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1. EIKFERAFFE BE IR K WO FFT P, AW A AR5 3R K Sl AN S % V5 R F B S SR 2, VIO B4 214081,

2. MR KT 2= BE, 1L96 Joi 214081,
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FEE: N TR S IR TCALBEER T LA 7= ) IO PE T e e % AR S5 I e R, ARBFST R 10% HP 18 1A T K 30 725 il
% T ICFLEEIRTE HN0901 F1 GX1101 HEAR= 4 KIE SR, 30 I 0 5 4 422 e 92 it B B J@ B Ak £ (Oreochromis
niloticus @ x0.aureus3), RIS 28 d /S IRTCFLAEEER I Tosg, W@ T 909 5 MO 5 2 3E ) e % I 24 i g
AL PARRCHY, I i T % AR e 5 13108 CFU/RE JC 3L 5% BR 1 5 00 A X S 38 (47 3R A58 AR e (4P R
EIR R, ARSI EEALT) A B AMASTTE RS 28 d W m T X A, H7e G B 3% T % i
H; SxFRRAA L, S A AL Y AL (SOD) Mt A Ak S (CAT) /K- 7E S B A U8 J5 34978 AN R R JE I 2 s,
TN B (MDA) B Z B K (P<0.05), AT E B PCR 453 Won, RUEAMMEE FREE TNF-a. IL-18 Fl TGF-B, RIEH7E
MKILHN HSP70, MHC 11 Fl IgM ERE MG W 2 B B E TR, It B E S T B4 (P<0.05), I iEHiiksk
M THRE R4 28 KiBF 1 : 6400, 2 m T X IRAL(P<0.05), WFESLI4s B s, e 4 7e R VR 5 08 JC 7L Bk i
TG S AHGT (0 S8 PR AP A 31.6%~47.4% . B R, BRI 0 IO B i e e B AR s, feds W55 2 B AR ik iy i
GRERLZE, 77 A AR AT, X ASR RO FLEE BRI A BT S R e ) o AT A R IR AT L AR B BE R 1A
3 114 B 326 T B3 4 AR R — AR v B T kA

K OFLAERREE; A=, KRR, R, RS EM
FESZES: S941 XERERAERD: A XEHE: 1005-8737—(2022)02—0325-16

% AE £t (Oreochromis spp.) & 5 r= T AE I 09 %
KEmZE, BAARKNR, mae. W, il
AL B (L SETH AR ) ekigeit
S50, 2020 FF IR B HE A 5 165.54 J7 t,
RaJm ik s — 1 Bt % A A0 R AR B T
PR SRR, th TR EK R (Streptococcus
agalactiae)'7| 2 1 HE 3K TR 45 T 1) 2 9 £ 7l
M EPNTEZS NN (Y ZE | e e /M 8

KB 2021-08-09; &iTHER: 2021-09-06.

FHE A= 2R B 3 2 R4 ) 7L B B e S e 1) 0
D, E 2 PR AR I 2 BRI EREE TG G x4
FERIRYTR I T TR AR S 2 — AR
iR TSR Tk, HATE AT A
(1427 £ 1) O LR BR 15 v A 475 20 1= ) (ECP)
KIEREROT WAL DNA g, L
Bl i vE i U R A S I A A IR R
EAR LB Z N, I v PR A 22 e P v M ) £

EETHE: R AN SR Kl 5 57 78 55 50060 = TF RO H (ZIK202012); W BB AR AR A 56 B AR AR ™ b FE AR
PR R T H (CARS-46); H[E K 7 B2 BF 58 Be % K il WFFE b0 JEAS BB AL 55 9% 5T H (2021JBFMO4); i [E K 7 k27
F S B e AR AL 55 98- 4 £ R B 6384575 79 0097 11 AL H (2020TD37)
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FiE, A P G ) R R S D R R () 28 SR
IR, ATRELL LAY 3 RIS A TA
PR

