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11 FEEEEHEXE
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WM E [193% . R T & 75l AL AHPN DAl X
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Tab. 1 Basic information of the four test ponds

WE kg SBBCERL epen e gpom it je)

o . R
G Aera  Depth DelflSIty of initial Breeding Feeding
No. 2 shrimp postlarva . :

m) M " indmy  tme (@ time

5:00;

Pond1 240 1.50 22.5 68 16:30
6:30;

Pond2 3.33 1.30 35.0 61 16:30
5:00;

Pond3 3.33 1.30 26.0 70 16:30
5:30;

Pond4 3.20 1.30 21.5 60 16:40

O FRI SOT R R, V577 TR TR, i
FREAE FEANAE P2 BB O, Rl A% iR R
71~ BENERESERE T Q)i 2 S B AL B
10X R38N\ Fr Jith 7K R SRAEAR 1, 476 78 SRR
A [ 35 by S 06 5 300 47 T 8% IR A 0 RN G 2 TR
T QORI KK B RS MIEE F2 m. /K N0.5m
ARFIKBELS L, IR AT 7] 3 b S 56 5 AT ] R R
A SFRWNH-N) S S ZNO,-N)AS I o
1.2 KEEBEFNE

RSB0 I 8 B 3N AN [FRAE i, R A Y S
5 K 5 5 A% (proplus, 36 F)AF H 5 S & 5% 52
5 3 3N A R K AR B SERTIR A . R DO
FIpH, FE T8 2 1th 3 P 3RS S5 . HX100 mL
IKFEFIF0.45 pm P8 547 e 908 Ab 28, B 98 5 1
VK 2 K AR B BRI A A A i, DU 7 =R
WTW 660077 HCEEAE G E A WAHA ZR
7 &5 (Supelco, ISO7150f1IS06777), Bk LHAE 4T
W5E 3R HAT I
1.3 SMAFIK R P RIS S AR AN E B E 5547

B AR 50 th P i AV BY HS R T 0 iR 4 2,
T RATHREZ90.2 g, WA JEFREIEIAO0.5 mLIG
PBSYAMIEAT 213, T 1.5% NaClVa Bt £ i
HBEAT 101586 FERR RS, BURVRE )G IR 100 pLiRk A T
TSB(IEER 1 i K 5 W) RITCBS (Bt f Ui R #h A7 45
PR SR AH L M B B 7R 4 b, 28°CH59R24h 5 4T
P& T E . AR E FORERE L R TSBFITCBS AR
B A A 1 R B T AT A R N T R
TR 5N S [R5 0 I 3 KRR AT B A
BRI G 7R i SN E B = St
14 FEFRBARNEE

RIETSBFAITCBSEL i 9% 3 AN LA
KN BB X A3 AR 3 A B PR AN 2, B S, PREX
e 34 BA T VE B A T8 I TSBEL iR %5 97 3% Lk A7
PRI 2> B ik, 7E28°C 157240 5 H K B M=k
Al S5 A 35 B DR AT T3 20% B 9 A ORFe
H, —80 CUKARRAT o [R5 HREUAIL 55 1] 50 1A 7% L Ak
F100 pLIC B 2 B F /K R85, 499°C &)@
W15minj5, B T4°C, 12000 r/minf 414 T &0
2min, WHL & WRAE NPCRY 1 DN AR, K H
43 6 FE I & DN AR FE I FH TG B 8 20 7K 4
FENZI100 ng/uL, FI{EPCRELHDNA, 47168
rDNAZEK T A0 38 . - RS 905 595 -GAGTT
TGATCCTGGCTCAG-3' (27F)M5'-GGTTACCT
TGTTACGACTT-3' (1492R)""". PCR %44 £(50 uL)
N: 2xMaster Mix 25.0 L, | Ri##514%1.0 uL, ##
BDNA 1.0 uL, dH,0 22.0 pL. & 1FAN: 94°C
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A% 4 5min; 94°CAE1:30s. 52.5°CiB k30s. 72°C
ZEAH 1. 5min, JEFF309%; 72°C L H 10min, 4 CIEAE .
PCR= W8 i 1% B Jlg Wt e FL Sk A M 45 4 I 29T
A TAEY TR B m A R AR AT T, rfs
¥ 5 {E BLAST #5045 JIE F1EZBioCloud A 1 B bk H i
JEEAT AR L, 4 e H A A 35 T R P 2 RN 4
AT G40
1.5 XTERAIL A S R B E 14 E

