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Abstract.— Direct RT-PCR, tissue culture and RT-PCR combined with tissue culture were com-
pared for the IHNV inspection in juvenile masu (Oncorhynchus masou) and sockeye salmon (O.
nerka). The detection rate of IHNV from artificially infected rainbow trout (O. mykiss) was also
compared by using tissue culture and RT-PCR combined with tissue culture. IHNV-infected
salmonid fish were detected highly using RT-PCR combined with tissue culture. This method
restrained inhibition of IHNV RNA extraction, because IHNV was replicated in the inoculated cells
and inhibition of IHNV RNA extraction was diluted. The RT-PCR combined with tissue culture is
a good method for the routine examination of IHNV.
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{RAMEHE [ #8258 (infectious hematopoietic
necrosis; IHN) (I% 7 BHaHH, HHcR=FFr, U<
A, YA Ry, T=I, ¥ 53 REDEL LTH
HERICFE AT RO TEILEDB N 1 )V AMERT
H5B. BERIT19534E I Rucker etal. (1953) 2L o
TTAVHERET > b MICBIFARZFFroy
ANVAERRE LTHOTHRE SN TLE, #+5%
BEO7ALRKBEZLO B A A, AARTD 1971 FI124kiTE
ICEEEDFRD N, 1974FELE, HARZHICZFDEE
&L 72 (Yoshimizu 1996). FFETIZEE (Chen
etal. 1983), 77~ A (Baudinetal. 1987), £ %7
(Bovoetal. 1987), KA (Enzmann etal. 1992), #
DD I —1 v /355 E (Olesen and Korsholm 1997)
ICBWTHEELARLNS.

Z DHEFCIED T THN OFFFAT I, 4~ ZFED
PR EEB L OEEEICBVWTEELEETDH
A, IHNFEE L THFAMICRET 270, FINE
BAEDIREEZEAE L TOIIIIIRBF 24 L, ML
B L AN 27 O FAEE YT 5
(Yoshimizu et al. 1989a). +®D7-HF ARG % 1T
TVBEDPEPOTESEETH S (FK - B 1989).
SO A DR E M 2 EEERE Y £ )L X
(IHNV) TREDHFEIZZOBOEHEEDKNE & Eh

|

B. (ER, BEDY AN ABA T AER RO
fEHVIT AV ASEEEERIThITE . L
LI REETETICN I~ 2 BMEET 2 (FK
1996). IHNV %13 LOBEID Y A W AFEDE L 1ZZD
EITHR L, MERFH S TICADEH TS Z LH5E
08B, I T, ERETIEMHELZSHTEEE 225
TEDREFED LN, FRNLTIAv—%REL
7z polymerase chain reaction (PCR) % &5 725&{5F
IZED L BINESHE SN TE 72 (Winton 1991;
Lopez-lastra et al. 1994; Nishizawa et al. 1994). L7
L, BUIRTIRF v ) 7RGV OB OMEEIZIZ Y
ANAENRD R, BEEOMEEED)S L% LD
RIED S ), BGHREEORENILINTNE,
AHFZE TIITHNV OHERE BT 12 ME FEHREHE O
Al & L Treverse transcription (RT) -PCR 25F! F AT g
THHDENOBE L, THNV OSEECE M T
& % RTE-2fllf3 (Yoshinaka et al. 1997a) TO¥;HEE:
ERT-PCREZHMAEES Z LT, IHINFEDERELE
LTWRWEEADL S THNV 2RHTEZ L2 B
(CHRET L, MR CTOMGE - [ {E 2D IERE R IHN 2l
DRT-PCR DI % il 7z.

M & Tk
BARBEHA 7 7 ARMIE T — FHITH
#t% (S0 ppm, 1057M), JLiEERFAESHOAHE

FRBEERRZ N LA N L, BRI EEkEK %
Wik E L, SPF (specific pathogen free) %
B7o. BEWINEZOF EHEAIC 1032 TCIDsw/ml ®
IHNV ChAb#E (Yoshimizu et al. 1989b) T60 %z
ERE L2, WERAR17HBICREABE S U

L&, ZDOROHEMAI3ECEHRE 047 o) % REERIC
R L7-. 2B, MEAREHET 2 T20CIo3iE
REL.

