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Kenji KAwAI and Masato AOYAMA

Fish Disease Laboratory, Department of Aquaculture, Kochi University Monobe, Nankoku, Kochi
783-8502, Japan (E-mail: kenkawai@cc. kochi-u. ac. jp)

Abstract: Efficacy of the vaccine against Edwardsiella tarda infection in Japanese flounder Paralichthys olivaceus
was studied by comparing the immunizing bacterial strains of different origins and three administration methods
of the vaccine. Two groups of flounder, the mean body weight was about 53 g, were immunized intraperitoneally
(IP) with formalin killed cells (FKCs) of E. farda HH-1 strain and EF-1 strain. The serotypes of the two strain
were preliminary clarified identical. Stran HH-1 was originally isolated from a flounder, and strain EF-1 was iso-
lated from an eel. The immunized fish and unimmunized control fish were challenged by IP injection with strain
HH-1. Comparison of different administration methods was executed using fish groups (about 53 g) immunized by
IP injection, oral administration and immersion with FKC of strain HH-1 and challenged by IP injection with live
cells of strain HH-1. Immune response (antibody titer in the serum and phagocytic activity) was also compared
between groups of different immunization methods. Additionally, the effect of encapsulation of oral administration
vaccine to examine anti-acid resistance of the vaccine in the stomach was examined by immunizing fish of 86 g
with FKC of strain HH-1 then challenging with live cells of the same strain. The result in the mortality in the fish
immunized with strains HH-1 and EF-1 was not significantly different at 5% level, which indicates origins of the
strains does not affect efficacy of the vaccine as far as the serotype is same. Both survival rate and immune re-
sponse were the highest in the group of IP injection followed by oral administration and immersion. Encapsulation
of the vaccine in oral administration did not show advantageous effect than the uncapsulated vaccine. It may be
attributed that the capsule did not release the vaccine antigen in the gastro-intestinal tract effectively.
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v Z R Paralichthys olivaceus QYN CIIE M A FEFM 2L S, HHAEEDI S BEERT
TOEEEPABOERT CIZIEELEE Lo Twh, L, A THMBEMEEROR
ERBBELZ->TBY, R2ATOIFI Vs IEEIRDBEOREILRERTHS (Kusuda and
Kawai, 1998). JER W O Edwardsiella tarda (37 5 LW, Fhru—st ¥ ¥ —FREO®E
MESEERE T, b7 AHROBERIZEET AL, EFHHERY. MR, TR EH IR
BRI, BARDOIEEO-OIERFE L ABHT 5. BEEATIIEBIANLM 622 L,
WHYLREBREE 25, FNICIRERER, DBEAB L UEBESCREITER I Z L0 H
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B (fPE)I, 1983). AIEDXFHE LT, HAEWERLAWIEF 0BG ITb b b RERRD
ASNDBY, FIHEEDH T LT LV, JREDTRT > TH o 0FKIEILD T VRIS HRFETE 2w,
F7, B LRI B ER BT 572002, WADERBISBNCIEET A% T2 2
EbHbH, E5II, BELATEERKIEEICHRT 5700, BOFKGICX BEEFE L.
PDEDoZ Edb, REOWHFEE LTI TFHHMOMIAFEETHS (JII4E, 2000).
FHEME L TRIMBFEIATVEIOR T F UL AGETH L. L, REICIISHE
W EE R COBRIZE Y, ELOMBENSLVIZERROH L Z EFPHEENTED (Tu
and Kawai, 1998) Z L L7272 F VBB TALEND L. KIED T 7 F V38R ER
FTEVIHELH LD (BAM, 1995), HHHICLIMEORKE L, ERAMLICLELR L8
LG o TRV, £2T, RIFETIEIHROEL S E. tarda DWHAKTHER LT 7 F 00
hE, BIUOFOI B IBRTHERLET 75 2 BV - KRS HEORK 2772, 72, #&
O#5% o7 27 F 2 BOBPOFLZODONELE LT, 77k $&H) kLT
7TV DRI DOWT B IR L 72,

