AUBRBERIL(002) #4248 HoH
Korean | Vet Res(2002) 42(3) : 351-362

In situ RT-PCR 9 In situ hybridization 7]%¥el] 2J3%F
= wAEH e kb sk

g’ #H#EQ =3A 7AW, 272, Corrie Brown!

At FoAhe}, nl T Ao} el
AR : 2002 84 21))

Development of Diagnostic Techniques for Newcastle Disease in
Chickens by In Situ RT-PCR and In Situ Hybridization

Nam-Yong Park’, Hyo-Im Choi, Ho-Seong Cho, Sung-Kwi Kang, Kyoung-Oh Cho and Corrie Brown'
Department of Veterinary Pathology, College of Veterinary Medicine,
Chonnam National University, Gwangju 500-757, Korea
'Department of Veterinary Pathology, College of Veterinary Medicine,
University of Georgia, Athens, Georgia 30602-7388, USA
{(Accepted : August 21, 2002)

Abstracts : Newcastle disease (ND) is a highly contagious infection of poultry, Two pathology-based
techniques, in sitw RT-PCR  and in situ hybridizaion (ISH) were applied to formalin-fixed,
paraffin-erabedded tissues from chickens naturally infected with velogenic ND virus (VNDV). Two pairs of
primers and a probe for ISH and in situ RT-PCR, respectively, were selected from highly conserved region
of matrix gene of NDV. The ISH experiment was carried out using MicroProbe™ capillary action system
within 2 hours. /n situ RT-PCR was performed using MicroProbe™ capillary action system and GeneAmp
In Situ PCR system. With ISH and in situ RT-PCR, viral nucleic acid was detected in the central nervous
system of chickens from infected with neurotropic velogenic Newcastle disease vims (NVNDV), whereas
viral nucleic acid was detected in various organs or tissues of chickens from infected with viscerotropic
velogenic Newcastle disease virus (VVNDV). In the NVND group, positive signals were characteristically
defined in the cytoplasm of neuron, vascular endothelial cells, and perivascular mononuclear macrophages
in the central nervous system. One of NVND group, chicken from one farm exhibited positive signals in
the bronchial epithelium. The VVND group chickens showed positive reaction in the macrophages, vascular
endotheliom, and bronchiolar epithelium. Markedly, viral nucleic acid was detected in the macrophages of
morphologically normal tissues which were peripheral or located in distant areas from lesions. The central
nervous system of chickens infected with VVND virus had positive signals in the vascular endothelial cell,
perivascular mononuclear macrophages and some neuron, The number and intensity of the positive cells by
in situ RT-PCR were more and stronger, respectively, in comparison with those by ISH. Particularly,
positive reaction was detected in macrophages infiltrating in cardiac muscle by in sime RT-PCR, but not
obtained by ISH. Therefore, these results demonstrated that ISH is a rapid diagnostic method for detection
of NDV and in situ RT-PCR can be used as an efficient method for detection of low viral load infection
or subclinical viral infection of NDV.

Key words : Newcastle disease virus, in site hybridization, in sie RT-PCR

o] =7 20019 % Mgty stedvr Aol sty ATHUE
* Corresponding author: Dr. Nam-Yong Park, College of Veterinary Medicine, Chonnam National University, Gwangju 500-757,
Korea (E-mail : nypark@chonnam,ac.kr)

351



352 - ohed, AR, 234, M9, 232, Comie Brown

MNoOB

T A€ (Newcastle disease; ND)2 1926'd Q1T H|Alo}
9] Javaoll Al HZ T4 BIE o|F W E v Rl A
AARLE Hzg AAA I E oplsts AYew
SMIZFE TET A 2/ AL 7 glen H
AbEH A 0] ol e FHAAE A1F HAHAYG
Wo &9lo| A Office International Epizootics list A
2 B5Hy gt

