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PE: I1# T 2018 FAFYURIT AL LERR AT R AT EEBF RN KRR RATH
FRE, THXALBEAXMPDAR AL N R OKEF 2B HFRNEEN 13 mm, 7
GEF. KECEREE, ATEHREZRERE R, BRENBFRENXAL S B A ER
HEAMAHEGER, FEEBREROIN AN B E THENER, F68HKEN.
HEERIETHANEE A 18SrRNA FHI LR R ARG A4, KA #H H % MQ2101
AABEBWRALS, B KT B MNZL 99.82%, 4 K% A HE % MQ2101 4 —
”ﬁ%%% FREMEEWS N E T, MQ2I01 Xt 4 & & & #h £ 5 50 3k J& (LDso) ¥
1.39x10" CFU/ & . REB¥WE LN, BRER IS, A F I BRY LT EREERR
T, HAFBEREERATE, FAEEAREL, EEERETR;, ERFFBRAR S
HNEEREERANER. RITRFRAELERE T, ﬁ@kdﬂﬁ%Lﬁ,kﬁ%ﬁ
5%~30%, FLT-F K 3%~10%. AR ET —KEFEE LA B ERREFRGEEF
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1 MESETE

1.1 SCIg# R

S it L AT AR A Dl 2021 4F 3 ) THL
INE R IR BN T R A B R SR KRS AT
SR AR U E 1Y) W B BRSO R FER, X ER
KRS AR UARAE, A3 TR R 85 . 44
VIR FE S L BE ISR . S0 B R AR N B3 ™ 4%
B S R ) L7/ K (g 1S IS D A 59 W BB (30 3 B N 28
YA B D1 2 )RR Tl B FRA T o

1.2 RITHRFIAE

2018—2021 £:4F 11 H—W4ESH, TILH
WEERANERXE A, B, R, RE.

R S S U7, WP R A

BIRFRAE . R (R & R S 1
1.3 REFHR

AR R IE B2 10% HH R 7 1 5 1) 1
W5 BRI . BRI 4 2R
ZEMAMAEY R, AR L (HE) B4,
2 B L 2 25 B AR A B

4 iR, 9 32 5 B8 2.5% H B FH 3 — 1 1
E IR R TR T BB . EEURIIL IR ZH SRR
MR VR PR 3K, 1% 4R 4 °C [ %€ 2 h;
ddH,O V% 3 K S BEAR EE K, T K v B
H30%. 50%. 70%. 80%. 95%. 100% (2 ¥K),
BFR 15 min, HEBELLIE, 812 WARHLE B %
JEH, 60 °C B4A, MHBLH Leica UCT HU#A
VIR ML 721 5 o7 BB D) R, T I U4 il A
PR R S D) Fr, A S F A A L U T
S5

14 HERESE. EREEESE

RBRH N B S JH 75% £ P dg 4 g
AEBE R MRS, TCREERAE T BOH: I bk B2
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PR T LB ¥ 553k 27 °C 1535 48 h )5, Fil 4=
KB —FE, DM T RICIBERIEA . &8
L alifb I FP PDA AR Bk 455 5%, F PDA W
R3EFREL 27 oC R 37, IR RIS 60% Hi,
FARFLEA 3 0 1 LR G, —80 °C {47 & H o

ATEAEE RS RAIR AT
TEETE K P 5T BT AN ZR Vi /K R 2 R 33t 284G
ToR R . BEFLPEE 1 000 B ALAE AT, SEHAK
(5.5£0.5) cm, FHIRE (2.8+0.6) g, flFE . N
LR RFE KRR 75 . B IR AN Zad g
THEEDURE 15 A SRR, R 25, /KR (18.0+
0.5) °C, B RKHK 1/3, 5 MRS & 55 & B A k.
BUET 5% 1 R fd RS R (IR AT RS o, S
RS BB A s BT PDA AR
FEHE 27 °CH5FE 36 h, IRAE, B SmL AR TE
KEEOEF, 2000 r/min, 4°C., B.O 3 min
J& 2% BAE W, R I A AR TR A R K R
R TR, 2 B, \EEEDE 3 AR
RS R, 4 °C A& M. FHRKEA B
BB IR 4. 8 I 16 R 5 dEAT 5T, ¥
FEAR R 1.29%10°, 6.46x10° F1 3.23%10° CFU/mL,
SRR 20 L/, B4 200 RBEF; X R4
SR KA BER K, RS 4UE R AR5
BT 500 L PVC #BRM, B 5K AL UE
TR 1 M A SRk, R 25, /KIE (18.0+
0.5) °C., AR 1/3, FMEIE AR S A1
[l ESC IR A ], 452l i FH A Yl ST i, 4k
B, 8 RMWEIDRE R AR ER 50T
0, 6 B DR B S 1 R 1 R R A T R S
TE o SR FHEN R [R5 43 B R X 2 R Y
LI

lgLDsy = X, —d (D_P - 0.5)

