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To study the increased resistance in fish against Vibrio vulnificus known as an important agent of vibrio septicemia in human, we
analyzed specific and nonspecific immune response in flounder after administration- of V. vulnificus bacterins by oral route. It
contained the comparison of antibody concentrations in the sera of flounder after oral administration by two different protocols with
uncoated heat killed bacterin of V. vulnificus (UHKB, 20 mg/kg body weight), i.e., 4 weeks continuously (group 4W) and taking 2
weeks resting period between the Ist and last week of administration (group 1-2-1W). Even though, 1-2-1W group showed
significantly increased level of specific antibody in serum, it did not reach to that of 4W group. Certainly, flounder vaccinated twice
a week for four weeks (20 mg/kg b.w.) showed increased concentration of specific antibody against V. vulnificus at week 2 after last
administration by oral route and maintained throughout the experimental period. It also was confirmed by the increased numbers
of specific antibody secreting cells (SASC) in the leukocytes isolated from the splenocytes of the flounder of 4W group at week
1 after last administration until the end of experimental period. However, enteric, acid-resistant film coated heat killed bacterin
(ECHB) did not show both greater immune reaction for antibody production and faster elimination of a challenge dose of V.
vulnificus compared with those of the UHKB. These results suggested that UHKB administered by oral route was very effective
method to prevent the contamination of V. vulnificus in flounder, and did not show the increased antigenicity by coating the surface

with acid-resistant film.

Key words: Vibrio vulnificus, Flounder, Antibody secreting cells, Enteric coated bacterin, Immnune reaction

A

ru

Vibrio% ol & 30% ©]°49 TE9) doev 53] V. cholerae, V.
parahaemolyticus, V. vulnificus &< Aol Al el sle &
oz gefA Ut (3 199). ©1 F V. vulnificuse 71+ 2 9
of #X3e 17 SATLE FARYU FEG FEIAY V.
vulificus?7t €01 e AHNFE & Ao HAsHE | A
A ZEE AEFY HYFE dodle AoE €A o
(Blake et al, 1979; Stelma et al,, 1992; Oliver et al, 1991; De-
paola et al, 1994). V. vulnificuse ¥)Z F 2 biotype 27}
Wtolol A AHg dozitke Bivt A9 (Amoro et al, 1995),
o] & tEEY T Al AHFA ML dF ojHFY

AWE FEAE ettt 23T AHFA SN BE B,
IAE, 2, A4REve RYARAA T B=7t £33, 53 A
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AolF9 A (10°cells/100g) FAM L YEE Hoju (¥h
1996) EFAECIY 98 178 Yuike nrdAY ¢ UE
(10°cells/100 )= 2, 3AE, A 53 vj%3}t} (Depaola et al,
1994). V. vulnificusel ¥ H8FL $8 vgelre vEgQ
HEFOIF L2 U F ¢8lA loH, 53] AdFE 44
e 8 vt A8 544 I stsAel & AR &
HH 2 Yk V. vulnificusE AMAS] 9T WEeze A4
&% (Tamplin and Casper, 1992), £& A& (Schneider et al,
1991) 53 Generally Recognized as Safe (GRAS) 3182 (Sun
and Oliver, 1994), Chelating agent (3 5, 1989) 5& H3te
Wo] Buslol gith o)e]l £&& 15C2 W3 & FAS
AAgte +& 23 Pl B (Tamplin and Casper, 1992)
sof glov o] A & AAHoE AT Ao AHF{rt
BE stress AF 02 A AZ A 59 FAHZ AHE3t7]9
o]g-¢ Wo|t}, 2o AW WA (polysaccharide-
protein conjugate)7t ThE Fto] Jle HAA & Woldded
TAE T AFelA A8l €2 V. vulnificus capsular
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polysaccharide (VVPS) ] &=]
el AFsgod vEage BdF5d g X REog
A2 Ago] WAL HEuE A% & HAYo|d) HjHEL
3ol ust ASHQA e d#o2 o {89 V. vulnificus
A& Foq3te o] ATE 7MAL A & olg Aoz V.
vulnificus®l 9% HYFY sourceS ATdus A ZURA
7ol ofalolnliel AAAQ A% FUE Y3 ¥ Fasidn
AZrdd B dFdMe $8 detelA 7H 8ol ¢ Sl
o]%4 EAd V. vulnificus A& o8 7HA & w24 F9
7Nz A7 4 B Fostd H A9 vaccination £23&
A 39t 912 A% V. vulnificus BN &g A OE F
9 5o 7zt 2 A3 BEAS F A W V. vulnificus 5]
A F B A X £33 Wt U3 4 FAE vz HEI
A9 vaccination & Z1, AZWA o] & HANS A2
o 78 @ HA TS HEFLZA V. vulnificus ¥
HEZo] 71 AHAY HA A 24& 23R FHrh

