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Te g, FTAxH, @, kAR, %k E, BEMEAK,
&= W, ERk, EAE, T

(P EEK BB FUBE SR A B FURT, T SR S AR E X LR =,
Bk R 5 R NS B E, AR HE  266071)

BE: v — P ERNERBE N EEHRR, LA T E 0N 4 E 2 IT
EHBEAMEHRTTRATFFRAERRRE. REQN. ERAN, BROTHERIANE LR
B REHEEZN. &F, WHEL. Bk, HERALAAMES. REEMN. He
TRERES, EEMBEREXBEFNEERECHART A RARENNFHAL RS
AEARBRNEERE x, BRAOHANE LRART. BE, FAEFRFRKENE
FAR, #EFEML. B, EERDNEAEKRERING, EAE R BRI KR;
RN T FRENALR, REEREH K. BHALRERNE LA, BT FA
ErLErampnamER, AEERK, magEL;, EEaRmKR. HE, £ZF
TAREMBERFER; WRIR. . BERHBERARBRIAXNEDE, REFKITFRE L
ENW, KAAFREETHHFE. AERTH S HH 2HKEEE (Lv-A f1 Lv-B), £ A
TRPELE AN, Lv-Afo Lv-B 7 3t L4 =t dF PL, @ Fr B3 5 & 4% % A0 B & 35 3% fb
M, HEBEAWREZ L F] H 1.62x10° F25.38x10° CFU/mML, i /1 3#%. 4% 16SrDNA %1 gyrB
FRAMERKA, Lv-AfLv-B 55 SN E. FHEESRTINE 8 B il & 58" K
B LM . WK R A 4 O v 48 M 3% fb AE (shrimp postlarva bacterial vitrified syn-
drome, BVS)., A EREREF, Lv-ATLv-BHd KiEHX K. FWH K. ZWRT
BR, MAdsEE. hIRR. FIBFEMA. AFEN BVS WA KT E. RIEX AT
W KRR A e R X

KERIA: JLAERTEE; IFd; MW MR AR, BENE;, FEESRTINE,; BlEmilE;
e

FESES: S 941 XHkFRERS: A

FLAN I XT BR (Litopenaeus vannamei) & 515 WR L= 5 212.1 J7 t, Hodp FL&H T X 0 7= i e

Pl A B 2SR K 7 SR A AR S, T R A
TR, B F B IR E 3 2 X SR
Frhb A, SRR KT SR ol Y 2 P SOk
Z—o PG, 2019 4F 3 [E K HIR K SR 5 0T

WS BH: 2020-09-09  {&EIHHA: 2020-12-31

K 181.6 J7 t, ff BLFRFE N R 7 4R ) 85.6%. FRAH
PN BT A B T R AP R R, 2019 4L
YRR ER IR A R 1.5 T AC Y DL
ol 1 A4 2852 48 7 B Sy % e D X6 MR 55 7 ol T
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1564 KopE o R 45 4

SRR R E R . R E X R A A BT
AL AR, BAE U B REAL, HORHR
Sy HMTEAN A 3258 X N A BLRGE , 3 — 22 m R
THRIEMAARERS, EESEM R,
A E R, Bl I (Vibrio parahaemo-
Wticus). W& 4E COR T (V. harveyi). X RO (V.
campbellii), V¥ I (V. alginolyticus) 55 2 Fh 2l
DA SR 2 BE T | R X R AR T R, A A
56 JI 22 i OGT B AR e DA T R T PR
A R X R R B AR E A BRI R, i —250m
5T W D 4 B PR IR ADESE, RO X
IFFRIEI F 29T S BRI & B 2 X

2020 4EFFZ, 0 0 B T < BRI AE
Wi &, BURIRE RG99 . R@
E, =W, FH, R . BlaAl
CHREIREM, 2IHASHM I RE,
HROPR 22 SR ot MR i ) < g AR IE” . B 2020 42
TERAEACERYE AL R, TR E A e
T A AR R PR & S, S B R R ™
EAE . BALEE — M IEPR T 2~3 d BYERE
HBUE ARG 24 h WERE R ST it —
A WIRF IR <P AR (1) FZEBOR I, SE 0 A B
T AR IR 1) L g T R MR RV R AT R B L 3L
o M IV ZH 2005 B2 A3 A, A ) B R B AR E 1Y
By 45 FE AL HLS AR 4

L bR

1.1 SCIe# R

FEI L A 0 08 W I R A S TR ) < B AR E
REAR, 3R A AL A N T 5 HXTIRE 5,
JHC o A R ot AP SR I AR B SRR
[Fi) B 32 SO 9 0 AR B A2 R 7 WL B F) R B AT
SR A AT s TR, R A RO AR LK H K R
FIH B M K RE BEAT 0 SRR Sk A

N TR T 0 i B L 498 5 of i )
VidE ey, A PL,. BARIREE N 25 L
KRS, AMAEN 20 L, FRALE N 50
FE/L, Kili (23£2) °C, FRZistd. B n 4 H
BRI KA 10, Bok Ry SRR 273,
B3 dE AT IR L

1.2 mHEEERMBESE
HCHL TR AR R PL A X R R, WL
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SR R0 IR I T I R R B, ek R e BB K
B itk — 20 A A ARG A A A g B AR SR AR
LA TCH R R

