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Tab.1 The information of the pathogens isolated from diseased tilapia

strian time area pond organ
TC-1 2014-6-30 Tanniu, Wenchang city no.1 liver
TC-2 2014-6-30 Tanniu, Wenchang city no.2 liver
BL1441 2014-10-21 Baoluo, Wenchang city no.3 liver
BL1442 2014-10-21 Baoluo, Wenchang city no.3 spleen
BL1443 2014-10-21 Baoluo, Wenchang city no.3 liver
BL1444 2014-10-21 Baoluo, Wenchang city no.3 kidney
BL1445 2014-10-21 Baoluo, Wenchang city no.3 brain
BL1446 2014-10-21 Baoluo, Wenchang city no.5 kidney
BL1447 2014-10-21 Baoluo, Wenchang city no.5 brain
BL1448 2014-12-1 Baoluo, Wenchang city no.6 brain
WT1451 2014-10-22 Wengtian, Wenchang city no.4 spleen
WT1452 2014-10-22 Wengtian, Wenchang city no.4 liver
WT1453 2014-10-22 Wengtian, Wenchang city no.4 liver
WT1454 2014-10-22 Wengtian, Wenchang city no.4 brain
WT1455 2014-10-22 Wengtian, Wenchang city no.4 liver
WT1456 2014-10-22 Wengtian, Wenchang city no.14 brain
WT1457 2014-10-22 Wengtian, Wenchang city no.14 liver
WT1458 2014-10-22 Wengtian, Wenchang city no.14 kidney

WT1459 2014-10-22 Wengtian, Wenchang city no.l4 brain
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13
28°C 1~4 d,
XQ-1
[5]
BHI ,28C 1~4 d,
1.4 16S rRNA
DNA
[ ( ) ]
DNA, DNA PCR
16S rRNA (USf:
5"-AGAGTTTGATCMTGGCTCAG-3'  U1492r:
5-TACGGYTACCTTGTTACGACTT-3") PCR

51 PCR ,
NCBI (http://blast.st-va.ncbi.nlm.nih. gov/Blast.cgi)
nucleotide blast RDP (http://rdp.cme.
msu.edu/) Sequence Match
, ClustalX 1.8 ,
MEGA 4.0 N-J
1.5 MLST

Imperi ™

R Poyart B
, Ia la-F: 5'-GGT
CAGACTGGATTAATGGTATGC-3’, Ia-R: 5'-GTA
GAAATAGCCTATATACGTTGAATGC-3'; b
Ib-F: 5'-TAAACGAGAA TGGAATA
TCACAAACC-3" Ib-R: 5-GAATTAACTTCAAT

CCCTAAACAATATCG-3',

DNA PCR PCR

1% , PCR
(MLST)

Jones (o] , PCR http:

//pubmlst.org/sagalactiae/, adhP pheS atr

glnd  sdhd glcK  tht 7 PCR

7

ST

1.6

PCR
, bac(PC ) bca(aC ) bibA(
) c¢fb (CAMP ) cylE (B-
/ ) hylB( ) iagA (
) Imb ( ) scpB
(C5a ) fbsd ( A)  fbsB (
A) , bibA PCR
Kayansamruaj " ,
PCR Godoy M
PCR 1% ,
PCR
1.7
BL1441 WT1451 (40£5) g
BL1441 WT1451 28°C
36 h, PBS ,
ODéoo 4.5x10° CFU/mL

4.5x10" CFU/mL 4.5x10°CFU/mL 4.5x10° CFU/mL
45x10*CFU/mL  4.5x10° CFU/mL  4.5x10* CFU/mL
, 20
, 0.2 mL (20
) 0.2 mL PBS
(29+1)C,
15d

b

2.1

TC-1 TC-2
BL1441~BL1448 BHI
B , TC-1 TC-2
BL1441~BL1448 , WT1451~WT1459
BHI : ,
WT1451~WT1459
40h
BHI ,28°C

28°C
40 h,
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BL1441~BL1448 , ,
WT1451~WT1459 , WT1451~WT1459

b b

R ( 2), Evans
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Tab.2 The physiological and biochemical characteristics of the isolates

) strain
item

BL1441 WT1451 XQ-1

VP V-P test
hippurate hydrolysis (HIP)
esculin (ESC)
pyrrolidone arylamidase (PYRA)

a- a-Galactosidase (a-GAL)
B- B-Glucuronidase (B-GUR)

B-Galactosidase (B-GAL)
alkaline phosphatase (PAL)

®

leucine arylamidase (LAP)
arginine dihydrolase (ADH)
ribose (RIB)
L- L-Arabinose (ARA)
mannitol (MAN)
sorbitol (SOR)
lactose (LAC)
trehalose (TRE)
inulin (INU)
raffinose (RAF)
starch (AMD)
glycogen (GLYG)

haemolysis

H s

>

Note: + denotes positive; — denotes negative.

