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Pathologic Study on Suckling Piglets
Detected Classical Swine Fever Live Vaccine
Strain (LOM) in Jeju

Jae-Beom Kim

(Supervised by professor Jae-Hoon Kim)

College of Veterinary Medicine

Graduate school, Jeju National University, Jeju, Korea

Abstract

Classical swine fever (CSF) is a highly contagious, multi-systemic hemorrhagic
viral disease in pigs that may manifest as peracute, acute, chronic, or prenatal
form diseases. CSF virus (CSFV) is small, enveloped, positive, single-strand RNA
virus in the genus Pestivirus of the Flaviviridae family. Various CSF vaccines
such as live vaccine, DNA vaccine, subunit vaccine, and recent marker vaccine
are available in many countries. Since 1974, CSF live vaccines (LOM strain) have
been widely used to control CSF in domestic pigs in Korea. In contrast with
Korea mainland, Jeju province had been CSF free and pigs reared in Jeju had not
been vaccinated against CSF for more than twenty years. In the present study,
we describe the detection of LOM vaccine strain virus in suckling piglets in Jeju
for recent five years.

A total of 60 suckling piglets from 21 pig farms of Jeju island were submitted
to the Diagnostic Laboratory of Jeju Self-Governing Provincial Veterinary
Research Institute and the Pathology Department in the College of Veterinary
Medicine, Jeju National University from 2014 to August 2018. Necropsy was



performed and collected visceral tissues were fixed in 10% buffered formalin,
embedded in paraffin, sectioned at 3 pm and stained with hematoxylin and eosin.
Many laboratory tests such as bacterial cultures, polymerase chain reaction, and
immunohistochemistry (IHC) were performed to clarify the causative pathogens in
piglets.

CSF LOM vaccine strain virus were detected in 60 suckling piglets. Based on
the histopathologic examination and laboratory tests for 51 piglets, 37 (72.5%)
piglets were confirmed as mixed infected with LOM and other viral or bacterial
pathogens such as porcine epidemic diarrhea virus, porcine reproductive and
respiratory virus, rotavirus, and Streptococcus spp. However, only LOM vaccine
strain was detected in 14 (27.5%) suckling piglets. According to IHC, CSFV
antigens were demonstrated in 52.1% (25/48) suckling piglets. CSFV antigens
were more prevalent in LOM single infected individual piglets (57.1%, 8/14) than
mixed infected piglets (50.0%, 17/34).

Keyword: Classical swine fever vaccine strain (LOM), histopathology, IHC, Jeju,

piglets
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o] % thgtRl= BRI = 1996 el HAEH <4 A 72 Ags st HAEH
AGHET 100% A& TS AR 19 S X o=

A4t 0 9AlE AR 1 A3 20019 129 UHTE
OIE (Office International des Epizooties, MAlsERA7IF)ZEH HALEH HA3)
A9E IS5 (4]0 28y 20029 49 HAA G A =ixdrdo] 210 HASGAL
22 @l 10~1249 73k Ax 2 ol SolA F 1130] F7k= AT [4]. 20039
~5goE AFEE AT A5 670% 2570 Al-wolA F 65719 A<
ot AFeE AL A HADE dEH TS AAASH = A

<]

o

o] A gl

AFEE WEAGS A9sta A9z Aoz 19999 12¢ 189 FAH3 AAds
ato] A I YR FS AW FEHIG [4]. AT FAE A 57kl 2004 11
=7 A "3 Al CSEV &A17F AF9 o] %, 20059 497H4] T 3470 57l A =~
AW A EE Fdo] AU Fdol uigt FHA BAAT ofe] wlolEs EE
ol uio]gf vt obd ERA oA ARE Fol WMAIF(LOMT)E ATt [3]. =gt

AFE AAGY WAFCOMT) d2aa Gtz nude] 2w 2077t 429
A9 Hok ol okslF 7 HASH fAHS TR APAF), Bl A%
N APEY, WG AT BFF AL, 1ge] ZAGEH) Sollnh [3]. AolH o

B7b gFe RS9 A LR 2 FFo] FolA] ¥¥ A [19]e]
of FASE e 4wtk
Ak obel® 79 A dehde welzdadont ¥ 9 @wgyle] Au et

