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34 Ry, G

IR o BRE B 6 92 AR 405

Sy 240 160 I D A Y B AR 2, T 2 B AR ATL i 4
%%%%ﬁ YER T Ah R I A 4, o

. Hor, ‘ﬁfﬂ%%ﬁ%@ﬁ(total superoxide
d1sumutase activity, T-SOD){% 1 . ¥ B WG 1. #b
& L& 1% (alternative pathway complement
activity, ACH;o)lif 14 55 52 PEA 2 S R 5 S 1k fo 2
B ) H AR AR HAT, Bk 2 1 BT
Iy SR PRI KO PR 90 1 B e e RO, 4
WA ZABUL-18) . IR SE IR T o TNF-00) 55 J 175
SEAPEVE T, TN 40 39 B A G g R )
MHC-IIf. CDAL-295FNTER IR AR ik s, 78
Ptk 5 L RO B B g A5 Y A B B A G B
PEVERT, DA E& e N1 dE Lk fd e,
B ALK S B IR 4 4% T 2 AE R . AR5
PLR SR 5 07 1 56 Wi S R 40 R 3 B A, R
FH LAY 25 5 22 30 vk i A o A B 1 IR v, B
5 B R A, e X 22 b AR R e M S AR R
BRI 1 A T AR T B g R PR B T E , IF
W i e P PR B ROR 128 T IR B F O 4R
&%,

1 MRS TTE

1.1 SEIE#R
S0 e 2 A T (KC112992) b U 1] Al

2R AT IE O B R AT o (a8 B B
— B S SR A e, AT 5 (5045) g
1.2 fMEZELEFRGEEET&

B A2 OH: JE A 5% A6 T 1 AP T BHIVR AR 1S 37
Jerh ) 28 °CHEW 3G 24 h, 22 [RYL A I
ali A BRER K U L TR R B 3 < 10° cfu/mL,
HE TR M 40 25 005 B B VRO I A Rk B S 0.3 % 1 HE
B, $EPR120 r/min, 28 °CRiE24 hig, FHILHAE
B K PEER3IR, B T4 °CokKFE& .

1.3 MEZELEFORESET&

e YN R Ay S R 1 T VAR Y R A =Re)|
il £ T2, £ 2 A A TR 11 JIRRE 1 LA B g 35 TR
A K

1.4 EEANG&

g B 2 e TR R B B R R K
B A B T S R A s R sk o ) 4 P s e R
Ty W68 Jim B9 ARDRHIR & P ARY | R RS R
Tkl e B A i Y 2% E A T 1R

15 REEFEERRESLE

W 20 B S 240 B BN 73 A4 (GR 1), 45
34 P S B R RE T A RLT d 10 A R S
1~8J& 43 il 45 2H B AL O 1, FIMS2223F i (1
mg/L)REE, RBEkCR I, &RE0.2mL, REM
WERTHELh, RG4S CIKF P-4,
T4 °CZ4F 4000 t/min 0> 10 min, W LR ML
i, —80 °CLfr& .

BE 5 0 B AL FROFI48 h, 4F2H FEHLPk L6
St A, O L AR S, WA . B
B, —80 CCHEIFE& o 40 4R B4 21 S 460 0 JIg
K3k B AR EBRNA, BEIR S5 34 AT,
VAEF-1a2h N2 HE I HEA T X6 B, 0 0 328 1 X0 B8 A
#IL-18,. TNF-oo. MHC-IIf. CDAL-2K:[H25K51Y
S
1.6 [;ET-SODE S

FHT- SODiiﬁ?f'J/‘\(ﬁV] H Rl Ay 1T

WS B ) 52 A2 G Af 1L 35 T-SODIE J1 o 4% T 4148
34 T-SODIE /7 :

T-SODJF J1(U/mL) = (% B 45 OD{H - 7 5
ODfH /(% A ODIH )/50% x [ WA 2 B BRAE 48
FEAS 328 T A A T A7

xk1 REREF
Tab.1 Immunization program
il PV Y FupEiRAR e /R ST al/d

groups vaccine composition immunization route immunization dose quantity/tail immunization time
I 1] 552 A2 A T el e FERLE R 1x10° cfw/ 60 7

