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BE: SR RABALB/c/NREN Rz, B ERELRFZFE AABKEE HN &
#BALB/c/N RAER . BALB/c/ )N RA R ESHN AT P F2 R A A BREE LR LHER
B TREZZFEFERAERFTLANRERE T & fo/NRWLDsyZ 2, 280 E T F
FAEIRZEZEeTABREMREZEEMINRNE . EREF, MREEEE S
TAERE, A24hABALT AL, ExT/DR M. HE. . BiEEA8:#E KA
fio. 3kMTREE® LI ETFIO01 % 2 E % 4k & fu /s L LDsg2 % 4 7.7x107.
2.2x10%. 3.5x10° CFU/mL#2405. 361. 419 CFU/R . ¥4 % % 4% 2k & TFJ0901 %2 THN0901 &
H R % %4 (1.0x10" CFU/mL)Fn /) (. (100 CFU/R), R % % 4 & fo /N R 7 38 5 250 4
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JEBUA R LA, PG T HATH P RAZ Rk,
TEAA RV & T, B AR pkox e & 2 A i 2L
FEARF3100%, 1T 578 BRI AN RE 1 IR fL A9 SET- o Li
SN R IR JC LR R R A AL R A bR,
G e B B AR £ )5 7 AR B FE T HOR HI W R
19 55 55 o JC LR BK B 9 B ) 23 Bl AD SR BRI 9 A2
e seAs , dn A [ iR T 55 97 RE 48 i JC FLBE RR
AR S AL A R O, T S B0 L 6 Bk 1 P
A B AR AR, k)R TR IR S,
AR IR BRI, W WA JR
W AR T EALAL YA S e
& A i oL BR B A SRR L B 2R PR
F1 v AR 1 7 7 T L B K T ) I S S e
it P PR SR AR, R AR TR AR S
PRI R B G — AR e, AR IR R
SRR AR T RE S AR ES, JF
H AR 25 5 X 52 2% it A 9 5t m] B B
FIGLCRATE o /NN S Y BTz U HT
FLAEAE /N BRI 8 AR FLBE BRI 7 11 AR S
%>R FABALB/c/IN A Oy 0 5 I 7L 5% BR 11 2 7 0
SE bR IESC IR By, Ay BLAE A5 i 57 £ JR G T Bk
ERTE T 70 52 A bR S A

1 MBS L
1.1 LK

SCU0 BT B AR R 3Rk e B B A fA 5 JC FL A BR
B, 2Bk N B AR KR . TFJ0901FITHNO901, Hir
TFI090 L& KARSFFEMR, 4 B A v [ 4 el e R
Y B R AEER R e B B AR 41 ;. THNO09O 12 3 2
P, S HEREENY . T EEERE TFI-FH K
SR 555 TFI090 138 i i A= AL 3055 AR5 1Y
PIME, HRAS S0 = R AF

1.2 SLIGEh4)

BALB/c R Hf IR G PN HEMERE, 6
ISR/, REEZA K18 g, WL Tl K¥ER
KX sh Y. SLRIPMELE, EET
BHRUE, FLSHEEN, BT, f@E
MRS B HE MR TR AE20~30 g, WL TR
BleP YA LAY, WL REKER PR 1
Jil, K30 °C, BEMLIEEL 10 e ¥ B AR fafi&|,
FNREFEAT A Y oy 8, A0 4 8 B 7L 4k

BR B B AT H] T 52 5
13 WEREARYFHIE

20 HBALB/c/NRBEHL 5> 220, BRA10H,
S 2H 26 1 T 59 1.0x10° CFU R 2R 55 2 TFJ0901
PR, DAVEST55 R A PBSZE iR AE A Xt R . HUMIBE
/N BRIV . B L R T E % E 4 2R kAT
SRR 2, A RE /DN BB BE T S P G L B R R R
P, WOHRFE /N B B L T E OB E %
HE T 10% 00 H S W EAT [ 2, H a8 ny
i, JKVE30 minfGWEAEEE LK, —HIRE, A
MY R, R A~T um, RIS OK)E
IIAKE-PHLLH.E)Je e, Bl J5 ) g e 2k 17
R, GFE DR T S ZUR BN AR