AAHA S8k B ool Srkshs 54E HAln [19]. sAvk LOMF7} A=+
o

S (porcine reproductive and
respiratory syndrome; PRRS) 59 7ol ola) #HAAlst Aoz F3F 2&S U [3].
Kim & [17]e ¢t CSFV Ao thgh B71 A}t Ak AFeo] ddd fA] s



FA W 2014358
J5] 30 s Aol HEHol whet

o

A7,
bol 227}

°

97] A%

=

152(LOMT) 7}
=

uy X
D i S5

Fel 20081l =)+ ¢

2004 114¢ AlFI=oll M sHAEH
[}

o qtAlE A3

=

o

T o W o
of ® ol oK
~ n_I _ﬁ
= T g
(&N
SRS
el N N F
~ T Ho o
_ o
S
ﬂ OT_ 00 0
R H
O
‘a N_w_.O ﬂ X
—~ T
Rz T
N S ogr
= Mo & o8
. S
8 on S
oo I
z 05
0
N o oo
io er ,UI E.e
% oK o))
o~ o
SIS
oy o2
e
S D fe)
i o X 0
N o= P
= 3 W %
. x = =y
o M = A
= o] o) g5
N Mo e
o N 5 ~O :i
" g I W 0|
N =0
— X R
A} T i of
R TR
8 2 o &
file) [a\] ~ —

SRS



I AS 2 3

1. TAAR

FAAEE 201497E 20184 8E7HA] AlFdstal o] oet goielstud 9 AT

T SEAAANEAR F 210 FeselA gE EfAE 60t AlRE ARSI
AGEREE AFA TS 197 548, AFA LS U 5, AAZA dAdS 1
SHOoRRE AA FHon, dAxHEE 2014@ 5vkE], 20159 5vkE], 20164
9utE], 2017d 26wtE], 2018 157125 dido 2 AALE 283t

RS AP 5 QWA 2Ae] Piel weh sk Tojstel 3~4 m FAR AU
|

A 23t Eufolsol AR 22 AHE B449] hematoxylin and eosin (H&E) G4 & A4

s

SISt dAo] Eu AL B9 3 Fskdv]H(Leica DM LB2, Germany)S ©]83t] 7
Skt

3. 39 %3 3}3 o AMH(Immunohistochemistry; ITHC)

%A Y CSFV e BxE 512 EnVision™ peroxidase—conjugated polymer
reagent (Dako, Denmark)E ©]&35}o] IHCE a8ttt 2 22L& 3 mm T4 =2 4351
silane coating micro slides glass (MUTO PURE CHEMICALS, Japan)ell 233t}

x4 Age] 943 FAE th, dugel =AY wyow gven ¥ $h3ge



Az AAH o2 EA)8L= peroxidaseES A AT $I5F] 3% H.O.7} H7Fd phosphate
buffered saline (PBS, pH 7.2)° 10%&zt vk-gsiglon, ddde 25 98] 0.05%
proteinase XIV (Sigma, USA)ZE 37TColA 2087+ ¥bSAZT. 14 A2 mouse
anti-CSFV antibody (WH303, Animal and Plant Health Agency, New Haw,
Addlestone, UK)E 1:100¢] s=2 343 th5 A3 #stste] 37ToA 143 vt
S A FHTE. 1 3 EnVision™/HRP, Rabbit/Mouse (EVN) reagent (DAKO, Denmark)E %
atate] 37°Cel 4027 WA R Z2F @AM R kg Folli= PBSE 1024 23] 2 A

AAstger. 25 vkgo] EFu dHL 3, 3'-diamino—benzidine tetrahydrochloride

D A As
RT-PCR 74l A8 4 Q= ARE #A9 94 9 2488 daow a9,
A 5

AN ABE RoEA e A48 AL Agaka 20T

2) vfelg = A =
10% AN 300 wZEE] RNeasy Mini Kit (Qiagen®)E AF&3te] 504 DEPC
treated water® FEe0h. FHA FF WHE AxAR] AFS AYAE FasQlTh