WREP A TR MER EZRE T a
R, HZ R By, R AR EAT b AT ¢
RIHFLEERR S Chen 2EP1% I ICFLAEBR 1 2 1
KT 2T Y G AR B SRR S B Rk I v AL AT G,
1 5H PFGE RGO, RAMEHRG —H—h
REWEIETERR, PTLACRYF R A W) — il v AL i A
LRI EERR . AR IREULE X 2009 4 LORFEHRT . )
KT VE AR B Y 42 kR Rt R T B R
47 2 #H PCR ML i %Y 43 At Ak v 37 356 s Ha Tk
(PFGE)ZE R BRI &S E A T# 8 TIiER! 1 a
A, DL HN0901 WHMARERR T #BALL GX1101
AR R AR 2 1 TV 2 38 [ 20 S JE 7L BE BR A 1 32
BEELRRY WD 7 2 e T TR 0 R A
Forp S e B B B R A e R, eSS
RAE F W RBERNE, & — B R PRI bR
TC LA BK TR AN ) B 1 T & TREBR
PR T, I S B A AR A AR T, AR
WG] T —Fp % o] — My Y . AN ] 6 PR AL ()
SR TCFLAEBK A AR W 0 B TG RE T, RN
T e TE FLAE BR B R 1) G 3 L 2E G B R
R, FIE T BT R R R S R TG P AE BR
P38 AR P BE

1 MRE5FE

11 EHEXKRAE

TR R AE T AL =80 CukAl, W
Bk HNO9O1 MiEM Ky 1 a B, JERAIL 1AL, fEp
] i 80 f A= Wy R 0 S5 CCTCC NO: M
2020546; B GX1101 IML7ER A Ta B, FeHHA
VAL, 7 b [ S A Yy et o0 S 5 - CCTCC
NO: M 2020547 {5 8 Je & 4k i (Oreochromis
niloticus 9% O.aureus) K H A2 A& #8 2 E £ 35t
B R R RS, AT R (180+20) go LR
HHRTHEAFEAS | 8, KiR@G2+1) C, HEE
MR YR, A T 20 TR Rk G 5 T e 1 S0
12 ELWHE
121 ZEAFHKERIM=HREEEHNE NE

IR VKA B JCFLEEER B HNO901 A1 GX 1101, 4
BILL 10° CFU/ML FY TR 9 e FE 15035 10 J2 ek B R
fEFT M, 2~3 d 5 REAU R PE 2 A fa I8 TR
ST BN API 20 strep RS, AN TCFLEEBRE
JEHERTT IR ORI (BHD : FR4E, 28 “CHEIK 200 r/min
PRE:FR 72 h, SRIGIN 10% H BV 2R
3%, HRSEAERE R K IE 24 h B KGR EIRZ 4 C |
7000 g #5.0> 30 min, WCEEEL G LI WRATDIVE B
&, 4 CL#-AE . FIBWEH 3 kD 1 Amicon® Ultra-
15 Bad U8 40 20 £%, H1 0.22 pm fALUE BT
DERE K TE, WA 1) L VE R R ML A= Al T
W TCE A F KT EER B L, EEE
B3, AW 10 2 1 (VY EEEEDE ., B
(e e 4x10° CFU/mL, 5({E 540 nm Y625
ETFWOEE R 1.9, BT 4 CrkERAF5H
122 BRELEERZEERM B 100 pL K
T R SR A T IF-Al, 28 "CHEFR 48 h, WS
B IO A o W PR G LT R B IS P A )
JE I B M R P AR 4 20 B, ES RN
0.2 mL/RE; JHUEEEY Ak 20 J& 5455w
JCH PBS, LWL 14 d, WE AR I EFT
W%, R ek

123 RBHEBRRMRE FICFLEEEKE HN0901
I GX1101 K IEBE ¥ 2N s 3 543 0l e i 120 B2
{2 e, RPERE RN 0.2 mL/JE, 7 BUdEHRY
e 120 2 T S0 A5 00 B 100 G 0 1R TR 0 o ik
(BHD)/VEMXTHRAL . /e 28 d FR4145-HL 80 B4y
AT RS 1 G Al o3 o0 B T R A
2.2x10” CFU/mL A JCFLEEERH HN0901 5f GX1101,
FIHE R 0.2 mL/E, F4H 40 2; W IR ES %8
W )5 0d, 28 d IKILFHG 14d. 21 d, &
HBIEMBEYLE 6 BB, RBFHcR I, FiRFE 2~
4 h J5, 4000 r/min B.0> 15 min /0B I0LE . [6]BsHER
FFAECA A 1 mL Trizol 377 A9 JC RNA i 19447
b, WA RS R AT T80 CUKFE .

