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This is a comprehensive study for considering the effective treatment and control pro-
gram of bacterial disease occurring in common carp, israel carp, color carp, crucian carp,
eel and tilapia by clarifying the causes, mechanism of infection and onset and the diagnos-
tic criteria.

As a first step, the authors investigated the external views, gross and histopathologic
findings of diseased fish using 450 infected fishes obtained from various farmer of Korea.

This infection was characterized by hyperemia, hemorrhage and swelling of body sur-
face and fins, congestion of liver, spleen, kidney, inflammation of intestine, hemorrhagic
inflammation of various tissues, and necrosis and ulcer of various tissues werr accompa-
nied in serious cases.

Bacteriologically, Aeromonas hydrophila and Edwardsielle tarda were isoiated from
these fishes. Particularly in the regular check on 222 eels, 177 strains were solated as
2994% of Aeromonas hydrophila, 48.58% of Edwardsiella tarda and 21.47% of Flexibacter
columnanis. Flexibacter columnaris was isolated from corroded gill of eels. The identical di-
sease was occurred by innoculating the isolated Aeromonas hvdrophila and Edwardsiella ta-
rda and the identical strains were isolated from infected experimental fishes.

The eels which were diagnosed Aeromonas disease from Kwangju, Pusan accompanied
hemorrhage, swelling of body surface and fins, inflammation of stomach and intestine con-
taining mucous fluids mixed with the pathogens. Color carp and crucian carp which were
innoculated with the isolated 5 strins of Aeromomas hydrophila died within 3 or 4 days ac-
companying with the characteristics of Aeromonas disease.

Edward disease was characterized by abscesses of body surface, pus formation with
concentration on phagocytes. The size of absecsses increased with progression of disease.
There were also various abscesses at internal organ and white nodules appeared in kidney.
Histologically, various progressive granuloma were examined without inflammation of inte-
stine.



Columnaris disease of eels showed no hemorrhage except slight white body color. In
autopsy, most of internal organs appeared normal and there were no septic odors. The

only chatacter was corrosion of gills.

In order to treat these bacterial diseases, infected fishes must bathe in 20ppm chlora-
mphenicol or kanamycin solution for 1 hour. Besides, medication program in oral ingestion
of 75mg/kg chloramphenicol per day continuing for 5 to 7 days.

After injecting the formalin treated Aermonas hydrophila antigen into carp, relatively
high agglutination titer showed between 3 weeks and 6 weeks. Though this titer decreased

from that time, it was continued for 18 weeks.

In the case of injecting the formalin treated Edwardsiella tarda antigen into tilapia, the

titer also increased.

But tilapia which were immersed in the suspension fluid of the formalin treated Ed-
wardsiella tarda showed no increase of the titer.
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Table 1. Sources of diseased fishes used in this study

Name of fish No. of fish Body weight of Source
examined fish examined(g) (location)
Common carp Yongsan
Cyprinus carpio 80 20-800 Kunsan
Haman
Israel carp Chunchon
Cyprinus carpio 60 20-900 Taegu
Kimhae
Eel Kwangju
Anguilla japonica 222 18-150 Pusan
Myungji
Tilapia Taegu
Sarotherodon 90 10-200
niloticus Tamyang
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Table 2. Revealed frequency of external symptoms of diseased fishes used in this study

Name of fish
Common carp  Israel carp Eel Tilapia Total
No. of fish 80 60 222 90 452
Symptom % % % % %

Congestion and
hemorrhage 85.0 78.0 75.6 462 71.2
surface of body

Basal part of

" 825 75.0 653 264 62.3

Caudal fin

Basal part of 35.1 381 731 281 436

dorsal fin

Basal part of 524 516 742 262 511

pelvic fin

Basal part of 162 19.1 62 0 10.83
pectoral fin

Basal part of 26.1 24.4 0 121 15.65
anal fin

Abdomen 511 484 262 38.4 4103
Anas 86 456 383 26.4 3723
Eyelid 186 152 28.1 584 54.73
Protrusion of 182 102 0 0 71

scale exophthalmos

Ulcer of skin 56 4.2 12.6 8.6 7.75
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Table 3. Revealed frequency of anatomical symptoms of the diseased fishes used in this study

Name of fish

Common carp Israel carp Eel Tilapia Total

No. of fish 80 60 222 90 452
Symptom % % % % %
Gill . Fading 52.6 56.2 48.6 50.0 51.85
Liver(Heptopancreas) :

Congestion 28.6 30.2 18.7 26.2 25.93

Fading 18.8 14.2 15.1 18.2 16.58

Dissolution 10.6 112 10.8 11.2 10.95
Spleen :

Congestion 321 21.2 26.2 18.2 219

Swelling 18.2 16.6 11.2 11.8 14.45
Kidney :

Congestion 19.2 26.2 11.6 21.6 19.65

Swelling 16.2 19.6 12.6 18.2 16.65

Fading 125 11.8 10.2 116 11.53

Dissolution 2.6 8.1 6.2 7.1 6.0
Pancreas -

Congestion - - 18.1 1.2 9.65

Swelling - - 12.6 2.6 76
Intestine :

Congestion 62.6 43.1 284 18.6 38.18

Standing mucus 56.2 426 185 20.1 34.35

Dissolution 216 18.2 11.6 10.2 154
Abdominal wall :

Congestion and 326 116 18.2 112 18.4

Hemorrhage
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Table 4. Seasonal distribution of bacterial infections among pond cultured Eels in 1985 to 1936