F=% F42 5 WE RT-PCR HAkel AH&3FSATh

3) RT-PCR A}
RT-PCR 7 = VDx® CSFV 5'NCR RT-PCR Kit (MEDIAN Diagnostics)E& AMH-3}91t}
A =};

1o

o

AZx% RT-PCR premix (CSFV)e| CSFV primer mix 15 WS Y& & F=3



3, PCR =z o) 3l RT-PCR (Table 1)& AAlsteitl. PCR AA}9)
FaEAS Fesr] 95te] control DNAS Hd3d Wy oz Hrbstth, PCR cycleo©]
55 PCR SZAHE 5 ulE EtBro] #H71H 1.5% agarose gelollA] 449 Wy o=

ANGEF F Sol FAA] BA olE HasoAr

Table 1. CSFV RT-PCR program

Step Temperature Time Cycle
cDNA synthesis 50T 30 min 1
[nitial inactivation 95T 15 min 1
Denaturation 94T 30 sec
Annealing 55T 30 sec 35 cycles
Extension 72T 40 sec
Final extension 72T 10 min 1

4) RT-PCR A% #A
Control DNA+ 309 bpy == AHES &g 4 ¢

Zhzol SlEd AW mlolel s Fom A,

o,
i)
>
bl
=
2
o
Do
—
o
o
1o
o|\
1

5 Agt EAa(Xho DE ol &3 ALY )
AALE LOMF] A5 At G4 A A daeA] g

bandZ AutE o] T ulo]lyAS 7 2=

T=ME: 11-1380644-000033-01)< s3]



HA Azl tigk WA HAbs Al wlelH AR Rk dubA Rl e

filo

T3t AAlet). A ARrA ZAH el 21A|Q1 porcine circovirus type 2 (PCV2)

o] Fetg A& (polymerase chain reaction; PCR) ¥+ [HCE
TRt PCRe Larochelle & [18]°¢] #|A|gF PCV2 wlo]#]2~2] open reading
frame 2 FAAE HE3H7] fAske] AZE primergE AFESEI S, THC= rabbit
anti-PCV2 antibody (Iowa State University, USA)E ©]&3t3ich. =l# 427 257
S35 vpo]# ~(porcine reproductive and respiratory syndrome virus; PRRSV),
) 2] -3 A A Aeto] 2] ~(porcine epidemic diarrhea virus; PEDV) % =% ZEpnfo]z| X~
}9l ZAR= RT-PCRE o] &-31th

A A A R A HAF 4 gl Wares FRden 24S A3 sl

ot

ol wjx] (HANIL KOMED, Korea) % MacConkey agar plate (BD Difco, USA)o| =
ot #A T4 AFE ahth. =3k v 37TColA 24 748417 Feb T

= grizroer wlgErdnt. A d(Sweptococcus  spp.),  EEATIT

J!
o

o
O\l

(Staphylococcus spp.), Pasteurella multocida, W&t (Escherichia coll) &< &)
oA ZF2lE Ao A, % 9 Ay L VITEK 2 system (Biomerieux, USA)S
o] &3t FASAY. T Clostridium spp. B A 54 AARS PCR AAMES W ast

AT,



AT B AFE A 218 LAk 60re] oM HiX 9y LOMT d4lo] dE5lor
A F2= 5] 197 sFe2 dusES AXsi odds % A5l
27 1N 4 AEFEAJHFig. 1. EfAhse] F8 35732 AL S1vkel, 915 370k,

1) 53
s 35vhel, @4 7rhel, w9 6vhe] 59 0% SEYrHTable 2). |8 Fgomt:

Fig. 1. Regional prevalence of classical swine fever vaccine detected in 21

farms of jeju.