1.2.4 FIEEMFEEREAERUE HRENY
Ik fa MV HEA TR S0, RN ERR(ALT), &
FG B (AST) . ML YE fLEF(SOD) . 5k
SAMFH(CAT) . 7§ % (MDA PE 09I 7 % FH RE 5 8t
BA: W) T AR 5T T A e RN &, B R IR ik
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S5 & L UL B ERAE

125 gRT-PCR t#lleEEXxER KTk
i =80 “C IR kA P R, T ver i i 2 U
EEHL(Sceintz-48 1, TP AN "D SIS, R
FH Trizol E$2HUE RNA, ## RT-PCR {7 &
(PrimeScriptTM, TaKaRa 72\ #))iiHH 4 RNA J2
¥kl cDNA. %3G5E f PCR Kl 5L K] TNF-a
IL-18. TGF-B. HSP70. MHC 1l fil IgM AHX} ik
B, 5IWGEE DA TAY TR BRIGE
R A B

*1 AWEFAASIYFET
Tab.1 Primer sequences used in the study

SEH ETE 51 4(5'-3") S 1519 (5'-3")
gene forward primer sequence  reverse primer sequence
TNF ATATGGAAAGTGTGCG TTGTGTCATCCTTTCT
¢ ccet GGCC
1L-18 GGCATCAAAGGCACA TCGCTTTCAGCGCTTA
) AACCT TCCT
TGF-p TGGGACTATGAGCAG AACAGCAGTTGTGTGA
7 GAGGG TTGGGT
HSP70 CATCGCCTACGGTCTG TGCCGTCTTCAATGGT
GACAA CAGGAT
MHC 11 AGTGTGGGGAAGTTT ATGGTGACTGGAGAG
GTTGGAT AGGCG
oM ACGAGGAAGCAGACT ACAATAGCTCTAGTTG
& CAAGTTAT TGTTAACC
B-actin GTTGCCATCCAGGCTG TCTCGGCTGTGGTGGT
TGCT GAAG

1E 7900HT Fast Real Time PCR {{(ABI A F],

FE) L T qRT-PCR kil 20 puL RBAKR R H:
2XSYBR Green [ real-time PCR Master Mix
(Toyobo A 7], HA) 10 uL, cDNA #if 1 uL, F
FF5147(10 pmol/L)4% 0.8 pL, JC RNA /K 7.4 pL;
PCR ¥ 42 /5: 95 C HiZEME 5 min; 95 ‘CAEME 15 s,
60 CiR Kk 20s, 72 ‘CHEfH 40 s, 40 MG H Y3
PRLFN N 2 5 R P S AR AR — B T4, H
2TAACUER AT B B DR A AR kR

1.2.6 MFEHENIE 2% Shoemaker 257
W77, FE4E ELISA J7 ki g fe s MR e &
e E PRSP AR 1gM g RESUIAID T
Hi[E Aquatic Diagnostic Ltd, HRP Fric ) =EHT B
IgG W T RARAABHL AL ) AR A F .

1.2.7 HREFRPERNE HEREZEFSE 28X, 72
A RELALAN 1A R BEDL A 40 &, FHJCFL%BE

BRIATEFE HN090T . GX1101 #HTINTESLH 2: FE
S 02 mL (WWKEN 50 £ LDso, RP 5x
10® CFU/mL), /K 32 'C, Mgt RAaek, sk
ok 14 do RIELRITRRPS)=(1- R HIET- %/
X HRZHAET %) 100% o
13 SZitoHh

B DL Y (E AR 22 (x £SD)# 7w, HI SPSS
25 TS LR AZ MM EFN, FEFLE
(P<0.05), i Duncan fy 5kt fT 2 B ILE . i f
B4E 1 GraphPadPrism8 2 {HE &

