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Prevalence and Pathologic Study of

Porcine Epidemic Diarrhea in Jeju

Hyeon-Ju Kim

(Supervised by professor Jae-Hoon Kim)

Department of Veterinary Medicine

Graduate School, Jeju National University, Jeju, Korea

Abstract

After the last outbreak of porcine epidemic diarrhea (PED) recorded in
March 2004 in Jeu. there was no official reports for this disease for 10 years.
The purpose of this study was to investigate the prevalence of PED and the
pathologic studies for piglets with PEDV in Jeju. To clarify the distribution
of porcine epidemic diarrhea virus (PEDV) antigens in intestines of piglets by
immunohistochemistry (IHC) and the presence of PEDV in feces by reverse
transcription polymerase chain reaction (RT-PCR). Also, we performed
genetic analysis for spike gene of 12 PEDV strains isolated from piglets
based on RT-PCR, cloning and sequencing. And phylogenetic tree was made
for these PEDV strains.

A total of 153 pigs from 52 farms were referred to Jeju Special
Self-Governing Provincial Veterinary Research Institute from April 2014 to
September 2015. Based on histopathologic examinations and the results of
IHC and RT-PCR, 153 piglets were diagnosed as PED. Major cases of PED

were focused in suckling pigs (144 piglets, 94.196), especially in 1~7 day-old



piglets. Although PED occurred throughout the year in Jeju, it explosively
occurred in the reemerged period from April to May 2014 and increased in
winter season. Outbreaks of PED was confirmed in 52 pig farms in Jeju.
Seventeen pig farms (32.7%) referred twice and more times for the diagnosis
of PED. Histopathologically, severe villous atrophy was observed in small
intestine of piglets, especially in jejunum and ileum. Mean villous heigh to
crypt depth ratio of jejunum and ileum were measured at 1.4:1 and 1.5,
respectively. The major histopathologic findings in small intestine were
cytoplasmic vacuolation, cuboidalization, squamation, exfoliation of mucosal
enterocytes in villi. The cytoplasmic vacuolations in enterocytes were most
prevalent lesions in small intestine, and were more severe in ileum than in
jejunum. According to IHC methods, PEDV antigens were presented in the
cytoplasms of enterocytes, and were more prevalently distributed in ileum
than in jejunum. PEDV antigens were also detected in 29 colon (21.3%) of
piglets. Sequence comparison and phylogenetic analysis indicated that 12
PEDV had more than 98.9% homology with each other. These PEDV strains

were highly homologous with the genogroup 2 North American group.

Key words : porcine epidemic diarrhea, pig, immunohistochemistry,

Sequence analysis, S gene
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HA A FHAE fFEste Fo volglzde =HAHAAEA GG ntol Y~
(transmissible gastroenteritis  virus; TGEV), X34 A A}u}o] 2] 2 (porcine
epidemic diarrhea virus; PEDV) % =ZEpvlo] & ~(rotavirus) s°] St [24]. ©]
FrAbEoll A A=l o277 A] Aol A Aol Aol HAL
£ fradely] il S sl 2 FElE T3 vk [20]. o] whele ol o] @

Al P x84 A A porcine epidemic diarrhea; PED)E wi-¢- A dAdo] Zaly,
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53 TR WAL SRy aeh W7 AR 95 doA Be ANE
2 el Agelth o Awe 2K oo}, §4, %ul 5 oA A&He

2 dAgsta o, w&e Aug Qlste] = Akl =g AAA EAS
oF7lstar Slvk [11, 20, 211.

PEDV+= Nidovirales® Coronaviridae® Alphacoronavirus%°l <3t 23]
£ 7HA = @Y7t RNA vlolg| 2z A Aol o]tof] fyrefom v
~ulo]|AE 7FAE Ao EAo|t} [17, 22]. PEDVE TGEV$} 28 coronavirus
ol Ak M2 Aol Aelstth. PEDE 19719 oA Hx= A5
EfAES AT 54 vlSEolA 34 HAANES UEhdo]l TEd dEA e
TGE®F w5~ AR T4 Yepdigler [18]. o] & & F4H =7Fe=E d3tso
o] W& epidemic viral diarrhea (EVD)Z W EJATh 2 & 19761 ol A
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d AAA

