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2021—2022 F£ERE B EFBEIREH
HRAF A7 BE R (EHP)R TR FIAE

4 BE"Y TRES THYT E4E thiEE’
% = ORXF T OKEA
(1. WINIm Ve 22 e A dn Bl Be WiV Wi 313000;
2. W E K FERLETI T BEF A SRS T AR AR A K SRR IR R R
TSR P oL R S EY S S R E IR HR 266071)

HZE 2013 “F Pk, FEEE AL WA P L NI A & (Enterocytozoon
hepatopenaei, EHP)E % A R A X EE AT, HRENKXKAFVEZTELFH k. HEW
2021—2022 4F ¥ 4 T SR FE 4T 2K o EHP B3 AT I 0, ROF R 5 #30 X T & T - 78 4T 28 EHP #AT
HIOEA, ERERE 936 1, %A TagMan LB 7 J € & PCR (TaqMan qPCR)F 41 4157 32 46 |
X HE G HEAT AT . TagMan qPCR #3045 % 2k B, 2021 Fn 2022 48 f7 % 5 o 0T 264 % o, EHP B9 0 1%
B K 10.67% (54/506)F0 13.72% (59/430);2021 Fr 2022 48 £ F 78 FL44 #F 5T (Penaeus vannamei)
A EHP FHME, FHPEA R 05 8 14.10% (54/383)F0 16.71% (58/347), E.4b ) EHP [H M iy A4
M EERB LA, 7. K, AMREEZET; | F & & i (Exopalaemon carinicauda)t i
# M EHP [fH M, % K8 41 (Macrobrachium rosenbergii). 7. K J& # ¥ (Protocrayfish cruzi), B&3 %t
BN (P. monodon) ., H ARITEN(P japonicus)Fn o [E X EF(P. chinensis) e ¥F £ £ & o kA 1 EHP fH . *f
TagMan qPCR 46 2 [ ¥ B9 FL 44 30T 34T 40 0% 3B A, 78 347 B iR b B 2 L P U0 3 4k 2 R
ty EHP fF DL R4 T A KW By EHP R E . ARHFR R, 2021—2022 5 EHP 17548 3 B W i X
FRFEW LA A AT, RAEHMATERAILEZ THRAS, (853 L4 2 iF 57 78 7= b oy 2 47
A

KR HF AT M7 8 s (BHP); 4T /% % & ; TaqMan 52 Af 7% X € & PCR (TagMan qPCR); 41 417 3%
FESZES S932  XEkARIRES A XEHS  2095-9869(2024)04-0146-09

W 1% Bt L (Enterocytozoon hepatopenaei, EHP) WAL HUE (Enterocytozoon) , /&—28 £ B % H T XFHEF
14325 I E F i+ B (Enterocytozoonidae) . 1 B AR I R 20 ff A9 1040 F L (Texier et al, 2010), EHP

* [ K R IS B H A BRI 55 2% (2020TD39; 2021XT0602) . H [ /K =R 232 WFST B 25 1 7K 72 B9 T 2 e ARl
% %(20603022022024) 1 [ 2 IR 7=\l 5 AR ik & (CARS-48) 3L [ % B . AYE 1%, E-mail: yuxingtong998@163.com

@ WBE1EE . KA, WF5E51, E-mail: zhangql@ysfri.ac.cn

Wk H #4: 2023-02-15, Weig ek H #1: 2023-04-07
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Fe b R T 2R E A KR G I BE 15 X R (Penaeus monodon)
F(Chayaburakul et al, 2004); Tourtip Z5(2009)#: ¥5 H. 21
212 | IE I AERE, o HOERr 24 EHP. B
1) EHP fil+ 2 O EE 8K AL , K/hA 0.7 pmx1.1 pm,
HIEARLE Y sl ARRE | S B R B . AR .
PR . AR TG B S 2 A 120 B B 2H 2R IR
KRR, B 5 51 HF 2 I R R AR 1 dUas

(Hepatopancreatic microsporidiosis, HPM) (Salachan
etal, 2016; Flegel et al, 2018),