Fish infectied with

Date Pond Fish Examined Mark
No. A. hydrophila E. tarda F. columnaris  not indentified
1985
6, Mar. A 3 1 2 3 2 3
B 3 4 5 6 5 5. 6 6
C 7 8 9 , 8 7. 8
D 3 10 11 12 10, 11 11, 12
10, Apr. E 3 13 14 15 13 14 14
F 3 16 17 18 16, 17, 18 17
G 3 19 20 21 19 20 21
6, My H 3 22 23 24 )
I 3 25 26 27 26 27
J 3 28 29 30
18, May. A 3 31 32 33 31, 32 32 33 31
B 3 34 35 36 35, 36 34, 36 4
C 3 37 38 39 37 37, 39 39
D 3 40 41 42 41 42 39
10, Jun. E 3 43 4 45 43, 4 44
F 3 46 47 48 47 48
G 3 49 50 51 49, 51 51
25, Jun. H 3 52 53 54
1 3 55 56 57
] 3 58 59 60
6, July A 3 61 62 63 62 62, 63 63
B 3 67 68 69 64 66 65 66
C 3 67 68 69 0 68, 69
D 3 70 71 72 71, 72 71
18, July E 3 73 74 75 74, 75 74
F 3 76 77 78 76, 77
G 3 79 80 81 79, 80
1, Aug. H 3 82 83 84
1 3 85 86 87
J 3 88 89 90
25, Aug. A 3 91 92 93 92 93
B 3 94 95 96 95 95 96
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C 3 97 98 99 98 99 9
D 3 100 101 102 101, 102
16, Sep. E 3 103 104 105 104 105 103, 104
F 3 106 107 108 107 108 108
G 3 109 110 111 110 111
1, Oct. H 3 112 113 114
I 3 115 116 117
I 3 118 119 120
18, Oct. A 3 121 122 128 121, 123 122, 123
B 3 124 125 126 125 126 124
C 3 127 128 129 128, 127, 129 129 129
D 3 130 131 132 130 130. 131 131
10, Nov. E 3 133 134 135 133, 134 134, 135 134
F 3 136 137 138 136 137, 138 137
G 3 139 140 141 140 139. 140 141
H 3 142 143 144
I 3 45 145 145
] 3 148 149 150
1, Dec. A 3 151 152 153 152 153
B 3 154 155 156 155 155, 156
C 3 157 158 159 157 159
D 3 160 161 162 162
18, Dec. E 3 163 164 165 164 165, 165
F 3 166 167 168 166, 167 167, 168 168
G 3 169 170 171 170 171 169
1986
15. Jan. H 3 172 173 174
I 3 175 176 177
J 3 178 179 180
5 Mar. A 3 181 182 183 182 183
B 3 184 185 186 184, 185 186
C 3 187 188 189 189 189
F 3 190 137 191 192
20, Apr. E 3 193 194 195 194 192
F 3 196 197 198 196 197, 198 197
G 3 199 200 201 200 201
5, Jay. H 3 202 203 204
I 3 205 206 207
J 3 208 209 210
25 May. A 3 211 212 213 212, 213 211, 212 211, 212
B 3 214 215 216 214, 215 214, 216 215
C 3 217 218 219 218, 219 217, 218 217
D 3 220 221 222 220, 221 222 220, 221
Total 35 86 38
2994(%) 48.58( %) 2147(%)
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Table 5. Incidence of the mixed infections

No. of fish A. hydrophila E. tarda A. hydrophila A. hydrophila

Fish pond ; ;

P esamined +E. tarda +F. columnaris VE tarda E tarda

+F. columnaris
Kwangju
(AB.CD) 96 14(14.58 %) 11(11.45% ) 4(4.16%) 2(2.09%)
Pusan
(EFG) 63 5( 793%) 9(14.28% ) 0 1(158%)
Myungji
(HLD 63 0 0 0 0
Total 222 19( 8.56%) 20( 9.0%) 4(1.8%) 3(1.35%)
(Table 6). E—20, T~6, T—10& Z# 10°cell® HEHET 2o

10%ells/10g #EMF vivtdol 10viel7t 25 96417F
whol] guig] 7t FAek EE ol 2t oA Relgh
[s—48 ¥ F2 EFHY SoldAk gutgirt £
= Is—58 BT Bof vty W HUck Wato]
oAl Hulg E—-19ic W& oFs|A 4uiElh U
(Table 6).

SrEtEEp v AY-E Bt &l g
Ae - g dsted BEE AHS A skessd
Aeromonas hydrophila BRI % 40~100% & A g
o] ztolE uellitl & H|ghgolet Foje AF
HES Yo 53 Y& EEAT BEHV
YAy 2 7bgziel 7t BimkER e 2 Vepeksh
Aldo] Aubgel mhep A3 X FHYH Plate 1, 2)

© 72A17kakel 6ulE] ST T—68& ¥ + &S
g glujoly: 12041 7bgte] guly] £33, T—108 2
 ERT "elulol: 168410kl 6vtE]7t Aok
(Plate 5, 6, 7).

Edwardsiella tardav> 7ol detdololle= 7
RS JERIY, Bojolis #5RMke) A Bk
ol Joju} ol Aaetd Yojoll M5 Edwardstella ta-
rda?t #2252 5% TH(Table 7).

