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7 = (Plecoglossus altivelis) (XmRlEI#ER T, dL¥E
EEH O IVUNE CO ALK, FBEEEENLN
FFAEREL ECOFEKRECSMT S, V BE
REDHEZFAT DY 20F20T 2
(Plecoglossus altivelis ryukyuensis) 1IB[BfETH 5,
D FTFENORKICINT T, HEHHLRAH 2
E LTI TERT 503, Bl L 72AFRITHK
CHECT Y, BRECIFRANZECED, ¥ K
H72Dix, BEMET 2 Th5b, BEBMET =i,
WORO VI TEAZBL, L& EZ~DWAFI
THAFEEZERIED, VWO LIESERDOTHD,
D 7R | ETEERZERE I, FRLED
FEEN D, TIIMICEET B X oicirn e, B
BER2BETLC 1 m’ fiBOLS ThbiXv %
kT 5, ¥ ZokhbiXv 2HERT2EEEFAL
TeFNEDRT DRI TH D, 1913 FICHRELE
JINZEBEMWET 2R S, ZOBEEDEINIZE
S TEEWET LIRS AEE & LTEE O
~DBEHIEE Y BIEETE 4 LT b TE 7,
Y BEWET 23 biI0 2 FOEER LY AN
e, #19 ARREBBE IHFER TS, ¥ 2
X, BEMWET 2 I3EET = L i U TEINEIN R
<P BROIXYBROBENEL 25 RAHICE
KETHZ &, BEMET 2 MEOKETHAEEME
PR CTEXIENHEEHA TS L 9 HNEA
ThdLEZLNTND, EBEWET 2OW)I[~D
BiRiL, BRI EEOWIIBRT 2D 70 %Lk
DTV, L L, ZOEGITTERL 12 EE TiX
42.2 %, Rk 21 FETIX 212 % L A BOD—R%E
EoTD, ¥ Zhik, EEMET ~ITFEEEIC
FELARNWZ LR, ¥ BAREEZRE LTV 55
BDENZEY Lo T, FRCHEERATES N A
Esh, BREOT2ZPEKEIND LTk
EREETH D, WARAEEORERISEVEENE
T 2O, )BT 2HAKROELEDEER
FREIZR-TWEEBEZHATRY, *19 —HoR
TIIEEBWET 2ORAEEZ 28X bH D, L
L, BEWMET 22 L TORWRJINZENTD
BARBORERBEINTNEZ L2, ¥ EEW
BT OGNSR T 28 KROELEDR

FF- 7

HTHD LEFEVTN2Y, WTHhIZLTH, BE
WET2OFNBEHRT2E LTOT =T 2EKET S
T=DITIE, BARRDOBRPEGEERFTETH D,
7 7KJA (Bacterial Cold-water Disease) (%, ®H7K/FE
Flavobacterium psychrophilum'’ % JRKE &3 HHIE
PEDHRIFE T, 1948 FiZALKDF L in b H1DTH
BEShiz,? a—nyXACR=UVvAHAIIRER
WERDH B Z L o5, ' Rainbow Trout Fry Syndrome
(RTFS) & FEIH T3, ZTHNET, TAU A, 7
FGUAR, AV Torw—0  AFXIR, AL,
AZIVT, T4 R, _"F— F—A+5Y
7. FU. BEHBLIGAERTHKRADFEENFERD S
NTN3,"Y RAFEL F7rBRETIEI VT,
=VRAR, R=HFr, vasr 375 <R, lake
trout, chinook salmon, brook trout 33 X TF cutthroat trout
POSEEINTEY W FrRAEUN TR —e
R FX af FTUF, AAHT, vITA, F
va, 77, FYay, yvFPay, 3¥
IRV, TTBEIRUVITENOHEEINL TN S,
S OBARIZBOTIX, BAREIL 1987 FI27 2 h
LAHTHEEIN. Y KRR IRRELY b
LAT7 2ZRA R EE 52T 5, BERTHK
RDFIO TR INTZDIT 191 F£TH 5,
BARDOIBRICITREN TOh & .Y BAR
DIFRFE L LTEARBEN TV AEERITIFEICL -
THRR-TEY, AFXFVATEHINI ANV ALY
NI 7 BATIDEF, XV VB, X7
FFHAL 7YV BIRTEXFY VIV THS, O F
V= TR RNIA NV AN T 7 LTI
DER., XYV VBPEABINTVEIR, FF¥
TRIHA 7V TENGEDNLTEY, TEXY
viveiTuaATZzma—ABERER TS,
AARTIX, ANT 4= F U TART kK
FROME—DIEEIE L LT 1999 FIZARINTRY
BOBEGRESRESNTVS, P LA LBEORK
i, FAIMAER O LB 181719 2, ARSRE~D
HKOBRE * LvoBEEFHRT S, BERERICE
WK, RV T 4 VY= F Y T AZitEE RS
ERIREITRER SN TV RN b D0 FEERKER
BiE, RER), ROEZL - BLBRODLNDHE5HIT
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BTk, BAOERIZTEZREIRELTHERD
5.

ERNROBIBEFEE LTHRINZOMRM
BB TH D, MBABIIFEEFEKEEZ LT T2
BARBEIRET D HIETH D, WKFE OFEEFE
BEIX15~20 CTH D, 25 CULETIBKRREIX
HIET D2 LN TERY, B2 —F HETZO
AFRFREIX32 CTTH D, * MRAEIT, Z0
WARRE L 72 OAEBRBHEEARHAL TS, IhE
TOWET, BHARRBRLEAICKT L THEKRE
23 CLLET 3 HHEULHERT 2 LIBERDIREH S
TENBESHEN, B KEMN 27 CT3 HE®
IR T, A% 2 BB ICHERT L7 — AR
WEINE, P BETHE, ETARFRIEL ST
7= 23 CT 3 AMOIMBAEZITV, BFEK
IR A RBIMERF L7212 28 °CT 3 B OINRLE
IO FENAVLNTNS, ZOHFEIIEREBSE
CHERL, BHEOT2BEEENERALTND,
LarL, BHETObA T SIMBAEREIL., BRI
RITSEREEZREVIRL CHEINEZD, RENCH
BRET CORRTOBRREZOEOEEBIIAHTH
%, 23 CTIRERDRNHHEHS, 27 CTHEHEL
T2 RENZ DWW T H B ZERZRRIEII R SR THRY,
ZDRH, MHRAEDOIERZRZFEMICH 62T
BT Lk, RIGEEEELTAEDICABETHS,

T OB KFITEAE 21T Trae < RBAKE T
LELELTWD, 239 20D, L ZBELET
2 EFNI~BEFHR L TH., FINCEARREREEL T
WABEAIX, BB O T 2 3m KRR 5 e
HRHD, TN <dIciImKRRICRTE2T 7
FUBULETHD,

BARFCHTBY 7 F0x, Bx RBRHLHE
PITONTEY, FREZFTTUVIFUoHBEINT
W5, LL, fEENRDOEISYHROTEECR

FEBNERNWZ LR EDEBICEY, RERTVIFV
DERACITIZE - TRV,

—7 ., MARRCABBRGE S TEEI RS T-HAKA
MHE7 ik, ®ARCH L TEWAREEZ EET S
ZEBRBEINTNDS, ) Ein, BAKROFTHE LR
DR LR U= RFET 21X, BRI R3 5 HifRE
PEETIILEHHONTNS,®? REEICREL
TLIEER, ZOREMRICR L THRtEE ST 5 &
WHHSRE S ELFIHL T, BRI R ES
SEDEAMT, FUREBERDO A =X L EZHLNI
TAHIER VI TFURRBREBKRARICERD,
I 512,28 CT3 AMOMBLABEEMHAEDLES Z
LIZXoT, WARRICH LCHmEEEDL, A%
AKFEEEZRELLRWT 22 EHT A2 B TER
X, BAKRDEIER (BT b &SI,

AR TIX., MRAEOIEEHEEZRZNICHAS
PITT B0, WmARREADTE L~ DIREIZRT 2 4EH
Bkl | WARRRBRGE7 o L CIMRAE 21T - 72
REDBKFE OREABBEEZ AT, b2, Bk
RICHTHREL R T 2L 2 AAICHE
L., NEAEZEAEHLES Z EIZL-T, BAR
BHEREAT T, HARICH L THREEZFo7T 20
YEH &3 T=,

ARAAEOBMEIIROED TH 5,

1. FEx OIRETHER LIZW/KREOEERE (58 2
),

2. A2 DRETERELIZAKRED VBNC ~0F
1T L ZDZRDOIRREME (83 E),

CBEB L UOINBAEROSKFEOAKAL X
UHRBKRTOHREBR LSRR (B4 E),

4. NBHIZHAKIRERE ST 2 OIMRGEIZ
L 2RO ER (5B 5 E).

. RIE (BB 6 F),

w
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Hw2E
EREBWM

IR A B KR 2 KR E DS EFE T & VIR
EFXFTLEEIETHRETDHIHETHS, 07D,
INRALIEDIREN R ERIET D 12DI2iX, £THEK
AR DOBIEF RERE 2 SRR D UNERH D, Z
NET, BAKREOHEFEIREIZ OV TIIZ L DR
BT TERE, BARREOHEIHEFTRREEIX, 4~
23 C., ) 6~25 C, 5~25 C, ® 5~20 C, @
55~24 C, * 10~20 C ® ThV. BEHEER
BEVE 19.6 C. 2 #9920 C 2 L#MEIHLTVE,
BAFREIHEFE T E RVIREEIZOWTIE, 25 °C, @
27 C., ® 30 C 2P L fHEINLTVE, Zhb
DFED B 25~30 CHITIZHKIRE OIBFERFIE
ERHDLEEINDIN, EOFFMICOWTRNT
LULEDRDH D,

ARETIE, GRKRE OHETERFIRE 2 FEMIZFA~
-9, | CHMTRREXZREL, AKANEA
E LSRR OB E R RBREL I UHEBAKF
FRE LSRRI 26 KREOREL DRE
WX B - AR E T,

mRERE

HEE%R ARFEICHER LZRKREKE Table
2-1 {ZR LT, RERREICRIT 2HBERRIZI, F
psychrophilum PH0424, OH0501, NCIMB1947 15 X T}
SG030207 @ 4 HKZEAWz, SEBREICE T 34ER
HERIZ1Z, PHO0424 3 L. TNOHO501 Bk 2 8k & F W\ iz,
PH0424 #kiX 2004 F£(2 7 = O B[gH> 5. OHO501 ¥k