MEE L UHE

HiAa

HRAIE, BHRBEEELY Y- POLHALTAFLTERLZL I X%, BHKAEFE
EYEENG LY ¥ — THE L THY 2, BB OES X ORIEAFEO MBI EEEERD
53g Db T AFH, ERLT 7 F U ERNT) VIR FKC) 727 F OB EYRE
#86g DT AR HVEZ, WTFNOEERIIBW I EXOMAREK T2 E L7,

Sk

B RRICIE, 19764F 6 A27H IZE MRS HETNEAFBRL IZB W TY FXOFR» & 58 S
N7 E. tarda EF-1 ¥R &, 1988411 A30H WL BERREABSHZRAIMNETE 7 X OB O 5HE S
N7 E. tarda BH-1 32D 2 ¥k Hl V72, FERICHW S ICH72Y), IO ORI 7 2 ~NOIEE
RMEScHRASER L, WmEtLZobAWA.

FKC 797 F > O1Fs

HH-1#38 X O EF-1#%50ml D7 LA - s 72— 3 >~ (BHI, Difco) (ZH:MEL
25°C T 8 EEIRIsEEE Lo, D XIS, TOREER 1ml T3 BHLICBAE LT, 25°C T8/,
110 rpm OEEECHAEIRE H IR L, BERIEI03% OBEL L5 L) RV v ETIZ,

25°C T2ARBIARTEIL L7z, AL L 22 H I, 7,000Xg T154 M #0258 L ¢ FKC #4&9

AT 5T T —60°C THIERIE L 72,

5L FKC 77 F o DO Es
FKC 7 7 F v ofefbiz, EEROFHETHER LA FRKC 7 75 v %+ RE O #Hsdt
A L FFERT) IKEE L CTiT - 72,

R"EHE
1. Mok HH1#B L CEF-1BOFKC 7 2 F 2 3 HWT, BERAEETREL
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7z, BB BIZARELI00g H7-0) FKCHERES5mg & 42 5 X ) 12 PBS 1[28% U CIEEMNES L 72,
WX E LT, [FED PBS ZIEREPWES Lo ERX 2300772, RE#%IE, KiE25~27°C T3H
BT L7

2. BEFEOKE HBH-1#0OFKC 7273 %2 BT, BEEAESE BOBSEBLY
REETHRE L. EERMESNETE, EEIIARELI0g H7-) FKCIEEE 5mg % PBS T
B L CHERENES L, BOREETIE, FI4XLy MEEINg S0 FKCEERET
5mg il b L) ICHTHELCRESELb0%, BHEEIZL Y 1AMRS LA BEETE
FKC BEEOEED0.01mgml £ 722 X210l K2, &5 A 2100 BRELZ. WERX
ELT, AOMES L wEEX E PBS # EEMES Lo EBRX 258772, Sk idkiR2s5~
27°C T 3AMEAE L7-.

3. BOHEEICE 28MLFKC 725> L FKC 7 7 F v O g HH-1 B0 5e%1{L FKC
D7 FBLUFRKC Y 7 F W EORSETHRE L. REL00g H7296.25mg (FKC
BERE L ComgtY) OEFAMLFKC 7 7 F 2 - BELEA ARV Yy P&, KE
100gH7-) FKCEBERTCS5mgDFKC 7 7 F 2 il - BEL-EA ALy %, HH
BHICL Y EREN 1AMKES L7, RERIIKRLIS~21°C T3ABAT L.

