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LR B Xt IR A R A R R Y 2 RRAE, BV
PR XTURAS 25 3R B BH S (R B eIk, AN 25
PRHEAET, W HBEIER . (A5 RHALR T
TEHXTURAR FE, 2 95 3 B4 X6 R A K R 2% 0 ol 45
Tt AT 50%~60% 14 X MR A4 8 455 i 7 4~5 g B 2 SR
JAGE R, o T A I BT L X M 7R A ML
TEXHER A K B8 A JRUR, 2015 4F 5-9 H, MJH
Mo X R IR R ZZ R RTIRFRF I R T 270 A
A, [RIERAE T 54 i Rtk 7258 A K DE 5 B X iR
YRR X R o XE R S I REAS 43 301 T Ji& 1 40 1 O 25 LA
J THHNV F1 EHP i PCR #:ill, Ff%F #8439 PCR
PHE P AT T 00 AT S0 A b, TR A AR
BIFEARDEAT T 4 LU0 BE2E 53 HT .

1 #MEEFE

1.1 MRRE

HIA AR 5 A LA TR R 37 58
S AL S I, B KA NP RIS T,
FIGEL AR 24~26, FRFEIEEALE 0.13 hm?
oAy, WFE(PL1S)IR B LE 270 J7~300 J7 F&/hm’,
UREG 200 R . ST BRYINAEHE . BEBLAN 5
NRIFEIEY 54 DRIERK S FRIEIERE
g MR AR A, () s SR 46 [k vk 5 B8 AE K IE 5 X
iR, 4 5 RXTERLR — I AEAS, AN FREE BRI
W5 e tEAs, He3t 270 DR RFFEA RN 54 43 15 XF
UNEEA . SRAE (K BT A X R AR A - Y #R7E 45~50 H
B, SHFREAA K Jy(623.4) cm, KT N (7+3.5) g,
SR 4[] — 57 58 37 [R] L UK fgt BREXH AR 378 rp X A, A4 K
H9(9+0.5) cm, AHE N (8+1.1) g, B ArAFEATEIA
FEAAIE 7] T2 5 FE A TR DA

SCEG B W AN R B R SE TSA AN
TCBS 43 A BN A i F A R 7], P
H Ex Taq DNA R4 . ANTPs . DL 2000 Marker
UNIQ-10 #: =0 M5 & 3K H TaKaRa 23 l;
ZHZ1 DNA $#2HGRH &0 A Qiagen 23], HAhy
R P AT el 95

S FH Y 2B ES: Leica RM2235 U1 #L .
Nikon Eclipse 50i A4 f#4% . Eppendorf 5424R
&R % B AL . Bio-Rad DNA Engine® £ ##f PCR
1%, Bio-Rad GDXI B BEE 1% R84 .