T4 OIREE THEE LIzm/KRE O AT R

I 2005 FEi{ZT7 < T ORfFEH . NCIMB1947 #RiX
1973 FEIXF U FrOBE» S, ® SG030207 #RiX
2003 FIZE T v ADBEH DL ENENDBEI N,

HBEOAE -85 CTHHERTFL TWEKEE
WL, MCY FikEs# (02 % kU 7 k> [Difeo].
0.05 %B2R % X [Difco]. 0.02 %BTx R [HRERE
T 0.02%EEERT U U A=K, 0.02 %iE
AN T B KT, R 1.5%, pH 7.2) ICHRE
L. 15 CCIHMER L= R LEEEHE&FE T
BY ., 50 mL ® MCY ¥ 02 %~V 7R
0.05 %EERFTX X, 0.02 %=X X, 0.02 %EEET
rU T A=K, 0.02 %L T T L ZKRFNY),
pH 7.2) IZHFEL 15 CT 24 BEfIR & 5 558 (160
pm) L7z, T RTOBETEFNIIT- T,

FHRBREICR T 2HEERAR TIZ, MCY &iE
BEHP COEESFE LR, BRRELTEONZE
REx., EOBEHNY 10°CFU/MmL 12725 & 512 MCY
TRIKFEHIAY 15 mL A - 72 LFRIZRE (ER 18 mm)
IR L,

UBREIC BT 2EBRRRTIX, ToOREIZME
RIS TP COERBEEZR -, HTKE
AR022 ym 7 4 FZ —TRBLIE®KR, A—h7 L
—7 (121 CT-154) %4T> CHEM T REARL
fo. BERLTELNZEKRE 5 CT 15 HELS
BE (3,000xg) L7z, FiEZETTHEEMT K CTHE
MR Z80% L, HERBRICELDEE L., BOBE
239 10" CFU/MmL 12723 X 9 IZHE T AKAS 15 mL
AT L FRIRBRE /8 L=,

EREHEEBER ERB/ALFERRE
iRE AR RLEE RERFER) Ity L,

Table 2-1 F psychrophilum strains used in this study

Strain Host Origin of isolation
Tissue Location Year
PH0424 Plecoglossus altivelis Kidney Hiroshima, Japan 2004
OHO0501 Oncorhynchus masou ishikawae Kidney Hiroshima, Japan 2005
NCIMB1947 Oncorhynchus kisutch Kidney USA 1973
SG030207  Oncorhynchus masou subsp. Kidney Shiga, Japan 2003
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15, 22, 23, 24, 25, 26, 27K 128 CT10 HH
weED (B0rmpm) HELZ, BEARERERL,
AKRDOEBE DL THEDIZ 15 CTOA ¥ a
NR—F—HNIZHRE LT, | BRREXY7=Y 2 RORBR
BrERALE, ao=—%i, Fuoy7E P® oK
i, B#EO0, 025, 05, 1, 2, 3, 4, 5, 6, 7, 10
B BB 23 PBS(-) T 10T BRBEARL,
MCY FEAREEHUZ AR IREBE L 720 20 )L 2 5 R T
L.15 CTSHEEREL Car=—%3%L~, =
DFEZ BT 5mARE DR HERFEIL 50 CFU/mL
Thd,

B/R

MCY AR Z W THARRE 4 HRIZOVWTE
7R DMECKTT DA E T ER % Fig. 2-1 12
L7z, 15~25 CTIT T OHKFELR CHEIENE
oz, WThORARERIZBNThar=—
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Fig. 2-1.

34 10° CFU/MmML & THEM L, Z0%ITERLHIC
B Uz, 25~27 C T, EERA TRR - 7 Hf5E S
H—vERLTz, LAL, 28 CTIXTXTOEKT
HIEIRD 6T, B% 2 AUNTa e =—TREE
wRol,

WIZHEER T AR Z O TEHARE 2 BRICOWTE
RHBEFRMTTONFBEREFARSERE Fig 222
R LTE, WTFNORE THMREOEIMNTIE -~
KBHoLNT, BEXAETNIEWIIEY, an=—
BITRLBA L1z, 15 CTROTROEKIZBWNT
H, 10 FETham=—0 RSN, ZTHIZRL
T.28 CTIXTR_RTOERICBWT 2 AUANTa R
——FRREEE Ko7,

BE

ERERREHT CHAKFEZ 28 CTHERELEE
ZA, ABRDBARFEOTNLEEE 2 BUAICan

1010
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10
o-15°C
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Live F. psychrophilum (CFU/ mL)

gARNNNA -

Incubation time (day)

10

Growth patterns of F psychrophilum strains at various temperatures in modified

cytophaga (MCY) broth. a, PH0424; b, OH0501; ¢, NCIMB1947; d, SG030207. The
values indicate means (n=2). Dotted lines show the detection limit (50 CFU/mL). Under

the detection limit, number of bacteria in the broth was treated as 0.
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ERA RS
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Fig. 2-2.

10

Live F. psychrophilum (CFU/ mL)

~, =

101'“\
1 1 1 1
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Incubation time (day)

Survival patterns of F psychrophilum strains at various temperatures in sterilized

underground water. a, PH0424; b, OH0501. The values indicate means (n=2). Dotted lines
show the detection limit (50 CFU/mL). Under the detection limit, number of bacteria in

the water was treated as 0.

=—EREEHEAL, TORLBRHBINR2o%
(Fig. 2-1), 25~27 CTIHEKRICL > TGP ER
D, WHETDIHAL LEVWEAERH T, BN —
ERL L Thd, BERICHEETIHER LT,
AFRIZBN T, RBREORESL 1| CHATRE
TBHZLICE 5T 25~27 CHREKIREIZE o TE
FETELRADCEBETHLZEEHLMT L, 15
~24 CTiX, 4 KT 3R TIHIREDEWVIC X 5385
AE— RZREREWEIRDON o203,
SG030207 BRITIEEEAMEWV T A EKIRE DHEFEN B
VMEM &R LT,
BEHTAKFTIZ. 2 KOGBKFEOWTNH
28 CT2 AUANIZan=—TmEELHL L. ZD%
bREShieh o (Fig. 2-2), ZORERIT, A%
REMERAWERRE - L, JUEEREICEINL

1)

TE%, —FRRCHREDIEMT 5 2 L BREFEOM
BIZRBWTHEINTWS, ¥ L LAFRIZE,
Tix, WTROBREICEWDTHIRE# T AT TIddk
KRR E O OEMNITFED b T, BRENE TN
EEWIEE, ERITESBA Lz (Fig. 2-2), 2D Z
END 15~28 CIzBW Tk, REDEWVFREK
REIZE D TAEBRLRLTOVRETHLZ XD,
%, Vatsos et al® 13, WARE L 14 COBE R
KT 19 BB AT Lz & #HE LTV %, Madetoja et
al® 13X, 15 COBEHAT T 300 BEAER L L
WMELTWD, BFRIZEBNTH, 15 CTHE 28R E
HERBIES (10 BR) IAERL T\, SRz
ZBWT, BAFEIX 15 CHETRESNMART
rrEZOHNB,
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FBIE ExDEETEERE LT-GBAKFED VBNC ~DBITE

D& DRI
BEEH

%82 EIBWT, @AKKREL 28 CTH MCY &K
BHEIIBERTAKCRELZLEZA, 2 HET
aun=—FREZHET A EEHLMC L, =
72, MEO 2 =—FREOHEN D [5E] &
e 2720, REX ML AZZEMEIIE, arm
——TERREEE R D b DD, ABEMEZRE LK) 2
FERIZIE L TWARWVWIKEE, /4P H Viable But
Non-Culturable (VBNC) RE~BITTHHE1H 5,
M VBNC SREOHEIZ, e—Fravr, ¥ KR
NOERA~DOBE, ¥ HREEH~OERE, ¥ B
EAR~OER © 2 LIZ XV ERET D ATREMEN SR
ENTWD, ZOZ &b, 28 CIZEE I NLIzKHK
REA o =—EREEZRo7 & LTH, BARE
DFERR LTz LITEWIN T, SRR E S HUETER
BA~RY RREE RET 5 REIEEETERL,

FZTARETIE, BEMTAE LT MCY #&iEE:
HERANT e RIBEETORKFEDOAIIRES
oo =—fRREe MR DOEER B HRHME L7z,
I BT, an=—TREEEIHR Lo G KWE A HETR
RE~RY ., RREEZRETIRE~NERTH0E
&, MCY REEHA~DEEL LT 2 ~DHE
RERIC L o TR,

MR ERE

HEEKR L IEEEH  F. psychrophilum PH0424 &
EZRBRICAWE, ARIEIT7T iR LCREEEL LT
HMHILTWVD, -85 CTHMBERT SN BERR % AR
L, 100 pL % 50 mL D MCY #&IAREHICHERE L. 15 °C
T 24 REEIIE & 5 55 (160 rpm) L., EEHAFHAD
ML (10° CFU/mL) % RisE#iRE L CTEBRICHL
77

FRICIE, BEH TR XU MCY ¥k H# %
W, B2 ELAROFETITo, RBRHBROHE
BENOTRLA 10° CFU/MmL (2725 K 5 ICTHEL
Tro FERIEEIX, MEHITKEANTZEAEZRARICE

WK, 15, 23, 28 B33 CE L. MCY #iK
Bz BV -EERRICB O T, 28 CTOAHREL
7z. ¥5#& 0, 025, 05, 1, 2, 3, 5BXV10 HH
WERBRENORE #—FEEFI L, UTOERIC
L7,

REY, an0=——%. MPN 8 & U LIVE/DEAD
B ORERT EBEREE Y CROEHRBHZ 20%
TNE—NLTNATE RE 1 %IR35 E512Mx, #
ez @B ELE. Z o BHERB .
4" 6-diamidino-2-phenylindole (DAPI, FnYtHlisk) ¥k
205pgml 2725 X 5ITMA T, 5 CORFTT 30
SR L%, LR 022 pm BARY H—RR—
FZ74n&— (RVART) RICHEREZRRHE
Lize ZA4NE—% AT FHFRZEE, BRED
EENTIV Y EZWTIL, INN—TFRXTHAL
Tro ZORBHE BT (Eclipse 80i, ==2) %
BHWT UV B (UV-1A 74 V& —, =a) TH
ELi-, BIRLVXIZESFLESY v F (10w AX
10 = R) HToOFAVERN EZFET HHREZFHL.
HEEFEHLE,

au=—¥ix, Fuy7E® okl (E2ES
).