II 0 52 A A R I E T FERE R 1x10° cfu/J2 60 7
11 IR AN = TR FERHE R M mg/f8 60 7
v R R OR PBS 60 7

e RN ORI EMET T Arh MR E R, SHKIE (2242) °C

Notes: immune dose M of sodium alginate empty microspheres group is equal to the microsphere vaccine quality in group I ; the experimental

temperature, (22+2) °C
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L7 MEREEE DA
TR B SRR TR A58 308 2ot 2 73 B 3 2 4 0

224,11
e,

1.8 [I;5ACHgE M4
2 MR Sitja%E " 7 100 % 1L 3 ACH 7% M .
1.9 ZRNAZEUK cDNAKIE BX

% B WangZ8 UV )7 LR BUAH 4L M RNA, IF
S ST A5 B A 1V 19 cDNA

1.10 SRt 5 &K

5 GenBank 1 5 45 fi/L-18, . TNF-o.. MHC-
MM CDAL-2HH Je N Z: 3 A EF-1alt) cDNAJT
5, FiPrimer Express 3.08K{F it 5%y, il
NCBU I 51 ¥ 4e 7t o 51 4E TAEY TR
TR AR A R 7 A (R 2) o
1.11 ERRAEEZEPCRT T

2 B ABI/ 7] SYBR@ Green PCR Supermix ¥t
BT 5 BL B PCR W AR &R, i [ AR LS

T2 LERAEEEPCRKEHISI4)

Tab.2 Primer sequences used in real-time PCR experiment

514K primer LK E S Genbank accession

51¥IF5(5'~3") sequence of the primers (5'~3")

EF-1aF DQ353797.1
EF-10R

IL-13F DQ160229.1
IL-18,R

TNF-aF AJ417565.2
TNF-oR

MHC II BF U77598.1
MHC I BR

CDAL-2F DQ435304.1
CDAL-2R

CTGGAGATGCTGCCATTGTTG

ACAGCAACGGTCTGCCTCAT

GCCATGTTGCTAATGTTGTAATCG

TGTCTTGCAGGCTGTAACTCTTG

CGCACAACAAACCAGACGAGAC

ACCACTGCATAGATACGCTCGAA

CGGGAAGGAGATTAAAGGAGGT

GTTTGGTGAAGCTGGCGTGT

GCAGGGCACGGATAGATGGA

TGGGTTCGCAGAGGCTGATAC

10 uL, % cDNA 1.0 uL, SYBR Green Real-time
PCR Master Mix 5 uL, [ FiE5[4#450.5 uL,
ddH,0 3.0 puL. ¥ M LLT & E4TPCRZ B,
94 °CHiAL 2 min, 94 °CAE1E20s, 56 °CiE 420
s, 72°CIEMi30s, 40MPHEH, 72 °CHEMI30s, %
ANE PR IR KORWIR OG5 o 971 S 45 R
J& Ak 22 65 °CHE1E Tl 2295 °C(0.5 °C/10 s),
TIPCR™ WG il M A BT, S e 1 7= ) 02 5
SRR,

1.12 EHMEERARBIESH

A S A B AT AT R (n = 3), B
A (COR Y, 5 5E S i A 25 A A
iR a2

ACt = H B 3L PRS- 2 Ceft — N 2 5L H -1 CHi

AACt = SIS 20 ACt—XT FR L ACt
FHSPSS17.0% {4 i 17 . K 2 J7 2% 43 BT (One-Way
ANOVA)F1Duncan[C 2 L, DIk 56 A W] Ab 24

http://www.scxuebao.cn

] F AR ZE I ) Rk 22 572
113 ERE LW MF Ak F

% W Huang®5 "k, [ 96fL A 1~124L i
A50 uL PBS, ] 55 1L A A 50 wL A M 1f 35
AT8~101K, HU50 pLim ASE24L, R AE L
B, BHE109L, FE50 uL, A 2ALA I i 1k
R B SRS AL I A — a2 W B PR
50 uL, [AIEFBEPAME . BAPEXT R, RS E RN,
SUR D VY 2SR ST .