2 #£REHW

21 EHRERNLER

HN0901, GX1101 JKiFFE 1 43 b A 76 1l ~F
Me I, 28 CH;FE 48 h G ¥R WA LK, LA
g2 v 2500 58 42 K0 o K TR 4 I 1 T 48 T R
Oy I i B AR fa, ESEIEE 14 d, FTA MG
FET, SR ROLIER, RPN L2t R
22 MERARESBNSEESBHFEETH

GREnT BE B AR ALT il AST 7% J14%
Wz AT 2R, R 28 d HN0901 4
PELH A GX1101 G E4 M 3% ALT Al AST % /1 B 3%
BT IR 2 (P<0.05)., Fl HN0901 1 GX1101 & #k
PTG, XRE4L ALT Al AST 36 /1 i 3%
ThiE, HARE T 9841 (P<0.05); HN0901 FEHkIL
B J5 HNO9O1 A BE 20 E K # 14 d I % ALT A1 AST
T 1A BN B AT K ST, GXA101 G 26 ) o 1 7
J& 21 AR B HCREFTAKF-(8 1 FIET 2) 41 GX1101
RN £ 2H 3E AT 50T, HNO0901 s 4 7E 0T 14 d
IM7% ALT F1 AST i J1 k& B A #E FiK-F-, GX1101
B REYL LTS AST Al ALT 3% J14r WIAE )5 14 d
MBI 21 d IRE B BT K 1 FTE 2),
23 MmiEHRMELDETHNTH

RPERTA P E M SOD i 1 Jo i & %
#Z5(P>0.05), HpE 28 d B i 4 1fL 7 SOD
T W T B4 (P<0.05), T % R 411
SOD i J1 A i P25 55(P>0.05). FE[Rl/ ST
FLEEER IS, HN0901 Hrss 41 i % JE 1 i
SOD ¥ 11 JC i &1 2 5 (P>0.05), GX1101 FyH
AL SOD % 1 540058 28 d A L g R MIK(P<0.05),
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2 TR IR 4 (P<0.05, & 3),
HN0901 FREZH 1 GX1101 %P4 i CAT
e R PG 28 d B & TR, 7ER)/ IR TCFLAEER

[R5 T e mi i SOD 1% 11(P<0.05); X
MAEINTE)S 14 d F 21 d L% SOD ik 1 B ET
F:(P<0.05); IFE 5 A rv L SOD i h
HN0901 424 HN0901 immune group

GX1101 #EE2H GX1101 immune group
E== BHI %t 4l BHI control group

HN0901 454 HN0901 immune group
GX1101 4 GX1101 immune group
s E=Z BHI X} #84H BHI control group

0d 28d  K#El4d WE21d

A2 7n=6; x+SD Bb Bb20 [ n=6;%+SD Bb Bb

E | Bb g l

& 20 T B

S [ o %15 i Ba Ca

= o =

L Ba .