FH75%3P5 K i R MR R, FRIPRS 75 % J5 B9
BRI, BT S R AR A — AR i AR &
251.0 g, FEEEIIN0.9% JC F NaCE R AT IR &, I
BT UK A FAT 2K, 21K J51E4°CL 4000 1/
minZ& At T 850 10min /5 B _EiE ", 8 R
FRAE W AR A BIR A =) 1 e 92 v X ) I LA
P T 8 B i e, RS 7 vk e R ) v B P
170 KMFE bR F ARG B IR (AKP) R PE
PR (ACP). W HBE(LZM). 8 5E 1L W 5 Ak i
(SOD)FH 13 48 Ak Bl (PO) &5 5 b 5o M S 4o 7 M e 92 i
T

2 #R

2.1 HIEFAENNEMIMERENEERES
S8 WA TR G X 22 A I B R, A 837 [
S BETH6H (5.33 mm). 7H11H(19.6 mm).
7H12H1.57 mm). 7H13H (47 mm). 7H17H
(40 mm). 7H26H 47 mm). 7H31H (110 mm)A
8 H1H (47 mm) (% &5 KV HESRM).
TG A P 5 T IE R 1 LA —, BRPond 1BLAME
3ANRIG: A 7 W52 AN [R] B[] 447 B0 — 5 1) Tt i
IRBEREAR, 55Tt I SR A o 0 4 B 4 B AHPND R
AR ELAE AT R ERFE T R B 7] 73 A1 W% 2. Pond 21
Pond 43R5 s R BO™ B, FET R &, WA R
VR 5 T7 v B 2 o 0 A AR S R AT VR 9T S R
993 B 42, Pond 34056 55 o IR 7 VR0 9 R I, SR
R2 K SXERE I8 R AHPND & /A5 TR 1S B 40t

Tab. 2 AHPND occurrence and distribution information in each
test sites

SRk AR AHPNDRRMFPE FLILA S Bl PR SEAEAR
Groups &4:HS[A] Time points of AHPND positive with typical
hepatopancreas necrosis symptom

7.7 7.10 7.12 7.15 7.16 7.26

Pond 1
Pond 2 + + +
Pond 3 +
Pond4 + +

BN, T ARERR L

Note: The “+” means outbeak of AHPND and the blank
means absence points

FA K S K AL B RE R 2K
2.2 IMEETF IR E S S EME R R A9 M X
ST

mE Guitor MR B, 7RGS0 B B, X IE
FRIE M IEIE P, B R AR R 2T A e N R
BOIERARES29.0°C, HK21.0°C, “FH<H24.6C.
SIS I KR AR 5 5 R A 2 AR AL Bh A,
W BhVE I N24.8—31.0°C, BE I A] 118 K 5 5
T, HAKR AR S SR RS EAXT M (E 1A).

DO LI EE YN IR IR L R
t B 4FDOKF7E4.00 mg/LLA . X5 # 4
R DO AL B i, P BN TE I 1.4—8.32 mg/L,
Pond 1f1Pond 345 sl F AR 7 7£4.00 mg/LLL |,
Pond 2F1Pond 41056 i A /6 1 40% 1) K EAE T-4.00 mg/
LA R (& 1B).

pH R pHEE AR AR AL IR B AN, Y3
Ji [ v8.0—8.91, Pond 1fi1Pond 3446 i 5 I S 18
5 5 B AR A 3, Pond 2R1Pond 430560 55 52 2%
BAAR 5 18 v BRI 2 . 140k pHAR I B4 h ol
SUGHIS 8.8, 121K T-8.2, K /r4bT-8.2—8.8, A
o U R R 77 B /K S pHI) IE 5 9% 33 Bl (B 10).

BB I A P R E KA R AR A
BN, BARKET34—50, P H R 42,82, EhFEVE
BEH I K L R vy, I EE X o T R B, £
FEARZ B X R WX IGKEREE . k&, %
AR 73 75 ) 5 2 PR 2 2R [F 52 (B 1D).

[EMITHEESE B HE A& FREK
A r B SR S R P BRI . R AR AR AL
MR £ ££0.01—0.26 mg/L, FLFifi 5 W il i (] f 72 ¢
A A 1 v B A S U U BT HA 5 e,
AR AR ARG R2, 78 WSO 5 S A 3 s,
AL 90.01—0.21 mg/L(& 1E, F).

