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WE  #IHE (Mbrio anguillarum) O3 & & HAkZ R4 & KW EZREH, KXHRT 3+ 03
i 7 A 42 L E (SMPL, SMP3 frn SMP4) X & & # 1y #.0% [ A e 4R 3. 8 878 T #F (Paralichthys
olivaceus)& ) xf 3 BN EHATE N, RN E K EWNEKRESD, BIUW 3 KENFXEE L
(Trichogaser trichopterus) #y 2 %t £t 7 & (LDso) % 5| 7 10°>* CFU/ml (SMP1). 10*" CFU/mI (SMP3)#n
10°* CFU/mI (SMP4); #1147 3 Rt BB RG22, EReE T8, %8 7 R T4N 5| F 67
By LI R R IR A, R 5 5 28 KN i AR R LA 10 1280(SMPL). 1 : 640 (SMPQ)
Fr1: 905 (SMP4), &t % 7% f% 47 % (Relative percent survival rate, RPS)# 94.4% (SMP1). 100%
(SMP3)#1 73.7% (SMP4), #F % & ¥, 3#BUm 4 O3 My A B H H ik A A By B e, H
SMP3 % & & W FE bk, ABFE M #EINEH O3 g AR By A F w2 7 £a,
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major) . i 4&#ifi(Seriola aureovittata)Zs i T 25 A
LI

#25EE (Vibrio anguillarum)jg /K r= 3258 s 9 1) —
P FEHORTE , A5 2RI AL R, ™
i fi F F 6 (Paralichthys olivaceus) . K 2% #f
(Scophthalmus maximus) . K7 76k (Salmo salar) .
i H A 88 figi (Anguilla japonica) %5 3% [H /Y B 4 3
25 R RN 5 | A 2 PR A, S S
i, ARERZE 1. RRBHE HRBET- (N EE, 2009;
YR FESE, 2005), BESNPE /04 23 R gAY, Hr
01.02 FI#B 43 O3 Il i #4 J2& 3 L2 Y B0 18 (Wang et al,
2009; Colwell, 1984), ifii O2 [fiLiE % X4 O2a, O2b
i 02¢ =AW AL, O3 I i A4 O3a fil O3b Fifh
137 . A4 (Buch et al, 2003; Mikkelsen et al, 2011),
() 100375 I 28 ) P AR AE AR AR AR AR AR L IE 22 RO L 3t
P HRAE 4507 T A BT 22 531 (Mikkel sen et al, 2007)., O1 FiI
02 [MLiFRI AR et A A, Ryt | % f1
Z2 WA K S0 0 S I R B AR I TR, O3 IMLIE FAE
FPHAZ . BRFIRN H ASE E ZAMA LI, W 7E R A ER
P2 (Anguilla anguilla)H 4 2515 51 (Pedersen et al,
1999). [ xR I 2 28 75 Ak i 2 I B 2 B A K = A
JEHI (7 O1. O2a, O2b IfiLiF #!)(Mikkelsen et al, 2011;
Schrader et al, 2006), =% T 10l 0 77 E i £, H
filh oy 2 Bk R, N R B i TR (Aeromonas
salmonicida)—A8 I B B JCIGRER . A S B i T —
158 91 1 —HIS JK 2% [C 7 (Yersinia ruckeri) = 3¢ K IG5 1
A PR TR — 488 I — Y K 0 9K B — ¥ K OIK
(Vibrio salmonicida) VU Bk 16 R 1 45, 322 FH T MM
TNttt | BB ta R RESEE R T 2 EE N
REVH, 0 T 6o £0 ) KOG S 1 (1 & 5F, 2003), HT
B % S 1 KO BE (B IR 25 5E, 2002 R JT R A,
2004) | 171 fIRBE ¥ (14 5 25, 2007) Rk 15 738 14 (6 et 25
2009), {H L3455 1 il 770 09 G0 5 8R4 34455 BA AR S
B E A B, ARDIEA KRB, A SRR A
it S HIE SO T4 7 i g IR 2 1 o i R TR 1 0 2
B Mk A G2 48 Y — A R = R GETR A I
TP A TAE, X IAT T X908 S Fh 2 R i 1)
ARkt = B A T A, X B B8 B AR ) 1035 2 Bl 3 A
RUFA)TS SN BT, DRI AN 8 004k 928 10 0 Ui A 7 s At
W BBE R, s 1 R B ke