YRR A i R AT R 1 S8 4 BRE ML 4 75 X R
WRE, FHJCH 1.5% NaClLIE b PE 3k, ¥ 0.1 g
N B I TR O B R T 0 0T S R AT R R A R
v KA ) A0 R AT B AR RS, U R S Y BF
JES WA K RE IR AR T R B R K 5. IR ¥ (trypticase
soy broth, TSB) Fli A B FR £ #7152 2 £1 10 £ e b
Bilg (thiosulfate citrate bile salts sucrose agar, TCBS)
Bigedk, 28°CHEFR 24 h s, 155 40 BE AN 9N
BN e, G R RN e S A A
g, ALE IR R A A 1.5% NaCl 19 20%
HIH AR AE T80 °C UKAE N & H -
13 ATREZSL

PRHUAE TSB [ 1A 15 77 5 b i 1k i f 5 1
B 75 32 50T 200 mL A& TSB K573y, 28 °C.
180 r/min 4% 37 15 % 16 h J5 B O WCAE H KR, L
1.5% NaCl ¥ BRI 3 WA il & b B, &
S BRI R R R

N TIRYER AR IR 7 XAy, AL fdi F i
JHE LA X R R 30 BB, SR 4 VR I IR A Bk
WREAR 0 Lv-A: 1.02x10', 1.02x10%, 1.02x10°,
1.02x10*,  1.02x10° #1 1.02x10° CFU/mL; Lv-B:
1.30x10', 1.30x10>, 1.30x10°, 1.30x10*, 1.30x10°
F1 1.30x10° CFU/mL, L fin A A R A& LY 1.5%
NaCl i A I, SEEe R 22 7R, /Kl (23+
2)°C, B 120K 1k, SRR, oK
R FRBE K AR 172, WLER 0 S5 MR 1 E IR B HL % s
FET- A O, KRB R I R AT R T A B A
IR 2 T R R R B E (LDsy)
14 REESALE

P2l Ak I Y LT 7 R T 100 pL KB T
K, 99°C 4@ 15 min )5 B0 B E 1S WAE N
PCR #i#z . ] FH 2T 16s rDNA 1 gyrB 5149143 5]
P HbRF I, Y4 PCR 4lifb G ik B4R
TAY TR (L) By A PR |l 3E 47 5 50 2
W 7 25 R 282 BLAST #E47 [R5 et o IF R 25 ]
ezbiocloud (www.ezbiocloud.net/) F5 M F #k £ 415 72
X} 16S rDNA Wl Jy 45 S 4T Hext o 35 BCRT 3545 [R]
5 P 25 v WA M T B 16S rDNA I gyrB 5,
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9H EEBE, G PLYA T IR SR A0 B PEBARAE (BVS) BRI, 5 B AT 1565

Mega 6.0 % FH4B 441 (Neighbor-Joining method, NIJ)
WERGERFTW.

1.5 HARIBENE

B A AR B ML 94 5 T BF 5RO David-
son [C[# 2 W [E %€ 24 h, & LI AR -rar e fa ik
(H.E) Yemlo fifi ] 2.5% J& 1 [A) A5 [ 5 ik
LRI A T, AT R O UL Y

1.6 R MR

AL pE L 38 R W, R AR A TR
(K-B i) X R ARIEAT 259 SO R IR . WX
WO O 10° CFU/ML, Bt B 4K F I & F b M R
FVRCAE YR A R A o B 100 pl T B VR IR A
T TSB [ ARG F2 4L, Wikt 25940 v 5 & T 28 °C
K3k 16 h, MEMEE HE, IS RULHIE T2y
R e fE

2 4R

2.1 BRI SSES 7

FEI ML A T 0T B B e 2 BRI s, R
PRI . WM, =SB, BB RS RO
AU A . B0 3 T R R Xl I ) A
B O H UL N zs H B AR A o Sk i X s

=
1 R4 . ’
healthy shrimp ,f A

2 IEIRE I /N . BEHORES (BT -1), XF U
IRV KR g%, KRB W A A, (1
Al WK 7 AR R B A
22 MBERESYHES

ok PR 2R A B 2 BRI R, e
23 M Lv-A Fil Lv-B, Lv-A 1£ TSB 3 55 5t |- &
FLEAERER %, 7£ TCBS b 2446 I %,
FIEOCH . BER . HZEEST; Lv-B 7E TSB K%
3 FREA A6 HEARERLWEIERE, 7 TCBS
FREEARIEWEE, WigRmLHE . Ei, N
A AR AR (BIR -2, 3).

23 ANILRESLIGER ST

R S B SR AT 72 h, X e I A S
XPRAIET: 1 B, HAREAEJIEIER . Lv-A
S0 2H 1) LA T R R R B FE IR L JS 12 bt IR
SEMEB AL LR, 24 h FOR HHBSET- B4, 10°
CFU/mL SZ 55 41 7 36 h FF 3 %E 1=, 10° CFU/mL
SEEG A AE 60 h B 2 AE T . Lv-B SE 56 41 A9 X &R
YL 24 h PR S Dl B L A T- B 42,
10° CFU/MLEZ B 2H7E 60 h IF 43848 T, FEAH[R) M
£, Lv-B JL4A IR X R IR 3 0 5 7 88 Lv-A MI%
(F D)o BRYL LU 0 A0 B R R B, 35
TR, IFIRARFC RO . Bl AR I RIRE A,