G A R0 ) T P th 3 o A g R VO o0 B R A
SO T I 7 AHPNID k9 R IR R BE T BT
1—2d, /KRR 4 b THA g8 5 %; DOBE
KR B3 e B g fE B 2, B S R DA
K, pHIE A5 I8 PR 38 v /0N B 3 vy, B4 R s /N il
NP 4RI A, B BRI A R KR T
B, (HI 0T RAKE, 55 KAE
TR MR -

2.3  XERFRIE M IEK A FEMA PRI AT 1S SR 0 40
R R EHS3HMERKFEAHE XS

T o 56 3 P A A6 A AR K R v RT
R R & &7 40 4 Ak 3, Pond 2. Pond
3FPond 4456 s WF A P FR R P BT 55 7 A A B
KZKET10° CFU/g, 7K A o 4 1 A0 1 K05 43 )
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AT 10*—10°F110°—10" CFU/mLECE 2438 F 4
Pond 13056 f R4 41 & A 9/ B £ 5 A5 € 4E 47 72
10°F110* CFU/gVA R, K4 P 40 B AN i B B A
HEFFE10"A110° CFU/MLEA R . Pond 1A% 14 P IR
RN 7K AR AT 35 TR A P 8 B s A 3 AN T S A & D
IR (K 2A—D).

G560 IR A FREAR L 23 At 22 B, RE AT L 30 i 7Y
AHPNDIIf PRRE BRI 18], 4 4 40 B A0 5K B 40 & Ak 1
10°A110° CFU/g/KF, £ Hh B AR 7T 1—2d ik B i
18, H 2 EBE KR T = AIDO I BRI AK A mT 8% 5%
20 T RS R AR A AR, ELF AT B R I B
57K A AH b AR AE B S 3 5 208 . Pond 1S A2

SRR, BIRANHEE10° CFU/g/AKF 4D, 1
SN B BRI LA BT 2 B, XA 28 ™ B
(R P I A A e
24 HYEFBENNEINITFRERATIEFRREEE
KE

o 00 0 ) 36 4 e AR A B R 2 194K, 73 il AL
W & (Vibrio)« K KT J&(Photobacterium). % FL
I & (Shewanella) . ZFHIAT 0 J& (Bacillus) . B3
% 0 J& (Pseudoalteromonas) . R %0 1 &
(Pseudomonas). NENFTH J&(Acinetobacter). < .
U B B (Aeromonas) R INFT 1 J& (Exiguobacterium)
N, AR 3). B 8 R EE L 1358,

~«Pond 1 -+Pond2 --Pond3 -=Pond4 -"<jiAir temperature

o
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S 02 F
g
%
= £
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Fig. 1 Trends of environmental factors in the ponds water during the experiment period

A IRE; B.DO; C.pH; D. 3/ E. & 4&; F. WHHASE;

A. water and air temperature; B. DO; C. pH; D. salinity; E. NH,4-N; F. NO,-N;

.pond 2 &I A ; <. pond 3 KT A, . pond 4 KT

. Time of AHPND occurrence in pond 2; <. Time of

AHPND occurrence in pond 3; 4. Time of AHPND occurrence in pond 4
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197, (54 5B % 5 B 161.6%, H 4,8 BRC R
W (V. owensii). W ILIRINE (V. campbellii) &I
MK (V. parahaemolyticus) ¥ #EINE (V. algi-
nolyticus) FIIG 4E [CINEE (V. harveyi)% 5 AHPND
RAER R BRI PROORK, o I EL 1 73.3%. BEAb,
ZETRAT BB T AR AR IR P38k, (5 A e R
17.4%, 455 FR A E B M, SEAAT i VE AR A B A
HR 1 H A = A TR AR A A IS 9 1—2d.
2.5 XTERLAR R R EEIE R E 5 xR E R IR R HE %
534

3 3 St K 6 U P S 6 Ko A A Py s 92
TEERAT G TR B, ACP. LZM. AKPFISOD
R Z T, PO A & e/ (] 3). AKPAN
SOD (13 M 7E #5241 3 ¥ 2 B 2, 35 PR A8 43 [l
1.0—8.5f12.4—11.07 U/mg, H.JC & 3& W4 1R %= 7
P KA . Pond 33856 5 ACPIE It % &,
WeBh TG FIE35.4—74.5 U/mg, HJ5 WX AHPond 241
Pond 455 i, ACPIE AR 1L TE Fl 912.6—29.9F1
7.4—20.3 U/mg, Pond 156 53 14 S AR DR KR 7E 5
1%, #3835 F N4.4—15.2 U/mg; Pond 1i 546 55 LZM

W PETEL.3—7.6 Umg, HoAth3 /M5 A 7E10.2—42.8 U/
mg, H. IS B R AR SR IR o LZ M PR 3 v
F-25.6 U/mg; Pond 3F1Pond 41X % S5 PO It f /&1,
W BVE I 7E22.2—28.1 U/mg, Pond 236 A PO T
A 4K, FEl 96.2—10.8 U/mg, Pond 13856 f0 3% 1 5%
X, POIE A A5 [ 292.2—5.4 U/mg.

