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Experimental Studies on the Pathogenicity of Edwardsiella tarda
and Aeromonas hydrophila. in Eel, Anguilla japonica
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Abstract

By using various ways of artificial inoculation, studies on the pathogenicity of
eels experimentaly infected with bacteria (E. tarda and A. hydrophila), or immersed
in water containing nitrogenous compounds (Ammonia~N, NO,~-N) under sublethal
concentration levels were condcuted.

The intraperitoneal inoculation group was mixed with E. rarda (108 CFU/ml)
and an equal amount of 4. Aydrophila different concentrations as 10°, 102 CFU/ml
Mortality was presented as 100% (25/25) and 40% (24/60), respectively. Moribund
or dead eels had lesions showing reddening and swelling of the anus, marked
ecchymous haemorrhage of the ventral portion of the trunk, necrotic lesions of the
parenchymous tissues, as well as in the kidney, spleen, and liver. The degree of
necrotizing change was directly associated with the increased inoculation concentra-
tion of bacteria. Besides, when equal amounts of E. tarda (10° CFU/ml) and A4.
hydrophila (10° CFU/ml) were mixed and injected (I. P.) into eels and placed in
water containing Ammonia-N (1.5 ppm) and NO,-N (0.2 ppm), mortality reached
70% (35/50).

During an experimental period, skin incision group of eels (raised in water
containing 10° CFU/ml of each E. tarda and A. hydrophila) did not have any deaths.
Bacteria isolated from the internal organs and blood did not excel 10* CFU/g or
ml in number. But during another experimental period when a skin incision group
was immersed in water containing 10® CFU/ml of bacteria (E. tarda and A. hydro-
phila) and nitrogenous compounds (Ammonia-N and NO,~-N), they showed 16%
(4/25) mortality. Moribound or dead eels showed reddening, increased secretion of
mucus, or slighy erosion of the gills.

Microscopically, with the exception of necrotic lesions in the parenchymous
organs, hyperplasia of epithelial cells in the secondary lamellae of gill were seen.

Lesions were presented in the orally inoculated group of eels, in which the
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mortality was 16% (8/50). Gross and histopathological findings were the same as
the intraperitoneal inoculation group. But the gastrointestinal tract showed lesions

of catarrhal inflammation.
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KRG KEREELEE S B RBEEMCHS A CEMRENR s BTEMELEREER » &
RIS H ERGEME o (AR BEEREHE B MERRRTARS » HREFEZERN 5B
CWEIEK o BHE ) AXBPEEREZEEEE 0 THRRETRRE 52% 0 MAELCRES AL
Riis Aeromonus hydrophila % Edwardsiella tarda SHIBEWERERIEEE o GRRIR 1977~ KE
1983) R (1977 4F) EALBEEEMZHA oA MEHEL » BEFERH (Edwardsiellosis)
BMETE 4 skELREERS (Red Fin Disease) BERAHEA » (kRFRRCBARRZ 37% » WEEM ©

#HELB (1986) LIARIBRTA TEERE » Wat E rards BpBaZB0RBH - ABRER £
tarda RGNS HE S DRSO R AT ERASRERAT » HPERDESEBE 2552 BRE
s (BRI RIS o ERHLSH BAREREEREEE B RERBEER - ARBERHAR
S3EH  REEE E. rarda 168 A hydrophila 2 RERRGR T ZE WERAEAZER R WHE
R E T B RGO -

256k (1973, 1975) ~ {LE (1978) ~ Flagg & Hinck (1978) ~ Plumb % (1976) LI Walter &
Plumb (1980) HREHFLRERTEMN : KR~ FEHTR - 8~ KEETHREMZEKA (predis-
position factor) » I FTEEFHME AhHERFHRRAETNRA o ARBFENT E. rarda | A
hydrophila » N TR HvRERES » BAAKRITEKPEHEME (Ammonia-N) RIEMBHE (NO,™-N) ZX
LB (Sublethal concentration) » LABE R BKE A B8 RN R B EHB S 2 BUWHE ©

o oE 8RB E

— N HRE S

ARER ARG A EELEEERES FRERYN 50~60g & o Ll 130 £ BBKMESARKE
’ jﬁ%%i@ﬁ%ﬁ&ﬂﬁ%% o HESLIE FASR BR AN FEES AL B B AR AN » 4k Gibbs (1969) %7 fTHHE
| AREERE ) UERRSRREARRE o BEETRELE » LL Gentamycin: 4ppm £ For-
malin: 25 ppm R~ MEREE 24 N o ERERBIY - FIHHEALHREE o
=~ RRER
tarda (CA 86-91 K) EiREREk o SCES T —BIRRE 4 B HEfE i Trypticase Soy Broth o 37°C » 18
ANSRERERES E tarda: 1.6X10°CFU/ml, A. hydrophila: 2.7X10° CFU/ml » Wi EE
BES NS G EE R ERIEX LU MBS o BB ZPHITEE (Lethal dose 50; LDy) &
B E. tarda: 3.0X10°CFU/ml £ A. hydrophila: 5.4%X10° CFU/ml o

