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Abstract : This study was conducted to elucidate the distribution of Aujeszky's disease viral
nucleic acids and antigens in the central nervous system (CNS) of piglets. The first Korean isolate
of Aujeszky's disease virus(ADV) that isolated from naturally infected piglets in Yang San, was
inoculated into 32 day old piglets with 10°° TCIDsy/ml through intranasal or intramuscular route.
These piglets were sacrificed at every 24hrs for 8 days. The immunohistochemistry (IHC) was
conducted to detect the viral antigens in paraffin-embedded tissue sections using avidin-biotin-
peroxidase complex (ABC) method. The viral nucleic acids were detected by in situ hybridization
(ISH) using ADV specific DNA probe labeled with digoxigenin.

The ADV antigens were detected in reticuloendothelial cells of spleen, lymph nodes and
tonsil, alveolar walls, leptomeningeal vascular walls, inflammatory foci of each organ, and nerve
cells.

The viral nucleic acids were detected in the spinal trigeminal nucleus and its tracts of the

pons and medulla oblongata by the ISH technique.

Address reprint requests to Dr. Woo-young Cho, Veterinary Service Laboratory, Chungbuk Office of Agriculture and Livestock,
Naedhuk 1 Dong 344-53, Cheong-ju, 360-171, Republic of Korea.
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The pathways of AD viruses in CNS were determined by IHC and ISH. In the intranasally

inoculated group, the viruses in nasal mucosa moved to medulla oblongata and pons through the

trigeminal nerve. In case of intramuscullarly inoculated group, viruses moved to brain via

lymphoid organs or spinal nerves from sciatic nerves.
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Table 1. Experimental design of virus inoculation
Inoculation Inocalum  Virus Gers < Vol of No of
routes inoculum(ml) piglets
IN ADvirus*  10°° TCIDso/ml 2.0 10
M " " " 8
IN(control) EMEM** - 1
IM{control) " - 1
Total 20

IN:Intranasal * Anjeszky's discase
IM:Intramuscular ** Eagle's minimum essential medium

O EE S - 2 ADV $9& A& a7 9
of Z AAAINE 10% FAXETUALY ué?} ¥
Foggtd Ao EYwe ADV  monoclonal

antibody(MoAb)$} avidin-biotin complex kit(Vector Lab,
USA)E o] &3t WS At shehd ¥
d 23L& 3~4me HHE A organosilane 0.2 Z{E}ﬂ
Probe on plus slides(Fisher Biotech, USAYdol] ¥-2¢h ¥

xylene 0.2 & mgtd A7THE 100% 2 @3
dudg AASUD F4AEE AD ¥ FF4E 52
2 AR WPee fuae w el
peroxidase®] 4& AAE7] 15 A4
03% H,0,% T8 wAda L 3057} ‘i%*l 2%
0.01M phosphate buffered saline(PBS)ol] 1084 23] <=4
sgth olol4 237 YA WEolHs S o
A A7 7] 93 343 normal goat serum Q2 2087+ wt
IR EER PEREECE S E SRR

¢ ADV MoAbE 1:200 &2 3A 3l 6087 ¥H&A]
71 ¥ PBSE 10¥:2t A3t 24k A M el = HA4F
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biotinylated anti-mouse IgGZ 3027t HH&EA|Z o,
PBSZ 1027F FA)31Qth. 1% ABC reagent2 30%37}
W17 ¥ PBSE 10%3 #4351 25, DAB(3.3'di-
aminobenzidine tetrahydrochloride) substrate(Vector Lab,
USA) &6 2~78 % F4A2 § FHRTFE SEL
A8t 3 Mayer's hematoxylin®. 2 hZFA4E AA G F
FA, &, T8t B F o2 ARG

DNA probe2l Z4 : ADV 2 # 2] F(YS strain)®] T
2R g S0 % gp 639} 71N (104521490
3+ 1.2Kb¢] DNA ¢H & FoHstd T A2 0 E B¢
gtom, o] 12 Kbe DNAWHE PTZ 19 R plasmid
(Boehringer Mannheim Biochemica, Germany)o 4t} 3} 1,
DHSe competent cell(Gibco BRL, USA)el] § 2 A& A7) o}
¢, LB(Luria Bertani) brothol] #%3}o] 37T shaking in-
cubatoro] A %% wjgE F THE FHAADT 75T
TAZ5H plasmid DNAZ AA¢ o Kpn [ AFEL
2 A thg A719F o2 12Kb9 &g HEg el
At Wed #gsls AdA JA ¢ DNAE spec-
trophotometerZ A S SA ThE, 20T H#3to
AHE- S TP

