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On the Causative Bacteria of Head Ulcer Disease in Cultured Eels*!
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abstract

The authors isolated the causative bacteria of head ulcer disease in cultured eels (Anguilla
japonica). And then the isolates were examined their characteristics and were identified as
three bacterial species. We also estimated the pathogenicity of the causative bacteria to eels
and the seasonal distribution of them in water of a eel culture pond. The obtained results
were as follows.

1) The three species of causative bacteria were isolated from ulcer in eels at three eel
culture farms respectively. They were Aeromonas hydrophila, from fresh-water ponds in
Sendai and Miyakoshima farms, Vibrio sp., from brackish-water ponds in Miyakoshima farm,
and Edwardsilla tarda, from fresh-water ponds in Hiyoshi farm.

2) The pathogenicity of the causative bacteria, A. hydrophila and E. tarda, against eels
were tested by means of intramuscular injection. About 107 cells of each bacterium per 100
g of eel body weight was the adequate dose for inoculation. Under this condition, more than
80 % of the tested eels ulcerated and died in four days after the inoculation of A. hydrophila.
In caseof E. tarda, 80 % of the tested eels ulcerated and 70 % of them died in six days after
the inoculation. The pathogenicity of E. tarda was slightly weak than A. hydrophila.

3) Field surveys of the abundance of A. hydrophila and E. tarda in water of a eel culture
pond were made nine times in Hiyoshi farm. There were 3-30X%10° cells of total bacteria,
1-10X10* cells of A. hydrophila, and 1-4X10° cells of E. tarda in one ml of the water. The
seasonal fluctuation of the bacterial cell counts was not observed, because the water
temperature was controled at 22°-26 °C. When some eels with head ulcer disease by E. tarda
were found in the pond, the E. tarda cell counts in the water were fourfold higher than at
other times.

4) All of the causative bacteria are facultative pathogens. It seems that they infect
through some damages at head skin tissue of eels.
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BEBROEBEENERLOOoH 50T, BRE - ERBHELIEET 5 BHEREKOK
Zi3, BRCIEEREYELL CEBERCHEVA N A% 525, TOKE, AOLERER
WEL IR, BHRORETLT, WALWARAA TORRYFIRL TS, HABEE, *
NOARITROFEYEL T, KEOERAYH T Liciks, o ThMENEREZ, *0
GEPELBEELRKRECZ LS, BALRASLDTHSD.

BEY FXFOMERFROEREDIHOWTIL, TLE(1978) DEELKEFHR(1979)D3E
e LicFEMiRRRR B B, Th bMEERR GRS, Aeromonas hydrophila), 25 =
iR (R, Edwardsilla tarda), #55% (R, Pseudomonus anguilliseptica), €7V *
® (R, Vibrio angillarum), » 5 »7 9 25 ([, Flexibacter columnaris) Ts & HEE
HEhTwd, ThboVWThoRKE D, LEERTHRVEZLTY, ERFHTLEOXT
R, BE, BEOERNLIELER TS,

WE, BFHR»LERERTOMBRRLERARNEEL 0T, 4ES0~100g fZDOK
EXD=+v 9 F¥ (Anguilla japonica, LUTHIZY FF L)) KHERIICERICOR
BEYETHEBVREELBD, EELRIZOX ) RAREH LY > ¥EFEBIEL LA
TWb, Thid, BHHHRONTCEEH CHRTIBECERILDBED DTS,
T DEFERTHRROLELI NV EHBLE, ZTORBREIRAKFEEY, BB
HREBEARKONTE, £ TXORR, BEROFH1DXEBBLD, ThLRAND
RIEFHRELHRER - 7L T, ThoER - AELL. TORER, ThooFERER, &
B Y > TRILY, Aeromonas hydrophila % Edwardsilla tarda % 72\% Vibrio sp.
KREINIZEBLERD LI, CZTRThAODOMRAKETOEERY L 2 THRET 5.
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HEFAR 199 F4 A, BEBRIIATOBRER CRELLY F FORMKEEYEL
TRBRNRL DI EThDIRESD, oK 2FEMK, MEESH»L3E, HREELGEDNE
BE»H30, EREERATHOREENS 200G 8 EIChic» THE Y FIRAYXERER
BOKRR, TEERCHLL, FAIVWThIZEN~100g BED 0T, ERBEED
BCRDoteh, BUNAEREEEYELC DO TH -1,

HEODBEE  HEARBOERMCESE (BE, FR R IO0mKRAE1LMEDSE#LR
Hte, ERBEMIIEEERE, 1%REMSBEREM, €55 /551, 1%5REMES
F v EERO ML BB & L CDHL X (), BTB 7 4 & — VEREEH (A1,
VAT —eay FEEM (Snorts and RIMLER, 1973), ¥4 + 7 7 — HEXREEH (ANACKE
and ORrpAL, 1955) 7 &Th B, ABATR T LEHOLHYBER LicbdTtidikl,
Bl E 1% RER N X A REEHPCBTBT 4 K- VEXREBIEKBTEBE IR TWTR
FELRRRE»OMEY BT A AV R EBEE 41, ERSOFRICR
BrBHELC, TESRGHCTREELL, TREXEM, 1% REMEEEXREH, DHL BXE
H, ¥4+ 77— FEXEM BTB 74 K- AVEXEMILC T2~3H/, €75V
MBI O1%REME 5 5 vV EEHIZ20C T3 ~5HH, V45— «vay FEHIFITCT
18~24 BFRAEEEE L7, FTEMIRIREERE, SR LB A2 r = —DRCHEHEEOHE



A& « REE - 50 | v+ FRBBBEOFRRE 149

RRAYBELT, 1REH 030 BT o8, ML, SHERTBRESR
21% BYENE BRI H) 25°C 1 BB L, FOBEK 0.1 ml X EES0gMOEF LY 7
FOEMD 5\ ITERHOR r K TEH L CERERESYH»O T, BEECRREY
BHEL,

BEEBEOMERERE L &7 REFREKOVREER, £8 - £FHIUERRES LI VOTHE
2 i “Laboratory Methods in Microbiology” (Harrican and McCance, 1966),
“Manual for the Identification of Medical Bacteria”, £ 2k (Cowan, 1974),
“Identification Methods for Microbiologist”, %52 iR (SkiNNER and LoveLock, 1979),
% BErRGEY's Manual, £ 8 k& (BucHanaN and GiBeons, 1974) WCEE# O FIELHEEICHE -
fo. BRBEHOBEREE BT LIRVERY 25°C TH - 1o, WAKROF &L L OE S hIc Bk
DHRRE TRFERE T X CCREY 1%RE .

