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(I EMRGE KPR E R R R D B 2013065 2. 9 S R DI L BLE 5
PG RIS E UK FE 2662375 3. MKIER AT RS AT RS I 2 E NS E
HEKRFEEF R BRI KRR LR HE 266071)

WE *F#T &M BT R 2K 8% (acute hepatopancreatic necrosis disease, AHPND) £ % i & 74 o 9
(Vibrio parahaemolyticus)# # # pVA1-like i #i ki % 1 & & PirAB"P fr 8, A%t K@t 2 kg E 0
YRR G T At L AN xE BT (Penaeus: vanname) J R #E AT ALVE fikaE, B S AR A RER B L 41(L 4L,
10° CFU/R) 5 At S B &L b 4 (H 4, 10" CFU/B) /MK 5 AN E i E S (R4 )5 3. 6. 9., 24
MASh)H 9 AR AL, B, ., B, WA, HER., Z5RE. BHWEME 2 A
BV IME AR EAER, BdE N EE PrAP WEE XX ER A A F 4 W pVAL-like
FHE, AMREKNEY 2T RE R, £FEF, HAR L AWEAR T2 LR, A4
3~6 h KB A TEmE, 2 N ERAYRERNAES AL T NFE LB AR, FEHWES HEHA8-TFH
A NEYE TEMMAS,; F—HENHALL A0 REEINKE 1.9-49 &, FoRT A%
IR, BN HEAERLG AN EEEE, AT ELEEX R, B2 ANZHAE FRE N
BREMFEROAE, LAY, HoMNLANF R N BEHE R LA THGES, TEF. 7
AR E B s R HAF, F 7T NALR N AL Sk M6 220 Ef, HEF M
FSWREPHEEZELE EARTREESE 2 M A%EME S k27 & BB E B3y 7 A 1
PirAP, F[1E N RF R EREARESNNERAL, AFRERT B BB ITELT R R E
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FL44 % HF (Penaeus  vannamei) 14 44 B 25 11 %R
1988 4F M\ I [E Bl 8 5 | AT E (5 A5 4%, 1990), 1992 4F,
HN T BRI T 50, b5, HIRple 2 E
INAFEIHE) . 2022 4F, FRIE R KR IF SR8 2™ Rk
153.18 7 t, A04E FLAAXTHE | BEF5 % ER(P. monodon) . H?
[ X IR (P. chinensis)fil H AXHHR(P. japonicus), H:H1, L
YXFUR= i 134.03 J7 t, AR IRAELA S B 87.50%
(b ARl B B R A, 2023), AP, T
TR AT R, FRAEREEE BIRA , s T 0] 2
HANGS , B H i 2R [ FLAN X SR FREE Y A 4 e o Horpr
Z 1k I J5R B 3K BE 9% (acute  hepatopancreatic  necrosis
disease, AHPND)ZIT4F A i il ROMEPE 28 5t 2k 1Y = 22
X HRERE 22—, Xof tH X RSG5 ) 28 B B e kit
ik 430 123570 (Kumar et al, 2021),

AHPND  f5c #] 9 iy 4 S X F 309 30 12 25 & fiE
(early mortality syndrome, EMS), E 438 1Y 7] 5| &%}
#F AHPND 19 9K & Fh 28 £ 45 &) % i 9K & (Mibrio
parahaemolyticus) . M5 4 GO (V. harveyi) . BSCHTEG
S (V. owensii) IR DT ECHREE (V. campbellin) &5 (51 714,
2018), HHT, il Ky %iF AHPND J2& i Zom P
AT pVAL-like TR i aE 18 4 PirABY (PirA"P
1 PirBYP) 52 (Kumar et al, 2021; Lightner et al, 2012;
Tran et al, 2013), XJUFENEIE, HRIMHIKRE . =H
25 BRI | BT H A FRAEE AR (Lee et al, 2015).
FEX HIEA PR 5T &R B, Vpaneno & 2EXT R4
B b, SRR KSR Y PirABYP 3 40 Wb 2 PR AR (F0 2%
), SRR R, RS AR R
HHRY), BRI IR D) fE(Lai et al, 2015),
Soonthornchai %(2015)%F BE T XF UYL Vpapenn i B
H . T AE B #EAT AR (SEM A, kM
VPanpenp P11 VATE R CURERYS | 2t 15 38056 v i 347 B
& BT A S .