= AFHA &sker, F AWS TRty skl 1971d AR A

EVD 182 % EfAk= AAlFo] ke 1976 24 HANSS EVD 28 %
sttt o § EVD 28 A A A mzupdtel s A HAATE &
w9laL, o] wpol#jArk EVD 19 2Alol= #ofstld zo] gl o] dAH &

A

PED= WW AS Adstdon, dx7tA d AAASZ T&5a At [201.
oFAJofoll A= Ao A] 1983 WA Ha17}b 9iolow [26], oA 1992y A A}



o|N

de Hole AECSREHRE PEDVE AHgo® Esiatt [2]. Foshed 4]
arof] mE, 19921 195E 1993 129714 235 71719] vloleinA Al o 5
56.3%7} PEDZ HaEom, 1 5 90% AX=r7l 1083 o]ahe] EfAEdd Ha o
AATE [8]. L o] Folli= AmH o R Fabr]o] A|&HA o7 WAl o 2011 ~2012d
Atolell = tha 27 EHE YERIATE ey 201395 E g U5 X Y = st
oA PED7} Ajdkste] whE A gikeo] H2] AbsErtel] & s Fi Ut [14,
15]. AlFollM= 2004 3¥€ PED7F wmpA#to = wHAgh 5 oF 1061t glslont, 2014

W 495 E tA] Bt AAA FE ARG 2 4
“golt}.

kA, BoAdgE 20149RE HEAA AFA A PED @A dEs
wAeta, PEDVel #9d Aol disk wWystd Ak @A EEE
apol ] 2o gk fshA BAS AAStATh e ST wsel A s d

PEDV e} Al=A9 PEDVe] FH13 & vastiixl 3%
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LG, T4 R I, WY 2 2SS FEste] AFs o,
2do] mAste] dWkAl A W

wel s Eofste] 3~4 ym FAR AHS A tg hematoxylin and

eosin (H&E) A& AAlste] #Fstdn g ow H74 53t

1537t ¢ =HA] T ARFRstel 1914

Fartifact)o] WFE %] @42 124nte] o] & A oA 59 95 ALE

+2387] 9ste] SR E=ol(villous height; VH)F €99 Zo](crypt depth;

CD)E Hlustsleh. 53] 23k7]ol #As= nloleixe] 8 4039 a4
s}

IR ES L R

—|~
¥
Og‘:,l‘
i
of

b
O}‘

8l 4 e FR7F AR FF(fusion)sts A& A&t 7t %

2R 3EE Fotdvder wEEde wl, 1008 Alofell M & X & 9 (fusion) 9]

AE7F 10% 9k -9 focal (Gl), 10~49%<21 73-%- multifocal (G2), 50% ©]d=
diffuse (G3)% &3} tH(Table 1).

AP skel Q191A Am "eto] FubEo] A 2 JHAIE AEEt
Hpolgf 2~ P om Qg A% AuAEe ¥

153vke] < 1267
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o
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Ve AIAES] HIAS F oy WHUs] #FEs T M ESY] V&%
FskdnZd 1008 H= 2008 AJokoll A SR AT A Ee] g2 (exfoliation),
A H 3} (squamation) ¥ A EZA 2] F¥3H(vacuolation)e] AHEo] uwrg} 10% w]RkSl

A9 focal (Gl), 10~49%<% 7% multifocal (G2), 50% ©]% diffuse (G3)=
TE3l G tH(Table 1).
HelzAshd WHE §oF W vpsx 2 dH2]e] AR me 497

490 1 79 ol 8 oo ARl WA NEF wwsy



Table 1. Histopathologic grade for the lesions of small intestine

Grade
Lesions
Gl G2 G3
Fusion of villi / . .
Focal Multifocal Diffuse
Exfoliation, squamation and
vacuolation of mucosal
< 10% 10-49% = 50%

enterocytes




4. THC &AL

og=lE HA AR T A AT Ay E As Astal 1367k o A,
1277k2] o] 3% 2 1367k o] AAelA PEDV 9o £x&5 &<lstr] 915
EnVision™  peroxidase-conjugated polymer reagent (Dako, Denmark)Z
ol-gstel IHCE sttt dedtdA =4S 4~5 m F7=2 ¥WEsto] silane
coating micro slides glassoll H2telar &xpelsl @ sy S AFHY 232 Y
AAH o7 EASE  peroxidaseE A A7 Ys 3% H.O7F HUH
phosphate buffered saline (PBS, pH 7.2)o] 10%7+ wkgslal, 3% ZHSF=E
S5t 23] Asklem, A4

