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The Immuno-responses of Eel (Arguilla japonica) Inoculated with Edwardsiella
anguillimortiferum & Aeromonas hydrophila Antigens

Yen-Ling SonG and Guang-Hsiung Kou*
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Active immunization of the cultured eel was studied with Edwardsiella anguillimortiferum
and Aeromonas hydrophila. They are pathogens of edwardsiellosis and red fin disease,
respectively. The results were as following:

1. The immune response of eel was induced by intraperitoneal injection of heat or
formalin-killed E. anguillimortiferum. The agglutinating titers reached their maxima (4096)
two to six weeks after immunization. It seems that the immunized eels showed a higher
resistant than the controlled ones.

2. The antibodies induced by the formalin-killed E. anguillimortiferum lasted longer
than those induced by the heat-killed one.

~ 3. Same antigenic determinants were common in both E. anguillimortiferum and A.
hydrophila. Mixed injection of E. anguillimortiferum and A. hydrophila could enhance the
agglutinating titer,

4, The antigenecity of E. anguillimortiferum was stronger than that of A. hydrophila.

%

SR T I~ TR AR BB » D UORERIRB A LR o SEEEA
BRI LR B R KRR . WRESRERNESL - BRASERBENEZHRANE—EME
s Hrp =4 2 — 2 BABARER » WEREEATRES %] (BEdwardsiellosis) » H—HEE MK
Eaid: » BSEBE)E: » cytochrome oxidase [&f: » HEEEEM: » WEE 4 indol J lysine decarboxylase 2
EEARTECS BIfa 2 555 s W BS Edwardsiella anguillimortiferum » 5 5535 5% (Hemato-
poietic tissue) » YERRBEEEAEBENZFM o RIFZHBIEIREL  Aeromonas hydrophila PR 2
FRIGFED » BTHEERRRROSD, BERERHER » SR EEMNDESR (hemorrhagic
toxin) KIEEFMEE (necrotic toxin)'P » {H E. anguillimortiferum FHAHAEBNLTHEEE » HE
B 0 R R A 4 B 2 1 TR AR 2 TR R o —ISTMRIRE R > JORFIR sulfonamides &
oxytetracyclinet'® &y ERSEHIFRE T A RS » ML RERELRREG HEEH (R Bk
RYTRBG J735 o
BEHHERERRZE Babes & Riegler 74 1903 28 o WM IUREN 0 IR EERRN

Cx BBk B B BT Ie T (Institute ofTwZoology, College of Science, National Taiwan Un-
iversity, Taipei, Taiwan, Republic of China.)
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KRS ROSBR Z TAS TA ) RO o FILRIRHRBUD SR HURIE SEA FURY T 9
PSR IRPL T C1920 o Hpip Vibrio anguillarum F;, THNV (Infectious Hematopoietic Necrosis
Virys) EETERAZEER® o REARBENEE 2 TS E. anguillimortiferum $@ AR
BB HRIR » HEAE T EERABEIREREENYE - RNRELEREHRMIREE B REK
o IRk E. anguillimortiferum 81 A. hydrophila 7Rl » HIfE—ETiE4l _ERBERES
BEZEZPIR o