23

ME Y
A3iof
B ARAAE NS B9 e Qe AN 4 &

o wol @A AW FAZF YA G AUF AASE
g3t 4dd2 old¥ AF (body weight, bw.) 100 g2
daje 4849 800L «AHY FRAM £2& 2C2 X

gto] 33 ol £AANZ F Agd ArgIA.

AgnE

AddFe ALAZ(F)Y ¥22 7Y A2RH £¢ v
vulnificus CIVV 004 #5&8 £330l 4g o] &3uct 47
€ 1% NaClol #7149 trypticase-soy broth (TSB) #} =] ¢l A 37T,
18717 B¢t A ikt A TSB wj Aol A 8AIZHS Aul o3t
FAAZFH 74 Ao AL 4¥ES EES A 50%
skim milkE F7H3te] FADZE F -70Co HEFHEA FaA
Ao} AL,

oM

V. vulnificus CIVV 0042 1% NaClo] #7}g TSB iAol A
i Fe & 100CAA 241 F #A F 09% AUAEFE A
ety o wjgde 1/12 $FO R 02 um filter (Sartocon II
system, Sartorius, Germany) & AM4-3lo] 5% ¥ 5223
°]Z uncoated heat killed bacterin (UHKB)Z 3ttt Coated
heat killed bacterin (ECHB) &H] € 50 g4l UHKBE 500 mL<]
SR EF F 10000psis) 24 M-110 EH Microflui-
dizer (Microfluidics Corp., Newton, MA, USA) ¢l 5 ¥ F34
713 20% hydroxypropyl methylcellulose (Pharmacoat 9603,
Pharmacia, Piscataway, NJ, USA)d &3¢ &£3d A&
Hg4oz 7] #4359 com starch® T4 8.5 mL/ming £T2
A old FY_EE 70~80T, HHFAHLEE 25~30T,
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I3 rotord $EE 300rpmeE 2AEAT A9 enteric
coating® 6% hydroxypropyl methylcellulose phthalate 55 (Shin-
Etsu Chemical Co., Japan)E AM43le] granulator (SPIR-A-
FLOW, Freund Industrial, Japan) | Al 4 A 8Tt

Al Foiol 23|

£7Z¢ 53 V. vuhificus A F4E 01 mL9 phospahte bu-
ffered saline, pH 7.2 (PBS)°ll 30%7t 43}A121 UHKB forma-
lin killed cells (FKC)& 13] £7FA13ko] AAJstgiet. ol ztz9)

SRS $EF02 47 20 mg/mLE U B B7F

o= UHKBE 5 %02 319 4, 8, 20 mg/kg bw.d TEZ A4
ok Ade 47 T A& WAL T3 group UW)H 1F
Fo3ln 23 ¢ 5934 st dA 15 F93}E group (1-
2-1W)2 2 uiro] AR, Wile A Ros g7l B
& 44 EsUA £3%=2 pH 72, PBSO 02% agarose$} 7
TH3A gel A & F ZUE A Az 5 0.1mL
A 159 284 ZAFAqse Yoz HAAYT. ECHBY- ¥
& 40 mgkg bw.e] F= (ECHB FA¢ ¢ 30%7} UHKBZ
ZAHGNE)IR 45 A% F439T. 4F FAF 1, 2, 4, 874
ZtZke) groupE2HE ¥ U So] dA o} A 4 AXE A
Z3lo] WA o ARE FAFHT