EBREAAIRE

W sk E. tarda B A hydrophila » SrBIERER TS Broth » §& 37°C, 24 /B HEEE
DURB AT Ak (0.85% NaCl) 5 3lQ-HSmTE o MiEE®EH » E rarda BEEER 10° CFU/ml
BLAESBERABES A hydrophila B 10° CFU/ml» 10° CFU/ml IREREFHTRE
) SRR o NIRERE R CEKREERS (MEEESS 10°CFU/ml) » KEL Sml BE
B 1g ERanRARZLABERSES  DEETFATOREEZB M o HR 0 REEER
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EEH ) DMHMEZEECEE - B2 KhERBE » 1Y 804 REAKM A » X4 MA 30ml
SHHEBEZEWR 4 10°CFU/ml 2 E. tarda B A. hydrophila o

W~ ALEERR

ANTEHEABRZABRSEFER Table 1 c AMBEREESHE ) BEBERHE - AMBESR4E
BREME c A-1 £ A-III ZHEBAEEESH Iml ZBAEK ' HEAKEKS E. tarda §1 A. hydrophila
“HBEZLA o 2R Table 1 o A-III ABEEES 1ml BB @ EEREBAESFERS
Ammonia-N=15ppm & NO;"-N=02ppm ZEfK+ o A-IV HAEHRE » HEEESER
EHK  HGENBESBSEEREME - SHERZWEBESS E. tarda B A. hydrophila % 10°
CFU/mlo B-1 @B EEHEEXERM ; B-Il ABEEEE  REBARKPREGZ LAY ek
mn A-TIL AR 5 ER RSB IETRK + KPR GELAYRMHBERIGR) Bl AR NREEHE
B Ok 1ml (SEEES 100CFU/ml 2 E. tarda 1 A. hydrophila) + HF A ER—7
FER=ZR - BRZFEEEEFEEEARHBE » AIMTEAREREY B—IIIJZ%{?@.?@D ik
BB R S 2 3088 %E@ﬁ%fﬁﬁﬁﬁééﬁ%’ WREES 12 B~ 1R~ 2K 3R~ 4K~ 5
Rr6K~>TKR~10 X~ 14 REAMBNBY RETRHEER - ARPEFHABRTRNZARIIR
EOTARER  BEK 30 XTRBEER  MEHAEBRTHEREERERASR -

Table 1. Inoculation and Sampling Schedule

Inoculation group Sampling
I: 106 CFU/ml E. tarda-10° CFU/ml A. hydrophila 25
";\8 II: 10°CFU/ml E. tarda-10° CFU/m! A. hydrophila, 60 |
A %g IIT: 108 CFU/ml E. tarda-10° CFU/m! A. hydrophila 50 Eels died during test
) b= ?5 (immersed in water containing nitrogenous or terminated for
&= compounds.) necropsy at 4, 1, 2,
v IV: Control (I P. with 0.85% NaCl Saline) 60 3, 4,5 6, 7, 10, 14,
% 1. skin Incision s0(s0)g| 18 30 days  post
B -‘% II: Incision and Immersed in water containing 25 inoculation
g nitrogenous compounds
g III: Oral inoculations 50(50)

*. Contained E. tarda and A. hydrophila (10° CFU/ml for each).
#: Control.

E ~ Bk Ammonica-N Z NO, -N Z & =B 8]

# Yamagata B Niwa 255 (1982) LI NH,Cl & NaNO; £ Ammonia-N=1.5 ppm *
NO,~-N=0.2ppm ZEEMAREKE (804 k) - REHIR4 B | Direct Nesslerization # ( Bk
1981 ) Bz Ammonia-N [k Griess-Romijn ¥ (BE 1981 ) Jli5h NO;~-N 2K+ EE c FEET
RAEEERM NH,Cl & NaNO,» FEERFMAURES » FEXBRKEREE Ammonia-
N=15ppm % NO;-N=0.2ppm Z{FT o ARBAE R KB 25+£1°C REREGE (pH )
7 78+£02 ZHEMET o