GG 0TI FER L 3 BT R B, AR 5 R K
375 VU3 35 A SR UL PR AK P ARTSO D 14 38 5 WA ({5
6 B S 28 ] 22 5 1 A I Pond 14056 i A 2 4k
T FER S, HiZzseib A xiF LA WACP. LZM.
POJEME/K P 2 FE A, Pond 3356 s (1) Kl 75 2
R, PA b 3F G 5 B MK P A T, ELROR
M IEPond 2F1Pond 4%J LA H1 () LZMATPOYE 14
4 FE T Pond 1REE AT, ZE& MR W, (R/KF 1)
LZMFIPO R E g it 35 77 5 22 45 A % 0 (g JE IR i 1
NG EPAN P
2.6 MNEFRESH

TEMRZE . BME bR EM T 2SS0, bn
HEZERREH. REENHEBARITECR 4),
Pt 22 K, R AR B 2 (][0 22 R K, 25

+Pond 1 -+Pond2 ---Pond3 -=Pond4

—_

I I A AT 8 7 A T e
O =N WA WU JOOO

Culturable bacteria in shrimp
hepatopancreas (x10° CFU/g)
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Time (m/d)
3 -
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n\m‘%
®E
g .S 2
ESE ot
Tis
FTes 1
e x
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%=
Y
ke (A/H)
Time (m/d)

AT A0 B B A N IR H0: C. /KA B0 D. KA I o

4 R A

KPR AR R SR

JPIBR I A ] 5 S i A e

Culturable Vibrios in shrimp

hepatopancreas (x10° CFU/g)

fiEl (H/H)
Time (m/d)

» 20 r
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2 £

.: E

2o 1Oy
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gL 05 f
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=
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A. the number of culturable bacteria in shrimp hepatopancreas; B. the number of culturable Vibrios in shrimp hepatopancreas; C. the number

of culturable bacteria in water; D. the number of culturable Vibrios in water;
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Tab. 3 The composition of dominant bacteria in the L. vannamei pond culture system

W RE P R
Strain Number Strain Number
VobrioJ\ )& 135 Bacillus R B 38
KR SC RSN V. owensii 41 T ZE AN 1 B. subtilis 17
W IRE V. campbellii 23 B2 F AT B. siamensis 10
HHEEINE V. alginolyticus 21 R FE P S HURT I B. tequilensis 4
BV LYK V. parahaemolyticus 10 25 Hh ZE N B. flexus 2
IR V. hepatarius 8 Fi /NS BB, pumilus 2
TAENIKNE V. natriegens 6 W 2F MO AT 12 B marisflavi 2
V. hyugaensis 5 B. cabrialesii 1
W YE IR V. harveyi 4 Photobacterium R 6T B 26
¥ HENE V. rotiferianus 3 N R HAT E P. damselae 25
WK V. azureus 2 R ICH W P. marinum 1
HASKE V. japonicus 2 ExiguobacteriumB/NMTE B 6
VWENE V. nereis 2 BVUEMYUIMT B E. mexicanum 3
AR S V. variabilis 2 EJ R INMTEE. indicum 2
BT MIE V. sinaloensis 1 RN EE. profundum 1
V. ruber 1 Acinetobacter NEIFF B 5
B WK INE V. sagamiensis 1 LIRANENFF A, johnsonii 2
U IR V. mimicus 1 BRIRABIF A, junii 2
Y HRINE V. atypicus 1 RN A. pittii 1
VYN V. brasiliensis 1 PseudomonasfB 5 & 2
Shewanellafs BLIKE B 3 P. oryzihabitans 1
HHEZS FLIRHES. litorisediminis 2 ERAR R P. alloputida 1
FL A BLIR TS, waksmanii 1 % RS I Aeromonas veronii 2
B3 Br BT Pseudoalteromonas shioyasakiensis 2
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Fig. 3 Four experimental points monitor the trend of changes in shrimp phyla immune enzyme activity during the period
A. AKP; B. ACP; C. SOD; D. LZM; E. PO; W . pond 2 & ¥ ;<. pond 3 &5 i #5i; . pond 4 K7
A. AKP; B. ACP; C. SOD; D. LZM; E. PO; . Time of AHPND occurrence in pond 2; <. Time of AHPND occurrence in pond 3;
. Time of AHPND occurrence in pond 4