TAREY viol#] A(Newcastle disease virus; NDV)=
Paramyxoviridae, Rubulavirus®] Paramyxovirus type 1¢]]
&3 vl A2 B eAe mel 73EF(velogenic strain),
% 7(mesogenic strain), °F57(lentogenic strain) & 7%
o) NDV 2575 9454 ateh 2732158 NDV
(newrotropic form)€} W 7%1818 NDV (viscerotropic form)
2 BEEE0”. genome®  negative sense single strand
RNAE ZH= NDVi NP (mucleoprotein), P (phosphoprotein),
M (matrix protein), F (fusion protein), HN (hemagglutinin-
neuraminidase protein), L (RNA-directed RNA polymerase)
o 67HA S A ek FAAES TP UE
d, ©] & F $284¢ HN $32 NDVe] 34t 3
H #AE 2oz guA A 58 F f3xe 3%
Fo} ofE e ofulicdt Ao ME @2 o] FA%
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o HEFAY Fol vtk I, AEH ZHres OE
FAY 53] PMV-3o] WAk A Wale] 98 ¢
A W& YERE F glon, HAFA AR dE 98
oz Avre & ot mak o d WHSA P
HAIF 2 ARR-E= NDV ofES9) of9] g FE 7
Agatzlel e A7 ok vlolzixe] 2 E AEjo}r
HEAN 2 NDE AEsA Agd F 3oy vloj X
Al 4~7d9] WA g ko] R FHE ©
Aol A’

AA AR & SHOZ JAYT U RT-PCR
ZIHE AT 9 239 P E AT 5 oke @3
& 7bA3 Ak olo] Wral in sit hybridization (ISH)
7IHE AR ZFolY MEY T FEE e
probes} AFE A ZAY B3 F7IME7ie] FAAR L
Fo] doju= dEE o] &5 Ad/HeE A ¢ X

Ao el #AY & Ae FHol A’ o)y e ISH
¢} RT-PCRY] AL HEAA & HEd in siu
RT-PCR 7|§-& 94Tt £& Ad7|gez ywy
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ofo] & d¥el E32 ISHS} in siw RT-PCR 71%¥-&
ol 83l ND7} ZAg¥ Z3ZelA NDV #atel A4 &
gobahE Aojuh T3 NDe| A4 - A3 A4S A%
FARERE MUE Y, F 7Yy ugEE
A% v - $AslA sk

Mz 3 de

A8 AME

FU FA M HE, A S8 % HxF g
AAME £ NDV 53 A9 7498 oA 53¢
e stk Z F4eA NDe 4A5AE Hel
TRA FoAAM FRYE 10 vld¥ FE8o] B AHo
AHEEE e ¢ HEFLEE La Sota Hholg) 2%t
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HEFO2E NDS) Ha 5L 34 Q9T YR
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o o] &ttt £ A¥ol XAHE H7o) thgh dukz
B Table 13} 7t}

A& WYBL Alexander ef al'e] 918 Q8=
AR QEAel 3t BREAT 4174338 NDE
AARN ] Ao diRE HdEo] FAY IFY) FHEE
THE B F, AP, A, WY $Aoh) 5o A
A54E BolE A8 HAE-S& 50~90%8] A-$-olH,
W431818 ND= AAR S Aol tiFE g5 F49
387 F4, ¢HRE 2 4A 59 JASAF 0%
o] 49 FAMEE B9l Agoltk A A4 FE
e 4354 2 HelZ2H e 4748 Table 29 A
Bl )

A A AEE 0% $A XEEE 13 § 9
2B ¥sy ImE J%5 HHso ISHE 9%
ProbeON™ Plus 22}o] S (Fisher Biotech®, New York,
USA)$} in situ RT-PCRS $13} in situ PCR glass &2}
Z(Perkin Elmer, Co., New York, USA)ol| -2HA1%c}.