DNA probes] 2= 5% AA|¢ 1.2 Kb DNA 9H &
Dig-DNA labeling and detection kit(Boehringer Mannheim
Biochemica, Germany)Z ©o}-§3te] EA &gt &, A4
¥ DNAGH 1pgo] SBate &% 508 vAAE 8
3] 100CAHA 1023 At FA g5 o
4§ th-& hexanucleotide mixture 2pl9} dNTP labeling mix-
ure 2p1 2181 B FHTE Mot £35S 19pE &
1t} 19 Klenow enzymed 7}3 & $£25< 94
343 37T A 20417 st WHEA Th, 200
o) EDTA 9(0.2mM, pH 8.0)& 7}5+o] w188 AR A%
ot £49 DNAE LiCl o &2 AA FA% F &
o Wi Z2F5) £33 spectrophotometer2 A
FE 20T LAsEA AHEHAT

DNA probe & £0|4 Z{A} : 24 € probes] ADVY|
et Holde FAMA 3F9] vho]2i2 F, porcine
parvovirus(PPV), hog cholera virus(HCV) 2 Japanese en-
cephalitis virusJEV)YE A8t & §7°¢] o] F3ted
slot blot hybridizationg A A8ttt &, 4F 9] wpolg 2
2 2xSSC(standard sodium citrate)2 10°¢] 4] 10°0.2 o
A 84 g g, $3F2] 1M NaOHS} 2M NaClS 7}éto
1083 A2A AR the, 20xSSCo| v]g] HA

NC(nitrose cellulose) membraneo] microfilteration units(Bio-
Rad, USAYE At€38ld FFaAth. 3HF 3 NC mem-
brane2 1M Tris-HCI(pH 7.0)7} 2M NaClo] 325 ¢ 53}
A7} t}E, gel dryer(Hoffer Sci, USA)Z 80°C ol A 2417t
A gl 3te] DNAE &3 2. &2 A]7] NC membrane 3}
hybridization buffer(S X SSC ; 1% blocking solution ; 0.1%
N-lauroylsarcosine ; 0.02% sodium dodecy! sulfate) 20mlE
98 Saldo) Yl hybridizer(Techne Inc, USA)E A}&
3t 68Tl A 1At AA 284 ADV probed &
(50ng/ml)3}+ hybridization buffer 10mlgt &7 687 ol A
overnightA] Z t}. hybridizationo] #'3 membrane2 buffer
1(maleic acid 0.1M ; NaCl 0.15 M, pH 7.5 adjusted with
concentrated NaOH)Z 1~2%8-7F 7heba] A3 F 100ml
9] buffer 2(1% blocking solution ; Boehringer Mannheim,
Germany)ol] 3027 A 2tgth. buffer 22 150mU/ml(1:
50007} H =2 3]4 3 anti-digoxigenin alkaline phosphate
conjugate &% 20ml%} membrane2 3087+ A 2o 4 uhs
Al Z{th. buffer 12 4|23} unbounded antibody conjugate
Z A Ag b2, buffer 3(Tris-HCI, 100mM ; NaCl, 100mM ;
MgCl,, 50mM ; pH 9.5 at 207)] 202%<¢ A AH 1
color substrate(45pl NBT solution ; 35pl X-phosphate in 10ml
buffer 3)el] A 2] 3ked W A4S FH3 ST}

In situ hybridization : 3% sHERzAE 3~
dpm2Z A M 8}a] Probe on plus slideshte] 23 o}
Micerbe staining system (Fisher Sci)& o] &3} ISHE 2
Nk 34 23 &gol=8 70T W7o A 30+
A HddE AT F 37THA 3027 xy-
lene} o2 & se}AAZ o, 100% 2L A2
A 1027 gagtad e AAsE rEAdEe AR
¥ 5mM MgCL3H+ PBSE Ao 587+ 23] A 33}
4t o]l A 0.2M HClo| A 1027}, PBSE 587+ 23], 0.
01M Triton X-1002 -3 PBS & o 4] 283F A 2|3}
A3 7S 0CE 2R 5 PBSE 5E7 AH Y
o olo]H proves] WEE BolahA ¥ BHoZ B
A 2 A8 & P buffer(50mM Tris-HCI, SmM EDTA, pH 7.6)
fdog QTdA 38t Ay, WAL AP
proteinase K(Boehringer Mannheim Biochemica, Germany)7}
&-5-(0.1mg/m)¥ P buffer2 37CAA 1527 Z4X A1,
A9 A E 943to 02% glycineS 8 PBSE 4
oA 1087 A oS, PBSE 527 AAsgct =

