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Abstract:

Acute hepatopancreatic necrosis disease (AHPND) is a deadly infectious
disease in the shrimp that has devastating impact on the shrimp aquaculture
industry. The resistance of shrimp to invading pathogens depends on the
immune status of the host. Although the defense mechanisms of crustaceans are
less mature than those of teleosts and other vertebrates and lack true immune
memory, there is increasing evidence that shrimp and some arthropods have a
specific and memory-like immunity. This type of immune response, which is
observed in invertebrates, is known as "specific innate immunity". However, a
better understanding of the precise mechanisms of the shrimp defense system
can help improve disease management and treatment strategies in the shrimp
farming industry. Since the use of antibiotics in aquaculture has been banned in
many countries, farmers are looking for alternative methods to prevent diseases.
One of these methods is to strengthen the shrimp immune system through a type
of "vaccination" that has been studied to combat various diseases, including the
bacterial disease vibriosis and acute hepatopancreatic necrosis of shrimp. This
article reviews studies and the possibility of developing a shrimp vaccine.

Review History:

Received: 10/10/2025
Revised: 11/01/2025
Accepted: 11/07/ 2025
Available Online: 11/10/2025

Keywords:

Acute hepatopancreatic
necrosis disease

Dscam

Immune system

Shrimp farming

Vaccine

How To Cite This Article:

Sheikh Asadi, M., & Gozari, M. (2025). A review of the potentials and challenges of developing a
vaccine for prevention of acute hepatopancreatic necrosis disease in shrimp. Int. J. Biotech. Adv.
Res., 1(1): 87-98

*Corresponding author’s email: M_Gozari@yahoo.com
Copyrights for this article are retained by the author(s) with publishing rights granted to Green Wave Pub. The content
o of this article is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0)

License. For more information, please visit https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

& puiy (SB WR 5 9 (S50 9 gm (Mo o gyl

AA-AY Glis AFF Jlo o) oylad ) 09 B iy sbo yimg 5 (59 0iSTam (Mol 4 i

<7

INJBR

INTERNATIONAL JOURNAL
OF BIOTECHNOLOGY
AND ADVANCED RESEARCH

(&

950 ol JL gl O 3 555 (5 ylowd 3 (5 i) (519 (S 1g Arwgi (S I g b il 33 (55990

HEQS)':»’ . “6M| . . .

(ool 0 «(65)9lisS g 9 Gjeel \liding lajle )enS (M pgle SliinG dumige lo $byS 5 oyl malS (59051 0aSimghy -

ol
1609le s )b oS>

VE- ¥V Azl o
VE ¥ AN s, 5550
VESE AN F 0
VE- ¥/ AN DT sl

(goals wlols

95-:*“ ui’)sﬁ,

Feko (Fdmz JsSso
oo SLgls ol 59,5
oSl

S 035 ohy3n lsSes Shas slo (g ko 5| (AHPND) Ll Silsilia ol 55,55 (s 5lee
Jelse nln 55 s5en Cunglio el 03508 ol )5 il Coio 3 zy JB ol
Oy s 285 slap 5ilSe 4z STl 4ty T nl (sl Sy 4 ol (13055 ben
rotl Al Gl 5 00y 10,55 5 (55T Eak 3l Oyl e 5 st ploals 4 s
Fr 9 5o 0 | Glalible 5 olaiBl sl (o9 3575 3k walsd (S il oo (3l
ol Olgie b s oo svaliv (5 pacsr 1o o5 (ol ks g5 (nl s (o0 Ol Ll
o8 s 5250 slop 3ilSe gy S0 Ul ol b ded e arslis " _olazsl S b ol
SaS 55e g Cario y0 gl lo s 5 s low o poe s, Kal, Sgps 4 Wil o $500
] 00 Egion 8,585 51 (55l ;0 )9l 10 LSS BT 5l ool a5 Sl oS
ol S aites bl 5l @ xfin Gl (Rl slagty, Jlis 4 pBaaes tyg 0
L ablie ly o5 Conl €@gulinaSler (29 Gosb ) $Ken (ol s Cugl da b,
590 850 lSibgila o> 59,55 9 iy 2LASL slen alex ) Alie sla s len
oo 1313y 5Kse STy Args Sl 5 Slalllan s (5550 lio ) 5 sl &85 5 oo 2

S olastwl pj Oyl I Al ol gyl 6l
Sheikh Asadi, M., & Gozari, M. (2025). A review of the potentials and challenges of developing a

vaccine for prevention of acute hepatopancreatic necrosis disease in shrimp. Int. J. Biotech. Adv. Res.,
1(1) : 87-98 (In Persian)

Gadbds b gian S jlame 5 sl (b pl cwdlw
aQ r°5L°‘° 6[.{&4)9».: )5@‘9’ ‘UJ‘ » 03)1.2 o | 00U O}v\.?!.a
lgsgame dyaid § b SIS Lol o ge S g
)‘ CA_MJ)\)L; 9 ))SA XY I B P l.&bu] ;9)_.4‘0 Bl
A e 535 gl Jl_w o calize 6[&&..'9“‘5;9—‘
il g oot Al iz polie sla 58l b
slrSh glacisie S8 0|y (Ssn T glapbe
aile 535l ooy, drwsi gycnlil .l cols rals
byl o] s o e85 (gl STy 5l oolai !
a5 15 o Raagh a4z g5 j90 9K (B9 5O o9

«Liand Jang, 2025) .l

doddlo
o9t «Sy9ns Rl slacalled b S g a g
Eg— 9590 RlBI L 3l Gl Jlw 10 Ko (o9
Vgars g lans 02l ansl 0383 ol ot Cilises clo s Lo
90,5 3l 5% Sy Coio @]y (oS )l
00— )30 5y90 02 9 0 5o el ol i ge
o 3 @bl sl glen (e 5l S o]
ol Jalge 5l oS el Sl ol 55,55 (Lo
Huang et ) .0g8 oo a5lils Coio opl jo ades rals
2 Goans ) o b Sigm 1l solax .l .@l., 2025

T sl ogally 51 Jo 4 By S 31 5l s

M_Gozari@yah00.com :-LslSe jlage oniws s *

Dreative COMMONS ) o0 0 Sty 31 uiliacd o allio ol sl 00 008 uw g Ll 4 ,-3b Goi> g sy & uilge Goi>
Asled a0 https://creativecommons.org/licenses/by/4.0/ o ,o1 51« milacd ol @ldza (sly ol a8 5 )15 Loty o ims yo(LiCENSE

OO



mailto:Rezanahavandi91@gmail.com*
https://creativecommons.org/licenses/by/4.0/

A AA-AY Sliao AFF Jlo ) ojlodd <) 093 i iy sl g g (6595600 (Ml oy 4 5

S gy jo 8 o alex 5l X Gilisie slas Lo
g o830 Seyms 2l L ad s po 5)len”
51,500 (Ko o ol "Bolitas nigricans e o "
V. oS o 00901 1) 6% 45 53,09 piee (sLodsioS
39559 & ke b )l o) .ol parahaemolyticus
AHPND .culoog bas o 65 jo Ll Sihgsla ol
Slml Dl gl o K Cato ln o WS S
ol g Yo ol Y AVl Ol 4 e aS 0 S
O ez sz o Ve Jlo o b e g len
ashio ;o (g Lol (2L Lius loy o o 0
G55 ol o VLI 5 So3Se sl T 3,5 e
28 o Gl gl 50 (G S 4 e g 00
3 S5y obml Sl wilsi o a5 5255 sloaisS L
V. V. alginolyticus ;| o5 ,Le oss o K40
ey 9l 4 B V. damsela 4 angullarium
989 «onl yogdle . Cwlodls &) Ko (B9 50 Ygere
Sl 0aLS G 55 g2 pmg SldisS G ) (G S
P OlFse ) Sesmtl 4 pglie 5 s lom Slio 1
Kumar ) cuislds Sedla oo 4 Soo s sbbaiss ol
et al., 2024; Aguilar-Rendon et al., 2022; Soto-