P

FASE

1. f ERERN R FLANTEEXTIMR B R MRER; 2. Lv-A £ TSB LJEAS; 3.Lv-A fE TCBS LJEZ; 4.Lv-A fE TSB LH7AEA; 5.Lv-A £ TCBS _LEVEE
A 6.Lv-BfE TSB LJE#&; 7.Lv-B #£ TCBS LJEA; 8. Lv-B7f TSB LW A& 9. Lv-B £ TCBS LH S = (@ HEIF Y ; b 5
95 AR

Plate [
1. apparent symptoms of healthy and diseased shrimp postlarva; 2. morphology of Lv-A strain on TSB medium; 3. morphology of Lv-A strain on TCBS

Bacterial vitrified syndrome of shrimp postlarva and morphology of strains Lv-A and Lv-B

medium; 4. colonial morphology of Lv-A strain on TSB medium; 5. colonial morphology of Lv-A strain on TCBS medium; 6. morphology of Lv-B
strain on TSB medium; 7. morphology of Lv-B strain on TCBS medium; 8. colonial morphology of Lv-B strain on TSB medium; 9. colonial morpho-

logy of Lv-B strain on TCBS medium; == healthy shrimp postlarva; s diseased shrimp postlarva
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1566 Ko kAR 45 &
1 B Lv-A F1 Lv-B X FLASE R ERER 60 A T RGBSR I 45
Tab.1 Results of artificial challenge to shrimp postlarvae using Lv-A and Lv-B
BUg AN R (] MR 40 R
A W& E/(CFU/mL) YR number of fish deaths after challenge at different time RKIFFET AR
group infection concentration  fish number 12h 24h 36h 48h 60 h 2h cumulative deaths
Lv-A 1.02x10° 30 0 29 1 0 0 0 30
1.02x10° 30 0 20 1 7 2 0 30
1.02x10* 30 0 2 9 10 3 0 24
1.02x10° 30 0 1 0 7 1 1 10
1.02x10 30 0 2 0 1 0 0 3
1.02x10' 30 0 0 0 1 0 0 1
Lv-B 1.30%10° 30 0 5 20 1 4 0 30
1.30x10° 30 0 0 0 10 8 4 22
1.30x10* 30 0 1 3 3 5 8 20
1.30x10° 30 0 0 0 2 2 3 7
1.30%10’ 30 0 1 2 0 1 1 5
1.30x10' 30 0 0 0 1 0 1 2
Xf # control 1.5%NaCl 30 0 0 1 0 0 0 1

el , 5 HKRREER -2, BRAANTL
TR (1) MR T 3 B I S B R Y TR TR R
Lv-A fil Lv-B —%(, H. 16S rDNA ¥ %4 NCBI [t
XIS Lv-A #l Lv-B —3, fF&RHsREN], 45
W, Lv-A Fl Lv-B J& 5 2 LR I XF 1R HF 4 3% 1k
S P B A o R R R TR T B4R A Lv-A Al
Lv-B X #F #F & (1) LDso 43 %l 24 1.62x10° FlI 538
10° CFU/mL,

2.4 JKIRE 16S rDNA #1 gyrB £ E 5 #f

B Bk Lv-A i1 Lv-B 1) 16S rDNA F&[H 7 %1 ]
SEAFBIARAS 1411 F1 1 409 bp By A &% 3 B E 31
i 3 Blast %4387 & B, Lv-A #1 Lv-B ¥ 5%
BT 1 7 51 [ IR A v, AEARLEE 43301 R 99.79%
11 99.86%. ik EzBio A i B K B 4 K R 43 AT
KL, Lv-A S5 ZJeHREH (V. neocaledonicus)
750 RS PE e, AHABLEE A 99.64%; Lv-B 5
BT A0 [l e fe =, ARARUEE R 99.43%. gyrB
JF 31 5 L3145 1166 bpAil 1 409 bp B A 3 [
31, #ad Blast FEXF 44T & 8L, Lv-A fil Lv-B )
55 80 15K BA 19 3 ) P e v, AR RUEE 43 1
H99.22% F1 99.30%(F 2). 16S rDNA F1 gyrB Y
ARG T A, Lv-A 55 Lv-B B HN—#%,
o, FEF 16S rDNAM R 48 & B M H Lv-A il Lv-

https://www.china-fishery.cn

B 5 BN B 2 Je Wl R o — 3, %k
T orB W RS KB W H Lv-A Fl Lv-B 5 &Il % 1L
PR 2R R — 3 (B 1), BT, A S50 8 J0 vk
SE Lv-A Il Lv-B I BA TR BR A FK, DA IR A B 40
T P B A 1) B0 i 48 i I (Vibrio spp.)o J&
SEADLIE Ao 2H 2 R AT R A S 2E R T

2.5 HLNRIBEARGE S AT

AU R R, R FL A T Xk R O
WP ZE 40, IF/NE LR AR sE . Wivg , AT
ANE SRR R R R HEUF B L . Bk
(BRI -1, 3); BEERGAREZ AN, H/NEH
GUR I BUIRIE, R AT A 81 2F 4 AL 2R R 45 4
BESEEWAR, ERNFRIRANZ L EL LN,
B A R B 2 B X (R T2, 4); DLEER
AELSHRCEL , MR g . BRI (B T-5);
N AR E MRS, SR
M, MEe i BUERBLA (B TT-6).