A~ BREW E tarda B A. hydrophila Z 4% ~ &X G PAE
AT EEEBHEAENARTMENRE (EBE4EZECER) © BAR MS-222 itk i’
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il 0 ER BRI » REFRFERRTF B - EBERELS 058 ELRM 03g
B SRR T kbR 0 BB 10 fEELA o BLUAB A K (0.85% NaCl) 47 8 sy 1=
MR BEBREEEMEX - #WBKLIMESES (micropipete) B I 0.01 ml j&H Xylose Lysine
Desoxy cholate Agar » if S2& R 37°C » 24 /NESIEEH B RIER o WBEERFZE%K Cytochrome
Oxidase ZHELIE 7 BB M B R4 » R TSI SIM, Lysine Decarboxylase Broth, Arginine
Decarboxylase Broth, O-F Test, Simmon’s Citrate, Urea, MR-VP Medium &4 (v EEEE

» LIBEE E. tarda & A hydrophila ( % 1977 & Baumann £ 1984 ) o

N RARZBBHEERE

EERBETIHRR  FMBERERERBAEREE AR o [T~ B FEE -~
B~ DEEAEARFEROEGREETEER 05HHRENE - BEkEFASTHEE - YN REA
(H & E Stain) #&RAEMREEL o

= F

— ~ BLAR AR M
1. A-I # (E. tarda 10°CFU/ml+A. hydrophila 10° CFU/ml) :
AHAAREBEE 12 MRS ABANERS RN NS S E. rarda B A hydrophila » g%

BRSO MEE E rarda 13 100~ CFU/g; A. hydrophila £ 10'~* CFU/g o B H ARG RER
BT BEFET7AREHABZERTC - HACEEAFNBZERE K E 10°CFU/g Ll E o (Table 2)

Table 2. Distribution and concentration of E. tarda and 4. hydrophila in eels
after I. P. with E. rarda (10° CFu/ml) and A4. hydrophila (10® CFu/ml)

D}y?@‘ Kidney Spleen Liver Blood (l\v{;’i-ﬂf’fhfgﬁaﬁ‘fy%
1/2 Acl1.72* A:1.40 A:0.76 A1.27 1
} E :.4.86 E :4.04 E :3.26 E:3.68
1 A2.34 A :2.00 A:1.52 A:2.40 2
E :5.67 E :6.28 E :3.37 E :6.79
2 A 4.76 A:4.26 A1 4.40 A 477 3
E:7.94 E :6.57 E :6.58 E :6.89
3 A :6.85 A:5.23 A :3.68 A :3.46 3
E :8.43 E:7.92 E:6.72 E :5.80
4 A:7.62 A:7.40 A :4.50 A:5.82 5
E :6.48 E :6.87 E :3.26 E:4.26
5 A 17.40 A :16.48 A 13.52 A 4.50 4
E:5.25 E :5.86 E :4.30 E :3.43
6 A :6.86 A:7.62 A 14.37 A :5.60 4
E :3.44 E :4.60 E :3.40 E :2.64
7 A:7.15 A:7.86 A 15.60 A 16.38 3
E:4.72 E :3.80 E:3.12 E :2.86
25(100%)
E: E. tarda.

A A. hydrophila.
* : Presented in log,.
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B BTSRRI R LB R B2 L o 38R E. tarda WREBGER EF 0 FIFE 3
AMEEN TH » M A hydrophila AIB#BEHREEBEN LIRS o

BRI R 2 T M B M BRI AE o M R ES ST EE AL » RE SRR QU B E B i R B P4
fifi o (Fig. 1) A #WREEIETHARBREKMBIETE K o BEHBEWIT ~ B ~ BED RN RFEL
AR R E R R EEEA o EIER RIEBIRE ~ ML ZEELRY -

AR IR AR F DI ~ i~ FFRCZ JRENEESE (Focal necrosis) Zifig {50 (Diffuse necrosis) £
FEIREE o MM (Sinusoid) BIERIEE ~ 7 o (Fig. 2) —HE 2 ZBM R BB R Z58E N i
HA o RP REIBZ RETESE A » LIR AIE B I M HE BB AR BR © B2 SO0 I K B0 7E B g i
o RERERMRERENE o (Fig. 3) BIGEZRERE VBRI E » LT RMERER
BRURIE R 28 2R o R R HAD B R AR R R B o '

2. A-1I 78 (E. tarda 10° CFU/ml+ A. hydrophila 10° CFU/ml) :

FHERERRES A TR ERBE 5B A hydrhphila ) W RIETHG > EEFR+HBHE 24
BHHEBERILT » LT XA 40% (24/60) o R HEBELE ~ MitE » —HA T EEH 10012
CFU/g MR 100~ CFU/g o 1= A. hydrophila EEEHE=A A58 » MEFLHUEX -
(Table 3) £BEERMETHEZEERET E. tarda 2B 157 3 A hydrophila LB EI2 » MEH
EATRAENE R TR