(Rodriguez et al., 2024; Vandeputte et al., 2024

(AHPND) (,S5L 95ka 3> 59,55 (5 slew
Ol 4 B & S il ol 55,5 (sylan
2RBg Slem Sl oo aiBLD o095 S ye oyt
oo a ]y w2y BB olaidl ol Lz a5 ol
ool (Harvey et al., 2019) s 1 00,5 o4l 6Xe o9
wiws DLl g SLSL e 5 S e cacl Wl o (5 Lo
Shom 59y Yo¥0 gl )0 9 035 LagSas (rex
.(De laPenaetal., sgs oonlic.o lgle g5lw 0,05
Vibrio 25U s)low ol ol J—slc2015)
s slals 6,551 G aS e | parahaemolyticus
0dg Pir A/Pir B oo s @L‘;so Lngb U.MMSy JJ}A as
Vandeputte ) 59 oo 0391 (slagSos g S po sl g
el b S5 ol yiiw b s D ol (et al., 2024
oSk gk g ()1 ol 5 (Gloe 039, 50 (55len
Wilgs oo 133 )lews (6,556 (Kumar et al., 2021) s5—5 o

b dasye bl s Sl ol (259 slosKon ;o

5 sk glsil oXn (o9 gl o Jlad 5le T
Y D T e
b 2SL 5 oo g ol s lom Jolse cn Fls
O i 2B sl cigac wjlae (S y0 g i
e 05y 9 9,Y Gon S e y0 ohga &5 Wl
(S9!l claedld pgloe iolpsl ol oo 5 Lus
aile [y T Jolse ploo Lol o o (3590 05252
Do g 595 HAdd g wol (5555 5 Les Sllwgs
Foodgaz a5 amd oo ol gl sl oad g Lo
S e3b —5ysn E5%ee Selsi po DL Gl as)s
Sphs &S0y (g g aloz 5l (g pg Slacdgic
Jolge a4 olal 5la o0 Ve sga a5 b ol
Se—is o 0018 Cons VDI (sloaseS Tues ¢ b Sk
.(Bhassu and Nagalingam, 2024)
S olee 4 K Ben 50 mimms Sole
So Vibrio harveyi sl oo aisbis olls ugs
S e el Wl on &5 S | 950 slagyiply (o Frees
5 Las,ze ;o eaily odlgls slasSe ogsil s
Vo ol 5l e an e (hen cless
ol 5,55 (5, e el parahaemolyticus
85 (& laes 85—B o 55ea 13 (AHPND) ISl il
5 B ok 1) 5K Canio ool ans o Ly
Coglie LV hArVEYI sladguw coslos,S Jid5 jl>o
9 Or—alog )l cramlogiy il 4 A lS 0
550 9)¥ )3 (Slodgi je g I pe Lol JyslaSgen oS
(Vandeputte et al., 2024) wois o
Gasn 00 oIS N T Sy lyie 4 e
ol 98se 50 IS & 5l (e 9 il Sl el e
Solgd o goaiSly s g S bad ) o Bl 5l |
Gl & 55 S (S5 5 ilise Jo e 49 050
5 2l Soon il G p—— 1 1 a0n 515
25 sl 5l eg,T ol ishon il Gy sla oo
50y 1) 355 ol oSl ey jan aiile olalae
SLaiss ol yo s (28 2bye J S a5z 50
V. g V. harveyi o, 5005 a3l 5

Seyes b bad e nee slo 5L 5l parahaemolyticus
e, ples L ke Jolse tnl aiis Ko 5o

» OBM.C ...\5‘00)5 OQBJ—‘ ‘) 91..0 u_ms ‘513’0 u")j)" 4..J5|
A il e Viharveyi b wg cossae sloul oyl



a-. AA-AY Sliao AFF Jlo ) ojlodd <) 093 i iy sl g g (6595600 (Ml oy 4 5

ol sl 3 hlats slo Cowgen az ST a5
aS Wog oo 4Ll (PRP) o1 aseins slapuiigp
Wb oo B nled 095 s 9 355 sloJsge
ol 5o cl (Soe DSCAM aSol (e dale s ]l
and 95 5l e e wBk adls 2 (e 851 S
(Watson et al., 2005) o xS o
b sl Ely ol laalauly ot wgon
S (6eni 15 glyil 4y aS aie lwgy o
Ly S Slo e 5 S50 (Slas Shos o5l
syl aeietd pas Jolis a5 lijee ooyl gy aiin
Saom (Ggasl 5o (ot WganS ot gSE w95
4 Sad 4 el Jobw - ol LS5 (ol
(Cerenius and Soderhall .5l o bbia—wgan
hos &y e |y Bl g glalamgen 451 2004)
Fol5 4o sladol— «(HO) Gl o Jol g
8,5 gansai b (GC) sluls sl Jsbw 5 (SGC)
& Jb o witns jetw 51 Jotms (rlla slo sl
@b Lt poe igilo g S 50 (Jgil Saes la sl
23 5asS B L ol o wolinil g (ygn—ulfdle 095 4yl
0pe>d Jows slails glaJslww 5 w)lo (285 oS (S 5
Criots g Qi PIOPO i adql 5L wslsl
9 95 9SS gt (iiSly (g lidle (slod Sles
SGC o gon . 35)l0 1y 05,5000 sloosin mb 5
03Pl b base (JeSse slassl j5—a> 0 GC
Joza ) (o2 oV 315 sl STy (PAMPS)
b 98 (sl F5e sladeSdse | slasgame 5 W92 oo
ST g3 (50,5 4w S e GLaPAMP & jglne o
Js895 O30 45wl comal gl Ll oS S o
5o ansb a sl |y adlllas o i (ProPO) jla ST
gl 51 K00 (S o 4 g ol oyl gy
loasd Ao B ol & jgo 0 a5 Gl e (S
adgen 3l Cws 1l S5l Sln 09 Sl
ot o4 (TQAS8) 5Lalisls’ (il 5 5 098 (o0 JeSCts
ot gl gly s opdle xS o Lyl colled ol o
Slasiin pro GEAS el rizred Baupusgan (558
9 U9 n slooaisS lee dapiSd il 09 Send
P Sz g n aile Lagris—asl