1=}
B
97 Col A 6023t stk =2 ol Hlely s FAs Fdsr] A7 1%

8
lo
o
o

S 93l citrate buffer solution® &

(L
oo

A 2= mouse monoclonal anti-PEDV  antibody (Median Diagnostics,
Korea)Z 1:500W1 2 3143k thg FAAH Halslo] 37TCoA 1A Ex=
ACAA 1277+ ¥reskgtt. 22 342 EnVision™/HRP, rabbit/mouse (EVN)
reagent (Dako, Denmark)Z o= Hslsle] 37ColA 40=3F HE-3-3F AT
Citrate buffer solution ¥ ©]% 7} T@AER Hbg Fo]= PBSE 524 23]

Ax FAsE Y. EE dbgo] v A2 3, 3'-diamino-benzidine tetra-
hydrochloride (DAB; Dako, Denmark)® 40% ~1&7F @A 71 & 33 =HFE
MAsFe]  WESS FAFAT. gERIMES Mayer's hematoxylin - (Sigma,
USA)o. = 37TCelA 1083 dAstdon, g9 FH834488 714 &stArh

Heg el e 27 STpolns A FoR wEste] PEDV ¥4l

iu}

=
71€el HuE EUR 3d(expression grade; EG)el Y By AL
Brrskavk (3, 41 @stEw g 2008 Alekeld &, @ A% A
B A ZAA PEDV  &elo] A AIAEY 10% mHolA ZAhFHOR
Hd s = 495 focal (EGL), 10~49%°lA tHAFdoez RB¥st= 45
multifocal (EG2), 50% ©o]e] w]yhA
T35k tH(Table 2).

7HA= A5 diffuse (EG3)Z

M
kel
il



Table 2. Grade of the expression of porcine epidemic diarrhea viral antigens

in intestinal mucosal enterocytes using immunohistochemistry

Grade
EG1 EG2 EG3
Distribution of PEDV Focal Multifocal Diffuse
Area of antigen expression < 10% 10-49% > 50%

in mucosal enterocytes




5. HAAN HA

1) AAFAIE 2] RNA F=

AAb i BAAE HAe7] flste] T 16379 sl A diAEelN FHHo=m
TS QA -70C Wsael Haste] wpolefz~ FAfel] &-&3k3th. RNA
vlo]#i~¢l PEDV % TGEVel gt RT-PCRS AAISATE 14 AAE
fste] 70T Ws Byt 153729 W A5 E DNase RNase free distilled
water (Invitrogen, USA)¢} 1:10 B &2 E3sto] AS5AES o] &3t RNA

o

22 RNeasy® Mini kit (QIAGEN, GmbH, Germany)E ©]&3}o] | 2A}7}
AA et Ao F3lo] AAlstAT 1.5 ml effendorf tubed] ¥ &< 150
W RLT buffer 300 S 9 70% ethanol 300 < H7F & £33

Mini columnol| 750 @09] ¥kgHS @il 4T, 12,000 rpmolA 123 A
3tttk Collecting tubeW] 84S A A3 columnol RWI1 buffer 680 ulS
e 47T, 12,000 rpmell A ohA] 122 9428 FFAE Columns A 2-&
collecting tubeel] ¥ i RPE buffer 500 pl ¥ 5 47T, 12,000 rpmeolA TtHA]
257 YA FE A Y. Collecting tubeW 9] €4S Wl ©tA] RPE buffer
500 w ¥+ ¥ 47T, 12000 rpmelA oAl 237F d4lEE] stk Columnol

A =2 4T, 12,000 rpmol A 187 dAE 8 & columns M2

:
K
s

15 ml effendorf tubeo] % i Dnase RNase free waterE 50 pl ¥F3to] 4T,
12,000 rpmelld 13 A4 st HF FE=ES RT-PCR FHAbel

o] &3t A tt.