EHP 3 2R BE 5 X MR LRI R (P. vannamei) |
% AR UF (Macrobrachium  rosenbergii) F K7 W X}
YR(P. stylirostris)(Tangprasittipap et al, 2013; Jang et al,
2022), HAXENP japonicus)t & EHP ()5EM 5
1 & (Tangprasittipap et al, 2013; Thitamadee et al,
2016). X H(Artemia salina). $¢/E35(Copepoda), %
FEJ5(Polychaetes)) nl #7447 EHP, KL, XFHFFESE
el B V5 B VR 0 L B AR RN 2 B RS EAL
EHP {JJX K (Tang et al, 2015; M5, 2017; T Z0r4E,
2018). EHP o] Lhid i & A 781 10 R S8 F1 574
IKIEAT4E 4G (Pan et al, 2018; Tang et al, 2016; Salachan
et al, 2016; Karthikeyan et al, 2019, 2020). BR/KF1E
& 2Ah, Khac 5(2018)i@ i PCR G A1 ZH 415 HE
20 HT B, EHP 5T 28 i FEPE ) SR R AR R 45
%o BT, EHP fE2BRUATIEE )z, 286 | BB,
., MR . EREJEVEE . HokPUAE . w2 Y 5
$7 %5 W Y (Thitamadee et al, 2016; Rajendran et al,
2016)FISE M [H 5 A7 AE BEHP () 2 34T, JEHKH
REFAE FF#aHBiju etal, 2016; Moser et al,
2022), 2013 4F, FeENAL, FKEAE TR I A FLAA XS
IRd LA Y EHP BHPE(ISEMAE, 2017), 2014 4%, 1
Ve RG VLI R LU AR 5 bl TR G LN G A e R REA H
EHP FIPE(XIZ4E, 2016); Bfif5, EHP 7E4x[E E2X
WRFRFE XA HE LR L rde V0o . bl WL, R .
JUAR L P R 5 A b SR G LA XTI AT (R R
el v B R A, 2018), EHP JBRIEXTIRS , BANSs
SIRIET:, A REOLFEME L 4RI fnk 2,
SO TR AR T AL WO D e T R RN FRAB A DI e sz 4
T 51 X U A K IR 2 R & {5 i (Roszer, 2014;
Santhoshkumar et al, 2017), 1 It KR FRAL T HF = &,
J™ B R M) X MR R B %) £ 18 o i R R (R HE A 4
2017).

EHP MRS, HUH G X R g B RN
B, o e W R AR sl TR IR I 112,
PRI, R FH L 56 % R I i A iz W 20 40 3
YR 4e )5 AT % EHP 8R4y i s 1 9 28 20 3 AR b i

Frgs, (B7EER YL LA % 05 2502 EHP
g, HALY) R HIERTAN | mAEE A, RiEAEN
EHP & 9 EFER R F B, MILLZ R, A FA0r
PR R RN A R A, BN SRR
il EHP ()8 H T B (B0 4, 2022),

ARWFFETF 2021—2022 478 T [ 1 ik X T J 37
FEUFZE EHP A 718 DL 2, Rl FH TagMan SRS 298G E
# PCR (TagMan qPCR)J7 X} T R 5 MRS AE i itk
Oy FAE AR, FEXT EHP BHYERE S pEF T2 20
PHAMHT, DLHHRIBE 2021—2022 4F EHP 7£ 3% [E US4
T EEIFREIFR P FATE O, U EHP X F 54 AR
JE 11 e 3 UK

1 #RERFE
1.1 HmXE

FE AR BERT , FH— UM A 1) TR R 214 1 3k M
TR — xS, Horp 12 {R-AFAE 4% PFEA & 2 i
T Ja S22 U B2 40 BT, Tl 436 i 3R o3 U e &) A
7T 95% LB E W, T TagMan qPCR BRI
1.2 DNA iEE

B 30 mg PRAFAE 95% & 1 [ 7 VL T B AE i, R
S SN 4] DNA 7 &R, Jbnd)ie iR
RGP ETF IR 8 DNAL 2RJ5, i@
it 43 9696 1T NanoDrop 2000c (ThermoScientific,
Waltham, 3&/[E) & B DNA B B fI4ifg

1.3 FF TagMan qPCR 7% N & EHP

Z: B N AR EK P b AR (T T SC/T 7232 -
2020)E#7¥) TagMan qPCR 57, K% Fast Start Essential
DNA Probes Master il | & (% [C, H1[E)X] EHP 1
K B AR o A e BN A5 17 51 LR 1,

% 1 EHP TaqMan XX E= PCR FiEETASI ¥ F 51

Tab.l Primer sequences of EHP TagMan qPCR
GIR7 7330 19 HE 5
Primers Primer/Probe sequences (5'~3")