b lo jpaz Hod S jeh (bygp g ST sle S|
dos aiile dame Jolse o] lalllan oLl 2 ol

Ol 2SS g il iy Wlgi oo Jsloe 5ST o5 595
Sheikhasadi et al., 2024) ol Sge 5 ,5SL

Jole b agzrlge (it 3 Gljee o ol plaly
5 slass Gla Sy g wasee i 095 5l e
Jols oSt el o Jilie jo 0)ls (S S5
039b S b adgl agzrlye 5l e o5 il (pla—uly
slral o (9950 (Slali o ole 5 03T L ezl s
Jiravanichpaisal et al., 2006 ; Bouallegui, ) 595
(sl 15 g 5w 0] 2021 ; Xin and Zhang, 2023
RV S TC S ONY PN 1Y EDWISPEONY - T- SN L W O W
9 Selled Jolds plw ices 5o Jolo ool slagly
o @lgan 10 35290 sl Jolo il glail o Slos
slagwl 5l o9 @l 0 S9> slagwl ol pliw g
5 6L el b Jobo Sl 5L aS 039 (Jole
50 ;0 .09 dilg> ol e b 6 5SL o, 5l 6 S5l
ool g S50 (Jobo 5 (S92l )5l
ples slnsle Jolse i 9o (lojer 5 Sialon
.Cerenius et al., 2010; Huang et al., 2020) wig. oo
Bues 5 039 Jol5 olewiST oy w2318 6%
OB s 2 (PlaiST (ol i (295 0929 9590 )0
9"‘55"9“‘ U"‘ o UWLM.S‘B b ooy el 9i“° oo )|
Ao co Hlis oz oled o p el a4 SeaisS lgaul
ol ogd (2 a5 iy Ghisel Wl oo (SIS (el a5
(Trained ooy o ysig0] sl Glgre s a5 ox,l )8
sabatl> e ol Sl e o a5l IMMuUNIty)
onr s agzlse )0 Wlgge a4 05l e wal B 1) ol
(Judo ren 4y (Hsu et al., 2025) wiS” cladlxe oo
2 omisimy w5l @l Gl len ade STy adg
o0g) el 008 fgotnal Sl e s 50 e
o5 6l sy S Slie s olaisl
Bl —wsen ;o SwsSB cdled iolidl laal i
ool (25 slagisnl b (L8 agzlse 5l Gy plbon


https://pubmed.ncbi.nlm.nih.gov/?term=Cerenius+L&cauthor_id=21528702
https://pubmed.ncbi.nlm.nih.gov/?term=Cerenius+L&cauthor_id=21528702

a) AA-AY Slao AFF Sl ) ojladd <) 090 i by (s gl 9 (659960 (Mol oy 4 45
: 3350 o slaas
=
135kom Jolgs &—0
5
E: o
ﬁi‘g‘- Lsns  @f
L
J; s .P Gi =0 .o : O 2o olant sl 5ulis
P ®
e e s S
-
L e — o
.spitzle.=.1'oll Dorsal o
:ﬁ s &D
. e—0 DIF
NN REY ‘ | = ) a~x @O
3 2= —8
B tho Elfion -0 \, Rel
T - ‘<E—— € s
opiss / -0
A & 00 , ,
—VOe= a1 J 9399 2 00iS JUab 3 3T b s
T -9
A . - - ' st Jgidg 9
L st Jgd -0
o sz O=0 s

s son] i Slod Jow =) JSCS

Lo 3l 5 i m 62551 sk oo o | 132
;o «(Liang et al., 2020) vy oo o 3 g jdgy0—
S =l Faly 0nas L PO (5 a5l 6ok
il Jbb i 30 Sl 3T PO ol (s
ooy dle yliee sl gla 2iSTy yo 5 <l Pro-PO
Sheikhasadi ) 5 )ls i85 j55wsSB o Joho oo (055

«etal., 2024

$50 (il | T s
Sl s 5l adls Slaps] 5T slacls
oS Gloj aited Ghl 3o 5lapnST o il 5 (eS|
oo l38 (ROS) (ST b slosisS alys
3 glae gozme SG 0,5 Jled a4 ol ond ) Dlogzge
NIV 3 JVPUDWIN V| D] X VIV 3 (-4 IO E R Yp- P S
ol 55l o5 (CAT) VB IS «SOD) b gourd
(GSH-PX) jlau—uS1y 0556 4l5 5 (GST) ;5,0 uil s

950 (o] pramns 51 0 35T
slaw —uST Jg8 al oz 3l Gz gosl sl Y|
9 (ALP) ;blaw 3 - JSIT (ACP) j6law 3 0 | (PO)
slp —arld olpe 4 (I b 4 (LSD) o5
oo Solor plp 5o Caglin g (Sl Coady 2L
35JALP 4 ACP (Liang et al., 2020) aigis oo aizbils
oS wiloas S ol il jgega s 5l alises glgil
558 slapgisrd 3l e 252 SLACP (ol ogdle
5T 28 ACP (5L wsliT b (o sSE (slopgsesed
Slge 5l 6ol 232 5 mad ;5 5 jew S B 5 (2105 ou
> m295d «Liang et al., 2020) S oo SeS (sdin
OB o plgie a8 Cl Ko SIS (ool e
S 1y Loy S g0 5 a5 n Jos 5,55k 4



ay AA-AY Sloxio VP Jlo o) oylesd o) 0,93 b piny s ims% 5 (55590 (ool (e it

2 ot G485 dIOSF) 659 (el 5255 gisesl oolsils
Shlen Jolse ws DsCaM sl e 3951 51 29,5
5 00— Wl 035h (om0 )3 (85 513 51y (o>
o) s (S a5 soows .5) PRRS a i
yo Dscam slap 8950 wozg (pl b dio S Joe Ol pii
00 STy 5 0ud A STy (5550 Slalowsan
aS oy lsd iy Judow g 4y aios ol
F—ly yo 65,8es ki 51193 5 192 >lss LvDscam
6 e Caadl WSSV il 10 650 s La i3] o
O S (o0 SIS el 39kl Ld arln; ol
Wolgs jo sl oals 5,155 55 Pomonodon s easay
Slotagen Sl wsSl Collad &b 5l la el
O gl gl i b wisles Bi> ol s
KUruma s95e ;5 sy 5Lk 5o jessl
@ e sl pl.cwl sas 5,155 P. japonicus
3 550 Sk (el 9550 )0 Jius anlllas iz o]
a5 WSSV i,
S & Loy ol Gl p) &5 (plapa Sl 42 5

& Ol SO ST Ll cloais sl o9 4 jein
Sy b ) e slo 03l Sl solans wlg 0y
0395 Lol 05,8 S Yool ms pai 5 ol
Ol eobbans jo awl sl oL YL o5 4y ;08 a5
Ol Py (Jolw (Fdinz JoSIge 0 b g
olis 1y YU s £555 a5 05— oo 8Ly (DSCAM)
Rl Sem Gkl o) & S5 Se Sl e s
Codidge b aalesy DSCAM 31, > cpl b 0o 5 0 ol
o1 Ul a8 0l 1) ol laibiny ks Gl

sl pponl g iS5 s p2le o Glo sl g S
B e is lew 5 lgea WL s Dscam
Ng et al., 2014; Ng and Kurtz, ) a5 Jee o550
el slap,dgnl a> S1.22019; Wan et al., 2019
Oblos slaaiss 5l )k > 355 5l 2L Dscam
5o e ydgul fnl ade 380 a5l wiloas ol L
pat—ie JolS jobar oo 55k b aezlye 4 E—uly
‘0)99);‘ ul.?r..u‘ ‘_go..\*jp.«.la.u as ‘SILQ ..L..’—‘)B <
Vx| g 0393 o0z Hlons iinss colais] & jpo o
S ye 236 RNA sa sl bl cols, Jol o