14 BRETEHEREEHENE

S R WO [R] B[] . O [l iy Je 2 %
AT T 3UCE BB I o R SN
40 B F A bty a4, a0, 314
SEI6 20 43 SE 55 0.1 mLAS [\ ¥ B K 4R 55 8 TFI0901
PR, DL 5T 55 1 9 PBSZE il A Ry X HE4H
ML Tl sk e B B JE M iE SRS KFE TG0, H
BRP P IEAAFE LT, MIET- eSS
et AT U £, Hf e Je B B AR Y At
Tt O FLAE BR R e T 5 A
1.5 BALB/c/NRIRBYFEE M E

SR BUR R Af [E] . AS TR 3tEUk B9 BALB/e/
FUHEAT 1 30 B AL i I o g R S o
40 HUNEUBEHL /3 a4, A2 10 H O e 452 ) o
3N SR 2H 43 00 50,1 mLAS ]k B K 9K 55 55 TFJ-
09014k, DhiE 25 5 i PBSZE Ml A o X IR 40
WEE I 0 /N RIS SRS KL TS, HE
AN P BRAE T o X B AE 1 /N B AT 1 2
M Sl 2, ff e /0N BRU B8 T 2 Hh I 2L B BR R R gL
(IR
1.6 2MEEUNE XA HTFI018R 558 5
THNO0901#k B9 5 5

PABALB/c/N ARG & % HE £ 43 3] SRy 52 55 )
YRR 5 K AR 55 FE TFI090 18k 5 5% F THN090 1
PRIEE 1. $90R e % B e 73 A3 4, KA
3INAT, BASFATI0REMA, 30MdA S B HEf
Ay W IR 10,1 mL PBSZE Ml . KR5S FF
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TFI090 1 ¥k F1 38 % THNO9O 1 B & , 191 JE
1.0x10" CFU/R, WEZTFILRIETIE ML #5450
BALB/c/NRA A3, B3N FAT, BT
TS H/NE . 34440 B 550.1 mLPBSZZ ik .
KR 55 TFI090 1B F158 5 THNOOO LR T , 7
P 100 CFU/HL, BRI il SAET- 1 Bl o

1.7 2MRBILLEE R RSE B TFI0901Hk 5 B ¥
5SS TFI-FHERS B

PABALB/c/N ARG B % HE £ 43 53] Ry 55 55 3
WA TR 5 T 9K 55 75 TFI090 10k 5 16 7L 4% 5Kk 7 5
SIRETFI-FINEE J1 o K590 e B ¥ Ak fa oy 344l
BAINF1T, BIFTI0RMA, 3PY400a
JEd 5501 mL PBSZE vhifd . K 4R 55 8 TFI0901#%
FIP SS9 B TRI-FRR AR, 1SR 3.0x10° CFU/
B, WMEIF LRI T1E ML ; #45 HBALB/c/MER
IR, BT, BATATSHANEG 3
53 HIE 0.1 mL PBSZZ thifk . RAR 558 TFI0901
PR 2058 8 TFI-FRai i, 1 S0V 2 2 500 CFU/
H, O MEIF LSRRI O
1.8 HIELIE

S 56 % HI Blissik: 1153 7o 7L 4% 2K 7 X BALB/c
/N EEOE R i, R HISPSS 1904 4% 8¢
YR HEIEAT B 2 7 2270 BT (One-Way, ANOVA),
255 18 F KA P<0.05. R FH GraphPad Prism 5.0
W2