AY TAZ 7AANZ EHOZ 20%v/v) aqueous acetic
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acid2 4CAA 1527 AP ¥ PBSE A o)A 523
AAsAY. T4 L 4% paraformaldehyde 2 A &0 A
SEZH 14§ F PBSZ 1083 AFH3H 1 o)A 70%,
90%, 100% F2E&ANA 7 SEH S35t B 5ol 5
$UAE 93t prehybridization(1)E RO 2 42T o)A
158 s34 % E & F 3344 Sz §¢
£ hybridization § 4 (2)2 %7 &£g}o| =9 7181 A
He 92 23T F 100TAA 1883 A2 @ g,
A Aol gol A¥ F 2T G744l gof st v
3}%1 32, 45% formamide7} ¥ 6 x SSC2 1584 23],
A2 A 2 x SSCE 524 23], 50094 02 x SSCE
1584 23] A58t DNA A& 34L& buffer 1(0.1M
Tris-HCl, 150mM NaCl, pH 7.9)2 A 20| 1&7+ A2 &
R, 2 Gt 9o buffer 19 0.5% block-
ing reagent(Boehringer Mannheim Biochemica, Germany)&
g 8 (buffer 2)0 8 3087 A7 o, buffer
12 187 A339d. #Axe+ antibody conjugate
(Boehringer Mannheim Biochemica, Germany)E- buffer 2 2
500 : 12 3| A43te] Ao 3083 ZE A7 F buffer
12 1584 23] AFsgt. ¢ASE st buffer
3(100mM Tris-HCl, 100mM NaCl, 50mM MgCl, pH 9.5)2.
2R AEA F 2 (3)2 Jhete F3dA s
R BAA g BEPAE A5t buffer 4(100mM
Tris-HCI, ImM EDTA, pH 8.1)Z 52z} A&7t} g%
G M2 hematoxylin® 2 287 43 1L H42 18
2}, FHFE 587 AH 3 crystal mount(Biomeda Corp,
USA)E wet mounting3l 11, 60T 2] oveno| A} 73 % A]7]
U A8
(1) prehybridization buffer :

20 x SSC ; 300p], formamide ; 450p1

50 x Denhardt's sol ; 100p1, salmon sperm ; 10 ng/ml

distilled water(DW) to 1000p1
(2) hybridization buffer :

20 x 8SC ; 300p1, formamide ; 450p1

50 X Denhardt's sol ; 100p1, 50% dextran sol ; 100!

probe DNA ; 100ng/100p] , DW to 10001
(3) A - 337 5pg/ml NBT, 175pg/ml X-phosphate(BCIP)

in buffer 3

B

Z

AN =

|

=
L
g
A
2
A
b

[}

HAZXSEH A7 :

HIZYED)

298 - 2 F 2o = v AGYGAEY BA T Q)
w7l AAHRY AIHES & = AT o
2o} A kgo] LEbyiTh

KD L A R e R B I Rl B35
Aurgol g giden dF 1§55 Yr=
3 IFFAME 2Hgho] FANrEo] AR
e ALY A7idAgel AFHAE A7l R
Fuol A& gATe AxFY 24mat gldd
AEY T g U ALYHAE, BT 19
& me AEAelA g FAuES 228 5 9l
thFig 1). dFolAe JAEH S ehdo] T80 9
T AN TS A BHHR v IFFANAN &
ghgo] Jebgth AEGME FEZ2dY P
U7t JAFgHn e FHY YEZolME APy
HAF G FAH e AdAATe & 5=
EAYAM FAgo] FAHU Xof mpebde
S aAEe HTANME FAukgo] vy