LR 48BshE | HIBRERE Rfz Rde] EAE
3 Hiso] dojMm, MM WA FHEML #HE
b EEEaEiol e Mol BWREEHI, 24/
sl galdo] gk RIS KR M
far) B S 4ol 2ok H#liay BEdch B

Table 6. Pathogenisity of the isolated strains to carp fishes (Dose 10° cells/10g fish body weight, intramuscula

injection)

Strains Date Name of fish examined Number of fish  Mortality Averge time

1985, died/tested (%) to death(Chr.)
c-2 Jun. Color carp 10/10 100 96
C—4 Jun. Color carp 9/10 90 98
Is—4 Jun. Carassius carassius 9/10 90 145
Is—5 Jun. Carassius carassius 9/10 90 126
E—-19 Apr. Carassius carassius 4/10 40 160
E—20 Apr. Carassius carassius 6/10 60 72
T— 6 July. Tilapia 8/10 80 120
T-10 July. Tilapia 8/10 80 168
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Table 7. Aeromonas, Edwardsiella, Columnaris strains used in this study

Strains Organisms Matter sampled
c- 2 Aeromonas hydrophila Carp

C— 4 Aeromonas hydrophila Carp

c—- 7 Flexibacter columnaris Carp

Is— 4 Aeromonas hydrophila Israel carp
Is— 5 Aeromonas hydrophila Israel carp
Is— 8 Flexibacter columnaris Isreal carp
E—19 Aeromonas hydrophila Eel

E—20 Edwardsiella tarda Eel

E—21 Flextbacter columnaris Eel

T— 6 Edwardsiella tarda Tilapia
T-10 Edwardstella tarda Tilapia
T-16 Flexibacter columnaris Tilapia

AN E MRS ke WEARRIT Jehdg
ol lolM= MEEagol Yt sefEtkMifnol o
T ARIURI WIERZE Bk

TR 968FR | AIEAEEVe EaEx
i'i*?;"% AR ABESA S HRMHGS Mk

i fREEAol 2Ick(Plate 7). £& datuole] B,
B R obbvle Hysel vk HECl: MEE
e WIERTE Blvh o1& Aol M 2~3Fo
= 8% bAMigRol IaE o mIFkEe] Fakech
(Plate 8.9).

7. Aeromonas hydrophila

=87 C—-2 C—4, Is—4, Is—5 E—199 &

Table 8. Morphological characteristics of the isolates

. Strains
Characteristics

C2 C4 Is4 Is5 E-19
Cell-form Short rods
Size 1.9—-2.7X0.8—1.3um
Gram stain Negative
Motility Active
Flagella A single polar flagellum
Acid fast Negative

Agar colonies Circular, light yellow, moist,
glistening, slightly raised

Broth culture  Well-grown, muddy

Table. 8o ¥ AT 2% Gram Kifolu, HMEE
2A #ed FE3h HHECEAN Al 19~27
X0.8~13umAth

Nutrient agar’dellAls= E5 25C, 2447k 1
mm AP e Y, 48A1¢F 3ol 2mm A ¥
Fetoz Ay ik J=Fe EFola, 7Hazle e
B, =457 oz Gl &Y #eo]
o eloFR o Fo Bl Alvtol Xel uwha}
¢t #FAg di}(Table 8).

S1eBay Ak

Jojoll Al $eldt C—29 C—4+= dohoy} olxgt
A Foish WgojellA #ed Is—4, [s—5 E— 19+
epzkel zolzt ULt 81 Is—4, Is—5, E—19%
FARgE 44hg JEPA Y Indoledt$ol hoiA C—2,
C—4+ paEtElv v ke [s—4, [s—5 E—19< B
o]tk MRUE - Is—42 W ¥3te] E—9% (&
o]} qhiio}l A4kel] glojMi C-2, C—4+
FptEeld] vlgted [S—4 IS—5 E—19v Bg JEt
Wet Mannose ¥38le] loiMs C-2, C—4v= BT
& HEHLY [S—4, IS5, E- 19+ BT GasE 4
A} Trehwlose Dextrin Starch ¥&fo] JAAM =
C—2 C-4T BEYS 4= sty [S—4, IS—
5 E—19v B3 Gas®& 4L EHY webs C-2, C—4
o] kol FAMSIR IS4, IS—5, E—19 #ike] &
AF&t R o (Table 9).

SEPLY Mk
Felde] A8 Hike Table 109 FA)sH4
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Table 9. Biochemical characterictics of the isolates

Characteristics

Straoms
Is—4

Is—5

VP reaction

MR test

Indole production

IPA reaction

H,S production

O—F test

Gelatin hydrolysis
Nitrate reduction

MR reduction

Litmus milk

Catalase

Oxidase

Cytochrome oxidase
Ammonium productiom
Urease

KCN test

Arginine hydrolysis
Arginine decarboxylase
Lysine decarboxylase

2,3-butandiol  dehydroge —

nase
Malonate utilization
D-tartarate utilization
Hemolysis

Cleavage of carbohydrate .