PRIT I I B 1 F2 B A )i 428 DL I G 5 7R M
FAA N A B 43 A S 3 R R e BRI 5 Y L i
(ETFHAE, 2007), o2& A TAE rhRk2E 6l e Bk
D5k o HERR AR R I A e 1Y) E 22 B AR T
HTi, T AHPND MBI Z R TR 5167, W
TEAKAAR H AR g v 4 2% KR (Gonzélez-Gomez et al,
2023) FE DAL Ff AR AR 4 ) 500 SR R B B s s
J7(Wanvimonsuk et al, 2023; Mantaring et al, 2024) , if
Ik Bt S 2 2 B R T B AR B A G A 28 38 [ (Miao et al,
2023)% o 2 JEUTE X MR AR A 43 A B 386 B A 5 T
PR5é5e S5 (2018)il b i v 73X, SRSV 5 WAt i ML
HXFERATEF Vpampnp FEXTER 25 20 28N (1) 53 A S AR AR
B, REEE . RFBRAR . ULA . X ResmEl pirAYP

FEH, HAVARSE LTS FRERMBEE . 5865(2022)%)
JUAARTHR[(5.15+1.6) gl#FA 74T & S AHPND, 7E 0.
1,2, 3. 8112 d Al AN [RIZH 2L rb i Dt v 2
R BN TR B i I 2 i B AR A 2 58 B TR TR RERY
e, M5 WL LR I e s AR AL T B
e, KT VPanpnp TEXTERA P o0 A 185 50 S 47 B4 i
T A 58 A R FEA T IR AR B B, HL 2 R
TR S5 T X MR BAE T A b 19 J0 4 5E s
(specific pathogen free, SPF)IE T, R FF pLETF %5 %)
3 3 5 A SRR RIS ) 45 5 UG AHPND, 4t
XAl R R, U HGR BN RV B S 25 T
TEARI R, & 2L & B 0 43 A Fi 3 5
FiRUE AR W ARG ARGE .

ABFFELL A L H 1Y &R R LR ER S B 5T
XA, A PR © vy 1Y — S i DR
HEAT VPaneno B89 , F F SE B9 2 7 PCR(RT-qPCR)
FHARTB, WHeAxe . RS E LT,
ST BORETEAS [ ZH 2L A [ e [A] 6% A1 R0 5 4 Ao
545 5T LUTE 2 TH f# BT Vpaneno 7EXT R P 4% 20 21
(9 3 A O, A TREAS AR BT D S r g v
PEeE B2 [ I AT LA Ay 36 A DR A ok i o o 0 A 000 e
FELHZE | R ORAT 1 77 i Mo 0 i Ak RE et S0 S 4%

1 MR5RFE
1.1 SEIedfl

ARSI I FH LA X MR R A ARl AR A B i 2K 57 B
AL B AL (L K R S 0 5 B B K P 0 5
B A FEFNEEDUNR 9 AR IRFIELR,
FHRE O (35+2) g0 MWIZOHEAPEERLZEI 230 F&
AN, Jz 2 E KRR RSB K BT X R
PEARIN LA 18] (LU AR5 )V I G S b kL