A S 6 7 X £ R W K FA 2 R A A 2 I T T
JE T s RIS, R BLAT T IR E SE SR SR Y
BEYTR F 245 01, 02, O3 M iF#H, 1L O1 I iEHI N
F, Hikky 02 Fl O3 iy AL, Horh O3 il ALK IR T
KR RZEBE(R T, 2014) . ASHIF 58 7 40 E B8 9 O3

ML BT AR EOR P A Al L, il 7 IR R, b —
AHRSE T IAFHE G I BB S B ORI RCR , O B8 5 ERT
O3 IfiL i 5 e Z2A % B AT 4 4 (3t T 30T i

1 #RE5FE
11 LIGEERFERE

BE9NE O3 IMiEAIEFk SMP1, SMP3 fil SMP4
P K R A B B I K 7 I Y T 3 R A W 0 1
il 57 Fie et R =R LR B 7, 2014), TREFT
—80°C KA o FHIBEEE 1 R K 5 A 1% (T SB) Y IR B JB 2 14
IR G BUIR A (TSA)R 77, B 3RIRE N 28C .,
12 XBH&

W& Jp(Trichogaster trichopterus Pallas)(Hao et al,
2013)I H ILARE I e S dufatliyy, HTH8INE
W 8. HOPRK R 7 em, B3 T 60 L
IKAFHA TR FRAE YN, FRAE/KIR Y 25~28C, iE4E
TR, BRAEFRAIRK P INE B K B EE N 10
(B2MFRS 5%, 2006) . A 80 F IL AR H BAE S5, HT
REW e, HOPRES 48 g, KK N
85 cm, T 500 L /KAFEFE, /Kilikh 13~16°C, &E4L
W SEY R, B SR FE LI 3~5 R HE AT AN 2 AT,
B, B, B2, F TSA Kk, 7e 28°CH:
F% 24~48 h, WERAMEEKE, BRamHT

1.3 HEHEH

HURAE T —80°C vk AH (I B2 I B A, T TSA Al
Rk, PRECARTR, AT TSB WiikR 33k, 28°C
140 r/min 353729, 15804 BE A 10° CFU/mI B T
W 2 FRAdRRE ZF 6T, 1L 0.1 ml/JR By F) H HEA 725 3R LA 1
St BOMACAEEART . 1. BALLT TSA PRIk
IYEE, BRBUE SEIE—B IR m ik g aife, &
MLYE“F I N S8 E I, A By et A7 el 2 A, F
W N 107 CFU/mI, E5FFIE N 0.1 mi/E. &
2 I RO R EA T 5 SR 5250

1.4 tEIEEKE KRN

B E RS R RR T TSA SRR, HRECAETR,
AT TSB i i 97, WU SR 1% Fh i ik 4
fif TSB, YkZidnpkEss: 3h, W T 4°C. 6000 r/min
B0 10 min, FHJCH PBS &, 477 ODssm=0.5,
AT 10 f5BREERRE, il & BRI A 10°~10° CFU/mI £
P, B RR W S 4, SRS LA A 2k,
A ES — W R AR 0.1 ml, X REZH 1 54 [F] 45
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RBUR) PBS. 2B WS & o 1) J2 o S R R BE T 1
B, XPFET- AT Ay S, IR TR A S AN &
¥E, Gt 14 d W REISETO R, SRR E Kk
(7% 1., 1990)i17% LDso-

15 SBlEREEEHENEEMERE

B ER AR T TSA SEARRIZk, PRECH TR 7%
FERDT TSB 3 15 5%, WU R W% 1% b B L HEHT
fitf TSB }%3% 24 h, ME ODsso nm /i, MMALHKEE K
0.2%IK HI i, 7F 28°C . 140 r/min #&0K &4 F 47K
o AT IR AT, BOUKNG 12 h 1 24 h (5 45
0.1 ml ¥4 TSA M, [RIBHHCICIE BB 1%L 32
Flr TSB ik, R WEREGAMEERK ., KiG
J5 PR W L 6000 r/min B0 10 min, YLIEE AR H K E
PBS B0k % 2k, EEEIKZE ODsy nm=0.5, il
JEW, BT 4ACHRAE. T LRI, B
LA 0.1 mi/ B Y70 I s e B o 6, bR i v A
5 R, X HR4H 7R 5T R SRR PBS, SEuGfaigR 2 J&,
0 S I RE IR B AF G T O o
16 BREERSHEXH