L14 KEXHKRENRERIFPIRNE

DA BRI T 55 B o 71 A0 B Xof BRF o7 B 45 BB
5 (LDsg)o T HPEIT 29 R AT IS, LI5S0
x LDV JE 1) i 22 18 42 0 40 B, T ks 1 44 0.2
mL/JE . iCFHINTEIG 14 dN & 4L R R AET:
T, 3 UM BE R R B R AT S TR A R
A Tl I S o g = N E D SR L A
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(relative percent survival, RPS), #%& FF/AZTHE
RPS(%) = [(V R BE T R A g 40T 3) /0
TR FET K] x 100%

2 4

2.1 [I3ET-SODSE H#&MLE R

GPEJR , 4% SLHR 4 I 7 T-SODIE 1 ¥k 2.
TP <0.01), iz fE AR TR Bk EE v 2 RN K 5
T 20 1L7E T-SODIF J1 2 55 6 J] i 5 % i 21 22 S5 R
BEP>0.05), SMBERAELR1~3E, 51ET-
SODIE 1 (AP 7, (A =S5 4)8 m) B 5 %) B 4l
ZRAREFEP>0.05)F 1),
22 MFEBFHEEHRNER

G RE I 55 1~6 8], il o i A TR ol BR 928 T 4 A
TG E AL L A TG ) A M 3 v T R
H(P<0.01), FEIHEB, Z5AEE®P>0.05);
25 R 41V T T G ) TE K S S0 0 [R) S8 IR L
b S 5G 20, KT I il TS D R Sk i ) R
SRR 5 X IR 22 F A (P> 0.05, [#2),
2.3 ACH, &N LR

RPEFH L. 208, 255050 20 ACH o0 P R

300
250
200 t

150

T-SOD activity

100

ST EEAL Y BAR BB 71/(U/mL)

50

B E TR (P <0.01), FENHAEF 2R k7]
WA, 7 A 4 A TR BR 928 1 4 ACHLs o0 P 256
7JEAT B3 v TR BRZH (P < 0.05), T KRS &
55 S JE 5 6 B 2] 22 S AN B 3 (P > 0.05) 5 28 ek
HANAETLTSE L, 2R EEF &S T X RA
(P<0.01), ZJFZERAREP>0.05, E3),

24 EEXNREREEREEXERRERN

A0

i 3+ real-time PCRI7 {2 46 ) 40 35 1) 6F o 6 45
G g2 AH I BE PR 7R B R v ) SRk i, 2 A AR TR
BRPE VA4S S e R N M ks 2y i T H A S 4 . fil
e AL G ORI B ALIL-1 8, Y 3k B T 0%
REWLL(P < 0.05), #di 3 T X 41 (P < 0.01),
il 2 ABAR T RIS RE T A S A kel . W IR 2
NP> 0.05); 5K 4 B WE T TNF-alf) 335
TR, (HERRE T . RGBS
BRAL ] 22 5 A B35 (P> 0.05) 5 il 4 ] ek 92
T A T A TR RS % T A MHC-TIBRY 3R iK1
W 2 1 T as tHOR L AR FRZH (P < 0.01) 5 il 2 £
S B IR P B 4L CDAL-214 26 35 WL 35 0 T K I i
AR IRZL(P < 0.05, Kl4),

YUEEA8 b AG I A5 512 56 21 BeE o fil 6 38 6 PN

B ] A B G S
E. ictaluri formalin
inactivated vaccine group

B G A R AOR e T
E. ictaluri oral
microspheres vaccine group

B R4l
microspheres without
antigen group

mpopiiciin
control group

* %

18] /week
time

1 WatmmERRBRECHBELEEITKR
B 5 S 20 5 IR T-SODE /1 kAT 2 R B s *. P<0.05; **. P<0.01, T

Fig.1 Differences of T-SOD activity in serum of I. punctatus

Differences of T-SOD activity between control group and other groups in each week were analyzed statistically; *. P < 0.05; **. P <0.01; the same

below
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lysozyme activity

R BEYE J1/(U/mL)

B 5 P A R T
E. ictaluri formalin
inactivated vaccine group

B i ARV R B
E. ictaluri oral
microspheres vaccine group

O XA
control group

B R
microspheres without
antigen group

HF 1] /week

time

2 BFERENM A A EEE DTN

Fig. 2 Differences of lysozyme activity in serum of I. punctatus

100

I35 MR A& 215 /1/(U/mL)
ACH,,
&

B i R R R
E. ictaluri formalin
inactivated vaccine group

O A
control group

B ] 57 {0 ] i R 1
E. ictaluri oral
microspheres vaccine group

B RERA
microspheres without

antigen group
*%

He 18] /week

time

3 HEREIMEAMIERREFNEZML

Fig.3 Differences of ACHjs, activity in serum of I. punctatus

K&, IL-1B,. TNF-o., MHC-IIBFICD4AL-27E ¥
Wk B ek B — AR Y R R AR
TR Bk E B 2 4% i DR 1 e 3k i A W B 35 v T IR
(P <0.01), 433 % BAAT7.7, 6.9, 10.971
3.8f% ., TNF-aFIMHC-IIBEEH FiE BN B EE T
KT PE WA ZS ERA (P < 0.01, [&5),
2.5 BB SRR EEXERRIEN
A