BRI  RISE L/23 B OEER L BES A HLY
&, MlESs (B, BEE2ET) g, 7—
VLTLSmIDOYA Z78F2—FIZ AN, 5001Ddena-
turing solution # X THREIF A4 A L7z, ZOKREY
A R % P denaturing solution Z FI\>C 104 £ T10
BRI L7, ST A 5 AGPCHE (Yoshinaka et
al. 1997b) IZX ) RNA ZHi# L, RT-PCRDF > 7
L—h &L RIZ, I0BROHIED BV IIFET- %2
B2, SRIZOWTEARGNICFERIC L T1008
D S RNA 24 L7z, B Y OS5BEIZOWTIEHE
KRB RTE-2 M 2 727 4 )V AMEE % ki L 7.
7 BRT-PCR |d Yoshinaka et al. (1997 b) D HEICFE
VWiTo 7z,

INERERE ROV AMHE 199549 B 124k
TEENOMNNE E L7z, TANVRREDH 27 5~ 2 Hh
DERE L 72N BERE L = F v, BREE I 450 1 12 1058
TCIDs/ml DIHNV ChAb#¥E% 50 R 72, € D#H2D
25T, — I3 T10* S TIOREARRL, by
I3 denaturing solution % FiV> CREERIZ 104 F THIRL
7. WA 5 £k D AGPCEIZ & ) RNA %3
i, RT-PCROT > 7L — b & L7z, B, UIEER
T FHUZH W50 T2 100 41 %, denaturing solution
THML72HFHILEE % RNA O It L 7>, [
12, PRBRIERIC X ARSI % FhFhulilasE e
7V 7L— MIEEE LAZRTE2 MR ICEE/E L, 15C
T30MEMEEEER%, MIEA, 5 RNA 24 L, RT-PCR
DFrTL—rE LT

DEET A IVZDER]  19954E9 B 1Akl o]
EFEFATNNHE L L7227 5 < 2 DOYNEIE A 5 48
U727 AV A & B K B PN T 1 SERT 92 BT
CREZKESNIABET) gDV AN L5HES 1
7274V (Ov-AB) DEF3#kZE24 LT L — MiC
¥#E L7-RTE2MMIEICHEAE L, CPE DRI A MELE,
BEEFEZIN)RE, BYHMME% B L T denaturing
solution % 500 /A M2 THEYF 4 XL, Fiakod AGPC
HIZE ) RNA 2 L C, RT-PCROF > 7L — &
L7z, RT-PCRIIFIRDFEI - 7.
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{5 —RT-PCR & HEEIZ L A THNV O H

EEERICK Y BES LTIV ADORT-PCRICE 2 H
2.0X10° cells/ml DRTE-2 g 5 ml ZHifasEE=H 6 7 ~
W7l — NMIHEE, 20CTUBMEE L. Eihs
BUY Bk %, multiplicity of infection (M.O.I.) =1.08 X
0.112% 5 £ IZFNZFNIHNV ChAbBRZHRE L,
15CC1EMWER, %5 ml oMz, 15CTo,
12, 24, 36 BEfEIEEE L7, FrERRS, BEEBREZIY
M &, REEHIRY % Hanks' BSS T2 [@{#% L, denatur-
ing solution % 500 xl X THEYF 4 A L7, AGPC
HEICE ) RNADHIH 24T\, PCROT 7L — | &
L7z, %8, 74 NVAOBIAmIIEEER & Rglimn
MAIZDODWTSHEERITEICLVHAIZEL,
logTCIDsy/ml & L TFK L7z,

