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BIE F

7 2 Plecoglossus altivelis (3% =27V U4 B « 72 RcHE S, FITiA6MEE b Al
ETORREHIZNAL, BHLEENOR T LARBETORT 7 —HITLHH LT
5, £, BERBIZIZHEEDO Y 2 VX 2 U7 = P. altivelis ryukyuensis RAEE L TW3,
TR~ BN ELBETERTIEREATHY, TOEFEMI—ETHD, EMLHB
U720, WINTAELENRLFHRAXETAE TS, —FH, BEEBHRESICAERTS
MR 7 I R ORD Y & LTAET 5, BAICENT, 7o ixRH2)I8Y
DRBRTHY, BREVICBALTELMOEFEZHE T HEL2FALE “K&n” 2
ELfTbh T3, £/, BECH LETHLIREBIL, NKARECBTIRLEERA
EDO—2LRoTWD, £z, REPERSERDERVWI ENLNKERHEEDEE 2R
REIZDLR 2TV, 2007 FiTiE, WAKEREDOHEMETL 38,988 b (239 M) TZ®
SH7 213,229 b (79{EM) , WKEBAEOAEERIT 42,345 b (544 f8M) TZ
DOHSBLT ik 587 by (94 BEMA) Tholk (BHRAEEAFR—LR—Y,
http://www.maff.go.jp/www/info/bunrui/bun06.htmt) ,

FNBRREOBMARCREREDENMILDIRAT 2 BROBAITHE N, 2EFHTT 20
FINERE M Toh, AIMICESAE LE7 2 bRRICAVWLRTWS, KGR Ttk
BANLBRBEBEEBESTH 20 FTRED, MEBEANLSTEKKERR ¥ —KERT
110 FRO7 2N EEERAESL, RASHOFBERGICHFEIATWS, Thb
DT X, 4 Anb 5 AT TRAZMOTMINCHESh, BEMET =k L ORE
DWET 22 EDDEHRETIH1I V-V TRIFREDTEZRRFEEN TS (EEEN
AHBEBRBAEEES) . £/, BRIRRKFEERLT7 2B MK ITRLVLO0, SR
TaRFEGH 10 FREBREL, ELEEGREOALT BB INBRACKSH Y OA MY
ELTHREESHTWS,

TOEIE, TR KEBRECEMIIBWTEERABE TH LM, {IIRLEMSE T4
RAEEREBEELBMBE LR TS, TNETKHRESNTWVE T = OB HERRKRIC
DU T Table 1-1 125K LTz, ¥ 7 U A951X Vibrio anguillarum £ 7-13 V. ordalii # [REE & L,
BICHEERE L T5E7 U AL 1970 £ 5 1980 FRISHIT T T 2 RFMITE K2 8
Ex 527 (BEDS, 1986 ; Muroga and Egusa, 1988 ; =&, 2004) , ZDHEDKE &)
LU 7 FURENTON, 1988 FICARRYOKEAV 7 F & LTT20ET VAR
HTBRET I FURBREESNBICE 72 (RE, 2004) . LHL, TOBAIFHTH
DRI FUHMBORMENPLRRADOBEGERBB L2, U7 F U ERAERKITEN,
IRBRIZBWVTS, 1990 FRENE, BHAESCTME MR AR V. anguillarum J-0-3 B!



WEADRBREFXERBEINDID, BAZEA L COIEEG TORAERIHEBINL TR,
T ET Y AREIL V. cholerae non-O1 ZREE & L, 1970 ERFZEFICEEHE R O
RIS CHER &7z (Muroga et al,, 1979; LEFH D, 1980) , £D#%, B AREZH TRAENRN
FRINTWD R (Kiiyukia et al, 1992) , EBERTHEEERTHD, = EFRER
Aeromonas hydrophila Z#[RRE & L, fHBLRIEKETH 7 1967 EDOEIZK MO
WKBWTRALEREERRIAOHRFITHY, BET7 2B ITHHELRESILTVS
2B KW, 1980) , AERICBT2HEZELEALLER Y, ME M % E AKX
Pseudomonas plecoglossicida ZJRIRE & L, 1990 FEEIPLEHMOT 2 BFEHICB WV TADL
NoE5iThote (RE) - 8RE, 1996 ; FEH D, 1996 ; Nishimori et al., 2000) , AL
ANz T 2 BMEHENBELSIEREERERTH D, BERREGEPEIOTH5HmICH
Do IRBRIZBWTIE, 19954F L 2008 FIZEMAT = TRENKER S,

7L DA KSR (Bacterial coldwater disease: BCWD, M MAAR) OREEILS T Ak
EE D Flavobacterium psychrophilum (Fig. 1-1) Th 3, #HAMIZIIAEHITZ=V <X
Oncorhynchus mykiss @ % 7X3% (Rainbow trout fry syndrome: RTFS) OFREE & L T b b

(FEH, 2004d) . AEIX&EH), Cytophaga psychrophila & i Iii=7% (Borg, 1960) ,
Flexibacter psychrophilus 24y %8 U H & 1 (Bernardet and Grimont, 1989) , & H T
Flavobacterium psychrophilum (273 S NBTEILE - T % (Bernardet et al., 1996; 2002) ,
Bilt, =V~ AHED F. psychrophilum OBRTOREEREFN, AERRMEELE LT
A1 TH B A STV 5 (Duchaud et al., 2007) . A58 % R THRAICTH L 7= D 1% Davis

(1946) T, 1941 £ & 1945 EDT AV ID =V ATOREEZREL, TORT AV D
DX Y5 O. kisussh 235 S REEBBES TV D GEM, 2004d)  AFITEDH LT
LML RPoN, 1984 FERXT Ty AD=VATHREBSR, Thika—nay
SNREEICIER L GE#R, 2004d) .

AARTIE, 1987 FIZESROT 2R TH O TREDHER S L (Wakabayashi et al.,
1994) , 1993 XK BROM)ITHABIZ LD T 2L XA HYU Zacco platypus DR EIE
PR EN TV 2 (lida and Mizokami, 1996) , D%, # 10 £ TEEOFIRLRE
ZHRL, BEHZOH R THINTOREREELEIMEL 2> TS (BF L, 2000) .
BBEWEDT I F. psychrophilum OREVPHRINTZZ &b, BEWMET 2 OM)IIK
MBREFENDEMICHD (JR, 2007) . 7T2OHKFIINIHANOGRBEAETREIIZ
MboTFREL, BRAARKRORDERXLTHOMRER LB LB ERZRT (Fig.
1-2) . F. psychrophilum \IBEEOBET 2 h b b BE N T3 (Lee and Heo, 1998) , H
ATIE 1990 Rz X FrFEE CTRARORBENHER SR EHDL, 1991) , ¥4
TIALFIZ B W TREEOERIT 1990 FELFINLEBEICHRR IN TV E W EENS (BE,
2005) , BATOBARORINORAR, T2 XL FrOLL 6 THSNMIRATH 5,
AEPRHENZABOGEEIZIIEL, T, =U<RLUSCL, FELALYOYFRAHE,
ZA BT, UFA Tribolodon hakonensis, @3/ RV Rhinogobius brunneus ¥ X QT ¥
Liobagrus reini 72 £ DPWKRAPH bHEH S TWS (FBHED, 2000; &4, 2004d; HHH b,



2006) » S DI, AEFAUADHEFEREERSCR, BEVomJIIRET»DbHREINT
W5 (#H D, 2000 ; Izumieral,2005) . BB L OMEFRRETHRINTWDEIT 264
AKFEMRBBRTE L OLNEFINEBFHEGICRIT 2H KB EMFLEE Fig. 1-31ZR L,
EBRIZBVTS 1993 FOMFHBLUE, FHO)ICRMEG TREDEBSNL TS, K
EWEEHE ¥ —CREDT 206 F. psychrophilum % 7B LR KIR # RERR L 7= F %
Fig. 1-4 {Z/R L7, BAERBOTIHAIZR ONR WY, IKBRIZBIT AN TOHKFED
BAER, T2ORKFERI Kb s ATARL 7T A LACHERENDZ LNEL, 2F
HfimEFALCTHD (JE, 2007) , 7z, BEH TOREIF)ITORERICHEESL
BT EREN, IRBROFEFES TIX F. psychrophilum [CIEREINTRWALT 2 2HE L
TWAGEEBIZLEALETHDZEND, TNOHLOEMG TORAIIFINN G ORGEITH
Bbhd, £, ThET—HBOFNERE, ROBRIIRAKRLELRTILEBD TSR
HREBHETHIBMPB CTRETIZLEBIFLAL THo72N, T2OHKKIZE L TIHA
NTORAMEFHIZBDON, RORKROF TIIRERFILEZL LN TS (JF, 2007),

IDEIIT, AKFERUDH L RBEBREN T 2ICBVTRELEEREXTVWA T
b, BREFORBHBIRKRDLATVD,

BRI T, ETT720RKBEOBRERFICET IRFAFRICOVWTHER (FOE) ,
RICEBRTHREBLET2OHF  LVHERREIC OV TOMRIFERICOVWTHERS (B
E-F VE), FIE F 1T, KABERATT22E30RYL2AE,LLHSBL. F
psychrophilum Z#ELE L THTAEDZENFEELZRAVWTEENET 21Tok, F 2 TR,
F. psychrophilum D¥RKB TOEFVEE in vitro THARD L L b, EFEOREEIZOW
THRE Uiz, $£72, F. psychrophilum OHFEIREZA, MBHEESLIZKOT 2T 57
FEEZRF L, B3EHTIE, WMITOGRKROBELZTHTI-DDRL<Y Rigfk
Uy FU T BRE T ok, BRYIFY, BRVIFUVBIGRAZ LTI IF L0
HREREFL, £z, REREAZSICLIPBREOHEBMBEIZ O VTR L, F4EHT
X, WARMAEEEZETIALT 2iCET28HFHEITo72,. BATEESNTVWIHEHD
ALT7 2R HOBKFREZHOLEEZITY, MREERIZOVWTHRE L, & 5 & T,
F. psychrophilum OEIRR T OB 21T o7, T2 B L KT~ 2 0. masou ishikawae L& T
@ F. psychrophilum OEFEMEZRFF L, BRYEERTHEKOFREMEZ LB L, < HFLIE
T, BT 2R ELCHEEBRRICET 2 AELIToz, MEEBBHEIXIZNET
VI RBEOATRENERIN TR, TIBITH2RBELZHODTHERLE, BFVE
T, BET7TZEBWTRAELEFA T Y ARICETIHREZ{To7z. 7207V F
WOREREE LT, ZHETV. anguillarum B L OV, ordalii B LN TW=R, Thbd
WXRBRDHHED Vibrio BMEICL AT Y ARWERRB LI, BEVETIE, W7 =2i2%
4 U Tz Edwardsiella ictaluri IEIREZ Eﬁﬂ'é‘élﬁfgﬁ’&ﬁo 7=o E. ictaluri \Z¥EN D BFE T < XD
WREE LTHLNR TSN, BERORRT 2 TYDTHR LT,



Table 1-1. Bacterial diseases of ayu reported in Japan

Disease Pathogen Location Reference
o Vibrio anguillarum Muroga and Egusa, 1988
Vibriosis V. ordalii Farm Muroga et al., 1986
T Farm Muroga et al., 1979
NAG-vibriosis V. cholerae non-0O1 River Yamanoi et al., 1980
. . . Farm s
Motile aeromonad disease Aeromonas hydrophila River Jo and Onishi, 1980
Psudomonas infection Pseudomonas anguilliseptica Farm Nakai et al., 1985
Nakatsugawa and lida, 1996
Bacterial hemorrhagic ascites P. plecoglossicida Farm Wakabayashi et al., 1996
Nishimori et al., 2000
Bacterial gill disease Flavobacterium branchiophilum Farm Wakabayashi, 2004b
- Farm .
Columnaris disease F. columnare River Wakabayashi, 2004¢
) . . Farm Wakabayashi et al., 1994
Bacterial coldwater disease F. psychrophilum River lida and Mizokami, 1996
Kitao et al., 1981
Streptococcicosis Streptococcus iniae Farm Onishi and Jo, 1981

Ugajin, 1981




Fig. 1-1. Flavobacterium psychrophilum isolated from diseased ayu, observed by scanning electron
microscopy.

Fig. 1-2. Ayu affected with bacterial coldwater disease (BCWD). The hemorrhagic and ulcerative
lesions on the lower jaw (A) and the body surface (B).
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Fig. 1-3. Occurrence of BCWD at rivers (A) and farms (B) in Japan in 1993-2007.
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Fig. 1-4. Occurrence of BCWD in Hiroshima Prefecture in 1996-2007.



£ I1E 710OMEESKE

F18 LEBTHEESNT: Flavobacterium psychrophilum QB FH S B AR OBE

SHETIC F. psychrophilum WA % REARDOHBESNTHEY, HHSAE F
psychrophilum O MEF B L CBEFHERPHEMTHESh, DBAEL OBER$TT
KRE I TWS, MEFEMIZIE, X2 %4 Oncorhynchus kisutsh 53 BERRTX O-1 B, 7 =243
BERRIZ O 2Bl L =V~ R O. mykiss GO R B O3 W TH L Z LBP LN EN
TV 3% (Wakabayashi ef al., 1994; Izumi and Wakabayashi, 1999) , E/Z¥## 5 TiX, RAPD

(randomly amplified polymorphic DNA) -PCR (Chakroun et al., 1997) , 75 X I F#

(Chakroun et al., 1998; Izumi and Aranishi, 2004) , PCR-RFLP (restriction fragment length
polymorphism) (Izumi et al., 2003 ; &HiH b, 2006) , 16S rDNA EinF D LRMENT (Soule et
al., 2005) 33 XU DNA DO HIREEFRGIET /NS — 2 QRN (Arai ef al., 2007) 24T, B
AELEREFHIZEI—EOHBERBD OIS,

AW TIX, 2000 F2 5 2007 FZIEABRTTHRA RBRKAPLFEESh F
psychrophilum % PCR-RFLP {EIZ K DT L, DAL BB TR EOBEKRERE L, &
bIZ, RVFEMARBREFIIZKRT S Z LA A2 RAPD-PCR & AW THEITZ1T - 72,
T, T2 T72UANOARIZEETIERFHIZONVT, ENO6DT7 T3 DHEEME
ZRAT,

MEBIVHE

HEEH®

2000 F5 5 2007 FITEBERNOBREZB I OCIINCE W THERR LT 20 b8 L7
168 ¥k, ¥~ A O. masou 7 L5y BfE L 7= 8 ¥k, 7~ = O. masou ishikawae 5> b 57 B U 7= 29 £,
=T ANLHBELT 5 ¥R, AA BT Zacco platypus O BBELT 6 B I OF TS
Carassius gibelio laﬁgsdorﬁ MPOSBELT 1 8RE2 F T 217 ¥R D F. psychrophilum % I\ Tz, &
72, 1993 FILERTTa2BIVAA DU DLHBESTZ 4 BRD F. psychrophilum & F\»
7= (lida and Mizokami, 1996) , WZE Y A + 7 7 — HE KL #' (Wakabayashi and Egusa, 1974)
FRWTANDLBE LT F. psychrophilum 1%, EBRIZA WS £ T-80CTRAFALZ, EHEOD
E IOV TIE Appendix 1 IZ7/R L7,

PCR-RFLP :
5% (wiv) 2725 & 5 ICBHAKIZME L= Chelex 100 (Sigma) 24—+ 7 L—7 T

1 2 o/L Bacto-tryptone (Difco), 0.5 g/L Yeast exract (Oxoid), 0.2 g/L Lab-Lemco powder (Oxoid), 0.2 g/L §E
e bUoAh, 02gL LA T L, 02g/L BB~ F T U A, 10 g/L Bacto-agar (Difco)



L, 1.5mLF2—712300 puL¥25ELE, ¥ 5mg OFE K% Chelex 100 BHIRIZHEE L
PR BT 10 Ly RIMBLE%, EOSBE (10,000Xg, 10 5, 4C) TH LN LG+
H DNA & L PCR ICflWiz, Y%A L —X B BEFR LU Zv—¥ (peptidyl-prplyl
cis-trans isomerase C) Bz F+DO—%iX, FNEFNT T £ <—F& v b PSY-GIF, PSY-GIR (Izumi
et al., 2003) I X O fpPPICIF, fpPPICIR (FiH H, 2006) ZHAWVWTHEE L, V¥ A L—
A B Bt OHEETIE, &I 94°CT1 mEARIGE %, 94C - 158, 51C - 30 9,
NRCB30BEZ1HA70ELTAFAI7NVRIEEE, HREIZT2CTTS RIS S ¥ (H
BE®:1178 bp) , 1 ¥ v~ —EBEF OB T, BT 94CT 1 FHRIRKIE S ®=%, 94°C -
158, 60°C <308, 2C-308&2 1A 27 L T4 H A7 VRIGEEE, REICTT2CTT
5 RIS S 7= (B : 346 bp) » PCR EM % 1.5% 7 H 1 — R F)L-TAE*EKIkE T
BIBLTHD, V¥A LV —AXABREEBFDPCREMNE Rsal T, n ¥ ~v—E&IEFDPCRE
Y% Hinfl THIRBEESRLE L 7=, %Uﬁ&ﬁ%%&&ﬂiwi PCR EMiX 2.0%7 H v — X 4 L-TAE
TERKB LR, =FPvs7a~v,f FTRAELBELZ. VYA L—XBEETFDPCR
EHOHEHLLOFEIZLY RELSIVUSHEE, n ¥~ —FEHETFD PCREDDHILOFEIZ
LV ABBRIUBAEZHFI L (Fig.2-1-1) ,

P
1078bp [ 4 ﬁi

Genotype A B R §

Fig. 2-1-1. PCR-RFLP (restriction fragment length polymorphism) patterns of Flavobacterium
psychrophilum. M: Molecular marker (¢ x174 Haelll digest); 1: PCR product amplified with fpPPIC1F
and fpPPIC1R; 2: PCR product amplified with PSY-G1F and PSY-G1R; 3, 4: PCR product (fpPPIC1F
and fpPPIC1R) digested with Hinfl; 5, 6: PCR product (PSY-G1F and PSY-G1R) digested with Rsal.

RAPD-PCR |
TIAw—L LT, RO BHDPT VX KT T4 ~— (10 3HE : A-01~20, Operon)
EEhEh | BET AWE, MEERY 25— & LT Smart Taq DNA polymerase
(ABgene) E 721% Bio Taq DNA polymerase (Bioline) % AV, 9 u L ORIGEIZ TE*T 10 ng/
pLICFHE L /- DNA % 1 uL éﬁﬁub UTo7a 77 hTRIEEET, &RAIC 94C

2 400mM Tris-FEfS, 1mM EDTA pH 8.0
3 10mM Tris-HC], 1mM EDTA pH 8.0



T1RRGEIETHE, 94C 14, 35C 24, RT3 5%45 A7 EBYRL, &
BIZCT10 DRSS ®ET (PC808, TAF v 7)) ., PCREMIT1.5%7 Hu—XF L
-TAE CERKE L%, =F VUL u~v A FORELBELE,

R RER

RERERITIE, KEBEEFEV Y —TREBTLTWERRRT 22 AV, Zhbo7
IR EBERKEKREAVHEREBRECHETIN, BERBEIRF CH-T, 7
b4y BE & L7 PH-0215 #k (EAx T4 : AS/3) , PH-0526 % (BS/4) , PH-0529 # (BS/4) ,
XU T TP oaBES NIz CH-0411 #8 (BS/4), A 7 U6 43 B & iz ZH-0220 #: (BS/7),
Y= A0 B 4HE & L7 OH-0221 £k (BS/7) B L O = 2 b 43 BE & iz OH-0540 # (BS/7)
&@%%%mmwtQ@mmul)o&%%4%77—ﬁ%f%ﬂ&%mmtvla%%
LR EHAEK (0.8%EHEK) KRB L, BRBEERICHAWZ, 72 (FHEE 200
g) % FA-100* (KB ARERRE) THEEL, EEESEFLOEENICERZENETO.1
mL F0% 20 BICERE Lz, L7 XN EFRKIE 18.0-18.2C DR RO PIIE
FAKEAKEANT 8 BRIWABRE Lz, ERYBPICECLET2OBRE» L1, ®HEY
A N7y —HEREHTHEODELZIT 1=,

HRBLUER

INETHAENTHBES NI F. psychrophilum DEEFHICOVTY ¥ A L—X B it
BFRIVe Y ~v—FPEEFEIENE L PCR-RFLP #EI2 L » T Sh, AR, AS, BR
BXUBSD4BIZHTbNBZERHALMICEN (Izumi et al., 2003 5 HiH 5, 2006) ,
&V TY F. psychrophilum DEFZFRBEIZILS Ao TnWd, Fnickd &, ABIET7 =24
HERIC L FEYET, B HEIR2TOABONBKICFETIN7 ZIZBWTEZOHBIE S
IHMEL, REBIUS B LEFEE L OBREIXEY,

2000 2> 5 2007 FATHT TIRB RO 2 e AT b B S iz F. psychrophilum O&R
T8 % Izumi et al. (2003) B L FIH S (2006) @ PCR-RFLP i TR, SHifALEETF
HMOBRREBRH LI EORR, 72 b 0B Lo EHRIZ AR RS 24.4%, AS 73 70.2%,
BR #I23% 1.8%3 LUV BS # A 3.6%TH Y (Table2-1-1) , AN 94.6% & Z DR\ H % LD
TkY, FLRABLSHLOBEEIBDL>OLNLZVAIZBWT Izumietal. (2003) BLUE
WD (2006) DEERLIZE—BT B, —F, TRUNORBENLHEIWKIZLT B
THY, TOKENBSH (94.0%) T=IU<RANnbIL 38 (6%) O BREBHEES s,
Izumi et al. (2003) X=Y v AGEEHETBREDEEVRE NI LEZRLTHER, KBRO
SURADBRELFER THILEZ DN, ThboDZ b, KEROAPLOBEIN

L FAT =N 107g, U UVNEEEFT R UL 50g, PoEiikigt Y oAb 01g, AF¥ /—/b 428mL,
Rk 55.5mL
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7= F. psychrophilum @ PCR-RFLP &I L 2 BIEFH & S BERTE O BRIX, Izumi et al. (2003)
BLUOEHEHED (2006) OFRLIZERLTHD I LEBHALNIIR S,

S DIZFEM 72 F. psychrophilum DB FR 3T O E LT, £ DNA OHIBEZELINS
BENNVAT 4= FEKKBEL L > THITT 3 HFEIRFTL TS (Arai et al,
2007) . TIIZ KD & F. psychrophilum i3 42 DBEBEFREEL 20 D7 FAXZ—ZHiTH
N, TaRHREZTOMOANLDEESNTEEETALMICRBTERZ, LHLARRD,
WNIVRATZ 4 —)v FERKINEILX, TOFEIBEETERENBEONDIETHREZET, Z0
b, RFRTRTI UV ELTIA—F A= LV ##EZ2FF1ETH 5 RAPD-PCR ik %
T F. psychrophilum DRBEFHEZBREF Lz, T E TRAERKEE TIX, Lactococcus
garvieae X° Photobacterium damselae ssp. piscicida 72 £ G RAPD-PCR 2 X 2 & R8I 45 it
BIToh T35 (Ravelo et al., 2003; Kawanishi et al., 2006) , F7=, F. psychrophilum 2%
WTHREBEICRDIBITRRER, Ta2HHERL =V XBLIOF U Froko BB+
DEFEVWHRHALMZEINTWSD (Chakroun et al., 1997) . LA L, Chakroun etal. (1997) H
FRATICAWIZBADHIZOKT, TOPFTHLT7T 2RI I KL D RholZ &2, K
BRTTTa2hboMINTZ2 < OBIZOWT RAPD-PCR IC X 2T 21T o 1=,

wONZ, 7T, TIBEOAA 0T OLBEE % FVvy T Chakroun et al. (1997) 237z
bOEIXERRD 20 BEOTITA—CLVEAMERFALERZBR, 774 < —A-02

(TGCCGAGCTG) THHRMEDH ZLMMERGF LN, TDZ Eh b, IEDOERIL A-02
ERAVWTERFREEZRE L, £/, 2 MEOMBMERY A7 —E¥OHig/ ¥ — 2 HE
L7 Z A, ACHERBFON, 217 HKDHE L7 DNA % A-02 THIEL-HER, 8
1D DNA g & — U B5 b7z (Fig. 2-1-2) , Table 2-1-2 IZ;RT X 912, 724y BEkk
X 14 BUCBT D8, 7T2LUAOSBEERITZ 48 BICE LTz, 4 BOZRT 2L, ¥
A, FABTBLOX T F BB E £472, PCR-RFLP i & RAPD-PCRIETH L L
BUR T % Wl L 455, AR5 X OV AS BOBEKOLTH 123 2T, BS BT KIHA#
4—7 BV WMEFEICEZLRBARIBED b7z (Table 2-1-3) , £72, PCR-RFLP &
RAPD-PCR IETCH LNT-BEFREHAL S DY S Z L T F. psychrophilum DBIZ T 13
Biznidoh, BELOBAFREZIVHEPSBRE T LATEL o7 (Table 2-1-4) ,

ZITI, TaoBRIZ BT O, 209 H AS/N BOEIEH 51.2% TR LELENIC
HE L7, T2 B E T2 U O S BER L X BSHARICET TR EZR VW THRIZO T O h,
TNETOMA L —F L7 (Chakroun et al., 1997 ; Tzumi et al., 2003 ; &l &, 2006 ; Arai et
al.,2007) . FE7=, 1993 EIZEBRTT =h b5 B SN 7= PH-9304 #£5 L T PH-9334 ¥k D
BEFHEWTRG AS/T B, A4 0T Eo8 Sz ZH-9306 #£3 & Ut ZH-9348 ¥ D&
BFREINTHEBS/6 - ThoTe, UK, ARHIKBEELZT2B8LUAA T DKRESE
ODFEFEER LD EEZ LN TWED, ZhENOANSSBES NI F. psychrophilum
DMETEIIRR > TWIEZ LR LM R o7, Thbh, Tarbylshi 2 e
HbASNETHY, ZTRNIXEDROT 2 5HROKRYE (51.2%) 2 5D 58 TH -7, —F,

FAAUNLHEES T 2 #RiT BS/6 B TH Y, IRbLZDBOFA B T HROKE
(67.7%) 5D ThH o, RNEHE, TOJIKRZBLOCKRKBIIKRICBIT ST 24
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BERR D RS F AL % Table 2-1-5 1R L7z, WO MRS AS/1 BN EERBRFEIT, AS/3
BRRKBIAKRIZENEOD, TOMOBEFEOSHEEICIIREREV T Lo,
—5, PEOBEKROLBETEEFRICE, HEMEABRESNIERAPR LN, £,
TaPS OB TS N BRFROBMEIXIEL AL R oTe, TALDT LD
B, 1993 FEIZILBRIZEA LTz AS/1 BLD F. psychrophilum 73 N4 #UZ L8 L 7= 7T RE 1,
FRRANS BRANEKHIZ AS/1 B D F. psychrophilum BRI 2 (ZBALEFAREERZZ O
7=, ’

THREDETIIH LM BSABMDOBBEFRHEROEKES, 7T2BLOT7T 2 US0REN L
BES Tz (Table2-1-4) . £ Z THEHICIET 5 BS/A HKROT 22+ 2 KRAELZH L
PIZT D720, TahrboBE BSA KB LI OX 7 » b5 &hi- BS/4 Bik%:
AWTERREREZIT o/, TOMEE, 728D BS/4 5 2 & (PH-0526 #£, PH-0529 #)
A7 250D AS3 B 1R (PH-0215 #8) LRARICT =i L TRFEHEER LR, ¥ 7
F4BED BS/A B 1 Bk (CH-0411 #8) BAA BT, ¥wABLOT < IO BS/7 # 3 #%

(ZH-0220 £k, OH-0221 ¥k, OH-0540 ¥£) & FERIZ 7 = izxb L TR % /R S 72 d - 7= (Table
2-1-6) . 2T, THODOBEEBTFHIIF. psychrophilum ORFERFEEE L= LD TR
WIZ ENRTRENT, TNET, AV VICHKXT D BS BERT =z L THEEEETR S
RNWZERHALMIENTNASAA (A, 2004) , T2LAORAEILHBEI N BS/M4
BUE 7243 BS/7T RS 7 22X L CRIR M2 R S Do AR TN E—H L T 5,

ABFFIZ LY, PCR-RFLP £ & RAPD-PCRIER#MAEGDLE D Z Lic kv, KB R THHE
S 47z F. psychrophilum %5 13 OBEFRIZ 4T b1, PCR-RFLPED AR EAWVWEEA LY
LR FMBIT AT L 2o 72, RAPD-PCRIZICEWVWTIET =—V 7 &k & D)
HEHERFTILERXH DM, PCRERZITOTVBHR TIREBHIEA LTV, 20
b, TOFETORENILS %, F. psychrophilum OBRRIBEOHEE R EOEFAFAEIC
‘S HbDEEZ BB,

Table 2-1-1. PCR-RFLP (restriction fragment length polymorphism) analysis of Flavobacterium
psychrophilum isolated from freshwater fish species in Hiroshima Prefecture in 2000-2007

Genotype (PCR-RFLP*)

Fish

AR AS BR BS
Ayu 41 (24.4) 118 (70.2) 3(1.8) 6(3.6)
Masu salmon 8
Red spotted masu trout 29
Rainbow trout 3 (60.0): 2 (40.0)
Pale chub 6
Silver crucian carp 1

Number of strains (% in each fish).
* according to lzumi ef al. (2003) and Yoshiura et al. (2006).
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Fig. 2-1-2. RAPD (randomly amplified polymorphic DNA) fingerprints of F. psychrophilim strains with
a primer A-02. M: Molecular marker (HyperLadder I ); 1-8: F. psychrophilum strains from some fish
species; N: negative control.

Table 2-1-2. RAPD (randomly amplified polymorphic DNA)-PCR analysis of F. psychrophilum
isolated from freshwater fish species in Hiroshima Prefecture in 2000-2007

Genotype (RAPD-PCR)

Fish
' 1 2 3 4 5 6 7 8
Avu 96 33 35 . 4
y (57.1) (19.6) (20.8) (2.4) .
Masu salmon ! 2 5
(12.5) (25.0) (62.5)
17 1 11
Red spotted masu trout (58.6) (3.4) (37.9)
. 2 3
Rainbow trout (40.0) (60.0)
1 4 1
Pale chub (16.7) (66.7) (16.7)
Silver crucian carp 1

Number of strains (% in each fish).

Table 2-1-3. Comparison between PCR-RFLP and RAPD-PCR analysis on F. psychrophilum
genotypes

Genotype PCR-RFLP
AR AS BR BS
1 10 86
2 29 4
3 2 28 3 2
4 7
RAPD-PCR 7
’ 6 9
7 17

8 3
Number of strains.
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Table 2-1-4. Genotypes of F. psychrophilum isolated from freshwater fish species in Hiroshima

Prefecture by the PCR-RFLP and RAPD-PCR analyses

Genotype (PCR-RFLP and RAPD-PCR)

Fish
AR/1*  AS/1 AR/2 AS/2 AR/3 AS/3 BR/3 BS/3 BS/4 BS/5 BS/6 BS/7 BR/8
Avu 10** 86 . 29 4 2 28 3 2 4
y 6.0) (51.2) (17.3) (24) (1.2) (16.7) (1.8) (1.2) (2.4)
Masu salmon | ! 2 5
© (12.5) (25.0) (62.5)
17 1 11
Red tted trout :
spotied masu frou (58.6) (3.4) (37.9)
2 3
Rai :
alnpow trout (40.0) (60.0)
1 4 1
Pale chub ’
ale chu (16.7) (66.7) (16.7)
Silver crucian carp 1

* AR, AS, BR and BS by PCR-RFLP, 1-8 by RAPD-PCR.
** Number of strains (% in each fish).

Table 2-1-5. Genotypes of F. psychrophilum isolated from ayu in two areas of Hiroshima Prefecture

Genotype (PCR-RFLP and RAPD-PCR)

Area AR/1* ASH_ ARI2 AS/2 AR/3 AS/3 BR/3 BS/3 BS/4
10 86 29 4 2 28 3 2 4
All area
6.0) (512) (17.3) (24) (1.2) (16.7) (1.8) (1.2) (2.4)
Ofa awa river 8 50 17 3 1 22 4
g (7.6) (47.6) (16.2) (2.9) (1.0) (21.0) (3.8)
Gonokawa river 2 23 12 1 1 4 2
4.4) (51.1) (267) (2.2) (2.2) (8.9) (4.4)

* AR, AS, BR and BS by PCR-RFLP, 1-8 by RAPD-PCR.
** Number of strains (% in each area).

Table 2-1-6. Mortalities of ayu challenged by intraperitoneal injection with F. psychrophilum

Challenge dose  Mortality

Strain Host fish Genotype (Logso CF Ulfish) (%)
PH-0215 Ayu AS/3 7.0 80
PH-0526 Ayu BS/4 6.7 80
PH-0529 Ayu BS/4 7.4 75
CH-0411 Silver crucian carp BS/4 74 0
ZH-0220 Pale chub BS/7 7.5 0
OH-0221 Masu salmon BS/7 7.9 0
OH-0540 Red spotted masu trout BS/7 7.7 0

Fish (domesticated stock, mean body weight: 20 g) were intraperitoneally injected with the strains

and observed at 18.0-18.2°C for 8 days.
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HE 2681  Flavobacterium psychrophilum DIRE £ EH LSRR E

FINNIZBIT W KRBBORYEIRE LT F. psychrophilum (2 & - TIHEREI N KT 255

oD ED, RIR7T 2 ORERENEEEZFH TITLONTWD, —7, F. psychrophilum
Lo THERINTNARNT 22 HH LI ChbBARORERSDND = & no,
JIRBEHIZEFE L TWD F. psychrophilum (2 X BB bLEDRATNS, BRIZEBWT, F
psychrophilum DERFEFICB T 2AEBFENARFIRL LTL, WK, BIZMHE L TV 480
BEB I OERD S O PCR B X B F. psychrophilum &+ OB H (EH S, 2000; [zumi et
al.,2005) , {TIDOBEMEDLORFRIEIC K D08 (HME, 2006) PHESNL TS, %
fo, 83—y NZEBWTIE, ARERXVI7BAREORMEGED Y LK S (Madetoja and
Wiklund, 2002; Madsen et al., 2005) , 7 B EEHB KD F. psychrophilum D IEE R AKHIZE
WTI5CT300 BUEEFTAZ LBRRINTWS (Madetoja et al., 2003) , 1 DIk K
AEFAHBET, =V AT HRBEZHERLTNDINE, ZOHOKREEITFHEITH
W, —F, TIZREMEEZ RO F. psychrophilum OFJRER COAEFESL, EERE
HFIZHELFE L T B F. psychrophilum DIFFEHEC BT 5 &R IL R,
" F. psychrophilum O¥EFEFREEEIX STHH 23C L ENTWB M, 25CTHET I EKD
b5 (GEHK, 2004d) , —BRAICIIHTEBER CHERELEMEL AV CERERET > 2L n
b, HIERLY bEVIBE T LD F. psychrophilum O 7 LiZxF B RFEEIZ DWW T
DWEITRB 6220,

AR TIX, T2RADLO S LTz F. psychrophilum DKFPTOEFHEFHRB L EH
W2, EMEAKPIZETTE Ui F. psychrophilum @7 2 23T AREBEMHEICOWTHREI L,
7z, F. psychrophilum BERIZOWTEN L OHEMEBBEZALNICTD L L LT, BBEERS
7= F. psychrophilum ® 7 2%t 2 FRMEEZFA T2,

MHBELUAE

ERERBIUVARDAE

EERIZIX, F. psychrophilum PH-0215 ¥ (Appendix 1) % AW 7z, ERIZHESLH, PH-0215
WERESA b7 7 — HREEH° TN (OD 660nm = 0.3 f2f) £ T 15CTRE
fE3 (60 rpm) U7c. D HH K% E.LoTEE (12,000Xg, 1 57[H, 4°C) Ik Y EIRL,
10% (viv) 7702V v EFDREYA M7 7 —FVREEHICEE L TH»HHEERD 1.5mL F
2a—TIZRELSOCTIRELEZ, —BOFa—713, HABTHEFELABEKORELRIT-
7o ’

5 2 g/L Bacto-tryptone (Difco) , 0.5 g/L Yeast exract (Oxoid) , 0.2 g/L Lab-Lemco powder (Oxoid) , 0.2 g/L. #E
BEF U UL 02g/L HEANY T A 028/ FE~ 73T A
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Ak

EFEEERFTOLOORBRAKE LT, BHERICEIVERERE LKEAK OKEX),
KENBEEBRAEGRAL TER L XBANRIEAK GEFEAK) , BB LMK (XK,
SEOTIRE 33%) BEVMIl-Q (RARIYRT) &&ﬁu‘dk (BHiA) ZHVWEZ, KEKB
L OBHMAKITA— b7 L—TFHE (121C, 15 ﬁF’EJ) L, #FPKE X OEAKITIEERE (0.45
ym) L7,

BREAKPTOEEN

BN, AGEAK, BEAR I OEAICET B EEEERE L, MELEEREELS
BE (12,000%g, 143, 4C) L, LIEZRELTHLIED 10 BEORBAKICEBE L -,
W L-EHEEZ 15 mL Fa—7IC0EL ISCTHELE, —ERBIRA%, ZhTho
Fa—TOEEEFRE L, RIS, KEKTOEGFHEE 15C,25CTR LV 30CIZB VT,
FHPATOEFELZ ISCIZBVWTRE Lz, iR & ARICEFEZBE LR BRKE FRE
THEL, —EHNRERICEERZRE LE, &bi1T, MHEKEEFEE L OBEFZICS
WTAKEAKZANT 25CTHRE Lz, BEEBRERO 1/10 HRFEKEKICE > THERL,
—ERHMRBBCERRKEEL .