YL IR, FEHLRAE 10 B X IF IR A7 JEAG I .
Z M OIE(2023)/K A Sy iZ2Wr Tt (https://www.
woah.org/en/what-we-do/standards/codes-and-manuals/
aquatic-manual-online-access/) AT JE AT I , K I o5
JE AL HE H BEZE A 1E 7% 7 (white spot syndrome virus,
WSSV) . A& et e T K ik il 2 2R IR FE 5% 55 (infectious
hypodermal and hematopoietic necrosis virus, [HHNV)
SR T R R R ZE I 0 9K B (VParenn) < T i
(Enterocytozoon hepatopenaei, EHP) . MR Ifil 2 g i1 % 95
7% (shrimp hemocyte iridescent virus, SHIV) ., X ¥R 4E
¥ [ #9% 7 (covert mortality nodavirus, CMNV), & 4t
4 LA YR BE 9 7% (infectious myonecrosis virus, IMNV),
IS {4 kit 6 JHL At g J Xt S 30 248 SR v 13 o
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TR LN N IR B R 5 p VA L-like JBURL A 4 2340 A K 386 5 45 051 79

1.2 SIEHE

BT £ S 56 T B RROR A SR R IR A =
FEREGE T, T80 CUKFEIRIE. BRI S % 15 E4E
(2023)(L "5 CN202310391807.1) 45 2 Fhifk B A 11y
Tk, FRPBURL(GRE 5 mg)#s 451k 10* CFU.
10° CFU =4, B REMRLEHUR, (A R 15
FTUARAGIN , LIRS 00 5 Hos SRk

N T PR % B AR T B s B i
165000 3 6T R e A B g T 3 0k 3 4 B 2 (LA 4,
2023)(LFS CN202320811114.9)3#47 3 d B3, Ak
BFE&M . &2 BICA—A 10 cmx15 ecmx35 cm B E
e g, B R AR )RR AR BRI B R 21 C
i, BRFHR 2°C, F(27.0£0.5) C; FFHMIN 4
K EFWIR . oK, Bk 8 IR KR E) 40%; 10:00
1 22:00 HEA T8 R AR R, B R Y
3%,

JERYLIER A3 Ry %t HRZEL . AR A 4Ll 41).
XSS AL (H ), XTI L 41, H 405
WCEAE 3 A 40 16) Lk 75 A h ki 52 U, HEH 180 F2
TG 1 IE 5 B X UREA T IR, 2 S SEa g 3415 3 A4~
R, BOEE 30 B, MHE 154w h&ETd;
JIEH 20 BAE XTI, A 10 DM hi& s
[i) 2L 03X A AR (1) 7K P 358 A3

HREGHRE, WEEMAYURAAH 72 h DIHES
TR E, AR ET R AL X LA H 4
ISEEAR, HE1T 2 DOREHZ R, &R
50 mg B, 5 1 556 2 RN R 24 ho L 41 2 it
B0 B9 J A K 43 3 R 4.76x10° CFU/EE A
1.76x10° CFU/RE, H 41 2 #7195 F & 2 2
4351M 3.84x107 CFU/EFI 1.68x107 CFU/JE . X IR0
8 W B AL Sk H AU 75 R LS A R ORE TR
FERE A G R R — B S TE AT R BURE At
Ak,

FEARAE JE 7 PCR R 2 IR 5 19 6 h TR
ik, 39T 3. 6. 9. 24 F1 48 h EHL 2 LI H
TGS 6 BASARIEITHORE, BFEHZURER . 1 |
Jid . HRARN . WA . BFBERR . 55 5 WUk 2L (A FEFL 5
B HOik ) . HE BB 2 TS 2 fol A M (B BOEERR 1 em
Bt)o X HELH [l i BORE o B4 SURE S 25 1 x PBS WS
AR 95%, MY 1.5 mL TGS, B8 T-20 C
UKFEORAT o S 0 77 A 745 4121 DNA 4L,
I A i 1 0 S s e B A B S — s
% 20 ng/uL. il it RT-qPCR J7 LG 45 4141 PirAYP
LR P8 DUBUE A pVAL-like JHORZHE DIEL, RN AR
1B, 514975125 % Han 2£(2015) (# 1), RT-gPCR
FIFBEE: 95°C 30s; 95°C 5s; 60 °C 34s; 404
PEIA