Glucose
Fructose
Rhamnose
Arabinose
Xylose
Galactose
Mannose
Lactose
Saccharose
Maltose
Trehalose
Cellobiose
Raffinose
Glycogen
Dextrin
Starch
Inulin

+ 4+ +++ O+ 4+t

P+ 4+

+

- - -

e -

+

+ 4+ +++ O+ + 4

+ +

> > [T B g

+w 4

i

++++ 0+ ++m+

|

+ o+

+

+ o4+

+ + 4+ + 0+ 4+ 4+ o+

t

+ o+

4+

AG

+ o+ o+

|

++++ 0+ 4+ +m+

+ +

+
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Mannitol A A A A A
Inositol - - - - -
Sorbitol - - - - -
Addnitol - - - - —
Glycerin A A A A AG
Dulcitol - - - - -
Salicin A A A A AG
F . fermentation, C : coagulation, A © acid, G - gas
Table 10. Biological characteristics of the isolates
Ch . Strains
aracteristics Cc-2 C-4 ls-4 Is-5 E-19
McConkey agar + + + + +
SS agar + + + + +
NaCl range 0—4% 0—4% 0—-4% 0—4% 0—4%
pH range 5—-9 5—8 5—-8 5-8 5—8
Temperature 10—37C 10—37C 10—37C 10—-37C 10—37C

B E EHT MacConkey® Ko} SS KA |oll
A e ABRES 4% 714 G5 E Qo] &3
0~2%7tA & AFRh pHE tho] 5~8HH A
HEEh HEeEE 25~35C7R 2 Agtony
g PSR EE 10~37CE SAEAH Table 10).

MR ik

SAQ NN EFEL A hydrophila A—10 Hiifl
&, TS PR C-2, C—4, Is—4, Is—5, E—199]
BENES 2 Fad, C-2 C-4de 3208 Is—4,
Is—59 A& 160fE, E-- 19914 640f%ol A dgtEgo
BX RS A hydrophila MU S A £+ QA
#alae] Hel, ¥E 9 4By RS Beyge's
manual of Determinative Bacteriology 13%:(1984) 3},
Cowan and Steel's Manual for the Identification of
Medical Bacteria(1974)0} 71A€ A wjmg di
Aeromonas hydrophila2 BIEE - AAch

8. Edwardsiella tarda

FitE o £v8a) Mok

2el#9 A7+ 05~1.0X03~05ums] EHFES
2 Gram B BESAY BEAEEE AVY &

g EShEol UATh BHI #REHAIA 25T, 244]
3t wto]l 05mme) colony7b FAELE AL, 48BFRITE] 1
o) [Fif#elx, L7t K" KEE colony”}

474 #th MacConkey¥EXKE5H1o} SS K Biholl 4] =}
2ttt BTB Teepol EX A& #iebA] gt
RERME = 10~40Co] Ak, 20~-30CoN A 74 & =
gtokh pHY: 60~90 WA g 4 glod, 7.
2~7444 A F Ak AMRES 0~2% 7R
2t = glont 2% ol ol e Zehx] Z ok Table
10).

Eiemay ik

22|t 9] catalase lME-2 Bt o] 20 2.9, oxidase K&
< Bl XEFE wEHOE ol gl 71AE
A ST o

Gelatind si3bz] fow, FMH#S FTAAC
HE arginine & K BESR koo, glucose, fru-
ctose, mannose, galactose ¥ glycerol-& & #std g
B A2 E SO (Table 11).

miNepay MR

SAN AN U Edwardsiella tarda SU 703
He ¥aUgos £ AAL Evd sty 4
yimgel 3 |EME E—200] 3208, T—67F 620
o] MERMEE et oty ARE 53
By o g goh

Bergey's manual 1%(1984) = Edwardsiella ta-
rda®d T F o] EHI AT 5 HEMHS FELR
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Table 11. Comparision in characteristics between the isolates from diseased Eels and Tilapia(Edwardsiella tarda)

Characteristics Isolates E. tarda
E-20 T-6 SU 703
Gelatin - - -
Litmus milk - - -
Indole + + +
Hydrogen sulfide + + +
Nitrate reduction + + +
VP reaction - - -
MR test + + +
Urease - - -
Catalase + + +
Cytochrome oxidase - - -
Hugh-Leifson test F F F
KCN test - - -
Tributyrate digestion - - -
Starch hydrolysis - - -
Ammonium - -
Lysine decarboxylase + + +
Arginine decarboxylase - - -
Ornithine decarboxylase + + +
Kauffmann-Petersen broth :
Citrate + + +
Tartrate - - -
Mucate - - -
Citrate utilization(SIMONs") - ~ -
Malonte utilization(EWING' s) - - -
Gas from glucose + + +
Acid from :
Glucose + + +
Xylose - - -
Arabinose - - -
Fructose + + +
Galactose + + +
Mannose + + +
Sucrose - -~ -
Maltose - - -
Glycerol + + (+)
Mannitol - - -

Inositol - - -




ol glon RFEHFOZX malonatedt citrate &
F3lA ofony, TSI #Xig#holA H,SE Aihgd)
Indole & 4 #3111, lysine ® ornithine- & BiREE(LA)
A W& BEKT mannitolE LE3A Fevin &
At =¥ Cowan and Steel’s manual $F2hiR(1974)
NN Edwardsiella tardad T3 go| E#HS .

