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BRERZRAWL, THTIAYF IHANV AN, 5 8 H eDNA $A Fo g 75 4 iF 4 2R 5
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(Enterocytozoon hepatopenaei disease, EHPD). %I} %
Ye bk iz R A3 Il 20 2038 BB 9% (infectious  hypodermal
and haematopoietic necrosis, IHHN) ., & V1T IR IR FE
J (acute hepatopancreatic necrosis disease, AHPND)%¥
$H (Aranguren et al, 2017; Xu et al, 2016; Strand et al,
2011)J2 My X HRFRGE Y B 2, A2 B Bk,

X R A% G M B2 T AL I 2H 23R BE % B (IHHNV)
S O HUR I Jt b e/ NI 3 L o R BE D 3.9 kb
(GenBank ¥:Z& 5 : NC-002190), HZEM % DNA
(Lightner et al, 2011), ITHHNV £E 5| FL 44 XF #F
(Penaeus vannamei ) FIEE 15 XF #F(P. monodon) 4= K 21 |
NSRS = A, AT 3 B R SR 50% /) £
Fehi 2k (Lightner et al, 2011), f£7E IHHNV A% IF 55
Bl 3 WARVRE m O B B IR AT (Aly et al, 2021;
Chayaburakul et al, 2004) ., THHNV X tH 5%} 0F 75 58l
W AT W E R, Tttt 5 s 44141 (World
Organization for Animal Health, WOAH)?U?{I@?W,H\:
HI 9 F 7E 2R 3 IR 2 —(WOAH, 2023),

5% DNA(environmental DNA, eDNA)WFE I T
1987 4, #iw AT kI S (4% DNA/RNA Fr B .
XL R Bk I AR A 0 1 240 8 A3 G 43 0 21 ] L
WEOK . =5 UURYND AR A W) Lo A% TRl B
(Bass et al, 2015; Diaz-Ferguson et al, 2014; Thomsen
et al, 2015), JF4ER, eDNA HARCHN HTAELE
SRRl ZREPERFSE | O IR AR A I LA K WA
FIA AR ARG I (B F5 45 55, 2018; TR I TS5, 2024;
AR 2021) TEZKHAE . 38 ST AR 45 PR 45 rh oA T
eDNA, X TIRA TEMEF KA AESEAER
% 71(Goldberg et al, 2015), X4z 1% 4= A5 FXUBS:
VAR, WK PR rb 05 D b A ) 5 5 50 0 o A
£ % (Jin et al, 2014; Qiao et al, 2016)., It JLAERT TR
BiARRHHI ] eDNA - HARAG 7K A 3 9 S5t i ot 5%
BTz, R A AR A B R i e A = ARl
(Gyrodactylus salaris) (Rusch et al, 2018; Fossey et al,
2020) A £ /5 5 (salmon  alphavirus, SAV) 3 W7
(SAV3)(Weli et al, 2021; Bernhardt et al, 2021), H5%
B W) PERE T R IR A BELE A AR #E(WSSV) L HFAT
17 s A (EHP) 1% MR A2 G M e T i 1 20 258 B8 2
(THHNV)%: 5% J5(Wang et al, 2022; 3KF%:, 2021,
2022), 7 FIEGURY 7 AT H L, A WESEIEN,
Tt I RN TURR Y e v A, R R B
i, R R AR AL T RT RE AYi& 12 (Honjo et al, 2012;
Natividad et al, 2008), #5747 IHHNV Jg Ji Ay XFHF, ]
VR A1 2 fa BRA A, JE T R BURA T & A - 2R,
W A B SE Mo [ SRR DU h THHNV B947AE, H

Bl = A RE AR A AL B DU THENV [ 77

eDNA A B F oK A sh P s = sh Wi, JuFe
SR TR AR BUAE F2 G JRUE TC I AR E AR 1)
LR ol 1t eDNA BAR W] LIA 80 T i i 0 14 4%
BILA 31 B of 1] 5 P 0 2 SR I 045t R e T A
HAEMEPIKENDE, BRI TR, B
eDNA Kl kA5 & she Al E BRbrE 7oKk . 28 1,
eDNA K il 7 7K 25 sl 4 s Wl Jy 1l HL A 51 2 A g
FHET

AFFE 2R IR eDNA AR, 45450
PCR FIZ¢ )& PCR (RT-qPCR), HXF AL AN [l
G PR ICTR DA TR S5, [R) s X Xof R 35 B b S AR
Y THHNV FF BRI 5104, , DU R 325 59
fERER SR AR 22K , 3 & JF 5838 eDNA HR M
L R HAR AR e T ik S At T SR g S .

