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T EARBT AL ZO A0 M NUE TR, (H
S Bt 3 DR R T 24 1 7 A, K i S 2 4 )
HO 3, 5007 ) B 5 05 1 B0 3R B B
B PR AR T IR BT B B gk S
TRy 0 5 K R S AT RO AT R Al
ASHIFFE AR R S5 BRI B g 7K R B A D e
JiE, G A B A4 G TR A, 3 e 0 e [ 3 41 ] it
4 G EFE A AR X DR AP %, 020 A W 1 1 e
Jihh E B 1) SR B 1 5 O AR S e B RIS, B
TR 57 BEL 20 B M ) O 8 T 5 B R BIF 5 B
IR 4R 20

1 #MHEEFE

1.1 Xfé

it B it 1 9 SR 4 K YLK W 5 i 9 3 i 52
I M, R R (15+2) em, KT R(1243) g, fafk
e IEH . KRR, TR TN 500 L ¥
ROKER R SR 2 8, AKIREHIEQ23+1)C, BER
PEME 2 YRR S A B RDRL
1.2 EfEESR

& 7K S B (CCTCC NO: M 2016555)/3 55
F RO FCE Y, FHASSE06 3 00 s e S A
WK S AN R £E T BHI RS FR 5L -, 37°C
BiAE 12~16 h, PRBCRAF AT 1 mL BHI WK
KR, 200 r/min, 37°CH5 5% 12~16 ho B ik
FEr= 1) 500 uL fin A %] 50 mL BHI A5 35 3,
) 45 2 F B 9% 12~16 ho #1537 )5 B0 R R AT
B e B SR TR TR B o 4 B €0 4 A BR BT (Sta-
phylococcus aureus) AARSZI ERAF, Bt s
e KA TR R 35 7 SR R
1.3 BEAKSHEMEEHBTENTE

JH PBS 10 5766 B2 A B4l 4% 77 1 W8 /K S
W, WESSN 10° CFU/mL . 10* CFU/mL .
10°CFU/mL . 10°CFU/mL . 10’CFU/mL .
10° CFU/mL, 3t 6 MNRIERRE . #5210 R R
BENLAY A 7 4, 44 30 B, RME TSR,
FHAS TR e 38 D 0 1 S I e At i it B, g R 0 45
FIHE R 0.1 mL, % E PBS 4E NN R, W)
RS 14 d, IEsRt REFET-E AL, H Reed-

Muench %ifﬁ*ﬁﬁ%%@])m)m]o
1.4 GRERMEEERF

SR AR IR SR ¥ il £ o g i, Falil o
F14) W 7K /<A T TR R YR MR S AR R PR Y (0 B
afi, = 25 S AL 2E R A FRA R, Z9RIE R 0.3%,
37°CKTE 48 ho M KiE I W WE /K R E T
5000 r/min Z5.0> 10 min JUIEF A, PBS &7 H A
JE P B LTI R AR, A 3K, ¥ PBS EES M
TR A e T O R R A2 1.0x10° CFU/mL,
R A g K SR B G PE T, B 4 CUkF R

R 1 R AH [R]85 4 € 4 BR TR
WEIE, B 4CUKA A
1.5 ZEHHRN
1.5.1 FTEKI B 100 pl FEKS M H K
FEW, WA T BHI B{RRE IR L, 37°ClHER IR
72 h, WEH TLME LK
1.52 THEZSURE KgAK XS
PEW A NE TS 30 R R Al QB A
0.2 mL/E. 75 BUg Rt (G 30 2 I s e 5 45 5
i PBS AESMXT MR, ESE, HLWER 14 d, i
SR FLIE Bl B AT DL
1.6 BESMEHEARE

Y5 7KL TR T R 0 s 3 S S E 90
ARG CET, Rl 0.2 mL/E. ) B
St FC 83 90 FE MG i 1 49 45 77 4 PBS 1 X R4
PR GES 1. 4. 7. 14, 21, 28 KAPHIN%
A FEPLER 8 R CEs, Wrhum., Hd 4 B
MR A I R APcEe R, T 2040 i Fn e 40
087 s G = A 1 0% e o N 8 Ry i P SR e
WisE; 7ok 4 Bam@iith)g, &+ 4CkHE 5~
6 h, 4000 r/min B.C>, 10 min, B3, B
W, TSRS 71 . ¥ R A E i
TRELIE . SR ER 3 K.
1.7 REIEIRE N
1.7.1 IM4HREITEL ] Dacie [KH#i B PLEE
1L #5 BE 200 %, FH Wright-Giemsa 4% 69t &E 1ML
W HEATIR A e, o T, Tl TR BEAL
22100 S Z0AE, R4 A0 b A g mg
PERLAH M A A MR RDE A, e s i E
Iy,
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1.7.2 &FWBEGEM 72 0.1 mL HLERIML A ANA 25 pL
KT 4 WA AERE, SR SE T 28°CKIR
B E 60 min J5, 1000 r/min B0 3 min, 3R
WS, UUEA 0.2 mL DPBS B, HHEERG
F )5, FH Wright-Giemsa Y4 X5 i B b A7 44 (4, i
BEREHLULEE 100 D FIAIME, JOSRE5 R . BIRTE T
DA T 40 HE AR s o )