ARG 000 5 6 92 A 6 35 PRI A A2 B BRE A G g
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Fikar, BZfEAE TR R PE VT ALIL-1B, . TNF-afil
MHC-1IB 3Ff 5 Fk PR 1) 3¢ 38 Y W i 3 8 1 X B
H(P<0.01); IL-18, M CDAL- 2 R FH B EHT
KIEPET (P <0.05); KIGFEH A IL-15, M1 CDAL-
2 Ik B SRR 2 R AR E P> 0.05, K6),
TCFE 5 48 WG & BR 62 i A A SRR B
HIL-18, MIMHC-1Ip3 1k 5 B W 1 A B KW -
W, BN B8 55 7 40%, R EE T
KIGFEW A . 25 BRI BELH (P < 0.01); 1%
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i 527 2 A TR R 2 s AR
E. ictaluri oral microspheres
microspheres vaccine group without antigen group
i 5% AT RGP H oSk A

E. ictaluri formalin
inactivated vaccine group

control group

bD D

D

FAR Rk
relative expression level

S = N W = N

il il

IL-1B81 TNF-a MHC-II  CDAL-2

E4 NSHHAEIEREYRZEXEERNERERS
Bl T 15 B AR 1 2 (mean=SD). A. B. C. DA Rl E R 5%
AR ORI A . BN AR KRR AL SRR W
HEFWEEP<0.01). av by ¢ d7 B F R 5 815 4 5 Bk
VA BEF AR KT . EERA . SHRAEREE
(P<0.05). KA

Fig. 4 Relative expression level of immune genes in
kidney of vaccinated I. punctatus before challenge

Data are presented with the means + standard deviation. Letter A, B, C
and D represent the significant difference (P < 0.01) between any one of
the groups and E. ictaluri oral microspheres vaccine group, formalin
inactivated vaccine group, microspheres without antigen group and
control group, respectively. Letter a, b, ¢ and d represent difference (P <
0.05) between any one of the groups and E. ictaluri oral microspheres
vaccine group, formalin inactivated vaccine group, microspheres without

antigen group and control group, respectively. The same below

® {2 A TR B = 2R A
E. ictaluri oral microspheres

microspheres vacciie group without antigen group

o i AR KR
E. ictaluri formalin
inactivated vaccine group

o % HZ
control group

—_ = —
S N

AT I8
relative expression level

IL-1B81 TNF-a MHC-II B CDAL-2

5 WEELEHE S 548 hil 05 B
RERXEFRENRILE
Fig. 5 Relative expression level of immune genes in
kidney of vaccinated I. punctatus at
48 h post-challenge by E. ictaluri
flatk
H

TH

B IR 938 1 4 TNF-a M CDAL-2 1Y) 3235 1 24 5
RS LE A, W T A ek o A R

H(P<0.01, &7,
2.6 THEEE SIS M A

T Ao e R AR ST B A PR T R
T TR 2R 2 J8 A I B R S e O, R s 2,
SESJE A IR B WAL - 16, Z 5 PURIKSE IF IR 1%
%, 255 78 B A7 e A I 0K K 7 19 R S M T
T, BT 2, B AR AR T KT E AR S
3. A BRI B R R B, ST 20 AR
DG FRZA AR A 9200 P TR R RS
27 HEXRRERIPE

YCREHT, BEA MR BT W I O,

® il R T R ® IR
E. ictaluri oral microspheres
microspheres vaccine group without antigen group
o il 22 4 A B O o MG

E. ictaluri formalin
inactivated vaccine group

6

control group

BCD BCD

N W = W

—_—

LRSS
relative expression level

[w)