&S (most probable number, MPN) %2 {Z k5
AEEOHEKIIROLIICEE L, 96 R~/ 1
& A H—T L — MZMCY #REEE % 180 pL Atu,
2B 20 uL & 5 "I ATz, 107'~10° £ CEREFR
L. 15 CT7 FH#HEEE L, W7KAEOHEFRIZ
LFoTHEYVDODRONTEAFREEEZBELHEL.
MPN X/ 5H MPN fEZHH L7z,

BB 04X, MEEOREREEEBEL
L CHIE DA% ¥ E$ 5 LIVE/DEAD® BacLight™
Bacterial Viability Kit for microscopy L7007 (Molecular
Probes) 22 H bFFMfi L7z, Thid, 2 BEORE
(SYTO9 & propidium iodide) % FAVN-CHIfRZ Y4y
T3 HETH D, SYTO9 1T+ RCTOME OHIREE
FERL, FE (8480 nm) OFIEYET CREIZRE
35, propidium iodide 1XHFoV 7= MFEED HFEE
L. 2 DOBREBENMES LEEARARGAICRS, X
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o T, EHRITRG, AT ETER LM
REIZRAEINS,

%" SYTO 9 & propidium iodide % 1 : 1 DE|ET
BA LTz, ZOIRA¥E 30 pL % 970 pL DOFEE PBS(-)
TARL B 90 pL IZ AR 10 uL N2 T15 C
DO RALRE L SEBL=RAB SpL 2 X 5
A RHTTARZHEFL, BRX—TFATHALE, Z
ORBHE  HIEME LAV TBEIE (B-2A 7 1V
F—, =ay) TREL., BBRELEBELL, &
BB T DM 2 AR, REICRET HHIEE
FEMERE & L CEF 300 MARRLL & FHR L. AR
iz, BENCEEHEE RO EREEK L, 4FK
® 7z LIVE/DEAD IZ X % AHikT & FeAlfE o s h
b, AEREFERERH L=,

FL1CWTHRKFEORRE FEHTKIZ
X7l AKIREORREEZ AL oI, HER
BRE1ToTe, 2008 £F 12 AICEEEN CHRE SN, &
BRKERBREDa 7 U — M CHTKREZTKL
THE INTHKFRBREBRORVEEBMET = (F
BIRE 43 g #HRICH W=, 7 2RREE (FA-100,
MR 2L, ERo 15, 23, 28 B L33 C
DOEEHTAIZ 1.2 BL 3 AEMAINZHKRE
¥R 20 pL %2 7 2 DIEENICESR Uiz, BT AKREZEAK
(500 mL/min) L7z 60 L RIEIZIEHN LIz T 2% 25 &
TORA L, | RBRX Y729 2K & L., 3 EFME
FREICRE Lz, RBHIETIZZETC LA Iz
AKEHLIRYHL, BOFROBEML, THOEERD
BEZEDBKRERDOEBEFA -,

FROBBEERLERT S0, REEH
(MCY #RIREEH, 2% IR E 15 °C) TH&E LIZAKR
BT 2Tk 5 ¥ HBILIRE (Lethal dose 50 %
[LD50]) #RH7, -85 CTHEREFEINTL F
psychrophilum PH0424 #R% f#3 L. 100 pL % 50 mL
D MCY RIEEEHICERE L, 15 CT24 FFE#E S D
¥R (160 rpm) L7z, HER LEEGHKFEEREZBE
PBS(-) T 10 fFEMEAIRL .4 BREEDOEE (2.0X107,
2.0X10°, 2.0X10° B X8 2.0X10' CFU/mL) (ZFHE
L7, 0%k, 72 IZREROFETHERERE I,
XTHRXITHKE PBS(-) ZRAARICESR Lz, K%
7K (500 mL/min) L7 60 L /KF&IZ 25 BF2INAEL
Too 1RBRX Y770 2 KL L, 3 EMAASTLE, &
XDOFET-FEEH D Reed and Muench®™ D FIEIZ LY
LD50 25 L7z,

BmR

BEHTARICRE SN G AAEORER, oo
= —% . MPN, LIVEDEAD A E # k X O
LIVE/DEAD SPEE DXL % Fig. 3-1 IR L7,
RERBEAFRFORERIT 10°cells/mL TH Y W T o
RRXKICBOTHMREOBINIRD LT, 1T
B Thotz, au=—EHL L TFhoRRXIZE
WTHEMEIBO bR o72, 15 CRBXLW
23 CTRO =21 =—F i3 . RRMABER L DERIIC
B LN HRBRIETRE (10 B%) THLENREH 10°
BXO10*CFUML B S iz, ZHhicxf LT 28 °C
XBLU33 CROzo=—iFT. FOLFh 2 BE
BLO ARICHRHRFMELLT & 72572, MPN H 1N
THORRKICBWTHEMIRD od, RERH
HhLKRTECTan=—KLISIZRKRICHEB L,

BEH T AR E 21X MCY IREEEFHUCRB &=
KIRE D LIVE/DEAD AR DE| & % Table 3-1 (278
L7z, BEHTARIZEBWNT, 28 CRE L33 CTK
Tiao=—2KRHENR R 2BBLUILH
#%T%, LIVE/DEAD I TIIZENEIVRER DK
13%BNAERE LTRSS,

LIVE/DEAD ¥ CH& U 7= %7K % Fig. 3-2 13
L7z, RRATOGBAFEIL, AN RERZRL
7z MCY ¥RiAEE# 2 AV C 28 CTHER L= RBRIX
TliL. B4 6 FrfI&ICH 2 iRl R LBk IRE A
BRIh, RRKTRE BRI, 040
WTFNLORBRKIZE N TS, IKAEOEHNRE
LTS b o Tz,

BEHMTKICREBESNZHKFEEZEN LT =
DFRTEROEILE Fig. 3-3 IZRLE, 15 CEX W
23 COBWEMTARTIL, 2B8L03 AFRE S
HBAFEEIL, EVEBE O LIVE/DEAD A% (107~
10% cells/mL) 3L U= r=—% (10°~10° CFU/mL)
EHEFFLTEY, ZNOLOEE2 7 2IZEH LIZFFO
T2DOFLERIE, 40~66%ThoTz, FHIx LT
28 CH L33 CTHREIN, an=—FELEL
- T2 B KIEE 1. 10°~107 cells/mL ¢ LIVE/DEAD 4
BERZHFL TOEZRL21D LT, 7 IofmRt
BRI hol,

BEFHCERELEOAKRELZEN L7203k
TROE(% Fig. 3-4 (2R LTz, 20X107 8L T02.0
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X 10° CFU/mML OW7RIFE 2 EH Lz 7 2031

1. ENFNL6 BI 14 % Tholz, FILUIXL
T, 2.0%X10°, 2.0X10' CFU/mL 3 X U PBS(-) %#7E

F. psychrophilum (cells or CFU / mL)
3

—8— Total cells
—8— Colony counts
—— Live cells
—O— Dead cclls
—¥— MPN

F. psychrophilum (cells or CFU / mL)

7

T

—8— Total cells
—8— Colony counts
—— Live cells
—0— Deud cells
—X— MPN

F. psychrophitum (cclls or CFU / mL)
=

F. psvchrophilum (cells or CFU / mL)

Fig. 3-1.

Table 3-1

Incubation time (day)

U7 21X, WARRIC LD EITRD Snieihho

7=, LD50 1% 1.8X10" CFU/mL T&h - 1z,

(b)23°C

—&— Total cells
—8— Colony counts
—&— Live cells
—O— Dead cells
—%— MPN

Incubation time (day)

(d)33°C

o)
o

—8— Total cells
—8— Colony counts
—— Live cclls
—O— Dcad cclls
—¥— MPN

lncubation time (day)

Number of total cells, colony counts, numbers of live and dead cells, and MPN

of F. psychrophilum in sterilized underground water, incubated at (a) 15°C, (b)
23°C, (¢) 28°C, and (d) 33°C. Each point shows mean (n=2). Dotted lines show

the detection limit (50 CFU/mL) of colony count. Under the detection limit of

colony count, number of bacteria in the water was treated as 0.

Percentage of live cells of F psychrophilum at various temperatures in sterilized

underground water or MCY broth estimated by LIVE/DEAD Kkit.

Incubation time

0 Hour 6 Hour 12  Dayl Day 2 Day 3 Day 5 Day 10
15°C 98.7" 98.5 97.8 99.5 97.4 97.7 97.1 24.4
Sterilized 23°C 98.7 97.0 96.4 99.0 87.4 522 15.8 3.8
underground .
water 28°C 98.7 88.8 62.4 448 13.3 7.6 23 0.0
33°C 98.7 30.6 12.7 12.9 2.1 0.2 0.8 0.0
MCY broth 28°C 97.0 71.4 74.2 63.6 55.0 38.1 8.2 0.7

* mean (n=2)
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Fig. 3-3. Changes in the pathogenicity of F. psychrophilum after incubation at various

temperatures (15, 23, 28 and 33°C) in sterilized underground water. The bacterial

suspension (20 pL/fish) was injected into the peritoneal cavity of ayu. Mortality

rates were calculated at 21 days after the bacterial challenge. Each point shows

mean (n=2). Dotted lines show the detection limit (50 CFU/mL) of colony count.

Under the detection limit of colony count, number of bacteria in the water was

treated as 0.

BR

WARREIIRIRICIZFH < . REEMEREIX 15~
20 CThy, 2% WIRHRFIREIL 25~27 CT
b5 (E2EBR) MAREIIEERERFAOSS .
BEF) I ARCEENAD X 5 2ERBRE CIIEH
FAFETE, WRELHERTLIZLABREINTE
D, ¥ KFEIZBNTH, 15 BLU23 COHR
EHITAP T, BAFREIIRBRETHR (10 B%)
Than=—HRELZ{E-> Tz (Fig. 3-1a, 3-1b),
e L BAKIREITRBEEE(MOEELZ T,
BEREKD L 5 2REOKIRZREIZRBV T,
IR BE 2 =T T CICERET 5, W

au=—HRREEE K, THERIITERLLTYH, £

HEENRZNTWDIREDOME X Viable But
Non-Culturable (VBNC) & FEIZ{L, RESMDE(LA
ELRARNVARATIZEMN NS & VBNC IREE~BITT 2
BERH 5, AIFME TIX, Vibrio anguillarum,

45) )

Aeromonas salmonicida.*® Pasteurella piscicida.