12 HERE

BT W AR A, 70% 1P K5 Al BRI 44 6 47 3
B, LHEVRE T, BOE B XHIF A AT IR 2, 4
FFE R BN A 85 FR 3 TSA IR & R R 4
TCBS Pl L RIZ/r B4, 27 CIHERFE 48 h
Ji WREE 8% 37 A 41 8 2 R AR
1.3 PCR #&1R ] #& %0 PCR # 18
1.3.1 12K DNA Hl& Rt HRREA i B AR 2
ZUPRIE, WL 20~50 mg T AR L LU 21200, 11
DNA #2857 £ (Qiagen A Fl), Ui 4542 HU
IR L 41 DNA
132 PCR ¥ i#EZBFIISH I Som-
jintana ZEUHRGBESE Ok, BT T — XA XA T
WA AZ B /N B (SSU rRNA)EE K 41 8 75 -
MF 5-CCG GAG AGG GAG CCT GAG A-3'Fll
MR 5-GAC GGG CGG TGT GTA CAA A-3', iz
X 5| ) SR B R IR REAS R AT T A
SSU rRNA /) PCR #3446 . PCR JZ W 1 £ (25 pL)
A 17.25 pL #84lisK, 2.5 pL ¥ 10x reaction buffer,
2 uL dNTPs (2.5 mmol/L), 2.5 uL #itk DNA, %4
51#7(10 pmol/L)4% 0.25 pL, 0.25 uL Taq fiff . PCR
N B ECHR: 94 CHIAEE 5 min; 94°C 30's, 55°C 45s,
72°C 50 s, H#AT 30 MEFS, Hefi 72 CLE(H 10 min,
10°C1R-4% . PCR PRI 25 1 %ER BE BRI i Tk, LR
SRR, JEEFH UNIQ-10 #: =L M i) &
I A T e A5 o ok e 3R A5 ) 2 R e 571
iz | DNAMAN #AFEA7Hexs . HEp . PHEIF 4
PANTAZLIE . 38 H NCBI 7E£R 4K {4 Blast #E47 [R]
PEIH 2%, JEM GenBank R #AHCFH, fHH
MEGA 3.1 Z8Hr#cft, Kimura-2 155 A4 B 55,
% i Bootstrap (B 5 AL 1000)K6: 7 2 250 4543 57
BEAGRE, 4BALJAI1k (neighbor joining, NI
TR, e A2,

R 5 38 A5 00 3 I 5 BT T — XS
EHPF: 5-GCC GCG GTA ATT CCA ACT-3'Al
EHPR: 5~GGT AAG TTT TCC CGC GTT-3'; PCR
1t H i R BER/NA 413 bp; THHNV A6 2R FH
OIE #E# 514 389F: 5'-CGG AAC ACA ACC
CGA CTT TA-3'#1 389R: 5'-GGC CAA GAC CAA
AAT ACG AA-3"1 PCR 434774 2 389 bp, iz
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FHIX PR 0 %F R AR 270 4395 SREEAS 73 1 kA7
T EHP Hl ITHHNV ¢ PCR ], PCR [Z W AK 2 4
17.25 uL # 47K, 2.5 uL B9 10xreaction buffer, 2 uL
dNTPs (2.5 mmol/L), 2.5 uL #itit DNA, 445514
(10 pmol/L)£% 0.25 uL, 0.25 uL Taq fif; PCR )
2 K 94°CTHAEYE 5 min; 94°C 30's, 55°C 40 s,
72°C 40 s, AT 30 DMEIS; fJE 72°CIEM 10
min, 10 CHEAF. PCR F=H128 1%B iR AR I L UK,
EOMT T MEREE R . R, SR B A R
DL K PCR =Wy I 3 34 i A2 T A9 T AR () ik
1y A1 BR 2~ 71 58
14 REBAAYRHIESNE

TE B IfG PR 26 30 A i 0 A K 748 i R 1
A3 M BCHC AT AR . 8 LIRS A2 E ik R
W, 24 WS TE 75% CBERSWH E4B0R, wem i
FET T5%M CBER W o e SRR L S
SL W ST WO K AR, SRS E R IR
hE ], REHASEAREOEEY R, 495
ARG @ik H&E) e, RS R e
G A T g
1.5 S s [E k% 3 B 5F 58 BR ER A

X S0 R AESE HEAT T SR BRI, e R
ARBTG5 g 2 A7 /NI SR (5 1 .

2 ZERE5HH

21 I REERK

AR SR A 3 v 0T IR A AU 52 T B 2 I PR AE R,
WARABREMIT KA, TG R XT IR 2=
ZERTE, DR R AR . R A 1 & 9k X iR
RIRTOHMRE ST IE, W7 18 JE w0, A &8 5 X iR

MG . WML, KRR R E
& HENAAE A A, W5, SRR i
vl B 22 HEONT 0 14 T MR 2 s ol 28 A4 A2 A,
GRAE A 1),

1 B PLAN I T I i PRAE IR
a. HRRTERR N KGNS, MAT/DA—; b, IRk RS
WL . o VT IR R S A (K ); . fEERREX .

Fig. 1 Clinical symptoms of diseased shrimp Penaeus vannamei
a. The diseased shrimp showed a reduced growth rate and par-
tial emptiness in intestinal. b. Appearance of the diseased
shrimp head; c. The hepatopancreatic tissue of diseased shrimp
was yellow brown in colour (arrow); d. Normal shrimp.