12-181

6 WHEMNAEETREEXERBENRLE

Fig. 6 Relative expression level of immune genes in

TNF-a MHC-II§ CDAL-2

spleen of vaccinated I. punctatus before challenge

w7 PR MR T = Rk
E. ictaluri oral microspheres

microspheres vaccine group

® 8 PR EOKE I
E. ictaluri formalin
inactivated vaccine group

without antigen group

o %) Al
control group

—_
o

AT R IA £
relative expression level
< [\S} = [@)} o

IL-181  TNF-a MHC-11§ CDAL-2

B 7 03 fELEE K548 hIE = G i o
REAXEEENRIEZE
Fig. 7 Relative expression level of immune genes in

spleen of vaccinated I. punctatus at

48 h post-challenge by E. ictaluri
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% S 6 2 A I 2% 11 IR B 8 T R 14 2 R 3
(74d), THREFH2ORMITI . RHERET
B AR T LD s M 2.1x10° cfu/mL,  A50 LDsJk
Bfo SETLRHA, T i A TR G BRE T N KOG
Y25 T 2 43 0 AR AT R 470 8 2 1 A TR 0T S S O A R
H60.7%F114.3% ;25 fHUIK 2 AH XT B 2 D4 3 Ry
10.7%, 1E# WA MAFERFE14dN, LT
F}93.3%(3).

3 TR

ABIEFE LA IR w85 731 SR W Rk A 1 iR
BEVEFAM, o i PR AR R R GOk v,
e P22 R IRE s M, S 0 0L 9 A R S R S R A
UM TR e AP, TP ERT IR AR o

A A B B 2V BR LR ) by BE A
Y, SODI 1 R EERE, HLATEER A b 55 R

R3 BWERKSEETERMENEERIFE

Tab.3 Mortality and relative percent survival of I. punctatus after challenge with E. ictaluri

il SRR R FET R/ R BETIZ /% FHRS SPELRI /%
groups the quantity of experimental animals the quantity of death mortality RPS
i 5 4 A T YRR 9 T 4 30 11 36.7 60.7
] 57 A8 T P 4 30 24 80.0 143
T UERZ 30 25 83.3 10.7
papiichic| 30 28 933 0.0

eI, Mgl TR, ALk,
G5 5 A5 B s 2 LT SR8 A A ) B AL TS T 3
T, 0% fEA T 1 HsE B AL S T-SOD{ 1 18
PP J5 4 SRS B 3 R T X IR (P < 0.05), ik
V- (1) SODTE 1 5 A= WA (1) S 8 7K F- 25 DIAH G, Xt
S5 I 240 %) 7 AR 8 7 R A BILAA Y S g T
e mEAEY, AR EFHE WA R G AikN
() SODIE J1 A8 AL AT TWFSY, o A Mg A U OLH ok
IR (Vibrio anguillarum)¥E 4 X i (Lateolabrax
Japonicus)F 4 BF (Paralichthys olivaceus)RY L&
SODIF Jy AT 05T s 2P a7 # A ARAE4) 5
XoF G0 55 S5 W) LA X HF (Litopenaeus vannamei) .
i (Cyprinus carpio)lfiL i ' SODIF JJ 7K V- 47 #if
5%, RMGEEEIRSODIE H B EFE, 54K
SEHZE AL, X FE TR PO IR G g R rh
(AR e S R e 2 5 i 00 B0 R R R e i
2, R AR AR S A — 28R 24, SODifE

OB BRI e FEY T, BT LASODK- /Y Ik T LA
[i) 22 S5 B ML AR 7005 B8 T 19 /I o ¥ TR il 2 —
BRCME R T, RE K A0 B RE PR IR S B A L 2
W IF A0 2 20 R0, DA T T B 4= ALK 1Y 5
Y, SLHHVABTETIRE, 1FE o 2R AR B v
JER S AL, H) A T . RSk
ELZH S, o A PN T B I 1 3% D FIOK P, R
R FR B0 2 Y G 2 Rl T R AR 10200, AR S
g, SR 1 MRAROSR EE B 1% BE f0 7 V TR
TiH B 3E TR (P<0.01),  ZH5 68 47 5 3w %t
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HRAL, XFF A B PR B LR I Bk AR 9 95 S A
FURMVER . fMA B S SHURRE, HAY)
WM MPLAICPL A I Re T . RER A
Yy BT R SL N [R] 45, 1T ACH s 2 My 1 11 S
PSR Y — T R AR, g fi 7 A
AT T T %) BRE o536 L 75 P ACH 5o 0 P 4 L K 3%
PEVH M2 R A o vy, ELRRZERF A, 150 ) i
TEASTR 11 IR 1 Re A SO S L 28 MA R 5
18 17 real-time PCR 5 72 F 5% 11 IR 93 B X6 BE A5
il G B A G FE P Rk 5 ), A LT X IRAL, AR
REAL I IL-18, R TNF-o 27 3 PR R R B ik, 31X
55 H ARy B A Wk A R 43 D 1 I8 P 40 i
¥, BRI AR —A BA P, HIhe
VA F A, S PR g i A g
2 it 8 B IR I Kk HE B D RE Y, R AR AR
SCuG N AR B TR T ALIL-18, R TNF-03&
P 2k i o T H A ST g0 41, Ui A F s 11 R
BRE T A A2 f 0 0] 7 IR A= 0 A7 PR A K
N A AN O i R 1 RSB NG o S R O (D
MHCE:— A REWS i i £ B SUM BV R o il %%
e, Hagmimr=ym) 2o 508 R N, @k
MHC T 2 5E 7= ) 32 208 20 U8 1 Bt i
ELY CDSTHNML, I MHC-TI3: R 2 7= W 1 35 B4R
FHIE 455 SNBSS 45 CDATAIE . A< 5
B ot A M MHC-TIBAM CDAL-2 KL N (1 2235, B
2FP IR Y ik AR A AP AT, EIGE
JF48 h 2R FE DA By KAk ¥ LR, R fE AR TR
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12 RS T 10 JIR 2 1 0 JRE i B 5 0 A 2R 411