9 Photobacterium damselae subsp. damselae *® 72 ¥
T VBNC IZBITT 22 ERFEEIN TS, MCY
WiEEREZ A WT 14 CTHARREZEZE LIZHE.
oo =— i REE 2 BERICIIRE S R 2o 7o,
LIVE/DEAD THHE LHE I NT-HKRE x4 72 <
& LR 10 A% E CRR SN, P RIFERICE
WC, ar=—FaiEEEA LS MREOEER
EMEIRZ TN EmAKEEIL, 73k VBNC OH|
WEENGE XD L VBNC REE~BITLZEE L
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100

B N [e]
[=) [=} [=]
T T

Mortality of fish with BCWD (%)

~
[=]

0 3 6

—1—2.0 % 107 CFU/mL
—/A—2.0% 105 CFU/mL
—0—2.0% 10? CFU/mL
—K—2.0x 10" CFU/mL

—&— Control

12 15 18 21

Days after the infection

Fig. 3-4. Mortality of fish after injection with F. psychrophilum. Bacteria
were incubated optimum conditions (MCY broth, 15°C). The

bacterial suspension (20 pL/fish) was injected into the

peritoneal cavity of ayu. Mortality rates were calculated at 21

days after the bacterial challenge. Each point shows mean

(n=2).

Do MR T, WARENEFETE RV 28 CLLED
EEICBNTSH, WAREIL VBNC ~BITT2Z L
FHLMNZ LT,

VBNC I[ZB1T LIz ME ik, MRS/ MUY 256
BHY, ZHTHEIREDOELNOH EFLHINE
D—DThBp, #0860 BoRREIZ OV TIE,
BEMIAKS T 14 CT 4 BRMRBERICEOEINE
K BRoTebWHIRERSH B, RFEIZEN T,
BARRE O/NEYEITRD bheh oz (Fig 3-2). 2
VT AR 10 AL Er-72Z EBRE?S
Liveu, —FH, AFFRICBWTL, BEREITER
ST BEEIBBE N, MCY AR Z
THAKREZ 28 CTHERLZL 24,6 FEIZRIZHN
2R LZAKRENEER S (Fig 3-2). AR
KBTRETHRDONZ, ZOMORRXTIX, WT
NHEKREDERBICEIITRD b iehoTz, 3
AREIRIZ L o THIRE AR AE S - MIEIX, 1
ET2880885, " MESHEEZEETSLTY
XV UBE MCY BHICHEMLT, BAkFRELY
15 CTERLEZLE ZA FKOEOHBENED LI

7z (datanotshown), ZHHDZ L6, AIFRIZE
W MCY #RIREE ¢ 28 C TR S - HBiKkm
MR L-REIL. BEIC X - THIRSEOMEE
BHEINIZLOD, Z Uo7 EARERITIEEL
TR otoizd, MR A X RKIFETLE-
T=ont Lian,

VBNC REEOMIE L, t—hvavz, ® KR
DOER~OBE), ¥ HWEEH~OBERE, ¥ B
MEN~OERE © ROk VAT D AR
BREESNTWS, KR TR, REREH~DHERE -
T a~DBYGERIZ L - T VBNC &HKFENERE
THENERA ., BEHT AR CRE LBKRE
DEHEEZ . MCY #&IRE % A 7= MPN 75 T
Lz Z A, MCY BEXEHERAVWiLauo=—Xv
v hEZEEREOEEZRL, 2 r=—A U N TR
HENheh-o7z VBNC B/KFREIX. MPN (5 THR
Hahiehote (Fig.3-1), 2D Z L7475, VBNC &
R B IR IR EE L ~BERE L C LR E~BfT L2
W2 ERHDLNERSTE, RIZ, BEHTKICRE
INTHAKFEE T ICERE L TORREOFELH
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RfzLzZ A, 28 CT1 HHAREINITZWAREIL,
v =—%25 10°CFU/mL T Y , LIVE/DEAD {Z X
BEEN 60 %A EE EHTHEIZLL2bLT, T
ZA~DIFREEFRO o2 oTz, —H. 15 CTB &
O 23 CIZREBSNWZ@BKREIL, ER ST 2
DL BPRAFFIERE L THIL Lz (Fig.3-3). =

X, EH LEBAKRERICIENTRS, 2 e=—%F
REZERFELZGARENEVEETEEN TV
O THD, ERERRRE TR L-OKFRE L
TaARERLEZEZA, 20X100 BX T 20X 10°
CFUmL OEREEHR LT 20X EEFTENTH
46 BLC 14 % Thotz, FHIZH LT, 2.0X10°
CFUmML BXCENUTOEFREZEHN L-RBRX T
X, 72DRETITRD oz o7 (Fig. 3-4). 21
3. GARREOT 2~DIFREEIL, EET 250KF
BIRICEEN S an = —HRELEZRE L2R/KAE
DEEIERFETHIEERLTND, ZDI b,
28 CT 1 FEAREIN-HAKFEIX, 2 0 =—Fak
BEE2ERE LEERENMRN DR AR E R0
o éFERZOND, 2u=—JEEEZHIKL VBNC
KETHS 28 C2 AERBXU3I HH, 33°C1, 2
BIU3 BEO®BKREICIE, 7 ~0OREMEINGE
OHIRM-T (Fig.3-3), ZDTEDD, & ZH

JAEDOBEREERRIENTWRELTH, 2=
—TERLRE %R ko 7= VBNC REEDGB/KREIZIE, 7=
~DFRER N EEZ BT,

A EIFAD biLlz VBNC IREBOGKFE I, HFERK
BARDZ LR, Ta~OmEELR D LA
hotfc, REDFE, 28 CULEOMBAE LK Lz
EEZIZR LN S VBNC KRBT, FFAEF e —@tD
AERRE TR <, MR FEED F R ~F A2 T
HERBERZTLLOTHL B2 DN, ZHET
DIFFET, 28 CTH MCY HRIFEE HCRE T K i
il S EKREE, 2 BN Tae =—HaRE%ZH
B (B2ESR), LML, BARENZERITHK
ATNBMNE ) e, BUMERIRERIZR 5 FIEEMEIC
DWTHERATH o7, KFETIL, 28 CIZRE S
NE®BKEEIL, RERMEL 2 AE Tau=—fBkiE
BROEN, MBREOREEIIR-NTHEZZ &b
5. VBNC REIZBITLE=EEZ LN, LvL,
VBNC REOHKFEIX, MCY WAL T CH#&
LCHIEERE~RS Z 23, T2REHFLT
LIRBEMIIRD bhehotz, D &L, HKR
EIZ&»T 28 Cik, BMHRIRETHDZ L&
LT3,



TRAAIRIZ £ 5 7 2 AREOBRIZET 5%

4=

REEM

EIEBLUE I ZICHBT,28 CTHEELES
AFEIX2 BUNTar=—FkEExk> 2 &, =
0 = —ERRAE & 2k o T2 /KR B DS TR B~ R
T TR L TRREEZTRIRNI L 2B LI
L7z, 23X, 28 COIBLERDOIEEZIR % in vitro
TRLIELEEZD, LML, EEECT7TICEELE
BRI L CNBREZ /T o oA, MCY &
R JOWEM T KT L IZRR LIS &Y A
BEELH D, ZHETOMET, WARRRERERIZ
LCHAEKIEZ 23 ‘CLAET 3 AL EMERFT B &
BEPRNRH D ENME SNz, 7027 CC3
ARIOIMBLAETY, MBEZ 2 HMBICERT 7
—ARBEIN TS, ¥ BETOh TS 28 C
T3 A OMBABRITEWVIERGRRMLN TS
D, TRERRTBEE DIRKRE OREASLFETKF
TOBRBIZHL IR > TWVRY, 22T, AET
EEBICHARICBEE LT e/ LT, Bx DR
T o T BEDOIRKAE DB & Tz,

WAREOBRHITIX, B53IE, PCRIE, “°Y in situ
hybridization . *® U 7 /& 4 & PCR ¥k, %
Loop-Mediated Isothermal Amplification (LAMP) &
550 ZRPWE SN TNB, AHFETIL, IHROPHRE
ERRDHIENENTHDEED, AETVREHEE
BETEXAFEZAVWAZERGELWZ &, BEF
EIRRISEMRF ORI Lo THESI D Z L
DG RENOHKFEDOERICITREREEZ AV
72, BBEKPIITRKRE LS OHEE LT EHEL
EENTRY, HEKTOLKREDERICHERIE
ERWS L HEORVWHMIER T B L - THRARE
EOWHENEEINTZY, BIKAREzn =—2Bb
NTERICFHETERWITRRERDH D, EDTD,
B KRFOBAFREDEEIX LAMP iE&F Vi,

LAMP £ 9 X, EREET O 6 2OfERICRL
TARED T 74 ~—%RE L, HEBRKISEZFIA
LT ERETRIGEEDZEEZ/BHE LTVS,
Y TIN R DBET. TTA ~—, HEHT DNA

BIRR L OIINEAE R O mKRE ORIENE L UEHET
K DOENRER L IREREIR

BEER, KELZEREA L, —FRE (65 CHIE)
THRETAHZ LIC Lo TR EAS, REBETOL
BE1LATy S TITHIZERNTE D, HBHR/E
WZ & 235 DNA # 15 43~1 Bl ¢ 10°~10" fif 12 3
B3 ENTE, B THEWVIERMEN SIEIEEY
DEE/CTEN L T 2ENEBETESFIOFRLHET
HZEBRTESL,

mEEFE

HRE L IEREH  F psychrophilum PH0424 BK %
RBRIZAWT, -85 CTHEREIN-HKFEZ
200 mL ® MCY 7RAEEHICHERE L, 15 °C T 24 B
RE HHEER (160 rpm) L7z, KIZ 6,800 mL O MCY
R HIZEER L-EREESEEREL, 15 CT 16
TR EE®E (300 ipm) L CROEBHERIZAW
T2

HRAZLEHBRE 200742 A ICEEWN CE
Eh, BEEKEABREOa 7 Y — MITHTA
K UCTERE SN RIREIRE O 72 W E
T (FBE42+09g) #RBICAVWE, 55EL
Te KR EHR (2.0X10° CFU/MmL) %#J 18 COHT
KTIOREAN (BE140L) L, 7= (W 10kg) %
30 RHRE L CHRARICERR S, D% 700 L
Dars Y— 8 miZH 280 BT oA L7z, I
BHRITHTARZ 10 ElEs/BiZ7/25 X 212K L, 21
AT L, FAfHiIX 14 BEZCIIMGEEE L, 14
HENOIITROESTE (REED 1 %E) &5F
HEx7-,

AREAE RBREKOEEREX, 23 CHEX, 28 C
IR X ELE O RX O 4 KER Tz, &E
KIZANT 4 VS —F R 7 A (200 mgkg AR
#F/B) #MROESEHE (REED 1| %E) ICREY
T.BE 1 B&»L 5 BERA®RE LTz, 23 CHMiR
KB LU 28 CHIMEXIZ, MR L7-HTAKEZFAKL
THEKEZ LR SE-, BE 1AL LMRLE
HTAREZEAKRLT, M5 FHTERLERLDOKIRIZZ
HEDICTREL, 3 HEMERF L7z, 23 CINER B X
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O 28 CHMBERIZE T B INEAEHM F OKIBIXZ
NFH, 233+03 °C. 282103 CTholz, D
%, BEAE (18 C) ~W5EEBNT TR L, &
RIXITRBEZICIBEREZ TR o7, 1| RBRR Y
D 2mEMERA L,