YL Ao B3

V. vulnificus B 0] 8 e X F9E V. vulnificus 5°I
A€ enzyme linked immunosorbent assay (ELISA)2A B&
stgon, e B A7 AN HHI Ha et al. (1999)9] $HE
agstch oluf WY Y2 RE AT FIYL 1:8022 A3}
AHEEY L, Yo 2ME ethylenediaminetetraacetic acid (EDTA)
extracted V. vulnificus antigen (50 pg/mL in PBS)E AH&-3t4i ot

Enzyme-linked immunospot assay (ELISPOT-assay)

Solid-phase 2 2 punched nitrocellulose (N.C) sheetZ PBS
g4F LA X FE3 AAAY g A2 forcepe o83t 96
well plate®] Zt well2 transfer A1 N.C sheet coated plate24
Z4) 39t} Specific antibody secreting cell (SASC)Y 2&S 4
8] EDTA extracted V. vulnificus antigen (50 yg/mL in PBS)
100 yLBE welldl] 7F o8 37CoAM 3543 B¢ v A FH T
PBS-T (0.05% Tween 20 in PBS) 2. 24 well 42< 33 A3 &
% 3% bovine serum albumin (BSAY2ZA 2412t 59 mas-
kingS 443}4 nonspecific bindingS blocking3t %t B YA
o} AAMEE 51% Percoll (Sigma) gradient® AHg-3t] HIF
A A3 1001U penicillin/mL, 100 ug streptomycin/mL 2]
5% 9 fetal bovine serum (FBS)E H7H8 L-15 ¥A (Sigma)
ol 10°cells/mLe] =2 G F 0.1 mL2 FH3ko wello] 7}s}a
2T #7194 0.5~542 5 antibody secretions A3t}
PBS-TZM ZA2YA membrane e AXES AAT F, v %3}
€ ¢ #2599 membraned] F-3€ FAE £43 7] A3t
20 pg/mLe] biotin-conjugated anti-flounder immunoglobulins

=h
=2
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AR X9 Vibrio vulnificus 28 WAE & WAl A3 3

75 uL¥ 7hEte] 37CAlA 4583 whEAIFH T o] ¥ 10100022
548 ExtrAvidin-alkaline phosphatase (Sigma)E 75 uL% 7}3}
o biotin-avidin binding®& 37CH A 4587 AYAZHew HF3F
2.2 substrate?] 5-bromo-4-chloro-3-indolyl phosphate/nitro blue
tetrazolium (BCIP/NBT, Sigma) £ 100 uL 7}3te A0
1088 28 3 27572 A48 8 I4E 389 spotd stereo-
microscope® #E3FH T},

MMzl &Y M EH

L-15 AIE W wio] AAzAE gd AEZ H (107 cells/
mL) & ¥ 100 uLY triplicateZ wellsl #7139 CO, incubator
(5% COJANA 3A1ZE B¢t wlokste] AMEE FAAZ T Hank's
balanced salt solution (HBSS, Sigma)2 2 washing3dte] ©] ¥-2
H M EE A AL zymosan (Sigma, 2 mg/mL)¢] E7H8 NBT
(1 mg/mL) §94& 100 uLA H7}3te 22T A 308 < vjofat
of AHEE AFAZC HBSSS R 23] AAd F AJAHXE 100
% methanol2 IAAIT 70% methanolZ MAF ¥ plated
A Az2A A 2 wellol dimethyl sulphoxide (DMSO, Sigma)
140 uLS 2M KOH £9 120 L& #7435t el 24 98-8
630 nmol A spectrophotometerE ©]-&3te] ZA3tgct HE A
€ ((positive 0.D.—negative control O.D.)/negative control O.
DJX1009) Wyoz Ao WEAI} 50% o4y o
positive2 HA 31}

V. vuinificus®| 2% g HiW

V. vulnificus B9 #F Fo F 35 Aol V. vulnificus (1X
10° CFU/mL) A#& 4¥7¢ PBSE g tzT9 579
FAIE 79 F ddS A8t duplicatcE brain heart infu-
sion agar (BHIA, Gifco)ol =23 F 37C A 244F w) F3}o]
vetd AEdgs AFsdn. o] o A3l gt Wy
o Ff-Ho] Jdou AAEHA ge AEAA BE87] 989 Ea-
rlix et al. (1996)9] Hyel wel 0.5% Triton X-100& AHE &
Aol A3t WYTE F3AN F AP AT BEAFE
ImLY e sl (7o AFe-d4d7e Jg4)/4
e AFgF)X10022 3t A

