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Exploring EHP infections in
shrimp aquaculture and the potential
of neem as a natural solution
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Abstract

Enterasytozasn heparspeiniel [(EHP) infection in shring aquasultune,
highleghting its Bmpoact on the indwstey and petentia] mifigation sieategies, It
oovers EHPs life stages, franamsission pathwaya, and clinkal manifestations,
emphasizing growth retardation. Jethargy, reduced foed intake, and soft shells.
Ther studdy alsa explores diygnostic methods mich 2 FCR and g FCR. and sxamines
ihve e of matural products like meem for reatment. EHP's [mplications for
shrimp kealth and the challenges of control &re disued, Bnderscorinyg the
need for edfective disgnostic fools amd managemen sppronches fo prevent
evotoeie ks,

released to
the

environment

Introduction

Agusculbuse plays 5 vital mobe in globsl food securty by providing &
significant portion of the wadd's sralosd sonmmption. B encompasins a whis
rarge of activities, from rabing fish in fresbwater ponds b enltivating sysers
In coantal watern. and if can take place in maturad or artificial enviremen e
Preper managemsnt and mubsinalde practices are crucisl i enmure the health
of the aquatic ecorytim and the prodaction of sife and kigh-quality safeod
prociucts. Inda hodds the second peaithen globally in squaculture production
and i a significart shrisp supplier 15 the United S2ates arid the European Unkor
Wigh a 17.5% smariet share B farm-rassad sheimp sqeaculiure, Tsdia shified
from Black Hger shrimp (Perdeus monodon) to Facific white leg shrimp
{ Lieprruarien van rasrd) due be whibe spot disease, L vannamel cabilits supeior
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Fig. 1. General Life cycle and transmission of EHP
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Table 1. Clinlcal manliestations of EHP in shrimp

(G

Chindeal Manifestationa Pracriphion
Growth Retardstion EHP.infected shrisp often exhibit eedueed grownth eates, leading 1o sfze variability.
Lathargy Infected shrisp may thow daereassd activity levels and sverall iliggiihieas
Redused Feed Intaka Sherirep with EHP infeetions fend ts conaume less food than thele healthy cousmsrparts
Emply Midgut Infected shrisn s may have an smply midgul, indieating reduced feeding and digtion
Chronk Mortalities Long-term infections can bead £ recurring mortalities within the shrimp population
Zoft Shells Infected vhrimp often exhili soft shell conditioms. which can impact averall health
White Feoos Syndrome (WFS) EMP b B linked o WS, caracheriaed by white €1 fract discodowrntion andd white fascal thrmads

aqusev sure trafta te P menadion and Fenmtrepensrta indiaan nchuding betrer
wurvival, rapld decelopmant. adaptabsility. and diseans resbitunce. The shift
el ted in 54 million enmned of seafood in 2019,

Shrimp aquaculiure

Shrimp aquasulture plays o pivotal pole in driving eoonemile growth and
gererating sanificant emplovment sppartunities, pasticularty In the developing
eountries of Asks, With 2 submaneis] market share of 24.9% in the global trade
of farmed thrimp, India holde the potition of fhe second-Lanest aquacdture
prodfuct producer, In 2015, Indin oo 23 the primany prown suppiier o the
United Sates and fhe peovind-largest 8 the Baropean Unben. In reiponie tothe
ihmeal of while spol diseose, Litopenaeus varmamet eeserged as 3 replacement
for the Bk figer prawn [Femasun motadan) in India The Facific whiteleg
shekemp L vanramel) kot emeened asihe prefeeved crustacean species for human
conamgtion fhrvugh aquaculiure. Thin motable crustadiean. kEnerwn for its
promineree b squasculhere, yielded a farm production of 54 millen fonses
and centribuded significanily o the econonsic vaher of 2.6 millien mipess in
ma.

Current affairs

Chalbemges of wnknavwn originhave impacted shrimp inrmen” sopectations
i L wanname production, hindening the industrs abllay 1o meet global
demand. Infectious allments induced by microcrganisms, nech as bacteria,
warikkes, and nicoeiporidia, threaten the ihrisnp farming secnor acros Ak, A
microaparidian named EHF has afflicted Penasus monodon n Thalland since
ZO0%. Inisiably whentifod o EHF bn 2009, 8 infonts sheimp's hepatopanemas el

In natiens wheve EHF socurpendes have been reédrded. insluding China,
Indemesia, Salypain Vieimam, and Venemls, peimusry shei mgs oulsivation coours
acvess divere envirenmental sellinga. smcom paning <oalal regioni. brackish
zoaes. and raral lovales. Initially. there were mperts of early-stage shrimp
miovEalition attributed G edary mortality wyndroms (EMS) inosrveral partnof India
Heverihe be, A comprebemive investiation conducted by the Central Insiituie
of Brackiabwater Aquacultire (CERA) in Chevmal, India effectively debunkad
thse presence of EMS in st country. Condsent shrimp deaths within culture

poneds have alse been linked o suspecied cases of ranming moertadity smdroma,
yei thse preciis canativs agent for this phepamenai romales unkientifisd