1.7.3 ERMEBEERERIE HIE L 50 pL My, #%
PR P e T I e OV 5 (P ot A LA ) TR B
FEIDBAE VLA TI E, $% DL T A Rtk
PR i 7 -

PR PERERR |E(U/100 mL)=(I £ 45 OD {8 /brife
& OD {H)*ArifE 45 13 1) 7 #(0.005 mg)*x(100 mL/
0.05 mL)

1.7.4 REEEARD B 20 uL Mg, 4 R%E
AT T 00 379 5 (Rl et A ) R AR T ) B4
VLEHHEA T 2, 4% DA A SO v il G )

V5 B B T (ug/mL)=[( 2 & OD,—ll /& &
OD)/(HrfE 4 OD—#r HEH ODy)x b fE 4 Wk JiE
(200 U/mL)x £ AR i 4 A A5 450
1.7.5 MEFRERMN R 96 L&Y
M PRSI, B 100 uL I3, ] PBS 2 %
FRReEfa, A ERB KGR, B TR R
FEh 37CHFE 1 h, 4CHRMAT KR, BMETWE
I3 BE AR S I A iR 3
1.8 BEBRERPERUE

TESRE G20 21 K, MG 2H ot HR 40 rh AL
AW 30 R R, AR MAME RS 0.1 mL BBk
S M (B R A 100 /5 LDso), Wi%E 14d, SEit
B WIET R, TH5 A X % PR 57 2 (relative
percent survival, RPS),

1.9 SZIGHES

SEEKCEE i SPSS 17.0 AT AEME G4y

BT, RH ¢ KL IR 25 e bR itb 47 25 5 W E R I

2 EREHSW

2.1 FEKSEMEBREE

FH 10 % 250 H B Je 10 W8 7K /<0 BRI T 1L e 1
S ICET, &REFESRES 0.1 mL, X AR
HSTAER AT PBS, HLOWEE 14 d, £ 4t G

FET- B NZE 1 s, 4 Reed-Muench 11
B8 B KB B TR ) P BB B R (2.7340.15)%
10* CFU/mL.

®1 AEREEKSBARARRBREETER
Tab.1 The mortality of Amur sturgeon infected with
Aeromonas hydrophila at different concentrations

IR L

o Bk o
CFU/mL E%;’LJE EN I I
H%| group  bacterial L number of o
injected mortality
concentra- d death
. 0ose
tion
S 1.0x10° 0.1 30 100
tested group 1 1’ 0.1 30 100
1.0x10° 0.1 26+2 85.56+1.57
1.0x10° 0.1 21+1 68.89+1.57
1.0x10* 0.1 8+1 25.56+1.57
1.0x10° 0.1 0 0
I HBE 4
R 0 0.1 0 0

control

22 EBEZREHRIE

V- 7KL TR K TR S VR AT T BHI AR K:
IR I, 37°CHEFE 72 h J5 AR WLE B 40 B 1R 7% AE K
Ui B R K S I CL 8 2 K0 o 7E 14 d WL
PN, T G D it B I R, AR IR
SEARFIBETS, 22 BH BT il 25 1 98 1 2 R 4F, v
FIRESK
2.3 MmZAAEitEL

TPETEFN 4 d J5, HRE AL LT 40 Gk ) 1
(8.50£0.17)x10° A~/mL([& 1), FfiJ& % 44140 i
Bt e N, (ARSI 5 28 RATER iR X IR
Y, X RELLLT A0 MR AR AR 7.50%10° ~/mL 22
Fi o GBEALANE L A0 AR Ak i 35 T i A AR,
FEGRPERERN 4 d J5 S RE 4 (A 40k 21 6 (8.96%
0.44)x10° A~/mL, % 5 % & TXF R41(P<0.01), B
Je A A L, BFEfesE)E 28 d A T
X HE 4 A (A 2)
24 HERESERITE