1 #wRERFE
11 HEmXESLIE

AR BRI, : 2 51ER B IR ENE 5
TR DX 3 o SR 4 b 5 V0 IR AN IS U 9 4 7 R 2
JEASI , BAPRTC THHNV &89 5. 3 s i A RS s e
TR d o, ff e HABORE A%

X W 5 B b PE DORR A i« SR AR A T — X AR %
B8 TR RAE H 6 D FRFEIMIE , g5 7310 3-1.3-3
3-6. 3-8, 6-1 1 6-3, AEA-HIEREHLIC 6 M, B4
BR3P RBUTRREA . (] 650 mmx
13.6 mm (KB xfLR) AN ETTURRIZHREL 2 cm
TR, BRI AIE L 50 g 2e A48,
SALRE RS, TUKEPRFZ i, —80 C UKAR VKR IR-AT
SEIHTRE T, B S .

JBGL THHNV {9 FLAXT I FE 2 4R 5 S THHNV
PP ) A S = R . & A 11§
DNA $#HUAH &0 B RARAABH AL ) A R A A ik
F& B: 13 DNA $#2BGAR & AL e R A
FRoAHE]; WMl & C: HU1+E DNA #BULH &
(BTN71205)11 1 b 5% B B IERNH A BRA Al o

1.2 3 #h DNA RBEULF &334 DNA FERHF R
4% Eb 3%

SCH Y N UD IR AR ER AL, VIR K TS,
FEULFE S A B 250 mg. [ B TURURE & R oA
X HRZH 51 W (95% L) , s 3 4331 R 200,150
100, 50, 25, 10 Al 5 uL, ZFEHET 10~15 min, #%
KO A & AL B Al C HREBURE AL (LA
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RO DL ), 50 uL YA ZE i vE . X &
A BHRBUT BN A R . DA 250 mg HIEREAR L
TR WA HEDR T 2 min; 2)MFEAHHIA 60 uL 22 i SC,
WTEPR Y 20 min EREAIRS], AP B S UL H—2.
FEELAI T HFZHZY DNA #4571 /£ H (Decapoda)
N2 PCR 74 59 th A T A=) TR (IR A BRA W
A, VYR B 848 bp, BIWIFS : 143F 5°-TGC-
CTT-ATC-AGCTNT-CGA-TTG-TAG-3"Hl 145R 5°-TTC
-AGN-TTT-GCA-ACC-ATA-CTT-CCC-3’, ¥ Mk % .
10xPCR buffer 2.5 uL, MgCly(25 mmol/L) 1.5 uL, t |
THWEGIH(10 pmol/L)4% 2.5 pL, dNTPs (2.5 mmol/L)
2.0 uL, Taq DNA A7 0.1 uL, DNA 1 pL, XZEK
129 pL, GAFR 25 pL, P HEFF: 94 C 4 min; 94 C
1 min,55 °C 1 min,72 °‘C 2 min,39 ME#;72 ‘C 5 min,
$ 6 uL PCR ¥ 38 F= W 25 1.5% ) B 8 A R I Hh 3K o

1.3 [EWENXARERE

Shy R 8P O 35 1 R B B BT R R DNA
J& THHNV FIZLZURE 5 0 IR Z B S 2R, OB R
THHNV A9 FLGA R R BE P 2H 2URE S 2 AT 3 WL AT 3%
HNA 95% B, 435 H 5 ul A1 10 pL, FRAETF 10~
15 min, KO, FHEFNIYHLFEHNLE DNA
PRGN & CRARAE LB AT PR R FEHL DNA, 425
FESEIH &, % 1.5 fJ5 kit T THHNV
RT-qPCR Kl