REBOFEEMERRS  #RE, T TFr0REEEY 0.1 ml 2@y - ¥ OB
RTESH L TEEYRESS, thrbRREYBIET2EKBRKC L > TEHNOEE
itot, FORGYBEBL-HABLYETBAHER R ECBHELTI®RERL, thy
EE L CREABEAEKCEE (100 cells/ml) L, BEEEREK L L, ThrHEFRRL
THRA LK, HRABIBES g BEQRBER Y F ¥ KB L, K& 20~23°C, K 7T
BRL, BH1/ 2B KT AEGTCIEMEIKE L. ThbD v+ Fioxd3 5H#HED
RYPFAERB, AEFAEKFCHAETLRE IR, LoFTEBCEBEOH LTy F
FrEBIRLHEL, v FORBCHABEBRYEHT2HED 2 20HETHRIL
Foo & ZTRESHECOWTEHRT S, A Y 7 ¥ MS 222 © 2 HEFREF 5 SHEA
NTRE % 2, ZOEME A EHMCEK 0.1 ml * L THESHE, BEHICHBY & ZHlE
SHETCRELRET, 7 IHBEL CREORERCEIE YD, OB M IC
5 Lish o,
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BEENRS FOhici ), FOEIERFRL T 2 e RBEOH LCKENR LA, &
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XU, HOPBEKERYHER LA, —BHRBFIEDRLnEroc LTS, TOH
FD1ODEEE, F3E=—-L YR DORCERENE6~9 DDV 7 ) — +EOD
iR e EFARME D, SWEE200  VEOBBETHE, ThHEDODE=—AL A TR
HE, »5VEEAL Y ANOMWHALR I bERBRERE % —VICBWAH Y, RIECH
bIBERY D& Lbbhlkdote, FZTIINIEE A 12 BETOEAORERRY B
EREASHRBECR TR THEFig 10k 5Ths, CORKIEZDOHADKE LM
KBEZSHELK, Fig. 165252 811, 6 ACRERE RLREVD, KEBLEE -
77 A, SARRERKIRL, BLAKOASEXEC,IrFKBREKBOENKELLLE
DOREREAEZLIUD TS, 12 5 X 10814 & 27~29BED 2B 1 H B b a7z
E—7hRbhTWS, ZOFEEMAMTHENIHREI Lo, MhCR L ZDFEE
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Fig. 1. Seasonal fluctuation in number of eels with head ulcer disease in a eel culture
farm.

FIC40FEQO P DUED Y F ¥R DRRDLDBEI NI L), FOFEETKAE
WHDTH- T,

2. RANERK

AROBEEDIERCRONT, BEIVABLCHEREIhIONERTHS, T
AYCBRERALD A \VEER L EORBICHABMNR 2 A LD, ©HRTE IARMFBRL TF
BRRoOBEERYHER TS, £ g LEFAGCRERER VR - KBRS %
hTwb, BEERENANEVI BICHARD ERREALD W BEBEET S, TORERDOE
TECKRENOSAFEL TEELT A, EED S ORXFFRRGERIEL, BENERL
BELTHVER*E2T% (Plate 1,234 2R), £BRZ0EFERADORKEXMAEHRDO L
BOBRMEAEBECKLE L 2T TRER) LBHLTVW2BTHS. BRETIIHEL, 77V
KB CREEL, FBERL->TERLE AT 74 vFEAY~= V) V-t v TH
BLAYIFEEY Plate II-5 R L, Fhicid, BELEAZO P FERMEMEED R
TEHENAR OIS,

3. EREN>EEE R

AR ADOHFE Table 1 KRL7, FHAFRAOBET 1S XL DFEHEE & Bbh 5 Wik
Dae=-AMEEHCEbhL, ThOREBREHOFAILL » TEEFB ECRET LA =
= —HURICERLD -, NIATHORADOERH L5 B I W BT EERFR i X <
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Table 1. List of the strains isolated from cultured eels with head ulcer disease.

Location of Water of Date of Site of Designation
culture farm pond sampling isolation of isolates
Sendai-shi Fresh Apr. 19,779 Head ulcer S04 -1
Kagoshima, Pref. Fresh Dec. 6,79 Head ulcer S9Z-1
Fresh Mar. 14,80 Head ulcer S03-1
. . Fresh Jan. 12,780 Head ulcer MO1 -1
Miyakoshima .
. Brackish Jan. 24,80 Head ulcer MO1 -2
Okinawa, Pref.
Fresh May 12,’80 Head ulcer MO5 - 1
Hiyoshi-cha Fresh May 26,80 Head ulcer HO05 - 1
Kagoshima, Pref. Fresh June 4,80 Head ulcer HO06 - 1