#EEttol A Gram Bt: HEO2A HEN =<
HHE teRiEelth Catalase BBt oxidase BEtEold,
IEgg daHoe Faigic) TSIFEXEMA H,
SE #EST BalFe Table 11004 #iRghulel 2+
o] ®% o] K FEHUCE MBEAY kel U
olM% oln| &I Q& E terds HUMIET BEHO
2A ol& SHEEL Edwardsiella tardaE 57338
Zol eigsiria e}

Edwardsiella tardas= 859 FiAdoz dei#
Aom Abgelu 7t&oME Hedd A WAl
e oA HE Jdgmyos deld gon o
Ae dAYolF Fild #FFHe Aoz 48 i
=3

9. Flextbacter columnaris

BEmBEAEAN SHEIL de Wioe 2498
of ol7tulo g Wy HArEE F-¢7F Wk 1985
T AFHeg opstuige] R & HHE Y
o}, FFA 7o A4 o wre) £ap7t 4 59
A =ded, 145 €91 F7)0e] HA
R Lo} ofAito] HHE 0] Qe AEioA 222
Fgz10)7} AMAN F colwmnarisiol thEFH A5
of BAE dojt Hoz FHHL

ol7tulHo] 7| WAl §glel FHeY %
7Hgel g wEol thiAY, 2 PXdn 3
o} e ey ol WHe B 4 glem gH
H4o] 3A Holw ol7tnlz} o7t @ E&AH HEH
AP ge 7o) B o] B YE o2 FEY ¥
7} EE HYo] 2ok

ol¢} & Wolel oprin] F4E S B ¥
=4 ofprtul ol Bz e gli M MEY
o] Hol7| &5 of7in] AR} RAH Jx E T
Ak wte yjge] WdE Box gon guk M
AAYoA £ 5 e *EE 4t HJolx FAA
oz 9] i AfLHrese 1ddr] gt

R 3 By Bk

2 FL 03~05ume %ol9 5~15ume] Hol&
A ) FEOEA gramigttoln] HEs XU &
o] HEL DAL UE ZL HMTES 34

19

T}, Cytophaga® K5ihol A 25T, 48FFRITHA] AR
%o 7448 AY ¥ colony’t MK AT &
§L 5+ 15~32C0] A2k 25~30Col A 71 & A%
o} EormHEe] UM E 05% 7R 2k E-21, C
—79he 1% 714 ZAgtout, ymA= 1% M zhat
] okt Table 12).

ALK

Balde] 4 {bLBaEIRE Table 120 FRSAh

Catalase, cytochrome oxidasef&#:°1 ™, H.S, indole
& 4 @EA] 9skth. Casein, gelatin® r#¥3lH, cel-
luloses 47##3HA AXTh Glucose, fructose & 7 #E 3}
™ Jactose, galactose, sucrose® REHA ¥UTh
Maltose, celiobiose, melibiose& 7y #3831 arabinose
xyloseE 4r##sA A (Table 12).

ol4tel Hutg F¥shd oS g

Bergey's manual #13#(1984)¢] ¢]3tH Flavobac-
teriumML 2 iESHE Aol elFEdn AzEY,
Wakabayashi, Egusa, and Fryer(1980), Colweli{19
69), Wakabayashi(1980), Wakabayashi and Egusa(19
74), W - #1985) 5ol ©2H Feribacter columnaris

E @Eshe Ao BrEetchi P HArh
10. Wmm S

Yol, olagtdejol, WRel, detyjololn Fajf
C—2,C—41Is—4,Is—5 E—19, E—20, T—6, T—10,
A. hydrophila®} E. tarda®) Ti¥F EBMEZIHL Table
139 YerTh

Penicillin®l tisiAe migsS Jehied H3ly
chloramphenicol®} nalidisic acidel dH&llxi= 2§ &
& Jeblch Tetracicline®} furazolidoneo th 3]
M 53 REHS ehhlled, ol 2 dojaelA
olg} & FME WIME FHYY HEFoE A
t}H(Table 13).

Flexibacter columnaris® Aol et TF4E
EIKEN® SHOWA#9] disk& AHE3l 48 &R
£ Table 1491 Uebel, Flexibacterv= standard me-
thodol 2l%t Muller Hinton¥l=}& A48l ZAXT
Cytophaga KIS E AHE-3lY ¢S & REgenz
Cytophaga ‘XK & ol 83}

Penicillinell &M & iittE& AJY, erythromycin,
chloramphenicol, tetracycline, nalidixic acid®l o3}
© B¢ BETHE veElWd Kanamycin® gentamy-
cin, furazolidoneol WM& 98 B JeNTH
(Table 14).

53] MR TH] dsde Wi 4% e @
8 4 U Tetracyclineo] BEHo] & FRE
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Table 12. Summary of characteristics of Flexibacter columnaris isolated from eels, carps, tilapia and comparision
with closely related organisms

Characteristics Isolates F. colurnaris
E-21 C7 Is-8 T-10 T-13

Gram staining - - - - -

Shape slender rod slender rod slender rod slender rod slender rod
03—05 04—0 5 03-05 03—06 03—05
x 6—15 x 515 x 5—16 x 5-14 x 5—15
Motility + + + + +
Aerbic growth + + + + +
Anaerobic growth - - — - -
Growth in 10T + + + + +
25C + + + + +
30T + - = + +
NaCl tolerance :
Growth in 0% + + + + +
05% + + — - -
1.0% + + — - -
20% - - — - —
Production of :
catalase + + + + +
cytochrome oxidase + + + + +
hydrogen sulfide - - - - -
indole - - - - —
Degradation of :
casein + + + + +
gelatin + + + + +
starch + + + d -
chitin + + d - -
cellulose - - - - -
Fermentation of :
glucose +w +w d d -
fructose + + + + +
lactose - - - - —
galactose - - - - -
sucrose - - - - -
maltose + + + + +
cellobiose +w +w +w +w +w
melibiose +w +w +w +d +d
arabinose + + - - -
xylose - - - - -
raffinose +w +w +w +w +w

inulin +w +w +w +d +d



adonitol
mannitol
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+ . positive, +w .