1.4 SAFYH IHHNV EE8 NS &

15 2R A B VD TR UL AR AR RS LR 4 R i K T A
T, FREL 250 mg 433 E 1.5 mL B.08H. BEH
IHHNV [ X HF2H 21 5] 3 (95% £ B ) 43 i) s in 22 4
REHFRTURY WS 4310 200 150, 100, 50,
25, 10, 5uL, BEOFESBE 3 ATAT, ERBET 10~
15 min, % L. BIYEXTREJC IHHNV 19X HRZH
SURE N, TRl BBES7 TCARATT B I OB A St xR, b
JE DU Y AR & B, JRIR DU FH A R Ak )
RAE A, I 50 pL PEME SR e o

1.5 ZEREEE= PCR

ffi il RT-qPCR J5 4G IHHNV, 5187, 5%
SN FR RN AR A B LR 1

514F1 TaqMan #5451 i A= TR TR LA
FRZSF] A i PCR & & : Luna Universal Probe gPCR Mix
10 uL, 10 pmol/L Ay I #5914 0.8 pL, 10 umol/L
FIRE 0.4 L, TOARZRREE/K 7 ul, DNA BEMR 1 L, A&
PR 20 L THHNV B FEF: 95 CHiAEYE 5 min; 95 °C
APE 15 s, 60 CHEM 30s, k40 AMEIR, AFOAE 3
B3 AEAT, AL ZS X R L BH X R B
W BB FE A CAEICT- (A, IHHNV i 45 D15
i I bR A (A C=—4.04210g(Sq)+46.956,
R’=0.995, E=76.8%).

Fz 1 IHHNV 3| RIFE$HE 2 (WOAH, 2023)
Tab.1 Pathogenic primers and probe information (WOAH, 2023)
5|9 K%L Primers and probe J¥%1 Sequence (5'~3")
1608F TACTCCGGACACCCAACCA
1688R GGCTCTGGCAGCAAAGGTAA
%t Probe ACCAGACATAGAGCTACAATCCTCGCCTATTTG

16 TURFFBEMETRY S HIEEMHERF IHHNV
DNA 14

PR SRR M YE DO R AR B 2022 4F 7—9 H NLgh
XTHR 6 AN FRFEMHE, RN E JCRHEITILE 1, A
b 358 U JE) K Hp I BE ML £ 6 N REENLE, AN
6 INUTRRMIRES, , B E 3 AT, 3108 14y, R
B 250 mg 4335 & 1.5 mL B0, SR AT i %
LA eDNA J5 L X & T THHNV W,

1.7 FFERFEEMBIENAITER IHHNV &

X oRAE [ 5 1.6 H ] — X 47 57 G b 3 174 LA Xof
#47 IHHNV RT-qPCR #illl, W HRERFE 5 30 mg,
i FHEPE S A ZUE R 40 DNA H2 B & (KRR

TERHA B TR E DNA, $REUO5 3 %3850 &
W, #% 1.5 7 ikiE4T IHHNV RT-qPCR A3 .

1.8 Zitor#n

SEUG B LLSE 2 (H A5 4 25 (X £SD) R . fHi
Excel 2016 F1 IBM SPSS Statistics 27 #7554 7

2 #R
21 MIERIRY P RZERIREN T % KK Xt DNA 3R EX
BRA M

SrEL 50 g PR DT Yd  , E PR iR Dl
YR A% 0.09 mm, VWIETTE YR IZ%H
0.18 mm. A EHE MUTE W SRR R B9 A 20, &
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XTI ANV R R B 3 AR SR BT IR & ¢ R ENS Nk 50 pL AN IR 2L A0 3 Y
ZUDNA, #E17 PCR Y1, 1.5% MRS kS  DNA., ® 3 Bor, 1ElRis/ MRty h, 74 A
RWE 2. 3. B 2 R, FEPIKRKRAETEY H, ATEEECE A INE N 5 uL (XRS50 h i DNA,
A& AL BHAHRRAI RGN 5 pL BXTERHZT R4S, A& B M C S nT SR EE G & h
A1 E DNAGARI & B #EH A 4 5%), 1A 50 uL FYXTERZ U5 T ) DNA, HETH G & 4%

eA oD
®oF

o E
oB eoC

K

P R IRBE M R AE B
Fig.1 Sampling points photographs of shrimp farming pond

a: 3-1 XPURFRFAMIE, b JARBEMAREE, o TIBUWIMESL, d: RAEREIA .

a: No.3-1 shrimp farming pond; b: Sampling using stainless steel tubes; c: Sample of sediments; d: Sampling pattern diagram.