SIAThHFig 2). wAol e dohhIAE B2 A
TX ATRAAZAA E G0 FRHATE

4~-5UM - WAL AHa4 DA wol oS Euy
of AU G FANEE vl FHN A B2
=S RS E, Zaxg0 253 T4
¥, xde] A& MY @ A" ARolAE &
ol A gAubgol @ASA Yepgon, YR Hxy
oM gty Axgdgaze & 2 Axads 34
HAEGAAEY XA E G S HEE 4 9l
ot 23] A= portal triad ¥-9Jo] EX 3t Qe Hit
oA F3lg FAuto] BRHAL, FFEAY A
WA A ES LA A T M T 3} Kupffer cell
M E FAuHEol AEFHG o HEW Y I Apn
dME Aol Site o] FAHAG. At
AANME AAAATY Ay Jed dATF A%
o XM FE5Y FAgutgo] FAHA T, A
Aol Me AA RN Arlg FAwgo] BAH T
FFAAANNE HA s JAY FFurgo] BF

T FHdA FAESol FEEHL H7 g &
T, 23 9 Agdas HARAG Qe ABA LY
ANRATAEY] & T HEANAN 3559 FAuHgol
T2 AvhFig 3). 24 2t o] ) F et A

ol

i

RO

i
do 0%

oo ox

=X

]

kil
i

- 863 -
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o #AE & A7 thg, digoxiginin-labeled ADV-DNA(PK
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Textfig 1. The 1.2 Kb DNA insert of cloned Aujeszky's
disease viral gp50 and gp63 by restriction endonuclease and
its electrophoretic pattem in 1% agarose gel.

Lane M : standard DNA marker (1Kb ladder).
Lane 3 : plasmid with 1.2 Kb insert.
Lane 1, 2 : other DNA inserts.

H9jel A4, HANFRSRY AHAL B AFA G
s 98 &84 YRS B 4 AT
(Fig 7). A5 AN E A0 H 50 AFHE 2 A
AARTPEAN BRG] BRI,
RUFTANE NBHERH A BaEo @4
R 9w HAAAHF2 S ARAARTANH YA
o FYUSE BRY 5 ALTHFi8)

LI

QA2TEY A BE P FFG0) F8 2AH
2ol ZgEo| Y WA EE0] Ao a3 A"
g o, BAFAINAEE vlolg 29 FH A o]
A7} Hzxz NFHE Byetn pastga™ 49
Hog v HEo) YAFAS o=y Y F
23 A2 RO BPY AT FFTG

B A E 4959 A7dqA Vet vrel o]
F REAR aY AEHE o} FY REF
of g 25 HELE 47} gl 4L Astd 2%
U HEFZE 9391, A4 H £ vholg
2 971°¢) 10°TCID/mE HEFA712 81 A g 2
Ao Z A vlolgjaFo o gt B94 2 ¥

HCV JEV ADV PPV M

Text-fig 2. Specificity of ADV-DNA probe labeled with di-
goxigenin by slot blot hybridization using nucleic acids
from HCV, JEV, ADV, PPV infected cells and control pk-
15(M) cells, respectively.

HAE A AT

HY 2238 A Ao Ba|A Ducatelle ef al° 5
218 ALY ool A immunoperoxidase 0.2 HALEY
gt A, H1E, 773 2 e gdM, §, 14,
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ZH o)A & vholel 2 o] dutH o= YUY R B3
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2o el QA" & A BaEiTh Belak
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Legends for figures

Immunohistochemical findings

Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.

Fig 6.

Lung of the ADV infected piglet(IN), day 3 postinoculation(PI), showing positive reaction of viral antigens in mononu-
clear cells and alveolar macrophages. ABC stain, X 100.

Tonsil of the ADV infected piglet(IN), day 3 PI, showing positive reaction of viral antigens in crypt epithelia and
mononuclear cells. ABC stain, X 200.

Midbrain of the ADV infected piglet(IN), day 5 PI, showing moderate positive reaction of viral antigens in degenerated
neurons(arrow). ABC stain, X 400.

Thatamus of ADV infected piglet(IN), day 7 PI, showing positive reaction of viral antigens in glial foci(arrow). ABC
stain, X 400.

Spinal cord of the ADV infected piglet(IM), day 6 PI, showing strong positive reaction of viral antigens in perivascular
cuffing area(arrow). ABC stain, X 400.

Sciatic nerve of the ADV infected piglet(IM), day 6 PL showing positive reaction of viral antigens in infiltrated
lymphocytes(arrow). ABC stain, X 400.

Localization of ADV-DNA in the piglet brains

Fig 7.

Fig 8.

Localization of ADV-DNA in the nucleus tract of the mesencephalic nerve trigemini by in situ hybridization with di-
goxigenin-labeled DNA probe. X 40.

Localization of ADV-DNA in the spinal nucleus tract of the medulla oblongata. x 40.
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