RKEFRAZRWV-RERER

BRI, KEBEEREV Y —THBELTWERRRT22H0WE, Zhb07T
TIIEAROEBEFKEAREZAVEBEREBCHATIN, EBERBEIRGFThHoT2, &
FHZ, 15CHB L 25°CT 140 AfFB L0240 BRIAKBEAKIZA FaX— b LEBOEFHK
ZRWE (Exp.1) » RIZ, BEMEE2AZDI-DOERL LT, BT 25CIZBVT 58 B REIA
BEARIZAVFaX = LEBOAEFEHRE AW (Exp. 2) . £FEHIIREI A b7 7 —H
WisrE iz A 1SCTIRERIE L, ATl & FARIZ-80CIZIRF LAEBEBEZRIE Lz, £/,
KEAKIZA F 2_X— F T 2E10 PH-0215 #£ b FHRICHE L-80C THRAE L 7= (WIHEIR) .
R L IR AT RT3 BEOBRICARL, BRREERICAVE, |

7 % FA-100 CTHRE: L, BEEEM B T O EENICE K 2 EH 28 T 100 p L/fish #FE L
Teo SIMBEO7 2|TITEEBIEKDOH ZFARIC 100 p L/Aish#EE L7, Exp. 1 TiX 13.1 g
(140 HAAFHE) 3L 1U0209g (240 HEAEHFHE) O7 2%, ¥£7-Exp.2 Tik213gnD7
LEENETHMW, #EE, 723 hZhkil 18.0-185C (140 AAFHE) , 16.9—
18.0°C (240 B £7FHE) B X101 16.0—17.0°C (58 AAFH) THEIMNRLHEBEF KB A E A
WT 10 BMFEAFAE Lz, EREMFREC LET20BEM D, XEVA F 77— HE
RIEHMTHEEEEZTo -, ERYBFTORXTCENOEFEERRKIZBITA LDsy#F 2y |
BIZEVREBLE,

F. psychrophilum D& FE R E
TanbmlEhiz 58K, Y RAENDOBEI N A KBI O/ BAE O OBEX
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7= 3 8k (Table 2-2-3) I DWW THBHIRE 2/ ~7-=, HEOERIL Appendix 1 IZ;R L7,
ETRNENOEKRIIHEY A b7 7 —FEXE#MEZAVWTISCTTHIEEL, LEAREIC
ANTREY A b7 7 — HREEMIZ 0.0l mg/mL 2B XD ICEEL-, BEARS VX
arR—F— (NRAFT7F bba—F—, TERUT v 7EE) ZHN10CHH 30CTRE
3 (60rpm) L, 30 4342 660 nm OWILEZHIE L7,

ERBEGEREAV-ERLERER

SRER  BEARA V¥ aX—F— (10-30C) TEFLZPH-21SKEEZAN, BbbE
WEBETHMEEHER L-EREH - REHICHRT LT, GRICESI®E, T42b
L, PIOBEIZBWT 228CCTHM LAAEREF 2 REHICHEARL, 10CH 5 30CTH
FL, RIZ, 4 1CTHMUZEREF/-RREBMIHEARL, 10CH D5 30°CTHRE L (B
B E BYPERICER) .

RERR . ftRARICEMBRORKEFEEAVERREREFAKOT 22 A=, 241C
T L7 PH-0215 ¥ % 10°CH & 30°COIRE AR TIREHE % L, M (OD 660nm =
0.2—0.3) 2 13.2C, 189CK IV U4 ICOEREEZENENEINR L, HRL TWRWE
BREEHEREKTI/I0ICHR UIERBEZ, MEELZ25gDT7 2 FnFh 20 ROEKE
WNIZ 25 pL/fish L, 16 CORMLHEBIERKEKE AT 14 BRKRAKERERTE LT,
FERIC 18CH L 23 CTHE L7z PH-0215 8k %, 18CHBE W23 CTHEL TV 142 ¢
BLO14 gDOT2Z0F0 20 BOBEEENIZ 100 pL/fish #EL, 18CH LUV 23CTE
hENR 9 BEMARE L,

HRBIUER

BN, F. psychrophilum DIKEK, BHKI LUK RIZBIT 2 E£FEEZHE L7 (Fig.
2-2-1) , BHIARLCHEKIZEBWTIRARERS IR 2IZHAD L, HAKTIX 42 RREZICITRER
RUTERoT=, —F, KEAKTHEERIIT 3 BEEEZIEED LR, %@f(ﬁ E LT,
Mwmmad(N%WIAI@K¢TM1E%kﬁﬁ@ﬁ%?&&ot_&%ﬁbfwé
i, TRAPDLOBE LT F. psychrophilum DR % 1.5%L LIRMT 2 EHEE L2V T
ERRENTWVWSD Z &5 (lida and Mizokami, 1996) , #KF CTHEELIZZ X b0
MR E—F L, £z, BMiAKP TIRAKEKE Z2 Y EEIZHR % 12D LTz, Madetoja et al.
(2003) WEHKICHRIERD ZANSD Z & T F. psychrophilum OHEAFHENEET B2 & %
RL, ThIREDZEENBMOPORSBEE LD TRRAVNEZER LTS, %
7z, F. psychrophilum DFEIZERBPLER Z L bRENTWS (Moller et al., 2005) , #->
T, BHAKP TOERKOBAIZWMERS @km rIrboli#gEINT~,

WK TO F. psychrophilum DHEFEMEE 15C, 25CHE LT 30CRK BV THRHFLE, 30C
T 1 BRICIBRHBRUT o7, 15CHE LT 25CTROFIC 1/10 55 1/10* £ TH
AR LA, ZORBBELLPIBLTHEMEZRL 288 AR TOAFLHBENE
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(Fig. 2-2-2) . ¥£7=, 15CICBWTKEAET2RBBEAOHFARZEBE LER, EHBEO
EHENEE THRE N (Fig. 2-2-2B) . Madetoja ef al. (2003) XV 7 BAHESBEICE
WT ST, I0CKEITISCTTO0 BEI THRERKF TOEFEZEBL TWD, Iz, 15T
DHATEHHBOEFEMEZRFT LIEER, P2 EH 300 BRAEFELI-Z ENTRENTEY,
AR CTHONE BRI NS LIFE—B Lk, AFRICHNT, &BENERSI T
H4%E L 72\ F. psychrophilum 73, viable but non-culturable 72 D FEPW L 72D NIEARBATH Y,
Z ORI U TiX Madetoja et al. (2003) HRICZ L 2B L T35, Flavobacterium J&#f
BICRAFOBEBBRERZL, REPOEFHEVOBRICKEREFHEZRILLTWVS

(Reichenbach, 1981) , Z D Z &5, F. psychrophilum bEREF CRYMAET RN %
B BUEERE L bR,

INETOERTIE, YPHEEEN 10° CFUML L Lz, KRiZ, L9220 ilEHT
DEFEMEE TS DICRBKT 1/10 HRFIZERL, &0 AFCHKLVWERETSH S 25T
THRE L7z, O/ E, 1003 X 10° CFU/ML TiX 60 B E TOEFPHR S s,
107 7*% 10° CFU/mL TiX 7 BR#1z, 10°2 5 10°CFU/mL Tid 1 BrRBICRHBRALT &
72 o7- (Fig.2-2-3) , BREXTHLHHICEEBRBIZHD L THDL, TORIERLHIT
WA HHM & 72> T B 23 (Fig. 2-2-3) , F1# O LB D KIE 2B 22 THE, Madetoja
etal. (2003) HbIEWM L TWB, IR D X 512, F. psychrophilum O AEAFZAT & D 43 HAE
ETHAEERHD T L0, PR LICEEDEFEICL > TLHREREDOETITR
S TWAHRIBEHENRE X bz,

AP CEMBAETE LT F. psychrophilum 7 2233 2 IREME 2 772, &I 15C
F 7213 25C T 140 B E 7215 240 BRI4AAF L7z F. psychrophilum DIRJEMEE AT, TD
R, RBHABKROE LRRKICHEREPERI NS, RERBENBIRDIZONFERE
PMET 3 2MmM%ER Lz (Table2-2-1) , 723, 25CT 58 AMRF LB IZ>OWTREL
el A, WEREOETIIEDONed o7 (Table 2-2-2) , £ Z AT, APFHRTILEH
RAOBNERIZIERBHAKROBERE SOV TINOERR THREENE E > TV D
MARBD OB, AT 2DRE (RA) T 2EKBERETOR ék_cl:éfb@&%
Zbhi,

AR D X 5 12 F. psychrophilum DEFEIZ & > TRRBBEE L ZE X 5N 5 25C (FAH)
BWTYH F. psychrophilum WEHIBATE L2 &0, EWEHEBAEEL Y bEWIREICHE
I SETR (T2 53BER) O7 2T oW EE B L, WEERRICEL D, 7=,
FrRAEBI R BAEN LS LT F. psychrophilum OIEFEIREE % ik U7, Table .
2-2-3 2R L2 R DT, EWEIRER K OHMERRRIEE XV 7 B BERk & lLEk L T 7 = 57 BERR
DIE) BHARRLENEMZ R LY, TRIBEEOEBKEDOEVICL 2O bR,
i, 2ABRRBEFERIT 2 oMK L RROBMAMEZR L, ZOEBBREICOVTIH,
Y B AADBER T 19.2CH 5 20.0C, 72K T 20°C, A4 4 U SBERIR T 19.0C L
MEINTWA D (Uddin and Wakabayashi, 1997) , A THONTT 25 BRKROER T
R EWVWEAIRD T,
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WIZ, PH-0215 HEAWVWTHIBEISEREZITo =R, ERMAKFEOKREB TIIERHEM
BEMNI18ICTH-obDN, 1 HIBIZIX195C, 2B BIZIX205CERxIZ LR L, &k
BICITERFBBABRORETIIHEBE L 2o 25CTORM LR I N (Fig. 2-2-4) , [
BHOEREBRETV 4 BOMRITEE TRALL TS, 254 CETORBMAER I,
INODERDG, F. psychrophilum ZXE WIREIZE IS LT 5 Z LB RENT, 2T,
BIVIREICHE IS U7z PH-0215 8RO 7 22T S REEZ WIS L, SETR%Z Fig. 2-2-5 IZ7F
Lic, BBRENELS RDIZONETEPETTA2HMER LN, 241 CTHBEL =
PH-0215 #RIZBW T HRREMEEZHERF L T, RESEBET L0, EREOT 20O
BARED 16CEHBBELY bEP-dEBELLNZI LN, 18CH LT 23 CTH
#F L7 PH-0215 BROFREMEEZ BCEB LY 23CTHRELTWE T2 2HWVWTHARE, £0
BER, 83CTHRELTVWE 72 TRE2SEEARDOLNT, 1ISCHAFTT7 = TIX ISCHEHE
DIFFEMEMN 23 CHEER LV bE» o7z (Fig.2-2-6) ., 72 DORABXFEE LT 23CHO—K
INER X O 27-28C O ZRIMNRIC X 2EFEMEPBRES L TWDS (EHWHK, 2004d) , 23C
THELTCWET BT Lid > RRIX F. psychrophilum @%%?ﬁﬁkﬁkﬁ Liebo
THZL, BCRECBT 7T 2OEGBHHECEEIMICEEbOLEXbNE, Zhb
DT &6, F. psychrophilum i E B O LLBEIEVTIIKIBICBEIETE S Z 26050,
FIEHICFINCER T 27 2 IR 2 BE T 2 WREIES, ZHIXAIIKED
FIZHEVHARRIKRETEEE L —K LTV 3, '

AMEIZL Y, WEMRKF T F. psychrophilum BEHBAERFL, TOEFE I T =Xt
THRBHEEZEFRLTWBZ ENREINT, FIINRE L invitro ICBWTIEEHFOE NI D
B0, FIIBESICEBIT D F. psychrophilum O BB AFEORRERTIRINT, V7 H
A ERAE LTV D RMBOHEAND F psychrophilum P FH S TWS  (Madetoja and
Wiklund, 2002; Madsen et al., 2005) , ¥£7z, = V< ARAPLIIZEOAENP HEIND
TEBRENTWVWAZ E»nD (Madetoja et al., 2000) , W THAKBICEVIET LT =
MBS ED F. psychrophilum BHEH I, TR OHEFIIRER TRHMAEFL TWD L #
BEND, HoT, BRPEADKIICE > TH 2 F. psychrophilum HRZFNIZRHF LA E 2
WIZLHEETHIN, BEPICIIREEEE T D F. psychrophilum BEE/LL TS &
BEL, BK7 2 OREBEMREBETILER DS D,
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Fig. 2-2-1. Survival of Flavobacterium psychrophilum PH-0215 in sterilized de-chloride tap water,
ultra pure water or seawater at 18°C.
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Fig. 2-2-2. Survival of F. psychrophilum PH-0215 in sterilized de-chloride tap water (solid line) and
well water (broken line). Examination in well water was conducted only at 15°C.

20



10

Log CFU/mL

- ——9
o -8
£ & ——7
E ——8
E,:,, 4 —%—5
S - —-0—4

2 ——3

0 . . S ——2

0 20 40 60

Incubation time (h)
Fig. 2-2-3. Survival of F. psychrophilum PH-0215 inoculated at various initial concentrations in

sterilized de-chloride tap water at 25°C.

Table 2-2-1. Pathogenicity of Flavobacterium psychrophilum PH-0215 after incubation in fresh water
(Exp. 1)

Incubation Dose Examined Mortality LDso
(Log1o CFU/fish) Fish (%) {Log1o CFU/ish)
8.1 18 100 ' '
Initial 71 20 70.0 6.1
__________________ 6 20824
8.2 21 95.2
140 days 15°C 7.2 20 85.0 6.6
__________________ 62 19316
8.1 19 421
25°C 7.1 20 10.0 8.4
6.1 21 4.8
8.2 20 90
Initial 7.2 20 70 5.8
__________________ 62 .20 80 ...
8.2 20 100
240 days 15°C 7.2 20 60 6.3
__________________ 62 .20 .55 ol
8.3 20 50
25°C 7.3 20 35 8.2
6.3 - 20 15

The strain PH-0215 was incubated in sterilized de-chloride tap water for 140 or 240.days at 15°C or
25°C and examined for the pathogenicity to ayu. Fish [domesticated stock, mean body weight: 13.1

g (140 days), 20.9 g (240 days)] were intraperitoneally injected with bacteria and observed at
18.0-18.5°C (140 days) and 16.9-18.0°C (240 days) for 10 days.
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Table 2-2-2. Pathogenicity of F. psychrophilum PH-0215 after incubation in fresh water (Exp. 2)

Incubation Dose Examined Mortality LDso
(Logso CFUffish) _fish (%) (Logso CFU/fish)
7.2 20 100
Initial 6.2 20 75 5.1
5.2 20 55
58 days 73 20 90
25°C 6.3 20 70 4.9
5.3 20 60

The strain PH-0215 was incubated in sterilized de-chloride tap water for 58 days at 25°C and

examined for the pathogenicity to ayu. Fish (domesticated stock, mean body weight: 21.3 g) were
intraperitoneally injected with bacteria and observed at 16.0-17.0°C for 10 days.

Table 2-2-3. Effect of temperature on the growth of F. psychrophilum strains isolated from different
fishes.

Optimal growth _ Growth temperature (°C)
temperature (°C) 21.5 23.1 24.6 26.1

Host fish Strain

PH-0215 18.9 + + - -

PH-0424 21.4 + + + -

Ayu PH-0613 21.4 + + + -

PH-0616 21.6 + + + -
eeeeanns PH:0618 ____...21.5 ________.* ... Foes b .-

OH-0221 19.9 + + + -

Salmonid OH-0224 19.9 + + - -

OH-0501 19.8 + - - -
S, OH-0519 ... 184 ... R, SRS JUR T

ZH-0220 19.8 + + - -

Cyprinid  ZH-0412 21.4 + + + -

CH-0411 18.3 + + + -

Bacteria were cultured in MCY broth by shaking at 60 rpm for 72 h.
+: growth, -: no growth.

22



0.7 r
0.6
0.5
0.4
0.3
0.2
0.1

. 3

0. D. at 660nm

10 12 14 16 18 20 22 24 26 28

Temperature (°C)

Fig. 2-2-4. Effect of incubation temperature on the growth of F. psychrophilum PH-0215. (O): initial
condition, (A): growth of PH-0215 tolerable at 22.8°C, (<): growth of PH-0215 tolerable at 24.1°C.
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Fig. 2-2-5. Pathogenicity of F. psychrophilum PH-0215 cultured at different temperatures in ayu.
Fish (domesticated stock, mean body weight: 2.5 g, n=20) were intraperitoneally injected with
bacteria and observed at 16.0°C for 14 days. Letters above the bars indicate doses (Log1o
CFU/fish).
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Fig. 2-2-6. Pathogenicity of F. psychrophilum PH-0215 cultured at 18°C or 23°C in ayu. Fish
[domesticated stock, mean body weight: 14.2 g (18°C), 11.4 g (23°C), n=20] were intraperitoneally
injected with bacteria and observed at 18°C or 23°C for 9 days. Letters above the bars indicate
doses (Logio CFU/fish).

FIE AKBIIHITEILFELTIFUODORKE

KB DR IK T & D Flavobacterium psychrophilum (37 = LIS 0 Fa Fl 00T 1| D — 5 D %
MESEB LKL RHEEA TV (F8HE S, 2000; Izumi ef al., 2005; A, 2006) . &7z,
FE2HITHOLMNMI LK T, WEMELZHER L72REET F. psychrophilum XK H T &
MIAFELES, 20X, FIREPICHERESAFAET 2R T T, WINZEERT 2
TaDRBBEBRAME L LTI THRENE—DFELEZOND,

WARFOWERBO =02, [H, #HEMRZET I7amKEx Rin#ES ) Sk h,
ZOFOFRENEDO—RELE LTIV IZIFURABREDLN, BRIV IZIF, BREVITFUEB
JORAT 7 F U CET MmN RIhT,

AETIE, KERTHRFLEAL~Y URIE(TY 7 F 2 (formalin killed bacterin: FKB)
DEBEICHONTIHRRS, B 1 HTREF IV F L oAHEE2ZARRE L OHARRT
TR, F, BEERBIEORENS, VI/FUAHE LT 228 FTERTHZL
THADAHBOEFHILEZR 7=, FE2HTHRBREBEVI/FVBLRRAZ LV TIIF DR
IMEEZEARRLS LOFARBR TR, F3HTRY 7 F U LAHEBOFRE KRS L OV
JFUERAOEBORMNEIT 72, FE4ETIHBEREY 7 F U A0 RERER OKRE
hEIZDOW TR,
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FI1E ERIIFUOOEMME

KB T Pa Ny PBIVFANT 2" b2EMLU FKB KX B3EHRHYIZF LD
EtE e BZBNRBRB L OCHFARRTHNZ, £k, BREUVIFUVyZ2RAVWETaHAD F
psychrophilum EFHLIZOWTHHE L7,

MHBLUAFE

Hala

ERILT, BRET22AWE, 7234 A ZTKERRS (REBFEREFEy#—) °
R O/NEETECHE L%, KERRBRKAIG EZEINKERR (ERT)
WCARMEA QBEK 3K =1:2) ZAVTEEL, KBRAEMBTKEANTZBRAEE
TN AR ERWZBN a7V — bUTERE Lz, WTFho7 2 b EEFHAMPIEHRO
TaREEGHEBEZGELE, EREAMOT IO KBORBEIIR O R o7, BB,
WK B RRIZ L F. psychrophilum M7 % AW T2 306 %E, £/2I1X PCR % (Izumi and
Wakabayashi, 1997) 2 X > T 60 BDT7 = DRI X OFEA O F. psychrophilum O %2R
FTe D3, F. psychrophilum IR SN2 o7, #B, UTOFE2HEPLE4HIIBWNTDH
AEEEIRLRLZN, ALESICHBTSINERRRT 22 A,

RILRY U REILTIF(FKB) D{ES

T o fm A by BE X VT2 F. psychrophilum PH-9304 #% (Iida and Mizokami, 1996) %* (%
YA b7 7 —H (MCY) HRERHMIZTI18C T2 BHMBFEEEE, 03% (vv) BEDEL~<
YUY &ML 4CT 48 BH#E L TARE/LL FKB & Lz, FELBTOEET 108086
CFU/mL Th Y, BOREMIZEKEY A +7 7 — HERRH & F - 8RR L 0 HR
L7z, '

KBET DO\ EMERIIFOOENE (Exp. 1)

FKB @ % (FKB) , K&t 7 ¥ =3 b Montanidae IMS 1312 (Seppic, France) % %L
72U 7 F ¥ (FKB with IMS 1312) 3 X PBS® (Control) 2 ZNFNERLIZ3I X & H
L, IMS 1312 3% ED FKB ERBELARAWE I IZRELONICREL, VIFUVBROBZD
BELEBEMBRACICRD LS ICTHE L, FA-100 THEELEZEHEKE 13 g 0T 20
EMBEFHOEENICENFN 0.l mL ZEFNBTEEL, | HEHEEO 2 BRRICHEKED
B CEMEE) 2{To7, EBMEEO 2 BHEKC, HRUEOLHDORRERE, @K
RERBFAOEBHALZBAVWTEREAY 4 AMAETLHIZ L THo, REHMB DK
Bt 184~22.1CT, BRPEERHFEOKIEIZ182~229CThoT=, £z, BIRERMIIEFR

8 EEREMEFOATISKERRYS BEIIKESFEENE ¥ —)
T ARASIFIX 2001 EIZKEEBRIICATRER, PKERERIE 2003 FEI2HAH
8 NaCl 8 g/L, KC10.2 g/L, Na,HPO,12H,0 2.9 g/L, KH,P0, 0.2 g/L
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3R OOHIMEIT o721, PH-9304 ¥ FKB (1 mg/mL) IZx+ 2 MiE DBEH K% <~
AT R TN NG

KBTS 2NV EFANTanVEEMERTIFOOEELE (Exp. 2)

IMS 1312 B LA A VT ¥ 273 | Montanidae ISA 763A (Seppic, France) OHZh 4%
MREt L7z, IMS 1312 & FKB DEAIIRIERDEY T, ISA 763A X FKB & 7 : 3 (w/w) DOE|
ETEBERHBICLIV =LY a L L TRV, EHKRESSg D7 2 DEENIZ 50 u
LOVYFraEELiz, £7-, FKBDHDREBERX I L PBS (Control) # FAEICHEREL
ERBROLRELL, VIFUREE, ARREOT 2ICITEEORER S LRRE 28
MTEDEIIC LTz, VI/FU#E 20 HRICERBREO T2 2R UARBIZINAEL, HARZR
FWULTEWAKFRETCAS BZ 24 FFHIRAL, 0% 0ZE% 21 AEBE L, RBRHEBT
DT 2FKIE 14.5~174COENROEBIERKEAXREZ RO THRAREE Lz,

HFoRER

2000 4=, 2001 36 LU0 2002 EIZKERBRG R KA G E 3R KEEZERICIB VD TH
NMABREBILLD2BARREI T/, 7TV 2/30 b & LTI 2000 35 LT 2001 421X IMS
1312 %, 2002 EiZIX ISA 763A AWz, WTFNOE b REHM P OFFTKIEIL 13~15CT
Hoiz,
2000 EDRER : U7 F 2 2 AEFMEK (Vaccinated twice) B L UELE DK (Control)
ZREL, IR GREE / AEEX100) ORL D 3HMOERK (Trials 1~3 : 3%, 2%
BELU1%) TiTol, 4 HISBICEHREG69 gD 72X LT 50 pL/iish DT 7 F
WAEEENEEL, 14 B S A2 B) KEKOHEE BMERE) 217o72, 72X 1 [
HOLBRIMLENIAZAVCTHETEINRTEY, V7 F U AHEKBITHEDRIER 21TV Trial
BIZV I FUERBLUORMBROT 2 2RAEL, BADa 7 Y — bAE (4X1Im, KEOS
m) 3EIZNER, MROT7T 2ARGEHEE B LEATL2ITo/, 1ok, FAFICIFIKE
K GLOMNAKZRERN) 2BV, FABIX10A 5 BETHEL, 727 F U RBLORRK
THEZNEN IS BTOIOVWTEBRZ T Pa NV VEFEOFELHEL, RE~DE
BEHR~T-,
2001 SEDRER : 1 BEHZEX (Vaccinated once) , 2 EIREX (Vaccinated twice) 38 X OVEML
HOxRX (Control) M3 RXERELK, 4 A6 FIZEHEEGSgD T =izxt LT 50 u
L/Afish DU 7 F iR EIENERE L, 2BEEERIZOWTIX 13 8% (4 A 19 B) ZBMN#E
L, 2TOT 2T I F U BMERERE TIXEAKEETL, 4 A 20 BIZHREAK X :
WK = 1:2) ZRAVRKEIZLA2BOFNAFEEMIC 3 BT CTlE Lz, £RBK
DT LIEYIRIEREZITo 2%, BELTENADa 27 Y — FABKR (ER 64 m, KiE
0.5 m) IZIRAEL 2000 FE L RBRICHET 2T o702, 72, BAFBIRETHETIZ 2 BEOH
i1 Z1FVy, PH-9304 #k> FKB (1 mg/mL) (X3 AMiEDBEFR AL~ 7 a s A & —
ETHAREZ, BAFOERERPKEEL T,»D b, ERABMD CHERFT L, 98 4
B (KiE222C) , 9260 (203C) BLXWV'10 A9 B (18.8°C) Zifu{f DEEETIEMD
GIEZ LR OFET, EEWRB L OREN D F. psychrophilum O % PCR ¥ (Izumi

26



and Wakabayashi, 1997) TiTo> 7=,

2002 FEDEER :4 A2 BIZ 1 BU 2 FUHfED 4 AEFERK : Vaccinated once (Apr.), 9 A 4
BiZ 1 EHERE O 9 AKX ; Vaccoinated once (Sept.), 4 H24 H& 9 A4 BRI ENEhEE
L7-4-9 HEFEX : Vaccinated twice 38 X VELHE DO BKX : Control ZRE LT, VI F
VEEL 4 ARERB XU BRRITEBUIRERZITo 2%, WIKkZAWZEA M (=
Y7 Y — A, EE64m, KEOISm) TREHEELE. 984 HIZBY, BiKkKHE
REFRCTEBR L 4 ABBRBIUCMBRREO—HOT 2V 7 F U 8#lETo72, 4 A
XA E 4.0 g DT 2250 p L/Afish, BRI BIZIL 578 g D7 =2 100 p L/fish ® U
g F R TR LT, £, 98 4 B (KR 24.4C) BET10 A 22 B (14.6C) i2,
EREXTHME 5 BT ~oMBEORENGKMORE, £ME, TRIBIUCHENLL F
psychrophilum DR % HI D FE TIT- 7=, '

EEDOHER

FRBIEDFETCRIZONT, AKNOERS & CERBHML B0 B KR % AV i
BHOEFIAE (indirect fluorescence antibody technique: IFAT) 2 X Y F. psychrophilum i &
BT 2 fER LT, IFAT Tix, —k¥ifE & L CH F. psychrophilum PH-9304 7 ¥ X IfiL 1% (Iida
and Mizokami, 1996) % PBS T 100 f5iCAH R L7=b D%, ZWRHIAE L LT FITC iRk + ¥
IgG ¥ ¥MiF (£L%ITH) % PBS TS00FICARLEbOEAVE,

AUEOHE

BREREM DT DZEIL, Fisher OEBHERHBIETREL P <005 2HARREL A
L, =, U7 F 2 OF#HE (relative persent survival: RPS) % Croy and Amed (1977)
ZEWLLTORTHE L,
F#®E (RPS) = (1- LERKECE / HBEFETR) X100

S

KBUT ORI AT NV NEMESRII9FODOE S

Exp. 1: ®ARBICLBHETIIHRRABRMIE 6 BEPOHBE-T, 14 BEOELTR, FHR
B L OHBARE O EEFIRM % Table 2-3-1 IR L7, FKB RB L OKEBEH®ET V280 b
RBMUEZFKBRCU 7 F L OFERAPERRD BN, KEMRT P2y b2EMT 5
TETEHESRRHEIEMA RO, £, AUV I/FUERERE LA RE IR
IR i) g [/ B fal

Exp. 2 : WERRBRICBWTELCABRAIBEI» LW AFI D2 REENIEE Y, 21 BEIZIE
RMBREDEERN S0%ITELZ, WTFhOU 7 FUERROECRLMBR ERHELTH
BIZIE 2o 7= (Table 2-3-2) , ISA 763A MY 7 F L DENERIX 50% T, IMS 1312 F
T FUDEEILI9.6%TH o7,
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Table 2-3-1. Efficacy of formalin killed bacterin (FKB) with water-soluble adjuvant IMS 1312' by
intraperitoneal immunization (Exp. 1)

Agglutinin titers Challenge test

Fish group Dead Mortality RPS
atchalienge test | amined fish (%) (%)

FKB 22% (3/3)* © 14/30 46.7* 39.3

FKB with IMS 1312  2**  (3/3) 13/31 41.9% 455
Control <2 (0/3) 20/26 76.9 -

Fish (domesticated stock, mean body weight: 13 g) were intraperitoneally vaccinated twice (water
temperature: 18.4-22.1°C) and challenged using water from tank of BCWD infected fish at 2 weeks

post-vaccination (18.2-22.9°C).
! Detected / examined fish.
*2 Significantly lower (P < 0.05) than control.

Table 2-3-2. Comparison in protective effects water-soluble adjuvant IMS 1312 and oil adjuvant ISA
763A by intraperitoneal immunization (Exp. 2)

: Examined Dead Mortality RPS
Fish group

fish fish (%) (%)

FKB 60 32 53.3*' 33.3

FKB with IMS1312 60 29 48.3*' 39.6

FKB with ISA 763A 60 24 40.0*" 50.0
Control 60 48 80.0 -

Fish (domesticated stock, mean body weight: 5.5 g) were intraperitoneally vaccinated once and
challenged with cohabitation of BCWD infected fish at 26 days post-vaccination (water temperature:
14.5-17.4°C).

*Significantly lower (P < 0.05) than control.

HFnaR

2000 EDRBR:-BABORAEIXS A17TE»5 6 B 15 B THEB I, Fig.2-3-11cv 7
FUREMBROELCRAEZRL, FXD6 A 15 AATORTRE I ERR % Table
2-3-3 1SR L7z, WARBREAERDOKIEIZ 162~20.5CTh o724, 6 A HHLLKIZAKED L
FElbiwKFILLDIETRAELON RS o7, WTHOKETH Y 7 F U RKOGKK
WEDRETHRIMBEDOECRIYVFREIEL, 3KEEZEHLZA%RIZ6 B 15 BOR
KT 330%Thot, 10 AKEERELEENOT Pa Ny VRFEOFEELFARIZEELR,
U FUBBICEA L EZONAMELBEOREN—HOBETRO bRER, TV
Ny OBRFEIRDON R o7, FKRKEBR CTHRIEENER O TRERIRES AL
e, DZFUrRERBROT 2ORRICERZRD bivied o7 (Fig.2-3-2) .

2001 £EDRER:Fig. 2-33 IZR TR, BKRIRICL B TILS A 12 BIZHDH THE S 1,
7TABMETREVZ (KR 133~238C) . 1 HEERBLIO2ERERKE i, FREX &
HBLTABEICENODETRIIE PN, 2 ERERDIEIDN 1 BIHREXRLIV LI L
AEBEICED o7 (Table 2-3-4) , Table 2-3-4 IZi35% & 12 B L 1826 B OBENEM%
RLER, 1FREXBLUO2RIEER CERRON o7z, 9A4HBLT9 A 268
DRERETIXEMBRLS L OB S F. psychrophilum X iz do7=23, 108 9 A
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DRETIE—HMOT2OEFERS T OBRCHBEL 22 o7 (Table 2-3-5) , £=F D,
BEFAHIZIVTHORTHLZEN LD —HBOT a2 bR ENT, EHHIERMD H TIEE
KEZZEZXR OO, OA4 B LHEBLTIA26HBBLT10R 9 BoM=E
MR 5 72, |

2002 FDEER : MARBICKDETIE, 5 AhHrs 6 APRICHIT THIESH, XKEEH
WV 6 AFRAILIEIIRARICE D RERIIHABSI N2 o7 (Fig.2-34) , 78 11 BEf
RTORCREFIIIZIFURTHEREILKLS, VI F U OFHERIL 46.2% T - 7= (Table 2-3-6),
9A4RBLV10 A 22 BOBRERED & CREF AR £ % Table 2-3-7 IR L1z, 9
A 4 BIZ F. psychrophilum X2 BRI N7z o724, 10 H 22 BICE@Br ok ansd b
DOBREL, FEEERBLIUBELOIOETELIBKREBEINZ, LML, VI/IFUrRE
MBRCTRERIEEIRLONRp ol BERBMIZOWNTIE, 10 A 22 BOFETHT
M ORER BB I DREE, HUEMEE bIcE,oT,
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Fig. 2-3-1. Cumulative mortality of ayu immunized with FKB-IMS 1312 under field condition in 2000.
Fish (domesticated stock, mean body weight: 6.9 g) were intraperitoneally vaccinated twice (Apr. 18
and May 2) and reared using river water. Feeding rates in trial 1, 2 and 3 were 3%, 2% and 1% (feed
weight / body weight). See Table 2-3-3. ‘
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Table 2-3-3. Efficacy of FKB with IMS 1312 under field condition in 2000

Trial Fish group Examined Dgad Mortality RPS

fish fish (%) (%)

Vaccinated twice 50 25 50.0* 318
______________ Control . ...100 = B8 TR s

Vaccinated twice 50 28 56.0* 28.2
______________ Sl S, .. S . ... A

Vaccinated twice 50 24 48.0* 39.2

Control 100 79 79.0 =

Fish (domesticated stock, mean body weight: 6.9 g) were intraperitoneally vaccinated twice (Apr. 18
and May 2) and reared using river water. Feeding rates in trial 1, 2 and 3 were 3%, 2% and 1% (feed
weight / body weight). See Fig. 2-3-1.

*Significantly lower (P < 0.05) than control.
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Fig. 2-3-2. Comparison of mean body weight in ayu immunized with FKB-IMS 1312 in Oct. 5, 2000.

See Fig. 2-3-1.
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Fig. 2-3-3. Cumulative mortality of ayu immunized with FKB-IMS 1312 under field condition in 2001.
Fish (domesticated stock, mean body weight: 6.5 g) were intraperitoneally vaccinated (once: Apr. 6,
twice: Apr. 6 and Apr. 19) and reared using river water. See Table 2-3-4.



Table 2-3-4. Efficacy of FKB with IMS 1312 under field condition in 2001

Agglutinin titers at

i izati hal est
post-immunization Challenge t

i 12 days 26 days Dead / Mortality  RPS
(May 1) (May 15) examined fish (%) (%)

Vaccinated once  2'7  (6/6)*" 2" (5/8) 239/437 54.7**  25.1

Vaccinated twice 2" (3/6) 2" (6/6) 203/460 441%* 396
Control <2 (0/6) <2 (0/6) 815/1116 73.0%2 —

Fish (domesticated stock, mean body weight: 6.5 g) were intraperitoneally vaccinated (once: Apr. 6,
twice: Apr. 6 and Apr. 19) and reared using river water. See Fig. 2-3-3.

*" Detected / examined fish.

& Significantly difference (P < 0.05) among the group.

Table 2-3-5. Detection of Flavobacterium psychrophilum by PCR and serum agglutinin titers at the
termination of the field examination in 2001 (Table 2-3-4)

Sampling Group Detection by PCR Agglutinin titer
Date Gonad* Kidney* Serum* Mean
Vaccinated once 0/8 0/8 4/8 524
Sep.4  Vaccinated twice 0/8 0/8 5/8 -
i Control _________. 09 .. 09 .4 58 220
Vaccinated once 0/10 0/10 4/10 g4
Sep.26  Vaccinated twice  0/10 0/10 1/10 -
e ) Control ________0M0 010 310 2°°
Vaccinated once 1/10 4/10 1/10 gas
Oct. 9 Vaccinated twice, 2/10 3/10 110 v
Control 0/10 1/10 4/10 i

Fish were intraperitoneally vaccinated (once: Apr. 6, twice: Apr. 6 and Apr. 19) and reared using
river water. See Table 2-3-4.
* Detection / examined fish.
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Fig. 2-3-4. Cumulative mortality of ayu immunized with FKB-ISA 763A under field condition in 2002.
Fish (domesticated stock, mean body weight: 4.0 g) were intraperitoneally vaccinated once (Apr. 24)
and reared using river water. See Table 2-3-6.



Table 2-3-6. Efficacy of FKB with ISA 763A under field condition in 2002

Examined Dead Mortality RPS

Group fish fish (%) (%)
Vaccinated once (Apr.) 870 279  32.1* 462
Control 1200 715 59.6 —

Fish (domesticated stock, mean body weight: 4.0 g) were intraperitoneally vaccinated once (Apr. 24)
and reared using river water. See Fig. 2-3-4.
*Significantly lower (P < 0.05) than control.

Table 2-3-7. Detection of F. psychrophilum by PCR and serum agglutinin titers at the termination of
the field examination in 2002 (Table 2-3-6)

Sampling Group Detection by PCR Agglutinin titer
Date Gonad* Kidney* Gill* Serum* Mean
Sep.4 Vaccinated once (Apr.) 0/10 0110  0/10  7/10 21:
e Control___________....0@ _____ 059 . 0/9. ... 79 2. ..
Vaccinated once (Apr.) 0/10 0110 510 810 248
Oct. pp  Vaccinated once (Sept.) 1/10 110  2/10  9/10 2j:
Vaccination twice 0/10 2/10 3/10 9/10 2™
Control 0/10 110 1/10  2/10 2'2

Vaccinated once in Apr. 24 or Sept. 4, and vaccinated twice in Apr. 24 and Sept. 4.
Detection / examined fish.