Table 2. Summary for major clinical signs of suckling piglets with classical swine
fever LOM vaccine strain (N = 60 piglets)

Ch.mcal Diarrhea Atrophy Death Dehydration Fever Astasia
signs or tremor

Noi' sf 51 37 35 7 6 3
?(fo) (85.0) (61.7) (58.3) (11.7) (10.0) (5.0)




EFAES T8 dEAde] AxE F EQ AT fARHA S HEE giAH R
Hwe A gAr 51vky, U9

S AR 20vkE, &% Y 95 129k, O U S B9 14vkE], 9AS
Z Hup A2sh7] AWys 588 #go] gle

1
ol WSl Wgel H, 28 9 Y, A4, w2

Table 3. Major gross findings of internal organs in suckling piglets with classical

swine fever LOM vaccine strain (N = 60 piglets)

Organs Gross lesions No. of piglets (%)
Rough hair coat 51 (85.0%)
Skin

Hemorrhage 1 (1.7%)
Stomach Milk curd 20 (33.3%)
Small intestine Atrophy of intestinal wall 12 (20.0%)
Watery diarrhea 14 (23.3%)

Large intestine Soft stool 5 (8.3%)
Mesocolonic edema 14 (23.3%)

Tonsil Ulcer 3 (5.0%)
Pneumonia 4 (6.7%)

Lungs Congestion 3 (5.0%)
Hemorrhage 1 (1.7%)

Heart Hemorrhage 16 (26.7%)
Kidney Hemorrhage 28 (46.7%)
Spleen Hemorrhage 4 (6.7%)
Other organs Hepatic hemorrhage 1 (1.7%)
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ei5]o]

o=
fE. [e)

2 HE

o

Vo Clostridium spp. <t
3vkg], =HA ZEpulo]

A
o

oF

Ea

%L

o)

%
R

%L

Hpol 2] = Algto]

e

Eal

e

, PEDV =

479 6okl
19727} 2sh7] 4w

ojn

&

PRRSV ¢}

1
R

Ao w

T
x

Fe| vk Al 23]

&

3 e entgR &

=

A= (Clostridium

(atrophy), &% (fusion), AI| AL ¢

o}

=0

=

), 2% FEGIDY ¥

ol e}

difficile

rota virus
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(cuboidalization)
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(Table 4).
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Table 4. Infection status of classical swine fever LOM vaccine strain and other

pathogens in suckling piglets in Jeju

. Year
Infection .
Pathogen (or disease) Total
pattern ‘14 ‘15 ‘16 ‘17 ‘18
Porcine epidemic diarrhea (PED) 1 2 3
Rotaviral enteritis 2 2 4
Rota viral enteritis + Streptococcal or ] ] 9
Staphylococcal pneumonia
Colibacillosis 4 2 6
Clostridium difficile associated 5 1 3
disease
Mixed  Clostridium enteritis ] 2 A
infection (+ Exudative epidermitis ) (1)
Porcine reproductive and respiratory 5 9
syndrome (PRRS)
PRRS + Pasteurella pneumonia 1 1

Streptococcal infection (abscess

etc)

Staphylococcal infection 2 2

Viral encephalitis suspect or

bacterial meningitis

Single  Classical swine fever
infection LOM vaccine strain

Total 2 2 9 22 15 ol

_11_



B3k &3 A 3r7ntEdA = Al iESA
w4 Wye] widsHA #EHE 54 /A 9l
(187}2], 48.6%, Fig. 40), A% AU T Aoute] &d12vhe], 32.4%, Fig. 4B),
AA AHAME S (perivascular cuffing, PVC, Fig. 5D), A A EZ(gliosis), 2174
A E A AL (neuronophagia) 5& EAo2 3t= H3xA YId(14vtg], 37.8%) 2
HAE=dOvte], 24.3%, Fig. 4A) WwWo] 25 #AZAHH. 1e]al A5 If AeoAe=
ko] v Ed(Fig. 4D), H2de] A4 &3(Fig. 5A), vIge ¥ (Fig. 5B), AEe]
Fuldel FA(Fig. 5C) 9 WwHo] #AHJY. Ef 2= T HALH WAIF dEow
A= ldvpg]e] uiF A4 Frlelx #EE 38 HHoRs Ao FH(8vhe, 57.1%),
A7 AdE Al e Aol Zd(6vE], 42.9%), Hisksd HAGuE, 42.9%) 2

e}
HE&d(3vte], 21.4%) WHol F2 #HAEJoH 14vtg] T HxIdHe] EAH
270l HgsA HA, AF AU &8 58 d¥Fow Yyl AAE TuiElE HE
golE i tH(Table 5).