22 RMMAEDIBSER

TSI MR AT it R M T J i A 2 2 o KL P 200 T
Wik TSA DLRGINH & 3G 3R 3 TCBS, iR
I 48 h Ji, TEM IR K il FREXT HRFEAS (9 g AR 4 40
T R A, (BB KA W
DR EOR T, oA B LA B B,
2.3 EHP SSU rRNA ERH¥ 8K FHFFHERER
i g R

XTHFFEAS Y PCR #3412 1.0%35 s W e
JEHLIK G, 76 750~1000 bp &b A] 4R Pk i — 4%
Mo BERTEAY 10 iy PCR 488 7= My dEA 7 51 <
(El 2), N DNAMAN AT HEX 08T, 2ffs—

GATGTCAGCAGGCGCGAGATTGTCCACTCTTTTGAGAGGAGACAGTTATGAAACGTGAGTAGAAGGGTCGAGTGTAA
AAACCTTGACGTGAAGCAATTGGAGGGCAAGTTTTGGTGCCAGCAGCCGCGGTAATTCCAACTCCAAGAGTGTCTATG
GTGGATGCTGCAGTTAAAGGGTCCGTAGTCGTAGATGCAATTAAAAGGTGGTGTTAAAAGCCATTGAGTTTGTTGAGA
GTAGCGGAACGGATAGGGAGCATGGTATAGGTGGGCAAAGAATGAAATCTCAAGACCCCACCTGGACCAACGGAGGC
GAAAGCGATGCTCTTAGACGTATCTGGGGATCAAGGACGAAGGCTAGAGTATCGAAAGTGATTAGACACCGCTGTAGT
TCTAGCAGTAAACTATGCCGACAATGCTGGGTGTTGCGAGAGCGATGCTTGGTGTGGGAGAAATCTTAGTTTTCGGGCT
CTGGGGATAGTACGCTCGCAAGGGTGAAACTTAAAGCGAAATTGACGGAAGGACACTACCAGGAGTGGATTGTGCTG
CTTAATTTAACTCAACGCGGGAAAACTTACCAGGGTCAAGTCTATCGTAGATTGGAGACATGAGGTAGACAAGAGTGG
TGCATGGCCGTTGGAAATTGATGGGGCGACTTTTAGCTTAAGTGCTGGAACCAGTGAGATCTTCTAGACAGGTGTTATT
TAGGCACAGGAGGGAGAAGGCAATAACAGGTCCGTGATGCCCTTAGATATCCTGGGCAGCAAGCGCAATACAATATCT
CTTGAGAAGACAAAGCAATTTGAGATGAGTAGGATTAGCTTTTGTAAATAAGCTATGAATGAGGATTCCTAGTAACAGT
GTCTCATCAAGGCATTGTGAATGTGTCCCTGTTCTTGTACACGCGCCCGCACTC

B2 R LANEEXT IR AL AS o EHP SSU rRNA 565 741
Fig. 2 SSU rRNA gene sequence of EHP in diseased shrimp Penaeus vannamei
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A~ 912bp K/NEH F Bt——ZH2015, %7514
BLAST [ J5 K 224307, 5 Tangprasittipap 2512
HHR I8 A4 R YL BE % i (Penaeus monodon) ) EHP
() 3 5 51 (KF362130) [A] Y5 M 5 &1, 38 99.55%;
11755 R X ER e 7 s ) 3 MR T AUR:
AL H (Ameson) . /\ 71 H (Agmasoma) . It §
(Pleistophora) A i /3 41 (1) [a] 54 43 51k 56.85% .
72.55%. 63.26%" M FIRGEREH, AR
7508 AU 2 1 B AR 7 BE . M GenBank T %%
SR F A I AHOE T8, 12 1] DNAMAN 4K
£ F1 MEGA3.1 3 gt sr R LR (] 3). A
3TLIESR, PRAEH ZH2015 FE9) %S5 3 4B k%
() EHP JP ORI — 1, EAF IR 99%, [FUREL
98.3%, LK FAMI; KRIF ZH2015 F5H A
Enterocytozoon J& it 7 41 58— 32, 54 LA b et
g5, W LA K B3k A B R 41 A& T Entero-