215 Ba [} 3 Bb

~~~ :. f\lo -

2 g Bb

S0t 1 e

R 1R

Hoo L J ST Aa

: 5T aaAap, 15 Aa ‘T Aa

< ﬁ 1< @ B
21d

0d  28d  m#4d ok

HBE W Bt immune stage  B{EERTEL challenge stage
S K ik HNO9O1 R/ A fRl/d

day post vaccination and challenge by strain HN0901

@

Fig. 1

Different uppercase letters indicate significant difference between different time points in the same group after immunization and

1

FEER B immune stage  ZCEEHTBX challenge stage
GfE B HHRGX 1101 535 it Al/d

day post vaccination and challenge by strain GX1101

e % e I K HNO9O1(A)FI GX1101 (B) BRI EE )G HY A TH 5 & W (ALT) 25 1k,

P A ) R 7 B 22 7 [R] — S e L7 S B AN CRE J AN AT ] IR 18] 57 25 57 (.35 (P<0.05);
ANTR)/INE B 2R A A TR I i) A (] S 21 20 A . 22 53 B (P<0.05).
Serum ALT activity of hybrid tilapia (Oreochromis niloticus @ xO.aureus3) after immunization and
infected by HN0901 (A) and GX1101 (B)

challenge (P<0.05), and different lowercase letters indicate significant difference between different immune
groups at the same time point after immunization and challenge (P<0.05).

—
W

HNO090 %% HN0901 immune group
GX1101 %4 GX1101 immune group
BHI % i&4 BHI control group
n=6; xxSD

Bb

—
W

—
(=]

HN0901 %24 HN0901 immune group
=3 GX1101 441 GX1101 immune group
E==1 BHI X} #84H BHI control group

Bb

n=6; x+SD

1

—
(=)

AST{% f1/(U/L) AST activity &

ASTIE H1/(U/L) AST activity >

BaCa Ba s Bb
=] I~ Bb
st %: 3
\. AaAa g :004 Aa
0 %5"’4 R b 0 @@”ﬁ L R
K#l4d YE21d od 28 d H#21d
BB immune stage 7KL challenge stage G B immune stage  BFERTEX challenge stage
HeRE K ARHNO0901 M3 /5 Aif [a]/d o B BIRRGX 1101 803 5 I [H)/d

day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

Bl 2 B ARG 5 K IBCEE HNO9OL (A)FT GX1101 (B) B RS Il 15 73 H 4% 2 W (AST)iE /1
& RO R K S8 2R 7 [F] — S 95 20 78 S )% RN BCTE S5 A A 5] B[] 05 22 57 1 3 (P<0.05);
ANa) /NG S B 7R FE AR 1) (8] f0AS ) 3 20 2 3 48 22 53 [ 35 (P<0.05).
Fig. 2 Serum AST activity of hybrid tilapia (Oreochromis niloticusQ xO.aureus3) after immunization
and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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WIS 14 d 121 d 33 538 & TR (P<0.05),  EHMEAL(P>0.05), FEIEE)G 14 d fil 21 d @&
BEERREE 28 d A REMEZER(P>0.05), BHI  FEf(P<0.05, K 4),

XFIRALIMYE CAT % %) 28 d SRt PIERT A AP AE 2 ML MDA & 5 A7
HNO0901 %24 HN0901 immune group HN0901 424 HN0901 immune group
GX1101 ##2H GX1101 immune group GX1101 4#£4H GX1101 immune group
[==1 BHI %} ##4H BHI control group 20 E= BHI %} #84H BHI control group

30 - I -

A =6, 7SD  BbCb B n=6;%+SD  Bb Cb

iy > Be

= BbBb & L Bb

3 T 3

Q 20t ‘S S 20 e Cb

2 Ba 2 ABb

S g

g’ 10 F g 10

] =

s i

o a

2 : 2 : :

0 X i A db." P P b % P
0d 28d W#F14d  HWF21d 28d WEH 14d  FF21d
FRER Bt immune stage  I(EEH Bt challenge stage S PE Bt immune stage IUFERTBX challenge stage
B B BIBRHNO90 1 T 7 5 i )/ d o B BIRRGX 1101 03 /5 i H)/d
day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

B3 e B R e X I0E HN0901 (A)FI GX1101 (B) B4 5 1ML 75 #8 AL ) 12 L i (SOD)iih 1
P AR ] R 7 ) 3 7 (] — B i 2 A £ 7E S RT3 5 S A () I ) 55 22 St 2. 35 (P<0.05);
AN TR /INE S bk R TR AT TR] I 9] A () 28 41 %9 3 #2555 (.35 (P<0.05).
Fig. 3 Serum SOD activity of hybrid tilapia (Oreochromis niloticus? x O.aureus?) after immunization and
infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).

HNO0901 4$E4H HN0901 immune group HNO0901 4 #E4H HN0901 immune group
GX1101 44 GX1101 immune group GX1101 %4 GX1101 immune group