@ XA¥ & Sampling points

MNI1 234567289 1011121314 M N 151617 18 19 20 21

2000 bp 2 000 bp
1000 bp 1000 bp
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp

K2 PIRTTRRP AR & 5L DNA /912 H N2 2R 1) PCR A 45 1
Fig.2 PCR detection results of internal reference gene (848 bp) of Decapoda from DNA extracted by different kits from sand sediments

M: Marker 2000 DNA #5ict; 1~7: 5 & B BRIy 200, 150, 100, 50, 25, 10, 5pL;
8~14: AF & A BTNy 200, 150, 100, 50, 25, 10, 5 pL;
15~21: F) & C BEMAMAEAMKR Ky 200, 150, 100, 50, 25, 10, 5puL; N: BEXIR,
M: Marker 2000; 1~7: The amount of sample added to kit B was 200, 150, 100, 50, 25, 10, and 5 pL.

8~14: The amount of sample added to kit A is 200, 150, 100, 50, 25, 10, and 5 pL;
15~21: The amount of sample added to kit C was 200, 150, 100, 50, 25, 10, and 5 pL; N: Negative control.

MN12345¢6 78 91011121314 M N 15 16 17 18 19 20 21

2 000 bp 2000 bp
1 000 bp 1000 bp
750 bp 750 bp

500 bp
250 bp

500 bp
250 bp

B3 RISV R S 42 B DNA 912 B NS 5L 1) PCR il 45
Fig.3 PCR detection results of internal reference gene (848 bp) of Decapoda from DNA extracted by different kits from mud sediments

M: Marker 2000 DNA #5ic; 1~7: & B HESEMEAKK R 200, 150, 100, 50, 25, 10, 5puL;
8~14: F & A BRI 200, 150, 100, 50, 25, 10, 5 puL;
15~21: RF& C RSB M 200, 150, 100, 50, 25, 10, 5puL; N: BAHEXTER,
M: Marker 2000; 1~7: The amount of sample added to kit B was 200, 150, 100, 50, 25, 10, and 5 pL.

8~14: The amount of sample added to kit A is 200, 150, 100, 50, 25, 10, and 5uL;
15~21: The amount of sample added to kit C was 200, 150, 100, 50, 25, 10, and 5 pL; N: Negative control.
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WS, T HRBUEAH IR I IR EREA, Bk

TEARRI AR BE 4t . BTG . IPEXTRAIEH , 76 DNA

PR PCR 1 B FPORAETE TS YL I
FRPE R &A% | JREUSCR | RSN RS

&, EHGRFH & B #H ATV IR TR YIAZ R R I, 5050 &

A AT IS TURR AL TR A HL

22 ABEERTAERYH IHHNV #0053 R 5974

I FH 2.2 5 355 1 45 S Ak TP V0 I RN U IES St 38 350
U THHNV R0 7 0% o AN [R]98 0 k76 PR RIS
BT H THHNV RT-qPCR #7345 B 40 & 4 Fil& 5
FiR, PR TR ICRCR LA WL 6, 55 oR, Bl
 THHNV B X5 HF2H 2150 SO n & 920, THHNV
AR RS, & THHNV VDR DU Y
AR IR 5 L, e RE R 1.52x10% copies/uL;
o THHNV B9 DU b S AR A IS i 5224 10 pL,
Fe i A 1.32x10% copies/uL. 5 uL 1 10 pL AFRAY
AR A A HE R 4 Bk 9.94x10° copies/pL
1 1.72x10° copies/uL . 5 % M0 Ji5 H2 B HE S 095 77 2%
I, YRTURS EICRZAN 15.30%, JRIEUIRY
SRR 7.70%, THHNV S5 AR AG I R i B2 4 2%
AR, ZRARE,

2.3 ITRFEMIFERRYE IHHNV FEELHEBER
5iffh

TR R SR GE I TURR Y o THHNY 5 JU:

Amplification
600 Fesmnasinazins PRE R R R e i 4 :
D oA0F
0 o= — : - =<,
- 1 1 L L
0 10 20 30 40
Cycles
Kl 4 AREIXTERA LS A & Tk & B

P THHNV DRI DNA  IHHNV [
qPCR ¥ 38 3h J7 it £k
Fig.4 RT-qPCR amplification kinetic curves of IHHNV in
DNA extracted from sand sediments by B kit with
different addition amounts of IHHNV-containing
shrimp tissue homogenate

1~7: IRk 200, 150, 100, 50, 25, 10, 5 uL;
P PHPEXS MR N: BIPEXTIR. TR
1~7: 200, 150, 100, 50, 25, 10, and 5 pL;

P: Positive control; N: Negative control. The same below.