ol i b 65Tk ROS gl s pslatons
S5l S SOD (Liang et al., 2020) accws gslons|
I ST oy | S 5 2l Sl (JoSge (s
S 05 L ce b Tng el gl Slogrge
ST 9 039 SemnS Ty 4 oSy 5 slo o]
T ol S s S g 090 55
sl il e oo Je S |y Jol > Slan S
39y O 3l g CAT 3 SOD oy s ]
il jo g o o ST g s G0,
g gslouST ol s Lo & 8l ol 4o haslrs
(Muralisankar et al., 2014) & )l & jei—woSl
baisS 5l 56 som) sborST, Wls o GSH-PX
sl (S LS 5l s wS Gis 1) OH 5 (5 ST JLed
0s3lslS L GSH s clidlons Jsbo slié s Slas
Joe ol a Bigyep a8y talS o oSl
) 308 o JsdS slid (S )LSh azeis )0 S0
Leossly nln 0o 08 Glodsds 5l o 0 oo Lat

«(Liang et al., 2020) S o Cladloxs

(Dscam) (gl  yoiu (Jobw sz Jog0

4 JgSdge 5l (o295 Jold (oolaidl ol Gl
=9 (09l pysins (Jsk osivnz JoSJge) Dscam el
sl i 53 GlS 2 oS Sl () 2lS giges
5o b adl o wss oyl 8 e o il oS
Syge Voo ¥ o )3 518 5 55,55 lawgs are
39S IS e 250 (iRl ST el
Sdre Cagae Gylie jo el BB el deyl Sldlas
,» Macrocyclops albidus s, lsg 4 65 51 (gl 4565
saali s Schistocephalus solidus s )ls ¢S 55 »l
50 0%y seul e bl (Kurtz and Franz, 2003) o
Drosophila) ege Ko osile LS e o pl—w
s (Bombus terrestris) | —.c ,5.; «melanogaster
Sl oo 5,155 55 (Anopheles gambiae) 4z,
.(Hizawa et al. 2024)

il 550 (59) 00l planil Dilalllae i (o 50
oeSan (JLdpd oy wile elss ol o
bl jo bl lo 2L 5 S Sg (—wsns
g o pe i lem Jelge Jagi je 9 Sy 5l LagSi
5l sga s Gloe 4 Dscam ols ol 5 Sldlae o)zl



ar AA-AY Sloxio VP Jlo o) oylesd o) 0,93 b piny s ims% 5 (55590 (ool (e it

b g, g oo oolionl Jldyd (S92 5 Slo ol
Ol g ool o & Ty i Lo o Jlns o2 920
eyl (LS b 4 .(Amatul-Samahah et al., 2020)
o STy Jol—i aS o ls 092 g STy 5 alises
9 DNA 4995)49.5 u.\>‘9 R 03] ol LS le.t_QJa.C
e o b STy cpl dad 000 o0 (o Loa o
«Sivasankar et al., 2017) wiloa_& ax3,5 5950 04>
RTINS <1 IROWI OS5 PN VWU L O P LS
b oS o0 o285 0393k (plslib sl |y (o (o]
L) Selsen muidlS)ls S (2] @ sty (foml gtz
(Kumar et al., 2018) &, -y ;!
Gl dslw JS 50,5 Jlad ) Galises lalllas
V. Gbaeldgn jlax ST .ail oo 5 colaiwl Sl ol
slp V. harveyi o 5L Ls.J 5 alginolyticus
Al o SG o3l s lew Julge 51152l ol g5lwla
Sl oo o0lo oyl cew! o leg g ol (5l oobel
AL o0 Sgage J 7S 095 b dumnlie ;0 (lojo 095
(Amatul-Samahah et al., 2020)
2 oo gRAY b wgs 6,50 Slus ol
,o P.monodon slag, Yo s plxsl YV Jlw
acyie A ;o (b g gt () alide slopS1
R CE PR [ [P JOV-R W PR P INRSUEL -1 b
V. anguillarium sl ol b 65 g13é 0 &,
0,55 Jsb ;o s 5 0b owiliiay (yalle,d b oty axas
oy oloy b g aan jo Jlgte 595 99 Oliee 0 290
CotS ole el )b aio i asdss 59, VT Sgus Cue
A AL 1 4SS Ay 08gdmme 4O g p BAsS ¢ ]
95 Ay oy | Oloul el 457 g g5 B bl o 51 G
JSQ‘MCJGAAJ FLERW uazw.aobw dfjﬁb owsa
sobo 4 STy Lol oole i g S g5 0ausS Cdl o
STyer oaisS il yo o siw 4 Cod o2y LB
Sy a2l ay asdlas ( IS job 4y 090 YL Gl
el Slis Gayb 5l grms STy (Slhes oS &S

oiusty oJl—ail glo oo 1S e (Jb K JUi
Ce s @ 9 OR) iyl 5l 2 sl (etisn
(Hung etal., 2013) wss o RNA

s xSUL L agzlae jo aS wilosls las ol Slallas
;o Dscam: gls 3551 o S5 cilisee slo g s
Loe Boil (&t 4SS 1035 o0 et 0358 b o
g Mg oo Al B el SO L uled 5 any Laad
wolail sl £ SO o LQQT O (godamonlis oyl
47 45 Cos i joia (I onl b sl (i
W, bl o) almoasms JUisl b Jsbo sla JUSew
sl> RNAI slacoJles Jol s atsl saly 5 08 o
alise slojls s KMl g5 o Sglize &l
b peilSa 2l 51 S i e Lol el e
SFE 8 sl rgh 4 5li g wlowil b asls b
(Amatul-Samahah et al., 2020) a5 ls

9520 (g biunsS g Aruwgi lalllne

olyea (53bj sla il b 6l slagmsSTy ganwss
45 550 3,8 & pamie el Gt aloxr 5l e
gty 45l 5 g wiloasss aislidy JolS joboas 5910
9 598 (ol o b Wlgl &5 STy il (sl ol >
sile g slogis, el %0 om0 slowl ge
slag; &8 b0 slag S L (Slhes gemlinS]y
S 5 oS g Jitie lsee sladob—w & 1) 5501
e e Smgliie RPN S (g lS Sladlos
oyl plo (Cheng et al., 2025) wlools jL_ii by yugysg
2 Os—olin—aSTly Cobl oSS )0 gom o5 (o et
P ailrsiz g gl gladslllas plonil g jg g 40l
Oly b ol (o 5 (ol o J5NU50 s
o0y S Koy 1) pdySisel (el S0 S
0 ose Fge 5 el oSy (b sl bag)]
Sti—l) )2 a5 35lsp oo (Slhpion (wyp 4 5155
9 9520 )3 L SSLgls sl 59,50 ale STy dxng
sl 0 bl T iy

and ol 5l e STy 0l dtin) o Gla b
L) 5l oalil b lagyisily daJlo o] 5o i 5T 1aA
ol o oo Jad e STy i sl e 3
Mgl o3l Sllllas ;5 0005 ok 4y 5eam Loy,



a¥ AA-AY Slao AFF Sl ) ojladd <) 090 i by (s gl 9 (659960 (Mol oy 4 45

Xlgs o DNA (1 STy ol 9 s L parahaemolyticus
Solowt pydi—w J555 sl Fhe S5 G plsie 4
solai ! Ko ;o (AHPND) Lol SSL gilea ol 55,56