2) RT-PCR ®¥+& =41

RT-PCR> PEDV % TGEVE #HZE37] g primer7t #&-F5o] A&
AE3E premix¢l  ~TGEV/PEDV detection Kit (Intronbiotechnology,
Korea)ol =73+ RNA 2 ul 2 DNase RNase free distilled water (Invitrogen,

USA) 18 wE EF3tdth w8 AL reverse transcription THAIE= 45T o A



30+, Pre-denaturation 94Tl A 5%, cycle reactions ©HAl= 94TCoA 20%,

55Tl A 30%, 72Coll A 50%%F 403] wHEakal X 72Tl A 5&3F vkl

e 8 5 Zbzbe] bbgdl 8 A S 1.5% agarose gel AollA H7dES
A A8k b5 RedSafeTM Nucleic Acid Staining Solution (Intronbiotechnology,

Korea) €905 pxl/ml in DW)o. & AA39 T UV transilluminatior® 2} 7} 9]

[

2o gk SolAdd WM fFHF& Sl SFAES] AV|E FRlsH]
9sted 100 bp DNA ladder (Bioneer, Korea)E molecular size marker@®
AFEEEATE Al A A A A S PEDV 2 TGEVS RT-PCR SZ4HE9] A7]+=

7+7} 525 bp 2 755 bpoltt.



6. PEDVS| FXStE ZAL

ATE HA A5 A HE% PEDV T 12772014 85F; KOR/JJ-1~8/2014,
20159 45 KOR/JJ-1~4/2015)°] gt 84 HArRE AAstt PEDV spike
(S) 424 A& 1% primers= Chen & [10]¢] WRel wet A 4etAtH(Table 3).
PEDV RNA¥: AApEWHoL A% x2 0 2 HE TRIzol LSE o] &3] FZ319it)
RT-PCR reverse transcription @Al 50TCeolA 304, pre-cycle heating
A= 95Tl A 5% cycle reactions ©HA= 94Tl A 30%, 52TColA 2%30%,
72TCoA 1+30%7F 3ocycless T3 § 53 M-S pGEM-T vector system II
(Promega, Cat. No. A3610, USA)E o]-&3te] =23}t

Table 3. Oligonucleotide primers sets for the spike gene of porcine epidemic

diarrhea virus (Chen Q et al, 2014)

Primer name Sequence (5'->3") Primer location Pr(()](ois)c ts
PEDV-S1F GTGGCTTTTCTAATCATTTGGTC
20,604-23,103 2,499
PEDV-SIR CTGGGTGAGTAATTGTTTACAACG
PEDV-S2F GGCCAAGTCAAGATTGCACC
22,936-24,886 1,950

PEDV-52R AGCTCCAACTCTTGGACAGC

_10_



PEDV #FAAE #4387 #ste] 299 FHAE T73 SP6 sequencing
primerg o] &3t wpaEA 3 AH(Macrogen Co., Ltd)el ABI Prism®3730xi
DNA Sequencer® A @7I144E& dA=etgon, #5d S FHAAES

d3sl7] ¢l CLUSTALX alignment program BIOEDIT 7.053 program=
Ab-&sto] A s T

o]F, FHA HAAAIAE EdE AEsH EfE wE7] s Mega 6.0

g2 Yo E9]9 = Neighbor-joinning methodZ AF&3F5ith [13].

_1‘]_



1. NIF==U PED Xt

AFERANE SEAAAGLZ 20149 495H 20159 9274 W A7HA
o]¥]Ho] PEDE xIdhd o= F 163nte]l2 gl S8 =HAE ddE=

AduE s W, 44" mRke] A7 1017 (66.0%) = 7HE B 2 HEE
Holow, 4~7d"o] 437k (281%), 8Y® ool 9mt(B9%)e] wom

A= ATHTable 4). ©o] <, 8L4® ool #AA= 9L 2vie], 1099, 14L3
1595, 2 174" 742 1vhe], 219 3vie]= 725 A

Table 4. Prevalence of porcine epidemic diarrhea in Jeju according to pig ages

Ages
< 4 4 ~ 7 > 8 Total

(days)
Number of pigs 101 43 9 153
(%) (66.0) (28.1) (5.9) (100)

_12_



AFEHFAAE 7f2EA A 25 p2d, 20149 AA7A AFEW HA

FE BIMFE 304509 WA WaE AFA 24F, AAEA 9

<
Atk 53] PED7F 'EAR ARl AR A9 FE e FHE 1373,

A

AL 3635 2 AW Us 2 deld 9rt. PEDZ oy gdE vl 2

3045 T H25® °F 171%°l @3t USAtH(Table 5). AW A
AgE R PRl B AFA 19.6%(42/214), A EA] 11.1%(10/90) 2 e
AFAl Aol PED #Ale] HlawA &2 AoR It PED oA ¥71&
o TS

T

& wWME ARstel AW RS ), PED WAL AFES] MypAY
29.9%(41/137), WA F 27.8%(10/36), AW 4.2%(1/24)° =gt=o] TA3}aL

A A (Fig. 1).