Lo BEIIFUVBLUREVTIHFLOE

FKBZAWHREBEVI/IFUyBLORFZF U IF o OEHMEIC O NT, SRRBRLI W
FARR TR,

MHEIVAE

BREBLUVRIVTEOFEHE (ENRER)

BEETIE, FIRLUTWZ2W FKB 2 5 47 (Immersion 1/1) E 723K T 1/10 I/ R
L7z FKB IZ 5 438 (Immersion 1/10) R LB 5722 RE L, R Z 7 (Stamp)
T, AR L TV 720 FKB IZ FA-100 THREE L7272 28 L, 7 1 AR BCG HEEAET#H (F
BERFBR L) 2AVWTT2REMEICRZ V FRE L, XX (Control) iZ FKB %ﬁi
RVIRAKT 5 SEORBERE 2T o0z, U7 FUAERBOQEKIRIL20CTH Y, FHE
BE174g D7 22K X 35S RTOAVWE, 1BEOU 7 FUAHO 2 BHZICFABOLEE
T (BMGE) , b2 BMBICHRUED - DORREREIT- 7, EURERL
TERDOT 2 & INE LiKEIZ, 1y AREBRE (80C) SN TWIEHAKRRRAT =
102 CEHEE15g) 2BA LT, 24 RRIZRICHEREZIY LT, TOREBARLEKER
WERASRE (KR 18C) 24TV, FITE MRICAARIC L 55 HE L,



RRZOADE(FHARAR)

ERX L LT2[EDFKB RELEZAT 5 12X (Immersion) , 1 EI®D ISA 763A /N FKB
EH %2175 BEH X (Injection) B L TELHOXNEEX (Control) D3I RXEREL:, 1 HE
DI F BT 4A 23 BICEBERBICENKTITY, 2BEBEOV 7 F U 8MEIXS A7
BICRER TORITo72, 1HEOT 7 F UABBEOT 2OEHKEZX6g Tholz, BIE
ETHARLTWARWS LOFKBIZT 2200 BZRAL 5 2MBEXLARNLRELEL,
VIFUVRIZABREER L, BH U FURIE, 7T2OREPENIC ISA 763A #i1 FKB
%50 pL/fMish#E L7z, AUNSHEO-OORPEERIE, MIIAKEZHAEVWEZHRREICLY
Fote, 722U 7 FUHEMAO 4 A 18 B B)IAZ B RIL (222 U — FER
H, ER64m, KFEOSmM) THESINA TV, FERROT IV 7 F U ABZICEEY)

BEEmA R L, FUHICIE LEITE L AR AKBIC L B 2B L,

RAVTEZOBEHE (F5RER)

EREXELT2BORY V FREEITH) AZ 7K (Stamp) , 1 EID ISA 763A ¥/ FKB
BREZIT 5 EHKX (Injection) BLOELEDOXIEKX (Control) D 3 XERELZ, 1 [EH
DU IFUEIT4H 23 BICAF U TIRBIVCERRTITWY, 2BBOV 7 FU#MEIXS
ATHBECRE VTR TOR TN BEOY 7 F VAHBEOT 2OFEEEIZ6g THo
Too REVIETEHARLTWARW FKBICEEE L7228 L, 74 2K BCG #HERAE
HTT BN AY TREB L, BNV FURTIE, T2OEENIC ISA 763A N
FKB % 50 pL/fish #8f L7=, ARMEHED D ORRPEERIX, F)IIKE BV BRKSE
WL ViTo7, T2k, VI/F U 8EERO 4 A 18 B0k ERAVEZERAR (222
— MR, EE64m, KEOOSm) THEINTWE, FERRKOT 23V I F U 48
BICEEOIRAER Z M L, W URICINAE LATE & FARICHAKIBIC X 2T 2R LT,

HR

RAZBLURACTEOENE (ERRER) ,

BRPEERICL BETRIE Fig. 2-3-5 IR L-, BRBREL LTOFERAZHEALTMS 5
REDPLAKBICLZEENEEY 3 BN CHBR QBT HEIL 4% Lz, ERETI
DECEBIUEZES Table 2-3-8 IR L7, HFRLTWAR W FKB 2 VWL REER L
VRY  PEOHFNERER SN, 1/10 R FKB BRiEOREDRIBD bk o1z,
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Fig. 2-3-5. Efficacy of immersion vaccine and stamp immunization with FKB. Fish (domesticated
stock, mean body weight: 17.4 g) were vaccinated twice (water temperature: 20°C) and challenged
using BCWD infected fish at 18°C. See Table 2-3-8.

Table 2-3-8. Efficacy of immersion and stamp immunization with FKB under laboratory condition

Examined Dead Mortality RPS

Group fish fish (%) (%)
Immersion 1/1 35 23 65.7* 30.2
Immersion 1/10 32 28 87.5 7.0

Stamp 34 23 67.6* 28.1

Control 34 32 94.1 —

Fish (domesticated stock, mean body weight: 17.4 g) were vaccinated twice (water temperature
20°C) and challenged using BCWD infected fish at 18°C. See Fig. 2-3-5.

*Significantly lower (P < 0.05) than control.

34



REZOAMME (HNRAR)

FARBRICBIT DI TR E Fig. 2-3-6 IZ/R LT, BABICEDELIXS AFEAND 6
AHAIZHT TR I, KBEFITHEWY 6 AHAUBIIHKKBICELECIIHABI R
Pole, TA1l BRATORCRBLUVAENEEL Table 2-3-9 IR LT, WTHLORZEX T
LEDHTERIXMNBRICHERTHEILEL»7Z, BRIEXOFHEIT 20.9%B L OEHX D
A5hFIL 324% TH o 7=,

70
= 60 =
S o
2 50 ry
=)
Q.
230 5
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O 10 4 — Injection =
j Water temp.
0 4
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Fig. 2-3-6. Cumulative mortality of ayu immunized by the injection or immersion method under field
condition. Fish (domesticated stock, mean body weight: 6.0 g) were vaccinated twice (Apr. 23 and
May 7) and reared using river water. See Table 2-3-9.

Table 2-3-9. Efficacy of immersion and injection immunization with FKB under field condition

Gronp Examined Dead Mortality RPS
fish fish (%) (%)

Immersion 830 434 52.3* 20.9

Injection 320 143 44.7* 32.4
Control 610 403 66.1 —

Fish (domesticated stock, mean body weight: 6.0 g) were vaccinated twice (Apr. 23 and May 7) and
reared using river water. See Fig. 2-3-6.

*Significantly lower (P < 0.05) than control.



REAVTEDH A (FHAER)

FARBRICK T D TR E Fig. 2-3-7 IR Lz, BABICLDETIE S HAFALS 6
HAPANZNT THeR S 4L, KR EF TV 6 HHAURBIEIMAKBIC L DT IIMB IR
Molz, TH 11 BRATORCEIB L OREZE% Table 2-3-10 I r L, RZ U TK, &
MR L bICEEREARR L S THBICED o7, A2 TROADEE 15.7%,
XDOFRIL294%ThH o7,
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Q50 e
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Fig. 2-3-7. Cumulative mortality of ayu immunized by the stamp or injection method under field
condition. Fish (domesticated stock, mean body weight: 6.0 g) were vaccinated (stamp: Apr. 23 and
May 7, injection: Apr. 23) and reared using river water. See Table 2-3-10.

Table 2-3-10. Efficacy of stamp and injection immunization under field condition

Greup Examined Dead Mortality RPS
fish fish (%) (%)

Stamp 750 351 46.8* 15.7

Injection 240 94 39.2* 29.4
Control 600 333 55.5 =

Fish (domesticated stock, mean body weight: 6.0 g) were vaccinated (stamp: Apr. 23 and May 7,
injection: Apr. 23) and reared using river water. See Fig. 2-3-7.
*Significantly lower (P < 0.05) than control.



£31 HRILIVOFFBRETIOFUICEITIEE®RE

A~ ) VRERT 7 F U REIB T BRATR L LT, REBOKRISLTY S Fo
PRSI L 7= 5 HUZ D W TRAR T,

HHBEIUFE

REHHEDOAFTKEDORE

EBRICHVZ FKB 1, WEETHEKDOT 20 byt Sl F. psychrophilum $G990302
WERAWTHIR (B 13H) LEHROFETERLEL, 2~I5SCTHRESNA TV EHEE
3.8g D7 2% 3 ODOKHE (200 L) A%, 10C, 1I5SCRB IV 20CICHRL 1 BHEAE
Lz, H£KBRIZT22BIBEE%, KEFECELAEOREX (Control) , FKB % 50 u
L/fish EFERESH L72EHNEK (Injection) BLTHIRL TV FKB T 5 MR EART
Z)?%ﬁlz (Immersion) M3 RERELF, BEVIFULBEOU JF UVIROBEITIFAT
KBERTCIZLE, REOU 7 F o0y 2 BRAZICEWMT- 2 GBlaE) , £RRK
DT IV 7 F LAY, BUREREZITVWKEEICI AETERELE, U7 FUENL
Bk, FKET2BAMOATEZIToTHLEKIEDT 2% 15CIZ 1 BHIBIZ LRRFERIZ
felic, REERIIICR (FHERESgRE) OBKFHERRAT 22 FEY A ALE
%, HAKM (100 L) 1220 g FOB&AT B Z & TH ok, BARIZEIBLIAEHVE
WABE (16.1~18.5C) &7V, 1 HE FBICHARIC L 5T £ HR L,

DOFAEEIED DK

DOFUDMER | KEFA LT 7 — A (MCY) , EMERREEH (SBA, %FLE)
Xt KDM-2 ##° (KDM, MmiFRE&Ed) 2AVWTU 2 F U 2ERM L=, EkE LT F
psychrophilum PH-9304 & A\, Eu 77 VIKEZEHB L72HEH T 15C - 10 HEREE L7
BHAEZ PBSICX-oTEMR L7, BONEEIKIZ 0.3% (viv) BEDOFRAL<Y X EZFML 4C
TRELY 7 F Uil e Uic, BROKISEZH BN E AV THEEET TT, £To
U7 F T 10 cells/mL & 725 & 512 PBS THE L,

TOFUMBRAE(Exp. 1) : MCY, SBABXWKDM THEMLED I F U2 AWCTRIARE
LYESETRIE L, BEETIR, SEAKT0HICARLEY 2 F L (104 cells/mL)
ERWT, 72 (EHEE32) 2BRALERL SHOMAELE, REV I FUroMBRK
i, FHBEAKOLCRBOREEIT -7, ERETE, BHRLET2 (3.0 g) DEREREI%
FhbBEENICHRLTWARWD 7 F 2% 25 pLifish (107%cells) B L, BEFY 2
%ywﬁﬁl%ilzzi, PBS DB & FMEICHEE L, WTFhOU s/ FLra@my 1ET, V7 Fy

9 1%~<X7 k¥ (Difco), 0.05%BEEEF—% 2 (Oxoid), 0.1%EEE A7 1 >, pH6.5
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%E%@tﬁ@w%f&otoUﬁ%yﬂﬂmaﬁu,‘kf@ﬁ?:(w%ﬁf)%
KA 24 BERIEAT B 2 Lo & 0 B EB 1T - 7= (21 B, HAEE :152-172C) .
DHFUMBRE (Exp. 2) : MCY # & 08 SBA TIEM L7e U 7 F > & F\ > CIBKIE & 4
ETRELE, BEETE, EKT0HBCHFRLEY 7 F i (10* cells/mL) % A
f,7:%5%%ﬁﬁbtﬁaﬂﬂbtoE%ﬁ&%yfm,%ﬁbrw&mv&%y%
EHEFENIZ 50 pL/fish (10%%cells) #E L, BE VI F U LBERYZ Fr O BRIIE
REE Lic, WFROU 7 F L ABIZAWET 2 b EHERER 6.0 g T, U7 F 08
14 BMRT2E{T>7%, 1EEOLEKEOKIEN 15CT, 2 EE OLEREDOKIEIX 17CT
%oto97%/ﬁﬂﬂ®wa”k,%mrErTJ(wc%ﬁ)%m%uuﬁﬁﬁﬂ
THZ LWL RGRRABREITo7- (16 BR, WMASREE : 17.9-19.0C) .

LS

REFOFFKBEDOKE

ISCTFCITo2RRYPRER T BELLAKBICLDIREIHB IR, 21 AROETRB
L UE IR % Table 2-3-11 {IZ/R L7z, REFBFOKIED 15CHE LT 20CTREFKSL &
UCREBEROECEXRMBEIVGARICEIRY, VI/7FroFHERHRE I,

Table 2-3-11. Effect of rearing water temperature in efficacy of FKB

Rearing Group Examined Dead Mortality RPS

Temperature fish fish (%) (%)

Injection 60 16 26.7 27.3

10°C Immersion 60 17 28.3 22.7
e Gontrol 60 .. 22 ....367 . i

Injection 60 9 15.0* 64.0

15°C Immersion 60 12 20.0* 52.0
e Control 60 ... 25 M7 =

Injection 53 8 15.1* 64.6

20°C Immersion 61 15 24.6* 42.3

Control 68 29 42.6 -

Fish (domesticated stock, mean body weight: 3.8 g) were immunized with the injection or immersion
method twice (water temperature: 10°C, 15°C or 20°C) and challenged using BCWD infected fish at
2 weeks post-vaccination (16.1-18.5°C) for 21 days.

*Significantly lower (P < 0.05) than control.

TOFAERIE R DRET

Exp. l KEBWTIE, BIEVI/FUXTRER 1 BE»L, BHYVZF UK TIIKRL9 A
ENOHARBIZEDETHERI N, 21 BEOETRE X OHEHR % Table 2-3-12 15
L BT 7 F VIZB VT SBA KOAPERB D b, EE U 7 F 2BV Tik MCY
XEB XU KDM R THEERRD bhvi, ‘
Exp. 2 IZBWTIX, K6 AELOAKKRIZIDETIHERINE, 21 FEOETRE



L OEZE % Table 2-3-13 IZR L7z, MCY ZHWEERUV 7 F o ORICEDNERBD LN
7=

Table 2-3-12. Comparison of culture media for bacterin preparation (Exp. 1)

Immunization Group Examined Dead Mortality RPS

method fish fish (%) (%)

MCY 60 40 66.7 14.9

Immersion SBA 60 32 53.3* 319

. KDM 60 40 66.7 14.9
e Control _____¢ 60 ... 47 183 <.

MCY 70 31 44 3* 41.5

Injection SBA 70 47 67.1 11.3

KDM 70 34 48.6* 35.8

Control 70 53 75.7 -

Fish (domesticated stock, mean body weight: immersion, 3.2 g, injection, 3.0 g) were immunized
with the injection or immersion method (water temperature: 15°C) and challenged using BCWD
infected fish at 2 weeks post-vaccination (observed at 15.2-17.2°C for 21 days).

*Significantly lower (P < 0.05) than control.

Table 2-3-13. Comparison of culture media for bacterin preparation (Exp. 2)

Examined Dead Mortality RPS
fish fish (%) (%)

Vaccination  Group

Immersion MCY 54 43 79.6 23
................... SBA __....85____...38_ 691 152
Injection MCY 54 29 53.7* 341
emceeene SBA L 49 ... 43 .. 878 1.7
Control 54 44 81.5 —

Fish (domesticated stock, mean body weight: 6.0 g) were immunized with the injection or immersion
method (water temperature: 15-17°C) and challenged using BCWD infected fish at 2 weeks
post-vaccination (observed at 17.9-19.0°C for 16 days).

*Significantly lower (P < 0.05) than control.

FA4H REVIFUORENOREREFMEZSEOHRE

BREV I FUORBAMOT7 2 EREAEROKEL, V2 FroFuEcRIETEZE
RN, REREAE LT, WNEHAEH Pantoea agglomerans H K DK 4 F LPS
(lipopolysaccharide) ¥ X O'BEREHIE RNA & A7z,

HEEEUHE

NEHEFHE LPS OHR
INEIAETE P agglomerans R DK T LPS (A V = X VEERF TR 2H/MLE
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TaREREEEE 18 BT 2 IREEL%, BBV F U4 E(To7, LPS ORI~
BAIE, FAHCAKE kg Y720 LPSET20 pg/BER2E5FMLEE, FE0 3%
B (ww) OBRBTa—F 47452 LTHolk, EREELT, LPS 2% 5Lk
WCRED 7 F L HEEIT 5 LPS UV 7 F X (LPS vaccine) 38 X OMELI D LPS xR X (LPS
control) , £ LPS 2 EERWVWEE DL LRSS L?‘:?&(:‘?%iﬁ’??i“/&&ﬂ%ﬁi%ﬁﬁ‘?&
F K (Vaccine) B L TELHE DX X (Control) DEHAREZRELE, VIF LM
HIZ1EOALE LT, VI/FUVABHEOTINKEERMORNM (a2 U — FEIK
I, AX1 m, K¥ES0 om) WA LT, FJIKEMAVCHKED B RBIRRE T - 7,

2B, FEROT 2BV IEBRLBEEZIToTEAFAET Lz, AABICX B3 TIX IFAT 2
LVHR L, ,

Exp. 1: EBRIT 2002 BTV 7 F U RHEEFOEHEEN 52 gD T 22 ANWTITode, V7
FURBIZIE, REFA b7 7 — HREE#T 15C - 3 BREIK3%E Lz PH-9304 %% 03%
2 (W) OEL=Y UTCRFLLLERLEY 7 F U 2FREFTICHVWT (10 CFU/ML)
S5HMT7T 22 BRLRNLEBEELE, VZFUAEIT4 A 12 B (KR 13.2°C) 21TV, 6
A17BEC8EZELE,

Exp. 2: RBRIT 2003 FICYV 7/ FUAHEBOEHEEN 42 gOT22ANWTITo, U7
FUREBIE, Er Ty VKEEB L EMKREXRKEM (SBA) TI15C 10 HREHER L
PH-9304 #£% PBS TEIR L7=%, 03%E (viv) OFRN~Y TR\ LEV I F 2 H
Wiz, D27 F U AEAKT 120 ZIZHFRLT (10" cells/mL) 5 D72 2BELE,. U
7F 0T 4 A 11 B (KB 13.0C) 7V, 7TH4BETHELE,

B RNA DR

FERH RNA (B =% 2 NT, F V2 Z VEERTRREHR) 2RMLET = AREAH
a7 il —EHMBE L%, BEV 7 F OB E1T o 7=, BERME RNA XEEHCEM
L, D 3%E (ww) ORAMTa—7 47 L, BELEERIIAEED 3% LR
5L OI#AEEL, RNA FEE L X (Control) HRE L7, BERHIH RNA Z—EHMKRE L
Thh, HFIRLTWRWFKBIZT 22 BRLANL S HHERAELE, VI F OB LEL
TRIEDOUEBEFAEKOAZTITo7z, VI F U ABEBITBRPERE T2 ARAGEEOA
ZiaEE L7, Exp. 1 (CEBEE 2.0 g) TiX, EBEAFEIXLT02%BLT1.0% (wiw)
DFFFFE RNA % 2 @ (10 B #&5 L7, Exp. 2 (9.6 g) Ti&, 1.0% (w/w) %2
2 (10 BR) #&5 L7z, Exp.3 (13.5g) Ti, 1.0% (wiw) % 1@ (5 BR) ik
233H (10 HE) ®#E L, WThOERIZBWTY, V7 F U 0AHE 14 BEPLHKKE
CHAERWIRRRBRE T2, Exp. 1 Tix14.7—18.9°CT21 A, Exp. 2 TiXx17.2—18.5C
T21 BB L Exp.3 TiX 18.0—18.1°CT 18 BRIWAFE L, BAKIT L B3 % IFAT

THERLL,
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RS

INEXEFEME LPS OHER

CExp. | BEUExp. 2 DEBRKTROET RE L OHEESY Table 2-3-14 127 L, FLE
EHLWAKFEOREAEIX S A TAMOHEREN, 6 AFAETREURHKEVE, WTFHLOERT
H LPS B 5B ICRETV 7 F U LB EToRRR COARECRBAECEN T,

Table 2-3-14. Effect of oral administration of Panfoea agglomerans LPS prior to immersion
immunization with FKB

Experiment Group Examined Dead Mortality RPS

fish fish (%) (%)
LPS vaccine 82 27 32.9* 319 354
Exp. 1 LPS control 91 44 48.4 - -
Vaccine 46 19 413 19.0 -
e Control .. 104 83 510 = . =
LPS vaccine 49 24 49.0* 27.9 40.1
Exp. 2 LPS control 53 36 67.9 - -
Vaccine 56 37 66.1 19.2 —
Control 55 45 81.8 - -

Fish [domesticated stock, mean body weight: 5.2 g (Exp. 1), 4.2 g (Exp. 2)] were immunized with the
immersion method (water temperature: 13.0-13.2°C) and reared using river water. Panfoea

agglomerans LPS was given to the fish prior to immersion immunization. .
*Significantly lower (P < 0.05) than control.

Bt RNA DR

Exp.1,Exp. 2 B LW Exp. 3 DERK TR OETEIL L OEFEHEE Table 2-3-15 1R LTz,
Exp. 1 KBWTWTFHORNARERTH RNAZHELAWT 2 LB LTY I Fr0f
MEREE o, £, Exp. 2 B W T RNAI%DORETHEMERNEEHEMB AL,
Exp. 3 I2BWTI, 1 HHEOREXV 2 BAMOBREOEREN 2T,
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Table 2-3-15. Effect of oral administration of yeast RNA prior to immersion immunization with FKB

Examined Dead Mortality RPS

Experiment Group fish fish (%) (%)
0.2% Vaccinated 33 12 36.4* 48.3
Non-vaccinated . 32 23 71.9 -
Vaccinated 25 9 36.0* 48.8
Exp. 1 1% Non-vaccinated 25 20 80.0 =
Control Vaccinated 28 18 64.3 8.6
e Non-vaccinated ______ 27 .18 704 . .
1% Vaccinated 25 14 56.0 28.9
Exp. 2 Non-vaccinated 24 17 70.8 -
Control Vaccinated 34 21 61.8 21.6
e Non-vaccinated 33 26,788 .. ..
1% Vaccinated 30 23 77.0 8.0
(1 week) Non-vaccinated 30 25 83.0 —
Exp. 3 1% Vaccinated 30 16 53.0* 36.0
(2 weeks) Non-vaccinated 30 21 70.0 —
Control Vaccinated 30 25 83.0 0
Non-vaccinated 30 25 83.0 —

Fish [domesticated stock, mean body weight: 2.0 g (Exp. 1), 9.6 g (Exp. 2), 13.5 g (Exp. 3)] were
immunized with the immersion method (water temperature: 13.0-13.2°C) and challenged using
BCWD infected fish at 2 weeks post-vaccination (Exp. 1: 14.7-18.9°C for 21 days, Exp. 2:
17.2-18.5°C for 21 days, Exp. 3: 18.0-18.1°C for 18 days). Yeast RNA was given to the fish prior to
immersion immunization.

*Significantly lower (P < 0.05) than control.

BE

B AERHIEENAER Y 7 F VI OWTRE L, U7 F ISR A
BEHRBA~Y URERT 7 F o2 AV, BARICBOTIE, KEAOKL<Y U REL
DIFUVIETAOETYARTIFY, 7Y 0o BRMEEREREY 7 FL B LU T 2
OBEMMEEFKEEY 7 F o R EXBWTEAER, ERE, REEBIUCRRAEI
LABERZENTVWD, 7, BRHUVIFUVOHREZEDDI2DIT, KBEET Pany
b (IMSI1312) @MUV F U OMBREREFTLE (1 H) , KE®ET Va0 b
X, FANT PanXy e B LTIV I FUREDRENESG THDHZ &, ET-ERNICE
BLIIKLKERELTOLZ2MHICHERECIZS WEWSFIEARDH D, ENRROKE,
FKBEM X D b AMERE LT A3HAB A LNIIEMLREL R/ b, VIF
COREPEERDINRBH D LE X LRI (Table 2-3-1) . —F, FAAVT Vanr b
ZWMUT FKB LB LEHE, KBEET Va2 Xy FOFAHEIIRLREL -7 (Table
2-3-2) , Rhaman et al. (2000) XHWAKRT 7 F L izBWWTAHA VT V230 k (ISA 763A)
BERRIZILV Y ETVaXy FELTHW, ZRENEDNRN 68% B LT 60% &9 #E
EEHELTVD, AHFEO ISA 763A OHEE 50% L ¥ bEKEAE 25, Rhaman ef al.
(2000) OFERTIIESNEETHEMEEZFML THH, RHETORAL AW 2Rk
CRRBEDEEE—RICEBETERY, EARROGEETIE, ISA 763A OPREHR IMS
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1312 LV b EN o7 b3, ISAT63A 2 IRM LT 7 F U OREREFICHESEELRETH
2z EMn, FARRTIZEIC IMS 1312 2V,

B RBRIZ R TIiE 2000 4236 £ T8 2001 4Ei IMS 1312 % AV, 2002 £E1X ISA 763A % A
W=, WTFhOREHT 7 FrOFMERBER I (Fig. 2-3-1, 2-3-3, 2-3-4) , 2000 £
DAHZEIL 33.0%, 2001 EOFEIL 39.6%B L2002 EOFLEIX 46.2% & o7z,
I HIFENRBEL LR Rhaman ef al. (2000) ODFEHRE D LRRBEWERIRE R -T2
A, KR ERAWCZERBRER TR, A2 L0BHROTBARCHBEMA~DIFROLLE R L
BEL, KELZAVWEENERLIY IR ERELVI LKL LEZSRTE, 2001
FEOERTII 1 ELREL 2 RGETEIELRE LN, 2BE2FETY 7 F U OF5ER
AREImE-T (Fig.2-3-3) . LAL, REZORBMICEIRO O oTz, T,
2002 SEEITIXRTEE TLIRBRVFANT a2y " E2AWEDR, KBET7 Canr 2 H
W2 2001 FEB LT 2002 F L bEWEAERHRINE, ERENRERDZZ LMD HEM
WIHBIITERVWR, BNEROERBBFHRINLLEBZ b, —F, BAREFREIZ
U F U (2001 ) LT HIRKRLIE (2000 ) LRBROFHENRE O, BAKBIE
HIDWET 2IZERBETIZELRABTHL R RSN, £, BARRTAWVWE
FaEKECHE LR, U FUREIC LB L EL bR BEBERRSNANM- T,
AKFRTIET a3 bEFM LT FKB OB TOEER RS, W TOHKFICL
L7 2DELEZERTE DA REENRINT,

T aBAENPHIX UIE LI F. psychrophilum B S W BERRBGHIND Z L5 (HF
E, 2000) , BHT I FUicko TT 2BRICHIT B F. psychrophilum O L0 T
EFRELEZ (B1H) , VI/FUERBLAT2 2RI ETHEL, AR LIOEEM”M
© F. psychrophilum DM EIT o Tc, TDORER, KB OETIZE F. psychrophilum 5% H
ENBT7Ta2OEENEMLER, EREMICKIT S EEEOEX 2001 £ L002002 F &
LHERIN AR A 272 (Table 2-3-5, 2-3-7) . 2001 £ U 2 F U OMER+ DI/ LNRD
SBEEELT, BHUZF U 2B LEOR4 ATHY, RIBEITHG6 » ARABLT
BYREBEFPMERSINLRPoZ B EX LN, 2O D, 2002 FIZ1IT4 AORE
G;j]l];%_ 9 HIZbRERIToHMN, RELE—HOT by F. psychrophilum BREH ER
7= (Table 2-3-7) , TNOHLDHRENDL, BRIV I/ FUABIZIVBAOEFEILEZRS DX
WEELZx oni, £, BERKMEEZ LR UZFR, AERBLUOBRICEELTVWS
TaATOEHR 2P BIMBEE LTV RN T2 TOEHIR2Y LR FEEHLTWET 2T
HRETIEMEZE L T\, 7 2B WTiX F. peychrophilum O IRRBRL D ATREME MK L,
HBEAICLODBRENADTH D 2 LHBREINTE Y (Kumagai et al., 2004) , F. psychrophilum
IR ENEERIIOWEBELEETALENH D LB LNE, —F, BRDERRY F.
psychrophilum (RSN TWAFREERHDIHDOD, ZRLETEERICBWTEA KRR L
ZZOoN52FHMIMEAINL TR, ?ﬁSZk':F"C“Pi F. psychrophilum X EHB AL TE 2
TEmb (BUE E2H) , BUBEAZANTT 20BEAEELITY BT RE KR
PHEETILERNVWLDEEZLNRD,

BBV I FUE, VIZFUrRCHBAEZ —ERBBRETIZLTRETHVIFUTH
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D, TROETIARY 7 FrRETHELEALESATVD, BEY 7 5L CEARLHR
NDARER Z D, RBBEEEMRLELEVZFYTHL TR EEZLLNSD, F
psychrophilum (Z%% % FKB FRVERIEREOE DML Ve A CIIBESh TN B2
(Obachi and Laurencin, 1991) , 72 D& KIE TIRHEBEINLTWHW RV, —F, =U<ADB
VL ME SRR B\ T, BCG MG 2 AW R 2 v 7T 7 F L OEPERT B 2 &
ATV B A (Nakanishi ef al,, 2002) , 72 DRAFEY 7 F L CB WV TIEHBE SR TVARY,
ZFZTAMETIE, FKBZAWTEBERBI VR U THECL2GEOEDMEERF L
(#521) , ERRBT, KL TV FKB & 1/10 (AR L FKB 2 AV CRIEY 7
FUrOEMEEARBRLIZEZS, FRLTVWARWFKB TEVBWAMERE LR (Fig.
2-3-5) , £z, BCGHEE#EZAVWERZ U IEoAESE LR I (Fig. 2-3-5) . W
T, TRNENDORFEEOHRERICHTOHEIMEHRFTLIERER, BEV I F0H R
WTORMBIX 209% T, THIEFANT P a2y MEMEFTY 7 F 2 0 32.4%I2 L%
L&D o7 (Fig. 2-3-6) , £7=, RF VT U IF U OHRBYETOERHRITZ15.7%T, =
NLAANT Caxy NEMEHT 7500 294% I TE»P o= (Fig. 2-3-7) , T
IO, WTROGEETHOHRARRICB T 2ADEREREINTZN, ZOHEHEITAA
NT PaNy bRMEFH T 7 F U B LT ENoz, =V 20 BHEMMEEHAREED
JFVICBVWTHEBBEETIAERELIBOLARVDE, R UV TETREREBELERBRED
BHENRE LN T D (Nakanishi ef al., 2002) , 72 OB AKBIZEBWTIXE CERM & X7
LahoaM, AT, FKBEAWERBEERB X URF U FERRI2HBAKRBICXHT S
HREOREDEEZMD THL NI LT,
ANTHEET2ORKESEZMBE LT 7 FURETE, FHMEREND 2A1H3 A
DIEKEH (10—15C) CBF BV 7 F U UEARBESNDE, 2T, EXBHATOU
7F MBI TIREBERINT B0, 10C, 1ISCBLV20CTHELEZT 22 A0
TV FURBRREZTo- (B3MH) , TORE, 10CLHEBELTISCTELU20C TR
BTLET2T, ERVIZIFUVBIVBBEYV ZF UV EBIANRBE NI LN f‘o?b:c:f;o
7= (Table 2-3-11) , 727 L, RTH»H ISCTHEL TV ET 2% 20CIMIBT 2 & BRE
THT7aR—HMEON, ¥, 20CTREN IV ZFUVBLPREY 7 F L b0
WKRETATaRRLNE, ZRb0Zenb, ISCRETHATINTNS T 2IZH KR
UDI7F U ABTHIERBETHIEELONTE, TZOETIAHEY 7F Tk 10C,
15C, 2008 E R 2SCTHMEN LB S NLE/FE, 10CThTRrREDERIET T2 2 &
MWRERTWS (% - K, 1983) , AKFEO T/ FLBNTHRAL LD RFEESED
L, WCRETOY /FU/ARREIRNLOLEZLONL, £72, ZORRTIREHRY
JFVERBBEVIFUOOEPEORBR BIToN, REHMBMOKELEHNEOBEBIXRET
ToHo7= (Table2-3-11) , L Z AT, FAEKERT 2 DOMBOREILE X HHEBNRRFTE
N, 20CREREOHKETHALFAFT T2 LHBRORENNFENDZ EBHLMTENT
5 (Miwa et al., 2003; B 5, 2006) , 10CHABOT7 T L TR I TWARWVA,
WCHABECUV 7 F Vv OREMERBN I EIRXMBR R EORBEROREEZELMLLOBEFRE
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FoboLER b,

BARFOBRBET 7 F LV CE—EOADEEIROONDI OO, EHVIF U LEETS
EEDHENRIIEN T, TNET, ®EYA b7 7 —HEMTIHER L FKB Z AWT,
BEVI/FLCrOADEEZRELEBEDRIXIOBEBE THo, 20, HEYA b7
7T HERIZMZ T, EMERBEREMEB LV KDM-2 BTV 7 F U2 ERL, BED 2
FUBLUVEHY I FLrOoEHEEZRE L (8 3 5H) . KDM-2 B M@ 0K
K@ Renibacterium salmoninarum %%+ 57O DM TH D, 47 (2003) k- T
F. psychrophilum DI;EMNBFRETH D Z LBHREINTWVWS, 47 (2003) X4 ELE

(FBS) 28 LiEthE AWVTWEN, SEOERTIXFROERLESEZ FBS 23 ER
W KDM BetiE AWz, LALLM S, Exp. 1 ZBWTHEY A b7 7 —HigECERIL
O IF U ERBOFEHELME LN o727 (Table 2-3-12) , Exp. 2 IZE VT KDM
B THERLET 7 F AW Rr o7z, MERE HIZ, BIEV 7 F U TREMBKRERE
HMCHERLEZY 7 FroFHEREL, BERVIZF BV TREEY A b7 7 — HHHH
THRE LY 7 F o OBMENE I -7 (Table 2-3-12,2-3-13) , FEMEEREM THER L
7= F. psychrophilum DYEIRE, BEHA b7 7 —FEEHCHHE LGRS IZIHOMCRER
D, BOHETREEZE LW, 2o, BEVIFrof%E2E D5 —FETIRARWN
B ONEDN, ERVIFUCOBYDENMBEVEBIZIAL N TE R o7,

BREVI/FUOMREBEDHEDIZ, VIZF U ABINCAERERZES LHRERE
RIEMALESRBZ L EMELTEREZIToL (F4H) , KIS, P agglomerans BIED
BHTFLPS 2 —EHE 7 & E L%, BEYV I FUAB LEREKE CHRERE LI,
P. agglomerans 184537 LPS I IFE DO~ v 7 7 — V% {EM{L & (Kohchi et al., 2006) ,
IV RN TOROBRECAFEREEREZAE TSI LAHALLITENLT WD

(Takahashi et al., 2000) , 2 EIDOERL HIZ LPS BROBRERICREY 7 F VU LE LERR
KOFEERNEGIELS Y, LPS BEWCLIBU 7 FrApEomENRENT (Table
2-3-14) , RIT, EEfEHH RNA OFEICHOWTHRE Lz, B OHME Lz RNA 2AIC
BORETHZ LT, AENEELSNEBIEICKT2EIMEREEZ 2 ERRENATY
% (Lietal., 2004; Choudhury et al., 2005) , AW T, 72iZ—EHM RNA PERELE
®iC, BEV I FULBEZITVWEDIRORIEI1T o7z, £ORE, RNA OB EIZ LV RIE
UIFUOEHERE LTSI ERERIN, BSHHCKERENZVWEHRENLYE
EDEmBRE T (Table 2-3-15) , BEE-HH RNA B&&SRNH L LTHWLATWD
ZEMh, REMREL ELEBHRMECTHDL Z L L LEMLICHATHLS, THET,
LPS X RNA D b BB 7 v v Gk, 2005) , HRT 7 + 7 = U v Em# (k3
2003) BRUHRBERMB Ok3F, 2006) OFHEEZFAC L S ICHRA Lics, LPS B &
UYRNA DS THEBIREBHER SR ol, FMIXRATH D, RERER OERBFO
BOBHROBEIZORBDI LD EE XL LN, '

INETT2ORKET 7 F L OEMER, FANT Va3 b&EFEM LT FKB O BH
U 7 9 (Rhaman et al, 2000) , KEMET P 23 PZEFEM L7 FKB OES T 7 5 [k
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FH 5, 2003 (% 13H) ; Rahmaneral,2003] , EHEAERD OERFY 7 F > (Rhaman et al.,
2001) , FKB OREV 7 F v [k - WA, 2006 (4 & H4W) ], FKBORO U
¥ (Kondo et al.,2003) BLUBBEEE~A 7 u b rXeroRov s F v (&, 2004) 2%
wrﬁ%énrméoHB%%wt%mrvy%/®€%EME7)ﬁrva?ywﬁﬁ
ek 0 IIE A, BAREEOBRICEEI b DL EL LTS, 7 BARRHEILR
BORETHDZ DD, MMITBUIEANKEREFRE V¥ —REFRFT L P LICESE,
IR BECRERT FKB 2 AVEREY 7 F Y BEI 0RO Y 7 F 2 ERLO kR
ORIz, FZ T, U2 FUke LTEBR CHBE ST PH-0424 EBATRA S h,
BEVIFUVEALRBRIIBVW TRV 7 FUBEBLUOHESERO 2O EEEBRIL L
FKB OF#EMNTENT (25, m%)o:nawﬁﬁéﬁﬁf,vy%yx—ﬁf%
Fl & Lz ERLFRAELE L TITbh TV 5,

ik, Vo BAEBED F. psychrophilum @fﬁﬂ@ﬁﬁ@%gkﬂb‘f*aﬁE’Jiﬂﬂ%?ﬁ‘fi
Sh, 203 REDOT I )M LD FsPA L/ a3d ¥ /378 (Crump etal.,, 2005) , H
KEEOPEY /37 & (LaFrenz et al., 2007) 3B L X OmpH £ D5y 7 £ 18 kDa O H KK H
DEUNRIE (Dﬁmetz etal,2008) RENT 7 FLUBEEE LTHRESNT WS, £/, &
KIFDPDHEIE L7 2 idHmARBICx L TRWIREZRTZ b, BMPEAREERL T
DHIRLETV IV FURRLEBER o TVDFAEHEOTIRINTVD (&b, 2007) , #-