(Madsari et al., 2022) >4

o & (puSly 392 sl g,

2875 Jold 5K 4 (o STy 92 Lo T slo b,
oSl (i 4 ) @ dal Gk 5l (ST
O bl bige g5 abse Byl s s Dlas @)y
Slogzge (50 Sl (e ()3 (T @l i ol
&S jgee 035, 5l b 5 (BT ol edle il glae
J b ogdioe 2y (el ols Cawsd 5l 4 mie &S
9Y Sy Al 5o aiile o S5y adsl =50 5o b 65
Syzge o3l (58,5 S o g b a STy s,V b
3,00 1) Coal (p iion 559 abos 5 (S|e> s

OELP-1,3 St (S 925 3938 cnl 2 ogMle
223 o ialidl 1y T Sl oy L STy 40 (CMBG)
Radhakrishnan et al., 2023; Gomes et al., 2024; )

Munangandu et al., 2024; Hsu et al., 2025; Zhang et
Yoy Jlw e ol Ken 3 Wongtavatchai.al., 2025

P.) ol 5m 55%e0 9)¥ Gy &5 20,8 3155
L «L. vannameiy ¢ o 5550 5 (monodon
Vibrio ., .51y Ls) Vibromax b eas ¢ L]
S o law 5 AquaVac™ Vibromax sods axs-lis
39, )+ ©aw 4 (Schering-Plough) olles e lage
V. L) absé ploax o b w5 0 43355 pglose

L eawiS il 4 parahaemolyticus

$5ee s Lo Al 33 ades Gl g (il Sente
(Ray etal., 2017) 55,5
J—w o Ko g Madsari Loy glastllas ;o
4 (e e 0 5l esliwl (i Bl (ns YTV
S gae ply o cladls gl DNA STy olgie
o b 555w ,o Vibrio parahaemolyticus
R Glr G en 05 S35 13 oy p 900
Ser231 4 Aspl31 His82 sui cbili> slvosslesdl
S g 8L iz PO s Asp Gly L s 0y
3Eep o) MUEVPSP Ly sl pPCDNAS.L 55
N Los )0 DNA (Sly (o) gl (a8l gz
339, Judo 5 4525 .ol a3l IN VIVO 4 Vitro
slcsl ol of L in ViVo L. o mutVpSP
aile oo d STy o8 daw (G55 calize
5 b il w039 odns (WS koo oo s
V. Cogae | (g iy =i ol s baxal
oy 005 e STy slasXe ,o parahaemolyticus
30 g Aoy Ve rezd Slali o0 heS g0l
Qo s Fe end Sl F 5 gl dald seXw a5 Jl>
O STy boads anSly logSis o ciesl pivm s 09
g ST 523 sl MRNA Ly s Sy ,5 DNA
o] i 45 5500 € £98 (iS5 (SS9
oad it g g W oo 4 ai oSce ot
sl 5 Jgesn il slagaly sl 2 o9dle 35
5 GiltlsS 5 St 5T PO (slac b alor
aS wwo co Hlis s ol .l ioliel Jews Sis

V. O o\.\.;..‘Sw.».ug_i: .\.:‘9.:60 R )Li.Ja)J

s5ue ,o V. parahaemolyticus ade :ygowlicnsly b alal, 10 oo plosl slaiagh -V Joox

&l e Sl R 9y oSy 95 &igS 1355k Jole
Wongtavatchai s Y,
ongtavatchal RN : 2529 slodsks P monodon :
Cemy Skl Shy> i3 2 i
etal., 2010 oo ol boasasss P, vannamei parahaemoluticus
g b6 SlEl
Heidarieh et al., PR BN _ 509 sl sl . V.
She> , P. vannamei .
2010 ceodls sl ordloyd b oasanss parahaemoluticus
peoe’
Powell et al. . o Jgleo . V.
' el o , PRI S )
2011 oo slegls o s (S0 P. vannamel parahaemoluticus

e

ollejp b satusss




s AA-AY Sloxio VP Jlo o) oylesd o) 0,93 b piny s ims% 5 (55590 (ool (e it

Chan et al., 2019; Guzman-Villanueva et ) s 5o o
L LacSsgmgn j oS 5 ool ul Ll ., 2020
Madsari et al., ) el oais 5,135 VIDIO slayenSTy
Shsed YN s o ol Ken o Traifalgar (2022
a5 OlsSed Sifem o Lolyen | g2 yms )5
I, e0u3,5 2l 2wl Fucus vesiculosus sloges >
5o 1 p S 9kS e S e ¥ lie 4 SR 20% b
Colled (Subl #5 9wl I8 eolaiwl g0
) b gon S sl 5 52 5Y 500 Codlad (5550 5516
ool )l)ﬁ & R S b ‘SA.A*JLO)T LSL‘D)L"“" Cod
30 el 4 e STy sl eolain | as ols ol gyl =
sl el Gl g 9sm cr 9o —talojl slo o

] 0 )..’4) Sy94

S o5 A

Sy b 0 g e sl 5l (S 8K 90
Coro onl bl | ol s )3 650850 o
5 99 S lon £t b s Do 4 lizren
ol i SG 236 e 4z ST 000 18 L S
Slalllas oS s | 100 0 a6 S S ol 55T
2wl odls Gl |y pdy igel SIS ciesl o9 S99
2 85 Gon )T gl 5l (B el een
@bl s OsembionSly a3l 5l 23 slals
Suaglie Gl g (s )lew j9 0 Rl (sl S8 e
Hsu et ) ailos S oolasw! mls slacyse5h ol o b
sl gigas] dlisle 3,50 )5 ool sy b l., 2025
S Wl o0 5500 gemslimSTy a5 Ceol (] Sy 550

™ A sl plis aalllas ol IS glaail,

D23 o ial38l 1y lag )Y ey slis g o, Vibromax
599 4 a2y b ol (See STy LS (Jl> cnl b
3525 5, S sl L3 5l 4T (al )8 g 00 fga

Al Sglase cidls

s Joso 5 oolhiwl b psSly U ok
Slygs 50 Sdos
Gt b sy STy 5 sl o0l ylis lalllas
$5ee (ol Gl 2 1) slie—STy b eSS
55 o | Jgare Saigms 6y s 55l Ly ol iyl
Oloie 4w b Do g 04 o0 00liiw | (559, sl o
ol Gl d50e sl Dbl (258 @35 50 (0938 S
Casd 55 QEHSP 5e )3 02T (o0 )8 eoliiul 550
12920 dalllas pl Golul pcudls il SIS gl Fuly
Olaldl 4y i 58S L b ogaymg STy (SThe>
5 o 95nsT 5 oS b (A5 (5 5SL slocllad
Sn 3l s (St e sl 4 e Soled o
S o ablgn ShusSsh an) ol 5o 03l locSise
oaly lad e oS3 5l oals gt oy, L
Sl (28 w255 Bk 5l OlnsSh s 45 S ol
S5t Sl 4t 53 5 995 0 55eo o] Gy G
2o b a—wlie gl Jolo b e (g 0 )
el jo nlnly 0,8 sbml kS @ 52y —Sy
9k @ b b SCis 5 b olyen 59205 5 m ST
1 e sl s STy B 55 48,5 15 55 50
Ao Silsmgn j90 40 W p JSIa> & (595L o plp