8 P S S S /B . 47 &
x4 BEURFHRRARITE
Tab. 4 Descriptive statistics of each physical and chemical factor
guit®E AR WRAE  RME Bl TRt ik
Statistic Full range Maximum Minimum Average value Standard deviation Variance
7K Water temperature ('C) 35 4.9 30.3 254 27.4 1.132 1.28
DO (mg/L) 35 4.79 5.93 4.46 5.5 1.15 1.32
25 /% Salinity (%o) 35 8 48 40 43 2.21 4.9
pH 35 0.64 8.99 8.35 8.59 0.14 0.02
ZHNH,N (mg/L) 35 0.15 0.16 0.01 0.07 0.042 0.0018
LA A HNO,-N (mg/L) 35 0.199 0.212 0.013 0.12 0.044 0.002
SOD 35 5 8.23 322 5.94 1.53 2.35
PO 35 5.27 28.12 22.85 25.14 1.33 1.76
AKP 35 10.35 12.53 2.15 423 1.89 1.83
ACP 35 41.3 74.55 33.32 5.81 8.86 76
LZM 35 37.25 42.84 5.59 27 9.69 72
TR s 5 7 4 9
Culturable bacteria in water 35 1.79%10°  1.86x10 7000 6.02x10 4.72x10 2.23x10
KPR s s 7 4 9
Culturable Vibrios in water 35 1.37x10°  1.38x10 800 3.08x10 3.38x10 1.14x10
m:ﬁi?ﬁf]% 7 7 5 12 7 14
Culturable bacteria in shrimp hepatopancreas 35 7.88x10° 7.90x10° 1.76x10 4.54x10 13010 1.68x10
LN EINE 6 6 4 10 6 2
Culturable Vibrios in shrimp hepatopancreas 35 447107 4.52<10°5.50<10 2.88x10 1.03x10 1.07x10
e My 3 N N L
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THE OCCURRENCE OF AHPND IN POND CULTURED LITOPENAEUS
VANNAMEI AND ITS INFLUENCE ON ENVIRONMENT,
PATHOGEN AND IMMUNE FACTORS

2

YU Yong-Xiang >, WANG Yin-Geng'”, CAI Xin-Xin', ZHANG Zheng'’, LIAO Mei-Jie'”, LI Bin'”,
RONG Xiao-Jun'’, ZHU Hong—Yangl, TANG Miao-Miao' and WANG Chun-Yuan'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. Laboratory for
Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology
(Qingdao), Qingdao 266237, China)

Abstract: Acute Hepatopancreatic Necrosis Disease (AHPND) is an important limiting factor affecting the healthy cul-
tivation of shrimp in recent years, which has brought huge economic losses to the global shrimp industry. In order to
explore the relationship between the occurrence of AHPND and environment, pathogen and shrimp immunity factors,
the pond cultured Litopenaeus vannamei systems were continuously monitored. Based on the 35 days continuously
monitoring showed that, the air temperature, water temperature, dissolved oxygen (DO), pH, salinity, ammonia nitro-
gen (NH4-N) and nitrite (NO,-N) were fluctuated in the range of 21—29°C, 24.8—31°C, 1.4—8.32 mg/L, 8—8.91,
34—50, 0.01—0.26 mg/L and 0.005—0.212 mg/L, respectively; the culturable bacteria and Vibrio sp. in water and
shrimp hepatopancreas were fluctuated in the range of 3x10°—2.4x10° CFU/mL, 2x10°—1.8x10* CFU/mL,
9.8x10"—8.8x10° and 3.9x10°—3.61x10° CFU/g, respectively; 135 isolates of Vibrio sp. were detected based on 16S
rDNA, and the main Vibrio species was V. owensii, V. campbellii, V. parahaemolyticus, V. alginolyticus and V. harveyi,
the activities of ACP, AKP, SOD, LZM and PO were 7.5—75, 1.0—38.5, 2.4—11.07, 1.3—43 and 23—28 U/mg, re-
spectively. Combined the physical and chemical factors before and after the occurrence of AHPND, the results showed
that, water temperature, culturable bacteria and Vibrio sp. in hepatopancreas, DO, LZM and PO could be used as the
early warning candidate factors for the occurrence of AHPND in pond culture. The results provide a scientific basis for
the healthy culture of L. vannamei and the prevention and control of AHPND disease.

Key words: AHPND; Environmental factors; Culturable bacteria; Immune factors; Early warning factors; Litopenaeus
vannamei
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