EHP-157-F AGTAAACTATGCCGACAA
EHP-157-R  AATTAAGCAGCACAATCC
EHP-157-P FAM-TCCTGGTAGTGTCCTTCCGT-TAMRA

1E VK E B TagqMan qPCR K &, MK
20puL, H4rHEW T 2xMaster Mix 10 pL,
RNA-free H,O 7.6 uL, 5% EHP-157-F (10 pmol/L)
0.6 uL .EHP-157-R (10 pmol/L) 0.6 uL, ¥4l EHP-157-P
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(10 umol/L) 0.2 uL, EHP FHPERIHR 1 pL.

F| ] Bio-Rad SZHf 52652 & PCR {XiE1T TagMan
qPCR ¥4, )z N AR P 5 - 95 C P4 10 min; 95 C
108, 60 ‘CIBAKIE 30, 340 DMEER

1.4 HARFREBFIME

PEPE TaqMan qPCR Kl 52 BH M B FE 17 41 21
VIR Fi BLF 5, K IRAFAE 4%-PFA [ W i A
(B EE 12~24 W E 10% L F, Ri5, R
CRIE W R AR B F o AT AR 41 (HE)
Yufa,, ffi 1] Nikon Eclipse E80 Y27 i w4 (H 4<) %
TR g AR L A A8 A T ORI S B S
2 #ER
21 RITRFAESHRARERR

2021 AEEZAE AR L R . LR, 1T, k.
BT (FIA D) A MRS SR 78 b DX J I8 2 FIAE R
o VA R I, dUTJ5 USR8 10 550 7 R R R 9 o R v
ARIRGEING I I E I o 7 LRy R L 4 2R
FEdh 506 0y, ALFE FLANXSIE . BETTXIAR . H AXTEE
R IR AL IR R (R 2 FIE 3).

2022 FEEFAE AR L VLA WAL, Wi, K.
JUVE L AL R A T (H R DO MRS IR GE Hb X T R
P FIRE AR AR, A ARIR R, db BT IR Y I
W XTI AE KR NG I % . 2022 AFHERAE 430 1y

WRSERES, BHE NLGIRTIR . BT XTEr . AR HYF. H
AXTHE % TR MR AN v [ IR ( 2 FEk 3),

*2 HERREHATREBEER
Tab.2 The distribution of sampling sites and
amount of samples

. R it
) ) Amount of samples
Province and City
2021 2022

114 Shandong 266 154
7LJ5 Jiangsu 93 41
7 Hainan 5 33
o7 Liaoning 20 41
[t Hebei 2 24
17 Hunan
B Xinjiang 15
J" 74 Guangxi 35
J” %% Guangdong 103 31
K Tianjin 70
WYL Zhejiang 1
&t Total 506 430

*3I HERMERHEER
Tab.3 The information of sampling species and
amount of samples

-

.ﬂFﬁF% . Amo*lf'nlt:I l2)73‘1!:5(si1mples

Shrimp species
2021 2022

JLGNXFEF P vannamei 383 347
B [CIHER M. rosenbergii 91 34
35 [ R EEAT Protocrayfish cruzi 2 1
PETXFHF P monodon 2
H A XU P japonicus 5 11
B HUF Exopalaemon carinicauda 1
[ XF AR P chinensis 25 34
BT Total 506 430

2.2 AE4RZEh EHP PR H R 4S5

FIF EHP (1) TagMan qPCR 75 8% Fir SR 48 (R
HEATREI , R IRAE 2021—2022 4EFTRAER) 7 Fh 35
FRFHURZE | AN LA X R A E A MR RE S S . EHP
PHME, JRURERAR B . o, 2021 4F FLAAXT
IR EHP B BHEAS R A 14.10% (54/383) ., 2022 4FK
16.71% (58/347), B FUFRES 3D, {UE 2022 4
KRR 1 IpkEM, FEM A EHP A9RH @TJ:LH(. 1 I
*4).