2.3 16S rRNA (GenBank No.: KT001218~KT001222)
PCR WT1451~WT1459 BL1441~ A909 YZF905 HNwc
BL1448 16S rRNA , 1500 bp rRNA 100% 16S rRNA

PCR , , WT1451~WT1459

, WT1451~WT1459 16S  BL1441~BL1448 ,
rRNA 100%(GenBank ( D,
KT001225~KT001229), Blastn ~ RDP

, 2-22 2603V/R 2.4
ATCC 13813 16S rRNA Imperi ¥
100% BL1441~BL1448 16S rRNA

16S

, TC-1 TC-2 BL1441~BL1448
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55
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16S rRNA

WT1451 (KT001225)

WT1452

WT1453 (KT001226)

WT1454 (KT001227)

WT1455

WT1456 (KT001228)

WT1457

WT1458 (KT001229)

WT1459

Streptococcus agalactiae ATCC13813 (DQ303183)
Streptococcus agalactiae 138P (CP007482)
Streptococcus agalactiae CMS002 (EF092913)
Streptococcus agalactiae 2-22 (FO393392)
Streptococcus agalactiae 2603V/R (AE009948)
Streptococcus agalactiae CIP82.45 (DQ232516)
Streptococcus agalactiae GY 102 (HQ658086)
BL1441 (KT001218)

BL1442

BL1443 (KT001219)

BL1444

Streptococcus agalactiae A909 (CP000114)
Streptococcus agalactiae YZF905 (KF212461)
Streptococcus agalactiae HNwc (GU217531)
BL1445 (KT001220)

BL1446

BL1447 (KT001221)

BL1448 (KT001222)

TC-1 (KT001223)

TC-2 (KT001224)

Streptococcus agalactiae HNO101 (JF423941)
Streptococcus agalactiae GD201008-001 (CP003810)
Streptococcus agalactiae HN0202 (JF423943)

— Streptococcus dysgalactiae ATCC43078 (NR_027517)
ogb— Streptococcus dysgalactiae ATCC35666 (AJ319643)
00— Streptococcus iniae SF1 (CP005941)

Streptococcus iniae ATCC29178 (AF335572)

100 [ Streptococcus pyogenes ATCC19615 (CP008926)

Streptococcus pyogenes CICC10373 (KJ643943)

— Streptococcus uberis 0140] (AM946015)
00— Streptococcus uberis ATCC27958 (AB002527)
00— Streptococcus pneumoniae A026 (CP006844)

Streptococcus pneumoniae ATCC33400 (NR_028665)
Streptococcus suis LT13 (CP003993)

Streptococcus suis SS12 (CP002640)

Streptococcus suis ATCC437765 (NR_115737)

Fig. 1 Phylogenetic tree based on the sequences of the 16S rRNA genes by Neighbor-Joining method
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PCR 2 s Ia S TC-1 TC-2 BL1441~BL1448 Ia
WT1451~WT1459 PCR 3 , (521 bp), WTI1451~WT1459 b (PCR
b Poyart ! 770 bp) ( 2)

bp bp

8§ 9 10 11 12 13 14 15 16 17 18 19 M2

2000 1500
1000 1000
750 600
500

250

2 PCR
1-10 TC-1 TC-2 BL1441~BL1448 ;11-19 WT1451~WT1459 . M1: Marker 2000 (TaKaRa),

M2: Marker 50 (TaKaRa).
Fig.2 Molecular serotype assays of Streptococcus agalactiae strains by gel electrophoresis
Lane 1-10: TC-1, TC-2, BL1441-BL1448 strains; Lane 11-19: WT1451-WT1459 strains. Lane M1: Marker 2000 (TaKaRa); Lane
M2: Marker 50 (TaKaRa).