RT-PCR
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o 2 e R FEEGTh HA, 10m 23 A
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Table 1. Conditions of samples
Vaccination ages (days)
Sale  ages AE
Patho- g of famms ND B IBD LT (avian amoephalo
type (head) (days) (Newcasile (infectious (infectious (infectious “myelitis)
disease) bronchitis)  bursal disease) laryngotracheitis) FP (fowl pox)
A 20,000 47 4, 14 4, 14 21, 29 - -
NVNDV B 10,000 31 10 1,7 - 12 -
C 10,000 30 2 7, 20 - 12 -
D 4,000 30 1 7 2 13 -
VVNDV
E 10,000 50 4 15 7 5 49
Negaive F 10,000 10 - 7 2 - -
control G 1000 30 - 7, 15 2 12 1
* “NVNDV : newrotropic velogenic Newcastle disease virus.
VVNDV : viscerotropic velogenic Newcastle disease virus.
- : no vaccination.
Table 2. Clinical signs and histopathology of chicken infected with velogenic Newcastle disease virus
Clinical sign Histopathology
Patho Proventri . . perivas
type Farms  [pereased Diarthea Nervous  -culus mvm Lymphoid  Pneu Nficmuz -cular
respiration sign  Hemorrh -mal usmg necrosis  -monia enteritis cuffing,
-age gliosis
A + + o+t - + — + + 4+
NVNDV B ++ + o+ - - + -ttt
c - — ++ ~ + - - ++
D ++ ++ + 4+ ++ + ++ 4+ 4+ +
VVNDV
E ++ ++ ++ - +++  ++ 4 +
Negative F - - - - - - - - -
control G — — — - — — — — —
* - : no detection, + : slight, ++ : moderate, ++ + : extensive.

7} Z§¥ digestion buffer [10mM Tris (pH 7.4), 100mM
NaCl, 25mM discdium EDTA, 05 % sodium dodecyl
sulfate (SDS)} 500u09] ¥ 37CoNA 1247} o)A 43}
Ak H4ag F&3817) A8 5004£9] phenol :
chloroform : isoamyl alcohol (25 : 24 : 1) (acid phenol, pH
44) EFNE 2T 8,000 goll A SE A4 2] (Hettich,
Tuttlingen, Germany) ¥ 3342 % v F39
chioroform : isoamyl alcohol (24 : 1) £3F]-2 ¥ ¥ 8,000
goll M 5% EoF J4EE e AEds e - £A%
At AEelat F %] isopropanoldt ©] 9] 1/4 ¥-9]9
8M ammonium acetateE Y7HslAch AHE Y4t F

& Z71A19)7] 9 carrier2 7} FHY glycogen (10mg/
) 2ulg el F A& F 20T INE F<L
YE B#EgTh olF 16,000 gol A 108 59 AR
2 & 42dg w3, 98 AA37) f8 70% ethanol
200002 HAEE 38 MAGT olF AL we
3, AAEE HeolM AxAZ] F diethyl pyrocarbonate
(DEPC) #2lg HaEFHo 20z AAEE £3A7
o} o)A &% RNAE -70T E@sHA AH
AHE-BIS T

UA AR 2= NDVY Wi4lFel La Som vho]E
227} FAER 1447 Adjols] FTY(FPIERAY
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s, FHE M-S e QlAamp HCV kit (QIAGEN
Co., Hilden, Germany)& o] 83} A32a} AHEArEA o)
w} wolg 2 RNAE F&8d0. SAURTo =2
NDV7} Z9=A] o2 el gl Eof 23 A&
g 2 uloj 4 9] RNAE F2319v

Primer

Oligonucleotide primer:= GenBankell X3¢ NDVe] M
f-2 AHGenBank accession# U25833) & HEAo] EH&
BololA ATy, Sense primere] H 1A EL
5-TCG AGI CTG TAC AAT CTT GC-3' (ND-F)o|H,
antisense primer?] g7]*1¥& 5-GTC CGA GCA CAT
CAC TGA GC-3 (ND-R)o|t}. Primers who] 9 1jolr]
A, )0l o Ete A 2P 2 o] primers] o]t
ZEZHE AHE 37)E 232 bpolth