DB

HH-1 %% 25°C CI8ks A ER = L/ Ay, EikEREETIIRE 3 HABE, 8O
BEETERGEZRAE L CARAMBICERMNENETCRKE L. $4bb, HhMEoKS &
UREHEO I TIE, 1.42X10° CFU/MI O AW BB W 20.1ml JEFEWES L, KiR24~26°C
TEBTHES Lo 28MEE L. 8L FKC V2 F v L FKC Y 7 F ¥ O LB T,
1.56 X107 CFU/m! ® 4B % 0.1ml RS L, KiR14~16°C THEZHS5 L 2255 2 BB 4
HLTHELL, ERPUERBCLZAOTRE S, S BB 21TV, DBEWAHLE. tarda EF-1 310
BILEETHI LR

REROBIE

2B OB EREBEREK TRIS, 2B LT XTOAD SHOSEZITY, S
WA EOBENRIETE. tarda ThH A Z L MR L., FEBRRX O T, Ba%
RO E NI RAE OB Y AR L TR 72,

M ERER OB E

BEZRAL T4EMBEE, FERKOAORTHR SMEEZHRML CTRE S E/-0b,
1,500 X g T10- &L Bt L TRz LEEIE L LCHILL72. 0%, HH-1#:0 FKC % X
PR L LTHWERA 7ad 45 —FIC X ) sz e L 72,

BEYI/O7 77— OEREN

1. AT T v 7 A - XBBROFAE 900 ] O MEM E#HIZH LT, stk 5v 7 A Y
— X (Fluospheres, 1.0 #m, vellow green, 2 % solids; Molecular Probes) % 100 z 12 T104E 17
L, STy 7 A BERE L7,

2. Fluorescein isothiocyanate (FITC) Hb¥fo Ml B BB OFAE PBS10ml 121.42 X 108
CFUMI OREICHZ & L, FITC (FDGMETH) % 5mgz, HRTOSMAS -5 —%
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HwTh ALz, #0%, 5500Xg, 55805 L CHICEE L TWwWiw FITC %
L72b D5 HEEEL, FITC THRELZERBERE L.

3. EEMMBRERORAR REZFHEL CAANBRORERKOERAD STEBTZHFRL,
4 — 2 )V MEM ¥#, (HK#3, LT MEM) CTHEELAOL, 1ml © MEM CEEZ N3
THIFALL 72, 50 BIE L2 LiE#1,500Xg T2 0 BE008 L7, Bk e LB %
1ml @ MEM T3 & L-0H, FEEHICEEL /-0 0% EEFMRBBERE L.

4. HE~ 07 7 - VOEEEEOWE 247V — FiZ100% =¥ J — N T LWz
HN—A) v FEAN, AEMBEERI w2 H/N—A) v FSOEIZEE, 25°C T304
FL2, OFL, MEMT3HE#®EL, IN-XY v JINEBEL T RWEZRE, &L
MiaEz<ru7 7y —YELTHERLE ZRICERT T v 7 A Y — ZRBEBWE T 7213 FITC #+f5
AR 2 500 nl N Z, 25°C TLlEMRFE L CHEE X ¥4, £ 1L C, MEM T5HEH L,
ERENTHWLEVENET Ty 7 AR EITMEER D BV, BB LA v 7D
ki, MREREEO O oFEMLY VIERNE R 1LEEVCUREZ L2005, —200CHTy
=N RIMAT1HER L, FBEKT 3 DBt Em O RIE L7, 2k, FAFEReil Merck)
% PBS CHFICARL 2B T30 MERe L, BEAKTHMCHREL TRE L. BELH
IN—=Z Ny FIEATARTF R FaTERCTES L, SEEMECEHEL, A%
T UEAEREENE L.

BEERE
ERRELE®E 0T 7 —UOHEAFHEOMEICOWT, HREKENEX L OBMOFHED
EOHFEMS Student #test 12 X o TH-.

#w R

ERRE O Lk
HKDELZL2ODRDFKC 77 F v 2 M L TRELZZDDL, BBERBRZIT-> THRTI
B L7oRR% Table 1 1RY. XTS5 HED O RUTAERTAME T L7245, HELL2200

Table 1. Survival and infection rates after challenge in the fish immunized by IP injection with
FKCs of HH-1 and EF-1 strains.

Immunization
FKC of HH-1 FKC of EF-1 PBS control
Survival rate (%) 9™ 84* 24
Infection rate (%) 64" 60 °* 100

* Significantly different from the PBS control group by Student #test (P <0.05).