o B F %

— ~ HREEEES
¥ E. anguillimortiferum (#kiE 760603-2skin) » jA 28°C Il ISBeE R R B » 48 /)
545 0 b 0.85% B A BIK M T2 » 1 0°C 400 rpm Sy > BXUTIR » FE LUK BH AR T e =
K BUUTIR » B 0.85% IR A BB B IR o A. hydrophila 75 LI R BR B IRIEH o
o S
(OMBFEE © E. anguillimortiferum BRRENEAE 56°C fnzh 304 » MBHIE o
- QTRBHIEHE ¥ E. anguillimortiferum ¥ 48 N » DL 0.859% B Bk B T2k » Wk
BEDZR s B » R 0.5% 2 BB AR AKX » REBRTHREER » MBHIK o A hydrophila
IREAR) R IR B G 2 TR RS PRIER LR o
BAEHR 4B 0.4ml 47)8fE R 10ml 2 Fluid thioglycolate medium » 7 37°C #%# 48/\i%
s BREBERRICE 2 IEHE o HERBILE » TLI0.85% W MK T » EHIEWES M McFarland
scale R 4 258 » B 1.2x10°cell/mlo
BEHIBEATEH ¢ ¥ E. anguillimortiferum g %ﬂ&ﬁ%ﬁﬁ A. hydrophila TEEMTESER
~ REEEE ‘ '
1 (B2 © 33%36 X 76 om BT AMNE AL » A 20912 Hokok » $AIE: NagS,0;
s FTR > 24 /NERER o BOEWIREEERESER 1608 ZMERE » Ll Nitrofuran P-7138
10 ppm® 3833 155 » L 1 ppm EEFRIEECO B 24 /MNGEBE IR » SRk 4~6
o 1B 2 Rk » EATER o RBWIRIREN » A7 20~30°C 2o
Sgr PiREMEEH (Freund’s complete adjuvant Difco) B& HE B A FUk o A 1.5%
Urethane (Ethyl carbomate) JiEEE & » 2EIEEE ST » FESR 02ml/100g B.W. » 7REBHF R
&) #IES 0.3ml/100g B.W. » EE 7T KEE—XKIEH » HIES 04ml/100g B.W. o =
K IEEHEHKIATLL Freund’s incomplete adjuvant Difco {04 o 25 3 k4G —BIHL6E » 14
BhfERR (bulbus arteriosus) I » & 0°C 4000 rpm 20 &3k DA MUK » WILET PR IE I
(agglutination antibody titer) » & 6 EHIFIE o EAYEE (natural control) RR{E{F EELLRE
BRI o PILTE HERETTRE I o
2. BHERBIEZNE | IS BIE > L 0850 M Ak 2 e (2 x —8192x) »
SHmASEY L. anguillimortiferum [ A, hydrophila JEBGEW » HIBEESHH McFarland
scale rhgg 2 %&ﬁé‘; ) PR 6.0x 108 cells/ml ’ }Eiﬂdﬁjﬁ{ﬁﬁé s A 28°C fEH 24 /iR FRERBRE
BUs I o | |
3. WKEBR (Absorption test) 1 E. anguillimortiferum {HE MBS BMABILT » IREHE
CFERA > 28°C fEH 24 /NR 0 BEDEHTUE o RBEEBEHERTBALE o BRI EEWK » MAS
B> A. hydrophila FEEGEIK » NIERENE - EEHBRKZEEDS 6.0x10° cells/ml o

lll i)
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4, Fyaegsy (Challenge test) :

()& 183 (Contact method)(!® : ¥ E. anguillimortiferum 32%&H 5 ml 2. Nutrient broth »
28°C B2 48 /1K » J0k 5 ml B 2B 100 ml Nutrient broth s 53 28°C JR¥sE%E 48 /1N
» BLRE > KT 10 6% » HRSBIREER 1.5x 10 cells/ml o TBBHBATEHME 3 RIS
2 B AR RECh 20 S - BOAUKENER o PRS2 B SRBETHRIEL
T S AMERET » MEEHIECIRE o SRR B R A TR (8 VR R e o

MGG « E. anguillimortiferum [ 28°C 853N ERARFATIGHEL » 48 /NIst% »
TIRREERNBEZ 085% &K » RERS 20mg/ ml » RIEREHME3 BHIZHA » AES
0.1 m1/100 g B. W. o HERHAPNIRIEARIF] o

i 2

LLE. anguillimqrti fevrtum 7];1;%@}5%@{5‘12{@“\ FlR—ERR 6 B leJ 135 ep3t E. anguillimortiferum
88 (Anti-B) Z0(E » E4ERRSE L RE 1 ° HMDEFUEZRERERS Al 4096 5 LI
RUBWIE o {485 IR SLMER L5t o

Table 1. The agglutination antibody titers of eels inoculated with the heat-kille
E. anguillimortiferum (Strain No. 760603-2 skin) S

ion Antibody titers
Dura]?on B(\;V gnl;) against © Mean%S.E.
(wh) £ L E. anguillimortiferum
160 47.0 512
‘ 130 42'8 513

130 46.0 25 .

1 160 - 48.5 512 469.3+ 104.5
90 42.1 512
210 55.0 _ 512
70 39.2 . 512

‘ %Og 5411.5 glé . :

5 51.5 204 . .