RT-PCR

%29 ulolglAE RT-PCRE &3] 98
GeneAmp PCR System 2400 Thermal Cycler (Perkin Elmer
Co., New York, USA)E ©]&3}9 20 RT-PCR i &
one step single tube method® A A8 ch RT-PCRE 4
A7) Mol gAr B & 2E £ AESF nlo)
# 2 RNA 5u091 DMSO 1408 & 4jo 70TlAM 10%
FQF HHeAIZl B SEZE 984 Rastgoh RT-PCR
wh2ole 10X buffer [Mg’™ free, 10mM Tris-HCl (pH
9.0), 50mM KCl, 0.1% Triton X100} 54¢, 25mM MgCh S
ul, 2.5mM dNTP Mixture 44¢, 40 unit RNase inhibitor
(RNAsin, Promega Co., Madison, USA) 0.54¢, 50 pmole
ND-F 1u4, 50 pmole ND-R 1uf, 10 unit AMV reverse
transcriptase (Promega Co., Madison, USA) 0.548, 5 unit
Tag polymerase (Promega Co., Madison, USA) 0.5u(,
RNase free distilled water 26,508 2}7} £ £ 50
©02] RT-PCR §H3-<f-2 9hE F 4274 60% <t o
AL HEEE AAEE MM 5B 7HEEte] A}
HEAE EREAT UE PCR AL MTAM 30%, 5
0CANA 30%, 72TA 3028 ¥ cycleZ 353 wHEs)

F3 5tk RT-PCR & AHE ethidium bromide
EBnNE F4% 2% agarose gelolA A7ZigE & UV
transilluminator Aol x| #Z3¢h

Sequencing

RT-PCRE E8te] @2 232 bp SEAES] H47IM<
& #A317] 18 sequencinge THSATE SHNES
GENECLEAN 11 kit (BIO 101 Inc., Carlsbad, USA)E ©|
&5te] AT F |2AGALATE FFEUCET

el Qzlsted A7IME S EA3AT

In situ Hybridization (ISH)

ISHo| A}8-& probes] #)3H& 918} RT-PCR SEAHE
2 SUPREC™-02 (TaKaRa, Kyoto, Japan)Z o 3}A]A
primer$} dNTP % 22 oligonucleotides & A A 8153 .
o]% Biotin-Chem-Link kit (Boehringer Mannheim,
Mannheim, Germany)& ol8-3te] bioting X3 th
EXg DNA: =& 260nmelA] F3EE 2A
(Pharmacia Biotech Co., Cambridge, England)ale] 4 gkat
% PBrigati probe diluent (Research Genetics, Huntsville,
USA)$} Hybridization cocktail (Amresco”, Ohio, USA)E
AE BT lpgnic] HEE d4sle] 20T H@ald
A1 ISHe] ARg-3hdch

ISHE ¥ 5% wye 2-8a8Er MicoProbe™
capillary action system (Fisher Biotech®, New York, USA)
& olgste 2417l RE #AFHE Y.
Histochoice (Dewaxing agent, Amresco”, Ohio, USA)E A}
£38te] 110TNA 284 53] Gaeld 348 AX3,
A ¥ pepsin (Research Genetics, Huntsville, USA)
L2 HOTAA 48 vre Azl e 2 =3 48kE BHHL
Faalch o] & cDNA probe® @ 95Tl A 10874
BEAHLEN £ 7]l DNA probeE 3 79O
HAA AT probert 22 ] 13 wlolel A Aitay
AYEEE 40TNA 208 F¢ vheA7 ok S
Aol 4 HlEolzel WEg dod £ Y WA
peroxidaseE A A 8}7] #)8) methanol#} 3% H,0,7} ¥/
= Autoblocker (Research Genetics, Huntsville, USA)E ©)
B3t 50T 4% ) vk 2 F ) o) F streptavidin-
HRP (ZyMax™ Grade, Zymed Lab., Inc, San Francisco,
USA)E 37CellA 15§ 5<9F wH-A1713 streptavidin-
HRPe} 2aiA ol AL ZuiA]7]7] 98] Probe Lock
(Chromogen  Enhancer, Research Genetics, Huntsville,
USA)E A&tk o whe-2  aminoethylcarbazole
(AEC) substrate kit (Zymed Lab., Inc, San Francisco, USA)
¢} diaminobenzidine (DAB) substrate kit (Vector Lab., Inc,
Burlingame, USA)E ©]8393, NZYHE Autche
matoxylin (Reserch Genetics, Huntsville, USA) 2 2 A A3}
Ar). o]F ZF4E A A3} Universal mount (Research
Genetics, Huntsville, USA)E 218t & 3318 n) 7 /o)
A FAure-S BEEh