100.00

—
(=3
S

O
S

| w2021 72022

A I X
o O© O
T T

N W B
[=R ]
T T T

14101671

—_

EHPBH{:AS H1 5
The positive detection rate of EHP/%
S O %
T

1 & QO 1 é QCIJ ]
ﬂ'FE‘Jﬁ?@ Species of shrimp

Bl 1 2021—2022 4R [RIHFZE EHP FHAEAS 4
Fig.1 EHP positive detection rates in different
shrimp species in 2021-2022

2.3 AREEEERT EHP REK HE S

XTB?%%B‘?F%H—SJE’J TaqMan qPCR #6125 S 4%
MCRFEAE D AT 00T, SRR, 2021 Fi 2022 4FHE
it EHP BH MEAG th 800 i 10.67% (54/506) Fi
13.72% (59/430) (2. % 5), MMk, 2022 4HF%
FEdh T EHP BHPERS R AR T 2021 4R A BT 17t
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&4 20212022 FAREERE EHP PR H
Tab.4 Number of positive EHP detections for different
shrimp species in 2021-2022

2021 2022

LN KA i BHEEAE S AR & FHPEA
Shrimp species  Tested Positive Tested Positive
samples samples samples samples
SRLBG
JLEHRTAR ) 383 54 347 58
P. vannamei
H IR - - 1 1
E. carinicauda
e\\° 30 -
&
m
b
gt
Es
8 13.72
oo o
=9 10.67
]
10 -
2
(=9
2, , . .
2021 2022
445y Year

Bl 2 2021—2022 4 EHP FHPERS 1%
Fig.2 Annual positive detection rate of EHP in 2021-2022

®5 2021—2022 £ EHP RS H#
Tab.5 Number of positive EHP detections in 2021-2022

A0y R it FHAEAE
Years Tested samples Positive samples
2021 506 54

2022 430 59

2.4 EHP HRITRE S

TagMan qPCR Kzl {7, 2021 FREEH LA .
TR =AWEE S P AETE EHP BHPER Y, Kl
LK 18.80% (50/266) . 10% (2/20) . 1.94% (2/103)
(K 3 FiZk 6); 2022 4FRAEAIIAR . L7 WHLFIR
HIUA T RRES A EHP FHYERG Y, 46 35 51N
16.88% (26/154) . 14.63% (6/41). 29.17% (7/24)F1
28.57% (20/70) (8 3 F1Zk 6); Wk BF&, LB FE
B AL S P EHP BHPERS H R

2.5 BRAIAFRIREARRENRER

P 5 G R BORAE R, g AR R - Bz 4 it py ]
AL TR [R A% 2 Wy B EHP, G1£4% EHP J5.5 A1
REMAMT, LAt n] WAEAE EHP /1 MEE
RN AR/ NE & I HP 4118 4B ©), FBERR/IN
AN Z ] B AT U £ A Y EHP f611-(I&] 4D).

é"“" +2021
E 35+ #2022
% g 30} 29.17 28.57
g{[ S 25t
&5
iﬂ‘"a’ 20} 18.80
=8 16.88
E—g 151 14.63
o
| 10.00
8
o’ I 1.94
iy ey
s &’o&&@%%‘%@}oﬁﬁﬁ
>
%"’%&@i& M N
» ‘%‘ < <’€S £
45T Province and city

B3 2021—2022 4 EHP FHER: A T
Fig.3 Provinces and cities with positive EHP
detections in 2021-2022

6 2021—2022 & EHP fRER H & T
Tab.6 Provinces and cities with positive EHP
detections in 2021-2022

= 2021 2022
o B Wb WERER PR B
City Tested  Positive  Tested Positive
samples samples samples samples
14 Shandong 266 50 154 26
iI7* Liaoning 20 2 41
4t Hebei 2 0 24
J" % Guangdong 103 2 31
K Tianjin — — 70 20
3 it

2017 4FRE, ARk AR E 5K A 3 i s W D
THRFF UG 7E 4 [ BT AR FRAE M X FFJ€ EHP A7 1%
GURMEIN, o, 2017 AEAEALHE 12 MR (AKX, HE
TR SEAE P R A Y 420 S Wil 5 v, EHP V-3
FHAPERS RN 22.1% (93/420); 2018 4ELEALHE 15 4
BAR X BT R 7 s S AR B M
W1, EHP FHIBHMAG RN 22.45% (288/1283); 2019 4F
FEALTE 15 N8 (AR X ELAR T ) A s A = ik = 1A
SRAERIFES  EHP SFXBHMAS 3R 14.5% (85/588);
2020 ‘ETEALEE 9 44 (ELEE T RAERAE S, EHP 13
FEMERS HY 28R 14.7% (34/232). MW Z5 K F , EHP
SO SR SR T = R CI NN I GRS B A s
(Decapod iridescent virus 1, DIV1: 2018 4F 12.2%, 2019 4F
8.5%, 2020 4F- 8.8%)FIE 21 R MR R S IR (Vibrio
causing acute hepatopancreas necrosis disease V AHPND»