F1RBPOKKFAEOER 7TaHFFoO®R
KREDOTEEX, BRETIT o, 1 YD T23
B (1 RRXY7-0 6 B) #m&H0, 1, 2, 3, 4, 5,
7. 10, 4BXF21 BEY LTIV T Lz, v
7Y T ERIKIBIEIRD 2N T 2 BN L=, Bhigk.
FFig. PEfigids K OMEA EEMICH S mg L, B
B4 RIE®. 300 uL @ PBS(-) ZMEZTHREIFA
A LTz, MK 20 pL ZEEHIZEHRIIL, 280 pL ©
PBS(-) (ZHR L7, FHE4 PBS(-) TEREARL.
MCY FARESHi~ 100 uL #EFE L 7=, Bh&. fFig. &
gk K O o TS AR E O B IR E ©
515 CTS5 HEEER L, ARRE I =—%5t
B LTz, Y TG RFAE A DOMOMERE
AELEENTEY 15 CTHEET D LEHEOREN
THNODEIC L » THKARE 2 v =—2G&biv, &
HCERRDAIBEERDH D, FD2D, YT
JVIHERCREIF G °C- 14 BR) & LEZ., Zh
THMOHERE HNHEFE L CERKAE = 1 =—0O¥|FI23
EEERB AT, ARKEERRERSHOEEIN

TeHLRAKIRE ¥ Y I & VO T BEER RS TR Ly

GARREan=—%FH L=, ZOFECET®
AFE ORKHRFMEIX, MKIL 150 CFU/mL, 0
L DFESITHI 610 CFU/g TH D, 1 BDFAR kiz=
o =—Re R EN2d o 5EE1E, 0 CFU/mL or
g & LTH o, ERFBRTOT 2 OBfiR, FFi&.
g, AR L UM, S IGAKREITE< RS
IRo it

Table 4-1 The LAMP primers

FIEKPORKFEADER FAEKFOHKA
EOERIT. parEEIREZEM & LI LAMP >0 T
Tolz, FEKSOmL #FEHEERL, 022 um 7 ¢
NE— BICEMRZRERE L, T VF—%
WHEAEAKRCTESEE L, BLOBE (18,750X g,
4 C, 204) LT LEIEEH TR, Capture Column Kit
(GENERATION) % F W CIE S 7= ME M, o
DNA % L7z, LAMP IRICH W2 7 T A <= —DE
%31|% Table 4-1 {27 L7z, LAMP SR (25 pL) O#E
FXiZ. 8 U Bst DNA polymerase large fragment, 0.8 mM
dNTPs, 1.6 uM FIP-17, 1.6 pM BIP-17,0.2 uM F3-17,
0.2 uM B3-17, 0.8 M betaine, 20 mM Tris-HCI (pH 8.8),
10 mM KCl, 10 mM (NH,),SO,, 8 mM MgSO,. 0.1 %
Tween 20 33 XU 2 pL il DNA & L7z, SRXIT,
il DNA ORb Y ICHREREKEZREMR W,
LAMP Ritnidk. V7 NVEA L BEREEE
(Realoop-30, E U T v 7 R) ZHWT 65 CT 80 4
FfTV, O TRISEEIET 272012 80 CTTS5 &
M1T o7z, BEAEDWI/KIRE DNA % 10 FFERERAR
L. LAMP G & 1T > TR LCRER G, &K
REEZEH L, ZOFEICET 2HBKREOR
HERFEL, 20 cellssmL Toh o7z, EBREIIERTOE
BAPDIZ, ®AREITZRESh 2oz,

BR

TADRBERTEOHER % Fig. 4-1 IR L, R
BRETRORRECERIIENLEN 28 CIMEX
0.3 %, 23 CIMEX 20.6 %, TEEKX 6.1 % ThH -7z,
WTNHRRX (77.6 %) LB L THERENR
Doz (f RE. P<0.01),

Primer Sequence

BIP-17 5-CTGCCATTGTAGTTCGTGTCGGGTCCCATATCTGTAGATCC-3'
FIP-17 5-CTGAGGCTTCGAATGGTTTGTGAGGTACACATTTAGGCGC-3'
B3-17 5-ATGTTCTCACCGAAGGCA-3'

F3-17 5-ACTCCTTTGTAAACGGGC-3'
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Fig. 4-1.

Cumulative mortality rates of fish artificially infected with F. psychrophilum. The 28 °C

treatment increased water temperature up to 28 °C by running warmed underground

water for 3 days. The 23 °C treatment raised water temperature up to 23 °C by running

warmed underground water for 3 days. Chemotherapy comprised oral administration of

sulfisozole sodium (200 mg/kg fish/day) mixed with a commercial diet of 1% of fish

body weight for 5 days. These 3 treatments were started 1 day after the infection.

Control was non-treatment in all cases. *Significant difference from control (P < 0.01, 3

test).

RENOBITNLIZBT 2B KREEEROHB %
Fig. 4-2 {278 Lz, *TRRX O®KFHE £ BTG 2
Hglcy—2 &Ry, T20RTOE—7 XD EL
BOLITZ, ROEENEI -T2 TIL, ®AR
BABEEKIT 10° CFU/g i IE L, 0%, BiK
REDOEFEEITEONTRA Lizd, T2DFRT N
BELBREI14BHTH, AR LET b 100~
10’ CFU/g D®BAREDEREFIRE Sz, BEKX
BRI OT A M OB AREOEFEITREA L.
B4 B BICIIEE R 4 50 C—REICRHIRA
UFEholh, ZOBBEUCRE SNz, 23 CHNE
XCiE, MRBILEE A B ARRE OAREITEA L
B Z DB LIS S BITVIREECTHB LTz, — .
28 CIME X TR A BRIL T X COHAL
THARRBEEEBITRHRLUT & 2o 72,

FEARTICBIT 2O KRRERDE|E Fig. 4312
AL, MBREOFEE KT OBAKFESIT 3 BRIC
vE—7 L0 10%cells/ml Tholz, HBAKFTOD

BKFE O E— 7 IIRENOBKAEEERD B —
7 2BHB) v 1 BE<RBRDONTZ, ZO®REAFK
R OB KT EEIIRERL NI L, 16 B B AEIZR
HEnipho iz, BEXIIERERBTANOHARE
BT L, 11 B EURBERH SR o7,
23 CHMEX T INRBR A% I KR ERITIEAL T
HRTH2HODO RKETHR 10 BB E TIIRIZET
KF R GEARFE R Sz, —F, 28 CIRX
TIIAIMEBAAEE B LI E KD 42 < BKRE B
mishiahotz,

BE

ANABICBAKRCBRR ST 2 e L THEESY
fToll 2 A, BERBERAIZITAKRNOBKRE
DOEFE I S 7= (Fig. 4-2b), AR FIcHK
ROBERIABD LN T28, BHEE bAKARS
FAEAKF»OHABRERRE S L (Fig. 4-2b,

87



88

10°
= a
B e ——Blood
5 -8 Gills
%ﬂ 107 A —&— Liver
b_/ 106 - —O— Spleen
£ 10 i
3
..’3 104
2 1087
g, p—_—
&y 10 7 \0
2
-

0 3 6 9 12 15 18 21
Days after the infection

- 1
2 - C —+—Blood
%" 107 —&— Liver
S 107 —O-Spleen
g —o—Kidney
5§ 101
s L
: - A
kS

10° 7
g N=—__
o102 ¥
o
2
]

T T T T T T
0 3 6 9 12 15 18 21

Days after the infection

Live F. psychrophilum (CFU/g or mL)

Live F. psychrophilum (CFU/g or mL)

—&—Blood
—&— Gills
—&— Liver
—0—Spleen
—o—Kidney

/)\ .
1 X \ PAN
3 6 9 12 15

Days after the infection

18 21

—&—Blood
—&—Gills
—— Liver
—— Spleen
—o—Kidney

T T T T T T
0 3 6 9 12 15 18 21

Days after the infection

Fig. 4-2. Dynamics of F. psychrophilum in the ayu samples after infection with F. psychrophilum. For the

28 °C or 23 °C treatment, running underground water temperature was warmed up to 28 °C or

23 °C for 3 days, respectively. Chemotherapy comprised oral administration of sulfisozole

sodium (200 mg/kg fish/day) mixed with a commercial diet of 1% of fish body weight for 5

days. These three treatments were started 1 day after the infection. Control was non-treatment

in all cases. a, control; b, chemotherapy; c, 23 °C treatment; d, 28 °C treatment. The values
indicate means (n=2). Dashed lines show the detection limit of blood samples (150 CFU/mL);
dotted lines show the detection limit of the other samples (about 610 CFU/g). Under the

detection limit, number of bacteria in the samples was treated as 0.

4-3b), WARIREITRIFEL R L EEREKFT
EFETDHZERRESNTND, ) oz b,
BEITEEDRIIH DL DD, IGEZLD T 21TAK
RORRYIR L 72 B R EEHENH B,

23 CONBAE & 1T - e A JNREEEZ R ICIX
RENOBARIRE OEFEL I S iz (Fig. 4-2¢).
ik, MCY Bz W T 23 CTHAKRE &8
LIzRORER - LRV, BKFEDO T 0T T —
PEARIIREHEFIREE L VK 13 CHESN
Tns, ® &bz, ABEAREZ EF5ZkicksT
RORBEENR ERSD LBESH TS, LR
2T, KiE% 23 CiZEHX®Z L, BAkFEDOS
u7F 7 —PEAREMNMET L, ADOGREEEN AT
BZEREZOLND, ZHiZ LV ABATOHKA

B OHEFBIE Sz -, MCY JRIKEMA & i
B2 BE%@E R LIz0b LRV, Holt et al. »
X, ¥Ur¥Fr, =V R TR ATITEIKRE R
PuxE, 3~23 COERBLKEBETHRBELELEZA,
NWTFhOREIZEWTYH 23 CTIRAKFBIIREL
BRPol bMELTHD, HEHIZZOEBIZONT,
TREDRENED SR E TRz x 2 A D%
ERISHREL Y, WwAKREOEIEITELS 25729
W2, RIRERIZR- T EBRL TS,

27 CLLT OMRAAIE TII&H KRB BRT 5 FIEE
B3 H 5, RAFFEIZBWVTIT 23 COIMBALEIK
T L% bARENE L UFEBEKRF O AKFE SR
&7z (Fig. 4-2c, 4-3c), MRALEKT 3 AE~9
HEIZMFTT 2OFRTRPEML (Fig. 4-1), FET
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Change of F psychrophilum numbers in the rearing water after infection with F

psychrophilum. See the text and the figure legend of Fig. 4-2 for the details of the

treatment. a, control; b, chemotherapy; ¢, 23 °C treatment; d, 28 °C treatment. The

values indicate means (n=2). Dotted lines show the detection limit (20 cells/mL).