In situ RT-PCR
In situ RT-PCR 7149} 53 4L Park et al.”'o] W
HE APt ALg Tk EHE FElol=E 10T
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] Histochoice® 284 53] @2t 43 9 4344
& A% & proteinase K (20pgmf)E 37CAA 1587 &
g 252 54tk 1 xImmnoyDNA Buffer (Reserch
Genetics)ol} S®7F SH3A1# 27 proteinase K& 34 4]
7 F @+ 348E AH 2F WM RT-PCR W& &
stk o] 3% L GeneAmp In Sim PCR System 1000
Thermal Cycler (Perkin Elmer, Co., USA)E o] &3t¢ith
uke A7k} £E= RT-PCR #A e A3 £As
Arsgen], wgde] FAE 1mM Biotin-16-dUTP
(Bochringer Manmheim Co., Germany) 0.6,08 H7}A7)&
AL A8tz RT-PCR whgelz £dsigict =30
ol 2] RT-PCR 44 F ZZW WA peroxidase§ 2
A&7 98 Awoblocker (Research Genetics, USA)$}t
streptavidin-HRP (ZyMax™ Grade, Zymed Lab., Inc, USA)
g 37CelA 158 59 VAT w4 vk AEC
substrate kit (Zymed Lab., Inc, USA)$} DAB substrate kit
(Vector Lab., Inc, USA)E |87, iz
Autohematoxylin (Reserch Genetics, USA)©. & 4 A8+
r}. o]% ZH5F M A& Universal mount (Research
Genetics, USA)E 8943 oh5 Zata w3 el A gyt
+& Bk

A2 Hrt

ISH % IS-PCRe] Ao thgh Hrie= F8ERA 400
Hl vl Eol A o2 10709 AlobE MAsl 3§ Aok
kM Ee FE & v, PIHAESFTE 1007) o)
A AE(+++), 10-1007) A A+ +), 1-1071Y BH
(HE EFadoh

2 o

RT-PCROl 2§t vjo|B|A dMe| T

RT-PCR A7 Fig. 13} ). ¥A15¢] La Sota Hlo]
YT X F22F AR R(ane DI A S
(anes 2-6)014] 232 bpe] BHolHQl FENESL AP
F AT EY SRR E(anes T8N M = FHAE
o] #l=A] gkslrt.

Sequencing

RT-PCRE %3] &< 232 bp Zole] DNA Z=F41E0]
A 25t primersgoll &3 FEg ol AHEQIRE #1lE}
7} $lEte] GG g BAE As, 7)Edd RIEPY
NDV M f-Azte] si4t A71Md 299 100% 454
£ REHAAA A ).

Fig. 1. Agarose gel electrophoresis of RT-PCR product (232
bp) of Newcastle disease virus matrix gene. Lane 1 : la
Sota strain (positive control), lanes 2-4 : chicken naturally
infected by neurotropic velogenic Newcastle disease virus,
lanes 56 : chicken naturally infected by viscerotropic
velogenic Newcastle disease virus, lanes 7-8 : chicken
mock infected, lane 9 : mock (No RNA template), M :
100 bp marker.

ISHA sjgt vlo)& 2 W) HE

Bictin % DNA probed |83t MicroProbe™
capillary action system 3tolj 4] ISHe] 2 3488 2417} ©]
el A&EhA e sty A g A333E ND
2 BHE ol oAk Table 30 FE]® npg} 7+
o] & FHAEZA A BaAE ) ISH YN
g HA MEEL F2 AN E(Fig 2a), Yooz
2 ARFe adl oAz MEdelint B ¥ &
ZH(Table 3, A F3Ho A= 7| 9R] A A £ A Ao
A ol okl FAdurgel BAEJUTE whHe) w)A,
Zh A, A9, A 2%, el s FAdukgel B
=] gkghoh