Table 5. Frequency of histopathologic features for non—specific septicemic lesions in mixed
infected cases and common lesions in classical swine fever LOM vaccine strain

single infected cases in suckling piglets

No. of piglets with lesions (%)

Organs Histopathologic lesions Mixed infected LOM single case
case (N=37) (N=14)
Lungs Hemorrhage 9 (24.3%) 3 (21.4%)
Heart Hemorrhage 12 (32.4%) 6 (42.9%)
Spleen Hemorrhage 1 (2.7%) -
Kidney Hemorrhage 18 (48.6%) 8 (57.1%)
Liver Hemorrhage 1 (2.7%) 1 (7.1%)
Hemorrhage 5 (13.5%) 2 (14.3%)
Gl tract ; " :
Ulcer in large intestine 3 (8.1%) -
Lymph Hemorrhage 3 (8.1%) 2 (14.3%)
node Paracortex hyperplasia 5 (13.5%) -
, Necrosis / Ulcer 1 (2.7%) -
Tonsil :
Paracortex hyperplasia 2 (5.4%) -
Nonsuppurative
CNS pRHer 14 (37.8%) 6 (42.9%)
encephalitis
Skin Hemorrhage 1 (2.7%) -

_12_



3. WA=ASS G4 7ES o §F YRAIIMY LOMT F9 BE 24}

EfFAE MAER = dy vpole s e 52.1%(25/48)9] A=A HEEHJH

2 HdA 23 gdd AAdAME 50.0%(17/34), LOMF @5 79 oAM=
57.1%(8/14)2] Ap=ol Al A wh-gS UERNATE EfF2=e] uiF A7EE A dy
Hlolg] 2 kel W Ami= HE40.0%), B17H22.9%), BEA(15.0%) L H3(14.6%)4 =
A dehgen 423171(4.3%), AE4.2%), 21BN E WS- A et
AAEY LOMTRE @5 A" Aol dZdoMe= & 23 Eo] 30.0%=2 v

epitheliai cells)ollA] 23w 11 J oH(Fig. 6), AES ¥3k3t v (Fig. 7) ¥ dxdy 7He
I A7)0 A += S48 MDA M XE(reticular cells) 2 ¥ 3 G- (lymphocytes)o A =
o

FH AT ARGl = 78A = AZ|EA] A et dxy = el Had
2]

Gdo] PEHU /18 A71e] A5 Aol AHH TEAME E FZ oI holel 2

Table 6. Results of the immunohistochemistry for CSFV antigens in internal organs

of suckling piglet

Internal organs (No. of IHC positive piglets / No. of tested, %)

Group Total

Lymph Spleen Lungs Heart Kidney Liver Gl CNS
node tract

Mixed 11/24 3/30 8/34 4/29 0/32 2/34 1/34  2/33 0/26 17/34
infection (45.8) (10.0) (23.5) (13.8) 0 (5.9) (2.9 (6.D (0) (50.0%)

Tonsil

LOM 3/11 3/10  3/14  2/12 0/13 0/14 0/13 0/13 0/12 8/14
single  (27.3) (30.00 (21.4) 16.7) (0) 0) 0) 0) 0)  (B7.1%)

14/35  6/40 11/48 6/41  0/45  2/48 1/47 2/46 0/38  25/48

Total o0y (1500 (22.9) (14.6) O 42 @D 43 O  (62.1%)

_13_



4. RT-PCR #HA} 4=

v
e

Jo

A a4 Ag A3 RT-PCR AHEo] A A ¢rol A Fd
ofd WAlER ¥ A} (Fig. 8).
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I oFAEEE Aol By TE V5] A

FradA vaes Aol e Ao FAska vk [12]. s es I3 e
o wEade] Tyl 1860d ol HAA el v= R FHe o yetz St
HAL 2 FellE A AAY] B2 FkelA dAstaL Atk o]ek o] CSFVE e
HA B HAFE T T o9 AHAI AIERt ofye, F7] T oo 2E