I K B M TR T 8 T e I, B B e [
fich o FE L A 200 R P B AT A L R e AR A T R
CLANAE AT 28 43 LU W R 3 fin o L rp SR A T v
B, GERPEIG A 7 KIKFIE(E 10.50%, W iRE
B TR (P<0.01), 2 7 KIGFF IR G218 kb, 15
BRPEIFH 28 KA TR (F 3), B kL
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10 B kil vocematon B 5K T 4 M T 45 20 R AR ), 7 G
=rH REIF A 7 kBRI 15.53%, HEE B Tx 4L
s£] (P<0.01), BfJ5TFIRBIR A, TE50PE)G 28 AT
ggi T R B (] 4) o fRsi 4 itk B 20 32K 1 4
Jf;ng; 3 HAE IR 5 1~21 RZ 18T, 7E45 21 K
SE] IRWEAH 73.51%, {H 5% BR41 24 57 K i 3 (P>0.05).
0 7 73 7 TEGREIR S 28 Tk UL ANILAR T 4 TP I R I,
S5 KA days postimmunizaion BT3RO L (P>0.05,
P 1 FK-Ah S5 5 it FC 69 41 1 20 400§ b A & 5).

Fig. 1 The variation in erythrocyte numbers in peripheral
blood of immunized Acipenser schrenckii
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K2 FK-Ah S f it IG5 A0 ] i 1 20 i £ 2 4k
*FTR G UG X IR 22 S 3 (P<0.05); ** KRR e 4l
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Fig. 2 The variation in leucocytes numbers in peripheral
blood of immunized Acipenser schrenckii
* denotes significant difference between vaccination and con-
trol (P<0.05); ** denotes extremely significant difference be-
tween vaccination and control (P<0.01).
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Pl 3 FK-Ah S i it [ 85 o Ja i A% 2 i
A I AL
RPN G IE L 5 X IR A 2% S 3 (P<0.01).
Fig. 3 The variation of monocyte percentage in peripheral
blood of immunized Acipenser schrenckii

** denotes extremely significant difference between
vaccination and control (P<0.01).
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FRZANHL %
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B X84 control
[ ** wx @y vaccination

IR eF L 20 M/ %
O A AN ON DA

neutrophil percentage in leukocytes

4 7 14 21 ] 28
1 5 K%/ days postimmunization

Kl 4 FK-Ah %) it G5 A0 ] I v v kL
i) e N AR e
*FTR G AL 0 IR 2 S 3 (P<0.05); ** KR el 4l
5%} HE 20 25 0% 38 (P<0.01).
Fig. 4 The variation of neutrophil percentage in peripheral
blood of immunized Acipenser schrenckii
* denotes significant difference between vaccination and
control (P<0.05); ** denotes extremely significant difference
between vaccination and control (P<0.01).
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WREAH /%
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Fig. 5 The variation of lymphocyte percentage in peripheral
blood of immunized Acipenser schrenckii
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4 TR PN, HVEFEECH 4.53, & & T X4 2.7 BREEEATH

(P<0.05); M55 7 RIFLRZWIEAME, (B = HRREI55H
28 RABE TX A (E 6), HMEE A e IE s
5 4 KIRFE 30%, Ml & e TXR41(P<0.01),
B J5 T A 2R A, HAE )5 28 d —H M T
X HEZH (K] 7).

* & X B4 control
Fd 454 vaccination

S = N WA W

FIEFEEL phagocytic index

4 7 FETE
4% J5 K%/d days postimmunization
Kl 6 FK-Ah s i it [ 551 i 1 20 M 054 50 A2 4k
* RN 5 X BR 4 22 5 3 (P<0.05).
Fig. 6 The variation of phagocytic index of phagocytes in
peripheral blood of immunized Acipenser schrenckii

* denotes significant difference between vaccination and
control (P<0.05).
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é
o 1 1 d
4 7 14 21 28
HfE 5 KA/ days postimmunization
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*FIR BB A 0 IR 92 5 0 3 (P<0.05); ** R S e 4l
5%t B2l 22 Al B3 (P<0.01).

Fig. 7 The variation of phagocytic percentage of phagocytes
in peripheral blood of immunized Acipenser schrenckii
* denotes significant difference between vaccination and
control (P<0.05); ** denotes extremely significant difference
between vaccination and control (P<0.01).

2.6 BERMEBEERERE S

I K A B TR TG 928 1 A I, e A i I
B0 R M BR TS 71 2 I s (1R 8), 5 14 K
RFN (Y 30.21 U/MmL, W2 & T X R4 (P<
0.01), Bfij5 Wi TR, HEAKFHE —HET
X R4

I 7K B M R K TR S I e IS, S AL [
St 0LV P TR R AR A 7 R GA B
4 214.65 U/mL, #3575 T-XF 41 (P<0.01), B
J U DR 0320 T R, (R — ELOREAE & X
H7KF- (B 9)s

w
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ACP activity

S W
T
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K18 FK-Ah %5 J it P8 137 i 7R 1A B0 TR il 0% 22 1k
#2550 PR 22 5 [ 3 (P<0.05); ** R 7R i 4
50} BR 4 22 SR R 3 (P<0.01).
Fig. 8 The variation of alkaline phosphatase (ACP) in
serum of immunized Acipenser schrenckii
* denotes significant difference between vaccination and

control (P<0.05); ** denotes extremely significant difference
between vaccination and control (P<0.01).
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L B %4 vaccination

lysozyme activity
S
S

RS $1/(U/mL)