WA353 NDE EFE BolA A w9 v
AL v 2sle Mg, A g3 ¢ HoM F2HAY
(Table 3). HolA] WA wt2-5 Holx M EEL ey
o glEAle] Gl ofA M E(Fig. 20)9 IS
Hom, ojEe MEHNMT Furge] AU
v A ANk Mgiel A& &3 Hatart
#EEE FAAY B8 FH0R I FH9E A4S
3= HZEY AEAFE 20004 Ao B
Holch A3 o fdukgg Holes AEXEL A3
Hefglz o g oy fAMES} fAETE A9 A
oAA PANFSS Fubalel YRE A BAEYOH
ol YHAEE HeFHoz W A Egth =
o % ofgl Fd-So] MAME, By x 2 ¥
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Table 3. Distribution and severity of positive signals detected by ISH and in siru RT-PCR in serial section of
paraffin-embedded tissue from chickens infected with velogenic Newcastle disease virus

ISH in situ RT-PCR
Pathotype  Farms - P - . .
Lung Spheen Tiove™ Ingestine Heart Brain  Lung Spleen {rover Intestine Heart Brain
A+ - - - - - - +++
NVNDV B - - - - - ++ - - - - — 4+
_________ C - - - - - 4+ - - - - - i+
D ++ ++ 4 + e s + o+ttt
VVNDV
E + o+ + + -+ RIS
Negative F - B N - B - - -
control G — - ~ — — - - — _ — - -
* +++4 : > 100 positive cells per 10 regions of high-power field (<400).
++ : 10~100 positive cells 10 regions of high-power field (<400).
+ : 1~10 positive cells per 10 regions of high-power field (<400).
-~ : no positive cells.
B9 98 Az AxFANA Xk 1 9] Mot AelMe dust dEXAE pAEE @
FAUZTANE S5 4O EEE wel A AR EC] MR FYNEE I 4 glen,

o) AEFAM HF % AL Fdoje mgor P
o] BAHAKHFig 2d). ProbeE AMelatA] @S x4
3 F4zTAME ISHE FAuEgo] ofl Al oA
= Ei=A] ¥tk

In situ RT-PCR 71% o] 9}t vioje| X 9419 &
Table 30| 412} 7+o] in situ RT-PCR 71l ol&fl 4174
1818 NDZ ¥7Fd ol odwrgel f#aad 37
3 F2 FHRANAZA ) B3], HollA Fgukg
A 7AA E(Fig. 3a)lA AeA BFEHULH, 11 9
AT £ E359] 3 i M E(Fig 3a, A4
W) MEHAME EREA 408 5 UL A F
& 718R A Eol A ISHe| A3 B} 1 @& A
2o AzAdM PAdHEo] AFHUA

A WA s NDE EFE @ H, WA,
A9, A JEzAEA 1E), A% 9 HollA A
o] #FAHUCh HolAel FAukEE HEAbo] A
o A E A G hAAHE M X Fg. bl A &
#FE o, o YA XL Ml FEA(Fig. 3b, arrow)]]
ME oFAdutgo] FAFGCE vlFME FHAN B
1914 ISHe) AR g2 g i EEe] Axd
(Fig. 394l 715k FAukgo] AA=EUTE EF Al
e} okgur-ee ZAGFRO T FAl Hwo| FIHE
Holol HAgd & Ay Ee fEAoA FRHYT:

o

=

flo 18

HAME MAAE, gz 4 3459 o
2 EA A oFAdwrgo] FAHUTH

UHUNEFH SHNEFES ISHS FL8 dZFS
o)-&3tgith. PN E A Fe 3d)NXE in sim RT-PCR
719l 218k FAur-2o] ISHe| o8 oFAIwk-(Fig. 2d)
Hrh 68 EsiE #EHUG SAURFAME A
ZFoA PSS #9085 gk

R

I1SH9} in siw RT-PCR 71} vl

EE2NAA NN F BYEd wE 2o vy
Hokg wf, PAguke-2 217333 NDE ¥/E =
ZF o] A5 NDE /¥ © 2R} 24 o]
A BE o AxelM ZEA AFHSTH