R LR ML/ 2, F4l 50 B, HUREE N
108 CFU/mI FOSE Y , LA 0.1 mil/J Aty 422 b WIS Jos v 5
FBE, D4Rt BRI 107 CFU; X BE 20 7 5t
LM JoH PBS. TEREIGHI 7. 14, 21, 28 d, M
BASLE A BN 3 R, M EARER KR I 45 1
W, R BEE (DL TE, 1999) K ifi 75 457 5 Mt
RN

TERBEIGH 28 KRibAT &AL, BOKE N
107 CRU/MI B4 375 T8 DS 38 AL DAY 3 5 6 328 40 f vt B 4
fa, fgifn 20 B, AR 0.1 ml, W#)E, WEMIE
FRIEAR, SEiT 14 d NRYPETZHL, MR R AR

P T 5 {5 47 K (Relative percent survival rate,
RPS)=(1-f BE L LT 3% B AL FET- %) x 100%

17 SitaH

I 54T AT -0 7 dl R FH SPSS 18.0 St/
HEAT BN % 7 24381 (One-way ANOVA), LA P<0.05
RHERBGIFE L.

2 #R

21 SEIEEHKEML

TEVEAT R AR AL T, B —80°C A4 A7 A 8 5N i 7 Fih
SMP1. SMP3 #il SMP4 7£ TSA F-# EiGfk, f TSB
WEFAS R AW, L 108 CRU/mI 413 45 1) e ek

YR T, SR BETE T S 24~48 h N AEAET S,
TSI ZE R . T . 4 B UL PR M ol S S R
R, NBISEEA AT . . BAL B EIEE—80
V% o 19 B I PRV T 5 R R AR, DA
HIE B, DL 107 CFU/mMI Ay 5 PR 1 5 e F
6, YR FEEAE T S 24~48 h N2 3RET, M
Y£R8 1 PN R 2 5 45 30 10 TR 7 2 LT 2R S8 e fe , T
R 7 S0 AR A o

22 BNEEKES oM

Pl 10°~10° CFU/mI Z 14k a8 91 SMPL,
SMP3 fll SMP4 Jik 4L &y, FEIRGL R 1 K,
SMP3 A JFin i BAET:, fERGYFE RS 2 X SMP1
H1 SMP4 JF 4R H BRAET , JET = 06 H BLAE 2 2~3 K,
87 RKIGAFHMBIET-E L. WSt maiER 25
PEWLA i, FFFE I, ARAENR R, 1545 5] SMP1,
SMP3 #ll SMP4 [ LDs, K ¥ N 10%', 10*7 FI
10>* CFU/mI (55 1).

%®1 03 MmiERENENENKN
Tab.1 Virulence of V. anguillarum serotype O3 strains

Y PR E BT & R A
BRAR Bacteria Cumulative Lethal dose
Strain  concentration mortality rate 50%
(CFU/mI) (%) (CFU/mI)
SMP1 1.1x10° 62.5 10%1
1.1x10° 375
1.1x10* 375
1.1x10° 12,5
SMP3 0.9x10° 83.3 10*7
0.9x10° 66.7
0.9x10* 333
0.9x10° 0
SMP4 1.1x10° 62.5 10%4
1.1x10° 375
1.1x10* 0
1.1x10° 12,5
PBS / 0 /

23 SBlEEERERZEMERE

TP KA 24 h 1) 3 #kEZ YN (SMP1, SMP3 Fil
SMPA) i) T Ak W AL FE hy - 0.2% 0 FH R 7E 1 7 4
WG, ERTEFERAE TSA 1 TSB JE3%, #il K ik
THile 25BN, MAWEE 12h, 76 3 MEER T
ARG 2 40 B B AR o TS S YRR R S A 6, FE
14d Mg m, FepL K EEIER, KA, U
HH K356 1R 98 v T Bh 2 4 o
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24 SEspmFERERLN

3 R B IS RE T LA 107 CFU/ R Y7 ek 4 42
PEABE, TEPEIR NGRS 7. 14, 21, 28 REUM, M5
PUARBY . G5 RNE LR, TERIEESH 7R, &%
28 2 2 6 14 ML 4 PTG T 3] W Sl A B AR, OBl
] A 22 TS, Horf, SMPL 4L SMP3 44
TE5 1~3 JA & W& L FH(P<0.05); 75 28 KT,
SMP1. SMP3 Hl SMP4 41 i) il & B AR & 43531 hy
1:1280. 1: 640 il 1: 905(F 1), i [AIRAERT ]
R, A TR A 2 T) Y I TE S IR W TR S
(P>0.05) . A HuJ2 (14 % B 20 0 10 375 A R 0 8 BT AR R A o