2 4

21 WERMEFBHERDYR D

BALB/c/)™ Bl 28 7 i T S5 I G BUO8E 51 1t 1 K
SREGEETFIOO0IRE 5 3R AL T, X 2/
KEMAT NS E,, BREEN/NREERS
PEFET o XHBAAE /N BRI . G . A . g E
KB R AT AR R R, A B A B A AT
PEAT TR V5 B 25 2 W2 L B 2% R YL (a7 58 A G
FLEEEREE . USG5 WFE /N UG | JFAE L L |
U 25 20 AT BE DT o WS B iR-1, BALB/c
/N BB K AR 55 FE TFI090 LRE S5, il 74+ 30 K Thi
TR LA, TR BURZS TR, 8 A 1 ik 1) XS A
KA B AR A0 IR L /0N R IO A R G A il
PR FEIL . A ISR (I R-2) ™ B SR,

AN A Ak, A TP R B A D Y 0 A
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(KRR -4) o TR 20 i 52 i — -, Il . BRFE . ik
B0 908 90 T8 AR /D, 40 Tk O DX B BR B (18] i -6)
B ESS A XA T I, B /NER SPE R AERPAK, B/
B 1 R V% (& hE-8).

22 REZIGBRBBEMNE

TE I 5E K AR 55 3 TFI090 LRk %) JE B % JF 10 55
I3RS T R, A IR AE R R, YK
L2058 2.0x107, 4.0x107F18.0x10" CFU/
I, JES BRI T- 350 10%. 30%H150%,
i 1 Blissi2: 15 H 2 B EE 7 7 LD >k 7.7x107 CFU/
B, LDsy 95%1 Al 5 BR A 4.5%10~6.9%x10° CFU/J
(Fl1-a); SE2RSLERZEAL, IR YL )5 Ry 1.0x10°,
2.0x10°14.0x10° CFU/E R}, B % BRIt %
I3 N20%, 50%H170%, i id Blissi A5 2 %L
BHE 5 LDy M 2.2x10° CFU/JZ, LDy, 95%I1% 1]
1B 49.9x107~8.6x10° CFU/Z (K 1-b); 453Uk 5L
B R EIR, IR R4 50 1.0x107, 2.0x10°
F14.0x10° CFU/RHT, Je% % IE @ iystr- R 5 5
HF10% ., 40%F150%, i id Blissik 45 Hi 2 H 3t
K LDsyh3.5x10° CFU//E, LDsy 95%I1 Tl {5 R
}92.0x10°~1.5%10" CFU/E (K 1-¢).

2.3 BALB/c/NRIEEIFR E MM E

FEIN 7€ KR 55 3 TFIRE X BALB/c/)N BRUEE 119
3R R, IR R, R
39450 . 675 F1900 CFU/ I, /NERAYAE
T30 50% . 90%F180%, 1 i Blissih 45 Hi 2
B H 5 LDs 405 CFU/H, LDsg 95%I1 Al {5
B >4302~580 CFU/H (Kl 1-d); 2Bk L8 45 R
N, MERYL R4 N 196, 384 Fl1768 CFU/H
mh, ANEFET 40 510 20% . 50%F190%, i i
Blissik 5 i 2 B AL ] LDso 361 CFU/ K,
LDs, 95% 1) 1] {5 B A 225~546 CFU/H (K 1-e);
SR R o, MY S0 186 L 372
F1744 CFU/ R, /NERIBET- 20 512030% . 40%F11
70%, i3 Blissik A 2 B 5 LDso i 419
CFU/H, LDsy 95%M Al {5 FR 5 243~567 CFU/H
(Bl 1-0)o
24 2MEEUNERZRSEBTFI01K SRS
THNO0901#k & 1945

1EJe B BRI 3 YL KR 55 B TFI-
090 1 R Al #E THNO9O L ¥R 5, JE % %k £ 17 16 R
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ElHR BALB/c/ R B KSR EEH TFI09015% 5 R IE ) F B
1. 3. SER7TABMARLER/NRM . FENE. BIT R S NEALA B, 2. 4, 680 IR A LU ER 4 5 N R . P . MUE I I 4L
B