Under the detection limit, number of bacteria in the water was treated as 0.

RUTITRKROERBRD bz, ZThbDZ &h
b 23 COMBLAEDHEEDRII R LDOTH
BEEZBIND,27 CT3 AEOMBAETHIER
2 ARBICERT I —ANHESh T3, ®
PH0424 #k % MCY R{IFEEHIT 27 CTHELIZ L Z
A, BAFREET—EIRPT2H00, HBEMD
WL (5B 2 B2R)., ThonZ b, 27 °C
DIMRALE CEHKRDBFR L CITEIAT2THD
LEZ BB, 27 T 28 CITHTERKFENPK
S, RERBORDHZ LD THD,

BARIRBY T 2R3 28 CT 3 BHREOHEL
BiX, BWIREDIRIBO N, AEKEER EF
SHTRRERRT D HER, MER, 2O0( 0
295, 0 FABAE P 2LV OhDFHERICON
THESNTWS, UL, RESRIIFE DN T
b, BRELRIRENAERICERIHEER DD Z L

5o, 0O BBt AT REMERERICEETERY,
AR TIE, BKRRICRE L7 2iZx LT 28 C
T3 HEOMBLEEZToz & 25, ABERANLE
KFREREBRH SN T (Fig 4-2d), FAEKFTNS
LW /AKRE DNA iFe&< RS- 7- (Fig
4-3d), Zhix. 28 CT 3 A OMBAIEIZITHK
WOBREZHLETOIHELDHDL &, FEKEELT
WAKRENREFTA~HEHT 20 ETEDZ ¢ %
ALTWD, BFEBIFIZIVT, 28 CT3 HE DM
B L7 2 2 R & LTINS i3
BT Lk, AKROEERIEOFERFEEICRD L
EAbD, S BT, AHIEORKERIL. 28 COMIRE
WMEOREZ | AEMETCXDFEBELTRLTNS
(Fig. 4-2d, 4-3d), IMEAIRZITREIERE T =
TaRNEPNDE, ZHIVTINBAENTRE TFEIZ
ExRVWEADOD—D2THD, MNRLEOHFE% 3 H
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D23 ITERTE b L,

7272 L.28 COMBAERTETHDHEWVHERT
372V, AEAERIRIZT S Z Lk, fMOBROFH
AVBRKEETZREL L DfElR% £ 5, Takahashi

and Ogawa ® %, 72 DFAEKIEE 29 CETLER
SHBZEICESTHTLT U RENRBE LR
BELTWE, ZNHDY R BT BT, BIEE
TIMBAERZAT 5 BEiE,. ADBERRBIZ+HH/ER
TOUENDD,
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/5 E ANSIIHAKRERE I -7 2OIMEAEIZ L 55

SRtk D FESE:
REBH

B2~4 FIZBWT, fIKRE % 28 CT 3 AR
BTdE . an=—HRREL RREEZHERTHZ L,
BARBIZER SEZT 2K LT 28 CT3 Af®
IR Z1T 5 &, RERNB LUTEREEKFHHK
FERBRH I RN EE2BALMNILE, 202k
X, IRALER X RTEG CRAE LB ARRICKTT 51k
BIELE LCIFREICAED TS Z LR LTINS,
LirL, 72OBEAKRITRIASE 1T Cidie < RARK
BTHLRAELTRY, 2Ol ipR LET 22
JINEFRLTH, FINCEKBREREEL TWD5E
A, BB OT LIHARRICERE T B ERER H
5, TNEPHSEDITIIEHARRICHTHY 7 F 0
WEZR D,

BARRIZRT BT 7 F 103, Bx BREANLHE
PITbh TS, TRET, BVRERT 7 F o, %4
T a2y NRIEAL< Y UAREBCER Y 7 F 2,
6 EOUsFr, D HNES U RIBEHT 7T
v, B sFy B RERREINTVS,
LinL., fEEDEOEISHRORZEERERIEN
BWZ &R EDHEBICKY, RECTY I F O
{EIZIETE - TR,

—F. WKRRCABBE ST TEEE - RAKR
R 7 =X, ARFICH L TERWIIRELZEE TS Z
ERBEINTEY .Y BAKFRORELBZVELRE
BRUEBET 212, ARICHT250RME2EETS
TERHMOENTNE,? Z0BEE S ELHATS
T ER, WmAKRICH T AR OBF 2 b AT
2281, VIFUoBRBEORKRIRICER R
Rz 3, &51z, 28 °CT 3 A OINBALE % fH A
BbE®HZEICEoT, wARICR L THREL R
b, BoBmKREER W T 2 2EHT5Z &N
TEIX BARFEDOEILHILIZ HEID & Ebil s,

£ 2T, RETIET 2% ABBITHKFEEIRIZ 30
AEBRBEL THKRICEE S, £0% 28 CT 3
AROMBAE TIEET D Z L2k o T, HARIC
KT DPURMEE 7T LIRS D 2 L 2R, T

2RFREEBE L N, BRICRELRZ 2
BEEBICHEUEKRICRIE L THEARRICEESE, &
LIZ2BEEBOT ORI RE RS 5 Z L THER
L7z, TaB@KBICAHT 2R 2 EBET 570
DFEx OFRMEP, FURELZER Lz 7 = ORIz
WTIE, RO 4 OOFERRICKVRIEL T,

FER 1T TMAREROREN CINRLEE TOH
HIMORET & LT, BARROBREORE L BES
LHFME E ORI OW TR, T2 TR, T2
EHKAEEICREL., | REHE%, 6 % ERIT 1
BRICIMBAE 2 BT 2RREERIT -, ThE
NORBRX O IMBELEERTOAEANDHKRER %
BIEL, BEOERELXR T, £0®%. JURELZFT
i3 5 7= DITRIERLE TV, T2 DFRTERE B
L7z, £z, PUREZEBE L7 20 f DmKE
BT 9 2BREGUA M & . FURMEDRE & OBE{RIZ
DNTHIART,

ER 2 1XEAKFRERDOBRIBREEDRET & LT,
T 2ZRIET WA EIR DR E L BRI S HUR M
& DERERA, EREFRLT 45 x 10°~10’
CFU/mL O 5 BRfED 10 fEFRFRFIZFAML, £DE
BT 22 RE LT 1 BRIIMRAE Z1To72, £
L CHRME 2 B 2 1= D I RIEBRE 2TV, 72
DIETREZ B LT,

ER 3T MAREROEKROKER L LT, H
ROERRDEL DEKFREKRE AWV TRE LZEIR
ERELIEGSOIUREORELZ B L, 6 &R
DEKFRERDP D TN ENRAE L ZERIZT 2 2%
EL., 1 BRIMRAEZITo 7, JURMEE P
LD INETOERE FKICHEESRE LTO
B CIRIERREZITWV. T 2O ERE TR L,
T, BFERKROT 2z T BREEIC OV THFTRN
72

BRBIZER 41T THURMEEZEE L2 7 2 DB KR
B ORKNOEKIREOCERR] & LT, @kR
2 L CHRSE 2 BE LT 2 ORKMEIC SV TR
Tro W7KIRBEIRICT 2% RE L T 1 BRIZINRAE
BTV, NUREZBEEIERE, 2072 2FHUHK
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FERICRE L, BREZDAERNOKKFEEDERE
BROHEBERI,

HHEFUVAE

HEEREVIOF MR ER1, 2BLU4T
VL E psychrophilum PH0424 #£% | S8k 3 Ti% PH0424
Bk, $G990302 . GM2129 £k, NCIMB1947 #k . ZH9348
BRI K T SG040302 BRDAFF 6 BE DB KFEEKRE
KRERICHEHA L7 (Table 5-1), PHO424 #EEB L O°

SG990302 #RIZ 7 2436 GM2129 BRiZ =D~ A7 b,

NCIMB1947 #RIZ¥ vt ZH9348 #RITA A
UMb, SG040302 ERIZT I YN D FNFNSEE
INTHKTH S,

BHEBRE I, -85 CTHERTF S NW=EKREMF
RLTHW:, #8132, EROFEZIITREO®ED
RRERDBILOD, TRTOERIZBWTCHIESZ
15 CT24 ], AEE#EZ 15 CTTI16RFE & L7z,

EBR 1 TIIER 100 pL % 200 mL O MCY &k
HUZHERE L, 15 °CT 24 FEIR & 5 K53 (160 rpm)
L7z, R L-EHRESE% 6,800 mL O MCY &AL
HUZHEERE L, 15 CT 16 FHEEEHEE (300pm) L
Teb DEERICHE L,

EBR 2 BXT 4 TiL, B 250 pL % 200 mL D
MCY #RIEBEHIZEERE L, 15 °CT 24 FEEIR & H 8%
& (160rpm) L7z, 85 L= EiK 25 mL % 1,225 mL
D MCY ¥RIRFEEHIZHETE L., 15 CT 16 FeiRE
7% (160pm) L7z b0 &2 EBRIZH LTz,

FEBR 3 TiE, IR 100 pl & MCY EARESH I C R
LT15 CT2 HEIRER Lz, BRRLEEEHEE
THY ., 200 mL @ MCY #RIEEFHIIZEERE L, 15 C

T 24 BFFIR E S 55%& (160 rpm) L7z, HELEE
¥% 25 mL % 1,225 mL ® MCY #RIREEHIICHETRE L .
15 CTI6EFRIE & 5 55% (160rpm) L7i=b D&
BIzHE L=,

EHEEFE (V7 F V) OHEDROEN % LR
THEHIZ, ERIBIV2 TR ZIFU2ERL
THEALE, V7 F Ui ZnRAKR0FE TS
L=z, BEBEN 03 %R L5k L=Y
VERMUCEZRE/L, EHRE TS CTHRE
L7z,

FA~DOHRE EBR 1 BL N4 T 2007 2 A
{2 VEBR2 B3 TrX 2006 4E 2 AICEENCRE
Sh, WEFRKERRFEO2 7 Y — MNLUTH T A
K LU TERE SN B /KRRERERE O 2\ W R E
T (EHEE 14~44g) 2ERALE,