=3 BHI X} #8420 BHI control group =3 BHI %t B4 BHI control group

A251 B r

2 25 n=6; x:SD Bb Bb = 25 n=6; x+SD Bb

2 T ABb 2

820 Bb Bb S0l Bb

: \,,\ Bb % : {\%‘ Bb ABb Bb ABb

< <

St V| N N s N §L B

o = R R ] 3

2 N = N N 2 N e Ng N

S5 10k = b 3 S 0l o o o

S 10 N N 2w :

R R i

it i

= =

< <

@] @]

A
st 5t ﬁ
0 N 5 e 0 . L
0d 28d WE 14d KF21d 0od 28d W 14d HF21d
SR B immune stage TR EL challenge stage S HrBt immune stage  BIFERHTBE challenge stage
Fo e S EHRHNO90 1 I 77 5 TR}/ d GaE B Btk GX 1101 035 i fHl/d
day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

Fl 4 RJE® RGeS KB HN0901 (A)FT GX1101 (B) W RS Il i o A 16 S B (CAT)I 71
P A ] R S R 37 (] — S 3 2 £ 7 Sy RV IACRG J5 AS A () I ] 2 22 S . 35 (P<0.05);
ANNR) /NG BRI AR [ I 18] A ] e 4 25 Al £ 25 57 (B 25 (P<0.05).
Fig. 4 Serum CAT activity of hybrid tilapia (Oreochromis niloticus @ xO. aureus?) after immunization and
infected by HN0901 (A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between

different immune groups at the same time point after immunization and challenge (P<0.05).
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%29 %

16 2 57 (P>0.05), fE)5 28 d HN09OT 4
IR GX1101 S ¥ JEfiiE MDA & & 3%
K F X BB 2 (P<0.05), 7F [R] /57 5 JC 7L B8 B 7 105

(=3 HN0901 4882 HN0901 immune group
GX1101 %4 GX1101 immune group
=31 BHI X} #84H BHI control group

n=6; xSD
Bb

N
oo
T

Cab

BC
aBa Aa

N
—
T

Ba

T

MDA £/(U/L) MDA contents >
= v
]

MDA #/(U/L) MDA contents &

&, SAEREE 14 d BWITE MDA & & B &It
1= (P<0.05), {HXTHRAI M W5 & FRyEdl,; 1F
W le 21 d B B2 miK-F- (18 5).

HN0901 44 HN0901 immune group

GX1101 ##4H GX1101 immune group
=21 BHI %} ##4fl BHI control group

[ n=6;%+SD i

(=]

0d  28d K l4d Hfald
HE Bt immune stage  B(FEMBX challenge stage

G KA BRHNO9O1 B2 ) i) /d
day post vaccination and challenge by strain HN0901

K 5

0d WE 144 HWFE21d
M Bt immune stage  IFEHTEX challenge stage

ey KA BRGX 1101535 I 1E)/d
day post vaccination and challenge by strain GX1101

e B AR T I HN0901 (VA F1 GX1101 (B)E BRI 5 IMLiE A I (MDA) I /)

P A ) R 7 B 22 7 [R] — S e 25 A #0 7E S  FITC T I A A [m) B ] 55 22 7t (. 3% (P<0.05);
ANTR)/INE TR 2R A A TR I i) AN [ S 41 29 A 22 53 B (P<0.05).

Fig. 5

Serum MDA activity of hybrid tilapia (Oreochromis niloticusQ xO. aureusd) after immunization

and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).

24 REHXEEMRIZEIETNH

GRE T A 28 d 45 4 B AR T TNF-a %
IR G B M2 R (P>0.05), &4 HN09OI
WRIGE 14 d I L IFIE TNF-o 15 &5 B2 5
T X B4 (P<0.05), FHorf HNO9O1 e % 21 I ik
TNF-o 3% ik & b 3 T & (P<0.05); % 4 W &
GX1101 WG 14 d AR A IE TNF-a FRik
B 8 #F TR (P<0.05), i H 8 #F W& T x4
(P<0.05). [/ IR AR LTS 21 d, B4
By 4l TNF-a T FEZR RIS 28 d I KF, S5XF -
HARFTE B M2 5, X B A R AT S
TNF-a Fih 0 #1122 7 (P>0.05, [ 6),

BIERT S NP AL IFIE IL-18 RiK BT R FE
PE2 5(P>0.05), %% 28 d i LT 1L-18
Pk 0 T AL (P<0.05) . XF A A kAT
HNO0901 1 GX1101 BRI #E, W#)5 14 d & 4T
M IL-1B &35 B0 0 2 T (P<0.05), WA Hedd
JHENE IL-18 FRIX AR FESG 14d F 21 d HB &

FXF R4 (P<0.05, K 7).

BIERT A AP L IFIE TGF-p A 8T B
P25 (P>0.05), i 28 d HNO9O1 4y 20 i ik
TGF-B ik it i % F+ 5 (P<0.05) . X 45 4 i 17
HNO0901 1 GX1101 FFRIXTE, WHE)E 14 d Sy
JHIE TGF-p 3%k 5 i 2 5 T4 ZH (P<0.05), GX 1101
BPE A FNE TGF-B 323k e ) 28 d i E Tt
(P<0.05), WEEJG 21 d AN 4LiTFIE TGF-p
FEIR R R R 5% R Rl —KF (] 8).

BT A 5 28 d &5 A% AEfa ik HSP70
Fik gL R EEZE R P>0.05 X &4t 1T
HNO0901 Fl GX1101 BRI B, W # )5 14 d g d