Tab.l The primers and probe sequence of the RT-qPCR for PirA"? gene of Vpaupnn

FEH Gene 5|9 Primer 5|9 /751 Sequence of primers (5'~3") 7= JE Length of the product/bp
PirA PirA-F TTGGACTGTCGAACCAAACG 135
PirA-R GCACCCCATTGGTATTGAATG
Probe AGACAGCAAACATACACCTATCATCCCGGAA

1.3 *REZ&HME

TELE X E A of AR rh, 75 A ©O AR EE Y B AR
DNA 5 RNAHRES)FRAEITZE, T e e ik
) 248 %00 B i o D R A [ R BE A bR o i 5 9O R
R A OCIR , AR AT LMK HIRE AR (1 BB 15
FEHE S H bR 4> T 1995 U (Rutledge et al, 2003). A<
SR AR AE SR F BRI AT A PirAY 5 R R
B, W vk B S M EE AR R
14 HIRG A

i SPSS 26 1EMEAETHTINEAN:, XA L
PirAYP ¥ D1 % 4 ¥ 47 288 N & 7 22 43 Hr (one-way
ANOVA), W AHAEIEZ 2SR, H Tukey's-b

R s AT 2 W L, B IR AH SE 1 73 M (Pearson
correlation coefficient) kil 414 [A] Pir AYP ¥4 U1 %k i A
KM, P<0.05 257, P<0.01 HZEFWMTE.

2 #R

21 FEKRNERSE RT-gPCR tREHEZ

JER L S 6 HIT A S 50 FH R TR I 45 R R
WSSV, Vpaupnnp. EHP. SHIV. CMNV il IMNV j
MBI, THHNV R B 2R PirA L A
BEArEAh (10° 22 AU R TR BERR RS, AR B0 1
TSRS T RT-qPCR ¢ 38 AR th & an &l 1 B,
H R=0.998, [T FE N

Ct=3.826 x I|gN+45.377
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A, NAFEUEL, Ct MIEHE
22 WLBANTETHERITS
JER L 4 78 h, 2 ANSCUR AL TE A& ] S5 5T

TEMUILIE 2, X BRZHAESC g B BET 2 B . L A
[RIEEFHFET-(15.2£2.6)8, FilILT: 46 &, SE1-

3751
350
3251
30.0

275

PEIREL Ct

250

225

20.0

11 1

ZH 51.11%. H AAFERFHIET(16.652.5),
FIIET- 50 B, FET-H N 55.56%. 2 PLEAIFET -5k
LR FEEFP>0.05), M2 DA RsET-$0E 23t
EIR Al B R AET i Zehe i — 28 fERRTE A, SET
KT R EE(P>0.05), 2 NEIAHAETTHI S 3~6 h
IRFBET A, IEE BT AR B R

1 1
10 2030 100 200 1000 10 000

1 1 1 1
100000 1000000 10000000 100000000
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K1
Fig.1

IR R 2 4 F-393ET-41 Mean death count in group L
= R R - H5E T4 Mean death count in group H
= KIRFEEH RIS H Cumulative number of deaths in group L
o T EEAH EIHFET- 8 H Cumulative number of deaths in group H
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Fig.2 The cumulative number of deaths in groups H and L

23 WEBWARHALARERE PirAP# NELER

2 NS 45 A SUE AN TR ) 5 Pir AYP 5 D1 %028
TR 3, fELHG)G 48 h N, ARHEA4H41 PirAP #4011
BAR A A $ 43 Sy Bt () 20 384 T R AEOBR 250 ) B 06
PG LA 6 LUK TURLPE DK s
A, AraEaE . IR . DL, 56 S TEKR . IR AR

RV I AT pVAL-like TR PirAYP 3 D b vfi i £&
Standard curve for PirA"P gene of V. parahaemolyticus pVA 1-like plasmid