Amplification
600 o
500
Q00 [
5 300 [t R TR R TR SR AT e e e gl
200 e ;
100 F - cooeeinns .....................................
0 w—:— :
—1()0-‘,,,/. .......... ‘ ................ T A A T RS 3
0 10 20 30 40
Cycles
K5 AR ERZLZUA) R s o R IR & A SR IR T

%) DNA ' IHHNV ) qPCR 41 5l J1 i £
Fig.5 RT-qPCR amplification kinetic curves of IHHNV in
DNA extracted from mud sediments by kit A with
different addition amounts of IHHNV-containing
shrimp tissue homogenate

2 1ex10p

E I YR EULAY) Sand bottom sediment
§ 14x10° RIS Soil bottom sediment
X 1.2x104 T

g

% 1x10% [

& 8x10°f

Gt

° Ll

-§ 6x10

= 4x10° T

i

;| 2x10° |

i

g4 200 150 100 50 25 10 5

@i Addition amount/uL

El 6 ARG T PR R B DR s 7 it
Fig.6 The viral load of the two substrate sediments was
extracted under different addition amounts

155 10 15 9l 35 PLA XS I 8 6 1% 56 R AT LR A VAR, SR
A A X 108 171t 5 55 58 DOAR M E A 7 A% R £ O
IHHNV #:0, Z5R0LE 7, 7—9 A, XFHFF55E i
OB LR X R b 354 BHEAS . HAEAE — 8 X R
KFo MR, M IEUTRR Y R A LR RAE A
Dt S — 35, FRAE M E DU REA S50 S e 1 %o i 57
583 THHNV G5 DL o

X R 55 5 E 7—9  H 0y 77 5 Y R) U AL A
IHHNV RT-qPCR il 45 5 W3R 2, Z5 R oK, 6 1~5%
B SE DU R THHNV 258 3411 35 % 10% copies/uL;
Hrb o 6-1 WY THHNV #iit ok, 1A% 4.88x
10% copies/uL . 775 JLYA X EREE 5y o THHNV RT-gPCR
R ah 3 3% 3, XPHARAAZURE b IHHNV 208 n] ik
F| 10%~10° i %% copies/uL, H XF R4 41URE F
IHHNV #5855 TR0 Ui o IHHNV 86t .
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100 1

T
—00 N\ W —

80 -
6-
60 | —— FLYAXTHF

P. vannamei

NENEER

BH A HH
Positive detection rate/%

40t
20
0 --3--
8
H 4y Month
Bl 7 X6 I ] A th 378 U R A AR L o) I v
THHNYV 955 JFUAG H 15 50

Fig.7 Detection of IHHNYV pathogens in pond sediments
and P. vannamei during shrimp culture cycle

3-1.3-3.3-6. 3-8, 6-1. 6-3 /R KA X UF 250 i i 45
3-1, 3-3, 3-6, 3-8, 6-1, and 6-3 indicate shrimp
farming pond number.

*k2 BREMARERETAEDH IHHNV
RT-gPCR #& il 45 R
Tab.2 The results of IHHNV RT-qPCR detection in
sediments at different month in each sampling pool

= THHNV # & IHHNV load (x10? copies/pL)
Ponds No. 7 7 July 8 H August 9 H September

3-1 2.22+1.42 2.56+0.57 2.37+0.34
3-3 2.36+1.46 2.69+1.75 -

3-6 2.11+0.22 2.26+0.37 -

3-8 2.37 - -

6-1 4.88 2.16 -

6-3 1.99+0.40 1.84 1.38

T <RI B R WU TR,

Note: “—~” means no virus copies detected. The same below.