=
A AT Sl €8 P Ankt s d AeR delA

o Aduk % AREE HEE 7]
ittt [19].
HAGYE gaty] A% WAL 19369 H22 LE A o] Wale #dH HA

_]::
_Q

|

=
X CSFV YA (virion)E &3} A7l crystal-violet WAalo]lor}t ¢bAdA o
o] =

agdol w9 otk [26]. 1940 o= E7dA Aibd okmstE 5wl whE
ARtk o] F HALIHW WAFR= E7M AHE wtEste] of5dtd vMES S
2

nlo]lz] 22l ROVAC (USA), SFA (UK), LPC, C-strain (chinese vaccine strain) 5= ©]-83}
Walol S HATE [11]. A oA ARE F<Ql LOM WAIF9] 2= Sato & [25]¢]
Mke 24 e &3k vlo]# 2~ LOM-850F%5 19649 A& sHA FTEFFE
A oA Egol ol vAl & A% (bovine kidney) AlEelA A& Alt)sho]
LOM-BK'#% cloningal] Ap&sta ok [7, 8], LOM-BK" ®2lF+= END
(exaltation of Newcastle disease virus) WHell FAdS Holal, =A] Aore] F214,
Ao gk obdA B Al ol F2 AdE HEhlen, oFe] AlfS Feke] adt
A=l 1974358 dA7EA el AREE L vk B3 4 & [1]12 LOM-BK"
4] cloning END $4(8]5)9 LOM BK'+& SPF = Aol F{Fsto] kx/ds ]

!
AESFE AFANGL ARG T A3k F A R0 thage] doli glovt, YA

sd R T, TR AdEdd 22 54 B HE2ey 282 H4F 5 5D A 4
AA A b 5 10 Aol HAF @stEal HE F 21dels B gds] Fdem
EHJAT wEbA ol gk Arldk e WAl vlejH A FHFol rbd shxe] WMo wkg
o2 FAHY, Aol AR F ZEA WAl B SPE s Aol the A A fl=
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LIPS
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DIVA (differentiating infected from vaccinated animals)

1o A3 vio]H 29 S (virulence)dll wel X7 A (fatal) ol A

1
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T

roin) ey A
17 )

3
4 9= E2 mbA WAl (marker vaccine)o] 711 9ok [11, 15].
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A dd e [24]. CSFV

S

%

(subclinic)7}A] ©f

[¢]

A

=0
=A%

i=1]
=

Ak, mlole} Efo}
S 4 H A EY(Late-onset CSF)ol2h

FE A Anlolg A AR vlo|d ~(Bovine viral diarrhea virus)e] ZF93 wj-$- AF
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=
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(early post-natal infection)¥*] el
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el
Nlo
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1 (persistent infection; PDS 53 o2 3t} [19, 22, 24].
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Fig.

Fig

Fig.

Fig.

Fig.

Fig.

Fig.

Legends for Figures

2. Mesocolonic edema (arrows) in piglets infection with C. difficile and

classical swine fever LOM vaccine strain.

. 3. Multifocal hemorrhage (arrows) in renal cortex of suckling piglet.

4. Severe multifocal hemorrhages (arrows) in lung (A), heart (B),

kidney (C) and liver (D) of suckling piglets. H&E, X 100 (A and C),
X 400 (B and D).

Severe peripheral hemorrhage (arrows) in lymph node (A), splenic
congestion (arrows) (B), paracortex hyperplasia (arrows) in tonsil
(C), and non-suppurative encephalitis with perivascular cuffings

(arrows) (D). H&E, X 40 (A and C), X 100 (B), < 400 (D).

. Brown colored CSFV antigens (arrows) in cryptal epithelium of tonsil.

IHC, x 400.

. Brown colored CSFV antigens (arrows) in infiltrated macrophages of spleen.

IHC, > 400.

8. RT-PCR products of classical swine fever LOM vaccine strain from

internal organs of piglets. Lane N: negative control; Lane P: positive
control; Lane M: 100 bp DNA ladder; Lane 1~3: field samples.

* ALL of the amplification products were confirmed to be classical
swine fever LOM vaccine strain (The restriction enzyme (Xhol)

treatment).
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