FBEL, KABRRLVWILNEX LIXREAAF 2 r=—%1FY, €5 F /8L EHTS=
R=—T, VAT —+vay tEMTEAa e =—-%2EAETH-., I, HEEHED
BRI TOFRELDE, JIATORBHOFR AL LRAURKEBOE A SE S R, Flic, K
Kt TORA»HIL 1 YREMEBEREHR THEE (swarming) LisWKEEDOAF = =
=—%FHEL, ThbR1I%EEME T F v EE KL, 22 BTB 7 4 £ — A EXFRIC
RETAHAHELRERTH -, —HERERBEHMORBH CRE LHADOER» LI, &l
2FLRIRLY, LBEATERERLECER 1 ~1.2mm O/ I A A2 r = —2ED,
DHL BXFHiR EC¥FHTHLTELRBD a2 v = -2 HRT 5 DM, BIEMEEOH
THMIhl, ThLFHER, MREELRVHLVWERECOWT, v FFA0BER
EUMYBRELCEZA, FOBIEHOLS BRERYRLE, LHALALL S RO
BEOFIZ LRI LD D D R1T O, BHROBVC L » THREELRL > T,
HAFBRRX VTR IBRROOBRCIEZELWVRERBEIRT, ThbohbIRERRE
boEIhihot, TRLVWThOHRABFEALLOY M + 77y -V EHCREET S
Flexibacter columnaris BT HMEIRE Xhichr -1,
CDLSRADBHO LB I NS OBKRIMRREY T -7, B UEREEOR
BOLRA-RRENE LR T, o TARTRAERFAE R 1 kO REBERIC-
WTUTOBRETRERT S, ZOEKEE S Table 1 287,

4. REREABOER & AE
SEEINICBERREKRO 7 EFIMNE X RET 5 IcDICUREFR, £33 « £FEHREY
BELL, $TEHBRV A TER T 0T ERMRY Table2 /R L7, Table2 it BH
haEBh, TXTOHABEKLY 7 slett, EFREBROBUERIETH-7, £L T
NAFHOERBEORBERIOEHEEORKLTORAL LIS hi S94-1, S9Z-1, S03
-1. M03-1, M05-1 3, $EEIBEY, Ao 8 —EBE, 71— AREHCRBIL,
0/129 IZFERST M, SN a— AWM F RAEE, TAF = VBT Aeromonas BB THZ &
Nbhhot, ¥k, EHEOEKMTORALLLSE Wi M01-2 %, BEEIBEKLT, +
Fo X KB, a2 - ARFEECRBL, 0/129 CREZM, Fra—AnbHARESE
B, TAF = VIEGMUT Vibrio BRBT5Z Lhbhrotc, —F, BEOEBHOR
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Table 2. Comparison of brief characters among the causative
strains isolated from head ulcer disease of cultured eels.

S94-1
Strain S9Z-1 Ho05-1

S03-1 Mo1 - 2

Character MO01 -1 HO06 -1
MO05 -1

Flagellation* P P Pr

Oxidase (Kovacs) + + -

Glucose metabolism*

(O/F medium) F F F
Sensitivity to 0/129 - + -
Gas from glucose + — +
Arginine dihydrolase + - -

+ = positive, — = negative

* P = polar, Pr = peritrichous, F = fermentative.

BbLoME I HO5-1, H06-1 ZFERRAET, #3058 - LM, 71— A2 REN
ARHBL, 0/129 IC3ERRSEM, A a—AnbHARELL, TA¥F= v HREEBRKETHD,
Eenterobacteriaceae FtOMER E—FK L1,

KNT, FER, HRCBT2EKYEE L <A TEHT A d, XL FHEMsERE
ExfTol, FHBLI>TCXOHEBYHRCHA T2 D0ERELTIRAFHCIIER
BBHBHN, I TREhLEYED ELHT Table3 & Tabled iR L,

Bercey's Manual, 55 8 W1 X 1 ¥ Aeromonas |8 & X hydrophila, punctata,
salmonicida ® 3SERIZHITHRTWS, 2D 5B salmonicida EBIMEN 7o <, KEHR
BEREERTHRE, WONDEELATH 2EELHEELCVWTEILE . ZhiT
5t LT hyarophila, punctata (33LIEBMEARDH Y, EEFAK LS b{HFHELLE
LIz K, Thb 2BEBHRL GEBM Aeromonas & X ATWv5, S50 S94-1, S9Z
-1, S03-1, M01-1, M05-1 (388 & 2 i BBV Aervomonas THH, D 2:3-7 8 /o4 —
VIKBERBER Y EETHE b A, hydrophila THAHZ Enbh b, COWEBEREIHIC
SHBIMDINED, Fra—RE7 Ve —AhbHAREEAL, V.P. RIGEHE, 71
a vERERERMLT B 2 Ll E D A, hydrophila subsp. hydrophila wRIE E#lz,  Poporr
and VEiron (1976) ZE&E Aeromonas DFEIZOWT, BercEy's Manual, 5 8 iRic
F\WT A. hydrophila & A. punctata ®RFIL T3 7 ) £r — b A AEEMEE 2.
-7 2 v oA - ABKBEREERZSEFENMEI) 2\ & L, A. hydrophila (biovar X,
Xz) & A.sobria D2BHBREL, HHRIAL2BYKRDLICERL TS, Tieb
v A. hydrophila, A. sobria ¥, BErGEY's Manual, 5 8 lRD Aeromonas |& D EAH
HEREBLTB2, A hydrophila ZBEBRFEFRELTCL-e 252y, L-7TAr¥=v,
L7577 =R, ¥) v vuFIBL, KCN BHTRE, =R7 ) v MKG# y) i
RETH, ThEeRL T, A sobria RZhbDOMRATRTERETH B, i A
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Table 3. Biochemical and physiological characteristics of the causative strains.