ZEFNE 2 b MR 3L-1); 3 ANZHSUR R3S DA
Bohta®, e . i AR (E 3L-2). L4
S A TR DUBGA B e FBS R 9 h 124 h 245,
Horfr, 9 h FURE DGR 31 e i 21 2L 5 R [(348.5+
B [(228.2+29.9) copies/ng]. HR#%
[(478.1£67.8) copies/ng] . HILAI[(247.3+37.1) copies/ng]
FISE 2 fuh £ #E[(395.8+45.4) copies/ng]; 24 h ORI I
Bk ) = A ZA 3B [(501.1£99.7) copies/ng] . JiT
JBE 11 [(314.8+46.9) copies/ng] . 2 5 Wik L [(316.7+
24.4) copies/ng]. WEHBFHZ[(549.8+90.3) copies/ng].
H 47A 2 LU k3 DS (b 5 e i 3
A30 B ORES S ligik 2 (F 3H-1); A 7 AL TR
P DUVEU A R ke, Rl eE . BmiE . R, L
PR PR . ME M2 RN 2R 2 fil ff E (1] 3H-2), H 4
ANTRIZH 21 SRS DL AR 31 f s i s E) 43 3100 3.6
9 148 h, i, 7E 3 h JE & k& R H% D1 4K[(730.9+
e 7E 6 h 2 5 Uk L IR DL
#[(464.8£50.9) copies/ng]ik #5755 16 9 h JFokiFs il
Ok B e e A SUN B [(957.9£206.8) copies/ng]. B
[(932.7+277.3) copies/ng]. MiE[(1 017.2+185.4) copies/ng] .
MRAR[(486.9+57.3) copies/ng]. WLIA[(664.1+
91.0) copies/ng] .55 2 fil i #E[(444.6+55.5) copies/ng];

44.2) copies/ng] .

78.9) copies/ng]ik
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2 A% Eyestalk 2RI 5 —— A% Eyestalk —— &80/l ff ¥
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—— ZE5YYK 2 Fifth pleopod
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B3 L4, HAURRELIZ PirAY $5 DSt E] 25 1k
Fig.3 The PirA"" copy number of different tissues in groups L and H changed with time

L-1: A% A S g 41 g A A9 4 2SOk s DU -2 Rk T kS 0 A 0L 22 A A9 L 2 Ok 8 DL
H-1: o £ 1 et S 0 A B e 2 A A L UBORLFS DR H-20 g 0 T b S 30 2 XA 22 A Y 4 B0k 75 DL 2K
L-1: Single-peak tissue plasmid copy number in L group; L-2: Bimodal plasmid copy number of tissues in L group;
H-1: Single-peak tissue plasmid copy number in H group; H-2: Bimodal plasmid copy number of tissues in H group.

15 48 h B RH 2SR FE DUEL[(596.5+ 103.4) copies/ng]
KE o GRARIT, AR R 2 S A% 2 U
2Rk det K P T ) 28 A0 A A

24 WELIKWARKALE PirAVPENHERILE

[fi] — ] [¥1] 4% 2L L] PirAYP P2 DR e #5044 SR i
Kl 4, 7E 3 h, 9 PMHLURFRFE DA H A%+ L
4, HERE FMipiEsh, Y54 W 2 5 (P<0.01).
TE 6 h, HAA 7ML ERE NS T L4, H
PREGFES 2 il fAHESN, Y W P22 5 (P<0.01),
79 h, BRERFASEE 2 filfaimsh, H 4G 7 4800
JEORLHE VBN T L AL, YA 3 M 25 57 (P<0.01),
TE 240, HAA 6 ML BRiE DB T L 41, BR
Wil . HFRRARANZE 2 fab sl , HIE e EEES
(P<0.01), L 2155 5 UWedk & FIE PR 28 19 JTokE 75 D14
T HH, B S EkoR Ak 25 7 (P<0.01),
TE 48 h, H 416 9 MR BURL5 DU B % 5 T L
H(P<0.01), fEFTAHLIARE A S0, H 4