X TIHEREFMET L b o7, BN EAERER, SELZZ2KOS 5 HH-1 40X 5596 %,
EF-1 ROR 2584 % 35 L O IRXH24% L %00, WREX LGB L OB T5% OFEKET
HEEZFBRDOONTZ, L L, MHEORXE CIIEREICHEEENED bNEhon RfE,
RIEX Tt HH-1 BDX T64 % B X P EF-1 DR T60% TH - 72Dt L, X TI3100 %
Thol T, MEERBETEAEEENRD LN LI o7

P L C 4 BRI EA I A B AESUARAG % 317245 R & Table 2 12779, HH-1 #0 X T11,
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Table 2. Antibody titer in the serum and phagocytic activity of head kidney leucocytes in the
fish 4 weeks after immunization by IP injection with FKCs of HH-1 and EF-1

strains.
Immunization
FKC of HH-1 FKC of EF-1 PBS control

Serum antibody titer (Log 2) 11 10.7 <2
Phagocyte rate against latex beads (%) 40.3*+1.5 41.1+2.5 21.0£3.0
Phagocytic index against latex beads 1.7£0.0 1.8+0.3 1.1+0.1

(bacteria/cell)
Phagocyte rate against bacterial cells  54.3%9.1 48.016.9 24.0x2.0

(%)
Phagocytic index against bacterial cells 2.0£0.1 1.8%0.1 1.240.1

(bacteria/cell)

Values of phagocyte rate and phagocytic index in the HH-1 FKC and EF-1 FKC groups were
significantly different from those of the PBS control group by Student #test (P <0.05).

EF-1 RO TI0.7& BWEZ R LD L, WEBRTRI 72 8EL 2P o7 HE<Y
N7y —VEHEREOKERIIOVWTE, 579 7 AV —XBIVEREPEESE-BEOVT
NTH, RELL2O0XTIE, HEFE - EAEHLOICHBRIVECHEETRL, 5% OH
BAKETHEENRD 52, PHMPEENAEME L PHEHE Y 707 v - VO FREREO W

TRIZBWT S, EF-1%k¢ HH-1 % 0OM K
DOFNEIEEESRD N7z,

RIEHED LS

HH-1 %D FKC 7 7 F Y 2 H\WT, &
B ETHREEZ T EORR L RE L7
MBEUTOEBY TH D, EHOEEE
IESHE, BOERGE, REEOIETEVE
%R L7 (Table 3B X FFig. 1). W§¥ho
BHHETHXRBERIZT L T5% OFZKE
THEEVRD bNFz, B EEE, &
O#% 5, BEEOMETCEWEEZ/RL, HH
HET64% B L OROKGHETI6% TH-1:
A%, BEETII9%% L e WwiEER L7,

100 —s —
80 | K
£ g0
3
e
K 40
E S 4
A 20
0
1 7 14

Days after challenge

Fig. 1. Survival rate after challenge in the floun-
der mmmunized by different vaccination
methods. @, IP injection; X, oral adminis-
tration; A, immersion; WM, PBS injection
control; ¢, non-treated control.

Table 3. Survival and infection rates after challenge in the fish immunized by three methods with FKC of

HH-1 strain.
Immunized Control
C . Oral . L
IP injection administration Immersion PBS injection Untreated
Survival rate (%) 96 * 80 ™ 56 * 24 24
Infection rate (%) 64 76 96 100 100

*Significantly different from the untreated control by Student ftest (P <0.05).
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g L7 4 BB, MAPREFREMZ S CCHEEY 727 7 — J0EEEFME L BRI
UToLBY THs, FHMHPBRETUMIIIEFETL, BORLGHETI, REKT2LRY,
AENETEWER R L7 (Table 4). EE<v/707 7 —VOREEED D) bAESEE, 57y 7
A=A ERHOVWTNEERSELEEICD, AERIIGBERXI D IEWELZRL, 7T
5% DA EKETHEEEDNDD SNz, FEROP T, FHHETHRIE L 2BE TR MEITE
BROBRSEBIUVREECRELSBSIEIZEABRECELZR L. $7-, REKTEIT v
AV AR EEIELHELVDVERICH L TRPeBWERR L. EEEETY, 97 v
A X LAROVTNERARLSELGHETY, RER TR I b —EICE ORT
FEEL, ShOEEKETHEEEIFFTOON. AERIIBVWIIFy 7 AV - LER%
BESTIIGEOMTCITEEENROON o7,

Table 4. Antibody titer in the serum and phagocytic activity of head kidney leucocytes in the fish 4 weeks
after immunization by three methods with FKC of HH-1 strain.