2019 4F K Z Hi JC W EE, 2020 4F 4.5%)ix 2 FpiFs
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Fig.4 HE pathological sections of shrimp EHP in hepatopancreas of P. vannamei

A: EHP 788 i 32 20 S P A= il o 300 75 1l (4 it ™ 0 J 5 AT R 0 7 BRI 2 B )
Tk, ARG, A B R P ) A B A% B AN B s SRR BOEA TR 2L, I BOR 3 2E,
PRI SCIR B RS I A s AT RE A A A T A R AR ORI A T s 8 AR A B A T
F A i b~d 43R B K B~D H EHP AR 35 5 i A [m] 9
B: WYL BEAR /NS TR A0 M b A A EHP Do P (] b2 v 206 37 Sk B 7R ) SR AR PR AL (AN 181 b2 v i i 3k s,
HHOIKE & T4 LA o, 1B b2 21 bl s XS okl
C: WY1 57 40 B PN & A BIDKE B3 T BB i /N8 s i) EHP 7 (An 1 2 W o =B FTR,, HBOREE FATH).
Horpr, I c2 1A el Ryl DB ORI
D: I B AR TR/ INE S LR W P B9 EHP A (A&l d2 PR SR EHK R, IR0 R B T2 T /).
o, 1 d2 R 1R R K R T
A: Schematic diagram of EHP spore infected host cells and their intracellular life cycles (The two stages of
sporogenous mass and spore mother cell were omitted). Stages of the life cycle of EHP: Spore germination, in which
the spore punctures the target host cell membrane with the polar tube and transfers the content into the cytoplasm;
The sporoplasm undergoes nuclear division to generate a branched plasmodium; Spore mother cell produce the spore;
The host cell ruptures to release mature spores; Mature spores outside the host cell.
b~d in Fig. A are schematic of the different periods of EHP life history from Fig. B~D, respectively.

B: EHP plasmodia (red arrows in Fig. b2) and aggregated spores (the white arrow in the Fig. b2 image, and is
enlarged and placed in the upper right corner) were present in the infected hepatopancreas tubular epithelial cells.
Fig. b2 is a magnified view of the framed area in Figure bl.

C: Exfoliated epithelial cells contain EHP spores (indicated by the red triangle in Fig. c¢2 and zoomed in to the bottom
right corner) that are about to be released into the lumen of the hepatopancreatic tubules.

Fig. c2 is a magnified view of the local area in Fig. c1.

D: Mature EHP spores (indicated by the black arrow in the Fig. d2 diagram and also shown in the magnified image at
bottom right) free in the haemolymph in the extratubular interstitial fluid of the hepatopancreas.

Fig. d2 is a zoomed-in view of the local area in Fig. d1.

BRI . 2017 FLCRMEZOKA S REs s gl 3258 W 50 sh i B2 B R 2 Al AT H n ol e B
W R, EHP QSR HPM 7E3R B EZUREFE MR, 2020), fEFRERITGERL I R ™R, il
IR FAT A, BAEINA ., WA, 7R V. 2R ] MR 28 7 B % e v U e R 1) B 0 e i
FEHE L TLI3 L W VTR R R S VR Vg 1 X L R i A = e Z—o 2021—2022 4FE[E], ABIEEXUTEA T EHP
P2 A BT TE B Y G HB IX 3 EHP BHAEAS ) Fh 2k 32 B2 40 45 AITRAT 5 B YL i BLEAT T R oA, IR T %
FLANXFR | BE5XF R | o [ o B 0 g £ A 2 MR 2 3 [ 5 JELERCT 2 A N TE TR ] 3R R A RIS P AR A TR A
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ARWFFEEE R WA, 2021 AEUTIEA THAR2EAE A
EHP (9 FAPER 120 10.67%, FHELT 2017—2020 4E
[ K A= sh sz W iR o EHP () BHAPEAS HY R 5
TR, {H 2022 4R U IR A& EHP B9 FH
PERE 23k 13.72%, L FFE] 2019—2020 44 [ W
BiE e EHP A FEPERS ROk SE, B EHP (AT A 18
S, (EATREM, 2021 4EEF KPR
W) s 7E 4 ER A WRE SR A ML X JT e T EHP i
R BRI, SEAEmIdL G TTON BBk, YTV
WA . WA ANRE R 8 4 RAERESS 92 17, 451 EHP
BHAPEAS 280 4.5% (5/92), % B EBZAEFE F 50K £ 8
PR W DU R BT A A R R B W A BR (92 3),
AT BEME LA Sk 2 00 b Sz e ) = LR 21 3 G b X (1Y)
EHP Ji 1718 Bl Al A b 0 el i B #m) 45, 2022)
2022 AF E GK A s e g W ) v ) 7E 4 DR
R0 70 AARESR RS T EHP Wil A (W 4% 55 ot ok &
1), FEECE AR AR, AR5 2021 4FFI
2022 4R AE A 3R E WA T 506 1731 430 RS
4T TagMan qPCR Kl 7347, AT IAEAR B2
R e el . R, e, REIEE ST A AT
5, SRR T IR E 2021—2022 AF B L IX 32
FHERE T EHP MATIE S HE T o] 32 s 2 5%
o