2 0 5103 048 1280.0 §41.3

: 160 53.0 512
170 52.0 2048
150 505 | 2048
igg 4i1§.5 4093 .

51.5 204

3 180 280 2048 | 2389.31399.1
160 . 48.5 4096
120 48.0 1024
300 59.0 1024
§6g 60.0 2048
2 57. 2048

4 150 48.0 1024 1365.3+ 528.8
150 52.5 1024
160 50.0 1024
120 46.8 512 -
110 46.7 256 :

5 - 140 - 47.3 256 - - 3584+ 140.2
110 45,3 512 .
110 47.2 256
130 46.4 256
1% 4.2 12

44.8 .25

6 90 414 5 5120 280.4
120: 49.5 1024 - :
80 43.7 512
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Fig. 1. The agglutination antibody titers of eels inoculated with the heat-killed
(H) or formalin-killed (F) E. anguillimortiferum (Part A) and the mixture
(M) (Part B) vaccines respectively.

tL E. anguillimortiferum TREMIEECEEE » FR—BHMR6E » SWME+S Anti-E >
HE » KU IETHLEE S BINERR » W38 4096 o pbit A R 4B B ATHE 2 Mk 3 A. hydrophila
IEMREIE R ¢ WEILESTEE (Anti-A) JIfEE - B 512 HE2RE L o Wik E. angui-
Uimortiferum 27 MEFCHRBENRICE » “HETHERRAELSRENE  BFEEEHE—BAAR
DInEFEE TS 2 Anti-E J{ERE » T—@E A RRIBEHIEETFE S Anti-BE HEEE o

%= E. anguillimortiferum TREBHILHERERRBIEZ MG F. anguillimortiferum [5G
EWRMEE » RlfyE s Anti-A ZBERMESO » BE3 o .

E. anguillimortiferum TEEMNILEEL A. hydrophila ZRENKTEHESENAEGA » SE—E
6 B » 4 BN s B i » HASE Anti-E NENE 4 EHERS Wik 2048 FRBA
ZiEs Anti-A ZIELE 2 BEIRRE » WEE 4096 o EEAZ REHES)EEN B MR RIRE
£+ {8 Anti-E 273 Anti-A ZEME > REAREL o

RLEE A E MRS R B RRNEEEZ B - MRESE D E. anguillimortiferum &
PEEERY E. anguillimortiferum T8 B KICEEE PEIRERN—B » HBFH6E Anti-E > HE
BB AR R —EA LSRR AR TS Anti-E DETE TR RE L o

BRBERIERRES o« ZHERPITEPFRERZECEYBRRBHAE o IEIBHRELR -
a1l RE—RBRT BEES 6.6% ; MEREESE—RESENAKS HE—REL » FET-
7 14.39% o T LAE R TSR » AL 4 RTECHANRIES 2B 2B~ 1B TBEEBE
50.0% ; MHBEAEN4RECSTHB2E 3B 3B 2B » A 83.3% o HpHEIRIEE
2 HMBEREEES » BERBEWRE - BIITFT ~ £MEFALIE B2 RE i s BB =R
i o PEIENER SRR 1 B 4 RNME KRBT » BB BRETEE » #6583 REBFETZ A
FEIF  EHITEES - AIEC 2 RREETBEESEE » IMER E. anguillimortiferum o