Immunizde Control
Imm
Une response Pinjection . O™ fmmersion PBS injection Untreated
administration
Serum antibody titer (Log 2) 11 3 2 <2 <2

Phagocyte rate against latx beads 40.3+1.5*% 355+3.1% 36.3+1.5* 2L.0+3.0 22.6+0.6
(%)

Phagocytic index against latex 1.7+0.0% 1.8+0.2* 1.6£0.1 1.1£0.1 1.1+0.1
beads

Phagocyte rate against bacterial 54.3+9.1% 45.0%+3.6™ 42.6+2.3% 24.0+2.0 2481238
cells (%)

Phagocytic index against bacterial  2.0+0.1*  1.8+0.1* 1.6+0.1* 1.2+0.1 1.3%0.1
cells

*Significantly different from the untreated control by Student #-test (P <0.05).

$EHEMET 7 F > & FKC 79 F L OROWEFICH T 5 s

R T 7T E FKC T 7 F Y TRELZOL, BERBEITo 725 R % Table 5 12K Y.
SR AR, &MY 2 F ORTIEH20% Tho 2D L TFKC 727 F Y OR Tk
52% LY, ALY 2 F X DB FRKC Y 7 F U OREE» -7z, UL, MK E b
Rz T 5 EEZRFFEOON Lo 72 BEERIWEREX L b MRNE - 205, 8k 2
FUTHRBLPFKC T 7 FT80% Ly, BMERIIBNTD, HLT 75500
FKC 7 7 F > DI MRVl R L 7.

Table 5. Survival and infection rates after challenge in the fish immunized by oral admi-
nistration with capsulated FKC and uncapsulated FKC vaccines.

Capsulated Uncapsulated
vaccine FKC

Survival rate (%) 20 52 8
Infection rate (%) 96 80 100

Control
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IE 4 BRI, MEBRETEMLZ S FICEB v 707y - VOEREM T HIE L 2SR
UToEBH)THs. FHMPEESMEIIGERILTY 7 F > OXH1L3TH > 72012xF LT FKC
T F DB, FKCT 7 F D) BPE xR L7z (Table 6). HRFEB XL UH
BERBIIBVWTY, FHHLT7 2 F VLD FKC 7 7 F 0Dl ) S EE R L7z,

Table 6. Serum antibody titer and phagocytic activity of head kidney leucocytes in the

fish 4 weeks after immunization oral administration with capsulated FKC and
uncapsulated FKC vaccines.

Capsulated Uncapsulated

vaccine FKC Control
Serum antibody titer (Log 2) 1.3 3.5 <2
Phagocyte rate against latex beads (%) 20.7+2.6™ 34.1+8.9* 15.2+2.3
Phagocytic index against latex beads 1.44+0.1 1.6+0.3 1.5+0.3
(bacteria/cell)
Phagocyte rate against bacterial cells 21.2+4.3% 54,9451% 14.8*t1.9
(%)
Phagocytic index against bacterial cells  2.2+0.1* 3.2+0.4% 1.6+0.1
(bacteria/cell)

*Significantly different from the control by Student #test (P <0.05).