Wl T LARA 32701 M HA B ER T LA;
I NLAmEERTHA; IAHYA, LALEE
F5to DA SE SRR, R TR] A48 A e 2 R e B0
BLIAFE DUE, o 48 T o A AE R A i ) R 24kt
S gk B DURCE TR A 4

MBEEEAL A)5EmBEEHMH H)SHHAR
[ S} [F) 057 Sk 5 DB WL 2. L A0 B[R] A
[FIZH 28 ki 4 DB LA 97.3~269.9 copies/ng;;
H 21 A B 8] 55 A [] 4 2057 35 5 s 45 D503 L Ry
250.9~507.2 copies/ng, H £l L 41 [F)FP2H 415k bs
DUBCES 1.9~4.9 15, W45 AL SUTORFE DL ECF 2 i s
FMRHEATHE Y, L AT M IET A2 . . IR |
555 UEuioR . IRAR. WLPD. B8, 352 flspEE. B H
QU AR . . 8. B WA, R . R
WL 58 S UKL . 5 2 R, 45T, PirAP
DUBCEEXT IR 9 25 2H 200 A e a5 ), o, 3 ol
LR TE L 40 H HHE4 B0 TR 61 .
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25 WEWAAEAREMNEFAEZLEXE

2 NS N [R) 2 2 ) IR b AR fR A S L3k 3
M4, LANRSE S WK E . 28 S ek 2 51
P | BESE 2 ko HE G IICER R AR TR A A DG
(P<0.05), HZ/RAMMERESH 0.946, 0.944 FlI
0.928; MRAWSHER . WRAKN 525 2 fi ff 8 A0 I ER kr AR

A 3 AH EME(P<0.01), Bz 2K 80 AH 56 #4351
0.976 1 0.974. H ZHJILPA 557 2 fid 7 0 1 I o7 S5 s A2
A B A S PE(P<0.01), B IRV EE N 0.960.
SICPR 7E 45 20 228 AL S M AE A [ 4% 1T 2 T R A [A] o
2 SIS MR R BLTORLE DUEC S A0 TR | BB ) ]

A E R

& 3h b ¢ 9h
41 L Grou o Rk R4 LG
m ISR AL L Group ks it P g R H 4 L Group
<1200} < 1200 P < 1200
Z 4 Z = F A k4L H Group = = B4 H Group
A 1000 = SR R H*G“’“p & 1000 A 1000
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<1200} ¢ 2P ﬁgggiéﬁHGﬁi <1200}¢ 48h mm 1&§%§§ELGroup
& 1000 - Z 1000 == # 4 H Group
£ 800 2 00}
£ 600 | & 600
] 9]
g 400 | g 400 |
= 200 = 200
® o0 ® e

& 4

Fig.4 Comparison of PirA'? copy numbers between L and H groups

L 41, H4mH

1.

6 7

1 2 3 4 5
ZH 21 Tissue

[FI41 21 PirAYP ¥ DUEO6 H

¥ P<0.05 BHZES, **N P<0.01 BB 25,
1: Gill; 2: Stomach; 3: Intestine; 4: Eyestalk; 5: Muscle; 6: Hepatopancreas; 7: Fifth pleopod; 8: Abdominal nerve;
9: Second antennae flagellum. *: Significant difference, P<0.05; **: Highly significant difference, P<0.01.