fHfaiEE & RT-PCROMAEICL BT M ILARE

19974F7 AL EN CTHE SNz 7 9 < AHA
NE LRI HEAZ0RE, 1997412 A 75 1998 4F 1
RS TR E R E R A R 782 B &L O
FIE, HEE, HTEH, ARSI OCRFEOLKE
FERYS CENE L 7-FIIRE0.15 gD =V < AHEA 500
BAx§ 5 REEREERICHE L=V~ AfAaR
L174BIZ2oWT, ffakEE L RT-PCREZ AT T
THNV BEEDOFEZRA L7z, 2.0 X 10° cells/ml 125
B LU7-RTE2 Mg 2 MRS A6 7 = V7L — Mk
X, 20 CT2ARFMEE L. FNFNOHAIZ1-2 ml
DYEYE A #RETE (Anti Ink: penicillin-G 1,500
I.U./ml, streptomycin 1,500 xg/ml, mycostatin 800
unit/ml % & ¢» Hanks' Balanced Salt Solution) Z¥7&iNL
THREVFA XL, 14 CTHER, o1 LokEE
LTBWEI6T o)V T L— M4 o VDR LT,
ARFERTE, BV T NIZDWT2 ™ = VIZRNA HiH
12, Y D27 2 VIZCPEEIE L 7 1 IV AL EE(HH
L7z. CPEHI%I310HH4T>7-. RNAFHHA®D 2
T IVIFEEER ALY B &, 200 xl TE buffer (0.2 M
Tris-HCI pH 8.3, 0.1 M EDTA) THifg%BEL, 1.5
ml ¥4 7105 2—72% L7:. Denaturing solution %
500 N2 C, kil & FEIZAGPCETRNA Zld L
7. Wit L72RNA %7 > 7L — b & LTIHNV ORT-
PCR %47\, BIEEY OERZIT->72. 1997474 D
EENADY 7 T AR ENF IR, R60RIC
DWTIE, MEADKREY T4 X2 EHERNAHE L,
RT-PCR 2T o 745 R & LB L 72,

B R

IHN L REHIPODOTA I AEETFOBRE
IHNV BYESERE DY 7 7 < AMAIBONE LT 7 —
VL, FEYFAXL723E%RT-PCR TN, H
AR EY F 4 ZWORMEA 5 IHNV EIEF I3 S h
ZIro 725, 107, 102, 103 72 5 IHNV & {EFAS
i sz (Fig. 1). A L7Z5BDI H1B2LD
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Fig. 1. Agarose gel electrophoresis of RT-PCR amplification
products from homogenate of IHNV-infected masu
salmon fry. Gel was stained with Ethidium Bromide. M,
DNA molecular weight marker; 1, fish homogenate; 2,
diluted 10" with homogenate buffer; 3, diluted 10?2 with
homogenate buffer; 4, diluted 10-* with homogenate
buffer; 5, diluted 10* with homogenate buffer.
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Fig. 2. Detection of IHNV by from cells inoculated with the
diluted virus by ovarian fluid of masu salmon. Gel was
stained with Ethidium Bromide. M, DNA molecular
weight marker; 1, diluted 10" (10*® TCIDs/ml) with the
ovarian fluid; 2, diluted 10 (10*® TCIDs/ml) with the
ovarian fluid; 3, diluted 10~ (10'® TCIDso/ml) with the
ovarian fluid; 4, diluted 10 (10°3 TCIDso/ml) with the
ovarian fluid.

BT AN ARG DOYENEDTRD LT, MD4EDS
IZPCREWIIE SN o7z, FERIEREY W
WA LRI TRl TH o 7.

B E RV IVZAEHEE  THNV RGP
B2 1054 TCIDso/ml  THNV ChAb#EZ BE L,
10* % THPEIEWE & denaturing solution THIR L7272,
RNA % #fith L TRT-PCR %17 o7z, JIEIERCHIRL
TeHAE, BRPED 100 A2 SH E1T 0727280,
YA L 1/5 12 LTV 7225, WO F RIS »
b PCREWIIZEON LA 572, —7, denaturing
solution & AWV CTHM L7856, 100 F/E (71 )V
A GxfiilZ 1038 TCIDso/ml) 2° 5 PCREMIAE S N7z,
RIS, 71 )V 2 REINEERER O &A% 100 1158
RTE-2 MM IC3EHE L, 30RFRIEEEE L - /fa A 5
RNA Zfliti L, PCR %47 o /=458, 10275k (1028
TCIDs/ml) %L 72 D F TPCREWH TR S L
7= (Fig.2).
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Fig. 3. Agarose gel electrophoresis of RT-PCR amplification
product from virus strains cultured in RTE-2 cells. Gel
was stained with Ethidium Bromide. M; DNA molecular
weight marker; 1, Virus isolated from ovarian fluid of
masu salmon (Ov-A); 2,Virus isolated from ovarian fluid
of masu salmon (Ov-B); 3, Virus was isolated from rain-
bow trout in Aichi Prefecture, 4, IHNV(ChAb).