Table 13. Antimicrobial sensitivity of A

weakly positive, —

“EIKEN & SHOWA)

negative, d ' diverse

hydrophila and E. tarda isolated from diseased fish (sensitivity disks

Levels of sensithvity

Antibacterials Concn.
Strains

agent (ug) C-2 (C-4 Is—4 Is-5 E-19 E-20 T-6 T—10
Penicillin 30 - — — — — - — _
Erythromycin 30 + + + + + + + +
Kanamycin 30 ++ ++ + + ++ ++ + =+ + + 4+
Chloramphenicol 30 +++ +++ +++ +++ +++ +++ A+ A+ +
Oleandomycin 30 - - - - — — — _
Gentamicin 30 + + - - + + + +
Tertacicline 30 ++ ++ ++ ++ ++ + 4 + 4+ + +
Nalidixic Acid 50 ++4+ +++ +++ ++4+ + + + + +
Furazolidone 20 + + + + 4 + + + + —

Describes the zone of inhibition in millimeters :

— . resistant, + ! 0—9, ++ ! 10—19, +++ I 20—30

Table 14. Antimicrobial sensitivity of four strains of F. columnaris isolated from diseased fish (sensitivity disks
“EIKEN & SHOWA)

Levels of sensitivity

Antibacterials Concn. ) )
Strains F. columnaris
agent (pg) c-7 Is—-8 e—21 T—16 T—13
Penicillin 30 - - - - -
Erythromycin 30 ++ + ++ + + 4+ + o+t ++ +
Kanamycin 30 + + + + +
Chloramphenicol 30 ++ + +++ + + + ++ + +++
Oleandomycin 30 ++ ++ ++ ++ ++
Gentamicin 30 + + + + +
Tertacicline 30 +++ + + -+ +++ + 4+ + +++
Nalidixic Acid 30 ++ + +++ + 4 ++ + ++ +
Furazolidone 20 ++ ++ + + +
Describes the zone of inhivition in millineters :
— ! resistant, + [ 0—9, ++ ! 10+19, +++ I 20—30
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do] 2~3[ tetracyclined FHSIE A{FAY} gl
odAe A& B 4 AAck olwhol tetracyclines] th$t
fittol A vebytct

melA ol HITE o oo WMETHAIEE A
Algte] HA 3 BWE TAstor Hala YaEn

ol}Z e HAE AckiF(1871), Ackis(1973),
Aoki(1981) 58] Hilske xol7} ik 2FQH %A
o] RAME Aol wet 4ol @) 4AE A
oz qzdr,

11. BAYR WE

19784 Gould®} Fryergell &3td o|f& WA
71 A A Vaccine Foy& 7id3qcl.

%, T.0Okg/ciESIE€ AW HMRREE ol 83t
Vibrio Vaccine® Vaccination3} £& #&HE &
Badtn syt o] ME Vaccination(Spray Vacci-
nation) 2 3734 Vaccine®t} ¥& fufro] MiBs
Rol HH st §ot

Itami(1980) = Y2120 (Plecoglossus  altivelss) %l
Vibrio vaccine& Spray Vaccination¥ 23} Vaccinef
gl wel & 2RV UA=H XA M Vaccine
ol 7Hd x& REGE WHIo, =8 /1% F
1 FASHAR, T2SAFEE] Bentonite s M7
Aol v a7} Ut Qo w2ty EKEGE
W@ 5o 2+ Spray Vaccinationo] 7} f&3}chx
kR

BEXBROZ EE Vaccination® #B# Vaccination
L2 fEF N NEE A Yo

Table 159 Vel uleigho] o, ozt o] B
WgololA ¥el¥ A hydrophila C-2, Is-5, E-198
BEY Joist Hmiel iy BEXN= =4 Je
wet

C2&8 EMY dolv 157Ul 80fEolA, 35U T
of 640f%, 65Ul 1,280 1 BRERM7T 571=
97k 957 9 12Fd AL 32082 WA EHAG

Is-58 HAEF Yole 153U 16065, 3FU kel
1,280f%, 65U Rtel 256052 F7HetAti7 95U R
12FdFol = 64052 BAH AL, 15FTY e 160
fe2 ZAEHAD. WAoldA Ee# E-198 FFH
Jole 15Urtol] 16015, 37 URtol 256052 F 73t
o7t 95U Fol = 6052, 12FPF T 640158
25U 185Ye) A % 4052 HbEe A
o2 Holo 153 P HFHEE 7dY & AN
t}. Vibriod ¥ #°] Aeromonastx O¥ifEol o3t
@71kl =& HilE £EdE Ehol dve Hoeg
FAEY wa o ARV dadHe @Yl 4
GouldZ(1078), 1tami(1980).