Table 5. Prevalence of porcine epidemic diarrhea in Jeju

City
B ; - - Total
Jeju-si Seogwipo-si
Number of pig farms 214 90 304
Number of farms 42 (19.6) 10 (11.1) 52 (17.1)

with PED (%)

Namwon
0

Fig. 1. Regional prevalence of porcine epidemic diarrhea in Jeju from April

2014 to September 2015.
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HAF 712 Et LT FFNA o] Ad HAL o€ FUHE X FsHY
PEDE e o= F 7221(157te]) o] th(Fig. 2). ol & €¥= A&ste] PED
WS B3 Ay 20149 49 137(18.1%), 59 1471(19.4%), 693} 790] z+z+
174(14%), 89 37(42%), 99 471(56%), 109 11(14%), 11¥3 124
271(2.8%), 2015 19 971(125%), 29 53(69%), 39 67(83%), 4%
17(1.4%), 59 37(42%), 693 79 171(1.4%), 99 57(6.9%)o = LtEbyt
web AFE W HAZx AR AHEel 20149 493 59 2 WS
woltprt A7 aFAAEE Holetrt olF FAE7|o EolAwAl thA

15 14
13 il Number of outbreaks
10+ — 9
6
h L5}
5 Hi— 4 —
3 3
2 2
1 1 1 u u 1 1 1
0 T l_J l_J Il_JI T T T T Il_ll ILJILJIOI 1
6 © '\ > S N LN L B X b 6 A % O
RS N R I RGN

Fig. 2. Monthly outbreaks for the cases of porcine epidemic diarrhea in Jeju

from 2014 to 2015.
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FrpE R BAE Ay 13 AAF 9F s7tE 3HBE7H6E7.3%)9 o 23], 33 2
43] 97 w7l= 747z 15%7H288%), 1%7H1.9%) = 1%7H1.9%)=
el tH(Table 6).

Table 6. Confirmed cases of porcine epidemic diarrhea according to pig farms

in Jeju
Number of confirmed case
(times of request)
1 2 3 4 Total
Number of farms 35 15 1 1 52
% 67.3 28.8 19 19 100

_15_
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Table 7. Frequency of characteristic gross findings in major target organs of

pigs associated with porcine epidemic diarrhea

Gross findings (%)

Ages
(day) Milk curd in the Watery contents Urate in the renal
stomach in the intestine papillae
(%) (%) (%)
< 4 67 99 63
(N = 101) (66.3) (98.0) (62.3)
4 ~ 7 22 42 27
(N = 43) (51.1) (97.6) (62.7)
> 8 7 9 2
(N =9 (77.7) (100) (22.2)
Total 96 150 92
(N = 153) (62.7) (98.0) (60.1)
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3. wa| =ty ZAl A3}

PEDZ #% % 1530ke] sjxe] 24dA et

o
=
o,
2
jus)
-
o

Alofoll A 71
FEHY WAty wyHoR= grRo dAxst 5 ol HHEHUTH
AR SE So] FREE Al 2 124vke]e] A% =F T eI Aol tiso]
VH:CD ratiogs At=stdow, ozd = xe ARFHRE FE3ste] Hlastsirh
AAMoz 404Dl 33401510l HEte] VHICD ratio’t Tt B
Uehgton t& dAdo] Hlae] 4~7d3He HAEo] FH IFF EFA
1.3:1% 7H St tH(Table 8).