® 3 BREFBAERELHITERR IHHNV
RT-qPCR #2452
Tab.3 The results of IHHNV RT-qPCR
detection in P. vannamei shrimp at different
month in each sampling pond

e IHHNV #4 IHHNV load (x10? copies/pL)
Ponds No. 7H July 8 H August 9 H September

3-1 - 428+1.72  12.47+4.55
3-3 3.68+1.45  4.83+0.80  20.15+5.81
3-6 4.74£1.90  15.60+10.80 21.08+17.01
3-8 6.87 6.20+3.85  28.12+19.83
6-1 1.99+0.47  7.18+5.39 -
6-3 - 12.5149.02 -

3 it

H AT, FREE KA 349 9 Wa I T A 5 X0 SR 5 3
Vit AT SO R FE AR A, LUK H FRJ . eDNA
FEAR 1 A 5 B T 5 2R 45 Sl W AR T A UK AR R 5
(BNt 3 ) R IR GRS o BEE FIE B AR BIR A, eDNA
FEARIEERp gt , A2z N I St sh B i 9 5
() Z R, T B AT I8 53 B AR VEAN A S R Ge 0T
Wik . ARG T 3 FE H A 1€ DNA
FEPGAF &, @i PCR ik 1 H 72 258 = 848
IR AR BCICRITANY . [FIEPK IHHNV eDNA &
B 5 VE KRR TR AT HL 5 o G e f FH I A 40
PEPCH AR E eDNA FEAR A AT 78X IR 5758 th I
T, AR R ME SR 09 5588 SCRF THHNV A FIRAT .

I 5 5 DU W UKL 45 & S BON TR Y e it 48
HUpS 57 L4 R ME . Metcalf 25(1995) 2 7524 2k T A4 45 5,
FER T M5 KI5 P AT R ) b 4R B 35 1 ik o
FE S ARBURT DU % 7 i A I RO Ak, ff
JFH 2 18 15 A6 7 SR BE ALY AL A Rk DNA 4B
e TN PRI DNA, i ) & 4R U
P AT PR HAEHE , (H 5 2 28 R R AR [R) 2 B0E &
75 AR Al(LaBelle et al , 1979).

L5 eDNA YR 4 U 520 BRI, FERT
£, HrE bR 32 i85 & 2 Power Soil i
&, EBFFT L BRI ATELE PCR 4] (Eichmiller et
al, 2016), AWFFEMNETF LM &, FXHF5E
F G e 3 B E S 49 DNA SR BGR ) & 7E 4T 52 PR
FHVEAL o AFFT e M, 9% 3 Fh s S Akl & 2 e R
b N JTAR Y h RGN B THHNV, (B &G HAt b 5
£ eDNA B S AT LG A E LT, RIS DU,
KAR L 4] DNA $REGH & RS H 1A
2] DNA $RHUAF &5 T = 1) eDNA WRBE, 1 &
FEVD IR UTRRA) A S BUBCR AR 24, R vk B I B 0 vl
WEEZWPFE S, AR T a1 A XKL
E 955 W 7 T A5 o F T TR — R AR R E bR
H BT 58 B A A RCHR (Deiner et al, 2015), K, %
B AR T 5 % R 3 3 B I PR U 1 . AR SEAR
67 RAR T HESL P ZH DNA 420K 7] 6 0 a0 B8
M TR TR R B AR RN, SR & 7B H
M, ZFIRHERT [, P AT 25 I AR U R
BRI eSS AR S 2 S U 45 SR I T o e R 1]
ARG B DNA =t IR e B ) A 4 R A
250 mg IR, IRHEIRT 2 min; MILA 60 uL & thik
SC B}, VRHEPRT 20 min, HUE T B B ABGHSCR .
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JEA W R 2 (A SRS R | ORI/ NFIET P 1A
A B J5T 70 A ) R A A R 2R (A I M A T I P % i
)M DNA st L 45 B IR A7 1Y 8 B R P &R
(Coolen et al, 2004; Dell'Anno et al, 2005; Manske et al,
2008). AWFFERI, WIS TR Hh R e 92
J 7% (Cyprinid herpesvirus 3, CyHV-3)RY [a] 5t K Hy
(0.79+0.59)%, MEUEIEXS AR H Y CyHV-3 e ik
24K (5043)%(Honjo et al, 2010, 2012), FFLL, 7F
KA TSR R TR P v Y el sy, PSSR
SR Y] i) SRR S v 4 /K B THHNV (8525 [ IBCR Sy
67.11%(Wang et al, 2022), AHFFTEF X 5 uL F1 10 pL
) THHNV B XS HR2H ZU5 M 1y SR i d ki 5
I INF PRI RR A I B B e i s 7 Rk e R A T LR
VIR VTR MRl 15.30%, JRIEUTR) o [EDik
KUK 7.70%, B RFIFEEE I, RiAR 1 /et
ISR AT — 2 52, ASBIFFE 45 5% AN R AR TR
YRR RN B —E S