ARG R A A FE A TTRE S EHP AR 43
Mras R s, 2021 4R R4 17 (10%) . LR (18.80%)
FIRESL T EHP PHMERS R, 2022 4FREH T T
(14.63%) . 1148(29.17%) . K1H(28.57%) Fl111 4 (16.88%)
FRESL T EHP BEAS 28 mr, 1x 45 R Ui Bl EHP 1/
TEVR I R BT IR IR A L X AT, HLAL i i T B I
TT38E TR T o X S51EH LETA T 2 At AR5
FEFNEE—2, WALy imEA T #E%+ EHP
TATH N ™ EE ,2017—2018 4= [F ZE 7K A= sh#p e im W il
HRIPXT EHP W2 SRR, IR IEAET AR . f
A A M SR AE AR S A TR R, 2019—2021 4F
[ K A= Bl 3% W R He ) BHP 8 W i 245 2 g
IR, IR IRAEIL T b AR SR TR A AR R A T
B e (AL AR B FR I B B R A, 2019, 2020,
2021, 2022), AWFFTLE A5 EE KA ShYRE R
W) BEHP WA i A8 sh e — 8. ABFoe s
W, EHP /558 218 3 38 VR 1 b IX U HOR b J7 97 5
Xof R ) 32 BRI IR — o

AT B 45 58 B, EHP 5B 7E FLAN X s
i, HBHPER R E IR 15.34%., KGR EUR . BE
X ER R B R A A A A D AR AT TR
VR B SR , WOR X A R AR A T A T i — 2

#4381 . 7EXF TaqMan qPCR Kl 52 EHP B A &
HEATHL UG HLA A3 AT v, B X g AL Bz 4 rp
AT LI B B SR FE R EHP 7 A K b T4 K [ Bt
() EHP J5U 5 A R4S EHP L AN 1 35 S 2R 5E T,
R RE 5 AR B A e SR i 1T 7™ 5 W R A R 2 o
PRI, Rgk2z s MRS R B EHP JA T Bl
Wemm, JERUWR T EIC EHP FPEE), SR RR LRI
X R 2 SR M A R )

ZE BRI, 2021—2022 AE4F 3R FE A T L
T 53 VA i 308 T 35 B8 R 2 4 3170 = T A O
THR“F 5 M 2280, EHP 3 A TR 40 HTJLAE VA 2 TR
B ULIE JUAE TR E IR 2R SR Pk 6 EHP 9 Bl
BT 2 AL (A A 45 SR 7R, EHP 73R
E LT A T ARG AR S p AT iz AT, Wk — 2R
B35 A% SE R R Bl EHP #6%, #E7JC EHP Fhi
SR DA ADIET EHP 34T I B AN 6 XURS:
Bl 3 3% [ R 2 IR 2l i e v o i R R
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Key Laboratory of Marine Aquaculture Disease Control, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Fisheries
Science and Food Production Processes, Qingdao Marine Science and Technology Center, Qingdao 266071, China)