Table 8. Mean villous height, crypt depth, and villous height/crypt depth

(VH/CD) ratio of small intestine from 124 pigs

Number of Mean villous Mean crypt  VH/CD ratio

Organ Ages pigs height (um) depth (um) (Mean *SD)
<4 78 212.6 162.1 16 + 0.6
4 ~ 7 38 205.7 177.3 1.3 £ 05
Jejunum
>8 8 225.5 179.9 14 £ 05
Total 124 214.6 173.1 14 £ 05
<4 78 206.1 154.0 16 =06
4 ~ 7 38 179.5 162.0 1.3 £ 06
Ileum
=8 8 217.7 174.6 1.6 = 0.7
Total 124 201.1 163.5 15+ 0.6

_18_



govtel)nThs 5%(782%, 9TnhelelAd §wel §iel ©S WA wz
HtHTable 9). & §% §3 Bds Aws FAFAUS @, Betdn 4
Aokl A 50% ol gl gREel A AT

62vke]) 3} 3]4(54.0%, 67vke])ol A B5F A BEE A

Table 9. Histopathologic grade for the villous fusion of small intestine from

124 pigs according to ages

Grade of villous fusion

Organ Ages Negative
Gl G2 G3 Subtotal
< 4 days
(N = 81) 10 6 40 56 25
4 ~ 7 days
(N - 35) 2 8 17 27 8
Jejunum
=8 days
(N = 8) 1 1 5 7 1
Total 13 15 62 90 34
< 4 days
(N = 81) 5 16 40 61 20
4 ~ 7 days
(N = 35) 1 6 21 28 7
Tleum
>8 days
(N = 8) 0 2 6 8 0
Total 6 24 67 97 27

_19_
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Table 10. Grade of histopathologic lesions in the mucosal enterocytes of small

intestine
Grade of lesion
Organ Hlstopgthologlc
lesions
Gl G2 G3 Sub-total (%)

Exfoliation 24 4 26 54 (42.9)

Jejunum .
(N = 126) Squamation 11 15 37 63 (50.0)
Vacuolation 12 13 70 95 (75.4)
Exfoliation 21 7 17 45 (37.5)

Ileum .
(N - 120) Squamation 19 18 16 53 (44.1)
Vacuolation 12 13 73 98 (81.7)
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Table 11. Prevalence and grade of histopathologic lesions in the mucosal

enterocytes in jejunum according to pig ages (N = 126 pigs)

Grade of lesion

Ages Histopathologic
g lesions
G1 G2 G3 Sub-total (%)
Exfoliation 17 2 18 37 (45.1)
(<N4:d§32]§‘ Squamation 10 8 24 42 (51.2)
Vacuolation 9 10 44 63 (76.8)
Exfoliation 4 1 8 13 (36.1)
4 (;I Z gg;ls Squamation 1 5 10 16 (44.4)
Vacuolation 1 2 23 26 (72.2)
Exfoliation 3 1 0 4 (50.0)
=8 days S f 0 2 3 5 (625)
mation )
(N =8) dramatio
Vacuolation 2 1 3 6 (75.0)
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o) A% 499 viwk % 4~7AF] HANAE FH AL FEF 713
wol ¢AS LU vstel, 8UY olMlAE FHUF AolE Uehhm A

& oktH(Table 12). E3h st WS 447 mrt 9 4~7d5 o] Ao A

Table 12. Prevalence and grade of histopathologic lesions in the mucosal

enterocytes in ileum according to pig ages (N = 120 pigs)

Grade of lesion

Histopathologic
Ages lesions
Gl G2 G3 Sub-total (%)

Exfoliation 12 5 12 29 (36.3)
fN4:d§3(3§ Squamation 14 14 11 39 (48.8)
Vacuolation 10 9 48 67 (83.8)
Exfoliation 6 1 5 12 (35.3)
4 (;I Z gjils Squamation 4 3 3 10 (29.4)
Vacuolation 2 3 23 28 (82.4)
Exfoliation 3 1 0 4 (66.7)
=8 days S ti 1 1 2 4 (66.7)

N = 6) quamation )
Vacuolation 0 1 2 3 (50.0)
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Table 13. The expression grade of porcine epidemic diarrhea viral antigen in

small and large intestine

Grade of antigen expression

Organs Negative 5G1 BG2 EC3 Sul?;/s)tal
(1‘]\163'1;11’111,1:1;613) %5 8 15 88 (éll.%i)
(Nniurlréﬂ 18 7 11 91 (ég.%)
(NC(I)IOI% &) 107 17 4 8 (221?3)
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Table 14. The expression grade of porcine epidemic diarrhea viral antigen in

small and large intestine according to pig ages

Grade of antigen expression

Organ Age of pigs Negative
Sub-total
EG1 EG2  EG3 s
<4 70
(N = 86) 16 7 9 54 (31.4)
. 4~ 7 36
Jejunum (N = 40) 4 1 6 29 (90.0)
=8 4 0 0 5 5
(N = 9) (55.6)
<4 68
(N = 80) 12 3 9 56 (85.0)
4~ 7 35
Tleun (N = 38) 3 3 2 30 (92.1)
=8 3 1 0 5 6
(N = 9) (66.7)
<4 19
(N = 88) 69 9 3 7 (21.6)
4~ 7 6
Colon (N = 36) 30 5 1 0 (16.7)
>8 1 4
(N = 12) 8 3 0 (33.3)
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5. HHA & REsty A 24