S92 ‘) Si’-‘ u,-’-“-" (o QS’LQ"" a L)" )| ool

o SCsgis 2 ol yod & g2 STy (228 Gialesl Y Jgao

&b

ol

cdals SHgmsn EF oSy g9

Devaraja et
al., 1998

Klannukarn
et al., 2004

Vinaet al.,
2019

2 o yelly il 58
+ Sy sl jles

5o byl )l l
+ oSy slasles
Sse Gn

2 o yelly ol 58
+ STy slasles

i loeail Coled
PRy REON

slass Sailesl &5
bgwger JS
oSt J528 e

-l (Sailil 5

J,Z)Lgb

2 eSS skee O
gt oS kS

039 Mo,y f

0AbaLiS 5,09 sloJoles
ol g b

L die (oSS

e M)o ',\

0ALaLES 559 sloJoles
ol

B dee (oSS

oalsJlad 1 51509 plidon
O o ol g b




¥ AA-AY Slao AFF Sl ) ojladd <) 090 i by (s gl 9 (659960 (Mol oy 4 45

Shellfish Immunol. 101, 152-158.
https://doi.org/10.1016/j.fsi.2020.03.061.

6. Bouallegui, Y. 2021. A Comprehensive
Review on Crustaceans’ Immune System With a
Focus on Freshwater Crayfish in Relation to
Crayfish Plague Disease. Frontiers Immunology,
13:12:667787. doi: 10.3389/fimmu.2021.667787.

7. Cerenius, L., Jiravanichpaisal, P., Liu, H.,
2010. Crustacean immunity. 708:239-59.

8. Chan, Y.H., Chu, K.H., Chan, K.M., 2019.
Ecdysteroid-mimicking compounds act as both
agonists and antagonists to the crustacean ecdysone
receptor. Chemosphere, 237, 12455,
https://doi.org/10.1016/j.chemosphere.2019.124551

9. Cheng, C.-H., Huang, W.-S., Chen, I.-T.,
and Chang, Y.-S. 2025. Advances in anti-WSSV
immune mechanisms of penaeid shrimp: decoding
host—pathogen interactions for WSSD resilience.
Agquaculture International, 33, 506.
https://doi.org/10.1007/s10499-025-02095-5

10. de la Pena, L.D. et al, 2015. Acute
hepatopancreatic  necrosis  disease (AHPND)
outbreaks in Penaeus vannamei and P. monodon
cultured in the Philippines. Dis Aquat Org. 116:251—
254. DOI: https://doi.org/10.3354/da002919.

11. Devaraja, T.N., Oha, S.K., Shubha, G.,
Karunasagar, I, Tauro, P., 1998.
Immunostimulation of shrimp through oral
administration of Vibrio bacterin and yeast glucans.
In: Flegel, T.W. (Ed.), Advances in Shrimp
Biotechnology. National Centre for Engineering and
Biotechnology, Bangkok, Thailand, pp. 167-170.

12. Elbahnaswy, S., Zahran, E., EI- Son, M.,
El- Gawad, E., Shosha, M., and Sebaei, M. 2025.
Advances in anti- WSSV immune mechanisms of
penaeid  shrimp:  decoding  Host—Pathogen
Interactions for WSSD Resilience. Aquaculture
International, 33:506.
https://doi.org/10.1007/s10499-025-02095-5.

13. Guzm'an-Villanueva, L.T., Escobedo-
Fregoso, C., Barajas-Sandoval, D.R., Gomez-Gil,
B.,

14. Harvey, M.S., Ching, Y.T., et al., 2019.
Diagnosis and potential treatments for acute
hepatopancreatic necrosis disease (AHPND): a
review. Aquaculture International, 28: 169-185. doi:
10.1007/s10499-019-00451-w.

15. Heidarieh, M., Afsharnasab, M., Soltani,
M., Dashtyannasab, A., 2010. Effects of ergosan and
Vibromax to prevent vibriosis and WSSV in L.
vannamei. J. Fish Aqua Sci. 5, 120-125.
https://doi.org/10.3923/jfas.2010.120.125.

16. Hizawa, K., Sasaki, T., & Arimura, N.
(2024). A comparative overview of DSCAM and its
multifunctional ~ roles in  Drosophila  and
vertebrates. Neuroscience  Research, 202,  1-7.
https://doi.org/10.1016/j.neures.2023.12.005

17. Hsu,J.C. K., Hsu, T., Guan, S., Chi, P., and
Chen, L. 2025. Development of an oral vaccine

Ser ln 55 6350 3l Ceato j0 00t fgaal aiy S
lpls asb AHPND aile s les g989 JyuS b

§iie Slge 5l oolitl b Slinios sl oMb ol (59,00

sldsbe U5 L sms lhlen GlaySt 5l ead
30 95 65-4-.’.‘ s S5 25 (Gl gy 0l Jladye
P wily )l 455 99 2 35,05 b s ln
s 4z 51 558 sates, P. monodon 4 vannamei

25 b S pamlinnSTly Ll s (LS, aden
slog; Jel DNA - laaadly 5 155 ,len slaaxly
oz plp e e el obul el o5 ]
S sl 55 OglinSTy 098 00 156 lone 5 bowe
S s Slgile Sl 595 s oler So S L
ol s 950 gemlinnSTy el Jou BB Sl
e Jole oS5 il 5o liblne sl ol 45 1, )]

L aws go (2ol 1) (6 low 5, il 50 5 05 co Lol
aile Sleladl 5 Wl STy e g drwgs ;o (b (pl
S e ol Jaol 4SS b as)ie aigy o pae

:&bw

1. Aguilar-Rendon, K.G., Soto-Rodriguez,
S.A, Gomez-Gil, B., Lozano-Olvera, R., and Yanez-
Rivera, B. 2022. Water microbiome dynamics of
Pacific white shrimp Penaeus vannamei infected
with Vibrio parahaemolyticus strains responsible for
acute hepatopancreatic Necrosis disease.
Aquaculture. 551:737871.
https://doi.org/10.1016/j.aquaculture.2021.737871.

2. Amatul-Samahah, Md. A, Omar, W,
Ikhsan, NFM., Azmai, Mn., Zamri-Saad, M., and
Ina-Salwany, Md. Y., 2020. Vaccination trials
against vibriosis in shrimp: A review. Aquaculture
Reports, 18 (100471) 2352-5134.
https://doi.org/10.1016/j.aqrep.2020.100471.

3. Armitage, S.A.O., PeuB, R., Kurtz, J., 2015.
Dscam and pancrustacean immune memory — a
review of the evidence. Dev. Comp. Immunol. 48
(2), 315-323.
https://doi.org/10.1016/j.dci.2014.03.004.

4. Bhassu, S., Shama, M., Tiruvayipati, S.,
Soo, T., Ahmed, N., and Yusoff, Kh. 2024. Microbes
and pathogens associated with shrimps -
implications and review of possible control
strategies. Frontiers in Marine Science, 1-20. DOI:
10.3389/fmars.2024.1397708.