RIEEE 2 R B A-1 AT RKEOHER o

Table 3. Distribution and concentration of E. tarda and A. hydrophila in eels
after intraperitoneal inoculation with E. tarda (10° CFU/ml) and A.
hydrophila (10* CFU/ml)

™ Organ No. of eels died

Day Kidney Spleen Liver Blood (With Mortality)
S
1/2 E :3.58* E :3.67 E:1.76 E :3.30 0
1 A:0.54 E :4.27 E :2.60 E :4.27 0
E : 4.68
2 A:2.54 A:2.73 E :2.27 E :5.81 0
E :4.92 E :4.52
3 A :3.58 A .4.87 A 2,02 A 3.76 4
E :5.96 E 5.8 E :3.94 E :14.79
4 A 4,49 A 4,15 A 3.85 E . 6.68 6
E :5.87 E :4.87 E :4.58
5 A :3.48 A :2.87 A :2.67 A:1.85 4
E :5.96 E:6.72 E :4.88 E :6.67
6 A:2.50 A:3.14 Al1.54 A 12,20 4
E :6.63 E :6.82 E :5.20 E :6.51
7 A :3.25 A :2.34 A :1.87 E :7.45 5
E :7.88 E:7.52 E :6.52
10 A :3.47 A 13.25 A:2.14 — 1
E :4.79 E :3.39 E :2.48

24(40%)

E: Edwardsiella tarda.
A : Aeromonas hydrophila.
* : Presented in log,.
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3. A-UI # (E. tarda 10° CFU/ml+A. hydrophila 10* CFU/ml» 3 871 & Ammonia-N F

NO;~-N ki) :

AARBRLMES 35 BHABIRET » FLTERE 707, (35/50) o HRBREE 12 /M R
M E. tarda o HERBHEMEE A BBEENT - XARBRMEFHREEL A-IL A5E 10~100
» BHIMERHEE - #RBECHBEERE AU EZER » BE 102 CFU/g (E. tarda+-A.
tydrophila) - (Table 4) —HEZBWBHOHE RS » R E. tarda BHEEHKEZEN LR » B85
REE%E » RIEBWTW 5 T A hydrophila KB EHSEBTRISH » ABEBEZ LA -

BRECEELREE LR EARKKER » MR SR S BRI o st o TR IR TT

REEERSBFEREK o BZETHREBLEER FRAKREE ~ BEXEBPLESREZEESS
% - (Fig. 4)

ol
i
i
[=]

Table 4. Distribution and concentration of E. tarda and A4. kydrophila in eels
after 1. P. with E. tarda (108 CFU/ml) and A. hydrophila (10* CFU/ml)
and immersed in water containing Ammonia-N (1.5 ppm) and NO,~-N

(0.2 ppm)

Ogia;n Kidney Spleen Liver Blood (1\\?1\2}}? fl\fgﬁ a?ilteyd)
1/2 E : 4.86* E :4.45 E :2.43 E :3.78 0
1 A:1.28 Ac1.32

E :4.90 E :4.32 E :3.20 E :4.15 0
2 A 225 A 13.48 A :3.18 A 11.26

E :5.49 E :5.80 E : 4.56 E :4.43 2
3 A 3,67 A :3.63 A:4.21 A 3.8

E:5.75 E :5.86 E : 4.68 E :4.62 3
4 A :4.37 A:2.52 A 2.57 A:2.21

E :5.86 E :5.76 E :5.82 E :4.23 3
5 A :3.62 A3.47 A 14.26

E :6.58 E :6.92 E :5.85 E:6.74 2 ‘ 4
6 A 576 A 4,02 A 576 A :12.63

E :5.65 E :6.63 E :4.63 E :5.87 6
7 A :6.75 A 5.4 A16.72 A . 4.87

E : 4.58 E :5.68 E :4.02 E :3.82 8
8 A 16.89 A 16.43 A 15.40 A 15.87

E :3.42 E :4.27 E :3.76 E :3.14 4
9 A 16.67 A 16.82 A:5.72 A4

E:2.92 E :3.08 E :3.50 E :3.27 2
10 A :6.84 A :6.00 A :4.38 A 15.36

E :1.06 E :2.54 E :3.75 ‘ 2
12 A :5.83 A :6.87 A 13.40

E :2.47 E :2.86 E :2.83 E :4.32 1

35(70%)

E: Edwardsiella tarda.
A : Aeromonas hydrophila.
* : Presented in log,.
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Table 5. Distribution and concentration of E. tard & A. hydrophila in eels

after incision and immersion with 10° CFU/m! of E. tarda and A.