T 2H 2L BEAR I R B, AU LA I ) R
SRV R A L B NR B B B 5 T R (] BT
WA BRI AR, D03 B AR O AT IR B HL 22 5I01
(EIRRIT-1, 2, 4). FF/NE T B 20 0 64 200 i 1 3
Rl 2 i TR SR RS, A A, 4
HEAZ AL, 20 i A A 52 8 1 O I v ST/ NE Y
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9 1 FENBE, 4. FLYAIE G UF AR 1 20 78 P 3 A AE (BVS) BRI . R B4 T 1567
®2 EHRLv-AFLv-BEELHR
Tab.2 Results of the identification of Lv-A and Lv-B
HEAH  BURE FPk  strains
gene database Lv-A Lv-B

16SrDNA  Blast JFHIK/Mbp  sequence size 1411 1409
% KAHLB Ak most similar strain WK V. alginolyticus WEEINE V. alginolyticus
/%  coverage 100 100
HIBAE/%  identity 99.79 99.86

EzBio B KAELE AR most similar strain HW&JB IR V. neocaledonicus WEEINE V. alginolyticus

HHEIE/% coverage 95.8 95.6
HILARE/%  identity 99.64 99.43

grB Blast 73 K/Mbp  sequence size 1166 1159
e RKAALR#R  most similar strain EIA YR V. parahaemolyticus BIAMINE V. parahaemolyticus
/%  coverage 98 98
FHAAEE/%  identity 99.22 99.30

83 Lv-B
57 Lv-A 10909 i:i
VRIRINE V. alginolyticus NBRC 15630 68 RIS IYNE V. parahoemolyticus ATCC 17802
92P0 ¥R EANE V. neocaledonicus NC4T0

TN  V natriegens DSM759
W JEWIKE V. neocaledonicus NC470
WEYNH  V alginolyticus ATCC 17749
100 [ BRSCERIRE V. owensii NCCB 100454
WEYEECHREE W harveyi ATCC 33842
WILIRIRE V. campbellii NBRC 15631
HORE V. rotiferianus LMG 21460
KEEBIINE V. scophthalmi LMG 19158
#85NE V. anguillarum ATCC 19264

sor BNV rotiferianus LMG 21460
WILKIRE V. campbellii CAIM 519
M HE IR W harveyi NBRC 15634

100!

B IMYNE V. parahaemolyticus NBRC 12711
RESPYNHE V. scophthalmi LMG 19158

#88E  V anguillarum DSM 21597

0.01

(a) (b)
EF 16S rDNA(a) 71 gyrB (b) BIE# Lv-A # Lv-B R Gt i L1
Fig. 1 Phylogenetic trees of Lv-A and Lv-B based on 16S rDNA (a) and gyrB (b)

&1

(U -3); SRTE AL BT K o T
e i SR TORE (PRI I-6).. 19 3 B 1
MLSRIE . G LR AT 0O 47 S R
R 25 L 210 B R P
W A LUK BB 9 SO B
(EIRRI-1). WURZFAZH . %4, 5 SOV
B A, AR L8 TG SR (R -5).
R U AR TSR LR 77 0
et

X Lv-A Fl Lv-B 33547 38 Fh 245 4 1) gk vk
K, 255 BoR, Lv-A Fl Lv-B 19 245 1) U A7

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

FE— AR, FERTR I 38 R 259, Lv-
ARMLv-BXWLAFR ., WHE, HiER. HIRR.
SRR, CBIRIEE RS 24 Ry R A
SHURAFE 3 Lv-A Fl Lv-B X KRR | L5
F.OZEMERBUR, XMHEE . WIRER . LR
TR R . BERE . AR BT 2y,
Hrp, Lv-ARe s HEEURZI Y b RIREE . kil
WRIR, fEmtEm2i2imhadmR. KRKEE.
TR Lv-Bos S PEmUR 259 Ry b2 8 &K
FeSPEmT 25 250 0 RIREE R . wemgmie il | 7%
# (#£3).

2.6
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1568 KooPE

% W 45

(& R 11

3 T

XPURE N, Pk 2R, HRER
A, KIEABE R s FEH RS2
R A O R, T 4 R R 1R e R
AR S50 NS BOM R B AL SR AT,
TSI . B b, BB MR R A
ARAGER T rp 2 B 159 30 2 MRINPE , Il ad A TR
SR S 2 B2 TR A T O B B 1 B0 AL,
WPk Lv-A Fl Lv-B B R YL ¥ 0] S EURE =A4 5
F AR &5 — BORYIE IR, X FL 4N U X R R Y
LDsy N 1.62x10° Fil 5.38x10° CFU/mL. #3 i& i 17
a2 R AE RN B0 AN S, SE I 2 i 44 < BF
[HEEREE) Z i
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BB ALYEXTIT A ARIET
LFFIBR MR 2. PR AR AN B iE s 3. AFIEMR: 4. WFREAR; 5. LA 6. BB (&7 k167R)
Plate I

1. hepatopancreas; 2. hepatopancreas and intestinal tract; 3. hepatopancreas; 4. hepatopancreas; 5. muscles; 6. intestinal tract (arrow mark)

The pathological changes of L. vannamei larvae associated with bacterial infection