X, X AT R AL X RO i, d xR
HIE, TP AKASLT RZ AL,
ABRHAROEIE BBl R
RS BT 2.5% I B 52 2~4 h, BERRIE
VR 3 IR, 1% HR2 4 °C [E5E 2 h; RGEIKE
Uk 3 WG CBERBEEL K, 7K MR B2 BE 2 30% .
50%. 70%. 85%. 95%. 100% (2 ¥X), X 15min,
TR TR 5 ISR B A0, T R A T 4R 5 0k S5
RS, PEAVETHEMRES L, BB ARE
i, HITACHI Regulus 8100 Y494 A5 4AE
mBRE ST AEMFER BEORE LR
BAbIE I BR, FIEET: DNA Hh#2i85) & (Solar-
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bio, H ) $& HUK B A9 B 3£ [ 41 DNA A PCR
M . RH SSU SI#i#k4T PCRY 3, LiiFs|W
SSUF: 5'-AACCTGGTTGATCCTGCCAGT-3"; F
751 %) SSUR: 5'-TGATCCTCCTGCAGGTTCAC
CTAC-3', 30 uL RRNIRFR: L FUESIH45 1.0 uL,
DNA #4457 1.0 uL, PCR Premix 15.0 uL, ddH,0O #b
JEE 30 uL, VM 94 °C HiAETE 10 min; 94 °C
A 30s, 59°CiHk 30s, 72 °C ZE{#H 1 min, 7§
350K 72 °C LHEMH 10 min, F 1.2% B ikt
e HL K AN PCR 73874, Fitit v BeR/Ngy 1700
bpo AP G L= Wik A TAY) TR (i) it
O34 BR2A R AT IR FN I AE o K9 B iR 18S rRNA
H:H ¥ 9 #38 %F GenBank, 44 %% 5 NCBI %k
Pt PEFEATRE LG, e AR B B 1 3 7 RS ] b
JBEF 5, {8 H MEGA 7.0 %k /- % J1] Neighbor-
Joining LA HE R GAEEH

2 4

21 RITHRFFAEER

Bgz PR Rasr 2 mK BN
BRI RS TRaUE L e 1731218 .
RAREL, BAKAAMM AT, BHE R AR R
Tz e, BRI R R, Sk B S R % 2
AbEEPIRGE Y, TSk M R e BT IR R BE R, N
WHREAAGHLB B ERE, NAERHAE
FEEE WAL, SABHA A E, Mk R h e
I 3 I A A L (BT ).

ETERRATRFHE O BREANEISRT
2018 A TIT W7 I 7R BB MR T & A PR W 5%
BEIXE S L, RS MEALRE, NG 1 S X
ERE I, AR AR E FAE— R AR K
JAAEIRER A BoR, BRI R kAR &
FLWATH BN 11 ARG RO g 2 80, — EH 3K
s A, HpEigizho—s A, siEngKiR
JE A 15~22 °C., M 2018 44 25| 2021 4F K 2,
TR R A O, RR R R TR R R
KIEA . RO, KIEE—BHA 5%~30%, 5t
TR 3%~10%, 1290 FZREGME LRI E
B HEF, B BRI & . T
T R (R DR IR ok I R A o MG
ELERIE 1,

22 JRIEEF
B R ILE B R R 22 R
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1. B 2R B R R R B 2 I R EE B, 0 A B R e oK 2
FR (—); 2. IFBEIREER: (—); 3. kIHF FEMR KRR A GAN
B () 4 BT R AT LT Sk B (). B A
BN B R R AR, AU B R iF.