PRI W A 00 B S, A0 I R 8 % P A B
BRBE WY 52 S th GEA 3 22 1 MHC-TIBFI CDAL-2 3%
K2k, DA Bh M (R HRHTE R AR, 3SR AL A
B g% 07 o X5 PRAEPYIHT I S i SR Rl A BE
i (Epinephelus coioides)Ji MHC-1I3E& [F [ 32 15 8 {k,
AL, YuS5E P Jiao 85 PO 7E 52 46 vh 45 3 1 S8
IOESE

0 3 B R S A U R S P A,
48 TR TR R i 2 TR A TR 5 SR I 3k B e
R 16, RARRENE 0YHETE A BEA I B R R
T, B, RS SE R R S v e A R
PR BERSL FAE A, S A R AR AR T B A A ] Y
B A, TEUCRE S b, e i PR A TR 11 iR
TRCERIRE P P RF A B A5 1 e B 2 18 A R X e 88
PRI N 60.7%, I o T K B2 W 2 (14.3%) ] =5
TUERZH (10.7%) . 3 5 2% A2 55 27 4 1) g K U8R
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The immune effect of an oral microspheres vaccine against Edwardsiella
ictaluri on channel catfish (Ictalurus punctatus)

WU Xuejing', WANG Kaiyu'’, YANG Lei"?>, ZHOU Yan', WANG Erlong',
HE Yang', CHEN Defang', GENG Yi'

(1. Fisheries Department of Sichuan Agricultureal University, Chengdu 611130, China;
2. Guangyuan Municipal Agriculture Bureau, Guangyuan 628017, China)

Abstract: To evaluate the immune effect of an oral vaccine of Edwardsiella ictaluri on channel catfish, E. ictaluri
were killed by formalin and sodium alginate was used to prepare the oral microsphere vaccine. The experimental
animals were randomly divided into four groups, including E. ictaluri oral microspheres vaccine group, formalin
inactivated vaccine group, microspheres without antigen group and control group. After oral immunization, the
effect of the vaccine was evaluated by serum non-specific immune parameters, antibody titers and relative percent
survival detection. Results showed the serum lysozyme activity, total superoxide disumutase (T-SOD) activity and
alternative pathway complement (ACHs,) activity significantly increased in vaccinated channel catfish, showing
the influence of the relativity gene transcription of the Ictucurus punctatus induced by these oral vaccines
respectively by real-time PCR. The results showed that the /. punctatus fed the E. ictaluri oral microsphere vaccine
can acquire longer time of nonspecific imumunity. The serum agglutination titers peaked to 1 . 16 at 5th week.
The specific antibodies could still be detected at 7th week. The relative percent survival of channel catfish was
60.7%, far higher than formalin inactivated vaccine group (14.3%) and microspheres without antigen group
(10.7%). From the results of real-time PCR, it is found that in the E. ictaluri oral microspheres vaccine group, the
expression of immunity genes increased more notably than other groups during the 48 hours after injection,
especially in the kidney and spleen. In conclusion, the oral microspheres vaccine of E. ictaluri was able to enhance

the non-specific immune function and effective for preventing E. ictaluri disease.

Key words: Edwardsiella ictaluri; Ictalurus punctatus; oral vaccine; sodium alginate; non-specific immunity

function; relative percent survival
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