During 2006, nmtances smerged witere L vannamel, cultivated in ponds,
exhibiss the presmee of EHP acnom mmltiphe regians in India, Coneqamily.
the shrimp farming soctor encounbeond corsdderable fimancial losses, Notalbly,
wpecific eantern Inadian states. nach as Andhra Pradesh. feature ponds comprining
abotehele and eabuary wates blend, resulling in varving salimities ranging from
O 1o 30 ppt. with an average of approximarely 10 ppt Conversely, wesom
reghos like Gujamal expesiencs pond water salinitles rapging from 50 1o 44
pet. 1t in ot Belghightigg that BHP accurnmences have bee ndocursented acrons
Eth high and kyw-salinity eonditione Repoets indicate o saggening production
Foss f 077 million tenmed in Indiam prawn Grms due 20 EHP infection
tranalabing 1 a revenus decline of 356762 million

EHFP

slicrosporidin are pommaitic microorganiems that can infect various hosts,
inchudingg mammala imvertebraten, cortaln protissa fubo and éniitsscan, by
forming spoves. The distributson of microsporidians hos been extensively
docamented in fredhvmwater. brackizh waser. and rairine envinenmsente. Ansong
thess microorganisms, EHF has gained promimence as 5 palkhogen,
Tazenamically, EHF belongs 10 the Enterocytoaoonidae family. subosder
Aparaporobiaatin, phybam Micreapersdia, and iingdons Pueg, Varseas shriesp
spevics lbs Ponacus japenicas, Ponacus menedaon, amd Ponacus vaneamd,
commanly missd (s shrimp farming. can harbesr BHP in their hepalopancorras

Life eyele

EHF follewer 3 Fifle epele with tos ditinet sages The (mtrasellulis speres
formding siages cobanlze The shrimp bepalopnceaan’s digative epiflshal cells,
camsing harm 1o the hepatopancreatic (HF) fubule epithelial cells, The
eutrmeeliular siage invelees an acttee spove phose within the digesiive babule,
weith mubtiplication ecturring in the hepasopansreatic sl eyleplamt When
Enfected with EHP, host oells display bregular o regular basephilie nchuion
besdien in the cytoplaom, resembling the Plaimadhem sponagony @age. with ac
withoul spores Hoat coll ase frequenily Evfesiod a3 the spoee s released from
its polar tube. breaching the plazma membrane and rebrasing 88 conlents
[sporoplam) info the cyfoplasm, The sporoplasm sulsequenily develops adiacent
to the hout cell's syroplain. resulling in a spreading plasmedium. Lpon
s paratasi from sporoldasts. i plasmodnims geeecabes complebe spones whils
remaining promimate g the hanf ool cytoplanm Sporomong involves mnthositing
s exiTicion prosursers, inchuding fhe pelar Glament and anchering dise,
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EHF spoves are Sound withen the gasirointestinal trast and the lumen of HF
:I:.lh.ltq. Morironial irnnaesdssion in shrimp farmsing coours s spores are Ingested
Thremigh contaminated shirimp e st rement o via canndlalisn of imfected shrimg
where ruptured HF epithelinl cells prodece mamire spores. DHP has been
dotuminied sorem 3 apoctram of saliniy sonditions (Fig 1)

Thee b pabopancreas bs phvofal bn digestion, absorption, lipd, ghyoogen, and
méneral Morage. Am CHP=infeceed hepardpanaieds can smificansly impast
shrimp’s healilh and physiclogy, petentially dismapting muttritional processes,
atctabalis parbraars and cnsyms prodection Wik EHP infocthons £ not sause
subatartinl mortality. they are linked 1o size discrepancies and growth
ertardation Correlanons have boon slserved between the detsctaon of clevated
EHF grne brvels and inceeasing growth eelardafion in shrimp.

Clinical manifestations

Climical manifeatations &f CHF include growth retardation. which
eceributes b3 afee variability, lefkarey, reduced feading, amd emply midguts.
Irfec e dhrimp often exkilit soft chelli. EHP is abio apsaciated with White Feces
Syndeoms [WRE, chameberized by winlle gatrsmleting] fract disselaumtion
and whitish faecal theeads floating on the waters smrfase.