& ot

Al AT BUEY

UHKBE 20 mg/kg bw.9] ¥52 A72 YAd 457 A% %
q39E A4 EAW & V. vunificus FA7He PBSE F43 o
Z7o) vlmate] g F718 Ho] £ (Fig. 1). & 20 mg/ke
bw. 4W groupe HF Fol 257Ad AT HS 1:8022 3
Aate} & V. vulnificus A 71E ELISAZ £431%5E 1 F3=
7F 0788 71E3te] A48T FolAM Hi $XE BHA FHPG. 2
2] 2 20 mg/kg bw. 1-2-1W groupe F3E7} 0582 ehof 20
mg/kg bw. 4W groupd] levelol& ¢]27] RIFoY dizTd
A F3¢ F7H8 Je Ak 28y Fo bactering 4
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Fig. 1. Antibody levels measured with ELISA in the serum of
flounder, Paralichthys olivaceus, after oral administra-
tion of UHKB with different protocols. Antibody pro-
duction is expressed as optical density (0.D) values at
fixed serum dilutions of 1:80.

-, 4mg 4W; ¥ 4 mg 1-2-1W; -, 8 mg 4W;
—A-, §mg 1-2-1W; {1, 20mg 4W; -, 20 mg
1-2-1W; —@—, control.

Each value is the mean of § fish.

64 74AA 4mgkg bw.st 8mgkg bwE WS de F
el AEgel BF ¥ W So] FAZFY AT QoA
W27 FHE Ao|7h ARHA At

A A4 FAHYA BAEY 8 ELISPOT-assay 718 < ol
$3to] GUMEFEAA RAG A7 ELISA He2 £49 ¥
AW SolgAFe AAZAHAY FAEA 20mg/kg bw. 4W
groupol A 7HE B& $7F AEHAT (Fig. 2). ol @ 5014 B
AX59 F7173 %2 20 mg/kg bw. 1-2-1W groupd A #z 5
et 20 mg/kg bw. 4W groupoll A UEhd £Atel= 1A A &
Atk ¥ bactering %2 ZAAZ 4, 8mgkg bw.d F=ol
Ne 83U ol FAZF A3} FARRA Fo o R
o] B dzx79 FRF o7t #AFHA &t THEE 4,
8 mg/kg bw.d F=2 ATEAE V. vulnificus® bacterin®
X " HgE FRAI7A 5 Ao2 AGHAT

T A BEE 20mgkg bw. 4W groupd So]FA
B4 AEFE BF FARE Z0 2 Yeht 376 ng A 44
AXY & F3F Aoj7t fe Aoz EAHUTG (data not
shown).

H= 240] CI2 bacterin® &5 24

UHKB$} ECHBE 77t 20 mg/kg bw.9t 40 mg/kg bw.8) F&
2 4F 9% AT E F93te A2 Yol UE bacterin®] oF 9]
YA 5o &A B4 e 9FE £A%UT. UHKBE
AT2 47 A% FAT AYFE WS BT FAE 4Y
F9 leveldle =234 RGOy §o 35 AREH S| 4
Fol 718ty A RS HE o 323 Ao JuXd =22
% 83 A7A FAHAAY. 28y ECHBE F9% 43794
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Fig. 2. Mean numbers of specific antibody secreting cells
(SASC) against V. vulnificus in leukocytes of the head
kidney following last immunization of flounder, Parali-
chthys olivaceus, with different protocols.

—, 4mg 4W; ¥ 4 mg 1-2-1W; -/, 8 mg 4W,
—A-, 8mg 1-2-1W; -1, 20 mg 4W; -, 20 mg
1-2-1W; —@—, control.

Each value is the mean of 3 fish.

© ¥4 25 Ao FAH 7t FIEHLG T F4E l—i I
F 59 F2F ARHE UET $£E02 #AFAT FAFY
7k 2&HA st (Fig 3).