hydrophila
Opgan Liver Kidney Spleen G-Itract Gill Blood
1/2 — — — A :1.3% A 12.33% —
E :2.57 E :3.49
1 — — — A :2.00 A:2.75 —
E :3.20 E :3.70
2 — — — A:2.25 A :2.50 —
E :3.78 E :3.60
3 — — —_ A:2.60 A :3.85 —
E :3.85 E :3.56
4 — — ‘A $2.10 Ai235 % —
E :1.60 E :3.25 E :3.50
5 — A :1.30 A :1.50 A :1.27 —
E: E :2.20 E :2.78 E :3.52
6 A 12.48 A:2.16 —
E:0.5 E :1.30 E :1.56 E :3.57 E :3.25
7 — — A :1.00 A 12.50
E :1.27 E :2.58 E :2.68 E :1.85
10 A:1.20 A:2.45 A:2.85 A 11.50
E :0.85 E:1.26 E :2.00 E :3.50 E :3.95 E:1.54
14 : A:0.48 A :1.50 A :1.58 —
E:l1.2 E :2.30 E :2.00 E :2.75 E :3.30
17 A:0.78 A:l1.26 A :1.00 A:2.15 A :2.50 A1.25
E :1.00 E:1.14 E:1.85 E :3.50 E :3.68 E :1.40
21 — A :0.54 A:l.42 A :3.15 A:2.13 —
E :1.20 E :2.47
A: Ae

romonas hydrophila; E: Edwardsiella tarda.

* . Presented in loge.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Explanation for Figures

Eel. 2 days post LP. with 108CFU/ml of E. tarda and A. hydrophila. Showing
marked petechial lesion in the ventral portion of the trunk.

Spleen. Eel. 4 days post 1. P. with 108 CFU/ml of E. tarda and A. hydrophila. The
haematopoietic tissue disappeared and the sinusoids were dilated and engulfed with
blood.xX100. H and E.

Kidney. Eel. 3 days post L P. with 10 CFU/ml of E. tarda and A. hydrophila.
Marked necrotizing change involved mainly the renal interstitium and partly the
renal tubules. X160. H and E.

Gill. Eel. 10 days post L P. with E. tarda (10° CFU/ml) and A. kydrophila (10°
CFU/m1l), and immersed in water containing Ammonia-N (1.5 ppm) and NO;—-N
(0.2 ppm). Note hyperplasia of epithelial cells of secondary lamellae which fused
together to form a dense cellular mass. Most capillaries in gill lamellae wer¢
collapsed but some (arrow) were dilated as a lesion of telangiectasis. X250. H and
E.
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1. B-1 # (BERLHEHREBA » E. tarda 10°CFU/ml+A. hydrophila 10° CFU/ml) :
ABMMRBR R HRAREHREBIRET c BRAGKER 12 M TREBERES B
A. hydrophila B E. tarda o 133 5#&T » BIEE E. tarda B A. hydrophila BB E#is4 10t~
CFU/g» &M E. tarda &R 10*-*CFU/g; A. hydrophila 15 10'~*CFU/g - RZ AR5
REBEEE 4R AREMBES ML E rarda - B#EABUEE - BeEEES  BL4EERE (£
tarda+A. hydrophila) 53 3E 100 CFU/g o MK EBAIHEARREE 7 RY S8 E. tarda 10'~2
CFU/ml» B HZ 5 HEEE o (Table 5)
RIRE A EERLERE  c BREABTALNGE 6 RE2EKS °
2. B-II i (RGEMBHER » BKkh4 Ammonia-N E NO;—-N) : .
AEBAMAE 4R (4/25) HEBERET « BRS 3 REBBRE ~ MO A hydrophila » &
B 6 REBBRIMK T o ETIRE @.ﬁﬁi%‘}%ﬁfcﬁf& c ¥ 8H Bﬁﬁé‘ﬁﬁ%a,ﬁ&%t  KEWAHERS
1048 CFU/g (E. rarda+A. hydrophila) - (Table 6) 81 B-I i fEiAM 4R E L EREEE g
REE o
AEABABI AN KE PR ME/LE (Ammonia-N: 1.5 ppm) R IEFEERH (NO.~-N: 0.2 ppm) ¢
BRETEK » WFER BB MAK R SRR R B B R 08 in » BRI K4 Ammonia-N &7
#E 95ppm ; & NO;~—N £ 2.2 ppm o (Fig. 5)
R B BREREE A-IIL Y » BRARSESTREKEER S BHER ZRES
L BZEBRBERRY  HEBKSTRA L EAKREL  AEAKNY  BERALREERE

Table 6. Distribution and concentration of E. tarda and A. hydrophila in eels
after incision and immersion with 10° CFU/ml of bacteria (E. tarda
and A. hydrophila) and nitrogenous compounds (NH+~N-+4NQ; ~N)