S94-1

Strain S9Z-1 HO5-1
S03-1 Mo1 - 2

Character MO1 -1 HO06 -1
MO5 -1

Nitrate reduction +

Indole production + +
H:S production +

M. R. test

V. P. reaction

++++

|
+

Gas from glycerol
Gelatin liquefaction

+ 4+ +
|
r

Catalase

++ +
+

Urease
Phosphatase

2 +3-butanediol
dehydrogenase

++ +
|
+

Gulconate oxidase
Phenylalanine deaminase — —
Citrate utilization:
Koser’s medium — + -
Simmons’s medium - + -
Decarboxylases:
L-Lysine (+) + (+)
Ornithine - - +)
L-Arginine — —
L-Glutamic acid -

Amino acid as sole
source of carbon:

L-Arginine
L-Asparagine
L-Histidine
L-Glutamic acid
L-Serine
Growth in KCN broth
Growth at 37C
Growth in 7.5% NaCl
Haemolysis

+ 4+ ++++

+
+
|

+, positive ; —, negative ; (+), weak or delayed positive

hydrophila 3.2 >® Biovar o534, A. hydrophila biovar X, %, V.P. RIGEHE, 7
Na—REOFAREETER, A hydrophila biovar Xo DV.P. RIL&E 7 va —Ab
DHAERIIEETH S,
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Table 4. Carbohydrate utilization of the causative strains.

S9-1

Strain S9Z-1 HO05-1
S03-1 Mo1 - 2

MO01-1 HO06 -1
Carbohydrate MO05 - 1

Acid from
Arabinose

Xylose
Glucose
Fructose

Mannose

|+ + + |
|+ + + |

Sorbose

|
|

Sucrose

I+ 1+ + + 1

Lactose
Maltose
Melbiose
Trehalose

!
I+

+

Cellobiose
Raffinose
Starch
Dextrin
Glycerol
Adonitol
Mannitol
Dulecitol
Sorbitol
Inositol

+

Salicin

I+ 1+ + + |
L+ 0+ 1+ 1 +++ 1+ 4+ +

+

Esculin

FoT, Do CAMESRA  S94-1, S9Z-1, S03-1, MO1-1, M05-1 % Poporr and VERON
DOHEIBHT L, KON EHTRE, =27 ) vINKDBL, vV o v i HEBETS, ¥,
BHREFRRE LT RAFOVETAF = vEFIH, V.P.RIGBKE, 71ra—AX ) mAdE
BT 5 &5 EMERL D A hydrophila biovar X, CRIE&h3%, TOFLLERIhIS
R LT Macinnes and Trust (1979) %, A. hydrophila & A. sobria ® DNA
ATy FERET-ER, ¥/ 2OKEZIEZEETHIX  Pororr and VERON D
BEEHCEYTHHEEREL TS, DX 57T &b, &I Aeromonas BIC
Bi+ 5@zt Poporr and VERON OFEHX AL TWHE XD 5O TL OERIKE
Ryl i,

Wiz, Vibrio B\, cholerae, parahaemolyticus, anguillarum, fisheri, costicola
DEODEBIRSFOHRAT WA, &2 RFE I i M01-2 X parahaemolyticus &
anguillarum D VWFHRHOEBCB IR HEHERERLCV5, LiL, V.P. KIS,
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TAXE=viInKD@EYE, VovBIUOT7TAF= VvlRBE, va—27r—X, ) EF—X,
FY) v bOBOERM I E DRI anguillarum ERicY, Eio 7.5 BEEIMAIE
HIcRE Lic\ & &L parahaemolyticus £ bRt TWw5h, o TEDWTHIZET 50
FRdhRBEHCEWIREIANDS, BHEL (1979) REX»LEROFEEE L L THE
ERTW5 Vibrio BRERBELTEI, I, NI# L V. parahaemolyticus FLIE & 12FF
LT, FOEIEEN V. anguillarum ST 5, OB LIEZCTHREL
M05-2 13, ZOHENBCELTHETHA I ErMbhl, LTI TR, hrTELY
w3 Vibriosp. &7 5,

&c, HO5-1, HO06-1 1%, IMVIiC RIS+ + — — CHALKRELERM, ~1+ -2, 7
FIL—R, =V —ARDBLBYERTAENT S/ AR LDZOM I3EOEIRS
BLIEh T, ThHDWRMLS W BGHEERKE Edwardsiells BB T530 L Bbh 5,
Edwardsiella 3 1B 1B THBEL LT tarda DHRDETH I TE Y, # - T H05-1, H06-1
3. Edwardsiella tarda X RE E huic,

DL Y FFEBBEECRRE L, BEBHCL - TRE-TEY, JIAWBLIVOE
BHEDOWRKMD b DX A. hydrophila, BEEEDE KD b DX Vibriosp.,, £ L THEHE
DHDILE. tarda THo7e, WTFRIERICHE - TEELXHRT 350, BRCHEELR
EHRFAD LW i s, BREREDNLTWS, T, WKMORERKE Vibrio sp. i
1 EOHRBRICIEE > T30, HEDBRERT o 2 2DREBFHIC KT, BEECRR
HIRWHAZ- CHRALERE LD IR, o bk, BEH T L ctikFoERRI
MEREIRLY, ThORDEVEBHLAVIEEZREL TV, FLLEBCIZBED
ERCBBEOENED I, Tithb A hydrophila & X BB, &L B0HARHE
L CHEBLEITIEN > TWBDEIL, Vibriosp. KX 5D, NELBBLALTWAEE
TH5, E.tarda X b0, & IBEREREHR L CxoRCBH»IF->TED, =
ADPBRBELTh 7 v — 2 —REBEELECREBEETARCLEE >, ThEZThbLOEED 2
VRAIEGBAOERNCI D EBLNS, 9% Y A hydrophila 1€ 5 F v EREENTK
T 501 L, Vibriosp. 3Fhdd b, E tarda KXz hdicw, Ry > FOoHEME
BRE X A. hydrophila £ 5 DPMERDPESHEE L RE VD, M0 2 X 5 b OERK
PELHFEEDRVOT, b THIEREKINE 2y, BB VEXEE A. hydrophila i X
LEBOARE L BB IR TWIAE DS,

5 SEREENHERMYE

AEREDLOSBE R, STHETSCRLTOREREZRELCBREObOXFERE L A
L7, £2TC, ZZTRERI D I LICHEMCERENLRESERRY T, Z0EBOD
BRE L A. hydrophila (S94-1) & E. tarda (H05-1) TH 5, ERFEOETHRRI L S
i, REHRRIFATAFCHAELBREIREBR I HE L HRABYHTEHT 5 HE
TITis 57z,

¥ THEBETR, #RAEBRBRAHB KN 2 TH 10° cells/ ml DEECBEH L. £ L
TExoFE, ERERERAOA AT VERITVELR, HHVIBLEVY5~64A%KA
RADTRLEE ST Lty r»FE AhTRAE L., FHABCO VWSRO Y F¥%
RueTtRBRLEE, £0#R, 7THHOBRENRKF I, YWEOTI T > T<AMEELLD
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Table 5. Pathogenicity of A. hydrophila (S94-1) and E. tarda (H05-1) against
Japanese eels by intramuscular injection.