V. vulnificus BA1& T4 g9 v 5old Hga3L 24
37] i3t FAeA R macrophage4 g4 A2445¢
ZAME 23 UHKBY ECHBE 3 F group ZFAAM H=
o 3 15 Ao AL 100% oje] FhE 4L BYF
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Fig. 3. A comparison of produced antibody concentration in
the serum of flounder, Paralichthys olivaceus, after int-
raperitoneal injection or oral administration of different
V. vulnificus bacterins.
~¥-, UHKB (ip); B, UHKB (oral);

ECHB (oral); + control. Each value is the
mean of 5 fish. 1, end point of oral immunization/
start point of ip. immunization.

Aon A A 7k A dFFol v HT 50% ol FY
Zyo) 7} ﬂ%ﬂ"i FoAol AAENYG (Fig. 4). 28\ UHKBS
ECHBE 8 % groupd GAol V. vulnificus BT (1X10°
CFU/kg bw) A9 #EAZ F AN AM Y FET LEEE
A4 23 UHKBE FH& AdFE dz7o w3 74
650% BZ © Fo] 2FAY A2 Y} 780% Y £
Uehd B7FA} group® #AHSHA GEFt oY ECHBE F

2 o &l
ot ulo o

groupl ME FRE 2dd 22 A48 22 ¢ + AN (Fig.
5).
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Fig. 4. The reduction of NBT by macrophages in the head ki-
dney following last immunization of flounder, Paralich-
thys olivaceus, with different bacterins.

—l-, UHKB (oral); @—, ECHB (oral). Each va-
lue is the mean of 3 fish.

1000
1
900

800

700 i

600 -

500 A

400 A

Discrimination index (%)

300 +
200 A

100 A

0 1

UHKB (ip) UHKB (oral) ECHB (oral)

Fig. 5. Discrimination index for the changed numbers of V.
vulnificus in the blood of flounder, Paralichthys oliva-
ceus, vaccinated with different bacterins.

Fish in each group were injected with 1X10° CFU/kg
body weight after 3 weeks of the last vaccination.
Each value is the mean of 3 fish.
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d Ao HASE HHe HIFL FAEY A
At FANEY AulE AT FAojr}e A&
e FH9 shaA dAHe st a8y vree By
Ao i WAL JEHo| A oHFE HAeA ¢
T 713 2EY 9E9¢ dgshe A2 23F ez o
wgozA HHee HEFE LA3te AV HolgT) gy
£ A7 HHHA $AE FHFL 48 vingde fyzg
AL V. vulnificus® TEE A7) 989 V. vulnificus
bactering ©] 8¢ WAl Ada 1 5% A 4¥L A
AltE .

o) £ 717 FEE 2Eldte YA o 20 mg/kg bw.d
TER ZFE T3S 0 Fig 13} Zo] A3y Eo] g9
Aed 4w Y77 71 £ d49E BYAT 12-1w 4Y
TE 2T Hgte $L& FAYNERE o Fo] Bof WA
o F¥e Y F de Fo S AN 9F & 5 Urk

ofg AR wWANEY BHE GIMIEFFNA B} T
AHoz AAE7] 9t &3 ¥4 ME (antibody secreting
celDE ZE3nA gk I A4 AEE HE3e /9o
2% hemolytic plaque assay%t ELISPOT-assay & ©l-&3
ol 2t Hemolytic plaque assay® o] &3 e 4o (Rij-
kers et al, 1980), 7132 A (Williams and Hoole, 1992), 27
A&l (van Muiswinkel et al,, 1985) SolA B17t Ho] 9o
1, natural haemoglobin®] th3 back ground7} 23 AF Ao
vj2] 22 ti4el sheep red blood celld FYLE coating
ok Fvte A¥ge BUY, 2191 AAE 23 FAE ALLEA
%522 FAEE back groundd 98t AF daad) A3 Ao)
&g J i e A g, Ga9 7149 EoF
A& o] &3 ELISPOT-assay Bol Bo] ALREo] A1 gt}
ELISPOT-assay -2 Secombes et al. (1991)9 &8 o] fFo 24
HolA7) A A A8 HE 7E e R 7129 hemolytic
plaque assay 2t ZE7F 94 HoAym 22 #AE o) gFoe
hemolytic plaque assayoi Al ZA &= back groundd EAHE
HaFo2 A Hgol o]&Hol A3 e ol Iy &
W2 dab (Secombes et al, 191D, roach (Altonen et al., 1994),
rainbow trout (Davidson et al., 1992), channel catfish (Waterst-
rat and Ainsworth, 1991) S} A&38 o7} glon ¢ Uty
FoE Fato] ¥4 oA YA NME Ha et al. (1999)0] B3
g v} gloh,