T, 5B I FKBIZRLDZELIVEDRIIFUNHERBINDAREELELAONDS, £/, F
psychrophilum O 2B R T OEERIINBREEINTZ LD (Duchaud ef al, 2007) , EiB
BRIZESWET 7 F OB LHFBIND,

COEBENEER L BOKENTREARTFRE (TamKBORANY 7 F 0%, 2005-2007 FE)
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Fafi AKAHBREREERTIAIT7ICETIEE

IRBRIZBWTIX, AROBRIBEHZHROT 2B ATEE I NFIKARICANLNT
W5 (Fig. 2-4-1) , RFEETOFBILBNT, THLDOT 2REDORKBEZIEICEDH
BT EBRBRBMICH LN T W, A TIX, Flavobacterium psychrophilum \Zxt4 25 AL
EETIERRORBRZHEEZRAR, REHOENMICERTHIONEHRFT L, F1HICE
WTIE, BN TERAESRTWE 3 REOATT 2 OBKRRS & s Ui, 272,
BRKFRBREZHELE T Y ARRBZHE L OBEBICOPVWT LN, B 2HIBW T, BAT
EEINTNLZOMDALT = 5 REOMARBREEEZLBR LIz, B3 HXBWT,
BRI & R R ARHEDBEBRIZIOWVWTRITTA & L LI, REHERKLTH
YR IBT D F. psychrophilum ODEENEHRZOENEREZHE L, HF 4 HIZBWT
X, BARPEZHEOBBEEEREIZE > THEATDI L LLIL, BRI ER/ELE L OEE
AT,

Amphidromous populations
(Kagoshima Prefecture)

Wild ayu Male 1997

Ohtagawa river E x |
(Hiroshima Prefecture) emale

—» Amphidromous stock (AS)

» Domesticated stock (DS)
early 1970s (intra-stock breeding)

Female
x 2000
Male L————» Landlocked stock (LS)

Landlocked populations in Lake Biwa

(Shiga Prefecture)
Kuro\sl\égca’l\:;uriver Kurose stock (EES)
(Hiroshima Prefecture) 2001 i
emale
B. X 2004
Male “——————» Kurose-Takatsu stock (KTS)
Wild ayu
Takatsugawa river
(Shimane Prefecture)
Wild ayu Wild ayu )
C Jintsugawa river X  Kisogawa river ——2~004——> Jintsu-Kiso stock (JKS)-
(Toyama Prefecture)  (Gifu Prefecture)
Wild ayu
D Ibogawa river —-——-—>20 05 Ibogawa stock (IS)
(Hyogo Prefecture)

F'ig. 2-4-1. Ayu stocks, which were produced in Hiroshima Prefecture, used in this study.
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¥11§ LERERTEICEEINTWS7ALRHFICHITEAKREZH

EBRNTECAESRTVAATLT = 3 FHOBKHBRSIE L B ERI L) L
fro Ef2, BTV AR T ARZHICOVTHREERICLY

HHRELUHE

#HEA

Fig. 2-4-1A IC R L7123 ZRMOATEET 22 Az, BERRT7T = (Domesticated stock :
DS, F28, F29) % 1970 ERFAICKB)ITHEIN T 2ICHEKTIHRET, ThET
MREATEN TV, BEXEE7 = (Amphidromous stock : AS, F4, F5) i 1997 £z
ET2 (BRBRE) OFRALRRBT2IOARAEZREEELT 2R T, MRETSL
T, MERERT7 = (Landlocked stock : LS, F1, F2) 1% 2000 EICEBEMET 204
ALBRAT DA A KBS EEH SR,

INHOT =X, 2002 £ L0V2003 F£0 | AICHEERAEEIN-HFEAL S RS
BEBSHORKA)IREBRMAEEMGICRXSh, FE, AFEE, KBEBLOHETH
DRESHELL LT, KEJIRIAEZBOTHE Sz, AT, 2003 F23ThEh
2HOBERER7 2 (AS1 BLT AS2) BIUWIERERT = (LS1 3LV LS 2)
BRRICH L, ThoDT7 2 ICBmAKRORREEIIRLS, 7Y AROBRRED 2
Moo, Fiz, EERANIZ 60 BEEHM L F. psychrophilum A ® PCR ¥ (Izumi and |
Wakabayashi, 1997) Zfit L7223, &I X OEED S F. psychrophilum I3 S hvieh o7z,

B RER (A KA

BARRER (HIHRR, Exp. 1, 2) : RABEBERB"OBIMNMICINT, BEHI GOk
R) OFNAKERWTEREZTo, TNET, BRINOFNATT22HET S LE8F
MAKFBORENRHERIN TV, 4 AT KBJAERFEMEARES > Ok LR
AZ, BUBRERICEI > TEREZHRINTEL IS LThD, =227 U— bKIE (1 X4m,

AKEE 50 cm) 12U L7=, 2002 4 (Exp.l) \ZIXINEHOFEHEEMN 5.2 g DT 2%, 2003
£ (Exp.2) IZIX45gD7 2%V, 7T2ICIHRO7 2 ARAFARZHBEEL, BAKE
KEAEEBRETIETCHELTo, BELEARSWTIREROBEEZITI L LD
I, IR BREBRLFREOBREREHI W THNR L M8k (IFAT, B & 5
3EF B1IIE) WXLk,

BRABRERBR(ZENER. Exp.3) : RAORFEG CTRBMLIZAKETET LT =2 (-80°CT
R PRI E LTHVWE, EBR (Exp. 3) RRAULHNAD 2 RCiTot, BEXKERT
2 [AS (1) : FHEES3 g, AS (2) :53g] BIOWIERER7= [LS (1) :6.0g,

1 RERFTHERT 13K EERRBR S /K T E Bkt
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LS (2) :5.6g] # 100 LAKIEIZINAEL, F v MIANEEGHEE g DHKFERKFT =
10 BEARBICERA LT, 24 BB ICBRBREDOT 2 2BRELTHDL, RIRLIEEKT 21
BRIFRARAET Lz, ERPOKER 17.1CH5 19.1CThotr, BEADBRTE AW
IFATIZ LD, BARBIZE DT EZMAB LT, )
ESREER(BENEER, Exp. 4,5)  HEVA b7 7 — HAEXKEHER VT 18CT 1 BREIKE
# L7z F. psychrophilum PH-0215 #% PBS (% L#K & L7-, 10"°CFU/fish (Exp.4) ¥
721% 10*® CFU/fish (Exp.5) & 725 X 512, FA-100 THEE: L7t RADEERNICESR Lz,
B U7 AU RO LR K C 14 BIWRAKEET L, ERPOKIRIX 14.6CH 5 182°CT
Hole, ECADFBERAWZIFATIZLY, BKRBICEIETEREIRE L,

RBREREBR(ETVAIR, Exp. 6,7)

FERITIX, 18T RZEEROEBMT 20657 BE S iz Vibiro anguillarum PT-87050 ¥k %
BWiz, b Y 7 b Y — Y BRI (TSA, BARE) 2 A\ C18°CT 1 B RKH% L= PT-87050
Wz, 1% (wiv) BREZHEMLUICHENFLBERAKICHEE LEKRE Lz, Exp. 6 IZBWTIE,
RRRBET7T2 (EHHKEE3Ig) BIOEERERT = (3.2g) %, Exp. 7IZBWTCIXMER
BER7T = (42.7g) BLUMERERT = (499g) ZH\V, HIKIZ S HMEE L, Exp.6
KRBOWTIR T BREOCHK:, Exp. 7BV TR 2BECHEZ AV, ThFh 10°° CFU/mL

(Exp.1) , 10°' B XU 10% CFU/mL (Exp.2) & L7z, BEHB O T 21X, KB 16.5CHh 5
18.5C DN AR Z AVT 10 BRWAKEE Liz, L L7272 OB S TSA &
HCHIEOBAME T, RREHRLE,

HEtanm
RYPERIZLDIETHDEIZ DWW T Fisher D EERRIFHIETHREIL, P<0.05%2F
BEhELHRRLE,

R EE (KR

Exp. 1,2 B LT3 OFERIL Table 2-4-1 IZF & 3, FETRIIT SV TIX Exp. 1 % Fig. 2-4-2
IZ, Exp.2 % Fig.2-4-3 IZ7R L7z, 2002 ERB L U2003 FE L HiZ 5 A TFAND T 3B KR
THIZEED, 2002 FEIZB W TIX 6 AHHE T (Fig. 2-4-2) , 2003 FlIZBWTik7 A L®E
T (Fig.2-4-3) SRRV, MEL BIT, WERRSET = (AS) DOFETCRIIMERER
72 (LS) BLUORRFRT = (DS) OETHRILY LAFRIZED -7 (Table2-4-1) , Exp.3
CBNT Y, WEXRRERT = (AS) OEUREIWMEZRRT = (LS) £V bABIED-
7= (Table 2-4-1) , Exp. 4 BL U5 OfER % Table 2-4-2 TR L7z, WTFNDOERIZEBWNT
b, BERZERT 2 (AS) OETHRIIBERZRERT = (LS) LV bFEICEI -7,
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Table 2-4-1. Mortalities of different ayu stocks caused by spontaneous or experimental bacterial
coldwater disease (BCWD)

: ; .1 Examined Dead Mortalit
Experiment  Stock fish fish (%)y
LS 104 53 50.1
Trial1  AS 95 5 5.2 *
Exp. 1. ... DS _._...128 _ .74 . ._...578
. LS 96 47 49.0
Trial2z g 99 11 111+
LS (1)**° 105 84 80.0
LS (2) 122 82 67.2
Exp. 2 AS (1) 138 36 26.1*°
AS (2) 160 35 21.9%°
DS 118 89 75.4
LS (1) 60 52 86.7
LS (2) 60 55 91.7
Exp. 3 AS (1) 60 30 50.0*
AS (2) 60 32 53.3*°

Exp.1 (fish mean weight: 5.2 g, Fig. 2-4-2) and Exp. 2 (4.5 g, Fig. 2-4-3) were conducted under field
conditions (spontaneous infection) in 2002 and 2003, and Exp. 3 (5.3-6.0 g) was conducted under a
laboratory condition (experimental infection) by cohabitation with dead fish affected with BCWD
(observed at 17.1-19.1°C for 21 days).
*1 LS: landlocked stock, AS: amphidromous stock, DS: domesticated stock
»2 (): Experiments were carried out using 2 groups of the same stock.

3 Significantly lower (P < 0.05) than the other stocks.
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Fig. 2-4-2. Cumulative mortalities caused by spontaneous BCWD (bacterial coldwater disease) in
ayu reared in river water in 2002 (Exp. 1). Trial 1 and 2 were conducted in different ponds at the
same time. LS: landlocked stock, AS: amphidromous stock, DS: domesticated stock. See Table

2-4-1.
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< 60 —0—AS (2) 8
= ~0—DS "
m e
%' 50 ——Water temp. 25 %
£ 20 =
° 40 g. |
= 15 g
T 30 s
2 AP0 ©
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Fig. 2-4-3. Cumulative mortalities caused by spontaneous BCWD in ayu reared in river water in 2003 (Exp.
2). Experiments were carried out using 2 groups (1 and 2) of the same stock. LS: landlocked stock, AS:

amphidromous stock, DS: domesticated stock. See Table 2-4-1.

Table 2-4-2. Mortalities of different ayu stocks challenged by intraperitoneal injection with
Flavobacterium psychrophilum

Experiment

Stock*' Mean  Examined Dead Mortality
(injection dose) weight (g) fish fish (%)
LS (H)*? 3.3 20 15 75
Exp. 4 LS (2) 2.9 20 15 75
(10"° CFU/fish) AS (1) 2.6 20 6 30+
e AS(2).....26 . 20 ...2.....10°%
LS (1) 5.9 20 1 55
Exp. 5 LS (2) 5.6 20 11 55
(10*® CFU/fish) AS (1) 5.3 20 1 5+
AS (2) 5.3 20 0 0**

Fish were intraperitoneally challenged with F. psychrophilum PH-0215 and observed at 14.6-18.2°C
for 14 days.

*! LS: landlocked stock, AS: amphidromous stock.

*2 (): Experiments were carried out using 2 groups of the same stock.

*3 Significantly lower (P < 0.05) than LS.
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BRER(ETUAR)

R EBROFER% Table 2-4-3 IR L7z, Exp. 6 (IR LIZE DT, AKBIZHTHRHER L
TRRY, BRFR 7= (DS) ORTHRIIWERERT = (AS) ORCTE IV FEILEI -
o 7z, k@@l?n%ﬁ%u\t Exp. 7 IZBWVWTH, HERBENIVRIFEEZRBDOLA
Mok, WEZERT 2 (LS) OREERMEESERT 2 (AS) OEERLY LiE1o
77

Table 2-4-3. Mortalities of different ayu stocks challenged by immersion method with Vibrio
anguillarum

Challenge dose ekt Examined Dead  Mortality

Experiment Sto

{Logio CFU/mL) fish fish . (%)
DS 60 35 58.3

s S L AS...80_ . 57 .. 9507
61 LS 10 3 30.0
Exp. 7 AS 10 8 80.0
51 LS 10 1 10.0
AS 10 4 40.0

Fish, mean weights were 3.1 g (DS) and 3.2 g (AS) in Exp. 6, and 42.7 g (LS) and 49.9 g (AS) in Exp.
7, were challenged by immersion method with V. anguillarum PT-87050 and observed at 16.5-18.5°C
for 10 days.

' DS: domesticated stock, AS: amphidromous stock, LS: landlocked stock.

*2 Significantly higher (P < 0.05) than DS.

%5210 LERATEESATWSEDOMOTARKEICESTIAKKBRL
IKBRANTEESNTVWOIALT 2 5 ZEOmAKREZE 2 REERICI Y B LE,
MBBIUHE

A

KRIZIX, WERRRT 22R< 6 REOANLTEET 2 =AWz (Fig. 2-4-1) , RIX%
BIOMEREROHBHKIBZ I THOLBI THS, BEUIF (Kurose stock : KS) I 2001
FIZERE) (RA) THEINET7 2B L TELNERRKT, UEREE R THE
ENTARERESE TV, BB, BENZOAEI#ERO BE&BIRZHEHI N
2@ 2004 Tk ST, RBEE/IR (Kurose-Takatsu stock : KTS) 1%, 2004 4T &
MBEOAZZHERI (BRE) TRHEINAEARAEZREIETELNRTZ, HEBAS)IER
(Jintsu-Kiso stock : JKS) X, #@/ (BILR) E7a20F R ARG (KER) E7=
DARAZRESETHELNTE Y, 2004 FTEHIIPEBERIIBASHL, BER)IFR
(Ibogawa stock : IS) FEIRR)I (JEEEIR) THEI N7 ITHEL, 2005 FITZRIIN
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IRERIZBASHE, #HERGNZL LCERINIRIIER/NBEHBRMAES (RER) X
STHEHENEZRZETHoTz, TOLOT7 IHMAEANLEBRRISBEERSIZX > TAE
L, REWBIFEEH B Z—ic@Z LIRAKBIZ L T b EZRICAW:, ERICHEET 201IZ,
INRLDT ZIZHRAKFBDFREAER F. psychrophilum DIRHIZER Sz o Tz,

BARRER(HHEER)

2002 F 3 L2003 FIZIXNKEERMICBWTEREZITL, f1tRMA L LTRARR(F28,
29) BLOBEIFR (F1, 2) AV, EREAKEOEHEE, RERKBLONETE
% Table 2-4-4 {Z78 L7z, 2005 4, 2006 £ L TR 2007 EITIXBHNOETESE (5 KE) TH
BREITV, #RA L LTRRFR (F31,32,33) , MERE%R (F7,8,9) , HEAG)IFR (F1,
2,3) BIUBEBHENZ (F1) 2RV,

WA EZBRH# TORRTIL, 200244 A 12 BIZ, 2003 FX4 A 15 Bty 7Y —+h
HAFMAKE (ER64m) KENENORKEICT 2 HZINAEL, BRI S EAK LK
ERWTHE Lie, RBHMPRITROESFEMZEREGHEL THET L L bi, WK
WRARIITFECAZIY EFFHE LR, BMEAWEIFATICX Y EREZ/ER L,

WBANOHEFBELG CTOERTIE, 200541X5 A 11 BIZ, 2006 41X 5 B 9 BiZ, 2007 4E1% 5
B 14 BICHRMEFICHRALER L 2%, AW CREIIKR) »OBUK Lim)ilxs Av
THE LI, COBRFAGTIXFNAKEZHNTT 2BFHEINTEY, WIDKBEREL S
ZBNBBAKRORERBERBENTOE, AVE7 2RZHES L CHRERIC SN TR
Table 2-4-5 (278 L7z, HRAIIRFHEBHHTE 5 L O ICEURERLITo 2%, =227
— FMRATBAKE BX4m) KRE L, SHFBIOFEEOHEBIZOWTITNAKE ER MO
FER L FERITAT o 72,

FERFER(ERNER)

BRF (F29) BEOEM)IFR (F2) #AW7= Exp. 1 &, BIREK (F31) , BEXER (F1),
BEmsa)R (FU) BLUOHEARG)IZR (F1) ZHAV = Exp. 2 3 X W Exp. 3 21T\, Exp.
2B X Exp.3 THRABOERK L 2 RERE LT, ,

BWIARRDORIFZFHB LHOBRF (80°C) LTW=T = (10~20g) ZREPJE L LTHW,
BRFBEOT 2 HINE LT 300 L AKEIBPROT = (5~6 B) % 24 REMZEA LKREE,
HABOMEIRAK THRAFAET LAKRICL A 2BE LT, Exp. | TiX 14 HREOBEEZIT
WEEHIH T OKIEK 17.8CA 5 19.5C T, Exp. 2 Tit 21 AMOBEZ{TVKIEIX 149C
25 157CT, 72 Exp. 3 TiL20 HHOBEZITWAKIEIZ159CH DL 16.9CL R o7z,
HERDBAMERAWEIFATIZLD, BARBICLHECEHER L,

EHRERR(ERARR)

BRF (F31,32,33) , HESER (F7,8,9) , B#EEER (FI) , #EAS)I% (F1,
2,3) , BENMFE (F1) 2A Wiz Exp. 4—7 #1To 1=, '
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BEY A b7 7y — FERKEHE BV 18CT 1 BHE¥EE L. F. psychrophilum PH-0215 £
, FEAEKCBB LT 2 OBEERNIC 0.1l mL/Aish B L7, SR LEEE, HREEE
X OEHEREE Table2-4-7 IZ/R Lz, HEBHE D7 213300 L AKEICINAE L, FEIRLIER
KERAOWTHARAE LOAKRICL ST ZBLE L, Exp. 4 TiX 13 AROBEZITVWEE
1R D AIRIE 16.9CH 5 18.0°CTH D, Exp. 5 TR 11 BREIT 19.0CH 5 193CTH Y,
Exp.6 TiX 11 BT 15.0 225 15.8CT&H Y, Exp.7 TiX 16 BT 152CH 5 16.0C T &
o, BTCADFERIZHOWVWTIE, BREMIPOEUEYVA N7y —FVEREMERA T F
psychrophilum Z B BET D Z LI L VREFR L 7,

it
RRUEBIZ LA TEDEIZ DWW TIX Fisher DEEMRHILIETHRITL, P<0.05%2f
BEhELHRRLE,

CRRBPERR
2002 FR L VN 2003 EFDFERICEIT DT R % Table 2-4-4 [Z78 L7z, 2002 FEDERICE
NTi, BEIRT 2 (KS) TS ATRANLARRICEZRENHM LY, RRRT =

(DS) TS ATANLAKFBIZLIARCNEH LT, MHRAEEL L 6 ARWE TITKER
THKEL, 7 ALAICEBKEORENRONRL RoTe, MABRERDOKEIX 15.5C
76 207CThHhoTz, 2003 FOERIZBVTIE, BEIRT7T= (KS) TS Adharbm
KBICXBFETHE 2D, BRFBET= (DS) Tl 6 BHAMNLHAIFBIZ L BIELTIEM
L7, MFRHEED 6 ATOETICKRERIIKEL, 7 A LUICIEBKFOBENR LR
{lpoiz, BARFREERFOKIEIZ 132CTHD 203CTho T,

2005 45, 2006 4E3 L 102007 £ DFEERITE T HIELHE % Table 2-4-5 12, 2006 FEDFETR
L% Fig.2-4-4 [Z/R L7z, 2005 21X 5 A TAMD, 2006 FiZid 6 AHA DL, 2007 FiT
X6 AVIAPLWMAKBIZEZREBBEINIED -, 2005 EiZiX 6 A THE T, 2006 FiT
X7 A ERET, 2007FICIRT7 A EAETREREVE, WThOELBRRT7 = (DS)
DFETERNMBERE R (AS) , #HEAZIIFR (UKS) BIUTHERIIFKZ (US) IV BARIK
Bl eotz, BB, WTNOELETRAIITHAROEROMIZI XN LHOER SRR
ENED, BARBENERERTHD EHF LOEKFBORCTRIZED T, WARKEERDK
B1X,2005 E28 12.4°CH> 5 20.6°C,2006 £E28 13.0°CH 5 19.6°C,2007 238 12.5CTH 5 21.6°C
ThHhoT-,
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Table 2-4-4. Spontaneous infection challenge against different ayu stocks performed in Freshwater
Fish Branch in 2002 and 2003

Year \ Initial : Fina!
(Period) Stock* Mean Examined Dens@y Mortality

weight(g)  fish  (kg/m’) (%)

2002 DS (F28) 6.0 1750 0.351 66.2
_(Apr.12:ul 11) _KS (F1) 34 . 30600346 65.4 .

2003 DS (F29) 5.1 2500 0.425 95.0

(Apr. 15-Jul. 11) KS (F2) 3.0 2600 0.260 78.7

BCWD occurred at 15.5-20.7°C (2002) and 13.2-20.3°C (2003).
*! DS: domesticated stock, KS: Kurose stock.

Table 2-4-5. Spontaneous infection challenge against different ayu stocks performed in field
condition of the private farm in 2005-2007

Year Stocks*” Examined Dead Mortality
(Period) fish fish (%)
DS (F31) 200 146 73
(May 122?.]5ul. 15y AS(FT) 200 98 497
.......................... JKS(F1) _....200 .78 ____...39° ___
DS (F32) 150 118 78.7
2006 AS (F8) 150 22 14.7°2
(Jun. 1-Jul. 20)  JKS (F2) 150 36 24.0"
e IS (F)....._.. 150 . __...45 3007
DS (F33) 227 138 60.8
(May 122?J7ul. 25) AS (F9) 236 75 31.8;
JKS (F3) 133 63 47.4

BCWD occurred at 12.4-20.6°C (2005), 13.0-19.6°C (2006) and 12.5-21.6°C (2007). Challenge test
in 2006 was shown in Fig. 2-4-4.

*' DS: domesticated stock, AS: amphidromous stock, JKS: Jintsu-Kiso stock, IS: Ibogawa stock.

*2 Significantly lower (P < 0.05) than DS. '
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Fig. 2-4-4. Cumulative mortalities caused by spontaneous BCWD in ayu .reared in river
water in 2006. DS: domesticated stock, AS: amphidromous stock, IS: Ibogawa stock,
JKS: Jintsu-Kiso stock. See Table 2-4-5.
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FE R =R | |

WFROERTY, EREEHTTBENE»LAKBICLARCBHREN, EBRIK
THEORET R % Table 2-4-6 IR L7z, Exp. 1 TIXRNRFE (DS) & EHJIF% (KS) DFEL
BIIFBREE ChoTe, £72, Exp. 2 B L O Exp. 3 T, WFHORBKK T b HELRR (AS),
WEARNE UKS) BLUREHEEIFR (KTS) ORCRIARTR (DS) LV bAEK
AR o T,

Table 2-4-6. Cohabitation infection challenge with F. psychrophilum against different ayu stocks
(Exp. 1-3)

Mean Examined Dead Mortality

weight (g) fish fish (%)

Experiment Stock*!

Exp. 17 DS 5.7 30 29 96.7
KS 4.8 30 30 100
DS 3.3 30 27 90.0
Trial1  AS 2.4 30 1 3.3"‘4
3 e 9KS 3 . 30 ... S 16.7.°___
Exp. 2 DS 2.9 30 25 833
Trial2  AS 2.7 30 1 3.3"
JKS 2.8 30 3 10.0"
DS 5.1 30 24 80.0
Trial 1 AS 3.8 30 2 6 7:
JKS 46 30 1 3.3%
3 e KIS 27 . 30 ... 7 233 .
Exp. 3 DS 5.1 30 23 76.7
Trial2  AS 3.7 30 2 6.7':‘4
JKS 49 30 3 10.0
KTS 2.8 30 2 6.7

Fish were challenged by cohabitation with dead fish affected with BCWD and observed at
17.8-19.5°C for 14 days (Exp. 1), 14.9-15.7°C for 21 days (Exp. 2) and 15.9-16.9°C for 20 days
(Exp. 3).

*! DS: domesticated stock, KS: Kurose stock, AS: amphidromous stock, JKS: Jintsu-Kiso stock,
KTS: Kurose-Takatsu stock.

*2 DS (F29), KS (F2).

= DS (F31), AS (F7), JKS (F1), KTS (F1).

** Significantly lower (P < 0.05) than DS.

ESRBRERER

PH-0215 #EZHER L7723 1| B»5 3 BRIZEC LA, ERETROETCESL
Table 2-4-7 1278 L7z, Exp.4 TiX, WERER (AS) , BEEE)IFK (KTS) B L UHIE
AENFE OKS) OPECRFRERFK (DS) L0 bABICEN>7, Exp. 5 TRIFELZRSR
(AS) & BWEE)ZR (KTS) OETCRIZEIXRI o7z, Exp. 6 TIX, BERER (AS) ,
MBAE)NFR (JKS) BLTER)IR US) OECTHRIIEARFZ (DS) LV bAEREICEI -
7zo Exp.7 TiX, BERER (AS) BXUH@EAS)IF (JKS) ORETURIIENRR (DS)
LV HLHEEITENP- T,
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Table 2-4-7. Intraperitoneal challenge with F. psychrophilum against different ayu stocks (Exp. 4-7)

Experiment Stock*' Dose*? Mean Examined Dead Mortality

weight (g) fish fish (%)

DS 5.2 30 23 76.7

AS 5.4 30 12 40.0°

Exp. 4 kts 0 32 30 13 43.47
e IS N 30 .14 4877

AS 78 11.8 20 9 45.0

Exp. KTS 8.2 20 11 55.0

AS 6.8 11.8 20 3 15.0
e KIS e 82 ... 20 ... < 15.0 __.

DS 5.2 20 16 80

AS 2.9 30 3 10

Exp. 8 ks &7 2.2 30 7 23.3%
SRR |- S 24 ... 30 .14 ..487°

DS 26 30 17 56.7

Exp. 7 AS 7.0 - 3.4 31 2 6.5°

JKS 2.6 29 9 31.0°

Fish were intraperitoneally challenged with F. psychrophilum PH-0215 and observed at 16.9-18.0°C
for 13 days (Exp. 4), 19.0-19.3°C for 11 days (Exp. 5), 15.0-15.8°C for 11 days (Exp. 6) and
15.2-16.0°C for 16 days (Exp. 7).

*' DS: domesticated stock, AS: amphidromous stock, KTS: Kurose-Takatsu stock, JKS: Jintsu-Kiso
stock, IS: Ibogawa stock, Exp. 4 and 5: DS (F31), AS (F7), KTS (F1), JKS (F1), Exp. 6: DS (F32), AS
(F8), JKS (F2), IS (F1), Exp. 7: DS (F33), AS (F9), JKS (F3).

*2 | 0g10 CFU/fish.

*? Significantly lower (P < 0.05) than DS.

-3 AKFEMAEEERORE

WARFERZHEORNBERERT = (AS) BIUORZEOBWIAERERT = (LS) %
AWTHFRNENRDHEOE LT/, £z, BERERT 2 (AS) B L THKIFERK
SZHEOBWRARFRT = (DS) 2 BT F. psychrophilum ¥ ZOKRNHBER O L 21T - 7,

HHELUAFE

EREMNERFHEDLE

WBEXERT7 2 (AS) BLUHERERT = (LS) OFFRNEBBHEDOLLELIT
776
EMBRELER: AMROIEEEEFEELER (respiratory burst JEMER L OV WST-1 ELhE) @
RE %, Miyazaki (1998) 3 L UVHIEF (2002) OHEEZ —HKEL TIT o7, FHHE 15.0
gDT7 2K 10 RBORIMME NG ~NY LB U7 EHaE THRML L 100 p L Oz, 7
FAFys®-EY I Y —IZHALL, ELoHE (1,000xXg, 20 57/, 4C) D%, HMEK
BOENS 20mm O BLOEMKE L RORFOELZEW Lz, BLKREZLNER
Z1S5mLF2—7IZB L, 50 uL ®RPMIN640 (V7<) Z2MATRLHITRA LT, 15 1
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L ® A MmERKGEKIZZE R D RPMI 1640, RPMI 1640 T 1 mg/mL IZFE L 7= WST-1" (FA
{LERERR) W, E721X WST-1 BT 5 mg/mL KHAB LSSy (V7<) B
L 15 mLFa—7TREL20CT KRHEFELEZ, WST-1 S F 2+ 5ol
400 pL OBHMAKER T 2 — 7ML BA Lz, BDLORE (3,000Xg, 1547, 4°C)
ko> TET E15250 uL%& 96 K7L — MCB L, 450 nm OREEEZ <A 27 B F L— b
Y—ZTHRIE L. WST-1 BILEEIX WST-1 B DOWAEE & RPMI 1640 DIRSGEEDEL L,
respiratory burst G MEIE A BV VIEBRORNE & WST-1 BROBRNLEDOEL Lz,
BHEHE M50 uL & RPMI 1640 T 0.5 mg/mL B LIV A TV BEKS50 L 2EA
L, 77A2AF v 78X €TV —ICEHA LT, 20CT 30 sy BIHE L TH bz Lo (1,000
Xg, 5 4, 4C) L, AMKBLAMEKEOFETHR Lz, ALKREZELARTKEZEL
MZIBELTHD, AF7A4 FJ7F R ZBH L May-Griinwald-Giemsa ¥efa L7, 100 2L ED
FHERBIUHREZEBEL, YY1 EVVAROHFELZHRALARRZEH L,
miEIZH1+S F. psychrophilum D EFE : Wiklund and Dalsgaard (2002) D FEE —HmkE
LTERLE, ZRIZERLI2AEOT2EZHVWT2EITY, &5 B (FHEE 109 g : first
trial, 14.3 g: second trial) PRBWME S L7z, 4CT—HREHE LEBR SR MEN» 5
EHOSBE (5,000Xg, 547, 4C) TMHEEZEIRL, ERETBOCTHRFELL, WEYA
h7 7 — HEREMEANTISC T BMEE®E Lz PH-021S R 2 A AHEKICHEB L, 10*°
CFU/mL IZFA# L7z, EHIK 10 uL & 40 pL 0MiF, E3BELE 40 pL OKEY
A b7y — AL R BA L, 18CT 6 BHHE LARRONE 21T,
MFEINFJILBEORRE : EREIRLIBEOT22HVWT 2EHITY, £ 10 BOT = (F
¥R 7.2 g : first trial, 28.0.g : second trial) 2> BB 7= MIFIXRERE T80C THREFEL 1=,
anNFISNVEER, BFEHEE (Enzyme Immunoassay for Cortisol, Oxford Biomedical
Research) IZ & D #lE L7, _
BELERBLOHESRERZOLRIER ITHIT 5313 Mann-Whitney @ U BRIEIZ L -
THREL, P<0.052BBRELHRLE,

| {KRIZF1F+5 F. psychrophilum DEE

BRRT7T2 (DS) BLUMEERERT = (AS) T AWT, BMERNEFZE L F. psychrophilum
DEREZ MK, BENK, B B X OHFEICSOTRE L,
MESLVERRRICESTIHE WEVA b7y —VEREME AT 18CT 1 BHEE
U7z PH-0215 % AFAEAK T | mg/mL IZFHE L, FA-100 THEL7=7 2 OBEENIZ 0.1
mL/fish #FE L7z, AEBRRL2Z 722 AVTHEEDOERE 2 (Exp. l BEX W 2) 1To 7,
SEHEEIT Exp. 1 DRRFR T2 6.4 g, WIRERE R T 28 5.5 g B L Exp.2 TIRENT
h8sg, 78g Tholz, Exp. 1 BLV 2 OEREEKIZENEN 10™* 5 X ¥ 107° CFU /fish
Lipolo, HEEEOT 2 XKIE 18 CTHAEET L, Exp. 1 TiX6, 30 35 LU 54 REfl&IC,

12 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt
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Exp. 2 TiX 1, 6, 24 BLU48 RIRIC 3 BT oAKMEA LMY ki, Mk XCEENK
ERB L, BEZOIKLUAEHE LK%, 10 oL ® 160 UmL ~/%Y »-PBS FE# % AN
7215 mLF2—712 100 p LB L7z, BERKRE LT, BENICESSEZAHVPBS 2
500 pLEAL, W15HBEEL THrOHABELER L#EZ AW, Exp. 1 IZBWTIX 54
BRI, Exp. 2 IBW T 48 B BIC—HO 7T 2 O TR I N, Mk L UCBEE
CREREFEL TS T2 bR L,
T BRALUREICSTALE  HiROFES L CBEFIEANE L AET, BEEK
iX 10"® CFU/fish Th o7z, R LT 2O FHEEIXRNRRT 203 9.5 g B L CEERE
FT 928 Thole, B 24 B LT 48 IERIEZIC S BT OS] L, B, M
R L OFEEZEGENICER L, BREBEOBBICIEFEEOEHEREKRKEMZIKRET T A
XL, EEREFHELE,

BRET7T2BIOBERERT 2B T 5 H D ZiX Mann-Whitney D URE TRE L,
P<005S #HEREL R LT : '

wR

R EKRGHAEDLLE

B 2K O respiratory burst {5, WST-1 B gl X CHERERIZ DWW T Fig. 2-4-5 TR L7,
WBERRS (AS) LHERRER (LS) KBWT, ZhHDHEBICERRD R, 2T=,
Wiz, T 2MIEC BT D F. psychrophilum O HETFPEIZ 2T Fig. 2-4-6 IZ/R L7z, AR E L
TeREYA b7 7 — ARG L FERICT 2 i TS F. psychrophilum OEFEVHER S
-8, MEPFERSEL R (AS) LMERES (LS) TBWTHEKICEZ X »» T, £/, Fig.2-4-7
ICHEERER (AS) BIOWERERSR (LS) ofianF Yy VBEZR LR, JHEHIC
ZREIRDonRRhroiz,
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Fig. 2-4-5. Respiratory burst activity, WST-1 reduction activity, and phagocytic rate of peripheral
blood leukocytes obtained from two ayu stocks. Vertical bars indicate standard deviation (n=10).
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Fig. 2-4-6. Survival and growth of Flavobacterium psychrophilum in the serum of two ayu stocks. Left
(*) and right (**) columns indicate the results of fish (n=5) with 10.9 g and 14.3 g in mean body
weight, respectively.
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Fig. 2-4-7. Cortisol concentrations in the serum of two ayu stocks (AS and LS). Vertical bars indicate
standard deviation. Serum samples (n=10) were obtained from each 2 group with mean different
body weight: 7.2 g for 0 and 28.0 g for M.

{KRIZE T3 F. psychrophilum @8 &

MEHSIVERERRIZEITALEE  Exp. 1 BL O 2 1281 2 EEOHEB % Fig. 2-4-8 |27 L
7o Exp. 1IZBWT, HFE 6 R OEEBICRMEICI T HEIT R P70, 30 8LV 54
BBICIXIEBERENE U, BERKERT 2 (AS) TIRILEE X OCEENKO W
BOWTHEKIIED L, BRFRT7= (DS) TIEFEITHM L, 54 REBICARRET =
(DS) ICBWTHTANBBEINTEZDN BECE:31.7%) , HBERERT = (AS) BV
THRECREIBEIN o7, Exp. 2 IZBWVWT, #EE 1 REBRIKITLE»S S F
psychrophilum BHRH S 72y, REMICE X ed o 72, BHE OB OB IX Exp. 1 & Rk
T, MERERT 2 (AS) OWEBITHA LRARKZT = (DS) OEEITEML 72, 6 Kefi#
FCRHRAEBOBFEBKICEZIAON o723, 24 BL V48 BB ICITAE R R ZENE U,
48 REf R ICRIRRT = (DS) IZBWTHTABBEINTR GECE : 174%) , WBER
BER7 = (AS) ICBWTHTARBEINRN-7T=, £/, Exp. 1 ® 30, 54 KefiitkB &
OVExp. 2 M 24, 48 RiBRICERBM LB FZ 7= (DS) OEENRIZIZIWVT NS MEDIR
ADNFER SN, WERERT = (AS) IZBWTIHMEDOBEANTHER IR o7,
Fig, BEBSIUFRBICHITALE : B 24 3 L0048 BT BT 2 KRR ICB T 2 H %
Fig.2-4-9 {Z/R L7z, 24 BEX OB I CHEE LB T D &, MELZRRT = (AS) TiEIW
THOBIRRIZENTHEAD L, HFICRART = (DS) TREWTFAGHEM L7z, 48 K
B IXMEESE AT = (AS) BLOBRRRT = (DS) OEHOEIENY, WFHORHE
ICEBWTHBERE R = (AS) KB ITH2HEENBERFRZT 2 (DS) LV b FREICHR1-
oo Fiz, TOEBRTIZASREHBIECT AT 2 3BEIN LI oT,
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Log CFU/mL -

Log CFU/mL

time after inoculation (h)

——DS (ip)  —A—DS (blood)
—O—AS(ip)  ——AS (blood)

Fig. 2-4-8. Differences of F. psychrophilum distribution in intraperitoneal fluid (i.p.) and peritoheal
blood between domesticated stock (DS) and amphidromous stock (AS). Fish were injected
intraperitoneally with bacterial suspension at 107 CFU ffish (Exp. 1) or 10"® CFU ffish (Exp. 2).