2.5 MLST 4.5x10° CFU/mL 4.5x10°CFU/mL  4.5x10° CFU/mL
WT1451~WT1459  adhP pheS atr 65% 15%
glnA  sdhA glcK  tht 7 5% 0 0 O, 4d
, 7 54 17 31 WT1451
4 26 25 19 4.5x10° CFU/mL 4.5x10" CFU/mL 4.5x10° CFU/mL
ST, WT1451~ WT1459 4.5x10° CFU/mL 4.5x10* CFU/mL  4.5x10° CFU/mL
ST261 , TC-1 TC-2 100% 100% 95%
BL1441~BL1448 ST7 95% 90%  85%, WT1451 ,
2.6 2d ,
, TC-1 4.5x10° CFU/mL 24 h
TC-2  BL1441~BL1448 , 95%

bac -bca -bibA"-cfb'-hylB -iagA " -fbsB -Imb -scpB -
cylE -ghs20186~ WT1451~WT1459
bac -bca -bibA -cfb'-hylB -iagA"-

fbsB -Imb -scpB -cylE -gbs20186" 15d
11 TC-1 TC-2 BL1441~BL1448
WT1451~WT1459 4 3
, bac bca cylE  gbs20186 , 3.1
(3 )
2.7 )
, BL1441 , 2009

4.5x10° CFU/mL  4.5x10" CFU/mL  4.5x10° CFU/mL 23, 14]
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Tab. 3 Detection of the virulence-related genes in the isolates from diseased tilapia

strain

virulence gene

bac bca bibA cfb hylB

iagA fbsB Imb scpB cylE gbs20186

TC-1
TC-2
BL1441
BL1442
BL1443
BL1444
BL1445
BL1446
BL1447
BL1448
WT1451
WT1452
WT1453
WT1454
WT1455
WT1456
WT1457
WT1458
WT1459

H 5

Note: + denotes positive; — denotes negative.

[14]

(Schizothorax prenanti)™ (Pampus argenteus)'"”)

(Myxocyprinus asiaticus)[14] (Sparus
auratus)[ls] (Notemigonus crysoleu-
cas)!™ W (FPundulus grandis)"®

barcoo)m]

(Scortum
i (Trachinotus ovatus)'”
(Scophthalmus maximus) (Rana catesbe-

iana)!' 2014

BL1441~BL1448 WTI1451~WT1459

WT1451~WT1459 y o,

TC-1 TC-2
BL1448 B ,

BL1441~

WT1451~WT1459 b
BL1441~BL1448 Ia

TC-1 TC-2
2014

100

MLST WT1451~WT1459
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ST261 , TC-1 TC-2 BL1441~ BL1448
ST7 ,
ST7 ST7
NST1I NST2 (
ST )[19]
ST261
ST s s
(Ta-ST7 b-ST261 )
, Ib-ST261

3.2
TC-1 TC-2 BL1441~BL1448
WT1451~WT1459
) , bac'-
bea'-bibA"-cfb"-hylB -iagA"-fbsB -Imb -scpB -cylE"-
gbs20186 bac -bca -bibA -cfb -hylB -iagA"-fbsB’ -
Imb -scpB -cylE -gbs20186"

TC-1 TC-2 BL1441~BL1448  WT1451~WT1459

Imb  scpB,
TC-1 TC-2 BL1441~BL1448
gbs2018-6 [13]
WT1451~WT1459 bac
bca s a-ST7
bac bca [>- 71 Rosinski-
Chupin 12"
, b-ST261 2-22
SS1218
2 (1) Alpha
Rib ; (2) C5a
(ScpB) (Lmb)

, WT1451~WT1459
s Imb
, WT1451~WT1459

scpB  bac  bca

cylE , WT1451~WT1459

(bibA gbs2018-6  fbsB) TC-1

TC-2  BL1441~BL1448 ,
3.3

b-ST261  WT1451

BL1441

, WT1451 ,

WT1451 BL1441

WT1451

41 y YZF905
WT1451

45x10° CFU/mL 85%,

1x10° CFU/mL

YZF905

WT1451 VP

YZF905

40%
VP :
, 16S rRNA
WT1451~WT1459 YZF905

( 1, , WT1451~WT1459
YZF905 )
YZF905 ,
ST261  ST260 CC552
(clonal complexes)?!!, Delannoy [**
ST260 STIR-CD-17
, 10* CFU/
WT1451~WT1459
CC552 ,
Ib-ST261
[a-ST7
, ST261
Rosinski-Chupin 12 , ST261
2-22 1.8 Mb,
ST7 COH1(2.0Mb) FSLS3-026(2.4 Mb)
10%~25%,
ST260-261
(ABC /
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Isolation, identification, and molecular characteristics of a new geno-
type of Streptococcus agalactiae from cultured tilapia in China