2 d74 UHKBE Fx9 F4 7172he 2adte g 4
T2 F934e W, Fig. 20148 2o} 714 B &4 44 A4
7t A% 47T 20 mgkg bw. 4WoIAA T AHY So] g
A Adse G FHEHA A¥L RAFUAY. o3 AAe
Waterstrat et al. (1991)3} Altonen et al. (1994)8} B o)A 9} 2
of FA A4 AMXe AW Sol FAFY Wzsl A uy
A e RE oA FFHo 2 FA YA HMEY FE
dd AXE FEAA AZSd oHs R Fdd o3t w

[s)

3! it
o> o
2 o 1@ o
M to X ao

)

G Uy FHE #9E 5 9
=3
Fig. 1, 29149} %] UHKBE 4 £t 8mgkg bw.d &2
A BAAE de YU So] FAFY I A4 AE
T HE BFAN Q279 F44%0E Aol7t EAHA] &k
tooldd 232 ¥ o), A5 X9 V. vulnificus bacterin® T2
FoAIAE e B AXE FA AY AER EJANA 3 &
AF 718 FE37lde ngd Aoz veygrd

ATEAG WA B%S AU ¥ & s FIY Fue
4 F UAS FE4o2 AZstd YA dAEA =g,
554 8% o)t} Nagai and Fujino (1995)% cellulose ace-
tate phthalate microcapsuleZ coating® BSAS Wigold ALz
F93t4] uncoated Halol vjdte] F71E WA s B
g vk gloul o]F Lillehaug (1989)7} acid-resistant filme 2
coating® B Q WAL EANEold] BT Rzl I %
S MY 23 uncoated WA vlE 238 Ry FirEL
H313te] Nagai and Fujino (1995)¢] &7 ZAug AdtgA Y
Bttt

£ A7 E formalin 22 HEARE WA vl R
Hejsta A & g Fagte}l 7H5 3 UHKBS 9719 thA)
hydroxypropyl methylcellulose phthalateZ AM-3te enteric coa-
ting A7 484 WA (ECHB)& 9o A7+ 53 1 552
Hlmatglet. oldl ECHBO #frsol de A ¢ 32
§ WSS Hole UHKBY FRT GA AHgate] Woyts o
7< 2o 44 2317 899, 2 23 UHKBS} ECHBE 4%
20 mg/kg bw.st 40 mg/kg bw.9] FTER 4F 9% AT FAIY
W, UHKBE F4% AYTe HE Fo F 23 Ad 7%
< FAt B E 8F A7A A Fo) ALY ECHB
g H4E7ME Fig 33 2o] 238 ve &4 A
UEt o] Nagai and Fujino (1995)9) Z3 Ho¥ Lillehaug
(1989)9 A+ FAHE Aoz FUHAR oAE oE
ECHBE #d (granule) &2 ¥ ¥ 979 AZ WY, coatingl
LS polymer, U9 5, FANY 4% 59 Aol #d
ol Sl Aog FAHG

A% B4 oA ALl dF oFe 27] wol 71FdA,
2438 AAEE Lo A F28 982 5954 @
o. UHKBS ECHBZ ¥4 € X9 F4A macrophaged] &
A& ZAE Fig 48 B9, ¥ group EFAA 2 T4 13 5
FE S 8F AZA dzTd v & E4L el
ol g R A (1998)7} B-1,3/1,6-linked glucand QYA dl A72
Fojgte] £UT WHOEZ macrophaged] NBT #9528 s}
qe 9 737 A7A & €40 YEYdR Bud RY g
A3E Jehdch 23y ECHBE B9 € YA dA Aoz
ZEANZ V. vulnificusd] 2E& SlolHe Fig. 5948 2o
dz7d 8 FI40e ort fe Aoz yeh} b B9
W3] S7tsh @7 5eold W9 wige vt dsFes
43 W o F3d Polge FUE ojojAw Ao FHH
o HE WA s gAY ECHBE £ 3 AFTFAA macro-

e
tlo

ATE + 3

o

T8 71E

X oo

13

i 52 mo



6 &7 - APA - o

phaged] ¥4o] 5718 A& APYYeh2 A FY ECHB AA Y
A 271, coating®ll AH4-E polymerel o3& AHHA AZ Sof
98t macrophaged 2&40] F71EA¢ £& UL Aotk 2
#HEE lipopolysaccharide 59 o8] dejo BA =& F8438
€ 9% OE polymer 5& ZF3tA o] & Ao g EMo
Atd Fogle 2o U 5 98 Ao