Plate |

1. comparison of naturally diseased and healthy E. carinicauda, the

Symptoms of diseased E. carinicauda

appendages of diseased E. carinicauda were swollen, white and cloudy;
2. the hepatopancreas was erosive (—); 3. a large amount of milky tissue
exudate accumulates under carapace (—); 4. milky haemolymph was
seen when the tail handle was cut off (—). The diseased E. carinicauda

on the left and healthy E. carinicauda on the right.

Ik, R BRI AL 4R R, LA
HJPLER A 1 2 IR RS, DR EIBRE /N AT
JB R/ INVE AR B, HES B, A R R AN
MW Z MY, /N8 Z AR 4R 414, DiRedE
240 42 3 A T O

B R A IR SR R, R
SRR S 22 B R, B Y 1 B AR, 0
HOESH T ORRE IOIERE, SRR O R A M, C
W ANMI LG s WL ARV B AN, KRB A
BHHSIEE, DR A B/ NE 2
Zfl, SRR, EEARBUER, #/NEZ I
HEBIRA L, IR R BUREE R R BER (BRI

EHARENR  HLEN RS R R,
TE B H e IR 22 S B N A W BE O AE AR, KD
A S BURHE R BLAs R —2; 7E LA 40
PR T o i Bt o AR AR AR M, 2 4 i
T RRAE, DUR MR iey ok, Hlezgiizz
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F1 E3FEIFAEHEERAMERR ARERETEPERFR

Tab. 1 Incidence of "zombie disease" and mortality of E. carinicauda in coastal areas of

Jiangsu Province in the past three years %
\ J8Z% Qidong @M TongzhouBay W% Rudong %% Dongtai KF  Dafeng Wi Binhai
23;!2 U LS LS Y- UF- HR- I U1 L
shrimp-crab shrimp-crab shrimp-crab shrimp-crab  shrimp-crab shrimp-shell shrimp-crab shrimp-shell
2018-11—2019-05  10~15* 10~15* 10~15* 5~10° 5~10* 0* 5~10° 0
3~5° 0~3° 0~3° 0~3° 3~5° 0° 0° 0°
2019-11—2020-05 15~20° 15~20% 15~20% 10~20* 10~15% 0* 5~10° 0*
5~10° 5~10° 5~10° 5~10° 5~10° 0° 5~8° 0°
2020-11—2021-05 25~30* 20~25% 20~25% 20~30* 15~20* 0* 20~30* 0*
8~10° 7~10° 7~10° 7~10° 5~7° 0° 5~10° 0°

W ACRFIR, o FLTIH,

Notes: A. morbidity, o. mortality.

AL, FOMLLE MR, EAFBAR T, FMVER KRR, w48 MQ2101, 27 °C & T
WEOMEAE R R, SO AU B, FR 48 h T BETR AR 13 mm K 3 (L 7
O BUTFIBERR 4 WAL L T 2ok P e ik 25 v fk , 5% &, AZEEST (B D,

Arpr A, bR T Py o - 2R B0 2 Ak ANLWEREYR LI 3 AR
(FE R, 1 REBSET, 1/4 AR 5 R, 74

T J& 2 AT IE R0 N 0%, 5% Fl 11.5%, X B4

23 WMRFHAER TE7d NEIRIET:, FETRN 100% (K 2), AT
AREA R B 7E LB }igRdk b, MWAURE RIS 50 R IR R B0 15 18 4R 580 1 R R Y
FEEEF Mk e B 3 7 AR, R R (EARIV), HN RS S AR R B
KT 95%, 7F PDA Btk L XHixm b aifb s oz, T — BRI, SRk MQ2101 METETEA

4 50 pm

5| S0 Hm

Bl 2«EFP®HEEBIMARKREFNER
1 EHEG R (TP BB AL S M s 2. BORH R (TR BBAL AU M, BB R BLAAL (o), BT R B P (O): 3. KB R FTURILI V) A
4. B RANHIALL S, WEFAHSIBONAHG, R LRHES] (O): 5. (HES R CUIFFF IRV F s 6. 0738 e CIRFEBRAR V) 1y P
el e RN BRI (), AR (&), RILKHEEH M E 1 (O).