PEET VDR AHEER O 25112 E L7
V7 TIXANOGEE LT AV R & B K eSS
PKEBERM SR C= Vv AD b 5HES Lz A L2
RI3MRZHEME L, CPEDSHE L/ZEEOMIA &
L7-RNA DPCREW AL 25, 3k L7123 8Hh
5 IHNV ChAb#k & F—H 4 XD PCREWITES N
IHNV &% L7z (Fig. 3).

BEERIC K IETE S € /-7 1 JVADRT-PCRIC & BigH
M.O.1=0.1 TRTE-2 i@\ 808 L 72354, Igeiifam
TOT ANV ABRGAMIIHFEE 108, 12 B2 1023,
2452 10%, 36 IE £ 10%3 TCIDs/ml & 30 L 72
(Fig. 4). BEE@EHTIX, BEER10CTHo72d0
A336 FEfH % 100 TCIDso/ml IZHEAN L 72, k12, MLO.L
1.0 & UCHIBRICR L 72354, BREMaioy A
W A EGATII BB E £ 1025, 24 BERI12 1063, 36 A%
fRIZ105° TCIDso/ml & HEHN L 72, 7=, BEsi & i
MIREAI D™ A v RGN, 53824 WERI 7% $ CRAYL
DT HE L, BEEICHBBICTEIIZE IR
7z. EFEDOIHNV G % F v TFF - 72 RT-PCR i
(2L B IHNVEZFOMEIIM.O0L =0.1 T12 B,
Table 1. Comparison of ITHNV detection in masu and sockeye

salmon by direct RT-PCR, preculture combined RT-PCR,

and tissue culture.

Fish Direct RT-PCR Tissue

RT-PCR* combined with culture*

tissue culture*

Masu salmon 0/32 32/32 18/32
(0%) (100%) (56%)
Sockeye salmon 0/30 10/30 0/30
(0%) ( 33%) ( 0%)

*Number of positive fish/number of fish examined (percentage of positive fish).

T
M.O.I=1.0 cell-associate

6
£ 5 *M.O.I=1.0 cell-free
g4
20
= 2 AN

M.O.1=0.1 cell-free
1
0

0 12 24 36

Incubation period (hour)

Fig. 4. Yield of cell free and cell associated IHNV(ChAD) in
RTE-2 cells.

M.O.L=1.0 TI3FEMEE OB S 221,
ZDEED 7 A )V R EGAT IR T 1023 TCIDso/ml,
HT10*° TCIDs//ml T - 7.

ST & RT-PCROMAEICE DI ILRIEE
1997487 RICILHREN DY 7 < AFEM 2R, R=H
THEHEB0BDIHNVIRE 21T o 72, ¥ 2 I AMAT
IJEFEPCR TIE§_TEM, CPEEIZICL 29/ LA
THETIE2 AR 1S HRIEATRIEE 20 (BHHEE56%),
HIfaEEE & RT-PCR # M8 72 HETIE 32k 32
WEATIEL 220, BHEEIZ100%E 72577 (Table 1).
NZH T A TIXERPCR T3 CRM:, CPEEIE
LT A NVAGEECTL TRTEREEE o758, #lla
B532 L RT-PCR % #9725 TlE 30kt 10 4k
DL 2D, MHERIZ33%E %577,

19974812 A 225 1998 4F 1 F 1220 Tk iE@E Ak
FEEFEMAEYIIEE, IIFUE, BEE, L,
REBLUORFEOKLETIT o722 Y3 ADHNV &
ZeBRICEE L C, THNVIBERORLZEEZRD 5
TeDIIEAER TR L 72 = U~ AR ORISR %
Table 2 1Z7R L7z, dL¥EE KEEIKRE F LA e =
TIRITTRH34EDHEL 2 ), D5 % CPEAEIE
ENIZDIZTRTH o7z, [NFUE D220 B Cldiifass
E L RT-PCR 2 AR HETIRDBM E 22 57275,
CPERBIZ SN o7z, BEE, BEL, HAE,
REEOHE CIIMINER 2 & RT-PCR 2 #4872 51k
TENTN20BHTRE, 220BH9R, 220BH4E,

Table 2. Comparison of IHNV inspection for rainbow trout
artificially infected with IHNV at various laboratories.