Plate Pathological section of BALB/C mice after infection with natural attenuated strain TFJ0901
1, 3, 5 and 7 represent the brain, liver, spleen and kidney histological sections of normal mice, respectively; 2, 4, 6 and 8 represent the brain, liver, spleen

and kidney histological sections of S. agalactiae infection mice, respectively
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1 BFEFEERBFBALB/ /) RARE R R R IARTEHTFI09014%— F R 75 2 [E
(@), (b), (c) FrnJe® B Ik BRI G R AR 59 4 TFI0O0 MR U A3 i 26 ; (), (e)» () /R BALB/c/ BB Y [k 4 K 4R 53 2 TFI090 14K 4
A7 h £ 5]
Fig. 1 The survival curves of the O.niloticus and the BALB/c mouse after infection with the natural attenuated
strain TFJ0901 in a week

(a), (b) and (c) show the survival curves of the O. niloticus after infection with the natural attenuated strain TFJ0901; (d), (e) and (f) show the survival

curves of BALB/c mouse after infection with the natural attenuated strain TFJ0901
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239} 100.0%H16.7%+5.8%, 28K B X e % B ) fa
R S B i PE 25 5 (P<0.05); 7EBALB/c/) fl A
iR, YL R ARG FETFI0O00 MRS , /N BUAY 735
FH100.0%, 1YL THNOYO AR 5, /N il 4
HAET, 28K E R BALB/c/N BUEE f1 HAT i %
5 (P<0.05)(I%12),

Je % B BALB/c /M
B2 O. niloticus i BALB/c mice
* *
o | — — |

o
X =
=
&5
w

2 3 1 2 3

KRS

different groups

E 2 BALB/c/)\RAMEBTTIEGEELRIRGE
TFJ09014% 138 5 THN0901#k /5 77 & 1550

LA, 2. LB RR I TFI0901, 3.70 L 4% Bk 1 THNO09O1; «*~

REWER, P<0.05; T
Fig.2 Survival rate of the O. niloticus and the BALB/c
mouse after infection with the native attenuated strain
S. agalactiae TFJ0901 and the virulent strain
S. agalactiae THN0901, respectively
1. PBS, 2. S. agalactiae TFJ0901, 3. S. agalactiae THNO901; "*"

significant difference; the same below

2.5 2 MRBILLERIRTTETFI01#K 5 B E
555 TFI-FIARIE H

fEJe B B R A oy iR ToFL R K e
TFIO901MITFI-FJa, J& % W HE 1716 2 5 il 0
73.3%+11.5%F180.0%+10.0%, 28k # %t Je & % 3k
05 11 2% 5N .3 (P>0.05), 7EBALB/c/)N B Y
YL RIRESEETFI000 1K), /D B A7 1% &
HF13.3%+11.5%, GBS 8 TFI-FIR R, /D
FUAFTE K 0 100.0%, 20K 1 X BALB/c/N R R ) 22
5 5 2 (P<0.05)(1%13).

3 iR

JEH B A o v [E AU IR A 2R
UTAFER, JCFLBE Bk g T R R R K e
%A AR B BRI 4 2 B R A R R ARTE )
A REAFAEANTR] , ) W 0 7L B K T 2 ) 9 55 B L

JEE R E BALB/c /M

O. niloticus = BALB/c mice
%
100 [ — —
o 8
= E 75
&g
25+
0 | L |
1 2 3
ENGEER
different groups

3 BALB/c/RAMEETFTIBRERNRSES
TFJ0901#k A FH ¥ 55 B TFI-FHK /5 7 /&R
LATAH, 2 G 7L BE BRI TFI-F, 3,76 7L %% 3K B TF10901
Fig. 3 Survival rate of the O. niloticus and the BALB/c
mouse after infection with the native attenuated strain
S. agalactiae TFJ0901 and the re-attenuated strain
S. agalactiae TFJ-F, respectively

1. PBS, 2. S. agalactiae TFIJ-F, 3. S. agalactiae TFJ0901

e o7 RS R L8, 38 R SE 5 B X TG
LA BR A AU B R T A2 TR PR RE T AR 55 .