Z2EH2E 4¥ A 7|39 ZA UHKBY A+Fo 43 7oA
A Aol %3 WA HF Fo 3F Aol oy FHore
2 H¥e SlME dZ2TEY YR F74E Lojge By
FRALY ECHBE Fo¢ 4¥7c %Y wolgd RE4
UHKBd| ®]3) 22 AFE Jdeuiglt &3 Algo] 433e
4 o7 2% WA V. vulnificus 2B & th B0
o]FojA Ao A% BHE A% WA AHAA BF o]
o]FojAeol & Aoz AztHc

0]

of
=,

e H¥F9 AAF V. vulnificus?] B3 o159 A
e A7 18 972X, vBge Wie TR Fod
QA eA e So] Ee HSold dqduwree 2AEYT. ¥x ol
tf3te] UHKB (uncoated heat killed bacterin of V, vulnificus) =
W0 mgkg bw.dl FE2 FTE 53 4F 9% 5o (4W) 2&
17 T FA3a 2F Ft Fo5A g7} oA 1F B9 By
(1-2-1W) e F 7[A Moz AAd 3 49 gAY Eo
FAFS vad A3 1-2-1W groupe 4W groupdle =284
2 AT 993 F7tE Eo] ¥AFS BeF9rd UHKBS
1790 234 47 A& £33 AP 77} 42 5o T 25 HREH
M 52 FATIE B FAR S AT A AW BQ
A& FAHALDD. oljst 4% ZAoe FUYHMESFFNA BHE
SolFA AR (SASC) 9 AZdAE SUHAEH WA
9 HF ATFA F 157 ARE dz7d vsd 18 89
4879 SASC 7€ 4% 549 3 8F A7A $AIQS 2}
Wadez A= WA (ECHB)L V. vulnificus®] U3 &4
4 Agurg 283 A9 LA V. valnificus (1X10° CFU/kg
bw) BT AW AASY ¥4 4= 254 M UHKBY H|8Hd]
¥ 29E Be 390 2828 YX o 3T 5o9¥ UHKBE
V. vulnificus®] £.8& 94 & & AR PYog g9
ey yitge g AxE ECHBE QS 3718 fEsiA
23t Aoz ey,

HAtel =

£ A7 (1998-023-HO0016)& 1998¢1% $2gd&AE AT
A Qe o3t FYHAASFUT, olo) ZAA=FY

e S R

rot

Altonen, TM,, EI Jokinen and ET. Valtonen. 1994. Antibody syn-

=2 SEAE R

AEE

thesis in roach (Rutilus rutilus); analysis of antibody secreting
cells in lymphoid organs with ELISPOT-assay. Fish & Shellfish
Immunol,, 4, 129~140.

Amoro, C, EZ Biosca and B. Fouz. 1995. Evidence that water
transmits V. vuinificus biotype2 infection to eels. Appl. Environ.
Microbiol,, 61, 1133~1137.

Blake, P.A., H. Merson and RE. Weaver. 1979. Disease caused by a
marnie Vibrio; clinical characteristics and epidemilogy. N. Engl.
J. Med., 300, 1~5.

Davidson, GA, AE. Ellis and CJ. Secombes. 1992. An ELISPOT
assay for the quantification of specific antibody secreting cells to
Aeromonas salmonicida in rainbow trout, Oncorhynchus mykiss
(Walbaum). J. Fish Dis,, 15, 85~89.

Depaola, A,, GM. Casper and D. Alexander. 1994. Densities of Vibrio
vulnificus in the intestines of fish from the U.S. Gulf Coast.
Appl. Environ. Microbiol., 60, 984~988.