Abstract Enterocytozoon hepatopenaei (EHP) is a specialized intracellular parasitic microsporidian
species that infects the hepatopancreas of shrimp and causes hepatopancreatic microsporidiosis
(HPM). It was discovered in stunted Penaeus monodon in Thailand in 2004. It is a fungal pathogen
that can infect various crustacean hosts. It affects farmed shrimp in Southeast Asia and South
America, including Thailand, Vietnam, China, Indonesia, India, Malaysia, South Korea and
Venezuela. An E. hepatopenaei infection does not cause death in shrimp, but can lead to necrosis and
rupture of the hepatopancreatic epithelial cells. This results in reduced digestive and absorptive
functions of the hepatopancreatic gland and impaired nutrient storage functions. Therefore, an EHP
infection usually leads to shrimp growth retardation or stagnation that greatly reduces shrimp
production and seriously affects the high-quality development of shrimp farming. E. hepatopenaci
infections were detected in farmed shrimp in coastal provinces of China since 2013 and their high
infection rate causes serious economic losses to the cultured shrimp industry. It is difficult to confirm
EHP infections solely based on the symptoms of diseased shrimp in the field owing to the extremely
small size of EHP and the lack of obvious symptoms in the early stages of EHP infection.
Furthermore, the early stages of infection are difficult to accurately detect by light microscopy and
histopathological sections. Pathological changes of EHP infection are only observed in the middle
and later stages by histopathological sections. In addition, tissue section preparation is time-
consuming and complex. This makes it unsuitable as a practical technical method to detect EHP. In
contrast, molecular biology methods have become a common laboratory method to detect EHP. This
study collected 936 shrimp samples from coastal areas in China from 2021 to 2022, detected EHP
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positive samples by TagMan quantitative polymerase chain reaction (qPCR), and analyzed the
morphology by histopathology. This study aims to clarify the prevalence of EHP in major shrimp
farming species in coastal provinces and cities in China from 2021 to 2022, and to clarify the hazard
risk of EHP in cultured shrimp.

TagMan qPCR assays showed that the positive detection rate of EHP in shrimp samples from
coastal areas was 10.67% (54/506) in 2021. There was a decreasing trend compared with the national
aquatic animal disease surveillance plan from 2017 to 2020. However, the positive rate of EHP in
shrimp samples from coastal areas reached 13.72% (59/430) in 2022. There was an increase in the
EHP positive detection rate compared with the national surveillance data from 2019 to 2020. The
detection results of EHP in samples collected from different regions showed that the positive rate of
EHP was high in samples collected from Liaoning (10%) and Shandong (18.80%) in 2021, and in
samples collected from Liaoning (14.63%), Hebei (29.17%), Tianjin (28.57%), and Shandong
(16.88%) in 2022. The results of samples collected from different shrimp varieties showed that EHP
was mainly detected in P. vannamei in 2021 and 2022, with positive rates of 14.10% (54/383) and
16.71% (58/347), respectively. Among them, one sample of Exopalaemon carinicauda was positive
for EHP, while no EHP positive sample was detected in Macrobrachium rosenbergii, Protocrayfish
cruzi, Penaeus monodon, Marsupenaeus japonicus, and Penaeus chinensis. This study collected and
analyzed 506 and 430 shrimp samples from coastal provinces and cities in China in 2021 and 2022,
respectively by TagMan qPCR. These detection results are more reliable than those of previous
studies owing to the large sample size and the high specificity and sensitivity of the detection method.
The results provided an important reference for a comprehensive understanding of the epidemic
situation of EHP in major cultured shrimp in coastal areas of China from 2021 to 2022.
Histopathological examination of EHP-positive P. vannamei revealed that scattered or clustered EHP
spores and EHP protoplasts were observed in hepatopancreatic epithelial cells.

The epidemiological survey and molecular epidemiological analysis of shrimp farmed in coastal
provinces, municipalities, and some inland provinces of China in 2021 to 2022 showed that the
prevalence rate of EHP is generally decreasing compared to previous years. This indicated that
remarkable achievements were made to prevent and control EHP in China's shrimp farming industry
in recent years. However, EHP is widely prevalent in farmed shrimp in coastal provinces in Northern
China. Therefore, measures such as strict EHP quarantine of brood stock and seedlings and the
promotion of non-EHP seedlings should be taken to further reduce the epidemic range and risk of
EHP and promote the green and high-quality development of the shrimp culture industry in China.
Key words EHP; Epidemiological investigation; TaqMan real-time fluorescence quantitative
PCR (TagMan qPCR); Histopathology