BRI BKFERE 18 COMTART 4 i1
10 fEFIR L, 2227 2% 30 oERE L. BiE
L-EROBEIX, ER1.3BLIT41L1.6x107 ~
43 x 108 CFU/mL & L7z, EBR 2 TIIERE# T K
THRL T 4.5 x 10°~10" CFU/mML @ 5 BefE 10 %
FRBFIZTRLUCAWE, MCY iDL %
FRICER L TCT 22 BB LKA RMERX E L
oo ERI1BIV2 CRIFZTV 7 FURIX, RRRIC
U7 FUREFRR LT (3.3~4.8 x 10'CFU/mL), 7
2 EREL,

MEHOT 11X, 18 COHTAKREEA LT 700 L
Dav7Y— R MLIZNELE, WELEEEIL, £
BRIIZ150 R, EBR21380 2. EBR3IX110E, &
BR41Z100RBToL Lk, EBR1ICBWTIZ, @K
FREIZ 30 R E%  NIR AR % 1T H 7R VW BB R
XEHRIT, TOXOH 130 EE L, ER1EB

Table 5-1 F. psychrophilum strains used in this study

Strain Host Origin of isolation

Tissue  Location Year
PH0424 Plecoglossus altivelis Kidney Hiroshima, Japan 2004
SG990302  Plecoglossus altivelis Kidney Shiga, Japan 1999
GM2129 Oncorhynchus mykiss unknown Gunma, Japan 1999
NCIMB1947 Oncorhynchus kisutch Kidney USA 1973
ZH9348 Zacco platypus Kidney Hiroshima, Japan 1993
SG040302  Hypomesus transpacificus nipponensis Kidney Shiga, Japan 2004
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T4 1 RBRR Yy 2 L, ZRSMT 1R
BRXY-0 1#e LT,

MEBRE INEAET28 CT3IAMIT-o- (B4
BEZR), R 1 T, BREEL D 1 K% IZINE
WIBZBRETORRX L ARRIE | FE®XLE L,
FIARIC 12 IR B L1 BRREZFR T  BEXTR
KiTMBAB 2T T Z0EEKE L=, £l
DERITTTHE | HRICIMBLIEZ BIA LT,

BB FTURMELFMMT570Ic, BE2EMA
BICBREEREIT -T2, BEIITTITOERIZO
VT PHO424 BR&Z Ve, BRIX, BTk & R0 S
ETHELEGAKFEL 18 COHTAT 4 £
10 fZ#FIR L (9.3 x 105~7.1 x 10" CFU/mL), % Z {27
2% 30 HIRIBE L7, BEBOT 21X, 18 CTHOHh
TARZEAK L 60 LAKMEIZ 25 BT OIRAEL, 2 H
FEAREE CHE Lz, RBRFIMPICET LAY
IAEROEY HL, MBPFEOAL, THYHE
ROBEZEDGARFERDOA EE T,

KR4I T, BRROAENDORKFE DA
EEOHEZRARIARTIT, BREOT 2%
18 COMTAREEAKLZ 700 L D27 U — i
260 BT HOIAEL., 3 EMELRFTHE L.

READNKFEOERBAE ZER1 TX &£
ERIE 1 FE#E. 12 FEf# B LUV 1 BRICIMRALEE
T ERBREIZOWCIIMBAE 21T 5 ERTDO A
ENOBKIREDEER T IERIECTER L (5B 4
EBR), ER4 TIHREBOT 2o, AKA
DEKREDOERBOWEBR ZERIETERLE: (B
4 EBR),

BAAKRFE T FREREMAE R 1ICOoW
T, ®AREIZHT 2 7 = iR OBEENEMITKR
DEIICHIE Ui, a2 BE%IC 1 S0 B (B
HEXIZ 125 B) o727V 7Lk B
W20 L T EZ8RER L, 5 Bo% 1 fke L
T BRIMBOMKIZIFR T 1 RFERE LE%.5 C
T—BRRFE LT, £ D®IELTHE (1,500 x g, 4 C,
10 rf) LCTLEE (g #EIRL. EHARET
-85 CTHRE LT,

BREFKMI~A 7 0 g F—ETRE L, ™
& & ARERE., MEOHBEEERNE LT 55 CT
30 EME LT, MEEOMEIZ PBS(-) 2MxT
2ERRBFIZEHML, 96 ReA 70X X —T L
— MZ 25 pL FoM 2 72, RIS RV KR E R

X, AR T 7 F ARGk E FARIC L TERL -
BV U RIGEBKIRER (2.2 x 10° CFU/mL)
RV, BRIGELSHE (8,000xg, 1047, 4 C)
LC. PBS(-)T 1 [EI¥E#E L. WHREFHZ2 FHVT 630
nm T 18 ICREZRE L, FABLLEREZ 25 uL
T 96 RvA7unF A F—FL— NIz,
15 CTURERIGS T TEECHEY BHEBIEL
7zo FERIIZ PBS(-) DATIXEEL RN &, BAE
REBFRFEG L ORI NTZHRAKFRE Y X
METITRETDZ L ZRERB LT,

BWIKFERDO7 A~DORRYE EBR3 1BV T,

FNENOEKRERD T 2 25T B REME 20
IR, BRREREZIT- 72, 2006 4F2 HITE
BHCHRE I, PEEKERBRFO= 7Y — 1
HMTH T AZEKL THRE SNHBKREERED 72
WEBHET = (FHKRE 25 g 2FHBRICHVWE,
BERELZGBAKFEELY 18 COMTAKT 4 fEFRL
(1.6 x 10" ~3.0 x 10° CFU/mL), 7 =% 30 />RRi&
L7z, MCY RIKHFHID A & FIRRIC 4 FHERLTT
2ERELERZHRXE Lz, BEKOT =i
18 CTOHTKZEAK L7z 60 L AKFEIZ 25 B 2UUE
L2 BRI ERETRE L, 1 RRE Y70 2 kg
&L, RBEEDICFET LA CITRE» S
Ry HL, @O L, THPARDOBREED
BARTRIER DA EE T,

BR

B 1 WKREERES 5 MBREE TOMMO
BN

BERBROZ7IORBWECE RLEzgOT =
DRBEHR T ROHB % Fig. 5-1 1R LT, 1 FRfE#%,
6 FEfIfE B LU0 1 BRINIRR OB IERYE 2 HEH% O
TaDRBETERIT, ENEN 36, 308KV 18 %
ThH Y BELEHENARE VI ERBERCRIE -T2,
B REORBREECRITZ2 %THY, Zhbixn
THRHEEANBR (90 %) &HE L CHEEICEVWE
Tholz (P<001, Y test), VI F U REKDREFLLE
I 70 %ThHhY, BEMSBX LV ERITEI -
(P <0.05, ¥* test),
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Fig. 5-1. Cumulative mortality rates of fish after bath challenge with F. psychrophilum. The fish were

Live F. psychrophilum numbers

immersed in live bacterial suspension for 30 min and were placed into 700-L concrete tanks.
The warmed water treatment at 28 C was started 1 hour, 6 hours or 1 day after the live bacteria
immunization for 3 days. Fish remained with no treatment as positive control. For a negative
control, the fish were immersed in MCY broth. For comparison vaccine consisting of cells of
FE. psychrophilum inactivated by use of formalin was included in experiment. Fourteen days
after the immunization, the fish were infected by bath challenge with F. psychrophilum. * test

was used for judging significant difference from negative control (*P < 0.05, ** P <0.01).
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Fig. 5-2. Live F psychrophilum numbers in the blood, gill, liver, spleen and kidney after
immunization with live . psychrophilum. The values indicate means (n=2). Dashed
line indicates the detection limit of blood samples (150 CFU/mL); dotted line indicates
the detection limit of the other samples (about 610 CFU/g). Under the detection limit,

number of bacteria in the samples was treated as 0.
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RAKFEICHT D2HEELEE LZE2BE%EOT
2R OEHKFE IS T 5 EESUAM %A Fig. 5-3 12
ALT, 1 R, 6 REI# I LTV 1 A RINEX D&
EHAEMIIFNETN92,178B L2719 TH - T,
B R X OEBESEMNIX 2079 Thote, Z4b
VTR bRESRRE 2.1) SHEBLTEEZED
fECT&H o7~ (P < 001, One-way ANOVA,
Tukey-Kramer test), V2 F > ROEEFAEMII 3.0
Thh), BEMRX LB L TCREREIRD LN
2hxo Tz (P> 0.05, One-way ANOVA, Tukey-Kramer
test),

R 2 : HKFEEDOREREDRE

BYBOT7T2ORBIETROHEB % Fig. 5-4 (TR
Lz, BEORRDEBKFER 4.5 X10', 45 X
105, 45 X 10°, 45 X 10* BI W 45 X 10°
CFUmL) THRELZT7T2DRBRELTRIZFNEN
12, 20, 24, 60 5L 68 %THY, BAKREERD
BESETUITEWIY, aEHRITE, T, U
7 FUROBRRBELTRIL60 % ThoTz, ZHHITND
THOHREX (92 %) LHBELTCHERIVEVWETSH
o7z (P<0.01, ¢ test),

£ 3 AKREROEEOREH

BESRROZILORRIECTE FEx OHKIK
B CHRE L, INRAE CTIEEZ IC PHO424 BR TR
RIXFET2ORBRCEOHSE % Fig. 5-51ZRL
77. PHO424 BRCHRE L= T 2 DRFEILTTHRIL 34 %
ThY., SBRRXORBEFLTE (718%) &HEBELTEH
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Fig. 5-3. Agglutination antibody titers against F psychrophilum 14 days after the

immunization. See the text and the figure legend of Fig. 5-1 for the details of

the treatment. The values indicate geometric means (positive control: n=10,

the other treatments: n=20). Different symbols indicate significant differences

(One-way ANOVA, Tukey-Kramer test, P < 0.01).