Devi, 8JN, U. Hayat and C.E. Frasch. 1995. Capsular polysacchride
-protein conjugate vaccines of carbotype. 1. V. vulnificus: con-
struction, immunogenicity, and protective efficacy in a murine
model. Infec. Immunol,, 61, 2906~2922.

Earlix, D,, JA. Plumb and W.A. Rogers. 1996. Isolation of Edward-
siella ictaluri from channel catfish by tissue homogenation,
filtration and enzyme linked immunosorbent assay. Diseases of
Aquatic Organisms, 27, 19~24.

Ha, 1Y, JH. Park, M.S. Kim, JK. Chung and HD. Jeong. 1999.
Study on the production and management of aquatic animal:
application of ELISPOT-assay for the detection of antibody
secreting cells in flounder, Paralichthys olivaceus. J. Korean Fish.
Soc., 32, 420~426.

Lillehaug, A. 1989. Oral immunization of rainbow trout, Salmo
gairdneri (Richardson), against vibriosis with vaccines protected
against digestive degraditive degradation. J. Fish Dis, 12, 579~
584,

Nagai, A. and Y. Fujino. 1995. Application of enteric-coated micro-
capsule in oral administration of bovine serum albumin into eel.
Fish. Sci, 61, 796~799.

Otliver, 1D, L. Nilsson and S. Kjelleberg. 1991. Formation of non-
culturable Vibrio vulnificus and its relationship to starvation
state. Appl. Environ. Microbiol,, 57, 2640~2641.

Rijkers, G.T., EM.H. Fredrix-Wolters and W.B. van Miuswinkel. 1930.
The immune system of cyprinid fish. Kinetics and temperature
dependence of antibody-producing cells in carp (Cyprinus car-
pio). Immunology, 41, 91~97.

Schneider, KR, F.S. Steslow and F.S. Sierra. 1991. Ozone depuration
of Vibrio vulnificus from the southern quahog clam, Mercenaria
campechiensis, J. inverteb, Pathol., 57, 184~190.

Secombes, CJ., A. White, T.C. Fletcher and D.F. Houlihan. 1991. The
development of an ELISPOT assay to quantify total and specific
antibody-secreting cells in dab Limanda limanda (L.). Fish &
Shellfish Immunol, 1, 87~97.

Stelma, G., A. Reyes and J. Peeler. 1992. Virulence characteristics of
clinical and environmental isolates of Vibrio vulnificus. Appl.
Environ. Microbiol,, 58, 2776~2782.

Sun, Y. and J.D. Oliver. 1994. Antimicrobiol action of some GRAS
compounds aginst Vibrio vulnificus. Food Additives Contami-
nants, 11, 549~558.

Tamplin, M. L. and G.M. Casper. 1992, Persistence of Vibrio vulni-



dxjol A2l Vibrio vulnificus £F LAE A3 3N 45 7

ficus in tissue of Gulf coast oysters, Crassostrea virginica,
exposed to seawater disinfected with UV light. Appl. Environ.
Microbiol,, 58, 1506~1510.

van Muiswinkel, W.B.,, D.P. Anderson, C.HJ. Lamers, E. Egberts, J.J.
A. van Loon and J.P. Ijssel. 1985. In Fish Immunology, M.J.
Manning and N.F. Tatner, eds. Academic Press, London, pp. 1~
8.

Waterstrat, PR. and AJ. Ainsworth. 1991. Use of an ELISA-based
assay fir the detection of antibody-secreting cells in channel
catfish, Ictalurus punctatus (Raﬁnesque). J. Fish Dis., 14, 669~
675.

Williams, M.A. and D. Hoole, D. 1992. Antibody response of the fish

Rutilus rutilus-to the metacestode of Ligula Intestinalis. Diseases
of Aquatic Organisms, 12, 83~8§9.

SN E, 1996, BlEE S BUNF2 TdF, 18t 288pp.

AR, FRE, | F. 1989. Vibrio vulnificus®] HEF g 4
3 ETA A Uy ZAd g AF. AFH osmotic shock
D o]¢) #HE chelating agente] 73 AT YA, 32,
272~282,

HES 1998 dx9 wgubdol tig p-1,3/1,6linked glucan® ¥
i3 HA 89 =F, 2N, S9pp.

20019 49 259 S
20014 124 109 4