Different letters (a or b) indicate significantly difference (P < 0.05) between stocks. Vertical bars
indicate standard deviation (n=3).
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Fig. 2-4-9. Differences of F. psychrophilum distribution in spleen, kidney and liver between
amphidromous stock and domesticated stock at 24 h or 48 h post-injection. Fish were injected
intraperitoneally with bacterial suspension at 10"® CFU/fish. Different letters (@ or b) indicate
significantly difference (P < 0.05) between stocks. Vertical bars indicate standard deviation (n=5).

$41H AKEMREOEGEELVRESE

MARFRREZHEDOEWVRNRFE (DS) LEWBERESR (AS) 2RI LT 2E2HNWT,

WARFEZEOBEBHEIZOWTHAR, £/, TN T 0 F. psychrophilum (X3 %

B GRERE LB T 2-OICREY 7 F ORIt 2 B RIERRBRTHAL, &b, F
psychrophilum 33 X OV V. anguillarum \ZXf 3 2 HUKFEAERED LB H 1T » 72,

MEBXUVAE
Hila
FBRITIZ W KB O E D3 72 <, F. psychrophilum Z{RE L T2\ 3 RO N TAEET
L

(BRRFR, MEXERBLORERT2) #H0iz, BRRE L OWEELE R OB KIZ
AR (BUE F4H F1H) OoLBYTHY, REHRT =2 (DS-AS hybrid, F1) (Z#EEAS
BREBRREZE ST T2RMT, 20 BOMWERE SR (F6) OHBRMAB LV 50 Bo
RRE (F29) OMEBRAEZAWTAESINT, 2 b7 2 ZfHEANL SRS BRERS

=



THEEIh, KEBFEERE L Z—ICBE LRAKBIBELTrLERICAVWZ, ThoD7T
2T e ARAFERZEERE L, BAROEBERKEAREAVERER CHE L,
Eie, AEKEOER AKLAM) , AEEE (200 BKL) , KE (15~18C) 7 & DfH
FRUERERKCTRALL RS LI L,

RERRICIDBEZEOLE

BEYA b7 7 HEREME RV 18CT 1 AL L7- PH-0215 ¥R 2 £ A HKICH
BT, FA-100 THREE L 727 2 O EEEEI% 5 5 HEFEANIZ 0.1 mL/fish #fE L7, ERITIRE
RBEEOT2ZAWT 2H (Exp. 1 BEU2) T\, Exp. 1 2BV TIE2 E&E (1073,
10%° CFU /fish) %, Exp.2 iZR\WTid 1 #E (10™° CFU /fish) B L7-, EEZOT 2
7K 16.5CH 5 182 COFIMRLBBIE R KEKZHOTHAFAFTL, 14 BMOBEL
Tolze BARIBICEDELCDOHERIX, RCRAOBRBOLLHREY A N7 7y —VEXEHE A
VN F. psychrophilum % B BET 52 &L TiTo 7z,

BKRKRBICHTIRETIFOOEMEDRE .
U7 FrOERBIZIE, WEERTT 22608 Sz F. psychrophilum SG990302 4k % V>
7. SG990302 ¥k % NBF X #1'® (Secades ef al., 2001) % F T 12°CT4 BHBEEE L=
%, 03% (vv) BEOFRNL<=Y U EHEML 4ACT48 BFHIBE LY 7 F Ve Liz, A~
U U REACRTORERFEOAEE KL 102 CFUML Thotz, FRLTWARWIZF 1L
7250 R (EHEEG63g) AN, 5SHBBEBKILANLRBELE L, 2B, A—KoD
EREIZOWTRRELYVIZFUEEHEVIEL SEAW:, JIBXO7 2 380 L Lk,
U FUNEBEOREKIRIZIECT, VI/FUBROBELFAETKBELELCICLEZ, VIF
v ORI 2004 4 A 16 BIZATV, FROLHEE 2 BR%ZO 4 A 30 BIZbiTo7, 26
BOUZFUREmBO 11 BHOS A 11 BICRNOERE (BKE) K7 2288w, W
NAREAERAAL LEBAM (222 Y — M, 3X3m, KE0Sm) KIEL, 74 LA
ECREETo. BB, TOHRMBTRIANAZANTT2RHEFTEINATEY, K
DIEPREEBZONDIOAKBORENBERBINL TV, 1 BEOY 7 F U LHEROX
FEOT 2DOFEHEBEIZRRFRN 6.4 g, KA 6.1g, WELRREN63g Thotz,
BEHMP 72 ARAEARZRE T L LI, BTAIRXEEMY LT 20C CABRRAEL
T READERBBAFETHDHZ L OWRIL, MEEOETHDOERBTOERDOBE,
BIUO—8OELAICOWTIE IFAT I8t LEER 2R LT, '

F. psychrophilum & &1 V. anguillarum 1Z3t 3 2 Il 5 £ £ iR {E 0 8%
BT IX, SG990302 #REB X ! V. anguillarum PT87050 D AN~ U VEEZ F L
BEL LTRAWE, SG990302 ¥RiTth ¥ A F 7 7 — HEXEE#I X T PT87050 ¥k ik TSA £

13 0.5% Bacto-pepton (Difco), 0.3% Lab-Lemco Powder (Oxoid), 10 mM CaCl, pH 6.0
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HMAEANTISCT] HREREEL, PBSIZ Img/mL ¢35 X 5ICBEBLTHS, 03% (viv)
BEORNL<Y VERMU 4CTI8 RERBEL TREL L, s~V VFEEIX, FRE:L7Z
TaAOMEENIZAEE10g %729 50 pL (HEZ0.05mg) 25 DN L, EFE
OT 2 pFAKER17CTH 5 18°C T2 BHEMAEF L TRMLICAW:, BEDRICL D ERLENS
BWL-MmiEE 4CT—B#HE L%, 5 SMOELIBEE (5000Xg, 4C) IZ&-ThiE
ZEIR Lz, MiGRESNKMIZ~AIns A ¥ —ETRAEL, fRFCHAWZRL<Y V3B
EHE @O0 (10,000Xg, 140) UPBSICHBE L%, fiEL LTAHWVWE, b, E
BRIZF#MZT 5L T2E (Exp. 1 BELW2) TV, Exp. l KBIT A7 20O FHEEIIRENRR
23155 g, REEFRMN 158 g BIOWBEREHRA 15.0g T, Exp.2 BWWTIXENEN 192 g,
168gBLW173g Thole, FERTRENETNORFETHRE LT 220 BT O L
ML, BEREMOREEZIT o7, B, RERMIERKOT = 10 BAHEH M L SG990302
#RIS L UFPT87050 Bk &2 iR & L CIliE BRI 2 BIE L 72K, WTh O T = OREEH
AT b R RRAR (<2) Thotz,

et

BEVI/FUOFEFHFE (RPS) I 3 HiLRARKICRB L, BRERBI®UIFUE
BROFETEDZEIZ DOV TIL Fisher DEEBRFEIE TR Lz, Eo, MEEEREMED
B #4HT (ANOVA) B X U Bonferroni BE TR LTz, WTFRORBREIZBWTY P
<005 ZHFEBERELRR LI,

BR

BERRITKDIEZMEOLE

HEHREER (Exp. | 8L U2) OFER % Table2-4-8 iZ, Exp.2 KB B TIRE % Fig.
2-4-1012 R LTe, WTFNDOERIZEWTHRNRAR (DS) , REFR (DS-AS hybrid) , #BFE
RERT 2 (AS) DJEICHARIZ L DT RIIFERITELS Y, REHRT = (DS-AS hybrid)
DRETERIZEANRFE (DS) BLUHELRRZT = (AS) OHMRREL R, £/, Exp.1
BT HETHRI S Fig. 2-4-10 L AFROEmE Y, R LAET2OREICERELESE
BIZXdBEWEA N7z,
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Table 2-4-8. Intraperitoneal challenge with F. psychrophilum against different ayu stocks (Exp. 1, 2)

Mean  Examined Dead Mortality™

. o 2
Experiment Dose Stock weight ( fish fish (%)
DS 3.8 20 17 85°
7.3 DS-AS hybrid 3.9 20 9 45°
EXp. 1+ eeeeeeeeanaeeeen AS o 36, ... 20 .. S
DS 3.8 20 9 45°
6.3 DS-AS hybrid 3.9 20 5 25
AS 36 20 1 5°
DS 6.4 48 45 93.8°
Exp. 2 7.5 DS-AS hybrid 6.1 47 30 63.8°
AS 5.5 48 11 22.9°
Fish were intraperitoneally challenged with F. psychrophilum PH-0215 and observed at 16.5-18.2°C
for 14 days.

*! Log1o CFU/fish.

*2DS: domesticated stock, DS-AS hybrid: hybrid stock between domesticated and amphidromous
stocks, AS: amphidromous stock.

*3 Different letters (a, b or c) indicate significant differences (P < 0.05) between stocks.

100

80

60

40

Cumulative mortality (%)

20

1 3 5 7 9 11 13
Days after challenge

—0—DS —&— DS~AS hybrid —{—AS

Fig. 2-4-10. Cumulative mortalities of ayu after intraperitoneal injection with F. psychrophilum at
107® CFU/fish (Exp. 2). DS: domesticated stock, DS-AS hybrid: hybrid stock between domesticated
and amphidromous stocks, AS: amphidromous stock.

BREIIFUORR

REVIFUVERICBITHAETRAEIS L OERMBE P OKIE%L Fig. 2-4-11 IR LT, &
KIFDOFELEL, FMINKEBTLZHBLTI12 BED S5 B23 BrbHEEEH, 6 A THETHE
CAREEW, 7 A LAUBRRKED ERITHEVRKRBIZLIIECEEREN R oD
T, 6 HRETZERYME L7, BHECEBIVU 7 F U OREHRIZHOWVTIL Table
2-4-9 IR LTz, BERREROFBRLARC, BRBELLAKRICL I ERLBNRR
(DS) , ELH (DS-AS hybrid) , HERERZRT = (AS) DIAIZIKLS otz £z, WT
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Fig. 2-4-11. Cumulative mortalities caused by spontaneous BCWD in immunized ayu reared in river
water. ' Fish were vaccinated twice by immersion method with formalin-killed bacterin. DS:
domesticated stock, DS-AS hybrid: hybrid stock between domesticated and amphidromous stocks,
AS: amphidromous stock.

Table 2-4-9. Spontaneous infection challenge against immunized different ayu stocks

o Examined Dead Mortality RPS
Stock Group fish fish (%) (%)
DS Control 244 117 48.02 -
.................... Vaccinated 244 78 320 333
. Control 243 86 35.4% -
DSASMON Vaccinated 248 572307 35.1.
AS Control 214 59 273*2 -
Vaccinated 215 37 17.2*2 376

Fish vaccinated twice by immersion method with formalin-killed bacterin were reared in river water
under a field condition in 2004 (see Fig. 2-4-11).

*' DS: domesticated stock, DS-AS hybrid: hybrid stock between domesticated and amphidromous
stocks, AS: amphidromous stock.

*2 Significantly lower (P < 0.05) than control in the same stock.

+3 Significantly lower (P < 0.05) than control in DS.
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Iin 55 % SR I 4 4 D L8R

REEAT > e B FRFEDT D F. psychrophilum 3 £ V. anguillarum \Z3f§ % $EL FUAA
% Fig. 2-4-12 IZ7R LT, WPENOFFEEZHER LTS, WERERRT = (AS) OEEIEIE
FRERRT (DS) LERLTHERBILEL of, £, REEHRT = (DS-AS hybrid) ©
BAEFUREILBELER (AS) , BRAT = (DS) OFMBELRok, WFRORKD
T 2IZBWTS, V. anguillarum 23t 2 EEEHUEMIL F. psychrophilum (X3 % B HLK
LV bHEEIZENL> T,
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log titer
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Fig. 2-4-12. Agglutinin titers in serum of ayu immunized with formalin-killed cells of F. psychrophilum
(black bars) and Vibrio anguillarum (white bars). Experiments were conducted two times (Exp. 1 and
2) using fish with different body weights. Different letters (a, b or c) indicate significant difference (P
< 0.05) between stocks. Vertical bars indicate standard deviations. AS: amphidromous stock, DS-AS
hybrid: hybrid stock between domesticated and amphidromous stocks, DS: domesticated stock.

BE

BONC, NILT7TaZKMOoBKEEZHEOEEEZERNICHALNCTH720IL, EBERA
TECAEENTVWIRANRR, BEXERBIOCHERRERT 22 BRRERICH L (6B
1 ) , ZORER, WMERBERRLRNRRIV VEERERT 2 OB KFBREENBEN &
N LTz o7 (Fig. 2-4-2, 2-4-3) , HAREY, FRERGRB LMY & EREFER
BlaoTh, ERAEEENRERDIT2E2ANTY, MEXERT2OZOW®EIZ—ELT
Wiz (Table 2-4-1,2-4-2) , TNETLEERTRERZT2R(ELEAEESH, 206N
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FELTHANBRBIZAWONTELR, GARBICEZHEOBRNVEEZERDOAEEREB LV
FANBRREEZERLT LT, WIITOBKRFEELER TELIEEZ20ND, BELER
T, BARFRZHEORWVHEREROAEIIFLEIND L L HLIZRRROAERNEITHE
IS, BEREROEERENEML TS,

TN 3RZMOBKFUNDBERPEICS T IRZME AR D 0IZ, V. anguillarum 2
LBRPEREZIToTZ, TOKE, BARE RN, BERRERT2OET Y AR
ZRHCERIRNRBOWERRROZEN LY bE > 72 (Table 2-4-3)

BATE, LE3REOT7T 2N HEET ITHXT 2 RBI)I%R, BEER)IR,
BEAENZBLOEENRT 2REESNVAIBESATHE 2 MDD, ZThbD7 =i
BLTORAKRFEZHEORFETo7 (F21]H) , REEROFKE, BH)IRIBERRE
FRREOEHWRAKFABZEZRObOLEX DRI (Table 2-4-4) . Z O RBIRICEHE
MOT 22 REIE-BBEENREF L ICEASIREHEBEARG)IZE L CHEERNRIC
LTRPEEREToERE, WThoRFKEL bBERER LERRICETRITIELS, Zhb
EWAKRIREEZE T2 LD LB X b (Table 2-4-5,2-4-6,2-4-7) , B#EEIIRITAHKIF
THREEZRENOT 2NLBEH/ELELOLEZLL12D, BEIOT 2OBKFBERZMHEIZ
BLTOLEHRETOILERDD LEZEZONTZ, BKRMFEERKE LB XN D EERE
F, BERBEINR, #HBEABINRBLCERININRZROMIC, ARLRSEOEIIRBEEILE
ofz, =7, MIUWRTEESN TV IARENERORMITRMNR LY b o AR RS
BrofZ &AREINTEY HRD, 2003) , SEAWVZAE)HEXOMHBAZ)IR
DRKTFREIEAED > 2R —H L, Z0OLS CHET 2 mk+ 5 ATAET =
DEKRRBZEITEENITEWVEMB RN 5D, BET20—2¢E2 005 EH)I%R
DEZERE P72 &b, RTOWET BB KRMKEEEZFT L TWEIDIF TRV
iz s,

BB TR 2 01 5 AT 2 72 DICEERR R =8 L CMERRLR T = A& K
HEDLKEITo7/ (B3H) , BREOHMICIFRECBRAMETH S EEN, L TH
ﬁ\ﬁi@ﬁi?‘]f%)\?ﬁélﬂifﬁﬁ%J:Zﬁ%ﬁﬁ@'ﬁﬁ?&?ﬁéﬁi%ﬁ(:%D\TEE&T'&%’J’5:%7‘:?‘:

(Ellis, 1999) ., WEREZOEKFIHRMEIX B RKR S L FRICEENEFIZE > TH R
INT=Z &2, F. psychrophilum DERNBRAB O LEEHHEP K E RREZRI-LTVWD L
BEADND, ROFEFRNWEBRHHEOTMIZENT, FLROARIEL X OTEEBRAE
EREBHEED—D2IZ72 5 (Secombes, 1990) , F7=, & F A Paralichthys olivaceus {Z 8T,
HIMEROEHBRREARELZEEICHETCES2=tr 7 V=7 FF7 YU A (NBT) ZAWN
T HFEBRE IR TWS (Miyazaki, 1998) , NBT i3EMHEMECETL SN D & HABEDO R
NIFCEERL, VAFVRNLT I FTHELRTUVERAEEZRETE RV, —%,
WST-1IBTE SN B L ABHDO RV~ F L R ERT B 2 &5 bEREEZ AWz iH 0%
ERRL, EENBT KV EWRENE LN S (Tan and Berridge, 2000) , Z DI &b,
AR TIEWST-1 ZAWVWT 7T 2 HMROEEMFELERLBIE L, LrL, BERRESR
B L OHEEZZBL SR O respiratory burst &, WST-1 2 THEB L OCERRICRARBOEIZA S
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nighro7- (Fig. 2-4-5) . —7F, MEKFOMEIC I HBRHEAERIEEH BN TRER
BB E B3 2 (Ellis, 1999) , =T~ RHERD F. psychrophilum /3= < A MFIZxF LT
REIMEETRL, MEPCHEMETS 2 LAHRE SN TWS (Wiklund and Dalsgaard, 2002) .
IDZEMND, BERBREWMERERT2OMIEIZRIT D F. psychrophilum D% 1E A
DEERF LN, WMEOMER T F. psychropi'zilum IXETE L, MMEZOEEICHERR
Motz (Fig. 2-4-6) . £7=, APV RAAFKICIDMFaAF I NVBED LR CREMEE
RANRECRPEEORZIMESE 25 Z &5 (Muiswinkel ef al., 1999) , BRFEOMIE=
NFIINVREEZLBE LN ZINICOETR N2 o7 (Fig. 2-4-7) . AR TRET L=
THE CIMRE R & M RMICERZBDONT, BARFEMEEOERIIYE L HZiXT
Elehol,

WIZ, F. psychrophilum OMKIF X OEENROER L RAEM CHE UIEE, BEENE
TE 6 R E CHEXRRERABLURRRT 20 EHKICEIT Lo, 24 X030 Fek
CRIBERERT BV THEERES L, BRRT 2 CRBCHMT B 2 L35 55
Ligolz (Fig.2-4-8) , ¥£7-, ME, BWEBLIUOFBICRBT2ERLWERERT = Tl
BOTHZEBRBELMCRoT (Fig. 24-9) . 2D e, BEXRRRT 2D F
psychrophilum ZEN P LHEE T2, TR ENTOMBEEMAIENIIRARRT IV E
WIZEBHAOLMIZRY, BARBICHTHMFEEICEEBARTILOTHI EEL LN,
Bk ooi@ Y, MIEFICET D F. psychrophilum OEFAMIZRBEHIZB N TEN RN &R
HAONZRoTNWD I ENnG, KN LD F. psychrophilum DHERIITHEHERENEE
LTWa b0 EEZ b=, Miwa and Nakayasu (2005) {37 =& & D F. psychrophilum
DHRIZBWTALKOBEREANEETHDI L ERLTEY, ZHITHBKRBIIFHMEIC
B MARRECERESZEMITTVWEI LD EEI LN, ‘

MAKIRBZMERRAEBM TR RD LB ERNITTINTD, BKFERZEIEET 50
THIOVTRALH TR, TOZehb, BERERT =& BRRT = ORERHR
EEHLUTEFSRECHARARBRERZTo1EZ5 (B4H) , BARICELIELELH
FREOFE Y, BABEZHEICELIMENEREDOT 2 bRERFEICEME L L
£Z bl (Table 24-8) . T, WERERT OFHOBKREHRIECBE LI BE
TN, SHOGKAMBEEBTRICB W TEERRE 2R ARERRBEINT,

AR D &Y, RiEH» o008 Li-aMmIRDF A £ 23 5 respiratory burst iE 3
S OAERRE, MEPRICEBIT D F psychrophilum OMEFEYMEIZMIRERS & S HRFEMICE
Ba<HARKREMAEECELZ BEREENRBEREIALLICRDbEP o7z, £Z T, F
psychrophilum 23§ 2 BEREEROZREMICBIT2ZEZHLMICT B0, BARRZ
HORLDZT2ZREY I/ FURBEITVWETOEHEDOELRI L, £k, 2HOAL
WEFTHZEICHELTWDZ D, RERTREBEVI/FUr2HAVWE, ZhETIZY Y
FrOEDMEELRFTIEEFEL LT, FACEITHRBRERREZITVWENTH -2
Zenb (BUE FEI3H) , AEROFETEREZITo, TOKR, WThORKEITE
THRETVIZFURBAIZ L > THAKBOELEFITHE BIZELS 2o 7dd (Fig. 2-4-11) , &%
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MICBITOMBEORECEN R -7222bH Y, T2RARICBTZ2V 7 F 0G0
DEZDVWTIHALNICR R LR o, —F, BEYV I/ FUORHRIZ333% 15 37.6%
LEpoTb DD, BRBRBIZHTI2HEMERRD bhiz (Table 2-4-9) , KEWHT V=
N MEERMUEERY 2 F o OBAERICBITIEDRIT282% 1D 39.6% Thol- =
Eb (BOE FE3H F1H) , AERTRERFMIELZLOOBERY I F U LA
BREOCHEPMEEZ R LIZOTRREVWNEZZ O, $2, VI FUAEEIT o R BERAR
RT7T2DRTRBEBEN-TZ b, THHARE L2l KRR MR 2 2500 )
WICHAWD Z L THRFEENRESLICERH TXS¢Exbhiz,

F. psychrophilum 33 £ OV V. anguillarum ORIV~ ) VEECT 22 ®(ETH LT, K
REZHEORL S 3 ZRHOGIEEAROELZLE LT, ZOHE, EHLoD0HRATHRE
LTHBERER7T 2O MPEEIEMITIBERRZT 2LV FEICELIRY, ELRER
7o OBERRHERREEROEC R L ARICHRKOPMBEL R L RALNE A2
o7 (Fig. 2-4-12) , $#~> T, BERERT =D F. psychrophilum 35 XV V. anguillarum i
NTAIBEEARIBRRRT 2LV LEVEZ IO, ERAEKRRZE L FAKICZ O
BLHEETAHAREERRENE, 202D, BERKERT TN OBKRKRIFHEXH
BELABOBILHRBLTHWIAEEERDH D, —FH, IO LBVEBERERD V.
anguillarum (X T 2 EZHIIRRZ T2 X0 &L, KRB ZHELEFOEBRTH - 7203,
WBERZERRT 20 V. anguillarum llﬂ‘ﬁ‘éfﬁﬁifﬁétﬁﬁli F. psychrophilum (Xt T 2 HUIKELE -
EEFRICEARRZRT 2LV bEL, 7V ARBZEHEOBRLEETI—BELEhoTz, ZOK
® & LT, V.anguillarum & F. psychrophilum @7 2233 2 RRECHREE FOEWNRE
Z b,

FEMBEAMEEFHEAE (major histocompatibility complex: MHC) 13 6e & & % K
L, BREMEIZX T A IBPIEOBEBHERIZ 2> TV B AIREMEAR I TV 3D (Muiswinlel et
al., 1999) . ZA ¥ A 3 VY4 Salmo salar \IZBWTIE, HMEBIORY AV RRYLE O RS
& MHC 28 L OBENB /R ENTWSD  (Langefors ef al., 2001; Lohm et al., 2002; Grimholt
etal,2003) , £/, =V AOWAKFEZMEL MHC v — I — L OBELRBRIN TN

(Johnson et al., 2008) , #~- T, 7 =2 5 MHC DR H % K7 it 7 M AE & 35
HEBRPVICRDIFARBERZZOND, —F, =V~ ADGEYMERERIEFEE R RS
BEFEMREICEE T S RAKERO—®AN, v4 270+ 754 b (MS) v—h—%
AWEESEMTICE Y REZ L TW5 (Okamoto et al., 2002; Khoo et al., 2004) , 7 =D
WARBRICB VW THHERRERERRREXBEIEEZT 2% AT QTL (Quantitative trait
locus) FEMTBMTONERR, HAFRMREL ABICHEET I MS ~—I—2NHLMCER
TV 5% (Sakamoto et al.,,2008) , 57X, ZODNA~—F—% W3 Z ¢ THELRBAR
RIRTIEEL 720, BAREIRIEE A Lis AT = 0 REARE, £ X2 M L7 A
IT72DEENARIZRD EEZ LN D,

-
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£ 581  Flavobacterium psychrophilum O &EIREAF D5t

F. psychrophilum IXIEWEERE A THLEZON DN, KEOEERER FIZ oW TIX
BEIE LTRBLE > THBE T2 (Nematollashi eral,, 2003) . ZNET, 7 BA
FIZBT F. psychrophilum BRI O T 07 7 — P EAROZRNKREEICBEBKRT I Z L
MR X (Dalsgaard and Madsen, 2000; Ostland ef al.,2000) , A X a7 a5 7 —EEH
INFELIITEN TS (Secades ef al, 2001; 2003) , —F, F. psychrophilum O ¥
OB R b 2, ZOEB L U THECHMMICEARTICA L MERLIC
LB ENRRELRENTWS (Kondoetal.,2001) , 7=, aDERKRIZH TS F. psychrophilum
DI BFEIZDONWT OB L ZRENTEY (Kondo ef al., 2002; Martinez ef al., 2004) , 7=
WBWTHEZRODERABEORAMPFTHD Z LR REINTVWAS (Miwa and Nakayasu,
2005) .

MR T B OHOAKBEICB O TRBICEENIMBEIRETH 528, REH
FHECL PHEEOREERICHTHIBIELZF> TS (Ellis, 1999) . £z, =V~
A BES Iz F. psychrophilum 13, WEEOFEICEHDLL T =V~ 2AMFICEIIEL
FoZ ENRENTWS (Wiklund and Dalsgaard, 2002) , LixL, Tah oI hiz F
psychrophilum O 7 2 MIFIZHTHRFEEIA LI EINTE LT, 7S OADMIFIZ
MIBZEPELAATH B, KRR TIE, ToaBLOT2pPSORLLHEEI N F
psychrophilum % iV T7 = MFIC BT ZHBEME L KT D & &bz, 7T ORDMIE
LTI 0MEEANVEOHEMELR L, £7-, MIEEEELE OBFREH LM
S FABREDIL, TABLOTIRZHTHHEEICOVWT LA~

MBIV FE

HEEH%®

EBRIZIX, 2000 225 2005 FIZLBERNOFZEBEBB IO THER LEZRAL L5 L
7= 36 ¥k D F. psychrophilum % i\ 7= (Table 2-5-1) , T OWNERIX, 720> 0BEL 7= 19 #E,
YYADPDOREELTZ 48K, TInDDBELZ 48, U< ADLRM LI 28K, 440
UMD SBELE 6 B L OF LTI b ABE LT | B Th o7, |

HRABLUNBFORE

KREBEHEHEy 2 —THEIRL W72 (BRR) BIUOT I 2HE L OURS
CERBRICH L, Zhbofid, BARLEBERAKEKREAVEBRIGATRAE S, F
psychrophilum DBPEII R BEREBIIRF Thol, BHELENLERBICE » THRE
L7cli#ks 4CT—BipE LEE S, BELME»OELH (5000Xg, 5 47fH,
4°C) I & v il (FfEmiE) 2B L, EBICERICAW:, £, EHICERICAWE
No A IX-80CTHREFELE, —HMOMEIX 45C T30 M0 LEE L, FEEbmFEE L
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TERICHAWE, BRENPN0gD7a2BL00 g7 <dnbRIML, 7220245
BEORT X 10 BoOME2ZNEN =V L THWE, £, RNOERBIZBWT
WARFERRBEPOEE L7 20 o MELRBRL, ThxfFEmiEs L, HEHT0g
DT Z2RBPLMBEEEBL, RO FIETIMIE LRI LT, F. psychrophilum \Z3t 5§
EPUEMIL, 0.3% K<Y ¥ (viv) TARIEIL LT F. psychrophilum PH-0215 #£ (0.1 mg/mL)
rRWA7uZ A4 2 —ETRE L.

& T F. psychrophilum DEFEE DR E

F. psychrophilum % EY A b7 7 — HHRAEEH T, EEMY (OD 660nm = 0.3 )
ETISCTEEEE (60rpm) L7z, HRE»OHEZIE LB (12,000Xg, 1430, 4C)
WWEYVEIRL, 10% (vv) Z VBV VR2BLHREYA b7 7 —TREEHRIZEBHL THDS
BEDO15 mLF2—T7IZRELSOCTRMEL, —HOF=2—T71%, MARICHELAE
BEHOMEEITo72 (J910°CFU/mML) , MELE-EREAEAEAKATHRL, HE2HE
LThbERICAVW:, HRLAEEK SO pL LEEOMFEZRESL 18CTHELE, M
BT 2B L 07 < S0 SRR L FREM IS 2 L, — 0 ZRICIEEBLLE S Lo
REMFEEZA WL, WELES LEEROEE (WIEE) 134 10° CFU/ML (AREMLE T
IR 10 CFU/ML) & 725 X 2Lz, AFHKOREI 24 BRIZIZITY, 24 BERZOEK
EIBIESTHR LT E (Growthrate) & L7z,

RRRR

TaBLOT <IN HIREMEE 22 KD F. psychrophilum (7 =75 538 L7z 8 B,
IrRRENPODBE L 9K, 2/ BAEIOABE LIS 2RAVWTRE L, 7= (F
BRE 1.9 g) BT~ (09 g) % FA-100 THERL, MEEERXIRE T 5 L EEANICHTR
@ﬁ%f%%bt%ﬁ%iwqumxmﬂwwmha&éiiazsupfoﬁﬁbto
RHBROT 23 LT v DR ERBEADHRE 25 uL TOEELE, TaBL0T <
TFENETR 20 BAWE, BRELET 2i3KiE 16.0-16.5C, 7~ Tid/kil 12.8—14.0C
DS RLEBIERAKEAEZANT 1014 AHEWRAEFET Ui, EREIBFIEC LEZAD
B b1, WEYA 7y - FERBHTHIBEEIT> . |

F. psychrophilum PH-0215 #3 X OV ZH-0412 8 2 AW CHERBBEZE O T 2 P O HE D
HEZET-1-, TNFN15EOT 2 (257 g) OEFEANIZ PH-0215 %% 9.0 X107 CFU/fish
B LV ZH-0412 B % 8.7X 10" CFU/fish IS L7z, MREO 7 T3 LB AEAK DL % HHE
L7, KR 188—19.1CTEHE L, 24 B L O 72 HBICENLEN S BT o~ L
HL-ERSBCIYERMLE»SEML, .mli&qﬂmﬁiﬁ%?ﬁﬂﬁ L,
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R

F. psychrophilum @ I ;& T & HE 4

T a2 ¥k, Y RRESE 2 MBI BAESB 2 RO T 2B IO v IO
fif 1 3 X OV FEBYL i T O EFEME % Fig. 2-5-1%:% L 7=, PH-0215 #k & & O* PH-0424 BE i
7 LI THEGE L7225, OH-0221 #k, OH-0224 £k, ZH-0412 #35 L O CH-0411 ¥R iT 4 HFR
RLUT &R 7, #1Z, OH-0221 #£¥ £ U OH-0224 #RIX 7 ~ = ifiu{& THEFE L 7= A3, PH-0215
BR, PH-0424 ¥k & OV ZH-0412 #R I WA L, CH-0411 BRIFBHBRLUT L2072, —F,
7 2 FEBLMIE TIX OH-0224 BREZBRM 2 S BRAS, 7~ T FEBLIIE TIXT R TORRA HEFE L
7= (Fig.2-5-1) .

R L 2RO T 2B X7 ~ il {E TOHEFEM & Table 2-5-1 (2R L7z, 7 25 b 5y
L722BRIZ7 2 MIETOMENG 116 fFICHI LA, 7~ TiMiE Tid 0.21 0> SRR RS
LT Erole, W2, 7T2UNADPGHBEL T 2RILT 2 1E THRHEBRFRLLT & 722 o 7073,
P rREENPO DB L 0BT SRR T~ T M{E T 124015 23.5 fFICHEEL -,

7 2 O EF T O PH-0215 RO MM % Fig. 2-5-2 (2R L7c, 2 R OBERFUAMIZZ
nZErh1:2* (Serum A) BE W1 :2° (SerumB) Thotz, ZORZEIMEF TiX, 18CT
24 BE A > F 2 _X— P L THEEKIIMML 20 1=,

initial [[124h B 24h (heat-treated)

5 F

4t ‘
3 |

2 F

1 . :

PH-0215 PH-0424 OH-0221 OH-0224 ZH-0412 CH-0411

N W~ o1 o

Log CFU/mL

Plecoglossidae Salmonidae Cyprinidae

Fig. 2-5-1. Growth and survival of Flavobacterium psychrophilum strains isolated from different host
fish in ayu (A) and red spotted masu trout serum (B). Bacteria were inoculated to serum and
incubated at 18°C for 24 h. Heat reatment for complement inactivation was done at 45°C for 30 min.

The values shown are means and standard deviations (n=3).
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Table 2-5-1. Sources of Flavobacterium psychrophilum used in this study, and growth rates of the
bacterium in serum of ayu and red spotted masu trout (RSMT)

Host fish Strain Isolation Growth rate*
Organ Year Location Ayu RSMT
Plecoglossidae PH-0003 2000 Farm 28.7 <0.01
: PH-0035 2000 Farm 204  0.02
PH-0037 2000 Farm 9.0 <0.01
PH-0103 2001 Farm 9.1 <0.01
PH-0108 2001 River 10.9 <0.01
PH-0215 2002 Farm 38.8 0.21
PH-0316 2003 Farm 53.1 <0.01
PH-0415 2004 Farm 35.7 <0.01
PH-0418 2004 Farm 66.7 <0.01
Ayu PH-0419 Kidney 2004 Farm 222 <0.01
(Plecoglossus altivelis) PH-0420 2004 Farm -54.2 <0.01
PH-0424 2004 Farm 116.0 0.05
PH-0443 2004 Farm 25.7 0.01
PH-0447 2004 Farm 61.9 0.03
PH-0526 2005 River 33.3 <0.01
PH-0527 2005 Farm 445 0.01
PH-0529 2005 Farm 340 <0.01
PH-0534 2005 Farm 14.0 <0.01
e, PH0839 2005 Fam 339 . 001
Salmonidae OH-0016 Kidney 2000 <0.01 133
Masu salmon OH-0221 Gill 2002 Earm <0.01 235
(Oncorhynchus masou) OH-0224 Gill 2002 <0.01 5.0
OH-0305 Kidney 2003 <0.01  <0.01
OH-0501 <0.01 0.11
Red spotted masu trout OH-0519 . <0.01 <0.01
(O. masou ishikawae) OH-0533 'ldney 2005 Farm ;04 402
OH-0540 <0.01 1.6
Rainbow trout OH-0203 Kidney 2002 Farm <0.01 1.2
________________ (Q..mykiss)._...........QH-0308 "7 2003 77 <0.01_ . 0.4
Cyprinidae ZH-0001 Kidney 2000 <0.01 <0.01
ZH-0220 Gill 2002 <0.01 0.51
Pale chub ZH-0339 GEII 2003 River <0.01 0.47
(Zacco platypus) ZH-0351 .GI" 2003 <0.01 0.09
ZH-0355 Kidney 2003 <0.01 0.09
ZH-0412 Kidney 2004 <0.01 0.19

Silver crucian carp

(Carassius auratus langsdorfi) CH-0411 Kidney 2004 River <0.01 <0.01

* Examined after 24 h inoculation at 18°C.
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Fig. 2-5-2. Growth and survival of F. psychrophilum PH-0215 (ayu strain) in immune ayu serum.
Serum was collected from two ayu (A and B). Agglutination titers against F. psychrophilum were 1 :
2° (A) and 1 : 2° (B). Bacteria were inoculated to serum and incubated at 18°C for 24 h. The values

shown are means and standard deviations (n=3).

R EER

TaBIO7 T2 AVWIREEROFER % Table 2-5-2 IR L1z, 7 biBEL7- 8
HRIZT7 2zt T 2WEMEE R LR, 7TvTICIREMERE R oz, 725 Mke
WL7 23 3-8 BRICFEITHD, 14 BRITIZFETRN 20-100%ICE L, —F, 7
PN DENDHE LT 14 BRIET 2 ST DR E RS R hv o fz, o BHARED B oy B
L 9T THRBL O BEAEIONBELE ST 2B T ~TITxt T2 WEMEEZRL
e ZTNODOKEEHF L7727 < TE 1-3 BRIZITFEIZHD, 10 BRITIIFETEN 5-70%
WWELLE, WThoRAOKHBXRIZHLETCIIR O RN, £z, ECLLEAOEREIS
THERE S NLT,

EREE LT 2P OE % Table2-5-3 IZ/R L7z, PH-02IS BkZEH LT 212EH
WTIE, 24 BERIBRB IO 72 BEBICRL L S RBE2TomE»roMEARH Sz, 72
BRIV D10 ROT2ORNSEBELC L TWEOT, EFLTWE S B2 HHI0 L
o —7F, ZH-M4R HRKIZBWTIRWThoarbbiRiBahd, BT RroT,
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Table 2-5-2. Pathogenicity of F. psychrophilum strains in ayu and red spotted masu trout (RSMT)

Ayu RSMT

Strain Log1o CFU/g Mortality Logio CFU/g Mortality
(fish weight) (%) (fish weight) (%)

Plecoglossidae

PH-0035 5.7 65 57 0
PH-0037 5.7 70 5.7 0
PH-0215 6.2 75 6.3 0
PH-0316 5.7 100 5.8 0
PH-0418 5.7 65 5.7 0
PH-0424 5.7 55 5.8 0
PH-0526 5.7 20 5.8 0
PH-0529 5.7 35 5.8 0
Salmonidae
OH-0016 47 0 48 55
OH-0221 57 0 6.0 40
OH-0224 5.7 0 5.8 70
OH-0305 57 0 5.8 25
OH-0501 5.7 0 5.7 15
OH-0519 5.9 0 5.8 5
OH-0533 6.4 0 5.8 0
OH-0540 57 0 5.8 10
OH-0306 5.7 0 5.8 0
Cyprinidae
ZH-0001 6.2 0 5.7 0
ZH-0220 5.8 0 5.9 15
ZH-0339 5.9 0 5.8 10
ZH-0412 5.8 0 5.9 0
CH-0411 5.7 0 5.8 0

Fish, ayu (domesticated stock, mean body weight: 1.9 g, each n=20) and RSMT (0.9 g, each n=20),
were intraperitoneally injected with the strains and observed at 16.0-16.5°C (ayu) and 12.8-14.0°C

(RSMT) for 14 days (ayu) and 10 days (RSMT).