95



96

100
—a— Control
—— Vaccine
N —o— 4.5 x 10°CFU/mL
1S 80 [ —o 45 x 10°CFU/mL
~ —x— 4.5 X 105 CFU/mL
2 —e— 4.5 x 105 CFU/mL *
= —a— 4.5 % 107 CFU/mL *
2 60 § %
=
5
E *
R
=
=1
5 2
O *
Ak
0 / . . . .
0 2 4 6 8 10 12 14

Days after the infection

Fig. 5-4. Cumulative mortality rates of fish after bath challenge with F. psychrophilum. The fish were immersed in
live bacterial suspension for 30 min and were placed into 700-L concrete tanks. The warmed water
treatment at 28°C was started 1 day after the live bacteria immunization for 3 days. For a control, the fish
were immersed in MCY broth. For comparison vaccine consisting of cells of F. psychrophilum inactivated
by use of formalin was included in experiment. Fourteen days after the immunization, the fish were
infected by bath challenge with F. psychrophilum and were placed into 60 L tanks. y* test was used for
judging significant difference from control (* P <0.01).
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Fig. 5-5. Cumulative mortality rates of fish after bath challenge with F psychrophilum PH0424. The fish were
immersed in each live F. psychrophilum strain for 30 min and were placed into 700-L concrete tanks. The
warmed water treatment at 28 C was started 1 day after the live bacteria immunization for 3 days. For a
control, the fish were immersed in MCY broth. Fourteen days after the immunization, the fish were
infected by bath challenge with F. psychrophilum PH0424 and were placed into 60 L tanks. y* test was
used for judging significant difference from control (*P < 0.05, ** P <0.01).
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2DRBHTRITII0%TH o, BEAITHKRD
FERZERLTEY ., AFRIZ 7 2 izx L TEWRERRE
%R Lz, GM2129 Bk, NCIMB1947 #k. ZH9348 &
B XU SG040302 FRIZERE S H-RBRX & xfRX D
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Fig. 5-6. Cumulative mortality rates of fish after bath challenge with F

psychrophilum strains. The fish were immersed in each live F

psychrophilum strain for 30 min and were placed into 60-L tanks.
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immersed in live F. psychrophilum PH0424 for 30 min and were placed into 700-L concrete tanks.
The warmed water treatment at 28 °C was started 1 day after the live bacteria immunization for 3
days. For a control, the fish were immersed in MCY broth. Fourteen days after the immunization, the
fish were infected by bath challenge with F. psychrophilum PH0424 and were placed into 60 L tanks.
»* test was used for judging significant difference from control (* P < 0.01).
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. 5-8. Distribution of live F. psychrophilum in the blood, gills, liver, spleen, and kidney after infection
with F. psychrophilum. a, Control; b, Immunized fish. The values are shown means (n=2).
Dashed lines indicate the detection limit of blood samples (150 CFU/mL). Dotted lines indicate
the detection limit of the other organ samples (about 610 CFU/g). The numbers below the

detection limit are references. Averaging of CFUs put the numbers below the detection limit.
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Summary

Ayu (Plecoglossus altivelis) is distributed from
west of Hokkaido to south of Kyusyu and it is important
fish for freshwater fishery and aquaculture. In the rivers,
ayu has a territory in the area of feeding. “Fishing for
ayu with a live decoy” is a popular method for catching
ayu using their behavioral characteristics of territoriality.
As ayu from Lake Biwa has the strong behavioral
characteristics, it is released into many rivers in Japan.
However, the amount of the released ayu from Lake
Biwa has decrcased gradually. That is why the released
ayu possibly causes the spread of bacterial cold-water
disease (BCWD).

BCWD is bacterial fish disease caused by
Flavobacterium psychrophilum. The disease is called
BCWD because of its occurrence in low water
temperatures in salmon farms in North America. In Japan,
the disease was first recognized in 1987. Although
BCWD is a serious problem in salmon farms in Europe
and the United States, the disease is serious in ayu farms
in Japan. Chemotherapy has been successfully used to
cure BCWD. Oral administration of sulfisozole sodium
is effective to cure BCWD. However, the excessive use
of antibiotics sometimes results in the development of
drug resistance among bacteria; residues of bactericidal
drugs in fish and the environment are an increasingly
important problem, especially with respect to food
safety.

An curing BCWD with

chemotherapy is warmed water treatment. For warmed

alternative  to

water treatment, as a drastic change of water temperature
is not good for fish health: in the first step, water
temperature is raised up to 23 °C for 3 days, then, it is
returned to normal temperature (18 °C), kept at the level
temperature for several days, and then raised again up to
28 °C for 3 days. The warmed water treatment takes
advantage of the psychrophilic characteristics of F.
psychrophilum. However, the upper limit of growth
temperature of F. psychrophilum and distribution of F.
psychrophilum in fish organs and rearing water before

and after the warmed water treatment are still unclear.

For establishment of warmed water treatment, it is
necessary to demonstrate scientifically the effect of the
treatment.

BCWD occurs not only in fish farms but also in
natural rivers in Japan. When E psychrophilum exist in
natural rivers, BCWD probably occurs even if F
psychrophilum-free ayu (treated ayu) are released there.
Therefore, vaccine against BCWD is needed. Although
there is no commercial vaccine available, it has been
reported that significant protection can be achieved
under experimental conditions. Despite these findings,
the data on immunity to this pathogen were limited and
the role that antibody plays in conferring protection is
unknown.

On the other hand, ayu that survived from
BCWD were induced protective immunity against F
psychrophilum infection. It is also said at real production
sites that ayu experienced the infection with BCWD
several times came to be more and more resistant against
BCWD. Thus, as for the countermeasure against BCWD,
it must be useful to study the combination of this
phenomenon and a warmed water treatment for vaccine
development. The warmed water treatment is probably
able to help the BCWD infected fish to develop the
protective immunity against BCWD in addition to the
cure for BCWD.

In the present study, we investigated growth and
survival patterns of F psychrophilum at various
temperatures under two nutritional conditions and the
distribution of E psychrophilum in fish organs and in
rearing water before and after various treatments. We
also investigated the induction of protective immunity in
ayu against F. psychrophilum by the warmed water

treatment after artificial infection.

Growth/survival of E psychrophilum at various

temperatures in MCY broth or sterilized
underground water
We investigated the growth/survival of F.

psychrophilum at 15-28 °C under two nufritional
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conditions: in modified cytophaga (MCY) broth and
sterilized underground water. MCY broth is used for
culturing F. psychrophilum and underground water is
used for rearing of ayu. Numbers of culturable F.
psychrophilum were estimated by a drop-plate method
with MCY agar. In MCY broth, all 4 strains grew in the
temperature range of 15-25 °C. At 25-27 °C, different
growth patterns were seen among the strains. However,
at 28 °C, none of the strains could grow. All of them lost
their colony-forming abilities within 2 days. In sterilized
numbers of live F
higher the
incubation temperatures were, the faster CFU decreased.

At 28 °C, live F psychrophilum totally lost its

underground water, cell

psychrophilum never increased. The

colony-forming ability within 2 days. Therefore, the
temperature of 28 °C used for the warmed water
treatment is severe environment for F. psychrophilum
and they lost their colony-forming abilities quickly at
28 °C. However, the loss of colony-forming ability is not
equal to cell death. The cells are possibly resuscitated
and returned to culturable state. Therefore, in the next
step, we investigated colony formation, membrane
potential and pathogenicity of F psychrophilum at

various temperatures.

Viable but non-culturable state of F. psychrophilum
at various temperatures and their pathogenicity to
ayu

We investigated colony formation, membrane
potential (using LIVE/DEAD kit) of F psychrophilum at
various temperatures (15 °C, 23 "C, 28 °C and 33 °C) in
sterilized underground water. In order to investigate
whether F  psychrophilum that lost colony-forming
ability resuscitate and return to culturable state or not,
we tried to resuscitate the bacteria by inoculating them
into MCY broth and infecting them into the host. Within
2 days at 28 °C and 33 °C, F psychrophilum completely
lost their colony-forming abilities but still maintained
their membrane potentials. It seemed that these cells
entered into viable but non-culturable (VBNC) state.
However, experimental ayu infection revealed that
VBNC FE psychrophilum cells were unable to cause
BCWD, suggesting that the cells were progressing

towards death at 28 °C and 33 °C.

Distribution of F psychrophilum in fish organs and
rearing water before and after various treatments

In order to demonstrate scientifically the effect
of warmed water treatment, we investigated distribution
of F. psychrophilum in infected fish organs and in rearing
water before and after various treatments. Fish were
immersed in the bacterial suspension and they were then
divided and placed into concrete tanks. Three different
BCWD

oral

treatments to  cure were
Chemotherapy administration  of

sulfisozole sodium. For the 23 °C and 28 °C treatments,

compared.

included

the rearing water temperature of 18 °C was warmed to
23 °C and 28 °C for 3 days, respectively. These three
treatments were started 1 day after the infection.
Numbers of culturable F. psychrophilum in the fish
organs were estimated using a colony-counting method.
Numbers of F. psychrophilum cells in the rearing water
were estimated using the loop-mediated isothermal
amplification (LAMP) method that is one of the nucleic
acid amplification methods. Chemotherapy and 23 °C
treatment were effective to cure BCWD. However, F.
psychrophilum was detected in the fish organs and
rearing water even after the treatment. On the other hand,
warmed water treatment at 28 °C was the most effective
in curing BCWD. F. psychrophilum was detected neither
in any fish organs nor in the rearing water after the 28 °C
treatment. It seemed that the treatment killed F
psychrophilum completely. These results indicate the
possibility that warmed water treatment at 28 °C for 3
days not only cures BCWD effectively but also prevents
recurrence of BCWD.

Protective immunity in ayu against E psychrophilum
induced by warmed water treatment after artificial
infection

We investigated the induction of protective
immunity in ayu against F. psychrophilum by the
warmed water treatment. The fish was immersed in live
bacterial suspension and placed into concrete tanks. The
warmed water treatment at 28 "C for 3 days was started

at 1 hour, 6 hours or 1 day after the immersion. As a
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negative control, the fish was immersed in sterilized
MCY broth. Fourteen days after the

agglutination antibody titer of the fish serum against F.

immersion,

psychrophilum was determined by using the micro-titer
method. Furthermore, treated fish were infected by bath
challenge with F  psychrophilum. The cumulative
mortality rate of the fish treated with warmed water at 1
hour, 6 hours or 1 day after the live bacterial immersion
were 36 %, 30 % and 18 %, respectively. They were
significantly lower than that of the negative control
(90 %). Ayu that was induced high protective immunity
against BCWD had high agglutination antibody titer
against F. psychrophilum. These results suggested that
the warmed water treatment applied to BCWD ayu could
not only cure the disease but also immunize the fish

against F. psychrophilum.

In the present study, we demonstrated that F

psychrophilum lost their colony-forming abilities and

pathogenicity against ayu at 28 °C and F. psychrophilum
was detected neither in any fish organs nor in the rearing
water after the warmed water treatment at 28 °C. We also
demonstrated the induction of protective immunity in
ayu against F. psychrophilum induced by warmed water
treatment after artificial infection. The fish is useful as
aquaculture fish and releasing fish because the fish not
only is induced protective immunity but also has no F.
psychrophilum. However, in view of a practical use, the
technique that includes artificial infection with live
bacteria is difficult technically and ethically in the real
aquaculture production site.

In order to use the technique in the production
sites, it is important to control timing of curing with
warmed water treatment against naturally infected fish.
The warmed water treatment can be used for not only
curing BCWD but also inducing the protective immunity
against BCWD to fish.
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