Ulceration Rate*
Strain or Days after injection
Death 1 2 3 4 5 6 7
A. hydrophila Ulceration 12/20 16/20 16/20 16/20 16/20 16/20 16/20
(S94-1) Death 8/20 12/20 14/20 16/20 16/20 16/20 16/20
E. tarda Ulceration 1/25 6/25 12/25 15/25 18/25 21/25 21/25
(H05-1) Death 0/25 1/25 6/25 12/25 15/25 18/25 18/25

Injection dose, 107 cells per 100 g body weight; Fish mean body weight, 50 g: Water temparature,
20-23°C.  * Number of eels ulcerated or died / Number of eels tested

OBRRLRID, ThbrEDTRTORBRACBEOREZROAN T,
RICEHETR, 2XCRALLOMBESTBECEEL TT > R RESEBRBEERICE T,
12F 10" cells DEFIC L > TRETAHZ EXHBRA T3S, 2T, T TRERFEDE
THRRAFIBZRE > Ty FFEE 100 g XL 107 cells DEER SO v FFICHTFESL
TREL, ThHDORER, BREEYRH L, TR Table 5 /R h T3, Table
S5hibbhbl o, BEEBII > UREMHREIZD LN, Tibb A. hdrophila
(S94-1) #EE I Wiy ¥, 1 BFBECIARA20BRFT LRVBEBEYRELTEY, D
5H8RBIZEEIEL T\, 2HEBIIXI6EAFKEL, TTII2EBIIFET, 4 BRICITFE
L6 BDOTRTBETCLTCLE T, THREEZR > T ic 4 BRI ES A
FHEUKLY, ThPEECETELTLOIEMBLA., ZOXIR Y FFOMEMBILL - T
LRTHRRL DTN hdizt, BEAIWTHLER, BERPBEELYHRLTED
(Plate II-6, 7 2R), Th L XBRARBEDCKARDOLhHBEE L UT W, BIEE,LDLIX
BREILLAA, B, HFEILOIEEFEYBEMEEOREBTE B TAZ LN TEL,
DI LY, HEBRNEFWILKMIEE TETL TERCES>LIEERLTWS, —F
E. trada (H05-1) #RAUC L 5 EH LIy FFie ot i iuE, ERoD A. hydrophila ®
FERECHEXTHWVERAR O, Tihbb, EERDEORMTEE L AR TR 1IEN
PR EEYRELL., 82 ~ 3 HRCEHBOBELBILBILD, 2 HEK6E,
SHBICRZENREL TV, BRRRG2AKICLIE, 3ERC6REEML TS, #iE
B3~4BERRER BRADEINEN -1, TOHTHEETERER2LE, BRER
1BET, BV 4RREBEEIRESTEER -/, BEXELLHEDL, FLRBEERXELAE
ERAEZR-CEERDOER»OREEHOBSBIITEX ok, ik, BARBECSK
WT A. hydrophila it L, E. tarda X HERPBETH S Z L 2BRNIeD, £DOZ L
ERIICHRHB 1 (Plate I1-8 2D, 48 Vibrio sp. (M01-2) DREMR, KAMT
BEINICBRLY FFDOAERB WBRRTE b o1,

6. T@HMAKPIcEIFHLEEBE LU A, hydrophila & E. tarda SEEOEH
EIEY > ¥ OBEMBBIEDO KRB IR KD b D TIWE A. hydrophila & E. tarda TH 5
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b ooy, KERTREEMAKPOLEERK IS X O A. hydrophilat E. tarda
ARBY BIREMEYAVCCHEL, ChoEBROEE L ERORE L OBIREKRE L1,
FEEEMIERERBEHORBEBEOISOMEYIEE L, TDOML E. tarda 2 X 558
WEEESFELCWTH S, RAEMLOHELEKI, MTKTEFIXBEALEET, KEKX
CAETH, Thi K147 —THRELSOHEL, KX 1A 1EEOEETTIRL T35,
FAE LU AEEED 1,400 m?, FHKEHS35em T, HEIWTHS, —RICHKIE- T
BhH, tKkFE7 A2 REBDLRILGA, 22 ) AYEABEL T, FIRBIKBOR
BIE» ) BHEL TV, BEIX1981FES A 11 Aehd T 9 EfTi - 1. Sk HEE
ZNEAFE 1 RERIE T, KREZAER, REBH»HH10~15cmFIDOKERE A Y € v TEE
Lic, AKZ27 -7 —FhTKAEL, ZAEMAZ I THDRY, HAHE 1 FEACIERAIE
Hi{Tle-te, EABMEESEEKAIER L L CEREREMY, A hydrophila DFEIRFHEK
IXY &5 —«>ay VEME, E. tarda OFREFHHCE DHL thx A e, RAKD 565
FRRIIRIEY, TOHEY 5 BMED 0.1 ml # SEEHMOFRICEHKER L, BEHEIE
RAEDRICEE LAY TH Y, FREXFRICEhcar = - D2 T2 L T24ABEK Y,
Vag—evay VEREREDEB 2w = — %K 2T A. hydrophila £EH %, DHL %
KER ETHORBELXEAMAN 2 v = — %KX TE. tarda £ & %, ThZhEH L1,
MAKFEKEOKE & FEROLEEROEEHL Fig. 2R, Fhick 5 &, FAERES,
KBZ20°CUTIRAAZ Lk, 5A~6Fx23°CHi#%, 7 A~9 A1225~26°C,
10A~11 B2 23°CHIRTH » T, WKFOLEFEROEEH IOV THNIE, FAEES, %
L 3~30%x10°cells/ ml TH o7, Tt A. hydrophila EEHIL 1~10X10* cells/ ml T,