O 4% )5 557K The seventh day post immunization

O % J5 5514k The fourteenth day post immunization

B % )5 5521k The twenty first day post immunization

B 55528 The twenty eighth day post immunization
12
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Fig.1 Determination of serum antibody titer

ANEFHE R i3 2 5 (P<0.05)
Different letters denoted significant differences (P<0.05)

25 EWHEERIPNE
TESRPEIRIEE 28 K, FHHE Ny 10" CFU/mI 1Y)

x2

SMP1, SMP3 il SMP4 i1 B 43 51| T &g X 1o 4 £ 928 20 il
X HEZH , RIS B R S R4 ) o SR BN, R,
KAPEH PR IRIET, SET- g B A5 2~
5K, Tt , {X SMPL f1 SMP4 41 3 B/ F 3E
T MR EFIET-HITH SMPL, SMP3, SMP4 4
AR BR3P R 3 51 94.4% . 100%F1 73.7% (3 2).

3 g

I 2 BRI T T XA 7] 5 B o i) 8 5B 2K
TEPEET, ER B B2 PR 04 i v R sl SE PR, o/ —
TR BRI T A R R R . ARBFR TR T
3 PREZYNE O3 Iy B H #R(SMP1, SMP3 fl1 SMP4)
1) G 388 JE PR A S e DR AP ROR WD 25T, 7Ef e 3 bk
5 S TR B AR B0 1 1 Al b AR 2R SRR A 2K 5
il 17 3P M IR, LE T 3 FP I )
925 BT 5 ) I BSR4, S5 AR
3 s i i ) LA R ) S S, XA AR S T
R BB R A

FHTH 28 2 W B A TR AR 2 | R AFRT ]
K, HAK ., B FamE, b T IRE R
PR JE IR EE S A e IR, AR 5005 V4 VA PR A 1 £ 5T
A TR R T S R e I B A T 2 YR, DA £ 1 PR
U088 3 5 U0 DA AR R AR — B A R, R
DA ) 2 66 1 BB R g o PR MO R R IR 25 SR R
158 IR TR AR I BE AR B TR o AR S AE B0 1R S g
T TR & AR SR s, S e PRz
PP EAE R SRR R IR AT, VR
S B W) T 22 FhoK 7 BUR TR Y s R EUR R B 5T
(Ling et al, 2001; Fang et al, 2000; Srinivasa et al,
2003), A SCH 50 A & e A T R R AR B 9L iR AT
T AR (EERS A, 2006), JB£k B2 Uik i n T
T 7K 95 L TR Y B0 PR I 5% RN I 2K ORE PR (B2 RS,
2006; Z=7v4%, 2010; ¥k #4%, 2013; Hao et al,

B E NiE R R RRRFH

Tab.2 Relative percent survival rate (RPS) of immunized P. olivaceus challenged by 10” CFU/mI V. anguillarum bacteria

W # /)5 Post infection

4 ) 3%
éijzg)s PET- A B BRRT# %Fﬁ:i{s%(z)z
Death number/Total number ~ Cumulative mortality rate (%)
SMP1 %40 SMPL vaccinated group 1/20 5 944
Xt HEZH Control group 18/20 0
SMP3 %34 SMP3 vaccinated group 0/20 0 1000
X} HRZH Control group 19/20 95
SMP4 %34 SMP4 vaccinated group 5/20 25 3.7
Xt H&ZH Control group 19/20 95
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2013), UEW] T K & AR i oK £0 S5 2 ) T D
BE ST FE E VA B AT AT 1 o A SR DR Y
W R TR A Y B B B Sy, SRR,
SRR I AR I BUR 77, LDso 78 10*~10°* CFU/MI,
Horb, SMP4 IG5 41(10° CFU/m) i BE 12.5%(1) 5
T-3R, 1 10* CFU/mI A ET-, "I g T2k sh
YA AR S Bir 8, SRR A EOw M S AN L i
ZHE . MAh =55 2 B A K (Frans et al, 2011),
X KR 1 e RGN PR S, W)
T R 11 3 I TR A N g LA R ) S SR L AR AR A
SEOL, 3 RRTAMR AT A % S 02 AR R AT G e S A A
PELRIRCR I PEAN