AR — RS AR R B HES Y, H AR
Gez BIABE AR R B m, W BMA
G REE M T RE S IR A U B (Dicentrar-
chus labrax). BRI Z EH(O. aureus) 2 Je ¥ %
e PR AT, T8 X R EE B (Scophthalmus m-
aximus)WHF5E R, B RKETE3 °C, M16°C
TR 228 °Cla, — S5 R e A G 7 3R ik
TR, NI 2 R A G et X ZEAS [R] i 32
TR TC LA BR TR 1Y JE B B i i 2 B oy
Br& B, AS[A) i BE 5% 14 W il ) AN A 75 e
B % 9k fa X o RS BR o 1Y By AR BEEAS RS AT
FEMRIE, fEBRE M T e B P R & 55
AR IV R S R BUAR TR B R A 7 AR B (] Y
FEIRUT,

1 2 I K A e R 5 A A £ A
R JC 3B 3K T B I Y S 59 B ) B R A
P ) S 06 A, AR B N AR X K AR SE 8 B
M FRIH R G G — hn e, ANEFRH RS
B RTRESARKNESS, IFAAN
[F AP Je B % 9 4o 0] o FL Ak Bk #PTRE 1 A
25 PUEHRSENE IO IR BRI IR YL 4R B 9
fii, KIBJE X HE i (Oreochromis niloticus 9 xOr-
eochromis aureus YU TLFLEEER A RE 1 ek, F
)& N Ty Tl 8] 2 38, AN [) 14 2% 52 Tl ] 38 00 22 5=
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ARG, AR RSB R AL B ER X e B S R
Hw N ZRWER, RLRERE R, HHA
FAE R TCALEE BRI B 1), SCIn 45 AR AE
ANEE RV 52 1 22 1 ) T

F L) & 1 JCFLEEER E TFJ090 1 /2% 4L
BALB/c/INRR, B YL I W 58 /N B2 247 SF- AR
Rk, g5 R WoR, /N BRI R P9 o 2 45
R ICFLEE KT, Ul WY Rk Gy £ I 0 L EE Bk
W RENS 5 /N BRUMCILAE ,  2H 200 Bl 24 1) F 404t
i R B A £ TG0 LA BR A BB 65 X /DN B P Ik 2 AR ™
ESER, [ RE G MR o X I IR
9 R 5 /N BV S U5 TG 7L A% R B i i R
Ui A JE B % A fa 0 LA BR # R YL BALB/c/)N B
BRI HE R . ML TR P B, BALB/c/M
J& TR &, HARBE 22 580N, RN
Wy SIS AR RO ARSI R 3RS B Y 2 BB
FEF A AE HL95% AT (H R, FRIABALB/c/)N FRUASE Y
W ToFLEEER B 1 45 SRR o

/N BRAE Ry Bl e N TR TG 3L 4 K R 5 7 50 55 1Y
LRSS BB S A 2 . o T L BE BRI T AR
R T2 A8 AR i Dk e S BN BRI, 72 s R A Ak
AE X M S0% M /NRBE T, T v 5 28 AR R i /N B 4
PRGN, K TR ER B s CHRE SR J5 , T
AT ASREME/NRAE TS, B A AR U B 5 BT 0% A4 /)N
RAET-P, (HIEJe B P Ak o LS ER B X e B
B AR5 7 5 XN R R — SO ST A
B, ALK AP P HE A FIBALB/c/M R
IR 72 K 4R 55 7 TEJ090 1B 138 75 THN090 1 #%
B, 4R EIR, MEYLHE R 1.0x10° CFU/ERT,
KR 558 TFI0901BE A RE F BUE B F 4R fa sk 1o,
YL 58 B THNO9O 1 #R 5 Je % % Ak f 0 77 16 0
6.7%+5.8%, FHJEX & HE IR rh iR #E THN0901
FEEE J108 T RAR G BETFI09018% ; i FIBALB/c/s
BB R0 000 g B, Y BRG] R DR 100 CFU/H A,
JERYL R AR 55 TRI090 VAR 1A /N R 43473, T JER e
5% # THNOOO 1R (1) /N AT A6 T, 45 3R i /R BALB/
oNERBIRI R SR EETHNO9O LRK 75 /158 T K AR 55
BETFI09014K . DU 45 R R, e Pl
BEBR P X B B W Ak A B FIBALB/c/)s BB Y 11y
R 708 55 HoA — 80k