Plate II Histopathological observation of diseased E. carinicauda

1. pathohistological observation of gill from healthy E. carinicauda; 2. pathohistological observation of gill from diseased E. carinicauda. Vacuolization
appeared in the gill cavity (—), and the bacteria colonized in gill filament (O)j; 3. pathohistological observation of muscle from healthy E. carinicauda;
4. pathohistological observation of muscle from diseased E. carinicauda. The muscle fibers arranged loosely and arranged in a straight line (O); 5.
pathohistological observation of hepatopancrea from healthy E. carinicauda; 6. pathohistological observation of hepatopancrea from diseased E. carini-
cauda, the hepatopancrea tubules in the hepatopancreas became vacuolated (—), the lumen volume became larger (A ), a large number of colonized bac-

teria were found (O).
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BRIl 2«EP®H EREAIMMALEHBRIER
1, 2. PR SR MAEE B K (o) 3. WL MRS MRS o e €0 2 R TSR AT (=), WL S 5K (M) 4. L2550
HIL, WAWLIEMITE (O): 5. /NG LB TREB I, W05) ELEUEAT 2R S0 () 6. PRI AT WA i 2 R 23, A7

RRARIE (=), AR IEELY 5K (O).

Plate [[I Transmission electron microscopic observation on the tissue of diseased E. carinicauda

1 and 2. there were bacteria in the basement membrane in the gill filament(—); 3. the chromatin in the nucleu of the muscle cell was gathered around the

nuclear membrane in a semilunar shape (—) , the sarcoplasmic reticulum was vesicled and expanded (A ); 4. myofilament structure was disordered, and

some myofilaments were dissolved and broken (O); 5. a large number of bacteria accumulated outside the basement membrane of the liver tubule, and

some were undergoing budding reproduction(—); 6. mitochondria in secretory cell of the hepatopancrea were vacuolated (—), and the endoplasmic retic-

ulum were vesicularized and expanded (O).

B 1 PDA EFE FE# MQ2101 IEERS

Fig.1 Colony morphology of strain MQ2101 on PDA plate

AERFHEE 2B, RIS BB E R MQ2101
AR R R e R, HO R AR R
BRI BRI

HRE N T IR S IG5 5, SR FH et B [0
R R TR VR S TR BR MQ2101 5 3 d I Y
LDs=1.39x10" CFU/JE .

RO W MQ2101 4 HLBE
SR, RS, By =0 2
R WA RT LM EZH N ZFE TR, RUN

R E K7 2: 2 E /) sponsored by China Society of Fisheries

—e—1.29x10° CFU/mL —4— 6.46x10° CFU/mL

—=-3.23x10*CFU/mL % control
100 ;
80 )\ é
- 2
S E 60
@‘E 40
a o
20
O " " " " N
1 2 3 4 5 6 7
B (al/d
time

2 K MQ2101 A LIRS R
Fig. 2 Artificial infection results of the strain MQ2101

RIS o DAL rh BEATLZE B 10 A TR (A it
KN, SR EIR, AR (1.53~2.88) pum,
SRR N (1.96£0.43) pm, T4 (0.9~1.44) um,
SEH 8 BE N (1.23+0.17) pm (R V).
ABRESTAEMFER il SSUSIY
XFMQ2101 BRI TR Y18, R E
BEK R 1703 bp, K HE 7 514528 2 GenBank,
Bk MW876247.1, XF H WP 51T BLASTN
Fexb, 455 8RBk MQ2101 5 43 g 7 1% £
(Metschnikowia bicuspidata) — B 7 15 99.82%.
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BRIV BRERS5 ATERAERE BT
L HARENG () SR (1) R ASF: 2 A TRIELL (%) 5%
YL (47) (1 R ETIT

Plate IV  E. carinicauda of natural infection and
artificial re-pathogenic

1. naturally infected (left) and healthy E. carinicauda (right); 2. E. carin-
icauda of artificial infection group (left) and control group (right).

RY L 45 R Bk, MQ2101 Hitk 5 —RIgH
Tt HAR N — 3, RS RRENE (B 3), 456
FRIIE A B HR/INVRE S, 5 TR Bk MQ2101 2y
TR R

3 iR

R R R I J LA AR AE TR I T
T —FhBe, KWEN EEEPELFZL,
AR A IF EE R @A R
PRETRE, FTIT KM ae & A K FL A @R
B IXFAEIRS 2008 AFVFSCAAE AR X
R B R AR AL, e