98

42

77

99

99 90

44

cytozoon J& .

it T A0 R 57 1 5 | ) R A B X MR AR 3
17 EHP PCR #;ill, EHP &5 5 52 BH M (O REAS v 37 43
A5 453 bp i Be (&l 4); TERAERY 270 X AL
H, EHP 938 5 FHYE B9 230 6%, 15 85.19%; FTf
FEAR T ARG K THHNV, REM 54 43d e iF
FEA FR AT K HY THHNV F EHP(E S). Jo #5751
PREFIEINZE R BN, Kl BEHP BSRAE S, [FHEK
(XF IR RS 5 g Z2 A7 XTI 5 L 1 50% 454
KA EHP (/NP RAE S TE PR SR I 2 S,
XM E R IEH, WA 5 g 4B/ NS T
IFHRELGR 1),
24 HAAFREBENE

W LA BRI A K G e R A X R A T 2 2
FHAE MM, G5 SR A 6 22 AL A 2 23 rp oKk LA s
PRAR, E5 AR 1 T R R 2 26 A . 42

FJ496356 Enterocytozoon hepatopenaei (Penaeus monodon)

KF362130 Enterocytozoon hepatopenaei (Penaeus monodon)
ZH2015

KP759285 Enterocytozoon hepatopenaei (Penaeus vannamei )

\——— KF135643 Enterospora nucleophila (Sparus aurata)

HES584634 Enterospora canceri (Eriocheir sinensis)

100 | AF023245 Enterocytozoon bieneusi (Macaca mulatta)
AF024657 Enterocytozoon bieneusi (animal phyla)

AJ431366 Desmozoon lepeophtherii (Lepeophtheirus salmonis)

100 r ESALSRRN Enterocytozoon salmonis (Chinook salmon)
— | AF185987 Nucleospora salmonis (salmonid fish)

KF549987 Agmasoma penaei (Litopenaeus setiferus)

95

AF394529 Ordospora colligate (Daphnia)
DQ673615 Nosema ceranae (Apis mellifera)

AJ302319 Hamiltosporidium magnivora (Daphnia magna)

100 AJ295326 Glugea plecoglossi partial (Plecoglossus ltivelis)

Ei AJ252961 Vavraia culicis (Aedes albopictus)
GU126672 Pleistophora hyphessobryconis (Paracheirodon innest)

100 liAMXRGSS Ameson michaelis (Callinectes sapidus)

L

0.05

AY958070 Nadelspora canceri (Cancer magister)

K3 ARYERAF RS SSU rRNA JE[H JF 5 1) R 40k B
Sy F A R R FH AR A T I, 1% 8F Kimura-2 SHRL; 2 UM RR 1000 Y Z flRE T4 211
EEEES AR R ERICREA O R A 0.05 RE .
Fig. 3 The phylogenetic tree of microsporidia based on partial SSU rRNA gene

The phylogenetic tree was generated by Neighbor-Joining method using 1000 bootstrap and Kimura-2 parameter
model. The scale bar represents the average number of nucleotide substitutions per site.
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R 1 AYEIIFHET TS EHP F IHHNV PCR #0145 R B /A& T 8E & b