YR S E S R R, SR TR A BN PR
FESED, BER Lv-A 5IEBINE . Hg B Z e
SRR 0 I 1 5INPT X A e AR 5 TR BR Lv-B
5 o I R I R TR AR DL MR B e L B B
2 Je W N B 2 T I 4 0E 1 — R 5 i T RN
HSK T (V. natriegens) AT =5 A AME 9N B,
51 U 10 L A1 7 ) 6t v T 2R R B — 1Y 92 1k
FERW, Ry, T AR A R v 5L 22 )2
I 2 5 3R 8 (Urechis unicinctus) 58 3% 4%
TR BOw I 7 B oI T AR 9K (5] R Har-
veyi clade, 1%, Harveyi clade 341 45 % Ht
TR . R N B . A A QIR . N (V.
azureus). V.sagamiensis. IIGINE . MG |
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9 1 TENEE, %5 FLANIE X HRERTE 40 8 P B ILAE (BVS) AR5 . R B M 1569

S =i

EIRRTIT 28 L4435 2o AT AT B B 4R 4R s

HHHIE

LI, 2. BIRSHTRIAE, 3. AVE By, 4. B, 5 LA, o O R RIIRITR (&7 kdE); F.AZWEE, Bac. Wik, C. 2%,

N. 40, M. ULEF4E, Fat. JI5 5

Plate [II The ultrastructural pathology characteristics of L. vannamei larvae

associated with bacterial infection

1. intestinal tract, 2. gastric membrane and pepatopancreas space, 3. hepatic tubular epithelial cells, 4. pepatopancreas, 5. muscles, 6. tissue fragments and

fat droplets (arrow mark); F. tissue fragments, Bac. bacteria, C. cavity, N. nucleus, M. muscle fiber, Fat. fat droplets

W . TFENNE . K FINE (V. jasicida) F1TG
DUAREE (V. mytili) 3£ 11 FpU" ) 1 F Harveyi clade
DAL T ik ) 35 PR LA BL PR  (16S rDNA>97.6%,
DNA-DNA reassociation values ZJ 70%), ¥ # %
16S rDNA #1 SSU rRNA(small subunit ribosomal
RNA) %55 R T8 Harveyi clade P ) B #k IE 17
WE B 1 X 43 F 2 52 PO, Pascual 55 ® Hll Cano-
Gomez 5PV 5T R W, R 247 8% 51 43 Bt

Hp [ 7K 77 % 45 F /) sponsored by China Society of Fisheries

(MLSA) (1175 3% W ¥ Harveyi clade N B % i
PRLRH AR (1% BT B 1E 17 45 %2 43 A7 . Bachand %6 3
sugoe SN S i SO EA Y = PO R i
Harveyi clade B8 R JF 17 i (] 22 5 1 % o I st %
FEMEA T ARSLEE T, FEAR Lv-A Fl Lv-B 7EAN ]
s DRI BUHE PR b 03 o e s o s L 2 e
AR Vo oI P SRV R T G T e S
JREARFRZE, (BIE & T Harveyi clade B Rk . &4k
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1570 Ko 45 1%
# 3 EHK Lv-A 0 Lv-B 34 ZSREM
Tab.3 The drug sensitivity of Lv-A and Lv-B to different kinds of antibiotics
B A/ mm UK S

Zimair 2 R (g ) diameter of inhibition sensitivity

antibiotics contents Lv-A Lv-B Lv-A Lv-B
27 %  erythromycin 15 12 15 R 1
KifiAZ  minocycline 30 24 25 S S
LV E  doxycyclin 30 19 21 S S
VYR ZE  tetracycline 30 14 13 I I
Hi#E#E  neomycin 30 12 12 R R
MEURER  pipemidic 30 15 17 R R
ZENERR  nalidixic acid 30 22 27 S S
F&i 8%  azithromycin 15 14 22 I S
ThiFEZ  clarithromycin 15 15 17 1 1
LIRIRTEREZ  acetylspiramycin 30 0 0 R R
BERER  streptomycin 10 0 0 R R
+MEHK kanamycin 30 18 0 S R
JRK#Z  gentamycin 10 12 14 R 1
THRM  amikacin 30 13 14 R I
SLTHARER  salbactam acid 7575 22 18 S I
FIFEF  rifampicin 5 12 12 R R
BRI MR furazolidone 30 15 11 I R
S I7HEY  paediatric compound sulfamethoxazole tablets 23.75/1.25 0 0 R R
BEEZ  novobiocin 30 18 23 I S
ZHiHEB  bpolymyxin B 300IU 10 0 R R
P IA  fleroxacin 5 22 27 S S
%A lomefloxacin 10 14 22 R S
IR A ciprofloxacin 5 19 25 I S
IR ofloxacin 5 21 23 S S
PRIV E  norfloxacin 10 17 20 S S
SLTEMEG  ceftizoxime 30 15 20 R R
S HMENT  cefotaxime 30 17 21 R R
LT h#s  ceftriaxone 30 18 20 R I
LftufhiE  ceftazidime 30 13 10 R R
KHHIE  cefradine 30 0 0 R R
HH#  penicillin 10 0 0 R R
TR oxacillin 1 0 0 R R
ZFHM ampicillin 10 0 0 R R
SKIAEAE  cefalexin 30 0 0 R R
ek cefazolin 30 0 10 R R
& FEZE  chloromycetin 30 16 12 1 R
BV 2 enrofloxacin 10 16 21 I S
WMAJEe*  florfenicol 30 16 21 I S

W ROWZG; 1R S BUR
Notes: R. resistance; I. intermediate; S. sensitivity
N4 38 3 22 ol A2 W) 2 5 v V2 25 HOR R TR BR Lv-A
Fl Lv-B it — 20 %58 73 #r o
Ao 5 2H 2 g PRI Tk 2 2 s B 0 A 2
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RS BT B R B, IR
YL WF 5 AT AR AR R IO R M A AT, AT
W AL AR RCRIIRSE TR/ E
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9 1] FEIBE, A PLAIE T R AR A0 0 B AR RE (BVS) B I 9 LT 1571