B R HIRFsh g, ke E, T H AT L
RIUFFIRARBERS , Ik R ok e, R IR 4
U5 E M INLER WA §E R (Hematodinium sp.), J&—Fh3F
AR K 2P B E e, RE R R AR TH 5T
Fh Wy e . AL IRR AR A Y (B F i B 9
HE SRR R AR m o F R R TR ER
W, AFJLTRNARIER, Wik, TLRE
Vi 1 DX P R <A 0 5 WV R A
TR UA TG SE R A W 225 5 . AR AR
P AR Ik L g3 B Al A T AR MQ2101, 28 1] Jgk
SEES AR E T A R PR AR e SR, 4
B FMEER 18S rRNA JF 5N 1 R R G R E 5
B Hoh ARG ar b, R IR R I A
A R KR e AR5 B BOm M R 408

PRl — Fh SR M AR A, R AR IR R
DM — S g R TR TR K 7 R A T AR
RS R A AT, 5K 7 Bl T R TR B
s 1) ZE A ST G . H AT E 7K 7 S B
I e B A 4 F B 22 B (Candida lusitaniae)'™
SR BRPUATE RS (Torulopsis mogii)"® . {5 8b i [ | %
(Debaryomyces hansenii)!'” 55 . #% A R 22 Wbk
AT LUR Y =0 1 R LA, R R KT
B, FHAFAE, AR T AT 40%, 5
5 BR P 17 B B YL B [RVB BT (Macrobrachium rosen-
bergii) T HL Ak K T IR HPBRAC I, IR D R AL
JFRRARBERS , BET- AT 3K 90%., 1L fhfk b4 ) e £
YLD B EAET 12 A—IRF2 A, Jibkt
ZH, AR R0 R R . A ST 4y
B R EOR IR O T ARM R R, R AT R
1y —A, 5 & 1Y) 5 A AT I RE (M. pulcher-
rima) A EGR I AEYIIEHOIRE , RRAEAN G R R H
i B A A AT IERE XY201 (M. zizyphicola) |

BV Bk MQ2101 F B EME
1 IEFEREAT 2R BRI B BE (—), 20 S5 R W 7R I BER T R K 2P (A 2. IR . SR
Plate V  Scanning electron microscope photograph of strain MQ2101

1. yeast undergoing budding reproduction (—), the bud scar left on the surface of the yeast after budding reproduction (A ); 2. measuring the length and

width of the bacteria.
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98

100

TR R M. bicuspidata DQ520881.1
WM EFIERE  Metschnikowia australis NG_067624.1

i M AT EERE  Metschnikowia krissii AB023467.1
5L ZEMZF R Metschnikowia zobellii AB023468.1

B WFEAEERE  Metschnikowia reukaufii NG _065488.1

W TiMEaT I RE  Metschnikowia gruessii NG_065489.1

LHPR LB Candida dosseyi DQ655699.1

0.01

EEJRIERE  Pichia sp.AB022439.1

3 £T 18S rRNA FHI ARG & B LK
Fig. 3 Phylogenetic tree based on 18S rRNA gene sequence

R R A AR5 AR IR EL ™ ST AR
A P B A DA T B 0 S A 4RI, 2003 4R AE
5 V5B LA Hi 0B My a v RE 5 BRI BRI (Entero-
coccus faecium) TR IR [CIRUREY, Kt [a] 42
HAE 10 A —RAF 3 A, ST Rk F 48% ,
SERBETI RN 25% , WRIFRIC BRI R, K6
L ©, RIS, DUATERR, e 2 E
HE, TENLREL R I T R/NAS IR IR 5
B o [R1AE SOA 0B AR AT IR REAE Sy Sk B0
B B K 8% W) 8 (Oncorhynchus tshawytscha)
JRAET-RY, FEEE B T R R Mg A W RE Y
JRAF B LT ARG, AETC AR E 34%, e fo P JIE
R LR B I ORE S M, IS A R &
BEREANMISR4E . 2020 4F 4 F, 1L T8 KA ARG
FEIE (Eriocheir sinensis) B <472, Bk &
WA RIR 30%, FREETE 1%, R EHA ST,
FTFF K M FPORT DL B S 1 € A IR A, R85
o Ly AR AT IERE o 5 IR SR T LA R
W, Mg A BRI H SE R B 2 Kk TIRR 2=
(10 H—WAE 5 A, X0 BT e i R
A P BRI PR 1) 2 6] 45 R