i 1 Je B % A 4 R FIBALB/c /) B 7 0
TE K IR G5 EE TFI090 1 KK 135055 TEI-FRR 75 /7 19 52
Wzt R R . P BRI T 5 [
43.0x10° CFU/EERT, B YL K SR 55 B TFI090 1B A1
B TRI-FAR G JE 5 2 R 0 B 4735 00 1) R 73 .3+
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11.5%H180.0%=10.0%, ZH 8] ANTEAE i P25 5
TEBALB/c/N B R 3 555 2 [7] S 2 500 CFU/
HU, Y KSR 55 35 TFJ090 1RE F1 -5 55 TFI-Fhk
Jei /N BTS20 511 13.3%£11.5%411100.0%, 21
6] FLA 35 Pk 25 5(P<0.05), £ WIBALB/c/)N B
TR UK UE M X 43 ) & % HE U5 TG L BE BK B 5
J1, ¥ Je BB ARt AR DL X 4375 7 A T R X
Tk T2, NRUEA TN o838 M s &
g5, X Al SR/ BB R e 2 0 A PR LA ER

T IR, I ELREAS SN 5 MR AN [R5 7 19
BRAR X 0 JF R AL

AR S8 KA FIBALB/e/N RUE N e B %
AE f0 T FLEE BRI B R S B SL e sh Y, iR T
BIAE N S S W AT E PR R B e, R T
S 45 RS ARy S sh B 4 R — 2. BALB/c
/N BRBE B RE W K Je & % A i R B M L IX 0 B )
M BRR X TPk, HAT T BRG Bf E
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Virulence evaluation of Streptococcus agalactiae isolated from tilapia
(Oreochromis niloticus) using BALB/c mice

LIU Ling, XUJun, MAPan, LIAnxing"

(State Key Laboratory of Biocontrol, Guangdong Provincial Key Laboratory for Aquatic Economic Animals,
School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China)

Abstract: Streptococcus agalactiae is one of the major pathogens of tilapia (Oreochromis niloticus). At present,
the virulence of strains was evaluated mainly by comparing the median lethal dose (LDs) to tilapia. However,
tilapia as experimental animals for evaluation of the virulence of S. agalactiae was often unstable. In this
experiment, BALB/c mice were used as experimental animals, in order to establish a method for the determination
of virulence of S. agalactiae. BALB/c mice were injected intraperitoneally with tilapia Streptococcus agalactiae to
establish an infection model. The LDs, of Streptococcus agalactiae to tilapia and mice were tested 3 times and the
virulence of different Streptococcus agalactiae to tilapia and mice was determined. Results show that: by
intraperitoneal injection, S. agalactiae can cause the death of mice within 24 hours. S. agalactiae could damage
brain, liver, spleen, kidney and other tissues in mice. The LDsq of S. agalactiae to tilapia and mice 3 times was
7.7%107, 2.2x10%, 3.5x10° CFU and 405, 361, 419 CFU, respectively. When S. agalactiae TFJ0901 and THN0901
infected tilapia (1.0x10” CFU) and mice (100 CFU), the survival rates of tilapia and mouse were 100.0%,
6.7%+5.8%, and 100.0%, 0%, respectively, both of which were significantly (P<0.05) different. When S.
agalactiae TFJ0901 and TFJ-F infected tilapia (3.0x10* CFU) and mice (2 500 CFU), the survival rates of tilapia
were 73.3%+11.5% and 80.0%+10.0%, respectively, which were not significantly (P>0.05) different from each
other, while the survival rates of mice were 13.3%+11.5% and 100.0%, respectively, which were of significant
(P<0.05) difference. Taken together, BALB/c mice were successfully established as a stable model for virulence
determination of S. agalactiae in tilapia. The determination of the virulence of different S. agalactiae in mice is
consistent with tilapia, and this model was able to distinguish S. agalactiae with similar virulence that was difficult
to be distinguished by using tilapia model.
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