Tab.1 Detection of EHPand IHHNV in shrimp samples by PCR and percentage of small shrimp Penaeus vannamei

i H item JRALA farm ait

1810 Daishan /NP Xiaosha <9 Changbai %% Dengbu 7] Taimen total
FE5E % number of ponds 15 8 16 9 6 54
JRUFFEAR diseased sample 75 40 80 43 27 270
fFRUFFEA normal sample 15 8 16 9 6 54
EPH £ 140 number of EHP positive samples 70 0 9 43 27 230
THHNV #; 1 %4 number of IHHNV positive samples 0 0 0 0 0 0
JINHKE SR (5 /% small shrimp ratio 53 0 48 52 47 -

2 34 .56 78 9101112131415

—— e —— —
- ) -

& 4 FLANEXTEFREA EHP PCR #ill 45

M. DL2000 43T &Anif; 1~12. RAMXFEFHAS PCR §7 1 7=
¥1; 13. EHP [H{E DNA B[ PCR 97347791, 15, (@ FEXS IR
FEARIY PCR & 1474,

Fig. 4 Detected results of the Enterocytozoon hepatopenaei
infection of Penaeus vannamei samples by PCR
M. DL2000 DNA marker; Lanel-12. Genomic DNA purified from
shrimp samples; Lane13. Enterocytozoon hepatopenaei positive
control; Lanel5. Enterocytozoon hepatopenael negative control.

(VISR RSO IR S I CR /a8 .09, 10 11 12 13

K5 JLANEXTHIFREA THHNV PCR il 45
M. DL2000 43 HE5ife; 1~10. RAEMXTURFEA PCR §735 >
Y; 11. IHHNV FH: DNA FE41 PCR ¥ 38 7= 4; 12. fHFEx)
WRREA [ PCR 377245 13, BITEXS IR,
Fig. 5 Detected the IHHNV infection of Penaeus
vannamei samples by PCR
M. DL2000 DNA marker; Lanel-10. Genomic DNA purified
from shrimp samples; Lanell. IHHNV positive control; Lanel2.
Genomic DNA purified from health shrimp; 13. Negative control.

FEY) R 5 % R R R B AR AR /NS %, 4N e
K, MELERRER; FFIRAR T e AR G . SREERASR,
MIAZIRIE . TE%, 53 I IR AR b R 240 i s 30 s
SEVEIRBC B I T4 5 7 0 g AR 4 2L ) ] O
%25 EHP T iR, K/NM(1.3£0.2) pmx

(0.80.2) pm, 4R 1 K2 40 M 0 B 5 N &
I T P )RR AL R R B AR o (FLAE 95 A ) 8
WA HL R &8 EHP, 7ERTA A4 Wik &
AL FP S BT HU(E 6)
3 itig

IHHNV J2& 1981 4FE7E A& ik 1Y 7 8 20 £ 1 X0 iR
(Litopenaeus stylirostris)fA& Py & BLEY, SRS IZIN B
(A% MR 2 B RO A K 28, (R B A e B A 6]
st . A2, W FCRURSE JCOGPR sk B A —
FR 51 3 Bz W B4 fe R DR 0T 4 o i ko R Jk g
IHHNV 2 S E A EE YR M T3, HLNE
IR THHNV U BA K18 | R RIE )
Sk, A2 ET- M4 EHP & 2004 4E7E 28
] A AR IR G2 1A BRE 79 %) MR T e i 4L 2 A R B
T2 B — 208 AU B L P A0 i D A A R AR
PR HCAE B0 4 6 BR () TR 44 o JER Y EHP 14 % R
FERIAAKZEE, H5 THANV KR,
EHP 848 4 MR ST R A/ NS 1) L e A0 i, JR e R
B T R KOk s, A IR i,
ARV A, SRR 270 43 K xR REA 4 2k
RIFRFEEIE AR, R PCR J5 Al &R,
KA THHNV FHPEREAKE H, BrUAHERR T/E KR
ARG THHNV [ fE. R 8 FH A% 20 8 5
FrHE TSA LU IE & J8 35 97 4 TCBS X F S 4
R U £1%) P i 2L 2R A T A TR 0 i, 4 SR X s A A
it BFE B AR A 40 TR 1 4 S 5 SR AR, G MR AR N R A
R A DR TR T B, B AR ) AL 2L B ) v
A WL 2% 5] T A, A m] DLHE Bk 20 1 JE e i T
ik, [HRIRREA Ff EHP FHAMEAG 280 1k 85.19%,
H PCR Y B3R A FE R P31 5 28 H 25 5 B 4RE 1Y
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Kl 6 &G EHP FLANIE X SR A 241 200 o3 A