®2 LASHASARARNENHHEHES

Tab.2 Average ranking of plasmid copy numbers in groups L and H

s 2. B 3. B 4. BRAA; 5. ULA; 6. FFBRAR; 7. 28 SURKE; 8. MEEBMIZ; 9. 5 2 ffAHE,

B R 41 L group

iR R4 H group

HA F-HJ{E Mean A4 - Mean

Tissue /(copies/ng) Tissue /(copies/ng)
fE# M 28 Abdominal nerve 269.9+80.2 fE M 22 Abdominal nerve 507.2+65.7
% Intestine 261.2+69.6 W% Intestine 490.7+£167.8
IR Hepatopancreas 207.6+58.7 i Gill 485.2+143.2
% 5 UiFYK /2 Fifth pleopod 190.3+37.5 B Stomach 474.8+175.7
AR5 Eyestalk 175.2+83.4 LA Muscle 407.1493.0
LA Muscle 149.1+47.5 JF IR Hepatopancreas 373.0+64.3
8 Gill 136.0+36.2 HEAH Eyestalk 365.0+89.7
%5 2 fil f #F Second antennae flagellum 119.4497.1 %5 5 WUk 2 Fifth pleopod 364.5+50.0
B Stomach 97.3+38.6 % 2 fil A #F Second antennae flagellum 250.9+77.7
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fithh o A A B ST T — >R FH P VI 160 75t JUAE A ) 11
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() R I, 3kt B 3 B 43405 45 7 98 =X 5 B2 (Saulnier
etal, 2000); [RIAF, FHE T 5L X AR AL 647
[T 4 J& Y& (Angthong et al, 2017) . BRI il 2% Ye
(Boonchuen et al, 2018) 1% B = il & Y (Ng et al,
2018)45 J7 ARG iff b 4 i) T X RN A . 7R
JEE AR S 565 i A 1) AR AR A 5 98 K 5 B a8t A% 7 R bl
SPF B, LRF A AR i K (A& G AHPND f X
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JE T PR AR 1 K ARSI AR T, Tl
NI FH 5 BB A7 M 7 RS B . Zh R B AR (20 ¢
PLUTOE R S 56 kAL, 17 A AR B 45 K 1) R v BF 5 48
o TEAS LS A I T, AT AT 28
RAETHIRAEE . B . FBEAR . LA (558 5%,
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FEIN AR FAFAE 107 R & 22 5, (EAR PN A iR
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Y3 NI A — 5 23 5 B0 9 TR P8 DS LE A5
Rt , J5 22040 5 2k — LIRS 3G I # H i FE A i 5 48
A P TR DU O R, HETT T A XTIR A FE T 1R
SINE P AR

TSGR I, T it URL AR} e K H5 TR 2 R T
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2020) K A B MR H BRI 2500 T, ARFSEESRE 3.
6. 9. 24 T 48 h VEAHUERFA] s . 7E 48 h 5 i T4
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JEORL A FE T R X BT AET . L A LU

Ride B iadieb, 6 MHARFISES, 314
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AEJT S 5 i . B E MR SRR A O, A A A
ZUERA IR ARG A B A B R 4518 — 30, 28 145
REH, ARWFFE RS DUEOR RE TN AE T £t 1
AN [F) 45 B o AN A2 52 e s S A4 P 0 s o3 A A O
HLAER P A A BB AT T ASTE] , 108 BRI A 1A N 1 A
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Abstract
product. In recent years, as aquaculture scale has expanded, the aquaculture environment has suffered

The Pacific white shrimp (Penaeus vannamel) is currently a global mainstream aquaculture