' Table 2-5-3. Viable cell counts in peritoneal blood of ayu after intraperitoneal injection with F.
psychrophilum PH-0215 (ayu strain) and ZH-0412 (pale chub strain).

Time after Logio CFU/mL in

Strain injection  peritoneal blood
24 h 3.5 + 0.8*" (5/5)*?
PTHO21S  72n 42308 (505)_
24 h <1.0 (0/5)
ZH-0412 72 h <1.0 (0/5)

Fish: domesticated stock (26.7 g). Water temperature: 18.8-19.1°C.
*! Mean # standard deviation (n=5).
*2 Detection / examined fish.
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EE

MEERAEIAEREMEEORFER T & LTAL ML (Ellis, 1999) , ZHET
Psudomonasu anguilliseptica, Aeromonas hydrophila 3 X WX Vibrio anguillarum 72 &€ TR
MRS LM ER TV S (Nak.ai, 1985; H#H 5, 1985 ; Leung et al., 1994 ;
Boesen ef al., 1999) . AMA TR T 2B L RT 2 S ORAKAPL TS F
psychrophilum Z IVWT, 7B LI O7 v TMETOHEBAEER LTI T 2B LT < T ITHf
TOHREMEE L T,

TaBLUOT7T I METCOBMBELTASIL IS, ETOT 2 HBERIXT = fiE+ TH
5 L7z (Table2-5-1) , L22L, 7P OANPLHBEL & TORIET = MIE T 24 KR
BICIBHBAUT LAY, IR CHESRZbOLEX bR, —JF, TvIMET
7 S BERIT MM E R L 0 RIBICMD Ui as, 57 BHASE S B © — 55 CIR FE AS R 3R
Ehi- (Table 2-5-1) , T HDOZ b, TaMFEPFTT 2 HHRSEEL, 720
BTT2PUNOROGHERO—BBEIET S Z EBRALNICR T, £, ME% 45CT
30 Sy FILEET 5 2 & C, FfEME CREELIEEE I SN ERSEE TS LS IR
o7 (Fig. 2-5-1) . &5 (1988) i, 7B LU=V~ AMiFE%E 43°C THlk 20 5[
BT DL CHENRELLTSZEEZRLTWVS, TIHBEORFEMLEFEIRAILNT
WRWR, =V AMRLRRETHILBZOND, ZhbDIlhb, Ta2BIUT
~ S fL{E T D F. psychrophilum OFEITIIHENEE L TWH L EZ bz, Wiklund and
Dalsgaard (2002) (Z=Y v RABEEKB L OIFREKRO =YV~ 20 MiF I3 5EHELE B
FLED, WTFhORBEFIEEZRLIZLBREL TS, LL, 24 H#E OHKIIED
ERRVPEHEREARE THY, AFECBNTT 25BN T 2 MiEF TR LKL 9.0 %
b 116 FISE LEEEIRAZ LR, 2T, 72MIEIZBIT D7 2 oBER O HFE6E
BEARVEBENbDEBZZ LN, EEABEOCHEOHE _RKE, ThbbiifoEERLIC
RRAEZEFRNCLETIHEOFEEIMAEL Y KBICE L, BEFAEOAKNEI
BWTEEARRFZR-TLEZLN TS (REFDH, 1988) . £z, 7 OREFEMEIX
SURAEVENWIENTREINTEY (REFH, 1988) , 7TaIZEWTIH I Y HERKE
ERELTVWRLEXILND, (o T, 7TaRBKROT 2 MIFIZHITDEVEEREX, 7
2 izxt$ 5 F. psychrophilum DRFERFDO—->ThHhHEEZ bz, WAHEELIIRARVE
BRABEOHESHERR, —HofNERVWTHAEOIAERLHELESG LRV LAHL
DIZENTBY (b, 1988) , 74 BEsk & MABSBERICR D - AERF R M
FIRPIUE, T2l 7 v I0MERSOBMOERICIDZbDLEEX LN, ,

BARBEHRBENSEE LT a2 bBhiEz afmiE s LTT 2 RO MEMMES
FARLELZ A, FERFMFELERZY 24 BEMETHERICE I 2 HEBImME Sz
(Fig.2-5-2) , UL, ZEEMAIXRD bied -7z, Wiklund and Dalsgaard (2002) %,
=V ADRENE CHLRBOBREZRLTWD, F. psychrophilum \ZxtT ik & Ste=
Ve AMBEEZERCEZHREOEIEN =V RACBVTREINALTVS 2 L 75$E>
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(LaFrentz et al., 2003) , EERNIZEB W TIX F. psychrophilum DLEBIZHIENRKE < BEE L
TV bDEEZ LRI,
 ERERREROMR, 7O LERIET 2 LTREEEZR LS, T
LU THREMEEZ RS Ripode (Table 2-5-2) . —F, VU RAHEBLCaABEaEILS
BELTZBRIZ T 23t LTRBEME TR IR oo d, —HoKIE 7 < Ficxtd 5 mEEER
L7 (Table 2-5-2) , MMM L HEEOBEB{IIT BN T—K L7, MiFTOH
L B ROBEILT L bR L AN, KIC, ERBREOT 2K T B & KE
LERHFLIE 25, 72miETHIT 5 PH-0215 #TiE 24 B ICIZMIEH» bR &
i (Table 2-5-3) . LA L, 7Mif THMEL LWV ZH-0412 KRB MBE P DRHEND Z
Lixl, fRTREINTEbDEE X DNz, €5 T, in vivo TD F. psychrophilum @
WFEME & invitro TOHRME L XL —FT 5,

ABFRICE Y, 72MFEFICBT 57 2 SBERO RGBSR SR, 72T 55
Rk & OBEMRDE B 2T 72 o 72, F. psychrophilum 37 = & COEHEME = BHF L= Z & T,
T2 T AFEEEEER LR LBA O, 2D T LiX, F. psychrophilum O7T =
3% T OMWIMEE invitro TRET D2 & T, 72T 2 RWREME L HE TE B AEMEER
RIS, FEMEIZHERREDMOADOBEIC LY IIFITH I HIRFA%EEZF S (Ells,
1999) , F. psychrophilum D MIERPEDOEFIZIE RATH 5, F. psychrophilum O i
RHEHOMEMFT B RENTWSH Z &5 (LaFrentz et al., 2007; Dumetz et al., 2008) , 51%
MG RO F BT AR EEN D,

Bit, =V~ RAFAEBERKXD F. psychrophilum O ) AOLBEEFINEE I, HEME
CHEETDLEIAONSBEBFORMMHY AT vy 7ER TS (Duchaud et al., 2007) .
ZIPDTREINDZFURIEORN, R MVARECEDE, BREEBICHDLL Z 1
B, fERFBIORWE a7 7 —EREEME~DESE, BABIOEEIZEELT
WA RN R I TV S (Duchaud efal.,2007) ., 26 DFERMN G, F. psychrophilum
DHEEEAFOEMBRSIOITEREY, BNLURENOBRBIZSREDIbDOLEHIFIND,
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EME BR7 =% 4 L E B (BKD)

Renibacterium salmoninarum % JFIR & ¥ 2 BB £ B % (Bacterial kidney disease : BKD)
X, ZLOETEMEFCRZTMNOV 7y BHAHTHBEL R TWAMERRFECTHD (&
K, 2004a) , BARCEBWTIE, 1973 EIZdbEE D~ R/ R4 Oncorhynchus tshawytscha,
t A< X O. nerka, # 77 b= R O. gorbuscha ¥ & ¥ < A O. masou THIHER I LT L,
SEFHOBRMG I AHEN -7 O~ - Bfy, 1977) o BEBRTI, 1980 ERO%YE
MHEFEFZO Y~ ABLOT <A 0. masou ishikawae THAINH LSk Y, RETH
FEZ 1L EIIRERE IR T W5, R salmoninarum (SHBRNICHEAETHZ LI OHREARI O
EMRMEL, ELIREZINMLTEERRT D Z &0 (Evelyneral, 1984) , BKD i35
BEXEDI2ONEEREHTHS (Evelyn, 1993; Evenden et al., 1993) , TNET, BKD ®
HARAETY rRAEOL TRBSATEY, ZOMOAECB O TERBSL TR

(Wiens and Kaattari, 1999; &7k, 2000) .

2001 £ 4 A6 6 AChFT, KERATRMENTOWET ZTKREERREE L, &L
CLa720EWEEHE LEKOFEIHR SN, SHIERIIAVKENRD bR,
B OERIZ, FrBRAEO BKD OERICEM L T\ L H 5, BKD OFRAENMKL
Bbhic, APRETIE, T2ORCEREZALNCTIHHIL, T oL LIZMED
SEFHRAEZITI L L bIC, BAERTHEEEZANT, 012, BREFEZHLICT
Brwic, MEHATORMEORE LT -7,

MHEBIUAE

RABIUHAES M

2001 £ 6 AT, RINOERGME (RS A) THE 169390 g DHFEOT 2 ZRM L 7,
AHBLUVABEZBE LK, PP hY—YREXEHM (TSA, AARRE) 8L UCKDM-2
BHYERACCEE»OMESEEITo (18C) . £, BROBHERD L IXH R
salmoninarum ATCC33209 v % X L{f (B AKEZRFEERR) 2 AW B EHLHEEI
X 9, R salmoninarum O ERA 7=,

HEEMERE

T2 DREEH S KDM-2 §HIZ X - THBES = HE A R salmoninarum TH 5D 2 & %
B B0, MEREHIAES LU PCR BE ok, £, HHESHZMEO KDM-C
Rt H (Daly and Stevenson, 1985) 3B X UVFBS (4RRIRMIE) ZEHEML TV 72V KDM-2 i
TOWEME LT ~7=, PCR % TIX, R salmoninarum NELT 5 p571 F v NI EDOEKLF%

14 1%~_7 b, 0.05%BERTX R, 0.1%EREI AT A, 20%FBS, 1.5%%EX, pH6.5
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ERE Lz FEEB W= (Brownetal, 1994;1995) , MiE B X OFRKIC, ZREMEKE (1.0
mg/mL Proteinase K, 0.5% Tween 20) #MX THETFA XL, 37°CT 15 534 %
2=t L7, Zhiz, TEP#Ef 7 =/ — 2 M TRE LiELSEE (12,000Xg, 545/)
BT ol D LBEARICELIZTERRMY = / — V2N TREA LiE O (12,000 X g,
548 Le#, EBARICZvafRVA A YT IATAa—VERIEKR (24:1) M2 T
BAL, EOSHE (12,000Xg, 1 M) £21To7%, BoNzAEEZHHZRL LTPCRIC
U7, 7F A =—I2it Rsl B X Rs2 AV (WIEEEM : 501 bp) (Brown et al. 1994) ,
PCR ORIEEME LT, 94CTS pRIGEE72%, 94C-1 4, 55C 14, 12C-2%
E1YV A0 LTI30HA 7 NVRSERE, HREZIZT2CT TS HBRIS &8 7, R salmoninarum
ATCC33209 (Sanders and Fryer, 1980) ZBExtB e L THWE,

FARBEORRERR

KERBB TRESNTVWEEHRESSgDT 2 (RRR) BI®2g DY~ A 2R
RERICHAWE, TROOAREABRLBISNZHTABIOBERAKEKRTHAETEINT
Wiz, T bayBE S PH-0110 £R1X KDM-2 Bz AT 18°CT 10 BREsE#EL, |1
mg/mL &72% X 5 IZ PBS IZB LT, BEGHERZ AWV CAFHEMEB T CREBREZ L
758, 1 mg/mL X 10° cells/mL & 72 o 7=, #5AMAIX FA-100 (K A AREXHIEK) THREL,
REEEEIRE F G EENICETEZ 107 B XU 10° cells/fish £ 725 K iz, EHEZETO0.1 mL
TOEB LU, HREOMIZIE PBS OHZFARIC 0.1 mL FoOEBLEL, TRNENOER
RTISEOT2BLU30BOY~AEAW, #E LZAIIKE 18COEINRROEEHE
FRKEKERANTHRAFHEETELE, £, BRICRETKBEOEEBLZRITTH20IZ, HliC
107 cells/fish R L2722 FNEFN 10 BT ISCRB LW 25CTHE LI,

ERHIMPCET LEAIERZBET S L L bk, BROBHRIEARZMEELIIEE
L, —EOMAA b1 KDM-2 B CRESHbIT o7, £, ERETRICEBELT
WERTORIZOWTEROEROBEEZITS & & bIZ, PCRIEIZ XY R. salmoninarum ®
BREZITo T2,

BREROHE

2001 4F 10 BICREEFORMELZ RNOEFES (FFlH B) TTok, BIEB A D7 i
A RAICERME BAOLEASR TV, S B TiE, 2000 E0 1 AL 4 AETT2HAEF
MICHEE L2FAETM TV AB LY A 28T LTV, I34COHMTRTEHEHESN
TWEARAD=V<A6R (FHEE:1003g) , BLXORAADOY<A21 R (168g) &
BlL7z, BEBLEZAOHAREANRBOBREELTo2%, B, EHBEBLCI2S R
salmoninarum D& H % PCR BIC Lo T of, AR 10,000Xg T 10 &7f (4°C) &>
SHELT%, BONTLEMD LRIRO AT DNA Z#H L, X 1 {842 DNA 2 H#H

15 10mM Tris-HC1 pH 8.0, ImM EDTA
16 FERFHF IR ERRS
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L7z, BIEICHABRESNBDONFAICOWVTIE, KDM-2 HH#IIZ L » THESBEZITV,
PCR 12 & o T R. salmoninarum TH b T & #HER LT,

S HAESBEORRIEHAR

BEBRERORLEIE L LT, BKD O EARAARRBS i RNOEIMS (B C)
THRERLEBRT~IOBEEZ AW, 3RBOT7T~d (EHEE 1029 g) HHEBLE
Flgx 77— L7k, PBS # 242 & (wiv) MATHEYFA AL, 28, ZFERIZAV
T ROBEA G S PCRIEIZ LY R salmoninarum B S iz, KERRE CTHE S
NTWeERERT72 (BRR :146g) BLBY~2 (38g) #1215 BINALIZAKEI0L
wmﬁm,%mm%v*—bémmLfo%MLtom%u%mLt%mﬁéﬁﬁwﬁi
D 12,500 fFERRE R oTe, TOEFEIAIRIET 24 Frf#ER Lok, WAXEFTICE
Z Tz, HBEKDOKIEIX15.0CH D 17.6CT, 36 BRFAT LETRRZEBELEZ, $BXT
i, BHERNE A AT AREORBET -, 2B, HRLET <= 0B ER R
¥ A VA3 L U8R, salmoninarum SIS ORBE THLENTWARNE L R RRBT B0, U4
NASBEB L OHESBEEZ T, REV R — M % 10,000Xg T 5430 (4C)ELHHEL,
045 um DT A NF—TI]RIBLTHH FAM HIRRICHEFE L 15°C T 14 B fRE#E L7223, FHM
MR SR (CPE) 2 REehol, £/, WBTARTOKREIR— % TSA K
HIZBALTISCTT BEER LESHEEBEE LR o, ZOZEhb, HRLETE
BX R. salmoninarum USNDBEMOBFRIE VA N ALCHEIZHERINTHRNE O L ¥
Wr X iz,

EH R Y FEEBRIZIX, R. salmoninarum PH-0110 £8, OH-0114 #£3 X TV OH-0208 #% & A\ 7z,
PH-0110 BRIX B/ A OT 2 OB SN 7= HEHR T, OH-0114 XB/IEHZE B O Y~ A0 b5
BESNT-BEHET, OH-0208 BRI BB COT I N o RSN -EHKTH D, WTFhoOH
BEH FBS Z AL T2V KDM-2 {5l VT 18°CT 9 HIEE®E L7, PBS ICHIE 2 &
ﬁbt%,@§&71(§ﬁ%:mg)%i@?vf(Mg)%h?hS%tlwwm,w4
cells 38 £ ¥ 10" cells/fish DEE &L 2B X HIZ 0.1 mL TOBEERNICERE L, #ELEZAIR
171CH 65 18.9°C DK T, 50 HRIFMAFAE Lz, WTFHOBPEERIZBNWTS, LA
DENES D R salmoninarum O % PCRIBICL VITWIERZER Lz, £k, EHBKT
BIZABRLTWEL2TORRRSOVWTEBOEROBELZITI L L HIT, PCR EICLY R
salmoninarum DB H %17 - 7=,

HE
RRORERREMAAS B
T 2D, KEXNISTHH21CD 4 B 6 AT TEBEMNIZRAEL, BEET

R S0% L EIZE L, 7T ROT2OHABBLIVHNBOBEZIToEZA, WThoT
I H R, IRIREBHB L OCEARBEAOITENER SH, BRICIIBAOKENER
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o (Fig. 3-1) , ZOWN, 2 ETEFEBICLABRORKELBE Iz (Fig. 3-1A) .
¥/, 77 LBHEREINLETOT 20 THER SN (Fig. 3-2) , ENHiEH R
salmoninarum MG % A W R EIEIETHEME L o= mAEN S OME 7 B TiX, 18C
T14 BEOWEEZITo-MER, TSA KM TIIHELNDBEI R >724, KDM-2 B5i#i T
FETOARDOEFERHOMEERRICHEL DB, REMLKE L2 PH-0110 ki,
KDM-2 Kiih & RIERIC KDM-C H:#iX° FBS %/ X TU 72\ KDM-2 HiHiCHEF L 7=,
PH-0110 £k % PCR (&2t L 7= 45, R. salmoninarum OZHERR LR CALEIZ AN RRRD S
- (Fig.3-3) . AU PCRE®IZ, WAOEBBE Y 7L E LEHARICLRDO LN,

Fig. 3-1. Ayu affected with bacterial kidney disease (BKD). A: Naturally affected ayu showing white
nodules in the kidney and liver (arrows). B: Experimentally infected ayu showing swollen abdmen.

——m

Fig. 3-2. Smear of the kidney of af%ected ayu showing Gram-positive bacilli.




603 —p
281 >

Fig. 3-3. Agarose gel electrophoresis of PCR products from nucleic acids extracted from
Renibacterium salmoninarum. M: markers (¢ X174 Haelll digest), Lane 1: R. salmoninarum

ATCC33209, Lane 2: The isolate PH-0110, Lane 3: negative control.

FASEE O RILHE

PH-0110 %k ZEEENEHN L2728 L OV < A DRI % Fig. 3-4 IR L7z, 107 cells
BRLE72 TR 1S BEPOETARD O, 17 BRICETET Lz, 10°cells R L
72T 28 M BIERBD b, 52 AHICETREE L, 7, 107 cells B LY
< ATIX 18 AENLEL LAY, 61 ARITITRMIET R 60%I2FE LT, —F, 10°cells
BELEZY<AE61 BOERBREIMTRECLAR»27, £72, WThOXREIZHIETITA
bhAdofe, BELET 2B IOV AT, BB, RIRZEHL L OERREAD
FFEABO LN, LrL, BEAOFKEHIIERICOFRICHIZLALRBINR P72,
L LA DOBE b IX MR EHUEIE T R salmoninarum B S, HE LB DB
Too 107 cells HBLAR LY A 12 BO5H 1| RBOFTHEMS PCR EITL->T R
salmoninarum BRI NT=N, TOMOERXKDOALEFKRADN D R salmoninarum IR H I 72
Polz, 107 cells HMRE L7 2% I8CRIM2SCTHRE LIZ-ERICBIT BRI % Fig.
3-502R L7z, 21 BRIOERYMICENT, 723 25CTIRETLAR2 274, 18CTik
£THRELE Lz,
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Fig. 3-4. Pathogenicity of the isolate PH-0110 fo ayu (A) and masu salmon (B) by intraperitoneal
|nject|on Injection dose: 107 cells/fish (Q), 10° cells/fish (A), control (). Fish: ayu (35 g, each

n=15), masu salmon (22 g, each n=30). Water temperature: 18°C.
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Fig. 3-5. Cumulative mortalities of ayu intraperitoneally injected with the isolate PH-0110 at 18°C
(O) or 25°C (A). Injection dose: 107 cells/fish. Ayu: 35 g (each n=10).

BREBOHAE

FAH B THRM L= U v AB LU < 2 ORER R % Table 3-1 IKR Lz, RO =
VT ADBRICLAAOKETHIEIRD N o728, 1B (No. 4) OY~<XADOBIICITHE
HRBO LN, Y~ AOFKEHIZIZS 7 2BHEEREIRD O, T o ixHEREHIE
BETHEL o7, No. 4 O < AOBE» L IX, MEEXEHIEEL X PCR 5T R
salmoninarum L FE SN-ME (OH-0114-4k) BHBEShie, £ THD=Y < AT PCRIET
BHEETH o728, ¥ ACBNTE 21 REDERD S5 1 REND, 19 REOLEFKIL
BHD S 4 BIEND, 21 RIEDIRD 5 B 3 #IKH 5 R. salmoninarum % PCR EIZ L 0 &
Hahi, 28, ZhE T, %ME B TBKD ORERERINEZ LI ol,

85



Table 3-1. Detection of Renibacterium salmoninarum by PCR from rainbow trout and masu salmon
cultured in the farm B from which ayu derived

. PCR

. Fish - -

Species . Ovarian fluid

No. Kidney .

: deposit
Rainbow trout 1-4 - - -
L8 se T N .
1 - + +
2 - + -
Masu salmon 3 - + +
(n=21) 4 4+ + +
5-19 - - -
20,21 - NT -

*'NT: not tested.
*2 White nodules were observed in the kidney.

YrHARSHAORERERR

RERLREROELCERB L OBREREIZOWT Table3-2 IZR Lis, 72 LT 57
DICER L 72w Ao TiE, BRBERMLT 27 BEPOETHHAEY, 36 BZOR
BT RITTI%ICE LR, £/, ERETHOAEER 1 BOBED S R salmoninarum 7S
PCR L Lo THRHEN, —F, T2IZ2oWTIL 30 BEIZ 1 BRBECLEDRT, 0
BOFECIE R0z, LIL, 1l ROERADI DL I ROBRICHAOKEHNHERI N,
S HiZ R.I‘salmom'narum BPCREIZL-TREBENRTE,

ERRREEROETRER L CREEAE Table 3-3 1R L7, 107cells B L7 =T
X, WTNhoOBEHBERAWTHEN 15 B%25 25 BROMICETOMARMBIEL L, 10° cells
THEELEZSEY, SELLSRBOABEL LE, —F, 10cells 8RB LY~ 12E
WTIE, OH-0114 RT3 25 HE2H 41 BEIC2THAETE L, OH-0208 B TIiZ 24 A E»H
39 AEIC4 BOSET L, PH-OLI0 R Tix 41 BRIC1 BRI Lz, 10%cells R LIV~
ATRELL7ZDIX, OHO0114 KKDAZRTH - 1=,

Table 3-2. Experimental infection to ayu and masu salmon by immersion method using the
homogenized kidney of diseased red spotted masu trout infected with R. salmoninarum

Examined Dead fish Infected

Fish species Group fish in 36 days fish*
Ayu Experiment 12 1 9 (9)

e mmeemmeanat Control . . .13 ... 0 .. 0(0)._.
Experiment 13 10 1 (0)
Masu salmon ¢ irol 15 0 0 (0)

Fish: ayu (4.6 g), masu salmon (3.8 g). Water temperature: 15.0-17.6°C.
* R. salmoninarum were detected by PCR from the kidney of survival fish at 36 days post-moculatlon
( ): White nodules were observed in the kidney.
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Table 3-3. Experimental infection to ayu and masu salmon by intraperitoneal injection using R.
salmoninarum isolated from ayu, masu salmon and red spotted masu trout

R. salmoninarum Test fish Dose Dead fish Infected
strain (isolated from)  species  (Logio cells/fish) in 50 days  fish*
7.2 5 -
Ayu 4.2 4 0
PH-0110 1.2 0 0
(ayu) 7.2 1 1
Masu salmon 4.2 0 0
e M2 I 0.
71 5 -
Ayu 4.1 3 1
OH-0114 1.1 0 0
(masu salmon) 7.1 5 -
Masu salmon 4.1 1 1
USSR 5 NSRS 0 ... 0.
7.1 5 -
OH-0208 Ayu 4.1 5 -
(red spotted 1.1 0 0
masu trout) 71 4 !
Masu salmon 4.1 0 0
1.1 0 0

Five fish (ayu: 10 g, masu salmon: 16 g) were examined in each experiment. Water temperature:
17.1-18.9°C. '
*R. salmoninarum were detected by PCR from the kidney of survival fish at 50 days post-injection.

B

BIED 7 I ZBRE S N2 IRERZEEH, ERERE, BEATEBIOEESCFRICER SN
BWHEIX, V7B &8O BKD OERICELB LTz (Fig. 3-1) , FICEBOBWEE
i BKD BR A D HAMRIERE LTELAORTNA LD THY (FHk, 20042) , HR
salmoninarum Mg 2 A MErbEE THERSE R L, £, KDM-2 izl o
THEE» OB S L7z PH-0110 #Ri%, RMBEREHIEIETHYEL 229, R salmoninarum 4
FADPCRIETHHEL Rolc, EHIZ, PH-OI0 BRERVERRERIC LY 722+ 2
REREPHEBINVERO—BbEHIWZ, ZTHALOFKEREMS, PHO110 #ix R
salmoninarum L RE S, 72 OKEEDREILBKD Th 5 & HF S hi,

R. salmoninarum 1%, ¥ 7 FEERLS T 5 BED R (= > Clupea harengus pallasi, ¥
v ¥ 5 Anoplopoma fimbria, * % A »—%— 7 /8—F Cymatogaster aggregata, 2 E> %
A JF—Notropis cornutus, 7 7 v b~ N /) —Pimephales promelas) 2%t 3 2 RN E
BREVICREN TS (Evelyn, 1993) , LA L, B2 LHEVEETRVAELZEDTY,
Y RAEUNATO BKD O BAFBETHRES I TWAY (Evelyn, 1993; EHK, 2004a) ,
P> T, RBFRIEY 7 BHEUESUL TO BKD OB ABE L BB L BAO®E & 725,

TaEY AT D PHO110 BROFFEMEEZRE LFHER, BREZOZVICHDLL T

87



TAOREERRYw A LD BB Bot (Fig.3-4) . ZOIZ &5, PHOII0HiT¥~ 2
FVHT72IZH LTI VBWWEESEZ TR T O EEZEzbNTE, £, RPEEBRTIXIERR
i & Uﬁ#ﬁ?ﬁﬂi}fﬁﬁéhtﬁ, FRBIOFBOBWESHIIERINRLo72, Zh
i, BEERICIBVWTE—EILENICAZEEPERBRREID BEZNI L TREBEE I
HEFTL, BRICESATERENBICEEICE o it kb EZ X bhi, Sakai er al.
(1991) i, 1.2X10%cells ® R. salmoninarum KU8503 % ¥~ A I EMBR EE-L 25, XK
B RCTHETEN IIRICELZERELTWD, KK TIX, Kk 1SCTEREZIT -2
ZEMLRALEMLIIE ARV, PHOII0 HKbISEABOREMEZR LD LE
zbhi,

BKDIZ KD 7 2DRETIX, KIBEB 2CULLE R o727 APRAICIEKE L. 5T, &
R[ROETICRETHERKBOEEBLRI LR, 18CTIH 100%ET L=b DD, 25CT
T2 FET LR ok (Fig. 3-5) « ZOFEHRIE, R. salmoninarum i 15CH1 5 18 CTHRH
I<SHWFEL, 25CTIIL<HM LN & & —& L TWi= (Evelyn, 1993) , #- T, A%
AKiE%E 25°CLL EIZIBE$ 5 Z & T7 =20 BKD BMIFETE A HREMINRE LT,

7 X3 % R. salmoninarum DGR EZA O NI T 57D, T2 DOEATLTH R
% B THEZToEZ A, BEEINTWZY~ A4 BKD OEREZ-RL, FEEHOY
< A DD R. salmoninarum M E N7z (Table 3-1) , #|HEH B T, HMEH A LT =28
BEEINDECHET IR TINLDOY ARAETEN TV, BEY 7ITBWNT, KA
MO XN B R, salmoninarum \Z{ERINT-EZIC LV RBRORENE U DAREENRIN
TW2 (Balfry et al.,, 1996) , SEOFITEAEKNRKERBIIRHATH 72, EHE B
TY~<AHED R salmoninarum DB LM THEFINTWE T T KERY L - 7§
PED TR X 7z,

P rHEEOBKD BKENLTT 2 BHETIZ LIRXERMICERINTELT, £,
VA RAEM OSSN R salmoninarum BT 2K L CREEEZFONEINLHDL
NIRRTV, 22T, YHAEO BKD O7 =iixt L TORKYEMIZ 20T, BKD
BRT<IOBREBERLTT2OHAETKFICEML, 7T2ORBERBT 5L L b,
Y2 ABIORT IS SN R salmoninarum %2 7 22 EF LT, ZOHEEMELT W5
L7c, BT v IOBFWERAVZRIFERERTIT, Y~ ADRECTER77%TH DI
LT, T2OEERIT 8% Thol, LL, ERETHRICEFEL TV 82%D7 20
B BKD BIEADHR CTHIRBORHI SR I, & BIZ R salmoninarum bR H &
N7z (Table 3-2) , BKD IR N EL BT RBHBEMICERE TR TH D Z L b (B,
2004a) , B EMBELIEHECEINLOT2RREELELLOLEX bR, ZOKER
5, BKDIZX VT L2y BAaE»D R salmoninarum D7 KPR YET 5 2 L BR
mEhiz, 3612, ERRREEROBERNL, YwARXT~~dhomiEahiz R
salmoninarum 137 2> 5 3Bt S LT- R. salmoninarum & RIRRIZ, 7223 L TRWERMEZ
AT ZEMNBALNIRoT, £, WTHhOBEHKIZEWTYS, Ta2DRETRES X UURYR
BBy~ A0FEN%Z EEDY, R salmoninarum iI¥ <ALV L7223 LTELYEWIKR
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HERTZ &N LT/ o7 (Table 3-3)

ARFRTIE, EBRAOEFIGTRELET2OKREERBKDIZL 2D THD I L%
S L, Y RAEND 712 R salmoninarum B/KERBYe-+ 25 2 L 2 EROICHER
7=o £72, R. salmoninarum 3 ¥ < A LD b7 2 L THWREHEEZ T T L bR LT,
TaZBWTHE, VYRAELITRARY 25CIC K3 MBBEROTREENRD D23, 7%
BB TIMBREBEZBAERITIEEALRVED, SOLIHSERRETH D, Al
BD K5I R osalmoninarum 137 2 L THWHEREZFLZ L, 72 R
salmoninarum \ZIBRETH I/ BAE LIV L ZOHWERKRELL RIAEENRZ AL D,
o T, HrBARL T2 2R UBRATHEE L TWAEMEZIZIB VT, R salmoninarum
BEDELN DIV I RAHEZFATLRVE L HIZ, BKD BAERIZIEZ T 2~DKRERREZE
FIEEREABTREOLEBEZITILNEND D,
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BENVE BE7LCHELLFRETUAR

Vibrio anguillarum %JFE &35 €7V A55iE, 1960 475 5 1980 ERICH T THMT
W REREEL S 2 T-MEMEER TH S (Muroga and Egusa, 1988) , L2 L, Z DHEIK
101990 EEMNGEME LTREL RS RN, TORRIIHLMZERL TR, V.
anguillarum LA+ O Vibrio BARE & LT V. ordalii b TaOREBEEELTHELRTWD R,
EENEEIRKTH D,

2006 %E 5 AH 5 6 RICHTT, KERADOEIET 2ICB8 W TREESEL LTz, FET L
o7 2ITIRERIREY, FNORELLCEORBEAR OGN, @E O TIIEERE RS
FLBHMEI ISR, ZOMEIXEOMWIRI L Vibrio BB IZSBE I e, B
D Vibrio BIRAE L 1Z R o7, AFETIE, TanbP/HENT-MEITOWTHEENR
HETO L bic, Tt aREMEE R,

HHEIUAE

RABIUREEO S B

200645 AiZ, RES—1SgPRT LT 22 BRANO—FEGE X CKEEBERFE
5 —BAAHTRR L, BESCRITIAZAVTHESR TV ELDTHY, KEHE
FEEMEZ —THRPREBXKEAVWTEEINL TV, BEADORKE T UOEHE» L, %
MEFEREEH (SBA, K LE) , N—b A 2T a—Ta VEXEH# (HIA, EH{LFE) ,
FYZbY—FvREXREH (TSA, BAEE) BLUOTVvA "= VT a—Ta VEXR
1 (BHIA, RBHEE) Z2HAWVWT IS CTHEDBEE T T,

DANVARBEEREITO DT, MBI OBHOBERIER (045 um) % MEM-5 H# (H
KELEE) TH:FE L7 FHM HIfRICHERE L, 18CTHE LT,

HMEFHRE .

TapbiiSniclE X SBA S TORBIIRBETH o720 T, HHOKRFT L RIIC
172720 0.IN KEALT MY v ABBKICER LIe~IY (FHTA) & 125, 5, 25, 50,
100 BXTU 200 pg/mL 2B LH5HELE HIA KEMLE, TarboBEhi
PH-0604 #% SBA THZE L, WEAEHEREKT 1/10 HRIN 2 ERHEZ, ~I2HMNLE
HIA BEXOEMLTWARVWHIA KER L, a0=—0HHT 18CT 7 AMEEZIZIT-
7o '

FBRFENE L OCELEMERIFEECE > TR L. RAEBEI 1% R Y 7 =1T
ARAT 4 THRELTHO, ZRMETFHEME (JEM-1011, JEOL) THIE L, BT 5%
BIZESOWTHERRRBRICAVWAETOHEMIZA~AI U ZE25 pgmL &2 X 51ZHFMLE,
HERABRICIE, BMEBOT7T 200 NS 3 RBLOKEBEEFE ¥ —DT 20 b
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SEEI NI 3EEER Wz, DBESNIZHE X V. anguillarum 7213 V. ordalii T 5 Al REtE
BRI DBIC, V. anguillarum U ¥ XM (LT A, B, C, D: BAKEZER
BHL) EAVERTA FEERISRRET o, 728, V. ordalii iX V. anguillarum A 1
BRILBHREEZETD, ~IV%225 pugmL ERDZESCEMLIENA— VT a—=D
3 VRIS H CRAFE ) 12 PH-0604 #R &2 B2FE L, 10°C A & 30°C T 48 FERIR %453 (60 rpm)
52 & CHFERE 2T,

BEEPHO®RE
PH-0604 #k33 & U8 PH-0608 #RIZ 2>V T, 16S rDNA 35 K U8 16S & 23S IDNA iz & 5 ITS
Fa— FEBO—HOEERFIZWRE L, V. anguillarum D~F ) ¥V EaF% PCRIET
M H L7z, Chelex 100 (Sigma) % A\ CH# &2 S L7~ DNA % PCRIZH#t L7z, 16S rDNA
X, ==Y N T T A <w—Tdh 5 20F BLU 1500R (Weisburg et al., 1991) % VT
M L7, I 94°CT 5 RIS E ¥ 2%, 94°C - 30, 51°C - 60 #, 72°C - 60 B % 1
YA 2N ELTI0HA 7 VRISESE, BEIC 72°CT S HRIRG S 7 (PCSS0, 7R F v
7) o ITS 3E=— FEEILIX, VITSF B XV VITSR 7 J A ~— (Matsuyama et al., 2006) %
AWTHIE L, RAIC 94CT 5 RS E®%, 94°C - 30 #, 55°C - 30 #, 72°C -
60E 1Y A I7NELTA A7 NVRIESE, REIZTCTS SHREEERE, 5 EH
DA~TY DUBIEF (vahl, vah2, vah3, vahd B X Fvahs) 1k, ThFho7S54<w—%
v b (Rodkhum et al., 2006) % AV CTHIME L7z, HFIC 94°CT 5 oK S ® =%, 94°C -
60 Fb, 58°C 608, 12C 60 W& 1 44 7L L T30 %47 VKIESHE, KEIC2CT
SHOBRGEEREE, ~FY PUVBBTFORBIZEBWTIE, 2003 FEI72hboBEIiz V.
anguillarum PH-0301 ®Z XM & L THW, PCR E®IX MiniElute PCR purification kit
(Quiagen) THH L, BigDye terminator cycle sequencing kit v.1.1 (Applied Biosystems) 35
& U% 310 genetic analyzer (Applied Biosystems) % AW THERFIZRE Lz, BN
AEFNL, DDBI D BLAST 2FILTCTF —F —_—R L BB L7z,

R EER o
PH-0604 #k & AW 7o R ERIC, KEWBERENE ¥ —CTHE LTV EYEE 148 g
O7a (BRF) 2HLE, Zh507 2%, EARLBRERAEKZ B O IZBERES
THREBEIN, BEREBIXRIF TH o7z, PH-0604 FRiZ~3I > % 25 pg/mL &% HIA (H-HIA)
ZRAWT, 18CT4 BEEEL, WEAHABEKICEBE L, 71X FA-100 (K AAREK
W) THREL, MEERMESHOEENCERY 2.7X10° 2.7X10° 5 X0 2.7X10%
CFU/fish &2 5 £ 512, BB TOImL ToERE L, RXO7 2 TIXREE£HEAEK
OHFFRFIZ0I mLERELE, FROT7T2RZEFREN2S RAWE, BELEZT7 20X, X
B 18CTH L 19CHOENBULIEPEFEAREARKEANTHARET Lz, EREMFICETCLE
TaDEREBET DL L BT, MBLOEEN D H-HIA CHESHEEIT o7, LDy X7
TEy MEICX-o TR LE, BUREZRD D ER L IIHIZ, PH-0604 #k% 2.7X10° CFU
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R L7 22 A0, BIERAOM, Mg il KOO AESZ R E L, Bta
MOEEPICERR L BRI X9 EE0RE AL /K22 TEF: L, H-HIA Z WV
TI8CT7 AMREEL CARHEKLBE L,

RIEEBEERE

HRBFRABIOABERL 2 BT 520 T, WEMAKRFZORET 21T - 7=, B4, IRER,
Dok, BB, AFBEES & OVIZ Davidson WV CHEE L TH D, B W AST 7 0 ML,
~N bRV exzF T (HE&E) REABLIOF LAV RELH LBIEL L,

LR S

RROEERRSLCHE B

RERFEEND 2-3 BRICB T DI T ERIL, ‘I T 20%, KEBEHMNEZ > ¥ —
BAKIETIZHKI 80% ThHh 7=, WIRAEERFOKIRIZ15.5CTHH 19.0CTH- 7=, HWIEAD
RAFATIE, IREREH, HAHOREL LI NEOREHAFHEFICRD b7z (Fig.4-1) . SBA %
AWTI8C T4 BIfREET 5 L BB L O O MBS IR ITHE DS 0B S v, D 5 5 B
SINTZMEOaIr=—ENEBRE Y HE o7, TSA, HIA B X BHIA TidHIE I B
Enhotz, £z, SBAZAWTISCTI0 ML EREET D L BRMLABERINT,
—77, Bl IO S FHM Mgz AT oA VA pEEE AL Z A, 18CT 7 AIH
He L CHMAEMESE (CPE) IXMRB I o7z,

Fig. 4-1. A naturally affected ayu showing exphthalmous, reddening of the head and curvature of the
body.