% 163ukEle] = Al giFelA AFHS @l wiste] PEDV ¥ TGEV
FAAE HAEH7] fle RT-PCR AAME Fadtalon, 7h7be] nlojef 2o ot
SEZANE =Z7|E 525 bp ® 755 bpel @@ UH(Fig. 11). TGEVE A
AA N Aol em, PEDVE 986% ¢l 1510telold oA we& mlon
Uz 2% Aok 4L MAE 3¢ 9 49% A7 InpglE
Shel = At

AFE =:HA Azl HER 1259 PEDVE S Fdx& A=s7] A
RT-PCRE A YH AR driNgs #Estel 125 PEDV
nlolgf 2~ AEzrel fHAE WA A 989% o9 AEAS Holal

A A HFig. 3).

e
+o
iy
it

Ceq-> KOR/JJ- | KOR/J)-| KOR/JJ- | KOR/JJ- | KOR/J- | KOR/)I- [ KOR/JJ- | KOR/)- | KOR/JJ- | KOR/1J- | KOR/J)- | KOR/J)-
® 1/2014 | 2/2014 | 3/2014 | 4/2014 | 5/2014 | 6/2014 | 7/2014 | §/2014 | 1/2015 | 2/2015 | 3/2015 | 4/2015

KOR/))-1/2014[D 0997, 0997 0999 09970 0998 0998 0997 0995 099¢ 0993 0995

|KOR/JJ-2;’2014 0997[D 0997 0997 0997 0997 0997 0997, 0997 099 0993 09%

|KORJJJ-3/2014 0997 0.997ID 099 0997 0997 0997 0997 099Y 099 0993 0995

|KOWJJ-4/2014 099%( 0997 099D 0997, 0997 0997 0997, 0991 0995 0993 0.99%

|I{OR.-’JJ—5/2014 0997 0997 0997 0997ID 0998 0994 0997 0991 099 0993 0995

|KORjJJ-E/2014 0998 0997 0997 0997 0.998ID 0998 0997 0991 099 0993 0.995

|KOR,’JJ-7/2014 0998 0997 0997 0997 0998 09980 0997 0991 099 0993 099

|KORIJJ—8/2014 0997 0997, 0997 0997 09970 0997 0.997ID 0991 099¢ 0993 0995

|KOR/JJ-1/‘2015 09911 0992 0991 099y 0991 0991y 099y 0.991D 099 099 0989

|KOR,’JJ-2,!2015 0996 0996 0996 0995 0996 099 0996 099 099D 0992 0994

|KOR/JJ—3,/2015 0993 0993 0993 0993 0993 0993 0993 0993 099 0.992ID 0.991

|KOR,’JJ-4/2015 0995 0994 0995 0994 0995 0995 0995 0995 0989 0994 0.991‘[0

Fig. 3. Homology of the nucleotide sequence for spike gene of 12 porcine epidemic

diarrhea viral strains in Jeju.
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A= 127¢ PEDV S +xAE Neighbor-joinning methodE € &3}