degradation, and diseases have become increasingly prevalent, severely constraining the development of
the Chinese shrimp aquaculture industry. Among these diseases, acute hepatopancreatic necrosis disease
(AHPND) stands out as a major cause of catastrophic economic losses. AHPND is caused by Mibrio
parahaemolyticus and carried in a 69—73 kb plasmid expressing the virulence protein PirAB"P. Afflicted
shrimp typically exhibit symptoms such as anorexia, empty intestines and stomachs, and enlargement and
softening of the hepatopancreas. Pathological studies indicate that when the toxin encounters the
hepatopancreas (the target organ), it leads to the separation and disintegration of epithelial cells, turning
them into substrates for bacterial replication, ultimately compromising the function of the hepatopancreas.
Currently, research on AHPND primarily focuses on prevention and treatment strategies. These include
adding biological agents and plant extracts to feed to enhance immunity, introducing other organisms into
the water to disrupt the growth environment of V. parahaemolyticus, and analyzing the mechanism of
shrimp immunity to it through bioinformatics. However, research on the distribution and amplification
characteristics of pathogens within shrimp bodies is limited. Investigating the different pathways of
pathogen infection in the host and the distribution and amplification characteristics of various tissues in
the host after infection forms the basis of pathological research. Such research is also crucial for the
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scientific formulation of resistance testing methods and the accurate acquisition of resistance trait test data
in breeding work. This study used selectively bred high-resistant strains of P. vannamel (average weight
35+2 g) as research subjects. Through quantitative oral infection using RT-qPCR and other techniques,
P. vannamel were infected with Vpagpnp in low inoculum groups (4.76><105 CFU/tail, 1.76x10° CFU/tail)
(L group) and high inoculum groups (3.84x10” CFU/tail, 1.68x10” CFU/tail) (H group) at five different
time points (3, 6, 9, 24, and 48 h) across nine different tissues (gill, stomach, intestine, eyestalk, muscle,
hepatopancreas, fifth pleopod, abdominal nerve, and second antennae flagellum), studying the distribution
and changes of PirA"? copy numbers. The amount of pVA1-like plasmid carried by V. parahaemolyticus
was determined by the gene expression of the virulence protein PirA*?, which in turn represented the
distribution and change characteristics of V. parahaemolyticus. The results revealed that both experimental
groups experienced peak mortality between 3—6 h, with subsequent gradual decreases, and no significant
difference in mortality between the two experimental groups. In the L group, plasmid copy numbers
increased before decreasing in gills, eyestalk, muscle, fifth pleopod, abdominal nerve, and second
antennae flagellum while they fluctuated in the stomach, intestine, and hepatopancreas. In the H group,
plasmid copy numbers fluctuated in gills, intestine, eyestalk, muscle, hepatopancreas, abdominal nerve,
and second antennae flagellum, with an increase before the decrease in the stomach and fifth pleopod.
Among the 45 pairs of comparisons between different times within the same tissues, 32 had a significantly
higher H group than the L group, 1 pair where the H group was significantly higher than the L group, one
pair where the L group was significantly higher than the H group, and 1 pair where there was no
significant difference. The mean plasmid copy numbers of tissues in the L group were ranked from high to
low as abdominal nerve > intestine > hepatopancreas > fifth pleopod > eyestalk > muscle > gills > second
antennae flagellum> stomach, and in the H group, they were ranked as abdominal nerve > intestine >
gills > stomach > muscle > hepatopancreas > eyestalk > fifth pleopod > and second antennae flagellum.
The average PirA"? copy numbers in the abdominal nerve and intestine tissues of both experimental
groups were higher than those in other tissues, with those in the same tissues of the H group being 1.9-4.9
times higher than those in the L group. In the correlation analysis of plasmid changes between tissues of
the L and H groups, there were significant correlations (P<0.05) in plasmid changes between muscle and
fifth pleopod, fifth pleopod and abdominal nerve, and gills and second antennae in the L group, while
there were extremely significant correlations (P<0.01) in plasmid changes between eyestalk and gills, and
eyestalk and second antennae flagellum in the L group, and an extremely significant correlation (P<0.01)
in plasmid changes between muscle and second antennae flagellum in the H group. Conclusively, different
inoculum levels not only affect the initial distribution of pathogens in the body but also lead to different
changes in the body, indicating that the changes in pathogen distribution in the body are complex and
unrelated among various tissues. Therefore, further research is needed on the immune mechanisms of
P.vannamei against AHPND. In the overall experiment, PirA” was detected in all tissues at all time
points in both experimental groups, with the average detection levels of abdominal nerve and intestine
being higher than those of other tissues, indicating that both the intestine and abdominal nerve are suitable
tissues for Vibrio attachment and proliferation, warranting further exploration of the role of abdominal
nerve after infection. Although the average PirA"? copy numbers in fifth pleopod and second antennae
flagellum were not the highest, they were still detectable, making them potential new materials for
pathogen detection in low-impact individual vitality.

Key words Penaeus vannamei; Vibrio parahaemolyticus; Pi rA'P; RT-qPCR; Tissue distribution