'795%x % ) —)33mL, "4~ U 22mL, JKEEEE 11.5mL, K&K 33.5mL



ANSVDFHMHE
NI VERMBELV125 pg/mL RN HIA TIXAEOMMITHER I Ao, ~I v

%25 pg/mL YA EIRIMNT 2 L MEOHEENRRAF L2V, SBAIZIEET 2320 =—H»REDL
7= (Table4-1) .

Table 4-1. Effect of hemin on the viable cell count of the isolate PH-0604

Hemin Logio CFU/mg
(ug/mL) in wet weight
0 0
1.25 0
Heart infusion 5 8.1
agar 25 8.5
(HIA) 50 8.5

Medium

Sheep blood
agar (SBA)

HMEPRRE
HRLE 6 KITVWTh bR EERERL, 77 sat@EEKRAEERE CESEZA L,

FhIuab X —EBLIOIZ T —EBMETH Y Vibriostatic agent 0/129 (150 1 g)
iz (Fig.4-2) » THHOMWRN S, RE X Vibrio BME IZ 0B I NLTZH, V. anguillarum ’

WIEZMEH L7z (Table 4-2) , £z, Z@MEFHMBIC LY BREMEZ XA EIDHER
B LV, ordalii ODVEIR L 13 B2 > 7= (Table 4-2) ., —J5, 4 FIEOHL V. anguillarum 115
ERWEATA FRBRERISIZETEREL 2o 72, PH-0604 % A\ 7= B5EIEFE R Bk T3,
13.5C1 5 26.1CTHEFEL, 22T 56 23 CTHR O BAFICHEE L= (Fig. 4-3) .

Fig. 4-2. Lophotrichous flagellation of the isolate PH-0604 from a diseased ayu.
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Table 4-2. Morpholdgical, physiological and biochemical characteristics of the present bacterium,
Vibrio anguillarum, and V. ordalii

Present isolates

Characteristic (6 strains) V. anguillarum*1 V. ordalii**
Gram stain - - -
Motility ' + + +
Flagella Lophotrichous Monotrichous Monotrichous
Form Short rod Short rod Short rod
Catalase + + +
Cytochrome oxidase + + +
OF test F F F
0/129 sensitivity + + +
Indole production - + -

H2S production
MR test
VP test
Nitrate reduction
ONPG test : -
Citrate (Simmon’s) -
Arginine decomposition -
Lysine decarboxylation -
Ornithine decarboxylation
Growth in the presence of .
NaCl 0%
NaCl 0.5%
NaCl 5%
NaCl 7%
Acid production from
Glucose
* Sucrose
Mannose -
Arabinose -
Fructose -
Galactose -
Cellobiose -
Mannitol -
Starch -
Maltose -
Lactose -
. Dulcitol -
*'Muroga (1975), **Muroga et al. (1986), nd: not determined.

L4+ L4+ |+ 1
L++ 1 11 ++3++
O R I T S T 2

3
[«3

l++++++ 1 +++
+ 10+ 1+
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10 15 20 25 30
Temperature (°C)

Fig. 4-3. Effect of temperature on the growth of the isolate PH-0604. The bacterium was cultured in
hemin-containing (25 pg/mL) HIA broth by shaking at 60 rpm for 48 h.

HIZFRIRE

PH-0604 £ & PH-0608 £k 16S rDNA (1446 bp) B LUV ITS FE=— FHEIK (261 bp) D
ZERINITERIC—E L7, 16S rDNA OB ER S| &2 M OEIEHE D 16S tDNA & L& L 7=
F, Vibrio BHEE L @WHRMELZR U (Table 4-3) , 1T V. ordalii &1% 99.7%, V.
anguillarum & 1% 98.6% & EWHHREIMEZ R L7z, ITS a2 — FEKROEEESFIEZ L E- V.
anguillarum & 1% 98.8% & m \WHFEIMEE R U723, V. ordalii L1 66.9% & & OFEE MK
- 7= (Table 4-3) , R7E L 7= ¥ EELF 1L, DDBJ IZ Accesssion No. AB367436 35 £ U AB365353
LLTRELE, |

~NEY PUBRBRFITOWTIX, B & Uiz V. anguillarum PH-0301 ¥ CTiX TR & 5 PCR
EHNSEEREETTELNEDY, DBEE Tl vahl BL U vahd iITBWTPCREMNEZE LN
2o 7= (Fig. 4-4) , ¥ 72, vah2 TIX PH-0301 #R & [ UALEIZ /N RHBR D 6723, vah3
B LW vah5 TIX PH-0301 ¥R & 1T R DKELEIZ N RBBEI N (Fig.4-4) .

Table 4-3. Sequence similarities of 16S rDNA and the 16S and 23S intergenic transcribed spacers
(ITS non-coding region) among Vibrio species

16S rDNA ITS non-coding region
Bacteria Similarity Accession Similarity Accession
(%) No.* (%) No.
V. ordalii 89.7 AY530930 66.9 AB255727
V. anguillarum 98.6 AM235737 08.8 AY227665
V. diazotrophicus 97.2 X74701 76.4 AF413004
V. vulinificus 97.2 X76334 87.8 DQ854745
V. aestuarianus 96.1 AJ845015 91.9 AF412993
V. alginolyticus 92.4 AF513447 748 AB255708
* Accession No. in DDBJ.
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Fig. 4-4. Detection of hemolysin genes (vah1, vah2, vah3, vah4 and vah5) by PCR. M: makers (¢

X174 Haelll digest), 1: vah1, 2: vah2, 3: vah3, 4: vah4, 5: vah5, left sides: Vibrio anguillarum
PH-0301, right sides: the isolate PH-0604. '

RERER

R ERICB T 3 CRIB LU HEE Fig. 4-5 1R Uiz, ERETEFO 27 BT,
2.7X10° CFU, 2.7X10* CFU B L U2 7X10° CFU R L 727 2 DT RITENE 1 100%,
80%B L U32% LieoTe, TNHDRERDIS PH-0604 DT 22T 5 LDso i, 1.4X10°
CFU/fish LETH &7z, REDOETANRIKEL LS LOHETOREEREZF L, H-HIA IZ
L DBESLHIOERENESE I, :

2.7X10* CFU/fish ZHEE LT, 5 16 AEPB LI 20 BRICHIBREL RoT2T 2824 1
BT 28WM UL, ThoOLEEROLEFEE % Fig. 4-6 TR Lz, BIZHIT A HIEE TN
107 CFU/g 127 L2 & i L THIIC S o 12,

Cumulative mortality (%)

1 4 7 10 13 16 19 22 25
Days after injection

Fig. 4-5. Pathogenicity of the isolate PH-0604 in ayu. Fish were intraperitoneally injected with the
isolate at doses of 2.7 x 10° (0), 2.7X 10* (O) and 2.7 X 10° (A) CFU/fish, or with saline () as a
control. Fish: 14.8 g (each n=25). Water temperature: 18-19°C.
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< 2
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Fig. 4-6. Tissue distribution of the isolate PH-0604 in experimentally infected ayu. Fish (14.8 g) were
intraperitoneally injected at a dose of 2.7 % 10% CFU/fish and two fish were subjected for the bacterial

cell count at the moribund stage.

ﬁﬁﬁﬁimﬁﬁ

RIBPAB L OAB R ROBMICITAFEICEEGRRED LN, LrL, MEDOHE
%u@%f@&#ot<mgmﬂoﬁ%@ﬁ%@ﬁ%ﬁtémmentm PRI~
TV UVOLEPDTHICRD b Z & UM, DB L OEICB W TREILBIE

SN ot,

Fig. 4-7.
Extended necrotic lesion in the brain of experimentally affected ayu at the moribund stage (16 days

post-injection). A: low magnification, B: high magnification; H & E stain.
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BE

AMETIREERANTEAELEEBMT 2OREBEORERIZOWVWTHRTF Lz, 7T20MKEB
L OB B, SBA T/ J AR S HEE RIS S N7 285, SBA LD Tl
ERSHEINRPoTel b, MBRBREHPICFET IHEIXFERFO—2LEEXDL
NBE~NIVEDVWTETEDHMA~DTEMBRER NI, TORER, HIAIT~I V& 25 4
g/mL A ERMT 52 LT, SBA L RIEDHEIXFENFTONDSI I LIALIT -T2

(Table 4-1) » ZDRZehb, UBEOLETOERII~IVERMLIEEZRA VW, Z
NET, ARME B W TIXIEEE deromonas salmonicida B~ V2 ERTDHZ L BB L
MZENTUVWB D (Ishiguro et al., 1986; Nakai et al., 1989) , Vibrio BHME TIXZD L 5 72
WEFILRL, | |

TapbaBEINTCMEIRR, MEREHRBSEENMER? L Vibrio BREICOEEh
7208, ZTOMRPLIZEMD Vibrio BHEOSNICLSE S hotz, RERENE V.
anguillarum 3 X Q' V. ordalii L L& T 2L, ROHMERRESRAETHDHZ L, 1 F
—VIEEEA, WEEIERT, Sa—RLUAOREARAERLEVARBNTERD LIT—X
L7g\ (Table 4-2) , —7%7, BEEFHMERD K TIZ, 16S rDNA DIHEEEFII V. ordalii
X} V. anguillarum & @& WHERMEEZR Lz, LALLM D, 16S rDNA OEEERFIDO R T
Vibrio BHIBEDOREREZITO Z L IXEETH S Z & 25 (Chun ef al., 1999; Thompson et al.,
2005) , REFEEME Vibrio BHE B L U Photobacterium BHAE O REIZHV b2 ITS 3E
o — FEEIER (Matsuyama ef al., 2006) DOMEEEINIZOWTHE L, TO/FKERK, KEO ITS
o — NI OEEETIZ V. ordalii & FAREMEIXIE D 2 1228, V. anguillarum & 135 VWFHEF
Y#R L7z (Tabled-3) , E£7=, V.anguillarum ORFERFDO—2¢ LTEZ LN TWBE A~
FYVUVBEBTORBE PCRIBICE VALY, SEHOS b3BHELIBERIGEZ RS
T, TON2FBBERXTRINIEMR LR RoTe, TNODFERPL, Tahrbolsh
7= HEIE V. anguillarum & BERMIIEWVERIZH 5 53, FZORBAIRESBERBZ LM
b, BRIEZAIT) 2HIZIX DNA-DNAMFRMEZ O S L ICHMERFTEZITOLEND D,

WREEZ R T -0 ToERREEROER, AEOT 2 ZH T 5RWRFEEN TR E
Nic, NAREAIDIT, BRERREALFRICHEREES L CHEBOFRERRD L, M
LIXEEE BN INZ, o T, AHRT2OXEFEOFEHNETHI Z LBRBDLN
Tro Fz, BRICBITD2EENMIERS E LBRL TEL, WICBT2ILHEARERGSBERX
Nz e, AEEIMAE2TIEEMESRLE LTSI b0 EEX LN (Fig.4-6,4-7) o Z
NHORBRZRFFRIT, BROMM 258 E 32 V. anguillarum J&Y5E (Muroga and Egusa,
1988) BLUAEREDELZFHB L T2 V. ordalii IEYE (EHE D, 1986) LiZHLMITHR
27,

AEOT 2 DREIEIZ2006F5 AN 56 BICHhiT TRAD2BERICE WD TRMBEAE LT,
INHOT 2k, HEENLERFBEBREBRICL -T2 AP LOKEBERFE ¥
—HEEEO/NE D AETHEEINTEY, £0% 4 A THRKRAORMEZICHT S,

0
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70 O— AN KEEERN LY 5 —BAREAR CHEAEZ AV THEAETShTWVE,
BAENOIRY L bEBE LN 15 AP LREERRONS L 5 TR o, KEENR
AT BRI RES T bRNP- LI ENLERIIRVLOD, BEAETRICT 2 BAHICR
BLTWETEEREZEZONRD, TD%, 2007 F, 2008 ELAHICL AT 2D RERIZD
B LHESRTCHBRINTOARVA, 7208 LWREEL LTAEES LTI
DERD B,
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EVE ANOT7 IR ELT- Edwardsiella ictaluri B3 5E

FEOHMBFICHELTERREEL L= L TMER & LT, Edwardsiella tarda 1 %
W E. ictaluri [RYIEN & D, E. tarda 13, HREHIZEB VW THEIE I TV B AR L UM
KBDOERFY P TEDFREETH Y (Plumb, 1999; Muroga, 2001) , AR L UAHEH R
JEIXAARTOEIY 7 X Anguilla japonica THRANZHE 7= (Wakabayashi and Egusa,
1973) » TDH%, BAOBRFEATZ YV IEORERHRE SH, BARATIEEICE S X
Paralichthys olivaceus ¥ X '~ ¥ 1 Pagrus major BHICEB W TIRFEEDO KX S0 LEA A
ML ZZ->TWD (FEDL, 1977; €Kk b, 1982 ; HE)I, 1983) ,

—J, Eictaluri (Hawke et al., 1981) [Z&FEF~ X O BAME R IME (Enteric septicemia
of catfish : ESC) MREREE & LTH LN, ZOERMBIIT AV I THRBEEINTWBT A Y BT
< R Ictalurus punctatus IZB W TR L EBEREHRO—D L 73?0'(!/‘5 (Plumb, 1999) , ZHh

¥ C, E. ictalurit¥# A (Kasornchandra et al., 1987) , X b+ (Crumlish ef al., 2002) ¥
L XUA Y FRYT (Yuasaeral,2003) OBMT~ X6 bHWSNTNEH, BRICHY
LB E STz,

2007 £ 8 A5 10 AT T, HEE, WARBICEBROWINICBWTRR S
TIREVPREED T kb, A—HELBx o377 AEMEHERSBEI Nz, AT, 3
WEDT 2SS T A RICHODWTHEZEMRFLITO L LB, KEROT7 225
SEESNIEEROT 2zt § 2 HREL T,

MHEFLUVFE

FAMOEHESRBLURAE |

2007 A 10 AAIAIC, TOJIKZTHIIC L VBB SNIZRARREED 7 =) b M 4 Bt
ZiTo7c, T2DHBBLIONBOBE LTk, BRORY UV IEERKEAF LTV
—CHRELMEOFELBELE, £/, PV T Y —YEXHEMH (TSA, BARIRE) %
ANWTERB»OCHESHEL RS2, EOHEIZ20CT3 BRITo7=, 2B, DHEEHOLHHE
FHRATIE, WAORS I CREH CRBRICEN 07 22 58S Hi 3 BOMBE bR L
oo MR L7-Hikk4 B L OBk % Table 5-1 iIZR L7z, '

Table 5-1. Four ayu strains used in this study

Strain Isolation
Organ Location (prefecture) Date
FPC1091 Kidney Yamaguchi Sep. 12, 2007
FPC1092 Kidney Tokyo Aug. 14, 2007
FPC1093 Kidney Tokyo Aug. 14, 2007
PH-0744  Kidney Hiroshima Oct. 5, 2007

All strains were isolated from diseased ayu, which were caught in rivers.
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HMEFHIRE

SEES N MEORERE T, KETMES L BB ST M (34300, ) %
AWTITotz, E£iz, ELFEHERE LA ZOEREEECE > TREL, HBREE
X 25CE2EREL LTIToT, EEMEIZOWTIE, vy b~U YV FMECL2EEBEER
X OVSIM Kt (AKEER) 2AVEHBETHNL, EEEMEERRTIE, LEARRY
BEALA— Y7 2—Y s VIl (HI, $#0HEE) CEEZHEEL, 10CH5 37C
TGRS (60 rpm) L7z, —¥DEBRTIX, E. ictaluri ICM1680 (FATCC33202), t 7 XA
5B ST E. tarda FK1051 GEENMERR) BL O~ F A o oBE & iz E tarda E01-14
(FEESMERE)  (Okudaeral.,, 2007) ZXBE LTHWE,

HIGFRRE

BEFRRETZIX, 16STDNA B X W E. tarda O typel BB T (etfd, etfB, etfC B L
WetfD) %AV 7= (Sakai et al., 2007) , 300 p LD TERZ 1 avw=—%GEBL, 5 5MHE
BLTHhHELSEE (10,000Xg, 10451, 4C) 2k v B~ L& DNA & L7-, 16S
IDNA &, 2 =N—=P VT T L ~—Th 5 20F BL T 1500R (Weisburg eral., 1991) % v
THIE Lz, BANIC 94°CTS MRS E=%, 94°C - 308, 51C - 60 ®, 72°C - 60 B
E1HA I AL LT 3094 ZNVEIEEH, &% 72°C TS5 RIS & ¥7 (PC880, 7 R
T 7)o typel MEBEEBETFIX, Y74 ~v—tv b A (etfd) , B (etfB) , .C (etfC) B&
U'D (etD) (Sakaietal, 2007) ZRVWTHIE L, &HMIC 94C TS5 pHRIG ¥z,
94C - 208, 55C 208, 2C-608E1 VA I NELTI0HA 7 AVRESHE, REK
72°CT 5 Y RIRE S4Bz, 165 tDNA 38 L etfd 122V TiX, PCR E# % MiniElute PCR
purification kit (Quiagen) THsH! L, BigDye terminator cycle sequencing kit v.1.1 (Applied
Biosystems) 3 X UY310 genetic analyzer (Applied Biosystems) % AW CHEEEF|ZHREL
Teo BONTHEERFIZ, DDBI ® BLASTZFIA L TCTF—F —RX—R LD W& *{To 72,

RBRERIZE, KEBEENE Y —THESA TOWIBERRR 7 = (FHKE: 178
g) BIXUORKRZRT=2 (22.7g) 2AVE, ZNL0O7 XA BRLBEBIERAKEAZ BV
HEREBEECTHREIN, BEREBIZIRGF THo 7z, TSA BHEZHWT 20°CT 48 BrREREE
L7z PH-0744 ¥R %, AR EHAKICBBE ST O EEERLE Lz, 7% FA-100 (KA
AEERBIE) CRHELL, MEERME SO MENICERE 6.5X10% 6.5X10° 5 L1 6.5
10°CFU/fish £ 725 X 512, HHB Tl mL o 2#ELE, #BEO7 icid ke
OHZZFFRIZ 01 mL T 2BELE, FROT7TZIEFNFN20-21 B2V, BELE
T IIKIE 16.8—17.8CO I BRALELIEFR KB A Z AWT 15 BREWAFEE Lz, ERH
M L7 23 ERZEET S L L bic, BAD TSA Bt CHEQMLT - =,

3

18 10mM Tris-HC], ImM EDTA pH8.0
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Fio, BRBETHO 15 ARICEFL TV ETZZOVWTH BB O OME S BEEZ1T - 72,

R

RADBERBLUHE DB

ILONNKFR THME S NTZHEAREBEO 7 2 | THEHERE 190 mm, KEIS g7 1 BT
HY, BRIZITARICERE LZBBA RO (Fig. 5-1A) , BEENICIZLEDOR S > 7218
AKBETE L, MEBEICIZAHEICO- S HBEA#ER I (Fig. 5-1B) . £7-, BFligEo =2
YU TRERICITERENSBEIN (Fig. 5-2) , TSA BFHIZ X v Mits&ZRICHE S 0B S
o

Fig. 5-1. Clinical signs of diseased wild ayu caught in Gonokawa river. (A) Protruded lesion on the
body surface, (B) Redding of the gonad.

Fig. 5-2. Smear of the kidney of affected wild ayu stained by methylene blue. Arrows indicate short
rods.

HMEFIRET

INSRBIUMME THBEINAZT2HkK 4 KOMEIZTWTHLZ 7 ARMEERE (Fig.
5-3A) T, BMEHRME, VFT—EBBHMHE, Fh/uels - FXFF-FPRETHY, ZoOMh
DEBZHBLOENFHERDZERIZ—HKLE, BonFERIZ, 28 E L E ictaluri
BELWE. tarda DR & L H1Z Table 5-2 1IZ/R LTz, 4 ROEBFHBRERBR TIZ, WTh

102



DD 10CH 5 342CTHFAL, 30CTHRD LML, 37CTIEE<HEHE Lo
7= (Fig. 5-4A) . —J5, XM & L7z E. tarda FK1051 #kiX 37°C CTHL % L 7= (Fig. 5-4B) .
BHRDO LI, T2 HEEROSEFOMBOREICEWTEEL 2D LEX LN EBMHE,
ML ABEEABLIOA U F=AVELICHSONT, REBEOHERE%E Fig. 5-51R”-LE, Vv b
vy MEICLPBETIT4KRICESHHEIRDONT, /2, EEETHEMBEICLIBE
THRAEBIIMRIN LD o7 (Fig. 5-3B) . SIM it V72 EEMERR TiX, HFEH
PED E. tarda E01-14 L LT 25 &, T2 HK 4K E E. ictaluri ICM1680 [XHFE L 7= # 50 7»
ST T 52808 8Bd b7 (Fig.5-5A) , £7-, 25C T 48 BEfipsET AL 72 H
¥4 HRICBWTIX, FHEEBNMED E. tarda E01-14 L FRICERES S OBERRBD O, L
2L, E. ictaluri ICM1680 IZFB W TIXZ D KL 5 It 0 BE B E I /e h o 72 (Fig. 5-5A,
B) , £/, 72K 48k L E ictaluriJICM1680 IZB W TiZA > F—/VOEAIZRBD bl
Mo 7= (Fig.5-5B,C) ,

Fig. 5-3. Gram-negative short rod isolated from diseased wild ayu. (A) Light microscopy (Gram
staining), (B) Scanning electron microscopy.

A @ 14h  —0-60h g —®14h —O-40h
1,20 1.20
E 100 ¢ 1.00
3 0.80 0.80
g 0.60 0.60
5 0.40 0.40
O 0.20 0.20
0.00 0.00

10 13 16 19 22 25 28 31 34 37 10 13 16 19 22 25 28 31 34 37

Temperature (°C)

Fig. 5-4. Effect of temperature on the growth of the present isolate PH-0744 (A) and Edwardsiella
tarda FK1051 (B). Bacteria were cultured in heart infusion broth by shaking at 60 rpm, and the
growth was shown as optical density (O. D.) at 660 nm.



Table 5-2. Morphological, physiological and biochemical characteristics of the present ayu isolates,
Edwardsiella ictaluriand E. tarda

Characteristic Present isolates E. ictaluri*’ E. tarda*'
Gram stain - - -
Form short rod short rod short rod
Motility at 25°C ++2 + +
Growth at 37°C - + ' +
NacCl tolerance
0% : + + +
1.5% + + +
4.0% - - +
Cytochrome oxidase - - -
Catalase + + +
, OF test F F F
H.S +*2 - +
Indole - - +
Methyl red test + - +
Voges-Proskauer test - - -
Citrate — — —*
Arginin dihydrolase - - -
Lysine decarboxylase + + +
Ornithine decarboxylase + + +
Gas from glucose + + +
Acid production from
D-mannose + + +
Maltose + + +
D-mannitol - - -
Sucrose - - -
Trehalose - - -
L-arabinose - - -

*' Plumb (1999) partly modified.

*2 Weak motility was observed in SIM medium at 25°C, but not by the wet mount method under light
microscopy.

*3 Weak H.S production was observed in SIM medium at 25°C.

** Simmon’s.

*5 Christensen’s.
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Cl'
1 2 3

Fig. 5-5. Motility, H2S and indole tests with SIM medium. Bacteria were cultured at 25°C for 48 h. (A)
for motility, (B) for H2S and indole production (Ehrlich-Béhne reagent-l), (C) for indole production 10
min after addition of Ehrlich-Béhne reagent-Il. 1: E. tarda FK1051, 2: E. tarda E01-14, 3: E. ictaluri
JCM1680, 4-7: the present ayu isolates, PH-0744, FPC1091, FPC1092, FPC1093.

BRI E

T BERED D 4 FED type | MEBIE % PCRIEICE > THRIELZ/REER, stBRELE
E. tarda FK1051 L RILKRZ I DN FRWTHALHEONTZR, etfd, etfBB LW etfC Tl
BROTLREZIONY FHRIRICHR I (Fig. 5-6) , B L7z 4 ¥k 16S rDNA (1426
bp) 6 £ Wetfd (372 bp) DIEEFLINIEVVIZTERIC—H LT, KE D EE S| & Edwardsiella
JBAREE & OFE IR % Table 5-3 1278 L 72, 16S IDNA O IEELHIX E. ictaluri & 5221 —F L,
E. tarda & 99.7%DFEMTH o 7=, 7z, etfd OEILESNIL E. ictaluri & 99.7%, E. tarda
L 925%DMHFEIMNETH o7, RE LHEEESIX, DDBJ (T Accession No. AB453281 35 L Y
AB453282 & L THR& L7, '

MABCDABCDABCD

Negative
E. tarda PH-0744 g

FK1051 control

Fig. 5-6. Agarose gel electrophoresis of PCR products from nuclejc acids extracted from E. tarda
FK1051 and the isolate PH-0744. M: markers (¢ X174 Haell digest), A: etfA, B: etfB, C: etfC, D

etfD.
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Table 5-3. Similarities in the partial sequences of 16S rDNA and etfA among the present ayu isolates,
E. ictaluri and E. tarda.

Gene Bacteria Percent similarity to the present isolates
(target size) (FPC1091, FPC1092, FPC1093, PH-0744)
E. ictaluri 100

16S IDNA (AB050826*)
(1426 bp) E. tarda

________________ (ABO50832) T
E. ictaluri
etfA (AY626368) 99.7
(372 bp) E. tarda 92.5

(AF491964)
* Accession No. in DDBJ.

R RER

BEXERATABLORERR T 20RCRRB L CEMETE% Fig. 57 W7 Lk, #
PERBRRT ZIZBWT, 6.5X10°% 6.5X10*3 X 86.5X10°CFU/fish Z#ERE L KO R
X, EHEN 100, 100 BE W 15%E R ->7= (Fig. 5-7A) . —F, BRET7 22BN T 6.5
X10°%, 6.5%10*3 X 18 6.5X 10> CFU/fish 2R LK DOETEIX, ThEh 100, 81 B &
W 15%& o7 (Fig.5-7B) , BB L7=7 2 33 B2 TITHEAKEITER, 128 (36.4%) IR
REHBBD LN, £/, RE L7208 EIrbEEENE M ENZ, BRRT =
1235135 LD ix 7B By MEIC X - T 1.3X10° CFU/fish & 3HE SR, BERRET =
KBOWTIH2REOETERE 100%E Rl ¢ LEETE o Tz, WEROT 2B
THRHBERIZFET BRI o, —F, ERETROLEBRADTRE» LMEBL
TolkR, BERERT 2O 6.5X10° CFU/fish ZHEE LR D 412% 05, BRRT7T =
D 6.5X10*F L T*6.5X 10> CFU/fish Z R L 72X D 100% 33 X 100 57.9%0> & R & 23 20 B
Ehiz,

100
80 |
80
40

20t

Cumulative mortality (96)

1 3 5 7 90 11 13 15 1 3 5 7 9 11 13 15
Days after injection

Fig. 5-7. Pathogenicity of the isolate PH-0744 in ayu, (A) amphidromous stock and (B) domesticated
stock. Fish {(each n=20 or 21) were intraperitoneally injected with the isolate at doses of 6.5 x 10°
(©), 6.5%10% (A) and 6.5 x 102 (O) CFU/fish. Water temperature: 16.8-17.8°C.
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R

AR TIX, KERADITOJIAZRTHEINIZFEHREOT 20REEZHLMIZT 5
eI, TanbHRHIR-MEOEFHARA LTI L LI, TaRxT2REEL
ATz, Fe, AMRPICHEHBLICLARTHOREDT 256 ARICOBE S - Bl
OV T O EEARFTEITo 72,

TANbABShz 4 RIZETRACERETL, 77 2REERE, BEEEE, ¥
S— VB, Frrah - FFLF-VPRETH B Z L 0D Edwardsiella BIZYESIZ,
Edwardsiella BORFMEE LT O TWD E tarda B LW E. ictaluri ix, 4 ¥ F—/EE
ERRBI OB LKRELEETRELSEINEN, E tarda 3TN OEHE & LEAT DR,
E. ictaluri {35 & b EA L7V (Plumb, 1999) ., £/, HMEBEE G RRY E tarda iX 37C
TRIFICHEIET A, E ictaluri i3 37CTIXOTMTHEAT I, TRIFEHEBEL 2N
(Plumb, 1999) , T b pBEINZMEIX, 4 F—VHFEELATHY 37CTHEML 2V
T D E tarda LIZTAOPITRRY, BUELKBZEALTHZ L L, MREEETHDH Z &
ZBRITIX E. ictaluri & —F L7z (Table 5-2) , Waltman ef al. (1986) %, SIM £5i#i% 7=
E. ictaluri DREFE R TIX 20C, 30CHEB LV ITCONVTRIZBWTHELARITEEL L2
WA, LY EREORBHKREAVWIZRARTIIVS D0 OKRTHALAZESRE S iz & #
HELTWD, £, MRRRIZOWTHEEL W I HE (Plumb, 1999) &, BEL WO H
% (Waltman et al., 1986) & D, LA ED X 51C E. ictaluri @ﬁﬁﬂikﬁfii‘fi & MR RBRIZ
DOWTHRTI2H|MER DD 00, KMOHERICENHDAREERZ I DN D, 1E- T,
WAL KFELEME L MREBRIZOWTIIEEREZED TEHIKHMIIRTTILNEND B,
WTRICE L, TaLoLBEL-MEIRZORBAICBWT E ictaluri IZEELILTWSE Z
EBB LN T, ‘

RIZ, TahbiESh-RE I W CEEENRRNET o7, I 16S IDNA O
RN 2T o R, AEOWEERSFIXE. ictaluri £ 100%—%F L7~ (Table5-3) , E. ictaluri
B L WE. tarda ® 16S rDNA DOIFERFNZ BV TIE, RE L7 1426 bp OF TH TN 4 bp
LPEDLRNZEND, MBEBRPRZYEGOERICHD LEZX DN, RIZ, HRMEICHE
5% %E2 5N5 E. tarda ® typel MERET (Sakai et al., 2007) IO\ THF L7z,
EPTARBEOTTA~—%BNT, etfd, etfB, etfC B L W etfD DR E2RABT-HER, E. tarda
ERBEDNY BRGS0, Sakaietal (2007) OMELIZERBZ NNV FL—HBRSH
oo ZHIUL, BHRALETSA<—3, KB typel HEHELEFOHEERYLEZLIZI—FKL
TWholeZ iz kb eBEZ b, 4 BED typel RBEBTFOFNE etfd IZONT
PCR EEM DI 2 B LI bR, E. farda b 1% 92.5%& Z OMFEMIZEN - 7275, E.
ictaluri £ 1£99.7% L ®WHERMEZ R Lic (Table5-3) o Y EFONIREML L UREBEFE
BNk S, KB E ictaluri CRE ST, 723, HWIME GRSIITBIEAKERA
gt v F —BAUBFRET) 13 dnad BIBTFEIER & LTKRT 2 HKK & 2 DD Edwardsiella
BAEE ORMBEREMITL, T2ANRKRIX E ictaluri LR— D7 TR —IZHEIRD
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TEEBELMILTWSD (Nagaietal., 2008)

IRERTHBES iz PH-0744 RO T 223t 5 2R %, 2 ;ﬁﬁ*UDJ\IEEFET’:L%be\
THREL, RER 7z LTRWEREZ RS2 LMD b (Fig. 5-7) . ¥,
INDOWERER 7 TILW KRBT T DRZENMEL, i@lﬁﬁ%Tiii?%*ﬁllﬁT
HREZUEPE NI ERRICHLOMIERTWD (BIE 48 F1H) . £z, AR
THEHO 1S PRIZEERLIEZOT 2L bERESBMB SN Z 20, £FIILTY
5007 2ENTOREERLEFOHRIZEZ » T LT, RERBICBIT IS AREEELR
WL TW5, Stanley etal. (1994) 1%, 7 A U b F~XIZx9 5 E. ictaluri ® LDsy % 10°—
10° CFU/fish kiﬁﬁ:LTb‘é PH-0744 Bk D BAXF 7 1%+ 5 LDso 28 1.3 X 10* CFU/flSh
LHHEIh, -3’Ll177‘ YA ST 2WEHELEITE-H LTS, RERTIX, &
KIFEZMEIZEZDH D 2 ZHOT 22 AV TREERZT o128, 2 ZROT 2OXREIC
T HREZTHERIREBETH o7z, F. psychrophilum DEZEDIRWEERERT 25 V.
anguillarum (ZIEICBRER TV L BOE H4H H1H) 2F526bED L, Th
ZROFHEETEAH L TRR2BEEOHHRFBRIELTVDZEILRD, #oT, 4%
DOBRARBIZHTAMBEEBTEOMRICRZOREZZELTEDILERDA I,

AR T, FNTERINTEZFORED T 20 b 0BESNMED E. ictaluri ThH 5D
TLEEBHLMCL, TARXHTHRESELHER L, ZhET, RBRKTRELLT20D
RELREEE LT, V. choleraenon-01 12 K257 Y7 VA (Murogaeral, 1979) B LU
7K (lida and Mizokami, 1996) 72 EAF b1, WARICE L TRIECENTHEHOD
FINCEELBE L 2o TW5D, AII~OHKFOBIEDRRE & UTIX, F. psychrophilim
Lo THRLET 2DOFHOMIN~DBRTEIZH D Z LBTREN TS (], 2007) .
AETHRB SN E ictaluri BRESEDRAEFRRIZOWTI, EERE, WARBITES
BOFITHRBEENTET2OHRIZERENRRY, TOMOKTEAIZONTH BRI
72, BPFEEHET DI LIITE R o7, 4%, BRERFELZHEETI-DICL, SET
DR E T2 TEERR BT T oL EN H D,

ESCiZ, 7TAVNRKET VT REDRONIZHMIBTLIRBSNTELY, ERE
ETHD E. ictaluri I OBAKRADAFME & LB L THE EHA K (Plumb, 1999) . Z
NWET, E ictaluritd 7~ XELUNTE Y —>»FA 77 4 v a Eigemannia virescens
ST 5 7 4 v = Danio devario 72 ¥ OB E A (Plumb, 1999) , Ml adHHE= <
A Oncorhynchus mykiss > L RBEES N TW5D (Keskin ef al., 2004) , 7z, ERERETIT
4 7 ¥F Sarotherodon aureus X3 LU~ R /) A4 O. tshawytscha bEZHE%HB 35 (Plumb
and Sanchez, 1983; Baxaefal., 1990) , CLEDZ &6, REIXHF - LML (BER) Tk
JRHERMA (RERM) - FF~XH (T=) oD E ictaluri DFIRE L WS Z i
o _

L%, MNCERT D7 2UAORE, FRITT v XE~OEREORHREELZI LT
ZUNENRSHD, BB LI L DIC E ictaluri ZBLEAPORHENTFAGLHDZ LG,
AShBBEAOHERERRIZOVWTHRAB LTI LE N DD, E. ictaluri X 2007 F I
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DT 2 HHDTHHESNT=A, 2008 4 8 AIZERB OO, &), o B,
EBROITON'BECERIEOAFNZCREE LT 225 E ictaluri R FBES T TW 5,
5DLZAH, ThHDRECBTIHBEAIELARATH B, 4%I1T, FHOFANTOR
KFOEIEZAIETE R EI B £ L, MFIRLMHIE~DRK ORI EE 2
S BEND D,

19 BREKERICEAHERE, 8ASH LD, 8 A 6B : miE)l
20 [OBRAKEREBICLA2HERE, §H 280 )
2 EFHE, §H 138

2 BEEEKERICIIMERE, §H26H
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iz

BEE

BVE #

XTI, 7T2RBWTEHEIRALRBAKRICMAT, TR H5RELELZND THE
RUEMEEERA (BKD) , HM YTV A% L O Edwardsiella ictaluri IRYEZ Y L
7, TR OREEOHERPREEICETOMERRE RN, GABICEAL TS LI,
RERY 7 F 2B TFHAaER I UOIRERE ICETIREBRIZO VTR,

BRI DIREE Td B Flavobacterium psychrophilum 135t 2 HAE DOV 7 BHAEORIFE &
LTabRTWeZ &R0, XN SEA LIX 7 I8N F. psychrophilum (Zi5% & T
Wiz Z &5 (1zumi and Wakabayashi, 1997) , {42 L DRANERS b TE 2, £7=,
T2ZZEBWTHAFENEEICEE LRE & LT, F psychrophilum \Zi5%: S i EEHIE
DT AEEDOFERMTORBAEZ LN TWD (R, 2007) , BEMET = ORIFEIXH KR
BEDFIDLIESITDORTWZ 20, BABNT 2 THHRB ST 1987 FLRNIC F
psychrophilum WEBMIZEA LI-FAEELIEHV, LML, TRETHLMZEINA TS L
S0, B AEBERD F. psychrophilum & 7 B3R D F. psychrophilum TIX %1 b D MG
'iﬁﬁﬁ?ﬁﬁﬁﬁﬁ%ﬁﬁtb(W&%wmmam”w%ﬂwMMMWﬂ%w%MI%%
Izumi et al., 2003; HiH 6, 2006) , AFETHNZEERANTOBLZERTLT2 LY
FRAETIIEE TSR R 7 (BIE F18) ., £, BATHIBAEUSDOAKE
LLTa—ua vy XU F X Anguilla anguilla 3 X O 2 A Cyprinus carpio HHK O F.
psychrophilum DB B TFHBFASLNTWDE D, ZNHET2OLD L TR Y (Chakroun
etal., 1997; Nicolas et al.,2008) , BHED L A7 2 L HFET2BEFHOBERITRE 2o
TV, 6T, MEERESCHEMEO RIZBWTT 2 7BERIZEWTE E5H M0
bz b (BOE FSH) , 7IWEMELF D F. psychrophilum A EH HEA
L7z L DRI, 5%, AECBWTT 208K LR CLEESCEEFREZFSEK
OHHAENYFEIND, —FH, BRIZBWTYH, Y BAEHRKD F. psychrophilum 3
TR ERT LD RERE LEWREEDED T, 7T2HREROBHXEZRHTOILE
Bd D,

TE, A2 RARORBENBANLGEALENTEELZ A TWVD, REOEH T,
2003 Iz I A ~ANVARRZT AR (KHV) BlESADPLRAL, B LRKRIAILKE R
WEEE5 2 (BH, 2007) , —BEMIIKEERFHLWHREREERICEB LSS, BIENER
RV RLTV, 2 OREREELE L TIERMIZA b Tz KHY X 2hE THARIITEE
Y, £OKHVICARERD T A 22003 FITHHOTHEMLALILT, DILFEFOIDL
WAL ZBEETHILEVIREGFOWITNRI o eELXZLNATWD (RHE, 2007) .
ZNIZX L, AL TR 7= F. psychrophilum, Renibacterium salmoninarum, ¥ v 7 YU %
HREREREB LW E ictaluri 13, AROBENPLTZLEVOIHLWEEICEELZZ & T,
BENRBIREIC R LEZDLDND, ARV TT 2 TOREELYD THIB L
BKD iZz2W T, TORRETH D R salmoninarum 13 b b I RABOBEERE L L
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THELRTWELDTHY, ZhbERIERNPLBALLTEESE Y (B, 2007) .
ABFFETIL, 7= BKD ORBEFIIFE—BAG TRET SN TW Y FRAHO Y~ X LIEE
It (FBOE) , FHETIVAFRORREIFETHLZ LNLERIITATH 5,
ZTOBEBZFAERBT 22 EFLRAKALHEKADOHEREFEL L TEHI AbHmOEA TS
Vibrio anguillarum \Z3EL L TWB Z &b, T2 E WO EEDOH THIL L7 V. anguillarum
DERIEBLEEZZDOND, —F, E ictaluri iIZOWTIXBANCEALZTREENE W, E
ictaluri 1%, XE, HETVT7TRBIOMVaTHEIEARA (T~ XEH) o HBEIRTW3B A,
BEAML OSBRI LRE SN T WS (Plumb, 1999) , BED L Z AW BE~ DR LFRK
BRATH A, ERNORR TR THBES N 4 ROALFED - BEFHERIE£
FUTho7=zZ &b, BAOEEZMBENOLH LIZRALEEREZZIZSW, FERARERE
AERESBOMRIZDTERLONED, HBAPLDEARZ S DERRFOFENRADRE
BThy, 2EOMIIHDWVIXEBBET 2 ~DBRPEOIER, et~ AERB~OKRLIZIZ
FHBEERILD BEND D, | .