&t Ei

FIF E. anguillimortiferum FERHR i IERerE S SRR 4R 1 » ﬂ%ﬁﬁ@ﬁﬁ&ﬁ%ﬁ%ﬁ » FEREE
2T 6 BHIEATEIERE » A 4096 o Takahashi & Riichi (1971)@% FF A. hydrophila
SRR » DU (Scale protrusion) 2R&%e » 7258 5 BHIMIRNEREIIRR » ARRZAER
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Table 2. The agglutination antibody titers of eels inoculated with the formalin-killed
E. anguillimortiferum (Strain No. 760603-2 skin)
. ‘ Antibody titers . - ;
t B.W. B.L. s ) Antibody titers
Duration Eag:’;g;;_ Mean=S. E. against Mean=S. E.
(wk) (@ (cm) limorti ferum A. hydrophila
140 47.0 512 8
0| s 1024 2
1 120 44.7 1024 682.7+ 264.4 16 8.5 5.7
120 44.6 512 8
120 46.8 512 —_
110 45.0 1024 256
20 | 33 % _
2 130 46.6 512 565.3+ 393.3 256 260.0+202,5
130 48.0 512 16
150 51.4 1024 512
100 — 1024 16
0| a0 1024 g
. 1024
3 170 495 1024 1365.3+ 528.8 64 61.3x 38.4
130 47.8 2048 64
150 51.8 2048 64
120 44.6 256 128
150 48.6 256 128
4 130 49.5 4096 1740.8+1592.6 32 96 = 45.3
130- 45.0 2048 128
190 49.5 2048 64
150 50.0 2048 32
T
. 409 3
130 48.5 2048 16
130 47.0 1024 8
%gg 2;8 K 1824 . 32
. 2048 64
6 100 6.0 e 1280.0 512.0 593 280.0::268.2
70 43,0 1024 512
Table 3. The changes of the antibody titers against A. hydrophila after absorption
. with E. anguillimortiferum
. . . . . Antibody titers against
No. of ]i)rﬂigsgillzaifi‘gir AntlbOdﬁ‘,lS?terS Antlboq¥lsttlters A, hydrophila -
eel serums R E a‘%la'mo siferu 4 }?gj‘lo hil after absorption with
» angiiltimorrijerum | A, hyarophiia E. anguillimortiferum
1 3 1024 128 0
2 3 1024 32 0
3 3 1024 64 0
4 3 2048 64 0
5 3 2048 64 0
6 4 2048 128 0
7 4 2048 64 0
-8 5 2048 32 0
9 5 4096 32 0
10 5 4096 32 0
11 5 1024 16 0
12 5 2048 16 0
13 5 1024 8 0
Natural control —_ 0 0 0
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Table 4. The agglutination antibody titers of eels inoculated with the mixture
of the formalin-killed E. anguillimortiferum & A. hydrophila

Duration B.W. B.L. Ant;lbgcleci]rsllsillers " | Antibody titers
. . E. angui- Mean=+S. E. against MeanS. E.
(wk) (® (cm) Himorts ferum ‘A. hydrophila .
90 43.0 1024 512
1})8 47.8 18131 1023
1 52, 2 12
1 100 Yo 510 853.3::264.4 S 469.3:330.5
140 50.0 1024 128
100 45.0 1024 512
90 45.7 256 ) 512
110 45.2 512 512
2 90 41.5 512 563.2:+:280.4 128 460.8-:368.8
170 51.7 1024 1024
140 51.2 512 128
130 48.7 2048 512
1&8 25.3 20411§ 5%2
2. 512 512
3 110 473 1004 1194,7+699.5 315 597.3209.0
150 50.2 512 1024
150 50.3 1024 512
L 130 50.5 2048 256
BN L
. 25
4 150 9.0 5048 1365.3+£770.8 236 320.0+156.8
120 48.5 512 512
140 49.2 512 128
100 46.8 256 . 32
100 47.6 512 128
5 130 46.7 512 409,6140,2 — 80 = 55.4
120 46.5 512 128
120 45.3 256 32
6 140 47.2 128 128.0 256 256.0

Table. 5 Comparison of challenges with contact method & intraperitoneal injection
against E. anguillimortiferum between vaccinated & control eels

. v No. of deaths after challenge Aceumulative
Infectious route No. of fish 172 34 5 6 7 8 9 1010121314 mortality (%)
_ (day)
Vaccinated 15 0000O0O0OCOOO0OO0OI1O0OCO0CO 6.6
Contact method .
Control 14 [ 1 0000L 01000000 14.3
Intraperitoneal Vaccinated 12 | 1 22 10000000000 50.0
injection Control 12 123320000000000 83.3
Water temperature: 20-30°C.