%5;;1 Kidney Spleen Liver Blood egg. d(i)g d
1/2 — — — — 0
1 — — — — 0
2 — — —_ —_ )
3 A :l.41* A:1.78 —_ - 0
4 — A :1.40 — —_ 0
5 A:2.43 A:2.62 — — 0
6 A:1.18 A:l1.47 A:0.48 0
E :1.36 E:1.12 E :2.00

7 A:1.34 A:1.20 0
E :1.26 E:1.28 E :0.65 E:1.25

8 A:2.45 A:1.45 A:1.45 A:l.47 1
E:2.87 E :2.86 E :2.30

10 A:1.67 A :1.57 A:0.85 T2
E :3.43 E:3.72 E:2.12 E :3.56

11 A:l1.87 A:l.24 A :0.87 A:1.35 1
E :3.32 E ;3.8 E :1.45 E :2.47

14 A:1.00 A:1.20 A:0.72 A 1,46 0
E :1.20

A: A. hydrophila.,, E: E. tarda.
* : Presented in logy,.
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PH: 7.77 ¥ 0.29

Water temperature;24,1¥o, 4°c

1 =
-{10 =420
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ppm
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-
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12

(2]

Ammonla-N
5—.

HO!
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[

Log viable count/in water

[ I ! I I ! { { { | I 1 ! o o
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Fig. 5. Variation of E. tarda & A. hydrophila in water associated with different
concentration of nitrogenous compounds.

s—e—e: F. tarda; ——: A. hydrophila

e——o: Ammonia-N; = cccoee: : NO,~-N

%R - (Fig. 6) %%giﬁ%%zsa’ﬁﬂi{ﬁﬁ*ﬁﬁ » R EE RIEMABMEET HEEILRR - (Fig. 7)

3. B-NI 4 GEr@eEaE)
HREBAARBYUMERECHRE SR FLTRE 16% (8/50) » MHRBEL HERBIET « RBR

HRER 12 i BISE R S E. tarda R A hydrophila i £BEBRIMKIELS 4 Ry ag

SHFICHAE B MEeERERTES  BARAREARE  HREARTAL - ARABGE RN
B 2 RS E 28 m o TR ZE H'ﬁ.‘%‘%_ﬁ% 10*~*CFU/g~ F 5@ &R 100~ CFU/g (E.
tarda+ A. hydrophila) o (Table 7)

TR - %?QJF?ﬁ%%ﬂiﬁnﬂ&ﬁﬁg?ﬁtﬂm BB %ﬁ%ﬁﬁk%ﬁﬁﬁﬁﬂ%?&ﬁ&%f@ﬁﬂ o Bf ~ i
RSN B ARRES (B85 T BRI R/NESE L o (Fig. 8) HBEZBRIETEAMEEKIER < 15
EERAZ-REEZK 5T TRARSWE MR AERERS o (Fig. 9) HREEARIREMAGRE
AR o

FP/hFRTE RS A R LR R A IO 0 N BRSNS sy M E. tarda B A. hydrophila o ( KR
B 1977 Hoshina 1962 ) # % 3] (1986) BEAsR A LIEM BRI E. rarda #HEEH 2K EER BB0R
B 5 (8% E. tarda Bl A. hydrophila [B&RHe » DR #KBEE S Ammonia-N fi NO,-N 2
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AABMEEEE E. rarda (10°CFU/mI) BRARRBEZ A hydrophila B77E E. tarda >z
HRREEERRE » HEMESHREEZ 4 hydrophild BARBRZEAWBEREMEMITTR « 214
BHETEREKRE A-1: 100% (25/25), A-I1: 40% (24/60), A-III: 70% (35/50) cHEEREHE
RTRBSSEE (E rardat A hydrophila) K##= 108CFU/g Ll o BHES (1981) - 43R
¥ (1974) ~ TR 2 (1986) LIA TEISEE E. rarda B A. hydrophila FHIRICTMBREAERT ~ B~
Rk z &8 &% 10°CFU/g (ml) LL_-F7 BAR o B BE B 2% 2 B BB ST R B o

ERHEERRERRERET (A-T4) » S50 K E05E 1 & bk B 5 o BRT &R B iR
PPl ae RENEREAL » LHLIE - MEBRAE Rz AHESS JEREPETE 1M R 38 I A B3 2 Bl 4 o
B o MAEMFEER L EREEAEERS BURMHZ RERBRE A B 2 4 (B BB A R
CBEDEERIR SR 2B o R (1974), Wakabayashi & Egusa (1979) FARIEHERS » &
FRERARTRMEANEEBRAE RS AEREREREE T - 5L R 5 5 [ B K e 2 A1
HBZURBE 2R G o I3RS SR 1S WA R B B & 7] ok 7 B s FARLAMBEESEZEBME RS
WHEZHE - ’