Laboratory RT-PCR combined Tissue culture
with tissue culture
Hokkaido Univ. 34/177 (19%)* 7177 (3%)
Yamanashi 3/220 ( 1%) 0/220 (0%)
Saitama 71220 ( 3%) 0/220 (0%)
Tokyo 9/220 ( 4%) 0/220 (0%)
Tochigi 4/220 ( 1%) 1/220 (0.4%)
Nagano 6/117 ( 5%) 1/220 (0.4%)

*Number of positive fish/number of fish examined (percentage of positive fish).




FfiP 5 —RT-PCR & 85381512 & A THNV O

117EBH6 BN L IHNVEEFOME &/, Ll
CPEDEISE I N/-DIIMHAR L RFEDOEL 1 RDAT

zZ 5

7 ANV ATRDOFWIIPCRIEZIDH L & 95 LMHETH5
F o 72280, HFEOHEMAIIY A NV AEEFHI 1Y
—TCOHEETIUL, BERIICHREAITERETH A Z &b
5% DEAD R EN, dsRNA 7 4 IV A TH 5B IPNV
(Lopez-lastra et al. 1994) 72 & TIZRNA O ASE %
HWEG 2 EbH D% OFEBEIRE SN TV A,
L2L, IHNVICE L CTlEZF DL { B EEZEY A WV A
LIl L72RNA Z# H\W /2 b DT, FREADHMMED S EEE
RNA O %47 o 723 E 1347 {, 19954E 127 - T
Chiou et al. (1995) %°Drolet et al. (1995) &7 FEER
L & B T2 REEFEFA TOIHNY BIZF DEIEERAL %
PCR ¥ & BYEHTIRE % IV CHEORET L 7o R 2 3
LTWABIZTE R,

ZFZTARIIFETIZE T, IHNVEESEHEOY 7 5
< AFEM E ISR IZRT-PCREIZ & A IHNV E{EF D
WERRARZ. BET—VOBIKIEY T4 ZHDEK
A OILEEFIEREED IR ST, 107103 FHRR
PO &N, T EiE, BRICY AV AEED
it F 721X PCRICIHE N 2@ CEADTFAEL, R T
X7 A N AGBEOMHE AT & %o 7253 5\ EPCR
DRGHEIHEE /- EEZONE. ZD X2, B
D F 721X PCRIZIHZE R 128 W E DIFFEATRIE &
N7zZ &b, YA NVAGBEMET 2354, #{F%
TRT B LI Lo CHEWEDRE S T ALE)
hHbtEzoNA,

LREFA—HEDY 7 T AMAE SEREIC, BT
1 ERT-PCRIEIZE B 4 VA ZTWIIELL7- &
25, BEEFETIZHNVIZWThOmED S b 8=
N7 27275, RT-PCRET1EA 5 PCREWHES
N, BESEATRED 5 DA PCR 12 X A HHIREAS
BEDOREELAEL BNV EATREN. 1272,
SENFZEEIVNS , F—EROZEANES % W= TR
ELTWEWew, EENRIEBIZITE R0/,

KNS, BREEJERRC & B 7 A4 L A REEO R
IZDWTRT-PCR A FHWTHRES L2 & 25, PIEIER
THMLIZEE, WINOREDOSHH 5 L PCREY
3ESNL 027255, denaturing solution TR L7235
A, 10" TR 5 PCREYDE SNz, FDL &
D7 A AEGAML 103 TCIDsy/ml T o 72, T
ARHFFE CTRERE L 72 RT-PCR D& H R 5 108 TCIDso/ml
EHE L T1/100 IR EEKEEAMK <, IREIETEFICD
7AWV ARGERIxT U CRERSME) < WEAFFE L T
BLEZ LN RIZ, NEEETHRLAETA VA
x RTE-2 MR ICHERE L, 15 CT30BMEEL %
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DG 7 A )V A%EEE i L, PCRZ4T -7z
EZA, 1025 (1028 TCIDsy/ml) DY %42
L 7-HifE 25 b PCREWAE SN, MHEENT10
EEF L7z, ZORERIE, JIRERPICEEL TV
7 AV ARGER O F 7213 PCR 124 L CRHZER ) <
WEOVERD, BEES % & WA THREN
JoZEiZE Dz on, SHICEEMBETY A VA
W L7272 DI ES LR Lok EZ 5N 5.