A& HHE 2o ztzt F EAAESE e
AxEe Jelhd S-S viws) 2 A, A8
¥ NDE #F¥ 259 =l in sim RT-PCR 719¢|
olg) NS Bole MEe FE 4006 wl-golM
8 Aopd # 75702 ISH 71¥ol &3l ok Mz
1157 B} 1540 o) 4F wts Bo 723 ddw-&
elpfigick =3 Wd3iald NDE EFE gold 5 7)
Holl 213 okAWRE-& )78 Bk-g w), Table 300 4] 9}
2ol 4 RS HET A, B PEFy 9 x
A 18H Rt} in siw RT-PCR 7o) 28 A$o] By}
e opyureo) BAEUTE HEe] A9 vANME
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Fig. 2. Detection of positive signals for Newcastle disease virus by ISH. a. positive signals (arrow) are detected in the
brain of a chicken infected by neurotropic velogenic Newcastle disease virus. DAB, Hematoxylin counterstain, X 400; b.
many positive cells, indicating specific Newcastle disease virus nucleic acid (arrow) presence in the hing of a chicken
infected by viscerotropic velogenic Newcastle disease virus. DAB, Hematoxylin counterstain, < 1000; c. scattered positive
signals in the spleen of a chicken infected by viscerotropic velogenic Newcastle disease virus. AEC, Hematoxylin
counterstain, X 1000; d. positive control, positive signals are detected in epithelial cells (arrows) of the allantoic membrane
of the egg experimentally inoculated with La Sota strain. AEC, Hematoxylin counterstain, < 1000.
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Fig, 3. Detection of positive signals for Newcastle disease virus by In situ RT-PCR. a. Stronger positive cells (arrowheads)
against matrix gene of Newcastle disease virus are observed in brain in comparison with those by ISH(insert). DAB,
Hematoxylin counterstain, x 400. b. Positive signals (arrowheads) are observed in the lung. Positive signals (arrow) in the
vascular endothelial cell. DAB, Hematoxylin counterstain, X 1000. ¢. Positive signals are scattered in the spleen of a
chicken infected by viscerotropic velogenic Newcastle disease virus. Abundant viral nucleic acid is detected in the
mononuclear macrophages. AEC, Hematoxylin counterstain, X 1000. d. Positive signals (arrowheads) are observed in the
cytoplasm of the epithelial cell. AEC, Hematoxylin counterstain, > 1000.
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ISHY T} in sitw RT-PCR 71L& W& o 22
of 2~3u] W2 9] MM 3e opgnreel Fay
AtkTable 3). &3] ISH o3 FAuks-& &
Y AR E in sim RT-PCR 7)ol ola) FAdut
Sol #=gith uleld NDVe| A&& AT in siu
RT-PCR 7| ISH WP B} ¥izer} Hejd 2dy
o4& st

U -

vlo] 2 A4 AW L Adslr WeEr4dE F9HE] 9
MM OAEs B2 Aol a7k o)F Hlo]
#2o 27 Aoy FELY T AFAY uioly
28] Aio] A0 7 A= A Fe] A WY
22 7S] oJ¥7] Witk g%l & RT-
PCRQ! A% 23O 2E 3 copysl wiold]l HHx
A28 & A, dare FEHA A vlelH A7) §
AFAY 24" § UL B olE RAY oA Hite]
=7} merEn) gErhe vl Ui ole] wha
Hasse et al® o] H-& 2/1% in siw RT-PCR 714 %
el A 2 A wto]H 8 HE ¥ ¥ ohizl PCR 7))
o] AHe A8 1-2 copy AR F4F vlelH Lt ¥
A% HE: g 5 e Aol o] oE A7 &
7 Ao, mgh 7)Ee] RT-PCRe] YR E &1 9
ko] 2ZolU AVYE FAL AFY 5 Yo A4y
" RT-PCRY) H]s) A&aty I7EE 48 Waolch
ol#lgt AdE ol fste] Z2UoIA A NDV &
A& 4 sl 7 s AgbE el in siw RT-PCR
719-& NDe] e} 2884 =k

ISH®} in site RT-PCR 719 2] 9172 8 olr 7] 918}
of A AaArie s ] 2L 94 dHso
7zt § 71HE 3 F BEEn| e Tl %4
Auke-2 \el AR S8 Z2Fsck I A, in siu
RT-PCR 7i%go} ISHe} vlw3ted 2743183 NDE &F/
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