eDNA J7at . [ . &R R PCR #H]
T A B S DF A — Bl B U R A S B R
(Eichmiller et al, 2016) MK A= 25 R G0 R AE 1) eDNA
TURRAY b 8 A R o 1 5 R HC A I, 8 I A
FAL A Y H WA PCR DI, 2% PCR 7= A= 9kl
M/ PCR 7™ ) J15% i 46 I % (Kolby et al, 2015;
Harper et al, 2019), A #F5ERM, MITERY) h 2 BCR
[ 5 DNA Byt #rp, PUEEE DNA ik &=
AN[E Y 7= 4 (Goldberg et al, 2016), AHFZEH, ¥ E Al
T PG IR ZH BURE N 0 B B S DURR R L AR SR Ak
b, v DU HERG T R A BE DR THHNV 3R
HZH DNA 3k 5 2 EAH G . ik dn]
FHFVEAG R B UUR U vh oAl 5 i 2k i

TEREIG K A=A 3], 75X 0 i oK 8 BRI BACE IR
SR T A U ) SCHE R B, E T E N ANE R AT
K TR SR M GO o THHNV A% IR 48 BRI B AG:
AR AR 5T AR o AR 58 X X R IR 55 191 P9 B 108 143
DU b 54T THHNV RGO H BH A R
ISR AR THHNV B4 45 58— 3%, %R
ZURE LR THHNV 800 55 m T 3% 50 w5 AR v i
IHHNV #i, RIAFEFRG SR, #554 IHHNV 135
B 2 0 S5 AT D3 2o 2 o 5 R e B AL 7 21 3R 5 2
B %7 VR R TR G SR O AR IR T R S A
5 THHNV ., SR i ST h IHHNV Y
RT-qPCR £ 55758 IE rh i 3558 2 9 PCR 45— K
T — B, ATReE i TR TR A E A
TEAER), ELUTBUIRE S L 4L SUVRE ol 35 3 1L AIG, MELA

R, B ZURE A B A S (E TR R i 2 B
(IR 0 5 5 ORI i b oA BH ARG s E SR A g 2 21
FE Sl ARG H U AT B2 R T DR TP A 7 A0 A ]
AR (BRIERSE, 2021), BOH IR A T b LA A R
VS | VR ) SR A DGR R . eDNA 284 nf
DIFE /RS0 & AR G L, 45 eDNA BE & i IR 3R = %
7 B YL Bl 1) 5 R BB T R AR Ek o BB R A
eDNA K iy /1 (1) & 4 W R n BE i L e kA o ARAIESE
FW, eDNA AR AREA R W I UM b i SR AR
TRFE AR AE KA Sl 5 s 1 W I Hh B A R O A
Ho MAELSRER, VEYE R IHANV B TEE AT
JF o VIR THHNV G TEPE | A7 G E] . BR5E
PR 25 19 52 1) 45 5 T A 17 )5 S IR AIFST o
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Abstract