BESEELY A VAL, FHRBEITVEET
5. CORT Y 7% PCRETRATZ 2089 0,
CPEDZEI % F > CRT-PCRZ{To7-& T A, Fy8HE
i CPCR EWHE S5 NIHNV THh 5 LHIFE LB, =
DT L, FRIRERICIEND LRIEICET AEROE
MEDETENTWALEZL A,

RKIZ, TANVARL L CEE~OxtnE LT, ME
DBAIVTEL ERSN TV AWEEETERTH =
%% Z, RTE2H% FCRIE L7z A )V A BRGLi
% b LIZIHNV OB R & RT-PCRIZ L A M R &
DERERE L7z, MIOLZ0.1E LTy A VARERE
L7236, B3 120 M7 5 RT-PCREEIC L ) ITHNV
DR EN, FOEED Y £ )V ARRZTIZ 1023 TCIDs/ml”™
THo7z. MOLDLODHEL, BEEEREDSHE
SN, ZORED T A ) AREGEA T 1025 TCIDs/ml T
o7, F4EIZM.OLE0.1E LTHE L7225,
0.001 DHE S 24 BB EICIE, 7 1V ARERGARAE
PCRZEDFHFRF 102 TCIDs/ml # 82 5 Z &5 5
(Yoshinaka et al. 1997a), % #fEZ 1 HEEETR
I¥, RT-PCRIETOMRHAPTHHRETHLEEZ LN
7z, TREREICHET L 7o ek OfE R TlE, MOLAS
0.1 DFEFEIZ24 %, M.O.LDTL.0 DAL 12 B
BHOEEERY, F0L & DORBYHIZ 10%° TCIDsw/ml
Thotz (F—FIFRLTHR), ZOZ LIdREH
B2 —BERTE2 IR L, MIAANTY A VA%
JE S 7212 1ZPCRIECTIHNV BIET 2L, B
BICLTIAZRDICETLDOART, fERkLDHEL
IEFEICEMDSITREIC R B e EZ bLG, LA L, Ji
fEARE 2 &, —EROFHFCIIMEELRI R TS
EbdHY, ZOBEITHIENTO Y AV ABEGE b E W
EEZOLN, TANVAEREBOEERE*ELTA%
EDTRPWETHA). WTFIIZLTL 7 A IV AK
FRfh i ORI RS ISR M TO 7 A W ABIEE4T ) &
& 1%, RT-PCRIZ L A THNV O#HEIZBWTHFIC
B FETHA I LASTREINT.

Z OHIfgREEE &£ RT-PCR % #LATIT ) HEDSERD
ThHbZ EIF19974F7 B IcdbiBEADY 7 5 < AHE
f, NI HEADOIHNV R R & 19974612 A »
51998 4F 1 AT CTHLHEE R F I SR A= W 2
2, IR, FEE, =, HiREBLOEFED
BIKFEERERIG TIT 2 72 = ¥ ADTHNV B4R ER 1 F
LT, THNV IR ORGSR L KD 5 720 (2R
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BRI L7 = VY AR ORERER Y A TOHL»
THhb. TANVAGHEIC L BHBEFETIZHNY BE
BEpR)RELLTCLEY LI, MBICENL
LR MBEED L) DHIET 57O WET
HY, SHIZIHNVIZE 2HIlaEETH S 2 L 1R
T B 7-OIMEFRESLEE 2D, ZIUXTLT,
#fa3EEE & RT-PCR # #lA7- 7 ClE, 3EEMAEIC
W% ET 52 L TRNADHIEEE L LTE <YW
BREEHRENE ELE DI, TAIVADBFETE, #
DEHIVEINTAZ ETLYRT-PCRTHE LT %
5,

ZDEHIZ, TRADOBWB LU DEEY 1 IV ADEF]
IZPCRIEDIGHADTEE & %2 o 7205, EBED 7 A VAR
EIZBWT, ZHORE 2R HEL, BT
V& RTE-2MIBICEERE L, 1 ~2 &Il ZEIRL
TRT-PCR %479 HFiED, WEBTII—FEL, 4
8, FEEICBHICELHEEEZ LN

AHFFEId BAKEEIRRER S ORFCEE [BIVE

MEGIR BT I 2L —Ya Y EFVER] 12X
ofs. TIICRELTRE#HEL LTS,

5| STk
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