A-IT 81 A-TII iR R v B S 4R &5 E. tarda 10° CFU/ml B A. hydrophila 10 CFU/ml
VAT REER o HRRER A-TI 577 EEHEESEERIBEER Ammonia-N=1.5 ppm k&
NO,™-N=0.2 ppm Zki#it o BURKRED SRR AR 2 7 LU 8 A M B 2 R 1% o Flagg
R Hinck (1978) # channel catfish 4 ABRERAEE 2 EHTFE (NH,-N) A » ERE R
EIPSE FFRR 2 B A, hydrophila B8 » AIEBAZ %R o Hanson & Grizzle 1985 B ER SR
EE (sublethal doses 50) 2 A. hydrophila B8 E#% /) channel catfish £ » FAENRSHE 5 ppm
NO;-N Zkidig7 X » ARHMEZERRBE  HAYNTEEE2EMER o Plumb & 1976
AEMPESRENERERE PR EXETT MERERET SR 4 hydrophila o S5 B TEiEH
PRERERERF LU BAEEE 2 REM o

Hiti B-1 BREERESER E. rarda & A hydrophila RABHHERSBRaEEY
REBRREBE (10°CFU/g) » i EBHRRIET o 7 (1962) FIHRBE ~ BE 2 (1986) 7R FEE B
BREREGHREN » R ERS BB AETRIET o ERBTEERKFEESREEME » ERE R

Explanation for Figures

Fig. 6. Gill. Eel. 12 days after skin incision and immersed in water containing 10° CFU/ml
of E. tarda and A. hydrophila, and immersed in water containing Ammonia-N
(.5 ppm) and NO,;~-N (0.2 ppm). The epithelial cells of secondary lamellae showed
extensive hyperplasia. Part of the hyperplastic lamellae were desquamatic and

~ infiltrated by inflammatory cells. X250,

Fig. 7. Kidney. 8 days after skin incision and immersed in water containing 10° CFU/ml
of E. tarda and A. hydrophila. as well as in water containing nitrogenous com-
pounds. The hematopoietic tissue of the kidney underwent ncerotizing change.
Pyknosis, karyorrhexis and karyolysis were markedly seen in this picture. X160. H
and E.

Fig. 8. Liver. Eel. Oral inoculation and immersed with both 10° CFU/ml of E. tarda and
A. hydrophila. Showing early leisons of focal necrosis. Dissociation of hepatic cords
were also noticed. X400. H and E.

Fig. 9. Intestine. Eel. Oral inoculation and immersed with both 10% CFU/m! of E. tarda
and 4. kydrophila. Marked catarrhal enteritis. Increased numbers of goblet cells and
infiltration of inflammatory cells were noted in the villi, of which, some were
desquamatic. X160. H and E.
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828 (Anguilla japonica) {t Edwardsiella tarda i — 53 —
Aeromonas hydrophila BT 2 BR TR
WERZT » WARG | BRI o (LEBZAREZ B-11 1 » HI{ei B-1 ZERBEFMER S E
BRI E R S AL a2k » BIT RESRIE TR 5 (A TR 2 S8 R TH o AERARE
MEREREA > B AR SRS WEHFE » BSEE Ammonia-N: 9.5 ppm K NO,-N: 22
ppm o B AR MRS 2tk b 0 KIEALSITR » DI ES BB 6.5~72ppm o £ B-1
bl i {#ﬁffﬁz%ﬁ%ﬁﬁfﬂ%ﬁ ' ERKRIEEZRE TR TE - BZaEBEH LS BRERHT
Eo
ARBHAEERREEG KB ZERE (A, B-11 #1) RERMECZEE » £ Z3H
MM AT B EE P HRS s R AR E o BEROIET AR EETHE L HFRIIEE o B
HERZR BT TNRE  HEERREMB M T AMEEE Z YR RIE » 5 R ERESRIET
ERAREHE R I EEBECEH L o (Ahine 1983, Roberts 1978 Smith 1982) Tomass
£ (1981) #pérhfg i » ¥ channel catfish #5lE & NO,~-N=5 ppm K Total Ammonia-N=
200 ppm ZEE7k#Ed o IR 8 N 2B 0 Total Ammonia-N pEE4 M8k corticosteroid & E &
BREEE 10~11 pg/dl» REBEREIE RMKER T » 24 /MEBMAEFZ corticosteroid EE
RUEFF—TIRE 5 pg/dl o NO, N REEEEBRRHMNER » 24 NREEREEE 8~9 pg/dle
MYEREZ NO,~N=5ppm J Total Ammonia-N=200 ppm @Bk EK#d » 4 channel catfish
IMAF ARG corticosteroid » I M E %/EA (synergistic interaction) Z & i o Schreck k Lorz
(1978) 7Rf&ii% Coho salmon B &RFEMM TRE ZKE » 7£ 78 JErfe4 REE SR ME+
Z cortisol & EIGH#E c McLeay (1972) BEEFEEIEAR ZHHE 4 ACTH i Coho salmon §# » 7]
S NRERR B AR o (AR R ENIE S o it » RIPFEME A 5w aTHEY (cortisol)
' REEROERES  HERFABYBEIREBZEERF (Roberts 1978, Smith 1982) o —fL&EJE
FRTBMEMEKEER KBEEREAZES - £E KB HEEAMTEXEBEEE I A
HBERE I FEEMEREENRERT ZRIE TS R LB LR o BTl 878 E. tarda
R A. hydrophila ZFEYIE » BRZKEBHELERGEH » EEER -