5. Boonyakida, J., Xu, J., Satoh, J., Nakanishi,
T., Mekata, T., Kato, T., Park, E.Y., 2020. Antigenic
properties of VP15 from white spot syndrome virus
in kuruma shrimp Marsupenaeus japonicus. Fish


https://doi.org/10.1016/j.aqrep.2020.100471
https://doi.org/
https://doi.org/10.1016/j.fsi.2020.03.061
https://doi.org/10.1016/j.chemosphere.2019.124551
https://doi.org/10.1016/j.chemosphere.2019.124551
https://doi.org/10.1007/s10499-025-02095-5
https://doi.org/10.3354/dao02919
https://doi.org/10.1007/s10499-025-02095-5
https://doi.org/10.3923/jfas.2010.120.125
https://doi.org/10.1016/j.neures.2023.12.005

av AA-AY Sloxio VP Jlo o) oylesd o) 0,93 b piny s ims% 5 (55590 (ool (e it

28. Li, Q., Zhang, T., and Chen, J. 2025.
Alternatives to antibiotics in aquaculture: Progress
and future perspectives on vaccines, probiotics, and
phage therapy. Aquaculture, 585, 740123.
https://doi.org/10.1016/j.aquaculture.2025.740123

29. Liang F et al. 2020 Effects of chitosan-
gentamicin conjugate supplement on non-specific
immunity, aquaculture water, intestinal histology
and microbiota of Pacific white shrimp (Litopenaeus
vannamei). Mar Drugs 18. https:// doi. org/ 10. 3390/
md180 80419.

30. Madsari, N., Maskaew, S., Obchoei, S.,
Kwankaew, P., Senghoi, W., Utarabhand, P., and
Runsaeng., P. 2022. Determination of the efficacy of
using a serine protease gene as a DNA vaccine to
protect against Vibrio parahaemolyticus infection in
Litopenaeus  vannamei, Developmental and
Comparative Immunology, 135 (104459): 1-11.
https://doi.org/10.1016/j.dci.2022.104459.

31. Munang’andu, H. M., He, J. G., and
Sommerset, 1. 2024. Immersion vaccination
strategies in aquaculture: mucosal immune
activation and adjuvant optimization. Fish and
Shellfish Immunology, 122, 231-248.
https://doi.org/10.1016/j.fsi.2024.06.010

32. Muralisankar T, Bhavan PS,
Radhakrishnan S, Seenivasan C, Manickam N,
Srinivasan V. 2014. Dietary supplementation of zinc
nanoparticles and its influence on biology,
physiology and immune responses of the freshwater
prawn, Macrobrachium rosenbergii. Biol Trace
Elem Res 160:56-66. https:// doi. org/ 10. 1007/
s12011- 014- 0026-4.

33. Ng, T.H., Chiang, Y.-A., Yeh, Y.-C,
Wang, H.-C., 2014. Review of Dscam-mediated
immunity in  shrimp and other arthropods.
Developmental and Comparative Immunology. 48
(2), 306-314.
https://doi.org/10.1016/j.dci.2014.07.017.

34. Ng, T.H., Kumar, R., Apitanyasai, K., He,
S.-T., Chiu, S.-P., Wang, H.-C., 2019. Selective
expression of a “correct cloud” of Dscam in crayfish
survivors after second exposure to the same
pathogen. Fish Shellfish Immunol. 92, 430-437.
https://doi.org/10.1016/j.fsi.2019.06.023.

35. Ng, T.H., Kurtz, J, 2019. Dscam in
immunity: a question of diversity in insects and
crustaceans. Dev. Comp. Immunol. 103539.
https://doi.org/10.1016/j.dci.2019.

36. Patil, P.K., Gopal, C. Panigrahi, A.,
Rajababu, D., Pillai, S.M., 2013. Oral administration
of formalin killed V. anguillarum cells improves
growth and protection against challenge with V.
harveyi in banana shrimp. Lett. Appl. Microbiol. 58,
213-218. https://doi.org/10.1111/lam.12176.

37. Pe™na-Rodriguez, A., Martinez-Diaz, S.F.,
Balc’azare, J.L., Quiroz-Guzm’ana, E., 2020.
Assessment of microbial dynamics and antioxidant
enzyme gene expression following probiotic
administration in farmed Pacific white shrimp (L.

delivery systems against major shrimp pathogens: a
comprehensive review. Aquaculture, 598, 742010.
https://doi.org/10.1016/j.aquaculture.2025.742010

18. Hsu, J. C. K., Hsu, T., Guan, S., Chi, P.,
Chiang, C., Pouton, C. W., Wong, Z., Huang, P., and
Chen, L. 2025. Development of an oral vaccine
delivery system for shrimp aquaculture using
attenuated Listeria monocytogenes. Aquaculture,
597, 741940.
https://doi.org/10.1016/j.aquaculture.2024.741940

19. Huang, Z., Aweya, J., Zhu, Ch., Tran, N.,
Hong, Y., Zhang, Y., 2020. Modulation of
Crustacean Innate Immune Response by Amino
Acids. Frontiers in Immunology, 11.
https://doi.org/10.3389/fimmu.2020.574721.

20. Huang, zh,, Liao, Y., Du, J.,, Yang, Zh., Li,
F., Ruan, L., and Shi, H. 2025. Transcriptomic
insights into the resistance mechanism of Penaeus
vannamei  against  highly  lethal  Vibrio
parahaemolyticus. Scientific Reports, 15:13490.
https://doi.org/10.1038/s41598-025-96168-3.

21. Hung, H.Y., Ng, T.H., Lin, G.H., Chiang,
Y.A., Chuang, Y.A., and Wang, H.Ch. 2013.
Properties of Litopenaeus vannamei Dscam
(LvDscam) isoforms related to specific pathogen
recognition. Fish and Shellfish Immunology, 35:
1272-1281.
http://dx.doi.org/10.1016/j.fsi.2013.07.045.

22. Jiravanichpaisal, P., B. L. Lee and
Soderhall, K. 2006. Cell-mediated immunity in
arthropods: Hematopoiesis, coagulation,
melanization and opsonization. Immunobiology
211:213-236.

23. Klannukarn, S.S., Wongprasert, K.,
Khanobdee, K., Meeratana, P., Taweepreda, P.,
Withyachumnarnkul, B., 2004. Vibrio Bacterin and
carboxymethyl B-1,3-glucans protectP. monodon
from V. harveyi infection. J. Aquat. Anim. Health
16, 238-245. https://doi.org/10.1577/H04-022.1.

24. Kumar, K.P., Kumar, D.R., Saikumar, B.
and Kumar, B.G. 2024. TYPES OF DISEASE &
MANAGEMENT IN “LITOPENAEUS
VANNAMETI”. International Journal of Current
Science, 14: 2250-1770. doi: 10.1007/978-1-4419-
8059-5_13.

25. Kumar, M., Gupta, G., Vikas, Sharma, S.,
2018. Feed based vaccine in aquaculture. Farm
Marine Biol. 1 (2), 180013.
https://doi.org/10.3389/fmars.2024.1397708.

26. Kumar, V., Roy, S., Behera, B.K., Bossier,
P., and Das, B.K. 2021. Acute hepatopancreatic
necrosis disease (Ahpnd): Virulence, pathogenesis
and mitigation strategies in Shrimp aquaculture.
Toxins. 13(8):1-28. 13(8), 524;
https://doi.org/10.3390/toxins13080524.