10

10

VIABLE CELL COUNT / ML OF WATER
5
T
»
V
>
!)‘\\L

102}

1 15 1 15 1 15 1 15 1 15 1 15 1 15 30
| MAY | JUNE | JULY | AUG, | SEP. | OCT.  |NOV. (198D)

Fig. 2. Seasonal changes in viable cell count of total bacteria, A. hydrophila and E.
trada in the water of a eel culture pond.
Symbols : @—@, Total bacterial cells ; M—M, A. hydrophila cells; A—A, E.
trada cells ; O—QO, water temperature.
* Temperature of the pond water.
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SEBEBDOIB N TH T, —RICKEDO LR (6 ATEH~T7 AFE) ik, TOEEK
WA T BEAN RSN, E. tarda £ERIL 1~4X103 cells/ ml T, £4EHKD 03%, A.
hydrophila ® 4~10 % CHMTHEBTH K. £EEKE A. hydrophila EEROHE
B oWT, MERXS A»D T AFHE TR L S UCHlB <2 —vERLEY, 9A»D
11 A3, 24BER OIS L T A. hydrophila £EBEA Lic, —F, £24£EK
& E. tarde FEEORICEHAR L LICHEBRIRE Shigh o7, Zofick T, 10 A
17 HOBRERCERBREERANRD b, TOBMODL E. tarda BWHBHERTER, £
ET, TOEHOMKFTO E. tarda EERERD &, KRHFEETHHDO5 A~TAD5ME
DFEERI L, KFRBEKRDIA~10 A 3EDOFAERD I E tarda £EHIZE -
o, ThbbEi 5 BoFHMN 1.3X10% cells/ml THoeDizwt L, % 3EDO L i 5.3%10°
cells/ml &# 4 2 EMU T\t FRRAORENTED bhi-tH, S4AEBIE/ML, ¥
12 A. hydrophila EEEIHAL LT\, T LTCEOEBAKGLEICHEL TE-> T\, =
Dk 5 CEBERBEERERT, RKPOMBEEIEMICELL, »poKEIBLLTWIE
Bbha, thboZ thb, EREEBOLEERYEHMICHEL TAE, KREEDOEM
KL OVRBOREETML LT, RACKHRYELBLD. 20Tk, AEMROKFILE.
tarda BB E X5 A. hydropila EEE D0 e hi b, FhIC X BEBERRE L
hote, TOBEAXMAS L, ERCER LICEREROBIREOBEC L OBEEFOKIE
B EFEFREBROR A7 LD e 2 ET ARBENERI ATV S,

% &=

EREY FFERBEECEREDLI - LRD BN A. hydrophila ik, BFE Y +FERR
DERBEELTHLRTWBELDTHS, TH{BMTROhiza—r y 4y FFD Red
Pest DERETLH 5, HE (1962) ZEHRFRONBHFRKE, (1D ERTEELES S\
REBHOBEBBRELhBE DL, ()DL BHIRE, KELLORKRNERT
BRFOZACSELLWHERYET 230 L0 2BRKIILTW3, £LT, REMEHED
TLOHEEIC ST, BREIhCEHRFRAGBLIROTT, BROROID DI HEH S 80
%, *hEDOLEIHCREAODDbD57%, BRBAUBEES S CAEEEET LSOO
15.7% THotc bBRRT W5, LB (1978)3FBEDRHT, H 2—r vy v FFD Red
Pest T3, BMCHEREERXEL, TOREVBRBELTCEE LRI L3SV EBRESRT
Wi, EENE ) SROFAYBEELTERLEIATE, TOIH>RBBIILLThICL
DEEIhEh o lERLTWS, ThbDZ EnbABOMRIR, HOTEIKKHRRE
LCBRLERORATWAEE, ThiIBETI2RFNEERTLADTVDZ LERRL
Tuwb, BB (1962)0EFF AN LT A. punctata (BIETL A. hydrophila W55
AEIRTW3) BHEOXTF vtz 16~20°CHEETI0ml ¥ 5 F vy 38R
THAL LI EBELTWD, ChIEXH L TEABRTHME L A. hydrophila B#kL 20 °C 552
THo6ml DE S F vEEHY 3 ~5 BRI TELRK/L LI, ¥lcr €4 vRREINE % b 5%
L, 2V GERADECEKRTH -, £ LTHMEKRDOTT, & v 7 FBNDEE
B CBBREN LS -1, X o TABOSBERER, WHics v 7 SBIERICL - T
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BHOSTOWIEENOREEK TH S, BojLANGER et al. (1977) ® OLver et al.
(1981) %, v » FHEULHEORKEORBRERSCHEAN L LEHOEBE Aeromonas B 5
L, “h 5% Pororr and VEron DHEWBH LT, A. hydrophila (biovar X, X2)
& A sobria T L, ThbR7rTF7 ¥, voFFr—¥, BIE, MBEERLED
RN EREYEEL, ¥l vin b3y viEHCHEERERYETHIZ L2 RE L,

LT, ThbHOEEHIERE, BHRICL-TREDZEXRBLTWS, HI L XEGEEE
HIREHO LB X A. hydrophila biovar X, Tilic, BEANLESEI NI A.
sobria TN ->TEBEL T3, D&, AR THBIhic A hydrophila 5 Pororr
and VERON DD biobar X, LREIhicZ L, LEOHKLED ISHFELTW5,