BEE oM HAEERENE KR wte}
A% 2o} 7t e}, Nybelin(1935) 3 Pliszka(1939) &
BUEC HEERENL 10ColEE o) &
=il e, Mann(1935) & Yojel 3¢ 18~20
Tl MY e BEME AU S|k Dulf
(1942) & doig}t Foied UM e 10CAME M
7 £Edc kgl

Hosina{1962) = ¥ &olol A hydrophila 8 B3l
KiR6~105CoNA 56Ut AR A3 REM 320~
6408 AUt 3ot WA Autalion(1979) & KB
25CTFelAMe Yol HREMo = 9H T Hiler}
AESFoY, KR 12CFdMe HREMET 5~6
EHC AUE Figlrt BE=E A v sdoh =
§ 25CoiA e ES AIE 12T KR &A=
ERASR] Sl doytcia A

mabA Y RERES KR HEE Ot A
o2 Agztgct £ AYe] dojMe Yo MEARE
18.0~21.6CE RAAIF ) Table 15914 Re A
#o] B@riztel & BEMT dolANe Wi, &4
o] glo] @l MM WA EAY REMREES
6Eol Hmmol FEROow, 18FFolle THIRMEM 40
o2 AFEAY o] Be UF glov}t Kimura(1970)
7t B2 7 40lo) A Salmonicida) HMFER S HE
F 185Fubol] 45 20489 BMERE L& ER)e 2
atol 7} Yok

W0l 2l ZRBMR

Vaccine & #MS ¥ 357Y¥9 A hydroplila C-2
AHA 8 HRERE ¥ R C2 I=UdRER
ANME 20% <] MAE doitil, Is-5 BRI ATEHEE
AME 10% 9 iAol Jeld wiH HERAA e
100% 7+ #lAFE ek

9ol thAl A MRS T &R C22ENNE 50
%, Is-5SEAAM e 20%, E-19RoME 10% 9 MALE
£ L’rﬂ‘@iﬁ’-ﬂi HREN A= 100% HAH At

o & FaEE] T UUREY AT RECFWK
71 1o B A hydrophila= Vaccineol &1 HEH
AfEHEC] Aok A EY.

Hoshina(1962)= A. punctadalA. hydrophila) &}
Edwardsiella tarda( Paracolobacterum anguillimortife-
rum) T2 ko ¥2UY HEE 8o BT ¥
AW BRAEE @ BB Vaccinedl HEEE 893
Sk Hara(1976)€ AtHolol| A salmomicida®) B0
HO 2 Vaccined FAE R 547 dAdn
s} ¥ Kawai(1981) & £9lo Vibriod #0 Vac-
cine®} HEMEE <2 39l Kusuda(1980) & &9
Vibrio¥ o] ##M: Vaccineo] H#H & &Adch v



Table 15. Changes in agglutinin
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titer formalin-killed cells of A. hydrophila in the carp.

Number Mean Geometric mean of agglutinin titer(1 : )

Strain of of Weeks after immunization

fish body weight 1 3 6 9 12 15 18
Control 5 500(g) 0 0 0 0 0 0 0
cC -2 10 400(g) 30 640 1.280 320 320 80 20
Is — 5 10 500(g) 160 1280 2,560 640 640 160 40
E - 10 10 600(g) 160 1280  2.560 640 640 160 40
Mean of water temperature(1s) 18.0 18.6 194 19.6 20.7 20.8 216

2} o] Vaccine® Yo} fol ujjdEslo iy
BRI & ReE FHEcHTable 15).

A= o] BEmMBEHAN AF HEHE Edwe-
rdsiella tarda®l &% 87t 2ok £% BT o
E HudHe B4 U9Y e HAEC] ¥& Ho
E3 ol

olotzgte] R =& Edward8S wiAo] #rk ofy
Z dejuoldx HE g Fo Jof, 8, &
of, A7REe], 7], o, HEF FFols #Hio
M= FFE Rol F = Arh(Wakabayashi5(19
73), Hoshina(1962), Meyer(1973), Miyaxhita(1984),
Kusuta(1970), Kusuta(1977), Kusuta(1981))

o]9}zol B A UHE = Edwardl 9] ool
AFE EHE FEUch

Edwardsiella tardav MERE <eldle #gkTol
Aol e fEEtEet kol 7t Ao n (kb5 1982), OHIR
of g fEEEAE REol AUck(Fulvios(1983))
Vibrio Vaccine?l 739 X2TARH OMRR 2%
SEFAY BWE ¥ Spray Vaccination® 2 28 B
HkriE S0l B ATk Gould and Fayer(1978), H
(1985), Sahai 5 (1981), Aptipas (1977), Aokill9
84), Kawano(1983), Gould(1978).

E. tarda® 7% AT WF ZJdME HeH
2 yole AWl ME HEHY, ALFFFH HolM:
AZ29d. Hole Al HEEANA FBLE E forda?
o] Ba= ARt kel v olFY fRMo] Yot
okeh. Ullah & Arai(1983)+ WA oje}l yzjoA &
2| &t E tarda BEFROl U3t 7+E B G S TAG
A3 et A pimEte] £7) v di§ mE
BHLS 7HAY KB V1A BEERE A35A
gokehn st ook B ALH-E B E tardats
B BRE Y3 534S 7 ey
02 RHERME LR Ko TH(Plate. 8).