Deagste the svailability of EHP_free post-larvne for stocking shring farms,
feeding them lcally captuned mariee svganiiess positive for EHP can resalt in
thelr infection. Additionally, the Gaces of infectad shnmp camy mimenous sponss
tiak fasditate horizontal tranmeisian o healiby shaimp. ([EHP) exhilis comphex
liffe-cyc bes invodvimg various spore Bypes gendrmted according B the hast speches,
e spannivg multiple phyla, Wihike sese o res may appears pliyascally imilar
ursder a Bght microscope. their fanctionality can differ. with omes type infecting
ano ot whille anether tasgees an aloermative oot Thess intricate eyobes may
inFodve teansitions between monciaryotic (laplokd) and dipisbarpetio mucls,
where th Latier conaiits of bao tightly s loed haploid nuebal, bn contaln apoes,
e dipiolaryotic moc s may meage 8o form 2 conventional diplold macloes
whath then undergors eukaryois mebori, vielding foar haphed nusclei

Tabia 2. Deiferent disgnoatic metlods io dedect EHF in shrimp

EHF prodices oval-ihaped, monslayelis ipons medmiring ansand 1.1
0.2 pm 1 06 3 0.2 pen. These spores exhildt 5-6 colls of ik polar filimem on
e ke amd an anchoring disc on the ofler, Becent FCR results have revealed
EHF spores within vamous shrimp sellular compensnts, ineluding & {resceve]),
B (bliser), and Foslh of the bepasopancroas, a well aa in midgu epithelial oclls
and shring fuseal spesimens. Bmbrresic oells (E-cells) mear the hepatopamenean
Prpically remaln unaffected (Takle 1.

Similar fo-ofher microsporadisns, EHP spores possess o doulble- Livered spore
wall The outer Liyer (rxoipore], approsimately 10 am thick. B ekeetnon-deiie,
whilbe the inner Lyper [endorpore). approximately 2 nmibick is ebectron. hicent,
Thia spese wall offers prodoctaon sgamat harih conditiond, rendening the spore
compenents envirennientally resilient chiring dissersinatian. EHPs speve wall
prodelng are eategorized within the SWPIEZ clade, responsible for host o2l
attachments. The first EHFspore wall protel s (ERSWT 1 was [dentified thnough
whalke-genesne squensing and bameskabod with heat ecll sttachment fanston
Aukfitienally, these proteims contribute fo spore prolection. This evelulionary
trait likely provides advantages for EHF b2 ndect other shrimp species svospand
it hoot range

Likce o e imvertebrmdes, shrimp smploy Mesie innate imemime sydem bo cousler
imvading pathogens This defence mechanism encompasses both bursoral and
cell=mediated immunity. Non=speciiic enzymes ke lysoeyme [LEM) and
superoxide dismatase (5004 n bodity fhalds collsborate to ward off bocterial
Infections. Ehrimp phisiologcal and immanciogical stafus ks indbuenced by
mertaboldic factors such aa brighpoerides (TG) total protsin (TP cholestersd (£L)
Slucose (LU, slanine aminctransfemse (ALT). and aspariate aminctransfonse
[AST). 2 well a8 parameters blibe fefal hemocyte count (THC), prophenssloxidae
(PO, papenoxide ankom (R0, Bedal antiosidants capacity (T=ACC L ond catalzse
(CAT).

Drlagmostio Method Description
CR {lﬂ;—-p-ﬂdn Ijllr,ﬂqq Ansplifies speeifae DNA segrents for EHP detection; highly semsitiee and specifie
qPCE (Qraantitative PCR) Meanires CHF DOUA concentratian quantitativelss aids in asesaing infection severify.

LAMP (Loop-Madiated Iothermal Amplification) | Rapid amplification method. cost-sffective and suited for flekd use.

In Sita Hybridization Ay Uses babellad probes o detect EP-apecific EXA in fissue sactions; offers spatiad information
Misresoopes examination of Heme sections for EHP-induoed celiular changes poovkies visaal

Histapatkology evidenoe.

Hested PCR Tramitep FOR that enhances specificity tugets specific BHF gene 10 avokd crodi-roadtionk,

A Pcrooms P00 My - by /18 <<_



Diagnosis

Mumerssii diagrcats methedalagios have been decamented for the
seteetion of EHP & dste, Thess inehde laep-mediated issthermal amplification
{LAMFy. in sizu bybrdszason asiay. histopathelogy. pelymerase chadn reastion
(PCE), and quasnzitative PCR (qPCR) which velies on the small mebuniz fRNA
(R FEA) aeme, Moated POR bargrenig the apser wall protein gone (1) o b-
rubulin gome may abse mitgase petential aEaEerpLatiing s mming from
pequencs similarities among S50 (RNA genes among clossly relazed
misresparidia,