SR FH R 3% 14 05k T LA A5 2 4 4 A 5 18
IRBARE 1 (1 2 5%, 2003; SR =24, 2002), ABFFEFR
FHZHRE R 0.2%(viv) I R VE N K6 7], 7E 28°C |
140 r/min B 4F FALEE 12 h, AT DASER KIGANTE ,
PRI 1 O B 3 Fof i 700 % oF 5 B0 1 . 41
3 FPREHT Gy A B, G SR EE 7 JAE nl kI £ B Y
M =4, HAE—AH PRI 5 LT,
FI55 28 KEF, B A MG =T 1: 640, — %
TN AV ) ok AN T 5 0 8 e AR 1 B 328 S BT, 8 B 1)
WA KIRE N 12~23°C, ABFIEIE], FE5H F 6L
KA 13~16°C , 22 B R BAR A 77 5 1k 8 I 1T 988 1y
A LS S 7 A 50 5 P AR YRR S 8 S N TR S
IR, B RBEYLF BRSPS 107 CFU/MI /Y
BB IR, RPS7E 73.7%~100%G [E Py, B, #]
DL A 2 66 Jfi 375 FP A o 6688 51K T 38 14 A 4 S B AR K O
SR PR S O A G . MBI, s
FEEIE , REARETE R4 AR I 04 I T PR R WA
B IX 50, {5 RPS 43 Fr AR, RI# 58 i g AR F 4t
B RPS B, KL, ATRABERETE 1o 14 62 9 be g ik
Ve Rt etk . Hob, SMP3 Bikkd ifom, fo
TS 7 A B LT R AR AR, (B R b o I
MTTBE R T SMP3 FEAEAS R Ho A PR A 1) 2635 )
HF, X N AR AN R K KA (] g fE
BN R EAKTRE), FARETE S KF 1k
TWARPENE ;s J3oh, BAeiE Sy FrlRES 5 40 S iz
JO7 24 TR I AR BT KO o R AL 75 21— 25 i
FEEATHAIE o

AWFFERI A 3 Hk O3 I i 754 5 5 BT B ok il 25 3%
FEWT, XA E] T RAFM s R ROk, HA1E
R PE TR0 T e 1B o FRAT TR aE— 25 LU O [R)
T AU 8 I B TR AR A T TR S L A0 AR SRR, g
S BA S T 10 T 2 17 FH A A Sl
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Immunogenicity and Protective Efficacy of Three Inactivated Vibrio
anguillarum Serotype O3 Vaccine Preparations

LI Shufang™? TANG Lei*®, LI Jie', LI Guiyang’, WANG Xiaoran'?,
WANG Xiaolu™®, DING Shan'?, MO Zhaolan™*"

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
and Technology, Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and Life Science, Shanghai
Ocean University, Shanghai  201306; 3. College of Marine Life Sciences, Ocean University of China, Qingdao 266003)

Abstract Vibrio anguillarum, an etiological agent of fish septicemia, has caused great economic
losses in many marine and fresh water fish. Vaccination is an effective and safe approach to control fish
septicemia. The pathogenicity V. anguillarum serotype O3 in cultured marine fish of China promotes us to
evauate the immunogenicity and protective efficacy of three V. anguillarum serotype O3 inactivated
vaccine. Three V. anguillarum serotype O3 strains (SMP1, SMP3, and SMP4) were rejuvenated in
flounder Paralichthys olivaceus and then were determined for lethal dose 50% (LDsp) in Trichogaster
trichopterus which had been acclimated to 10 salinity. The result showed that LDsy of SMP1, SMP3 and
SMP4 were 10°* CFU/mI, 10*" CFU/ml and 10>* CFU/ml, respectively. Three inactivated vaccine were
obtained by incubation of V. anguillarum with 0.2% formaldehyde for 36 h at 28°C. Each vaccine was
used to vaccinate flounder P. olivaceus via intraperitoneal injection with a dosage of 10° CFU/m.
Specific serum antibody titers against V. anguillarum cells were detected evidently (P<0.05) at 7 d post
vaccination, and the highest titers of 1:1280(SMP1), 1:640 (SMP3) and 1:905 (SMP4) were detected at
4 weeks post vaccination (P<0.05). Meanwhile, the relative percent survival rates (RPS) were 94.4%
(SMP1), 100% (SMP3) and 73.7% (SMP4). These results indicated that V. anguillarum serotype O3
inactivated vaccines were able to induce immune response in fish and provide effective protection against
V. anguillarum infection, and SMP3 is the best candidate for vaccine development and application.

Key words Vibrio anguillarum serotype O3; LDsg; Inactivated vaccine; Serum antibody titer;
Relative percent survival rate
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