SRIEQr}. wabA] AFA G4 109 Tl PED7F A
ok A9 fAFo g U ulo]#Ar} HX|oA Huk
I Q= Aoz AZAHL} 3 PEDVO Uit A5y EEES
ggt A3} o] Hlo]# A BF 2013-20149 S WEOIA &

N

33k PEDV [22] 2 20§ PEDVY]| £3H= G2 159 319
g 2 WA Bl PEDVY 5= 22 G2 189 &3}

T A4dol Bl E okt 20 ® U#A 9= INDELs 15 &
e Ao2 e ou11], of¥ AlFolA HEH 1259 PEDV
+ INDELs 1&3= 5840 Zol7t ole AR SRIEq]r. 2
= Lee 51231 20189 A|F=ollA] £2]€ PEDVE G2b PEDV};
v BA% A3 § A% 2 AA 584 F2004 242 96.7-
98.7% X 98.5-99.4% A5AS Bt wahA 444 9 A% 9
AR o 2 201800 AlFolA £2]E PEDV7F 7[& 20149 Al
PEDVS} A543 =71 sHAGE AlZto] AE4E A5/do] RolA|
11 Qlo] Hio|H A7} ket Qg AIAFSHTE. whEbA] Aol A
FAAE 2L 3= PEDVE =l iEA G4 W5} 1= PEDV
oto] A ] &fo] W o] H A FA FAE vl A= AT
o 3 At wiAlFo Ad 9 ayE<Ql WAl S Fo}o]
PEDZ QIgh = 5719 fafig HAslot=t ¥ AF5foF &
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