1 4 . 7 14 21
P J5 K %U/d days postimmunization
K19 FK-Ah %5 J it P8 1037 Hh s o i s 128 1k
#2550 PR 25 5 [ 3 (P<0.05); ** R 7s Hy 4H
550} BR 4 22 SR R 3 (P<0.01).
Fig. 9 The variation of lysozyme in serum of
immunized Acipenser schrenckii
* denotes significant difference between vaccination and

control (P<0.05); ** denotes extremely significant difference
between vaccination and control (P<0.01).
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I 7K B M R K TR 2 B e IS, S e [
it LT B SAN FE S 5 i T, e iE s 21
TR F R KAE, M 1:203, B EST
Xif HE L1 (P<0.01) o i e FE ZH B4 1M 35 P A s — LA
F1:8 (K 10).
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2507 o (Spinibarbus sinensis Bleeker) %3 4% Fh 40 1 KI5
§200 B 41 control & ER IR, FLAME A0 M7 A R 22, fa fk
| e ? B O3 L S, 5 Y At AT 2,
Em ; FEL S . B 9 8 7 L 5 2 2 1 U5 9 1
= w NS e A AP N e 2y S =LA

= s ﬁ WO o PTG B R R, A
% ;2 T e R 2 5 5 G0 5 5 4

4 7 IS
)5 K%/ days postimmunization

K10 FK-Ah 5y 5 it DS I 1 BT AR 22 4
RN G 2 5 X B 2 2% S 1 (P<0.01).
Fig. 10 Changes of antibody titer in serum of

immunized Acipenser schrenckii

** denotes extremely significant difference between

vaccination and control (P<0.01).
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GIEHFPIR S 21 K, RN 100 £ LDs
(2 3.0x10° CFU/ mL)HY I 7K "< B 1 4 00 28 4 Al
XJ HE 2 e P AR A T IR IR S 5 . MO IR IR 56
14 K, REEHAFIE RN 78%, Xt AT R A
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Fig. 11  Survival curves of immunized Amur sturgeon after
Aeromonas hydrophila challenge
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Immune responses and protective efficacy in Amur sturgeon (Acipenser
schrenckii) after immunization with formalin-killed Aeromonas hy-
drophila

ZHOU Yong', SHI Yuheng', ZHAO Jianging', DAI Jianli*, FAN Yuding', LIU Wenzhi', JJANG Nan',
ZENG Lingbing'

1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Life Science, Wuchang University of Technology, Wuhan 430223, China

Abstract: In order to study the immune responses and protective efficacy in Amur sturgeon (Acipenser schrenckii
Brandt, 1869), we used formalin-killed Aeromonas hydrophila to immunize healthy Amur sturgeon by peritoneal
injection. We investigated the following immune parameters: peripheral blood cell count, differential leucocyte
count, phagocytic activity and index, acid phosphatase activity, lysozyme activity, neutralizing antibody, and rela-
tive percentage survival. The numbers of erythrocytes and leucocytes in the peripheral blood of immunized fish
increased rapidly and reached maximum values of (8.50 + 0.17) x 10*/mL and (8.96 + 0.44) x 10%/mL, respectively,
at 4 d post-immunization. The percentages of monocytes and neutrophils reached maximum values of 10.50% and
15.53%, respectively, at 4 d post-immunization, and were very significantly higher than those of fish in the control
groups (P < 0.01). However, lymphocyte percentage reached a maximum value of 73.51% at 21 d post-immuniz-
ation. The phagocytic index and percentage of neutrophils were 4.53 and 30%, respectively, at 4 d post-immu-
nization. The activities of lysozyme and acid phosphatase in serum reached peaks at 7 d and 14 d post-immuni-
zation, respectively. Neutralizing antibodies in the immunized fish reached 1:203 at 21 d post-immunization.
When the immunized fish were challenged with live A. hydrophila, the relative percentage survival of the immu-
nized group was 76.84%. These results showed that the formalin-killed A. hydrophila was able to elicit immune
protection in Amur sturgeon, which lays the foundation for the further research on immunoprophylaxis against the
diseases caused by 4. hydrophila infection in sturgeons.

Key words: Aeromonas hydrophila; Amur sturgeon; inactivated vaccine; immune index; relative percentage sur-
vival

Corresponding author: ZENG Lingbing. E-mail: zlb@yfi.ac.cn