a. I BT IR /A V1 4 ) It P T DL 9 4 1) B R/ JR9.(1.340.2) pmx(0.8+0.2) pm,  #i3k FT7R 5 b. MR JITF BRI /NS
e 20 S5 e R MR R A TR A (R Sk BT ); e AT BRARZEL 00 R /s A /N L 5 20 BT PR S0 A 40D 944 AL R (3K T 7R )
d. R IRIR A, JEARAE/D, 2 RS T 2.

Fig. 6 Photomicrographs of Enterocytozoon hepatopenaei tubule epithelial cells of the hepatopancreas of Penaeus vannamei
a. A number of microsporidian spores [arrow, (1.3+£0.2) umx(0.8+0.2) pm] free in the hepatopancreatic lumen. b. Granular inclusions
in the cytoplasm of hepatopancreatic epithelial cells (arrow). c. In the hepatopancreatic tissue showing early and late plasmodia and
mature spores in the cytoplasm of hepatopancreatic epithelial cells (arrows). d. The cavity of hepatopancreatic lumen is smaller; the
epithelial cells are enlarged; the boundary is blurred; the nucleus is necrotic and disappeared.

EHP HH5C3E 751 Rl MEIR 2 T 99.55%, [HHG
URZHSURERE) R PR R0k TR R A K B BERY EHP,
5 Somjintana 2" 2R 1 EHP JE 25 BRF LA — 3,
W12 TA R EHP J2& % 1 3l DX R 77 58 L4 ¥ X R A=
KZEMEERIRZ —, R, XEREES
B pe AT A R B O A e R R, R
IR ETE 5 g 247 BIXTIR 5 B S0% 447,
Mg SE AT h — AR & 5 g 24 XTER T
Mo A H EHP 1/ NP RG22 BT 7R PR A SR 50 2%
FEIG, ZRAEYE 6 R AR B T AT B,
AR X AR R 2 —, SERK IR 14 em; TR
i EHP A RAEE P A X R AR I, XFiR AR 25 5
R, B/MERAUE 7 em 2247 o ULEHTE FLAN I XT

WR R B 3 A b AT LA g SR JBCk 3 5 B A B A A
T R 77 8 %% 2B i e R 3R R % B AR I 52
] o ASBIF SR oA LAt X R AT EHP 9 N TR e 5
5, EHP SXTURA IR 98 22 [l (i V) OC 2 A 1k
— W,

At ¥ Hoot—Fh ] LU 2 7 AR &
PRI ZFAE B, CRIMFIEA 800 £F,
BAFATIRAHES MM, FFulZ2E A, 1994
4F Pasharawipas 25258 R 30, /\F0 H a] DLEK
YURg I X IR FBE T XU B LR g AR 4l 2, %
YL AR A LR 2378 i RGBT, R ik, Mo
FRIX 295 1F A FL AR SR AE KR, 2002 4F, Canning
A4 VI S B s T L A X 0 R 6 X
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B IL IR 2 2 25 A, SRR R ) A L IR FTRE 1
T ZRMWRAE, I T EOG IR B B AL R
FER o AEAEARE 5T H R AR R B RE A G IR R
WL & AR, HEUREY A B R, BT 7
3 W %) FEF i 2L 2 v ml L2 B et 7 AL o, At
HAURBIRAG LB A 25 AL 7 Xt iF g R 4 211
WILF R T EHP 4, Felix 2P iR5#E Thel-
ohania J& [ ff8 - HUA 75 A T X0 0 A I J iR 40
21, — A A T KA SR I L HURT O
PR R ] LA feL 4, i B KIR R 7 A D 2
B AR B AR — SO AT, I PR L4t e] LA
PHATERIIL . T EHP HCACERIR, & H— i
7 BN, HATE R IR AT UL i e, g
EHP [ & X HRAN 23 8 B0 RRTE 1 P I A IR,
Bl EHP WBRI2 75 AR08 T 5L 80 % 1) PCR 7k
WA LURH AR AR . BRI DR A2 ik
¥3% F T EHP (46, Tang 25218 57 17 EHP 14 5
DT, 1% T ] DURR S A X R 2
FEME DL K FR A KR T EHP. Suebsing %1204
LAMP J5 iz 7+ EHP (KRR, 58 2%
ﬁ&ﬂﬁi@ﬁ% PRrEfmi SRR, dEWE R