RoZEeERERd (B-1II) » BREREZBRAERERS » 2 10 CFU/g - RtiB 2%

ERMBRERENREW B~ M~ B RERS AT R B A RS - RS (1986) LIFEEZ
HERER E. tarda W5 HiEZRERMEE £ » HrRERAIE o (BRGS0 fkEE RS
HERER ) SUERE A R Z BRI SN BB E tarda B4 o nIREREBHESEER
B-1 f@#% » 5% 10~ £ o KETS% (1971) i ARABAZAREREY » i iHBER 2 muH
AT RN o lida % (1984) AABREBNAERCSEHREEHHEER  EERSBEZES
BRE  NSHEARRZEWEERERE R - SRR MELA 2L - ZROIR
MEHAGT ZEBERLRE » (AETRBERIRILZH S » SRR R BB EHE 2
o BRUEBEMAZEGT o

# Z

DIARF & E T A TAZ8 AW E. tarda 81 A hydrophila [ & &R SH{E KR PR In & AL & 4
(Ammonia-N, NO, =N} RHIEHE E FEIEF B8 H 2 SURMK o '

fEpsefEid iy E. tarda (10°CFU/ml) 81 4. hydrophila ( {z 10° 10 CFU/ml) @2 B &% &
B AR SUCRIRRE 10025 (25/25), 4025 (24/60) < 5 (FE) 82 2BUNCMALIE ~ HERE 2 H Bk
BB ~ B~ FFZBETEAL o JURBEZ RS R B E L c 2 v E. rarda (10°CFU/ml)
81 A. hydrophila (10* CFU/ml) @B & HEE2EM - HEMNKPSE Ammonia-N (1.5 ppm) R
NO.™-N (0.2 ppm) ZIEfET » HIELCHKE 70% (35/50) » B/RIHAERE BB Ak D AN I 5 &l
EYERE o ‘
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R BERERANABRPHETRER o ARBMBRMESHT T BZERESHRE 100CFU/g
(ml) o (BREEREGHEA/ALEBERZHM Ammonia-N (1.5 ppm) K NO,™-N (0.2 ppm) Zk Al
ABMEHRAE 162 (4/25) ZIETE o & (B) MRARIDENAL - Wi o wB SR E A o
HETREESE VRIS » RV REEIR EREERSR o

AR RRERE R E 162 (8/50) 2L o R EREA ML HEREE R MELR
5 o

FHERRTGREBRZE (T5-RE-7. 1-#-24(8) » ﬁﬁﬁﬁfﬁﬁ%E?%i&%ﬁéﬁl%d\m%u
BICHIDABRTE » BILEH

2 % X B S

PREBUHE ~ f»’;ﬁ%% WA (1983)°§?§f&5%r@¥%2[@@§ QFH%E%VW 1-9.

RIS ~ B R (1977) o A RRBERARHRZHRO—ZEBEAERZMET o o ARHER
#£1 op. 57610

BRI~ SEEE ~ R (1977) o BIEES BB IRKIEE Edwardsiella anguillimortiferum 24578 o 4
RHEHSET op. 1-60

BREwREE (1981) o KE4#T c WKEEAT o p. 85-970

BB BIER £ - BEE (1981) o @ARFFRMEEFRERE -  EEESREEE
# 70 FEFERANBER—HRUBE -

SEIRE ~ Bt (1974) c AN NEELAERIEE deromonas hydrophila HINK ~ T ~ MR BHESF
ZEBHZER -EBKEREF 3(2): 15-190

kE ~ BIER (1986) - BEFEERRBRIATEEABREBRBERZH o BRHAELET o p
68-78 o

FEFSLER= (1971) c BHE Y » FOBATFREMBER DWT o BfRFR 6: 1-70

LEE= (1978) o AUF ORI o TEER/F £ RIK o B o p. 210-215 0
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