AL LR AR S BRI AN B, i 2 FC IR Al
It S T e e 5 3500 R 1 L B8 T 25 B 41 28U
P A JHF TR E S 5 b O, B IR A, R
Y B 1] B AR K, AL i K AR N, A —E T H
ML, EREHLME TR T, @I i
ST R T BT X I S T IR IR IR 69 (AHPND)
21 205 P e PR kg I f R 2H 2R SR B0 O 95 0F A S
JHF /NS A 210 L 0 A R T S L NG TR
PR N AT LR S A T T A S AR B AbRE Y A
JRIR =48, IF/NVEHS RN, ik, ®
BRI XS B BB . HEA.
R THCZE 2 BRI S s, /NS b R A Y A
Y P T A, A0 B 0 M ) B PRASERT ,  AR f  f
(NI 08 A R A OF R N U i i
INEW o TR, AR BR 4 BT R A B B kL
FHUR T EMERNAE, HERRINYSmE . I
i i S B R M T A A B[] Bt PN e B K B A T
PLHAT R 2 IUE FFIRE , #F— DR T
) b DX R A4 R 3 A R R — b El 4 T e
BE - 25 0T I P A4 A o

LR L RTIR, A S 58 R T MR AR AR B
EALAE s [ L o 38 DL 2 BT YR 25 W R 25 43 AT
SRR, I ME R CE TR — M2
b SO TR B A B T B R A A B e, R
HE— 2 2 B H At b DX % R 241 2 M 3% A RE 1 B0
JR AT REAEAE Z e . TR b, 5 Sy O
179 I S BURHLHI R A . R, il
DV £ SR FE RN 7Y BT i R A R, M IR AT
PEEOR IR R e, AR N RS, 2
1o 8 ) TG4 7€ 9k A (specific pathogen free, SPF)
L N o LN Ao N R e T
BN PEFT BT . AR YIT SFR A, DS
AT HF T BVS HYA 5 BA -

2 E ik (References):

[1] Aol il BUE R, 4 E KRR wil,
P K 2 s A E O SRS 2020[M]. dEEE: R
IR Al H i, 2020.
Fisheries and Fisheries Administration of the Ministry of
Agriculture, National Aquatic Technology Promotion
Station, China Society of Fisheries. China fishery statist-
ical yearbook 2020[M]. Beijing: China Agriculture
Press, 2020 (in Chinese).

[2] Vandenberghe J, Verdonck L, Robles-Arozarena R, et al.

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

[9]

[10]

Vibrios associated with Litopenaeus vannamei larvae,
postlarvae, broodstock, and hatchery probionts[J].
Applied and Environmental Microbiology, 1999, 65(6):
2592-2597.

FAO. Health management and biosecurity maintenance
in white shrimp (Penaeus vannamei) hatcheries in Latin
America[R]. Rome: FAO, 2003: 450.

Kumar B K, Deekshit V K, Raj J R M, et al. Diversity of
Vibrio parahaemolyticus associated with disease out-
break among cultured Litopenaeus vannamei (Pacific
white shrimp) in India[J]. Aquaculture, 2014, 433: 247-
251.

Tran L, Nunan L, Redman R M, et al. Determination of
the infectious nature of the agent of acute hepatopancre-
atic necrosis syndrome affecting penaeid shrimp[J]. Dis-
eases of Aquatic Organisms, 2013, 105(1): 45-55.

FEE I, VR M, FBRAC, &5, WL B 35 0 IF i il
FLAALAT 95 SR AL I 5 2 M (0], o [ Sl A, 2018,
35(8): 17-22.

Zheng X Y, XulJ Y, Zheng T L, et al. Detection and ana-
lysis on five kinds of pathogens in white shrimp (Pen-
aeus vannamei) in Zhejiang Province[J]. China Animal
Health Inspection, 2018, 35(8): 17-22(in Chinese).

B, VRO, BEALAE, S 3R H Y M dLPCRAG I 77 72
I BB Ay AT [9]. K P~ B2, 2019, 38(3): 411-415.
Ye J, Xu T, Shi L K, et al. Comparison of three PCR
methods for detection of Microsporidian Enterocy
tozoon hepatopenaeilJ]. Fisheries Science, 2019, 38(3):
411-415(in Chinese).

Finney D J. The median lethal dose and its estimation[J].
Archives of Toxicology, 1985, 56(4): 215-218.

FYL, EEIPE, E 5, & — PR K AR IR E VR K
ST fih 1R 95 S5 B 4 B 5 M D). b R AR EE R 2019,
40(1): 119-126.

Wang K, Wang Y G, Jiang Y, et al. Isolation, identifica-
tion, and biological characteristics of a pathogenic bac-
terial strain from cage-cultured black rockfish (Sebastes
schlegelii)[J]. Progress in Fishery Sciences, 2019, 40(1):
119-126(in Chinese).