A O R B A A B Y 1 B0 AL
FIHAE 58 P45 v (0 R G AL B i 42 e BAR i B iR
e R AN B, A Rk — 2B BF5E . Chen 5™
P& HR P B A 3 K SRR v A S R A
FIR) 4 T 2 AR I, 8 32 o 7k L A W O 3
FEWORW AL Y, TEA BR 19 S0 55 A N R AR

R E K7 2: 2 E /) sponsored by China Society of Fisheries

2K IR RIS A e ERE 1Y) B R P i R
TE I 96 2 A DR B B 2 i O K B B
YN A i gk v o B A I B v R G T 4
A ESE T3 — i, ARKIR T R4 TR 1) 2 Jk
PEALAERRE T R ] PR A ZE A I R 2 <<t
J97 . Moore S5 P DA A Rl 44 W i 2% 3 v 6 3k
Yo Mg AT IR RE ) BLAR i HUTT AR, R A
HAE A FEE AR TE Y, 7EpTE i, 8
TP 7 BB IR TR T, EFAR I
EERT T FRFEEEMNIZWEES, Xl
BEEEE NI E IR B B IR, RG2S Es 25,
R AR B3 s BORLREIR B, 22l AR
YefE T, YN TR IR T MERE o ISR L
TSR TRy B, SRR R IR A RN, R
R, MR R, BYISCEARIRE, #
R SR K R o A, S IR AE A B A S T A
TIHNAT DB — e a2, IR AR AR,
VIWHERESE, SCOUE R AR (R R4

(3 7 WA A SUTC 52 B s A2 B Al 25 8 )
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A preliminary study on the "zombie disease' of Exopalaemon carinicauda

ZHAO Ran ’, SHI Wenjun’, WANG Libao®>, LIHui’, YU Zhijun’, HU Runhao ’, WU Xugan ',
SHEN Hui>, QIAOYi? CHENG Jic>, JIANG Ge?, WAN Xihe >

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China,
2. Institute of Oceanology & Marine Fisheries, Nantong 226007, China)

Abstract: In recent years, an epidemic disease called "zombie disease" by local farmers has appeared in the ridget-
ail white prawn (Exopalaemon carinicauda) breeding area of Jiangsu Province. The main symptoms of the disease
include reddish body color, whitish muscles and milky liquid under the carapace. The diseased prawns usually
show slow movement and reduce food intake and died quickly after leaving the water. In order to determine the
pathogen and epidemiological characteristics of the "zombie disease"in farmed E. carinicauda in the coastal area
of Jiangsu Province since the winter of 2018, LB medium and PDA medium were used to isolate colonies with a
diameter of 1-3 mm, neat edges, and beige-colored elevation from the hemolymph of diseased shrimp, which was
named MQ2101. This strain was identified as Metschnikowia bicuspidata by means of morphologic structure
observation, 18S ¥RNA gene analysis and constructing phylogenetic tree. Furthermore, the pathogenicity of the
strain MQ2101 was confirmed by the infection experiment in healthy E. carinicauda. The results showed the infec-
ted E. carinicauda died with the similar symptoms to naturally morbid E. carinicauda and the same bacterium
could be isolated from the infected E. carinicauda. The LDs, of strain MQ2101 to E. carinicauda was 1.39x10’
CFU/ind. Histopathology and transmission electron microscopic observation showed that there were different
degrees of lesions in gills, muscle and hepatopancreas, of which hepatopancreas lesions were the most serious,
with hepatic tubules vacuolated and lumen volume enlarged. Moreover, a large number of colonized bacteria were
found in gill and hepatopancreas. Epidemiological findings showed the disease frequently occured in the cool sea-
son (February to May), mainly erupted in prawn and crab mixed ponds, with a incidence rate of 5%-30% and a
mortality rate of 3%-10%, the morbidity was increasing year by year. In the present study, M. bicuspidata was
identified as the pathogen of "zombie disease" in E. carinicauda in coastal areas of Jiangsu Province, which is
highly pathogenic to E. carinicauda and mainly infects the hepatopancreas and gills. It was the first time that
revealed M. bicuspidata infection in E. carinicauda and the pathological changes caused by the infection. The
above findings provide a scientific basis for the prevention and control of "zombie disease" in the culture of
prawns.

Key words: Exopalaemon carinicauda; zombie disease; Metschnikowia bicuspidata; separation and identification;
histopathology
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