SnorTts and RiMLER  (1973) %, A. hydrophila ® FIRZHE LTV AT — e a o b
BEMAEELL, ZOBEMOFEHRE (37°C, 18~24 BE®) €, *0HIERar=—%
MT 5, chicflicBize = —2E540 &L LTHBRMEER D Citrobacter BED—
DB, HoTHBarr=—-2PEL T+ F—ERBY T, TOBRMEKY A
hydrophila BE & Zis3, ¥, A. hydrophila Th 7 K+~ VRS WL Y < VLR
BEEERRIL & DB TIRBIR T E 7o\, (KaPER ef @l.,1979), ZD L5 IZY AT —eay
MEHID A. hydrophila BRI BBBROKMMD B, X -, Fig. 2TREh A
hydrophila EEEDRBEICIEERYH 52, BROEBHEA LMD —EOBRCIEAD,
A. hydrophila FRBCKTAREMEL D T, e PEHLTHBAEREYE LAS
BREO—RBKHEHLLh TV, £-T, ARFEEE,LS, ZOENFRGEH L L&
Yo EIh, TOWEOKH, FAREOHIMCENOBEHILLNH bR TS, Karer ef al
(1979) X AH B I h 3 COBEOBIREMAF L EEL V5, Fhiry) a5 — -
¥ ay MEMICRT S Citrobacter BREARDORMa%k B3, A. hydrophila L BAMBEEE &
DT I BEBE I h Z ARBIRETH S,

KL BEKRL EBRKICE T D A. hydrophila DHHRF DEHWEE) 2, BIRETH
ERHOCTHANLOATWA, Hazen ef al. (1978) (3KEE 7= b Y 20 147 DKE Y FEE
L, ZD5H 135 Kigh b A. hydrophila B Lic, % L TEFDOEIZ10~10° cells/ ml ®
BHETEHTIRETH 7. T Cavarl ef al. (1981) (3K E Anacostia JI|DKE 6 m
Bx3a i 0BBOFHESH X HI, £hix 8 AKIE 27~28C OEICHE &L 300
cells/ ml ¢, 2 AR 0.5°C DEICIX 10 cells/ ml & RIETH » 1. FDJEDHFEWH O+
hid8 AICR®E D 10° cells/g T, KRET - THAL 2 BIcRIED 10 cells/g TH -
e, e, EDJITE A €V 7 DIEED A 213, BARE, KFRESLELS A hydrophila
DOEESh, ZOKRHEKIZS ~10 AIcEh o L& STV 5 (SeLer ef al., 1980),
S B A. hydrophila DB BT 3 RERE Y, BEKLEFHREROBIASTAT
BIKDEREAEDOF THEH Lz Hazen and FLiermans (1979) 3, ZoOBEOLEEER
B3 11°~40°C T, #HRIZ21°~32°C THofc & LTV 5, A THE L BB K
23 22°~26 C IS hTis b, ZOBRER A. hdrophila 12t > THEETH S, iz T
MAKDEREL LT L > TERBLIND Z L LK - T, BEMKFDOFDOERILME) K
DERL Y SEUFECLD Z bbb,

t NI D A hydrophila DREBIEFNZ ST,  Hanson et al. (1977) %, Kk,
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BrAGL, TInbIOEAREL TBEAYREI LEBERCODVWTHRELTVW5, #HbH
X OEDMNMERERIT I 1T B BB RERER I OWT, (i )RBUSLEE Y £ 5 R 7 K iE
DFAE, (i) EEMERE (38°~40°0C), (i) AORENELEEXDT TS, ZLTZD
MERGDF A E IR, gentamicin, aminoglycoside 2’8 F L\ & LT\ 5, Fio,
COEEINTBABET e VOREEE Ko TWBESMELT WA, JIic JosepH et al.
(1979) b, JNITEKINFEFDO £ A= - BILENMLIBL, 2226 A. hydrophila &
A. sobria BPEH IR EBEL TS, DX, A hydrophila BAEs U CEE
BT 51213, BREONMENEORHREBFICL > TWB I Ehbhd, FDOIEnbY F¥
DEBEORLEBY VEHL S, THbLbLAED FALIAORRICL > THE2THA
TEBNPEERD BB > TWB EBbh 5,

w2, WKEETOY F FERBREEOREEDS 5 12, E. tarda woWTE I,
COBEBERYFFDAFa e RRETHHIENY TR, HOoBBECHTHRETEE LT
babhTwb, FlzidE, fES (1977 REBCAMOREHLEr LA, B & BRiE
CEBDPNEBNRRD LN BEEF £ 1 OREI L OBELIBL T B, Wyart ef
al.(1979) 3, 7<= ABFEMLO KD, B HNER LB AV REREI X - T,
E. tarda DEBER LR LTV 5, TOKERE, KBOEBH > TEROEB» KX,
KIEAE 8 B2 1,100 MPN/100 ml 2% 2, Thix 4 BD 20~100 & &Ar» e, KEO
AL TOREME (Fig. 2) X LEOMEY 100 fET2EETH -7, TOEED & b ~DREH
Blix, BVEMTHRIENM S T35, DamMme and VanpepiTTE (1980) 1%, E. tarda &
X ABMEETRERRKADERD LS BERCI - TRRTHEEL, XLTT 7V A
O THEINTT 4+ FETREDBEANL ZOEOSHEZRALR, 59BD S D 34
ENbAEENADH IR EBEL TS, ZDXSICE. tarda bRKRIEL LT
WHHEETH S,

KT, WARRTO Y > FEBBRBEORREE, Vibriosp. b, ThIBT 2EEH A<
bbb OBERLRFREEL LTabh T\ 5, Vibrio BEXREBE L T2 8K 7)Y
AFE LER T3, FRREKOENCEL CHMRNCES L REBEORILH 5. V.
anguillarum ¥ BERE LT 59 FFO €7 ) HROABRRE, ERBOHERKLH D,
—HiC AR HOEOBENR O (R-BE, 1972). AR THBEL I Vibrio B3, 7
R IR ot AR AT TRe{, Vibriosp. &L, WELQDOUBHCETIHE
BThDbERNBICIEDE, CONBRIBERAOEBEROEREXEUWENTHY, RAK
DEERD S\,