AEstd EgE gt Ay AlFEdA E2¥ PEDVE genogroup 2 (G2)el

HT H=eAM = Beddol 4Arg INDELs 1% PEDVeF ®HaAdol 7gh
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) KOR/JJ-1/2014 =]
l:lg 1 KOR/JJ-T/2014
KOR/JJ-6/2014
KOR/JJ-2/2015
KORMJ-3/2014
KORJJ-5/2014 Jeju PEDv Korea
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TW-Pingtung-52 (KP276252)
92 TW-Yuniin-71 (KP276249) Taiwan
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= IBREUPN2014 (LCO63831) I Japan
- MN (kF488752)
[ USA/wWisconsinS5/2013 (KJ645653) USA
USAllowal16465/2013 (KF452322)
—  MYG-1uPN/2014 (LCOE3838) | Japan
[ 142 (kFas8754) 1 UsA
= OKN-2/JPN/2014 (LCDE3816) | JTapan
USAfindianal17846/2013 (KF452323) 1 USA
GNM-2/JPN/2014 (LCO63828) I Japan
—  KOR/S-1/2014
E K13JA12-1 (KJ538151) Korea
K13JA11-4 (KJ539153) .
K13JA123 (KJ539152) North American
Tottori2/JPN/2014 (LCO22792) | Japan
21 | | I
KOR/HS-1/2015
[— KoRBR-1/2014 | Korea
= K14JB01 (KJ539154)
KOR/S-2/2014
USA/NorthCarolinag1/2013 (KJ845683)
E USA/Oklahoma32/2013 (KJG45640) | UsA
USA/Texas128/2013 (KJE45697)
7 MB-021 (KM196111) 1 Canada
AOM-3PN/2014 (LCOE3833) | Japan
p 13019349 (KF267450)
USA/Colorado/2013 (KF272920) | USA
[ USA/Kansas29/2013 (KJB45637)
[ OKNC1/UPNI2013 (LCDB3836) 1 Japan
[ A1 (KFaB8753) 1 UsA
_ | - MEX/104/2013 (KJB45708) 1 Mexico -
CHIZMDZYI11 (KC196276) 1 China
NL/GDODD2/2014 (KRO11122) | Netherlands =
FRI0D1/2014 (KRO11756) 1 France
NL/GD001/2014 (KRO11121) | Netherlands
99 15VO10/BEL/2015 (KRO03452) | Begium
GER/LO0721/2014 (LME45057)
99 0 GER/LO0718/2014 (LMB45058) | Germany
us r 2/2013 (KJB45704)
USA/Ohio126/2014 (KJB45702) | Usa INDELs
OKY-11JPN/2014 (LCO3847) | Japan
99y sK-030 (KM196108) | Canada
OHB51 (KJ399978) 1 Japan
99 KNU-1406-1 (KM403155) 1 Korea
USAflowal06/2013 (KJB4SE95)
USAllowa107/2013 (KJEAS696) I Usa -
HUA-PEDE7 (KP455319) | Vietnam
_ggr CHIFJZZ-9/2012 (KC140102)
G: 91 ZJCZ4 (JX524137)
[els] — CH1 (JQ239428) China
90 = AJ1102 (JX1B8454) |
b e wxassiss)
HUA-PED45 (KP455313) I Vietnam
HUA-PED47 (KP455314)
GD-A (JX112709)
CHGD-01 (JNSBOGSS) | China
b CHIFJND-3/2011 (JN381482)
NK (ABS48623)
I Japan
KH (AB548622)
i CVTTT (AF353511) 1 Begium
2 LZC (EF185992) I China
L e (GUS3TTI7) | Korea
DR13 (DQBE2099)
CHIS (JN547228) 1 China
99| MK (AB548624) | Japan
JS2008 (KC210146) I China
DR13 (DQ462404) I Korea
SD-M {JXSE0761) 1 China

0.005
—_—

Fig. 4. Phylogenetic tree based on complete genome sequences for the

spike gene of 12 porcine epidemic diarrhea virus strains in Jeju.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Legends for Figures

Note rough hair coated and emaciated suckling piglets.

Note yellowish watery feces around anus in suckling piglet.

The small intestine. Note thin and transparent intestinal wall and

vellowish watery contents in the lumen.

The kidney. Note yellowish brown materials in the renal papillae.

The small intestine. Note epithelial exfoliation (A), cuboidalization (B),

squamation (C), cytoplasmic vacuolation (D) in the entrocytes of small

intestine. H&E (Bar = 50 um).

10. Small and large intestine. Note PEDV positive signals (arrows) in the

11.

cytoplasms of intestinal enterocytes in jejunum (A) and ileum (B)
IHC (Bar = 200 gm). Note PEDV positive signals (arrow) in colon
(C). IHC (Bar = 100 gm).

RT-PCR products of PEDV. NC : Negative control; PC : PEDV (525

bp) and TGEV (755 bp) positive control; Lane M: 100 bp Ladder;

Lane 1 and 2: fecal samples.
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