JHNE HSP70 ikt 1 2 5 T X B 4H(P<0.05), HIk
928 19 6] 35 TH 25 (P<0.05), % MR ZH 7E I 21T )5 1Y)
HSP70 Fik w0 EE 2 5 (P>0.05) . HH HN0901
BIMRILFEIS 21 d HNO9OT H%8 4 HSP70 Fik i T,
{475 FIFERT HSP70 Fikit; GX1101 HARIL
J& 21 d A 4L I IE HSP70 335 1 W 28 e %
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28 d WK (1] 9),
SRERT IS G 28 d %41 % AR I MHC
I Rk m I EMEZERP>0.05), XF&AHHtAT

w »

(3]

TNF-o mRNAZEK LR
TNF-a mRNA expression level »>

—_

HN0901 4524 HN0901 immune group
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Fig. 6 The change of TNF-o mRNA expression level in hybrid tilapia (Oreochromis niloticusQ xO. aureus3)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 7 The change of IL-18 mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 8 The change of TGF-S mRNA expression level in hybrid tilapia (Oreochromis niloticus? x O. aureus3) liver
after immunization and infected by HN0901 (A) and GX1101 (B)

Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 9 The change of HSP70 mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).

A4 MHC 11 ik g% & 2 55 KF- (I 10).

PPERT AL HE BATIIE TgM ik 5T % 1

2 5(P>0.05), ¥ 28 d MR IFIE 1gM %

B R TR

08 2 (P<0.05) . X} 4% 4H it 17

HNO0901 1 GX1101 AR B, WG 14df121d



2 BLERIAE: 57 IR0 FL R BR G I S0 M I3 8 v ok 2 A Y S B ROCR 333

B4 TgM ik & o 2 5 T IR 4H (P<0.05), 2.5 AL H

X IR FE ) 14 d /Y TgM £k R DK E 2I150% ELISA Hl45RFN], DAk mEG oL fEek
HiIZKFE(P>0.05, & 11), AL A0 77 W 3 8 D I3 B AR S 1T 5k )
HNO0901 4240 HN0901 immune group HNO09014:#5 4 HN0901 immune group
GX110145& 4 GX1101 immune group GX11014#4H GX1101 immune group
A g BHIX{ f#4H BHI control group B 4. BHIXT 41 BHI control group
54T n=6;7sD ] n=6; %SD Bb
5 5 8 Eb 1
2 c 2 5
®7 " ®7
< “[ Aa < <[ a
= % Aa Aa Aa Aa = % Aa Aa Aa ABa
Q Aa Q Aa o
=E=Bls e 1TE=1F T
=0 120
e : e
= | e | il = et AL e el
0d 28d N 14d 0d 28d wi#E14d HWF21d
FREH Bt immune stage  BFEHTEX challenge stage S M Bt immune stage  BFERTBX challenge stage
S KA MRHNO901 B3 /5 B A]/d HE B ERRGX 110103 /5 R Al /d
day post vaccination and challenge by strain HN0901 day post vaccination and challenge by strain GX1101

F 10 g B A4 g fn & HN0901 (A)FT GX1101 (B)HE#RI#5 IFIE MHC 11 mRNA A& 17451k
(&l R AN ) RS S B [R] — $ e 9 AR # 78 S e FH DU R 5 AN AT [a] i) 1] 15 22 5 .35 (P<0.05);
TR/ INE B RN AE AR () I ] A ] e 4 28 Al £ 22 S5 {35 (P<0.05).
Fig. 10 The change of MHC Il mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureus)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after

immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between different
immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 11 The change of IgM mRNA expression level in hybrid tilapia (Oreochromis niloticusQ x O. aureusd)
liver after immunization and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).
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Fig. 12 Serum antibody levels in in hybrid tilapia (Oreochromis niloticusQ x O. aureusd) after immunization
and infected by HN0901 (A) and GX1101 (B)
Different uppercase letters indicate significant difference between different time points in the same group after
immunization and challenge (P<0.05), and different lowercase letters indicate significant difference between
different immune groups at the same time point after immunization and challenge (P<0.05).
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Tab. 2 Relative protection rate of hybrid tilapia ( Oreochromis niloticus? 0. aureus?)