ARTHEI R hb IBOME RV TH L &EHREME (Facultative pathogen)
DHFTY —CABEDTHB, oTIhDBIRI»TRIDERIZ, BENFALLORER
CREY 5, FOBEABENEE - TWA I EARIRICS, EAD (1970) 11, 1966
LBy 7 F¥0H 5 57 ) ARV BECETL, TOREIRERAMOERAIER LIELE
FELTWBZEnb, v ¥23RARPEETS L E, @RboHGRTIRERYR
BT AR ERCHARENTE, 22bh T AT ) AEBIRATHDO TRV ER
BWLTW5, ZOX5EHT AT Y RKRTE, BOBRENBREEROIOIELOATV S,
Aoy F FEREBER, FOERLSATHELM L I, REEORERIICL - T
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FoTWh, UL, BHICNIL B 3y FFRER IR THRRLAL T &%
E28bRDE, hihBEWEXRBRAFLLTWS EBbhb, VI FOEKRIEOE
HELT, (1) B2 CBINOR, (i) KEPHE~NOEHRICL -, (i) REBDOENH
=4 h Ik -C, (iv) ARFOHIBEERMICL 5 YHORE, o1 (v) A
FUARA STy FFREENRAE SHE, KELDITORB, beb Ly rFOERMIT
EBUNER D > TREINRTVWAH, ERCRXEARBEYZTHEVLE 25, BHIC
BEMAECR > THEY 5350 ER Gi), (iv), (v) DBELEXLLRS, (i) 2L
T, 9FFER=YH TONAULSEICREVCOWLSEBRIIBLL, =¥ s InffEHIhich L
THLTIRMER LT, ERCELXRSI LR850 ETHD, o (v) K
DN, BREBEIRTVWA1T, KEOEIMPKEDEILELL>TAIVAEZA
foy FFREEAME Y, LELEREVWCEZ b EFCHEB*HBLE>TTHEL R
5, OB, EHMIECHEYBRVEYR-TWHRYENTS, (iv)IOWT, BB TH
HIAATWAHESFARLANLCRY T, oYyl BRACEXAHLEIBERIRI O
ote, foT, BEHEBEDORKYEFF &b BB, (i), (V)OBARRKELHHDTH
A5, RPFELIY FFOBIIL, FBRALEDRVHLARELTWEDT, £IHbREKD
WOENKFABFE SN MDY F FALEB LTV B EELDONEYMTHA S, X
RREC I 2BFROREER»BRRTHHE, FRECODVLCTORFITHTHAH, BE
THHEENETNODOHEICHN LTI LB YRATRETHS. COBEHELR
FREICIAFRRISHEEITEITHEMLERILTHESL S, Vi L EERAKTIEIVAWH
REEMEREEPFEL TROBEHE-> T\ 5, ThIE &hitedicid, EEbOEE
RREIRIGULBEREEFREYIELC, BOLER, ARBIENICE - BERELE
%, KEOEAPKEDE ML ER F vAERYHR TS LBAFETHB,. ThHORE
BXRTRD & 5T AR LT b EHCREE Y REL TR ACLBEY O E R T0T,
COBOEBIEL L A4, BECHEABOTEC+IEETRETHS,

B #

A, BEY FFOERBCBEXECHERNFBEL TS, AR TR L OFERE Y 78
L, ME¥HEREZER LEELXRAELL, KW TLhLEEO Y FFicuT 5REEPE
BKPICE T A MY SR L, ThODRERNS, KDL 5 BB,

1, JIAHWORELLEHEORKLTREE LY > FEBBEBBEOETL»L0BIhic
RRE L Aeromonas hydrophila subsp. hydrophila L RE Ehic, ¥FiEHEDOKK
TO % ik Vibrio sp., BEEOREMTDE NI, Edwardsiella tarda THo1c, TDX
SIFEHEIEBRICL » TR ey, FAUEES TR 2 ERIIT » L REORETIL,
A—RRE R S hi, A

2, FHEREDOREML, BB TES)EE 107 cells/ 100 g ¥ > ¥EE T, A. hydrophila
TREE4IBBRCRRAD Y WRBWLBEBEYEL, REROLTHRLELIBET
Bote, H, E. tarda TIXERE 6 HHEIZ80% MHRIELEIED LD 70 % HILICHK 5 REE
T, E. tarda DFIEMIL A. hydrophila D xR L H gD - T,
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3. AHFHORKEEMKFIZH > T, LEBEH 3~30X105/ ml &t L, A. hydrphila
B 1~10X10*/ mé, E. tarda £EEI 1~4X10°/ mé BENEREEL T\, L
T, XDOMT E. tarda wo X 3 BBIENFA LICEIZ, S4BEREEINL, A. hdrophila
BEA L, RRETH 5 E. tarda 1355 58D 4 {51288 L, #kh o Mg BT n
Bhic,

4, vrFETEEEOKEERIZ, REOE=V I TORERECL o T oty F &
BHOBRE, HEVERA M VARASLY FFDORAE VL » TR EBOE I & 2R
ZFIFELT, FRERESREL, A VADARKERL s TEANMDMET LTV i
ELHBR-TRRCE-TEELDNS,
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Explanation of Plates

Plate I — 1 Eel(1) with head ulcer disease caught in Sendai-shi
2 Eel (2) with head ulcer disease caught in Sendai-shi
3 Eel with head ulcer disease caught in Hiyoshi-chd
4 Eel with head ul¢er disease caught in brackish-water pond, Miyakoshima
Plate II — 5 Bacterial cells occured by extensive growth in the ulcer (E-H staining)
6 Induced ulcer disease in eel by intramuscular injection of A. hydrophila
7 Eels died by injection of A. hydrophila
8 Induced ulcer disease in eel by intramuscular injection of E. farda
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Plate 1
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Plate II