27. Kurtz, J., Franz, K., 2003. Innate defence:
evidence for memory in invertebrate immunity.
Nature 425, 37-38.
https://doi.org/10.1038/425037a.


https://doi.org/10.1016/j.aquaculture.2025.742010
https://doi.org/10.1016/j.aquaculture.2024.741940
https://doi.org/10.3389/fimmu.2020.574721
https://doi.org/10.1038/s41598-025-96168-3
http://dx.doi.org/10.1016/j.fsi.2013.07.045
https://doi.org/10.1577/H04-022.1
https://doi.org/10.1038/425037a
https://doi.org/10.1016/j.aquaculture.2025.740123
https://doi.org/10.1016/j.dci.2022.104459
https://doi.org/10.1016/j.fsi.2024.06.010
https://doi.org/10.1016/j.fsi.2019.06.023
https://doi.org/10.1111/lam.12176

an AA-AY Sloxio VP Jlo o) oylesd o) 0,93 b piny s ims% 5 (55590 (ool (e it

tdh + / trh + genotypes. BMC Genomics, 25:178.
https://doi.org/10.1186/512864-024-10093-9.

48. Vinay, T.N., Ray, AK. Avunje, S,
Thangaraj, S.K., Krishnappa, H., Viswanathan, B.,
Reddy, M.A., Vijayan, K.K., 2019. V. harveyi
biofilm as immunostimulant candidate for high-
health pacific white shrimp, P. vannamei farming.
Fish  Shellfish ~ Immunol. 95,  498-505.
https://doi.org/10.1016/j.fsi.2019.11.004.

49. Wan, Z.-C,, Li, D., Li, X.-J., Zhua, Y.-T.,
Gao, T.-H., Li, W.-W., Wang, Q., 2019. B52
promotes alternative splicing of Dscam in Chinese
mitten crab, Eriocheir sinensis. Fish Shellfish
Immunol. 87, 460-4609.
https://doi.org/10.1016/j.fsi.2019.01.027.

50. Watson FL, Puttmann-Holgado R, Thomas
F, Lamar DL, Hughes M, Kondo M, et al. 2005.
Extensive diversity of 1g-superfamily proteins in the
immune system of insects. Science, 309:1874e8.

51. Wongtavatchai, J., Lopez-Doriga, M.V.,
Francis, M.J., 2010. Effect of AquaVacTM
VibromaxTM on size and health of post larva stage
of pacific white shrimp L. vannamei and black tiger
shrimp  P. monodon. Aqua 308, 75-81.
https://doi.org/10.1016/j.aquaculture.2010.08.017.

52. Xin, F., and Zhang, X., 2023. Hallmarks of
crustacean immune hemocytes at single-cell
resolution. Frontiers Immunology, 24; 14:1121528.
doi: 10.3389/fimmu.2023.1121528

53. Zhang, L., Zeng, Z., Hu, C., Bellis, S. L.,
and Yang, W. 2025. Effect of CMBG as an adjuvant
on immune responses in shrimp vaccination. Journal
of Fish Diseases, 48(1), 94-109.
https://doi.org/10.1111/jfd.14520

vannamei). Aqua 519, 734907.
https://doi.org/10.1016/j.aquaculture.2019.734907.

38. Powell, A., Pope, E.C., Eddy, F.E., Roberts,
E.C., Shields, R.J., Francis, M.J., Smith, P., Topps,
S., et al,, 2011. Enhanced immune defences in
Pacific white shrimp (L. vannamei) post-exposure to
a vibrio vaccine. J. Invertebr. Pathol. 107, 95-99.
https://doi.org/10.1016/j.jip.2011.02.006.

39. Radhakrishnan, A., Vaseeharan, B,
Ramasamy, P., and Jeyachandran, S. 2023. Oral
vaccination for sustainable disease prevention in
aquaculture an encapsulation approach. Aquaculture
International, 31(2), 867-891.
https://doi.org/10.1007/s10499-022-01004-4

40. Ray, AK., Gopal, C., Solanki, H.G,
Ravisankar, T., Patil, P.K., 2017. Effect of orally
administered vibrio bacterin on immunity, survival
and growth in tiger shrimp (P. monodon) grow-out
culture ponds. Lett. Appl. Microbiol. 65 (6), 475—
481. https://doi.org/10.1111/1am.12802.

41. Sheikh Asadi, M., Naji, A., Sourinejad, I.,
Gharaei, A., Niroomand, M., 2024. Distinct effects
of dietary chitosan, ZnO, and chitosan—-ZnO
nanocomposite on the performance and diet
economic efficiency of Pacific white shrimp
(Penaeus vannamei). Aquaculture International,
https://doi.org/10.1007/s10499-024-01586-1.

42. Sheikh Asadi,M., Sourinejad, I,
Mortazavi,M., Mohebbi Nozar, L., and vahedi
sarrigani, M. 2024. A review of AHPND in Penaeus
vannamei, The 11" Iranian National Conference on
Ichthyology. University of Hormozgan. 1-5.

43. Sivasankar, P., John, K.R., George, M.R.,
Anushalini, S.V., Kaviarasu, D., Petchimuthu, M.,
2017. Prophylactics in shrimp aquaculture health
management: a review. J. Entomol. Zool. Stud. 5,
1049-1055.

44. Soto-Rodriguez, S.A., Lozano-Olvera, R.,
Montfort, G.R.C, Zenteno, E., Sanchez-Salgado, J.L,
Vibanco-Pérez N, Aguilar Rendén, K.G. 2022. New
Insights into the Mechanism of Action of PirAB
from Vibrio Parahaemolyticus. Toxins. 14 (4): 243.
https://doi.org/10.3390/toxins14040243

45. Traifalgar, R.F.M., Corre, V.L., Serrano,
A.E., 2013. Effect of dietary immunostimulants to
enhance the immunological responses and vibriosis
resistance of juvenile P. monodon. Can. J. Fish.
Aquat. Sci. 8, 340-354. https://doi.org/10.3923/
jfas.2013.340.354.

46. Vandeputte, M., Abul Kashem, M,
Bossier, P. and Vanrompay, D. 2024. Vibrio
pathogens and their toxins in aquaculture: A
comprehensive review. Aquaculture. 16(4): 1858-
1878. https://doi.org/10.1111/raq.12926.

47. Vandeputte, M., Coppens, S., Bossier, P.,
Vereecke, N. and Vanrompay, D. 2024. Genomic
mining of Vibrio parahaemolyticus highlights
prevalence of antimicrobial resistance genes and
new genetic markers associated with AHPND and


https://doi.org/10.1016/j.aquaculture.2019.734907
https://doi.org/10.1016/j.jip.2011.02.006
https://doi.org/10.1007/s10499-022-01004-4
https://doi.org/10.1111/lam.12802
https://doi.org/10.1007/s10499-024-01586-1
https://doi.org/10.3390/toxins14040243
https://onlinelibrary.wiley.com/authored-by/Vandeputte/Marieke
https://doi.org/10.1016/j.fsi.2019.11.004
https://doi.org/10.1016/j.fsi.2019.01.027
https://doi.org/
https://doi.org/10.1111/jfd.14520