€ 48l WgM EAY E tardag ety
ololl HF3L 1 FEIE TAIY v BEL Y BH
dAete Y& deivols Ad HRHAY E fa-
rdg7t el fugbolA FAstEdE ol b=

+ A3HTable 16).
Table 16. Agglutinin titer of anti-E. tarda SU 703. E-
20 rabbit sera against E. tarda E-20. T-10,

T-6 isolates

. Edwardsiella tarda antigen
Antiserum

strain
SU703(F) E-20(F' T-6(F) T-10(F)

Anti E. tarda 2560 640 620 320
SU 703
Anti E. tarda 160 2560 1280 1280

E-10

(F) : Formalin-Killed

E. tardev EMFEHEREY fFPERE S RARETO
WAL E @iNolM FN8tm, UolvlA i
o IRE vHECH gElbs RS 7177t KT
H7] 8= A% o 4 Yok Fulvio$(1983)2 E
tarda®] lipopolysaccharide(LPS), &M@y ¥ T2
d REEE 44 WAe] HrumEEste 1 mige
HEHE MEAciy JEEe RHel 8uHuh
aejut MRFe EBFEL lipopolysaccharide F¥EE¥
of 744 wtow, ¥=olgl @olt LPS7H thitol
F& BENES Vel ot lipopolysaccharidedfi B
of Vaccine2 &4 714 fashin Q4gn

X2 URtE WER ®#ifA 7 Halbols &
HE Jei7 ooz pedERs 7lug +



Ut SongT(1982)°l 23 REBEAITIZ2A
el 3t ¥ PiER&S ¥ £ UAda
o

L -2

ol S Yo, ojzEdye], Boje WA
getrololl A WA S @ ERY distd 1 R"E
2 wEz, gas sy S sSEE gl 2
E 71%e] S 54 Bis so ARFA A
AaA e Z7H FHA A7 EReloh

2EEHNA LYHE Yo, oj2FgdY], F9,
Wge] 2 gatujel & 450vte] 9 FHEo) ddtd A
WEERR, Ry 47, WelzAeky 44, HddR
g ¥4 Sog dqadduzie viEel He &
£ @8 stk

ol & A Ay R A=ejvld FiMmolyt H
Mol Alshar, FFR - B - Bl Yol dojuix
Aol #fie] dolu, SMA HmHRE ¥
ZFech fEkel AT e &8/ WE £ #Eol
&g

ol 43} Ze RAE MERNOE REY &R Ae
romonas hydrophila$} Edwardsiella tardadt o) &5 &
2 AU

E3 7150z RES 222viE] 9] HE W
A 17TREERE 2estded Aeromonas hydro-
phila7t 2994 % Edwardstella tarda?t 48.58%, Flexi-
bacter columnnaris 2147% S tt. ©| 5 Flexibacter colu-
munariss ot7bn) 7t RAE digelol ofziujolr B
A=At

o) 4rME Eikkrh Aeromonas hydrophila®t Edward-
stella tarda® APAF HET &R 22 ol L
A=, g ddolFolM HEFF Hedel ¥
g = Ack

F3, A Aol A £33 HE WHo2RYH &
2] 5o} Aeromonas hydrophila8 2.2 Ft@ Wigole
A2 vl o} M o]l Yoyt Folggto, B
Bolx o]l dolutir AU B HEES B
ol BAE HEMEEAN B FEA715 Ysich
B8 A hydrophila®l SEEEE vlEYoje} Bold
HE2S #FE 3—4Uvtol W] 2o F& 4
ol BF A hydrophila®¥ ) 53§ etk

HE WAool N Edwardsiella tardad ol #e %o
Edward 0.2 vrd Wojw Mk BEc) B
o B gol chfol HAMWKIT ®iEH AU
Fgol dalgol wath ffio]l §iH Blel K
b= At

Al M= A e @gel Bien 53
BBoe ¥ ol o Jeibch ez ede
Ze J8%9 A1 2L o) iy #F Hlo
L Ade #EsH A gt

€ WHF o7z} BA% 0 Flexibacter colu-
mnaris’} F2l 5 o] Columnaris. 22 Add WAe
© #8fao] oFt Al B B AR Hm=t
Fime A3 vehgz) gttt

s N-eta] Kotk olzbu|7t ok B gof gilont
Z g EHmellen @MiRsr 8 X 4%
}.

olE AMiA AWE &Y AMM= 20ppme
chloramphenicol ¥+ kanamycinoll 1A]7F 2F&-A] 71 A
1}, 81F o} chloramphenicol 75m9-% 1lkgell I +&
Wojo] 5~7¢43t Fostajol ok

Tagd Mzl Acromonas hydrophilaF L P o)
of FAH A} 3TN A 654 olo] L THILE U
Ehflon, v E BERs Zd2dUA 18F A R
=Y

29U A Edwardsiella tarda® RS 2y
ofel] FALG A #& BEM) VEItoY, Xa2¢
A Malg Edwardsiella tardait& @EHAIZ 90
BEA7 deldols BEMRE JehiR gtcoh
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Plate 1.

Plate 2.

Plate 3.

Plate 4.

Plate 5.

Plate 6.

Plate 7.

Plate 8.

Plate 9.

Crucian carp representing reddish fin, 24hrs after intramusculary infection of the A
hydrophila strain Is—5.

Color carp representing swelled reddish abdomen and scale protrusion, 24 hrs after
intramusculary injection of the A. hydrophila strain Is—5.

Naturally infected Israel carp representiong hemorrhagic body surface.

Naturally infected eels representing reddish fin, and body surface ulceration.

Color carp representing reddish abdomen and body surface ulceration, 48 hrs after
intramusculary injection of the A. hydrophila strain E—19.

Tilapia representing hemorrhagic body surface, 24hrs after intramusculary injection
of the E. tarda strain E—20.

Tilapia representing many white lesion of the body surface, 96hrs after intramusculary
injection of the live E. tarda strain E—20.

Liver of tilapia(Plate 7) representing focal necrosis with the bacteria—laden inflama-
tory cells, after 96 hrs direct smear, x2000.

Liver of tilapia(Plate 7) representing small granuloma in the infected lesion after
120 hrs, H—E stain, X400.
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