Infectious hypodermal and hematopoietic necrosis virus (IHHNV) is a shrimp disease

that poses a substantial threat to the shrimp farming industry. Owing to the significant economic

impact of IHHNV on the global shrimp farming industry, the World Organization for Animal Health
(WOAH) has listed IHHNV as a notifiable crustacean pathogen. The primary IHHNV detection
method usually involves capturing individual shrimp for molecular biological testing. Using

environmental DNA (eDNA) technology, which allows rapid and economical pathogen monitoring

directly from environmental samples, has rapidly developed for aquatic animal pathogen detection

applications. eDNA is used to detect aquatic pathogens, such as external parasites in fish and
crustacean diseases, including white spot syndrome virus (WSSV), Enterocytozoon hepatopenaei
(EHP), and IHHNV. For instance, for a method has been developed for detecting Cyprinid
herpesvirus 3 (CyHV-3) in environmental waters using virus concentration methods and TaqgMan

polymerase chain reaction (PCR). The concentration-PCR method achieved an average concentration

recovery rate of 67.11% for IHHNYV detection in environmental waters based on eDNA principles and
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techniques. Shrimp carrying the IHHNV pathogen can spread the disease to healthy populations,
inducing epidemics. Monitoring pathogens in the water environment is a more direct and effective
method compared with testing cultivated shrimp for biosecurity investigations and risk assessments.
While such eDNA methods are well-studied, research regarding such applications for soil and
sediment is limited. Viruses can persist in pond soil and sediments, serving as natural virus reservoirs
and providing potential pathways for virus transmission. However, no studies have monitored the
presence of IHHNYV in natural environment sediments, which is accompanied by a lack of reliable
detecting and quantifying IHHNV detection methods for environmental sediments. eDNA methods
enable an effective understanding of pathogen transmission mechanisms and the timely establishment
of control measures during disease outbreaks. As a promising tool, eDNA detection has significant
application prospects in monitoring aquatic animal diseases. This study aimed to evaluate the
effectiveness and feasibility of using eDNA technology to detect the shrimp disease pathogen,
IHHNYV. Different particle size substrates of pond sediments were selected as study subjects.
Extraction conditions were optimized using three commercial kits to evaluate the eDNA extraction
effects under different substrates and to detect the lowest nucleic acid detection limit of IHHNV using
real-time fluorescent quantitative PCR (RT-qPCR). To verify nucleic acid extraction effectiveness
from sediments, three different kits were applied to extract DNA from shrimp tissue in both mud and
sand substrates, followed by PCR amplification. Considering factors such as kit price, extraction
effect, and duration, Kit B and A were selected for nucleic acid extraction from sand and mud
sediments, respectively. RT-qPCR amplification of IHHNV in two types of substrate sediments at
different addition volumes were observed. As the addition volume of IHHNV-containing shrimp
tissue homogenate decreased, the viral load of THHNV decreased accordingly. The minimum
detectable addition volume for IHHNV in sand sediments was 5 pL, with a viral load of 1.52x10?
copies/uL; whereas the minimum detectable addition was 10 pL for mud sediments, with a viral load
of 1.32x10” copies/uL. The original viral load in 5 pL and 10 uL homogenate volumes were 9.94x10?
and 1.72x10° copies/puL, respectively. Compared to the original viral load added, the recovery rate in
sand and mud sediments were approximately 15.30% and 7.70%, respectively. The minimum
detection limit concentration of different pond sediment components varied by less than an order of
magnitude, showing no significant difference in extraction effects, making it suitable for IHHNV
detection in sediments. The optimized eDNA technique and RT-qPCR method for cultured shrimp
tissue samples were applied to investigate the presence of IHHNV in the farming environment.
IHHNV positives were detected in both sediment and shrimp farming ponds between July and
September; however, the positive detection rate was lower in sediment than in shrimp (Penaeus
vannamei). The study demonstrates that the detection results of pond sediments and cultured P.
vannamei samples are consistent, indicating that pond sediments effectively reflect the THHNV
infection status of shrimp farms. IHHNV RT-qPCR detection in pond sediments during the
cultivation period from July to September 2022 were observed. IHHNV loads reached 10% copies/pL
level in all six farming ponds. Notably, the IHHNV load in the sediment of pond 6-1 reached up to
4.88x10* copies/pL. Viral loads in shrimp tissue samples reached up to 10°~10° copies/pL, indicating
that IHHNV loads in shrimp tissue samples were higher than those in pond sediments. This study
provides a reliable technical method to evaluate IHHNV detection methods in shrimp farming pond
sediments, offering a scientific basis for monitoring the health status of cultured animals and
supporting the application of eDNA methods for monitoring shrimp pathogens.

Key words Infectious hypodermal and hematopoietic necrosis virus (IHHNV); Environmental DNA
(eDNA); Sediment