A, EENPE, BHER, &8, Bkl p i m3mAs R A
it X 28 37k e X F I 2 (Apostichopus japonicus) 37 iE
KR T]. b EHE R, 2015, 36(5): 102-110.
Hao J G, Wang Y G, Liao M J, et al. The effects of three

https://www.china-fishery.cn


http://dx.doi.org/10.1128/AEM.65.6.2592-2597.1999
http://dx.doi.org/10.1016/j.aquaculture.2014.06.016
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.1007/BF00295156
http://dx.doi.org/10.1128/AEM.65.6.2592-2597.1999
http://dx.doi.org/10.1016/j.aquaculture.2014.06.016
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.1007/BF00295156
http://dx.doi.org/10.1128/AEM.65.6.2592-2597.1999
http://dx.doi.org/10.1016/j.aquaculture.2014.06.016
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.1007/BF00295156
http://dx.doi.org/10.1128/AEM.65.6.2592-2597.1999
http://dx.doi.org/10.1016/j.aquaculture.2014.06.016
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3354/dao02621
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.3969/j.issn.1005-944X.2018.08.005
http://dx.doi.org/10.1007/BF00295156
https://www.china-fishery.cn

1572

Ko AR

45 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

types of feed supplements on the growth of Apostichopus
Jjaponicus cultured in cages[J]. Progress in Fishery Sci-
ences, 2015, 36(5): 102-110(in Chinese).

TR IE. FRAE VTR T TS R 3 2 L5 5 IR G
AT [D]. F & P EEEFE R, 2012.

Zhang Z. Study on histopathology and infectious microe-
cology of common diseases in cultured half-smooth
tongue sole (Cynoglossus semilaevis Ginther)[D]. Qing-
dao: Ocean University of China, 2012 (in Chinese).
22, BB, B, &5, 4 5 R4 Ak O g 14 SR SR
B R SR B AE AN 25 U A (], b K R
22,2019, 26(1): 193-202.

An P, Wang Y G, Liao M J, et al. Histopathological
characteristics, pathogen, and drug sensitivity of vibri-
onic necrosis disease in the golden cuttlefish (Sepia
esculenta)[J]. Journal of Fishery Sciences of China,
2019, 26(1): 193-202(in Chinese).

Chalkiadakis E, Dufourcq R, Schmitt S, e al. Partial
characterization of an exopolysaccharide secreted by a
marine bacterium, Vibrio neocaledonicus sp. nov, from
New Caledonia[J]. Journal of Applied Microbiology,
2013, 114(6): 1702-1712.

Lin T, Gémez-Betancur I, Guo S X, ef al. Complete gen-
ome of Vibrio neocaledonicus CGJ02-2, an active com-
pounds producing bacterium isolated from south China
sea[J]. Current Microbiology, 2020, 77(10): 2665-2673.
Moradi M, Song Z L, Xiao T. Exopolysaccharide pro-
duced by Vibrio neocaledonicus sp. as a green corrosion
inhibitor: production and structural characterization[J].
Journal of Materials Science & Technology, 2018,
34(12): 2447-2457.

Moradi M, Song Z L, Xiao T. Introducing a novel bac-
terium, Vibrio neocaledonicus sp., with the highest cor-
rosion inhibition efficiency[J]. Electrochemistry Com-
munications, 2015, 51: 64-68.

T, Ao, 20T, S — HR SRR R B0 I e
AT L KRR I RAEU T [0]. MEVEREAE,
2019, 43(7): 112-121.

Yu S X, Ji'Y, Li X, et al. Isolation, identification, char-
acterization, and sensitivity analysis of gut pathogenic
Vibrio of Urechis unicinctus[J]. Marine Sciences, 2019,
43(7): 112-121(in Chinese).

Busico-Salcedo N, Owens L. Virulence changes to Har-

https://www.china-fishery.cn

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

veyi clade bacteria infected with bacteriophage from
Vibrio owensii[J]. Indian Journal of Virology, 2013,
24(2): 180-187.

Ruwandeepika H A D, Jayaweera T S P, Bhowmick P P,
et al. Pathogenesis, virulence factors and virulence regu-
lation of vibrios belonging to the Harveyi clade[J].
Reviews in Aquaculture, 2012, 4(2): 59-74.

Turner J W, Tallman J J, Amanda M, et al. Comparative
genomic analysis of Vibrio diabolicus and six taxo-
nomic synonyms: a first look at the distribution and
diversity of the expanded species[J]. Frontiers in Micro-
biology, 2018, 9: 1893.

Sawabe T, Kita-Tsukamoto K, Thompson F L. Inferring
the evolutionary history of Vibrios by means of multi-
locus sequence analysis[J].

2007, 189(21): 7932-7936.

Journal of Bacteriology,

Pascual J, Macian M C, Arahal D R, et al. Multilocus
sequence analysis of the central clade of the genus Vibrio
by using the 16S rRNA, recA, pyrH, rpoD, gyrB, rctB
and foxR genes[J]. International Journal of Systematic
and Evolutionary Microbiology, 2010, 60(1): 154-165.
Cano-Gomez A, Hej L, Owens L, et al. Multilocus
sequence analysis provides basis for fast and reliable
identification of Vibrio harveyi-related species and
reveals previous misidentification of important marine
pathogens[J]. Systematic and Applied Microbiology,
2011, 34(8): 561-565.

Bachand P T, Tallman J J, Powers N C, et al. Genomic
identification and characterization of co-occurring Har-
veyi clade species following a vibriosis outbreak in
Pacific ~ white  shrimp, Penaeus (Litopenaeus)
vannamei[J]. Aquaculture, 2020, 518: 734628.

RIRZ, D HVE, £ 0%, 5. o [ IR R 8 R 2 40 7
FA A1 L A R B 2 WL R D). W TR, 1997, 16(1):
36-40.