BLHHAM o K. D. Spence®® &5 (1965) FRAHIASTIERENE 300 » WHRRYENEIEI M » TIAEKR
PLRB IR E 4096 5 BEARTE R B SR AN R I 2 TR A S I TR AR MK » T Chi-square £ #f5 2
W o |

Wil E. anguillimortiferum 2 iN#SEHBTRBMILESIRN: (Antigenecity) 840 © INEGER
EES —EA R EE BEE o B—EA% S EE IR SHEE BRMECEE o HhTER
E. anguillimortiferum FREEEHE » BEAE L4 8 (lipopolysaccharide) 2R MEIRE® o R
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B RAMER LR B RTE BB » MR R AR E—P 2 o _

B RREES 2R > E. anguillimortiferum 88, A. hydrophila R} HiE €3£ E (antigenic -
determinant groups) AH[ o W EHE X EENRTHESERAREBR » BEH E. anguillimortiferum
ZHBNE WS A. hydrophila > HiETIEME 5 Song (1976)3» LJA. hydrophila $yEiBfa » HiEs
WA 5125 % E. anguillimortiferum FRMIE » Ti A. hydrophila B¥IT » BUEEE 2R
R BRI » —RIRE 2585 i’im%i PEBC LB » WIRL E. angmlltmorttferum Z?M?‘ Hlt A
hydrophila 7% o

EAWW$17WwWWWMWWiZﬁﬁ%ﬁ@%ﬁﬁm%ﬁﬁz#-’M%%m%%éﬁ‘%
HAEE » WWHM A hydrophila ZHBHRRTIR R EREE E. anguillimortifernm i8Rk
HINERMEF o HhREEEL DPT (diphtheria-pertussis-tetanus)®® g » & HIEHR RIS SR04
BRFERERBERBR » TINRNBELESREZEE - ERLERAEHEMERAB 2 ELRE
IR R INBEER » AIREE—S W o :

RAFRRERPEREREE A2 SRR | jiERYCRRRE » TEMBEIRR
&Jﬁmﬁﬁﬁﬁ’@ﬁ%iﬁ%ﬁ%ﬁ%ﬁ’%%2@%%%@*&%@%2@%’Wﬁ%§%%
F o R SHEEAR SR » (BREABIEETREE » BRAZEL o FIUMERY AR EEE
JRIRE (pathogenecity) 23T ER:FH% MLD (minimal lethal dose) H/E—E MM o

BERBEBRZTE  RTHRBARBINREEEHZRAMANEH RN » Bz
ERE RN Z N o

AEBPARERT ATEHER » 8 ARBEREAEATEE » BEERES » BE
(stress) EfmASIRAZEEL » ERREIRECY o RERSFEBNZHEET | BERETH
- H;ﬁ?lbi—g_l:ﬂwéﬁﬁﬁ (hypothalamic-pitutary-adrenal system) 27334 » NI SPB LIRE SR
(corticosteriods) LI » TSN N S HLRY 2 B2 R G (cellular or humoral immunity)Cit2t
2o [k B ETEHERR BE GG A S RIS RES 5 AT BHEE (Coho salmon) R
(Trout) W7l EIER @ BEAIUE T RE—TETIR—5 LIS 5 W » THE ¥ cortisol
WS B o |

R ISR — R R i BETREA BT » URR BB RN TRY » LA
TIRBUL TR R B » R BRI REZRARE o

w 2 E |

BB R EEER KBRS E ERKER » BRGEER (Edwardsiellosis) » 3EpiE k% o
JREWE Edwardsiella anguillimortiferum » bJR2 4ViBEEIREL deromonas hydrophila 3502 771G
IREU » H IR o ARFRL 2T R BRI L AR » SRT -

1IZWWWWWWWMi7%®%%@m%%%%ﬁﬁ$@%&%@&&ﬁ&%25%6iﬁ
PiREE AR R R » 322 4096 o F VAL BRI SRR » M TR ARSI AR o

2. E. anguillimortiferum 2 I\t EI5RTE B HIEE Eah MR A 0RY » (SR 2 B AHERE DL
T S BB B o

" 3. A. hydrophila $. E. anguillimortiferum 7533 HIE e E3H (antigenic determinats) R
o HARFISHI S E. anguillimortifernm 2 i Ruek 8ol INEEAR A o

4, E. anguillimortiferum ¥8> 5 E ¥k (antigenecity) kb 4. hydrophila B o

- ik
KPR R BT R RS A 2 B LIS o A KERBITRAS PR R —ALE
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