Z ¥

AHFFETE, RET 7T Y OERICHT A% LT, $THRIRL S E. tarda DERE
TYRE L7277 F  ORBICOWTHRET L7z, HH-1 845 X OV EF-1 RO WML 121%, 45 -
e, MPBRERAMZ S CICEE w707y —VOEEEROEOERIIBVWT Y, A%
EVHRONG o7, T AHKO HH-1 k& 7+ FHE O EF-1 8RS, ¥ofskstig, ik
BIOMBESFELZERTHE. ZOZEh6, FKCUZF L O%F IS L 22 HERE L
MERDSERRLZEHO FKC 7 7 F U CHNITHOBRIIMEE 2620w EE L LN,

DEN, AWGETIE HH- 1R TREB L2 FKC 7 7 F U R H W, &EHREHEOREICOWTIL
WLz, EERIIESVTHRELHET S &, BEFEOHEIRELE L, RV TROKSE,
BEEOMHTH o7z, Fio, BERIIBVTHIENES L UROKSHEI60% BETH o720
123 LT, BRI TIEIZIZI00 % OMELERL LTz, a8 L EBRX Tl s wAeR
BB OENTZD, REBROBERIZLEOEBR TLEP 7. E. tarda 137 F X OFREROE
TERICIRBI R o 2 & (B S, 1993), BL UL T ADMFHhEkRCH 53 5 2 & (Miyazaki
and Kaige, 1985) PSHESNTWE. SO &5, E. farda i T 2 OEEMB ORI
LTOENMEEDD ), HBEABRBETHREEIEMESNZOTIEI RV EEZ HNL. &
RRTRENT DL ZEFEFZOREBE LT, BURL IS AORBICELWMHEHIIEE T
W, Lrl, —MICASEO L) 2HBERTE, BUORTIETIAHANTILAE R, L
72loT, CRODERKOE I AOEAEHIRBLE OV EEVOHTHRELICHEET LD EE
P A (-

I AR EESR PG TIOEGHEZZ T 58 , RORGELBRIEETHRE L KMV ELZ R L7,
Lumsden et al. (1994) %= ¥~ A Oncorhynchus mykiss % S8 Y57 o B K Flavobacterium
branchiophilum O 7 2 + Y RNEALT 7 F 2 CRIE L & 12, EFHETHRIE L 2B AICIZmE T
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BAEDP o725, BREETHRELZSAICIIMEREVFAA LRI TRIE ko2
WEL TS, F/, BIEECREERZ T B6121E, BIEEIC XA REFROMEYT
HolkLTwh, KFEIZBWT, BIEEIZE 2 BEORRIED > 72 O W BT EFES
ETHo2720T, REETHETIERETEICBVTS L) FVRIERESE L LWL
ZE2oNAE, LoL, BAHS (1995) ERELZLT AT, BEEICL VEREERL T2
BAIE, HENEIC X A REOIEIII PEBEICLAREL VIS VRIREA R LI EHRE L TW0D,
COZEDS, SHEOERIIRLIIVREFEL L TEFFEIROBVIRERTEEZONS.

T FUHEE OB LFLD, $EEML L FKC U7 F » OshE % et LR, 25
ILL72T 2 F Y OREFED o7z, ZOHEBE L CHBEERTORENRT X220 WREK
DEFREINED) 12, FEROEFTENIC ot WRER I ZE 26N 5, L2L, ftsdbL7-D
7 F- 3R, e, M EEPAME, EY ey - VOEREEO VTR OHIETE
BlzBWTh, ML TWARWFKC Y 7 F v X W EMEr o7, ZOFEREE LT, 5L
TAHBICHAWZRIFOEER S TH BN T 7 F O REFEE LATEESEZ ONS.
L4 L, Ashidaetal. (1998) 7% &4 OHENDHH L H 12, BRIETT 75 LRALTHERT
L EICXDREHEEMESELH5E (, BERIIREG SN BEFRRNTH 72 2133%
22w, BES L, SFEULT 2BOMBL AR EO4MIC X ) BUEEMMET Lz, BREHOR
FIZE o T, BRTHES T3 CHEEE - BINTEX ZREIZL > T Rd o 20T i
Kz o2 DEEZLNE, 4%, I 7ENDA2VIIEEL2ITIBICE, Tk 5Eic
DWTH AT L i iud e 6 %2,

# B

AFFEO—ERIE, ARERARE SRR HE, SR B) REES (11460090) OB)
Bk o7z,

x ™
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