challenged by HN0901 and GX1101 strains

BUEHLE /S gl

KR

FETHURE  ETR% HATREY% R RE%

strain group fish number  death number  death rate  survival rate RPS F
HNO0901 BHI X84l BHI control group 20 19 95 5
HN0901 %40 HNO0901 immune group 20 13 65 35 31.6 <0.05
GX1101 ftBE4d GX1101 immune group 20 12 60 40 36.8 <0.05
GX1101 BHI X} #8401 BHI control group 20 19 95 5
HN0901 %20 HN0901 immune group 20 10 50 50 47.4 <0.05
GX1101 4] GX1101 immune group 20 11 55 45 422 <0.05
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Immune efficacy of inactivated vaccine of heterologous Streptococcus
agalactiae extracellular product in hybrid tilapia (Oreochromis niloti-
cus?x 0. aureus?)
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Abstract: To study the immune efficacy of inactivated vaccine of heterologous Streptococcus agalactiae extracel-
lular product in tilapia (Oreochromis niloticus), two strains of S. agalactiae (HN0901 and GX1101) were cultured,
and highly efficacious vaccines were developed using extracellular products and formalin-killed whole cells of
HNO0901 and GX1101. The vaccine was administered by intraperitoneal (i.p.) injection in a volume of 0.2 mL, and
sham-vaccinated (control) fish were i.p. injected with the same volume of sterile BHI. At 28 d post-vaccination
(DPV), the fish were challenged, i.p. injection, with approximately 1.0x10® CFU of homologous or heterologous S.
agalactiae to determine the efficacy of protective immunity. The immune response and serum antibody titer of the
immunized and post-injected tilapia were measured, and the relative immune protection rate and cross-immune
protection rate were compared. The results showed that the alanine aminotransferase and aspartate aminotransfe-
rase levels of immunized fish were significantly higher than those of control fish at 28 DPV but significantly lower
than those of control fish post injection. Compared with the control fish, the levels of superoxide dismutase and
catalase in immunized fish increased in varying degrees after immunization and challenge, while malondialdehyde
levels decreased significantly (P<0.05). The results of real-time quantitative polymerase chain reaction also indi-
cated that TNF-a, IL-15, TGF-B, HSP 70, MHC 1I, and IgM expression levels showed different degrees of signif-
icant increase and were higher than those in the control group after immunization and challenge (P<0.05). Serum
antibody titer reached 1 : 6400 at 28 DPV, which was significantly higher than that of the control group (P<0.05).
The relative percentage of survival ranged from 31.6% to 47.4% after the homologous or heterologous S. agalac-
tiae challenge. Furthermore, the developed inactivated vaccines significantly induced an immune response in tila-
pia and produced moderate vaccine efficacy. Administration of the single isolate HN0901 or GX1101 vaccine via
i.p. injection was marginally protective in preventing streptococcal disease caused by homologous or heterologous
isolates of S. agalactiae. Our findings laid a foundation for further studies on immune prevention technology
against streptococcosis in tilapia and the development of bivalent vaccines.

Key words: Streptococcus agalactiae; extracellular product; inactivated vaccine; immune protection; hybrid tilapia
(Oreochromis niloticus@x0. aureus?)
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