EHF las been pecosnized a3 algn Beant threat b shrimp Grms n various
sotnries, Prevemtativg sirabeghes invodee ircating prawn ponds with quik lisee
{t,':lﬁljm #ix Bones por I tare to- e liminarhe residuad spores and polential carmiers
before imtroducing EHP-fres poat Barvae [(FLY. The main foons of EHP infection
wonire] eiforis i Thess meanires. However, their effactivensss in preveniing the
specad of the EHF vinu o healthy shrimp ks limited, Unfartanately, no curative
Ireatmmesmis ane knoan for EHF Bvfeetaon, and ¢lear ol symptoms are alsent
i Imfected pronaia, posing challenges for munwillanes and contalnment. As a
resuls, developing a rapid and ﬁjmﬂw apprasch for EHP
indection b kmperative fo vert diseass sutbreals and sconsmic losses (Tabls 2)

Treatment

To nddress TP indections or enbance the immene response of affected
shrimp sgainat EHP. natera] products mech as herbal corspounds ke meem have
been imvesfigated. Neem, scienlifically bnown o Azadirachts indien, is deeply
roated i Ayurveda, the ancient medicinal psem of India. Avirvada extends
esromad mere Erdatmeents and procedures; it represents a holistic way' of 1fe that
aligns with fundassemtal traths, Traditions] Ayusvedic remedies ofien feature
ingrediests e aloe vern (Aloe barbadensis). neem. and sandabwood §Santakam
afbumr which porsess antibactenial properties and cocl The Blood, benefiting
conditions related fo Fitta

Meem, a veriatile plant. has been whilized for over Do millennia im india
and nejghbeuring regions. he diverse Bolegieal fanctions are well-datumeniod
Thremgh sckentific resranch. Vasious parts of the seem tree. inclusting the seeds.
ikewers. ermel. trige. barks roote, and braves. have been employed in traditional
and folk medicinal systems for their Theraprutic aftrillmises, Meem leved for
instance, exhibit anti-inflammatory. antibacterial. antiviral, antisxidant,
hepatoprofactive. antimutigenis, antoarcinagenlc, and other properties, making
them indespral B tradilional healing pradctices. Neom seeds goosea anfimalanial
antipynetic. and antifungal dqualitiss and propentions lmilar 2o the leaver. The
neem flower contributol medicinal benefite mach a phlege chearance, bile
regulation. amd intestinal worm treafment, containing sesquiterpensa
hndrocarbons, fatly ackds. gerokis. and arcmatc compouinds.

Hees b rich dnever a hundoed prisay and secondary metzbolites, praling (1 2
waluable souree of bivadtive oompoandi. Primiry ¢on situsnti erdompadd pootein
miobeou e i derteazived of fats or carbautivdrases, whibe seoondasy compounds
inclede favencdds. plerckds. saponin. and alkaleids, Neem®s theraprutic
components are broadly categorized into iksprenoids and nenbepremoids The
primary adtive companent b Betranaeiriterpendidi. limonoids or Caprdd
meliscind Axsdinachiimeuds bomeris melkacana are  sgnificant sibgrogs, with
azudiracitin Estindirg out for i eficasy. Other conminacnts it huds phenolic
eompounids, carobenoids, steroidh. ketonen and terperoids.

Chier teime, diverse bechakgan have boon developed 1o extrae neess with
waryung pokeasy for prrsonal and eemmcncias] applivatiena, Iadigmes methads
involoe weter extraction, ook maceratisn, iteasn diei Lo, and sclve ngextrasts,
Aegnegnin extracti, ach eved with minkmal equipment 3re consparably eflective.
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Crizdhiing meerm seedds, kernels, or braves, soaking them ovomight. and flbering
yieldt eotract Alternatively. granular material can be ssaked in 2 solton bag
for hourt. producing 2 nefined eatract comtalning water-sotuble amine acids,
it and carba

In eomclurion, neam’s mullifacsted theraprutis attributes, documanted
threagh ascient practions and scentific research, make i1 a prombsng nahiral
compenisd for eombanng EHP infections and enhancing the ismiane reapots
i affected dliningp.

Conclusion

The nireduckeon of Litopenasms vannamel pevelutionized shrimp
aquarmloiure and beel to Enfermeyiossom hepatopenach (EHF) infoctions Thes
imfections, caused Ty mierosperidiam parasites, challenge the industry alobally.
DHagretie srthods Hke POR amd LAMP ald in identifring EHF. but preveniive
eneanires and sifective incatments xre Daziing. EHF's inkricate 1ife cycle affecin
slariesp health, cmuing growth retandation and siee varisblizy, With i diverss
brolesiey] propericd noem shows promise a3 a poteniia] natural remedy o
combal EHF kocthena and boliter shrimp imerunity. While advancements in
disgneatics prenide early detoction, the Enduitry faces engoing challenges in
eaansgieg EHP and minieeizing econamie Laes Underatanding EHP's [spoact
and explering remadies 1ike neem offer avenwes for further pescarch andd
nnovaton. The dqueat for sustainable shrisp squaciBure necekitales continasus
schentifie xploration and ool laborarion.
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