ABFERIZE Y, WIBREFRTT BB EFXD F. psychrophilum N EEIEHREMEZHERF L
EHFETHWEBENRENT (B D &8 F26H) ., 2, BRREF D F. psychrophilum
DRBPRIC2VBEIZE2ERL, BARFNO7 2BREOSZL #HREBEHIEKFELTWS
BREEZEZXDE, FINCBITAWABICH L CREARES ICHEBHRIREZELCHALEN
bbb, EZT, RARBEHOTHARELS LOREHEN & LTOBKKHBEREICET KR
FETV (FOE F3,48H), BRBRBIECAT IV IZIFUORMELELET D & & bICH
REREOFELZRALNIC L, tMOMERR L EEL TRAB LB D2 RFTEE ~O
KEERBWVLEERANOTITHE, BEHOTHRECIREEREZHND Z & THARO
WEBBRARETHDIEEZOND, BF, LEERNOWINCKEKEEN 5K 600 GREDT
2D5h, 400 TROALT 2 OWTIIMEERESE Z AW, #7200 TROEEWET
AR EDEHICHLTRY 7 F UKD THERELZITI) ZET, BARBORERBIZOR
BHRIZERMHFEEND, TNHOXNERBFEBICB VW TLESDTHD I IR EFLR,
— %, RABEOEERS < HFHEE OO 2 TSRS OXHEDOERITENS, #
EH LTV D BIHEE SRER (FRIR) Lo WEEEERXD L, fiﬁﬁ@ﬁ%%%ﬁﬁ‘é‘
5LDOBETIIMEERHA S5, WARBMHKEREICE L CEBERERBG KK ICHELE
THRZERELDIZ 0Tl 0D, BET ZICHNRKTIRAT OB KBEZHEITEN
RN S B0, —HOWHET OB ABRRBREIMEIE N ERRIhEGEIE §46),
WoT, MINZLICRART2EFOBKFEEZHITIRRDLEZ2 0N, 4%, HMERWE
BUBETHD, —F, BRWINZBIT BT 20RKBORBERERLELT, KOVICAVDS
NHEA R T2RHEENLZBRELEDRLTWS (], 2007) , 7TZORKES 238
ELEREREIZALITONLTVE N, SIARHBREZZXNR L LEEREEBIRER+2
EERD, MARROHZ IR LT HIZIZHER INT E. ictaluri OFINIZB T ZEEE 12
ZH, BT 2OBREBICMA THARCHBEZT ~OBEREZBIEL TWILERD S I,

BHTHAL ST (Table 1-1) , ZHETIRT 2BV THE2 ORBERIHRE ST
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W3 ChOORREORBART 2BHEDO D TR, MORKALERBLEZLDOTH
Do RAFEICENTS, TaUNDPAKLD O DEYA DN D BKD 8 L E. ictaluri &
WREZF IR Lz, T2V rBAENAERE T ERENLS, o/ BAERERETD
FTFREE CTES AL, FHRAMBEBTLAEBEL TS, 20 ehb, BHERIICH
K32 Vibrio BHEH D W KMERKRIZHB AT D F. psychrophilum =° R. salmoninarum ¥ T
ZLDRREICETOIHESNZ LD LEZXOND E, KB BKD OREER T,
TaORZHEZXY rBAELIVbEVILRHEL R (BIEXE FS5H&, FIE) ,

7V IR (V. anguillarum IRYIE) B W TH v ¥ B AR L B L TR HNEE
2@V (Muroga and Egusa, 1988) . Z D Z L3, fhofe ER2 - TT IC BT

BEG TR BERBRETHIFNTHLMERBWITL, LIXLITKREFENKLETHHEHHBAOD
—DITRBLEZDLND,

7 4FHHER O respiratory burst IEMEIX 24, =TV~ R, UFXBLOT BV X Hypomesus
nipponensis &L LB L TIHEILH W Z L BRSPS TV S (Moritomo et al., 2003) . #
MB—FEOT 2BV TIE, BHREE LD bHEREIIY L THRIGE TE DiFhRe L
L2 BRBEITKAFE L ABHEHELBILT 5 Z LB EFRE EAER RO TRV ®
EEBLZENTWVD. (Moritomo et al., 2003) , £/, afRL=VALHBELTT 2OHE
EENRNIEL, HREBTERFLLAKBEHETHD ZLZTRLTVD (RF b,
1988) . L2AL7ZMH, WABITBWTIE, WHEMERM L EMBEEREOMERERE, &
AR D respiratory burst TEEB LR BRBICER R P o722 &0 b, WAKBAYANEL H R %k
FERICER T 2 AREIIRENRD o, —F, A=) VEEE RV REROHEM
DHBCIVHIEMOE S BGEKRFAREL —B L, GKRKEMREISESLERICERT
HAREHENTREBINT: (BIE F48H) . 20T ehb, LRELHRFITL T,
HREEZELV DERGLESERGH LHELREZIH ZRTOTIIRVNEZLOND,
ST, TaOHRGBEICR L TR Z2FERER, Thbb7 2 fERIcKIEL2 R F
psychrophilum \Z7 2R L= 56, WERENERAE L —HERT D &, BREEITH
W7 2 DAEEGE T+ REBHARTE T, BENBRBEZLLELIDOTRLEVWNEZEZD
nd, 5%, T LthOREIZBITHHLBRAEFHRHREIERT DL, T2OME KGR
EOREHAMATE L BOEARN LIRS EEXbND, £, T720AKHEBIED
BEEFIR LI 5B 2 RYE R R B OB R b W S L B,
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Appendix 1. Flavobacterium psychrophilum, which were isolated in Hiroshima Prefecture, used in

this study
] Isolation Genotype*'
Strain " _
Year Fish* Organ Location* Area RFLP RAPD

ZH-0001 2000 Pale'chub Kidney HPFES Gonokawa BS 4
PH-0003 2000 Ayu Kidney HPFES Gonokawa AR 2
PH-0004 2000 Ayu Kidney HPFES Gonokawa AR 3
PH-0010 2000 Ayu Skin lesion  Farm OJ Otagawa BS 4
OH-0016 2000 Masu salmon Kidney Farm SS Gonokawa BS 7
PH-0035 2000 Ayu Kidney Farm GK Gonokawa AR 2
PH-0037 2000 Ayu Kidney Farm GK Gonokawa AR 2
PH-0103 2001 Ayu Kidney HPFES Gonokawa AR 2
PH-0107 2001 Ayu Kidney River Gonokawa AR 2
PH-0108 2001 Ayu Kidney River Otagawa AS 1
PH-0109 2001 Ayu Skin lesion River Gonokawa AR 2
PH-0111 2001 Ayu Kidney Farm NG Nutagawa AS 3
PH-0112 2001 Ayu Kidney Farm OT Otagawa AS 3
PH-0113 2001 Ayu Kidney HPFES Gonokawa AR 1
OH-0203 2002 Rainbow trout Kidney Farm BK Ozegawa BR 8
PH-0209 2002 Ayu Kidney Farm GK Gonokawa AR 2
PH-0210 2002 Ayu Kidney HPFES Gonokawa AR 2
PH-0212 2002 Ayu Kidney River Gonokawa AR 2
PH-0213 2002 Ayu Kidney Farm YK Otagawa AR 2
PH-0214 2002 ‘ Ayu Kidney Farm NG Nutagawa AS 1
PH-0215 2002 Ayu Kidney Farm SD Otagawa AS 3
PH-0216 2002 Ayu Kidney River Otagawa AR 2
ZH-0220 2002 Pale chub Gill HPFES Gonokawa BS 7
OH-0221 2002 Masu salmon Gill HPFES Gonokawa BS 7
OH-0224 2002 - Masu salmon Gill HPFES Gonokawa BS 7
OH-0304 2003 Masu salmon Skin lesion HPFES Gonokawa BS 7
OH-0305 2003 Masu salmon Kidney HPFES Gonokawa BS 7
OH-0306 2003 Rainbow trout Kidney Farm TS Takahashigawa BR 8
OH-0306.2 2003 Rainbow trout Kidney Farm TS Takahashigawa BR 8
OH-0306.3 2003 Rainbow trout Kidney Farm TS Takahashigawa BS 6
OH-0306.4 2003 Rainbow trout Kidney Farm TS Takahashigawa BS 6
PH-0307 2003 Ayu Kidney River Otagawa AR 2
PH-0308 2003 Ayu Kidney Farm OT Otagawa AS 1
PH-0308.2 2003 Ayu Kidney Farm OT Otagawa AS 1
PH-0308.3 2003 Ayu Kidney Farm OT Otagawa AS 1
PH-0309 2003 Ayu Kidney Farm SA Gonokawa AR 2
PH-0309.2 2003 Ayu Kidney Farm SA Gonokawa AS 3
PH-0309.3 2003 Ayu Kidney Farm SA Gonokawa AS 2
PH-0311.1 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0311.2 2003 Ayu Kidney Farm NG Nutagawa AS 1
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PH-0311.3 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0312.3 2003 Ayu Kidney Farm OJ Otagawa AS 2
PH-0313 2003 Ayu Kidney Farm OT Otagawa AS 1
PH-0313.2 2003 Ayu Kidney Farm OT Otagawa AS 1
PH-0315 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0315.2 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0315.3 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0315.4 2003 Ayu Kidney Farm NG Nutagawa AS 1
PH-0316 2003 Ayu Kidney Farm OJ Otagawa AS 3
PH-0316.2 2003 Ayu Kidney Farm OJ Otagawa AS 3
PH-0317 2003 Ayu Kidney River Takahashigawa AS 3
PH-0323 2003 Ayu Skin lesion Farm OT Otagawa AS 3
' PH-0324 2003 Ayu Kidney Farm OT Otagawa AR 2
PH-0324.2 2003 Ayu Kidnéy Farm OT Otagawa AR 2
PH-0325 2003 Ayu Kidney Farm GK Gonokawa AS 1
PH-0326 2003 Ayu Kidney Farm GK Gonokawa AS 1
PH-0327 2003 Ayu Kidney * Farm GK Gonokawa- AS 1
PH-0328 2003 Ayu Kidney Farm GK Gonokawa AS 1
PH-0329 2003 Ayu Kidney Farm GK Gonokawa AS 1
PH-0330 2003 Ayu Kidney Farm GK Gonokawa AS 1
OH-0336 2003 Masu salmon Gill HPFES Gonokawa BS 6
OH-0337 2003 Masu salmon Gill HPFES Gonokawa BS 6
PH-0338 2003 Ayu Gill HPFES Gonokawa BS 3
ZH-0339 2003 Pale chub Gill HPFES Gonokawa BS 6
OH-0340 2003 Masu salmon Gill HPFES Gonokawa BS 4
PH-0341 2003 Ayu Gill HPFES Gonokawa BS 3
PH-0342 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0344 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0345 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0346 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0347 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0348 2003 Ayu Kidney HPFES Gonokawa AS 1
PH-0349 2003 Ayu Kidney HPFES Gonokawa" AS 1
PH-0350 2003 Ayu Kidney HPFES Gonokawa AS 1
ZH-0351 - 2003 Pale chub Gill HPFES Gonokawa - BS 6
PH-0352 2003 Ayu Kidney HPFES Gonokawa AR 2
PH-0353 .2003 Ayu Kidney HPFES Gonokawa AR 2
PH-0354 2003 . Ayu Kidney HPFES Gonokawa. AS 3
ZH-0355 2003 Pale chub Kidney HPFES Gonokawa BS 6
OH-0406 2004 Red spotted masu trout Gill Farm YK Otagawa BS 6
CH-0411 2004 Silver crucian carp Kidney River Gonokawa BS 4
ZH-0412 2004 Pale chub Kidney Farm YK Otagawa BS 6
PH-0413 2004 Ayu Kidney Farm OJ Otagawa AS 1
PH-0414 2004 Ayu Kidney Farm OJ Otagawa ' AS 1
PH-0415 2004 Ayu Kidney Farm OJ Otagawa AS 1
PH-0416 2004 Ayu Kidney River Otagawa AS 1
PH-0418 2004 Ayu Kidney Farm OJ Otagawa AS 1
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PH-0419 2004 Ayu Kidney Farm OJ Otagawa AS 1
PH-0420 2004 ' Ayu Kidney Farm OJ Otagawa AS 1
PH-0422 2004 Ayu Kidney Farm YK Otagawa AS 1
PH-0423 2004 Ayu Kidney River Otagawa AR 2
PH-0424° 2004 Ayu Kidney Farm YK Otagawa AS 1
PH-0425 2004 Ayu Kidney Farm YK Otagawa AS 2
PH-0430 2004 - Ayu Skin lesion Farm OJ Otagawa AS 1
PH-0431 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0432 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0433 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0436 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0437 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0439 2004 Ayu Kidney Farm OT Otagawa AS 1
PH-0441 - 2004 Ayu Kidney Farm YK Otagawa AS 3
PH-0443 2004 Ayu Kidney Farm YK Otagawa AS -1
PH-0445 2004 Ayu Kidney Farm YK Otagawa AR 2
PH:0447 2004 Ayu Kidney Farm OT Otagawa AS 1
OH-0501 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 7
OH-0502 2005 Red spotted masu trout . Kidney Farm NM Otagawa BS 7
OH-0503 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0504 2005 Red spotted masu trout Kidney Férm NM Otagawa BS 5
OH-0505 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0507 2005 © Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0508 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 7
OH-0509 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0510 2005 Red spotted masu trout Kidney Farm NM Otagawa BS -5
PH-0511 2005 Ayu Kidney Farm GK Gonokawa AS 1
PH-0512 2005 Ayu ' Kidney Farm GK Gonokawa AS 1
PH-0513 2005 Ayu Kidney Farm GK Gonokawa AS 1
PH-0514 2005 Ayu Kidney Farm GK Gonokawa AS 1
PH-0515 2005 Ayu Kidney Farm GK Gonokawa AS o1
PH-0516 2005 Ayu Kidney Farm GK Gonokawa AS 1
PH-0517 2005 Ayu Kidney Farm GK Gonokawa AS 1
OH-0519 2005 Red spotted masu trout Kidney Farm OG Otagawa BS 7
OH-0520 2005 Red spotted masu trout Kidney Farm OG Otagawa BS 7
OH-0521 2005 Red spotted masu trout Kidney Farm OG Otagawa BS 7
- OH-0522 2005 Red spotted masu trout Kidney Farm OG Otagawa BS 7
OH-0524 2005 . Red spotted masu trout Kidney Farm OG Otagawa BS 7
PH-0526 2005 - Ayu Kidney River Otagawa BS 4
PH-0527 2005 Ayu Kidney Farm YK Otagawa AR 2
PH-0528 2005 Ayu Kidney Farm YK Otagawa AR 2
PH-0529l 2005 Ayu Kidney Farm YK Otagawa BS "4
PH-0530 2005 Ayu Kidney Farm YK Otagawa AR 2
PH-0531 2005 . Ayu Kidney Farm YK Otagawa AR 2
OH-0533 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
PH-0534 2005 Ayu Kidney Farm YK Otagawa AS 2
PH-0535 2005 Ayu Farm YK Otagawa AS - 3

Kidney
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PH-0536 2005 Ayu Kidney Farm YK Otagawa AR 2
PH-0537 2005 Ayu Kidney Farm YK Otagawa AR 2
PH-0538 2005 Ayu Kidney Farm YK Otagawa AS 1
PH-0539 2005 Ayu Kidney Farm YK Otagawa AS 1
OH-0540 2005 - Red spotted masu trout Kidney Farm YK Otagawa BS 7
OH-0541 2005 Red spotted masu trout Kidney Farm YK Otagawa BS 7
PH-0547 2005 Ayu Kidney River Otagawa AS 3
PH-0548 2005 Ayu Kidney River Otagawa AS 1
PH-0549 2005 Ayu Kidney River Otagawa AS 1
PH-0550 2005 Ayu Kidney River Otagawa AS 1
PH-0552 2005 Ayu Kidney Farm YK Otagawa AS 3
PH-0553 2005 Ayu Kidney Farm YK Otagawa AS 3
PH-0554 2005 Ayu . Kidney Farm YK Otagawa , AS 3
PH-0555 2005 Ayu Kidney Farm YK Otagawa AS 3
PH-0556 2005 Ayu Kidney Farm YK Otagawa AS 3
OH-6558 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0559 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0560 2005 Red spotted masu trout Kidney Farm NM Otagawa - BS 5
PH-0561 2005 Ayu Kidney Farm SD Otagawa AS 1
PH-0562 2005 Ayu- Kidney Farm YK Otagawa AS 1
PH-0563 2005 Ayu Kidney Farm YK Otagawa AS 1
PH-0564 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0565 2005 Ayu Kidney Farm OT Otagawa . AS 3
PH-0566 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0567 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0568 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0569 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0570 2005 Ayu Kidney Farm OT Otagawa AS 3
PH-0571 2005 Ayu Kidney River Gonokawa v AR 1
PH-0572 2005 Ayu Kidney River Gonokawa AS 1
PH-0573 2005 Ayu Kidney River Gonokawa AS 1
PH-0574 2005 Ayu Kidney River Gonokawa AS 3
PH-0575 2005 Ayu Kidney River Gonokawa AS 3
OH-0576 2005 Red spotted masu trout Kidney Farm NM Otagawa ' BS 5
OH-0577 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 7
OH-0578 2005 Red spotted masu trout Kidney Farm NM Otagawa BS 5
PH-0601 2006 Ayu Skin lesion Farm NG Nutagawa BR 3
PH-0602 2006 Ayu Skin lesion  Farm NG Nutagawa BR 3
PH-0603 2006 Ayu Skin lesion”  Farm NG Nutagawa BR 3
PH-0611 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0612 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0613 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0614 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0615 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0616 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0617 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0618 2006 Ayu Kidney Farm OT Otagawa AS 1
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PH-0619 2006 Ayu ‘ Kidney River Nutagawa AS -1
PH-0620 2006 Ayu Kidney River Nutagawa AS 1
PH-0621 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0622 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0623 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0624 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0625 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0626 2006 Ayu ’ Kidney Farm YK ~ Otagawa AR 1
PH-0627 2006 Ayu Kidney Farm OT Otagawa AR 2
PH-0628 = 2006 Ayu Kidney Farm OT Otagawa AR 2
PH-0629 2006 . Ayu Kidney Farm OT Otagawa. AR 2
PH-0630 2006 Ayu Kidney Farm YK Otagawa AR 1
PH-0631 2006 Ayu Kidney Farm YK Otagawa AR 1
PH-0632" 2006 - Ayu Kidney Farm YK Otagawa - AR 2
PH-0633 2006 Ayu Kidney Farm YK Otagawa AS 3
PH-0634 2006 Ayu Kidney Farm YK Otagawa AS 3
PH-0635 2006 Ayu Kidney Farm YK Otagawa AS -1
PH-0636 2006 Ayu Kidney Farm YK Otagawa AS 1
PH-0637 2006 . Ayu Kidney Farm YK Otagawa AR .1
PH-0638 2006 Ayu Kidney Farm YK Otagawa AR 1
PH-0639 2006 Ayu Kidney Farm YK Otagawa AR 1
PH-0707 2007 Ayu Kidney Farm YK Otagawa AS 1
PH-0708 2007 Ayu Kidney Farm YK Otagawa AR 1
PH-0709 2007 Ayu Kidney" Farm YK Otagawa AR 1
OH-0710 2007 Red spotted masu trout Kidney Farm YG Otagawa BS 5
OH-0711 2007 Red spotted masu trout Kidney Farm YG Otagawa BS 5
PH-0713 2007 Ayu Kidney River Otagawa AS 1
PH-0714 2007 Ayu Kidney Farm YK Otagawa BS 4
PH-0715 2007 Ayu Kidney Farm YK Otagawa AS 1
OH-0719 2007 © Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0720 2007 Red spotted masu trout Kidney Farm NM Otagawa BS 5
OH-0721 2007 Red spotted masu trout’ Kidney Farm NM Otagawa BS 5
PH-0722 2007 Ayu Kidney Farm YK Otagawa AR 3
PH-0728 2007 Ayu Kidney Farm NG Nutagawa AS 1
PH-0729 2007 . Ayu Kidney Farm NG Nutagawa AS 1
PH-0730 2007 Ayu Kidney Farm NG Nutagawa AS 1

*! See Chapter II-1.

,*2 Pale chub Zacco platypus, Ayu Plecoglossus altivelis, Masu salmon Oncorhynchus masou,
Rainbow trout O. mykiss, Red spotted masu trout O. masou ishikawae, Silver crucain carp Carassius
gibelio langsdorfi
*3 HPFES: Hiroshima Prefectural Fisheries Experiment Station, Farm: private farms
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7 = Plecoglossus altivelis IIEBEONKEREB I UBHECBITIO2RLEELRAED
—DTHHN, AIRLHEBEBICBVWTHELOBEERANBELTND, BN TH
Flavobacterium psychrophilum % JRIR & 3~ 2 MBEEMKFIX, 1987 FIBEHEROT 2 RFEY;
THIHTHRINTLUNR, 2ESAHMOBHBEL ICRAITHEEREL, BETLT2IIE
TAOAREERRER>TWD, TOMBEMEGKFICMZ T, 2000 4 LU 387 BLME o H BE %
PEBERE L, TN DIZELNEEITD L LV HESRBEHCLERRBEZREL TV 3,

AL, T2 RAETIMERGKFEEZELIREL LT, TOMOMEMEER, T
b, MEMERER, HUET Y AR, 8L Edwardsiella ictaluri IEEIZ DWW T, &
NoDOHRIMROBILICET S, MEAFHNBIUHEZHRFTZEBIR-TbOTH
5, BOREHREUTOL D CEHSNS,

MRS KE(EIER)

1) 2000 76 2007 FICESRTFOT =, ¥4 BAER LA BASHN bR LE
217 BR D F. psychrophilum kb LT FAMZFRNFHEIC L D3EENENT ZITo7 (1
fii) o PCR-RFLP (restriction fragment length polymorphism)& RAPD (randomly amplified
polymorphic DNA)-PCR % %&bt 5 Z & T F. psychrophilum % 13 DEBTRIZHIT 5 Z
ERTER, Tano QB LEKRE T2 USOARENOSBELERIL, 7 HKofist %
BRWTE BR2BEBEFME R, 7T2HROWKIZ I >OBEFRIZH PR, H
BHEEDEVWEREBFRHICBW THEAMBIZRY PR oI, £, 1993 FILESERTT =
BLOAA I TIDOHSBESNTZEHKRIY, T ENWBETFRRR R, ZThDHbDOBEFE
FFEANDZ LT F. psychrophilum DRREREEZRA LM T ENTE, BHBRIEIC
BEDHDEEZEZDHND,

2) F. psychrophilum DRKF TOEFEE in vitro TN, RYIMEFLZEHEKORR
HIZSWTHRE L7z (382 &) o BEKEARFIZBWNT, 15CHIT25CT240 B DAL
EREREN, TOEFEKET 2R L TRAEEZE LTINS Z EABRREERICE VR
MO HNTo, F. psychrophilum BDIRER TREIMFEEEZHER L, T BRI To kR
BIZRD5DEEBZLNDZ b, FAI~DOBRBIZBNTIEXT 2~DRFENRZEDOR S
H LIRS T 22 HNWDZ L RRELEZ HND,

3) AKBIEMNTETFHEBIZAVSIRIAL Y URELRT 7 FUicBTsREE2To 1
(36 3 §i) » T, ERTVIF U OFMMELZERNRRIE I UCFARBR TR LEER,
TPa2ny bVelmMLEY 2 FrOoRMERERSNE, Kiz, RRVZFr8L0R%
VIUIFUOHREBENRBRBICHARBR TR LBEER, REAYRIEND 75
YICRELIPNTH O AMENER S N, SEAESR P OKIEIZ 15CR L U20CTH
DThol, REAVIFUVLEROAERERORAREONRERIT LIHER, MhEHE
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4 Pantoea agglomerans H13% LPS % /- (3FFFHH RNA # —EEFAFHCBEETCE 25 &V
IFUDEMEDREE T2, RKEDT 22 NBTEIRFEV 7 F U OEMMEDN B RIERIZ
BWTHRINZZ LD, AJIRHEHG TCORKROEEL FHAE TRETESLE
2BNB, ‘

4) KERTAEINTWABEBOALT 2 REIZ OV TERN L DK KIFEZ M % Lk
L7 (3B 4 8i) o F. psychrophilum (23§ D% M2 ER BB LA RBRITE VA~
FER, BET2ICHEKRTAIEERERT 2O TENRRROWERERT 2 ITHBRLT
BENZERALMNIRoT, UL, MERERLIMERER T = O IR L& KB HEE
KEBWTIHAEEICEZRON R o, MAFRBZEHEOBEVVEERERT 2B WRRER
TaDRERMEEHLZLE ZA, BARBORZHIIARLEOFMICRZY, ZOMHEILE
BY B AERNRENE, R~V VRELY 7 F 0 TOREREICE VT HRBIICH
T AP HBEICIERRBICEEEZRXRD oo h, HIARMIXEERE RN E
STl EMD, IREZEREMERFOBEERNTRTRINE, THOHLDORENLDL, BELSKS
TaeBRAEBLIOHRBEEEE LTHVWDIZLILLVAAKREELZRBTEZLEIZDNS,

5) F. psychrophilum DWERT O 5 b, 15EAD M5 TORIMME L FEE L OBFI
DWTRE L7 (58 5 #1) . ?ﬁ/‘z DRFEN L HBESI T2 F. psychrophilum (T 2WTEND
DT 2BEOT v I MECOMIEE T2 B L 0T <~ I+ 2R 2 hEt LR,
TanboBELZERIXIT 2 g CHET IR, T~ MmETCIHEEL 2oz, HIiT,
TaLAORNOLBELZEHRIE 7T 2 MiECIRME L o7, Y EAEMNOHBEL
cHOBEKRIET v TMETHE L2, —F, T RERET I L THREEERLE
N7 LTIHRREEE R ET, HiZ, TaUAOAPL LB U-EERIE 7T izt L
THREWERER PSR, TaUNDOEN L BEELZEHEO —8IX 7 < JiZx L TRIER
HER L, TRNODHER»D, MG TOEMMEIL F. psychrophilum OFFEEFD—2 &
FEADN, BICT BT L MIEMAENE L REEICREERERABRD O, ZhbHD
FERIT, AEOBEEHRMELE XD ECRIKEL, EABOHERRS L OCHAY 7 5
CORBIZORBBEILDEEZLEND,

HENERB(BIE) :

RIS EROREE D T2 OKREEFICOVTRI L, HADOBELL—HEOME
HEOM Ui, S, W Renibacterium salmoninarum Mg %2 AW 865 EER I O
R. salmoninarum A PCR TRRMERGER L, T2 2 AW REERICL YV OBE OR
FHERHBEINTZ LD, 20T 2 DOREIEIX R salmoninarum % JR R & 3 5 6 M4 B g
75 (BKD) L BWiahi, £, BRL T 2 0B IMK T THIRMIPLRE LB E,
Z ZTHE SN TV Y~ A9 5 R salmoninarum B33 BES L, SYBERO T 221§ DR R
PELHERR STz, BKD BRINE TV I BAROATRADPMON TR, RKEFLT =2
(2% BKD DH#ETH 5, 7 BAED BKD B7 2K FRERET DA REENST S
ez edh, YrRARL T2 2R UHERATHE LTV AEBEFICBWVWTHE, H7HA
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EPLOT7a~DKRFEERESHIZEE, REEFETEOHREH 2RI TILEND D,

HRETVHR(BEVE)

BT OT 2 ZH UV RPESREAE Lz, IREREH, HEHORE, BLIOEDOREH
ERHEBETIREENRBEL, RAPDOMEEREMICLY 1 BEEOMEI GBS N,
BTG 2 & E 72 VI L 22 dr o 72 38, ~ 3 2% 25 pg/mL BLEM R B & &<
HAE 7=, A LSRR ORBEA, 7= 16S 1DNA 3 & 1f 165-23S O ITS S D HLE
FIFEHTIZ B W T BEE I Vibrio BIZHEI N, BERMD Vibrio BHIE L iIZ—HK Ledh»
o BRYERICBWTHBEIZT =i2% LTHRVEEM (LDso=10° CFU/fish) %7 L, &
RAOAEHEKAER X CREAREORMER»S, AEOEMBBAM THELEXD
Nz, 7207 Y FHEOFEE & LT ZIVE T V. anguillarum 33 X OV, ordalii 7350 5 1
TERER, TG BRI FED Vibrio BREIZL ATV AHEOREZHER L, iE
iz L, RPRREFAFTEBEAKRBRREICHDILEEL O, BEEHOWRE LTESBITR
EXMRETILERDHA D,

Edwardsiella ictaluri 5% fE (£ V&) :

2007 £ 8 AHAMND 10 A LAIZ»F T, HEE, WARBLWLEROMIITT =D
KBRS, EUA»L 1EEOMER I N, BRI 7 LR EEHSRME
DEBIEARE T, V¥ T—PHlE - F Lo u— st F & —PRIEND Edwardsiella & IZ
SEINT, HBEEIX37TCTHBE TSV F— L EBETH I RICBWTHEBO AEFRHE
E tarda L XRBI S, ZORBBIMERIZL 9 1 D E. ictaluri ITEBPI LT, £72, 16S 1DNA
BI O etfd BRTFOBERINCEB TS E ictaluri & BWAERME (100%, 99.7%) #RL -
T2 s, DBEEIX E ictaluri ICRIES Nz, BPEERIZLID Tz T 3 REENHE
BENTZ L2 5 (LDsp=10* CFU/fish) , Il 7 = DR IFAFH BRI L B L E X DT,
E ictaluri X7 2 ) I B LOEET V7 ORMF~ ZOBEE E LTHALA TN DT
HY, BRTORRT BT D E. ictaluri EHEDH O TORETH B, HHMREFEH
BIZSBOMEICDTEROENDIN, BHANPLDHAAZS ODRPEFROHENREDRE
THY, EEFINSHDVIERET 2 ~DOEEOIEKR, Ehht~v X ERBE~OREREIZIZ+5
HEZIDO LERD B, |
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BB

AR RED BT H Y, #4h TR 7o 15 B K 2R 2524 MR 2B 7R R
BRCBRAPOEERLET, Tk, ARCCHELTHEY OFRZ SR TAV = AFLH
R —RHE, BEMLEE, BTMhERBCREORERLET,

EFRIIU T OEROBE AR B WALV TFbNELLEOT, BHOEEZRLET, W
IR (BUEBRELHIREHRD 1<K ERRE WA L ORTAERRETT
= OMEHERIR OBRROMER L IThh LTHE £ L, FEMABK (BUAS R
MR (IR ERBRIB YRR, PAKEERIE L OKEEE R v ¥ —C,
WARER GRERRMELBEEET) QR AEARBRAATER L ORNAEERET
TaDWE, BRRERRREZBEHALCHEELE, BHLLARK, HE—RK, $HEF
RICAEBEREN Y ¥ —C7 208, BEERZVICHALTHEE L, KB
W HFEMA O BHELRICIE, AKRERET 2RO -T2 52 THE, HBRA
OEYE, AARRBET 2OR@AELICHA UTHE E L, HEBALSRBERED
SO EERERZIIUDBAOHF 2 ICIXERAORE, BABHBET R EICH
AUTHE & L, MEfTBEAKEREGFRE L ¥ —RABEFO A FHEIIZT 2
FURBEMEBICHI ) Frx RPERLH A 2HEE Lz, HHRE GtV = FvBERT
%) ICHAEREAORER Y OBNEHE F Lir, FRBEXFORASHBEICIAK
WEHE 7 2 BRIV Chrx RBE SUHERE E Lz, BILFENE GOk BIRAE
KRB 101 O R AT FHMEIC & 3 THBY It LTIRE ¥ L, BATRE (5
BRERERR) CRBERER B LTHEE LE,

it,ﬁfﬁ%k@?6§<®ﬂ%%&m%;%§ﬁwt§ﬁ%%ﬁi(ﬁ%k#&%
Hi%) , HRELEML GUEEREREREAR) CRHOBERLET,

AR, BESEBRKERRSRAALE, EERAEARENKEES, KSR
KREMREITE v 7 — IR R & UL BRI A BN eI K BN B B & o & — K
FERFRIRICHTR L 9 EficiTbiiz, ZORICEBEEITRE < BLLEN, —KLT
WA DREHEICET 5 ROBE 2 52X THWEEROFBREICRHZH L EFET,
i, KERRED L OKEBERNFEL ¥ —CHAZHVCERFABE GEAKEHE -
WITRTIE) |, Hx 2D SPREZAVESARERL, Sfis 2HBH2HCZRA
DF 2 CBHOEERLET,

Bk, ABRIIHEAEA B AKEEREEGSARENERRAZEL LR U DHE
RFRBETITbREZ L0 b, BRAMICBLEH LETET,
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