Song Q Y, Luo W T, Wang W X, ef al. Scanning elec-
tron microscope and pathological studies on the adher-
ent bacteria of suface cuticle of Penaeus chinensis dur-
ing hatching period[J]. Coastal Engineering, 1997, 16(1):
36-40(in Chinese).

SR I LA YR R < B I PR T SR A RE IR AT A
[D]. ¥ M ¥ K%, 2013.

SuS Y. Preliminary study on the early mortality syn-

R E K P72 22 3240 sponsored by China Society of Fisheries


http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1111/jam.12184
http://dx.doi.org/10.1007/s00284-020-02047-7
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1007/s13337-013-0136-1
http://dx.doi.org/10.1111/j.1753-5131.2012.01061.x
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.1128/JB.00693-07
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1016/j.syapm.2011.09.001
http://dx.doi.org/10.1016/j.aquaculture.2019.734628
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1111/jam.12184
http://dx.doi.org/10.1007/s00284-020-02047-7
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1007/s13337-013-0136-1
http://dx.doi.org/10.1111/j.1753-5131.2012.01061.x
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.1128/JB.00693-07
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1016/j.syapm.2011.09.001
http://dx.doi.org/10.1016/j.aquaculture.2019.734628
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1111/jam.12184
http://dx.doi.org/10.1007/s00284-020-02047-7
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1007/s13337-013-0136-1
http://dx.doi.org/10.1111/j.1753-5131.2012.01061.x
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.1128/JB.00693-07
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1016/j.syapm.2011.09.001
http://dx.doi.org/10.1016/j.aquaculture.2019.734628
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1111/jam.12184
http://dx.doi.org/10.1007/s00284-020-02047-7
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1016/j.elecom.2014.12.007
http://dx.doi.org/10.1007/s13337-013-0136-1
http://dx.doi.org/10.1111/j.1753-5131.2012.01061.x
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.3389/fmicb.2018.01893
http://dx.doi.org/10.1128/JB.00693-07
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1099/ijs.0.010702-0
http://dx.doi.org/10.1016/j.syapm.2011.09.001
http://dx.doi.org/10.1016/j.aquaculture.2019.734628
https://www.china-fishery.cn

9 1] FEIBE, A PLAIE T R AR A0 0 B AR RE (BVS) B I 9 LT 1573

drome of Litopenaeus vannamei[D]. Haikou: Hainan hepatopancreatic necrosis  disease (AHPND) in
University, 2013 (in Chinese). shrimp[J]. Fish & Shellfish Immunology, 2015, 47(2):
[27] Lai H C, Ng T H, Ando M, et al. Pathogenesis of acute 1006-1014.

Pathogens and histopathological characteristics of shrimp postlarvae bacterial
vitrified syndrome (BVY) in the Litopenaeus vannamei

WANG Yingeng, YU Yongxiang ', LIU Xiao, ZHANG Yonggang, ZHANG Zheng,
LIAO Meijie, LIBin, CAIXinxin, RONG Xiaojun, LUO Kun

(Qingdao National Laboratory for Marine Sciences and Technology, Laboratory for Marine Fisheries and Food Production Processes,

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: The shrimp postlarva vitrified syndrome broke out in spring of 2020 and spread explosively along the
coastal areas from south to north of China. In order to find out the main pathogenic agents of shrimp postlarva vit-
rified syndrome, in this study, the pathogen was isolated and identified, and the histopathology was investigated.
The postlarva symptoms included emaciation, dark cloud, decreased activity, anorexia, empty intestinal tract and
stomach. The hepatopancreas showed atrophy, blurring of contour, paleness and even vitrified syndrome. Histo-
pathological analysis showed that the epithelial cells of liver tubule were necrotic and exfoliated, liver tubule was
filled with a large amount of debris tissue, leaving continuous glassy homogeneous areas. The intestinal tract was
filled with tissue fragments, chorionic membrane fell off and even disappears. Ultrastructural pathological examin-
ation showed that the membranes of epithelial cells were ablated, organelles disintegrated, and nuclei were solidi-
fied. Subsequently, the cells disintegrated, fell off, and even the hepatic tubular tissue structure was ablated. The
bacteria were found in the hepatopancreas, intestinal tract and gastric mucosa. The dominant strain was rod-shaped
and curved, and no virions were found. Two dominant bacteria (Lv-A, Lv-B) were isolated from the diseased
shrimp postlarvae. Artificial infection experiments illustrated that the strains of Lv-A and Lv-B were the causative
pathogens with a median lethal dose of 1.62x10° CFU/mL and 5.38x10° CFU/mL, respectively. Based on molecu-
lar analyses (16S *DNA and gyrB), Lv-A and Lv-B were highly similar to Vibrio alginolyticus, V. neocaledonicus
and Vibrio parahaemolyticus, preliminarily named shrimp postlarva bacterial vitrified syndrome (BVS). The
chemotherapeutant sensitivity tests illustrated that Lv-A and Lv-B were sensitive to minocycline, doxycycline, nal-
idixic acid, etc. and resistant to neomycin, pipemidic, rifampicin, etc. This study provides theoretical basis and
technical support for the effective prevention of BVS and the healthy development of shrimp industry.

Key words: Litopenaeus vannamei; shrimp postlarvae; bacterial vitrified syndrome (BVS); Vibrio alginolyticus;

Vibrio neocaledonicus; Vibrio parahaemolyticus; histopathology
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