ZHANG Defeng, LIU Lihui, REN Yan, LI Ningqiu, LIN Qiang, PAN Houjun, SHI Cunbin, WU Shuqin

Pearl River Fishery Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Fishery Drug Devel-
opment, Ministry of Agriculture; Key Laboratory of Aquatic Animal Immune Technology, Guangzhou 510380, China

Abstract: A Streptococcosis outbreak in cultured tilapia caused by Streptococcus agalactiae occurred in Wenchang,
Hainan Province, China in 2014. In this study, the moribund tilapias were collected from different farms for bac-
teria isolation. Most of the moribund tilapias displayed typical clinical signs, such as melanosis, corneal opacity,
and swimming abnormalities. A total of 19 isolates (TC-1, TC-2, BL1441-BL1448, and WT1451—- WT1459) were
isolated from the liver, kidney, spleen, eye, and brain of the diseased tilapia; then, these isolates were identified by
morphological observation, physiological, and biochemical characteristics, and sequence analysis of the 16S rRNA
gene. All of the isolates were identified as S. agalactiae, and the WT1451-WT1459 strains grew slowly and could
not utilize trehalose and ribose. In addition, TC-1, TC-2, and BL1441-BL1448 isolates were positive for
B-hemolysis on sheep’s blood agar plates, but WT1451-WT1459 isolates did not exhibit hemolysis. The genetic
characteristics of these isolates were analyzed by multilocus sequence typing (MLST), molecular serotyping, and
virulence-related gene sequencing. The results indicated that TC-1, TC-2, and BL1441-BL1448 isolates were
common types of [a-ST7 S. agalactiae in tilapia in China. However, the WT1451-WT1459 isolates were rare types
of b-ST261 S. agalactiae in tilapia worldwide. PCR revealed that the virulence-related genes bac, bca, bibA, cfb,
hylB, iagA, fbsB, and cylE were present in TC-1, TC-2, and BL1441-BL1448 isolates, and the virulence-related
genotype of these strains was bac -bca -bibA"-cfb"-hylB -iagA"-fbsB"-Imb -scpB -cylE -gbs20186 . However, the
WT1451-WT1459 isolates were positive for bibA, cfb, hylB, iagA, fbsB, and gbs20186, and the virulence-related
genotype was bac -bca -bibA -cfb -hylB -iagA"-fbsB -Imb -scpB -cylE -gbs20186". Despite the fact that the
number of the virulence-related genes of the WT1451 strain was less than that of the BL1441 strain, the former
was more virulent than the latter in tilapia. In this study, the virulence tests were conducted by intraperitoneal in-
jection of the BL1441 and WT1451 strains in tilapia. The results of the challenge experiments showed that the
WT1451 strain possessed stronger pathogenicity to tilapia than that of BL1441 strain. The WT1451 strain caused
85% mortality in tilapia at a dose of 4.5x10° CFU/mL. The BL1441 strain showed weak virulence in tilapia, with
cumulative mortality of 65% at a dose of 4.5x10* CFU/mL postchallenge. In summary, the 19 S. agalactiae strains
isolated from tilapia in Wenchang were divided into two genotypes based on physiological and biochemical char-
acteristics, 16S rRNA gene sequences, hemolysis activity, molecular serotyping, and PCR screening of viru-
lence-related genes. Although reports on the Ib-ST261 S. agalactiae strains in tilapia are rare worldwide, these
strains were highly virulent in tilapia. Therefore, it is very important to obtain data on the epidemiology of
b-ST261 S. agalactiae strains in tilapia in China. To the best of our knowledge, this is the first report on the hy-
pervirulent Ib-ST261 strain of S. agalactiae, which was isolated from tilapia in China. This study provides a
framework for the exploration of epidemiological analysis, vaccine development, prevention, and treatment of S.
agalactiae in tilapia.

Key words: tilapia; Streptococcus agalactiae; molecular typing; pathogenicity
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