B T ER E RCSR AT B EHP A9 0 e R

H Il A 7 X R SR A2 216 iR R e EHP
N e R 11 3E 2% B 1F (white sport disease, WSV)IR
FEFHOTIF K EIET- W IE M, H2E BHP & S 8UF
AEKGR G, B DL 25 X R IR A Y A R 1 2R AN
RAMN, Mo EERE, EHP A4S 8 Mk
T AR LA SOGE FRBE TR (1) s 3 AR B IR AN i 4,
T/ e EHP 8 % MR i 2 m A0 DB (%) R 0 1 1 DR
fiE, I H e e R AR X & B UR A K S, )
A & BhF PCR S8 52 56 A0 F-BeA T ALK, [F]
b, TE A X% 2 2R U A SR YT e, R e b
Jinsis FLAA T X MR A B AR5 o R b EHP A W,
PAW/> EHP A] fig i s 22 B 2k o
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Pathogenicity of Penaeus vannamei slow growth syndromein
intensively cultured penaeid shrimp in Zhoushan
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of Zhejiang Province, Zhoushan 316021, China;
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Abstract: Slow growth of farmed Penaeus vannamei has been reported throughout shrimp growing areas of
Zhoushan since 2013, resulting in severe economic losses for high density P. vannamei farmers. Bacterial culture,
histopathology, and polymerase chain reaction analyses were conducted to identify the pathogenicity of these slow
growing, multiple infections. Infectious hypodermal and hematopoietic necrosis virus (IHHNV) and the micro-
sporidian Enterocytozoon hepatopenaei (EHP), which are typical slow-growing pathogens, were analyzed by po-
lymerase chain reaction in 270 P. vannamei samples collected from high-density, slow-growing Zhoushan shrimp
in farm ponds. The results showed a high incidence of EHP (230/270, 85.19%), but no evidence of IHHNV infec-
tion. Bacteria were not consistently isolated from the diseased shrimp, and EHP and IHHNV were not detected in
any normal appearing shrimp. A BLAST analysis of the sequenced product revealed 99.55% similarity with the
matching region of small subunit rRNA from EHP (KF362130). Histopathological sections showed microsporidial
spores only in the cytoplasm of hepatopancreatic tubule epithelial cells from diseased shrimp. Based on the ultra-
structural features of the family Enterocytozoonidae and the cytoplasmic location of the plasmodia, the pathogen
causing slow growth syndrome in Zhoushan was EHP. EHP is a microsporidian parasite that was first isolated and
characterized from the giant or black tiger shrimp Penaeus monodon. Although EHP does not appear to cause
mortality, shrimp farmers have reported that it is associated with severely retarded growth in P. vannamei com-
pared with their unaffected counterparts. No specific signs were observed in shrimp at the early stage of patho-
genicity, which differs from the most common microsporidian reported previously from cotton shrimp. Further
studies are required to understand the interaction between this host and pathogen.

Key words: Penaeus vannamei; slow growth syndrome; Enterocytozoon hepatopenaei; histopathology; poly-
merase chain reaction
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