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IntroductionK

Theretistcurrentlytgreattdebatetasttotwhethertimmunet
memorytistexclusivettotvertebratetanimalst[9–(]UtThetpre7
vailingtopinionthadtbeentthattonlytvertebratestpossesstthet
mechanismstoftimmunetmemory5twhichtoccurtviattheirt
adaptivetimmunetresponsetandtallowtthetimmunetsystemt
tot specificallyt recognizet antigenst throught somaticallyt
generatedtimmunetreceptorst[P5tC]5tandtreusetthesetrecep7
torstandteventamplifytthemtthroughtthetusetoftmemoryt
cellst[A]UtUntiltrecently5tnotdiversifiedtmoleculestortmem7
orytcellsthadtbeentdiscoveredtintinvertebrates5twhichtthust
weretthoughtttotlacktacquiredtadaptivetimmunitytandtin7
steadtpossesstinnatetimmunetmechanismstwithtlowtspec7
ificityUt Thet immunet systemst oft invertebratest weret be7
lievedt tot discriminatet pathogen7associatedt moleculart
patternst usingt at limitedt repertoiret oft invariablet germt
line7encodedtpatterntrecognitiontreceptorstthattengagedt
effectortpathwaystcapabletoftactingtontthetrecognizedtin7
truderst[D5tB]UtJowever5tseveralt linestoftevidencetcoun7
teredt thist viewpoint5t suggestingt thatt invertebratet im7
munityt couldt possesst highert levelst oft specificityt and
acquiredt protectionUt Thet firstt hintst oft thist camet from
experimentstontgrafttrejection5twhichtrevealedtthetpres7
encetoftallorecognitiontprocessestintdiversetinvertebratet
phylatpiUeUtPorifera5tKnidaria5t)nnelida5t/chinodermata5t
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AbstractK

HistoricallyNgthegprevailinggviewgingthegfieldgofginvertebrategimS

munitygwasgthatginvertebratesgthatgdognotgpossessgacquiredg

adaptivegimmunitygrelygonginnategmechanismsgwithglowgspecS

ificitygandgnogmemoryUgSeveralgrecentgstudiesghavegshakengthisg

paradigmgandgsuggestedgthatgthegimmunegdefensesgofginverS

tebratesg areg moreg complexg andg specificg thang previouslyg

thoughtUg Mountingg evidenceg hasg showng thatg atg leastg someg

invertebratesgCmainlygKcdysozoaMgshowghighglevelsgofgspecificS

ityg ing theirg immuneg responsesg tog differentg pathogensNg andg

thatgsubsequentgreexposuregmaygresultgingenhancedgprotecS

tiongCrecentlygcalledg‘immunegpriming’MUgHereNgweginvestigatedg

immunegpriminggingthegLophotrochozoangsnailgspeciesgBiom-

phalaria glabrata, followingg infectiong byg theg trematodeg

pathogeng Schistosoma mansoniUg Weg confirmedg thatg snailsg

wereg protectedg againstg ag secondaryg homologousg infectiong

whatevergtheghostgstrainUgWegthenginvestigatedghowgimmuneg

priminggoccursgandgtheglevelgofgspecificitygofgB. glabrata imS

muneg primingUg Ing thisg reportg weg confirmedg thatg immuneg

priminggexistsgandgwegidentifiedgaggenotypeSdependentgimS

munegpriminggingthegfreshSwatergsnailgB. glabrataUg
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etcpw)[x()x-–xz]p)These)studies)showed)that)invertebrates)
were) able) to) tolerate) isografts() but) rejected) allografts)
dhallmark)of)specificityw)and)possessed)the)ability)of)fastk
er)graft)rejection)following)a)secondary)allograft)expok
sure) dhallmark) of) memorywp) ;lthough) it) was) hypothek
sized)that)this)could)be)explained)by)competition)occurk
ring) between) colonial) organisms() the) benefit) of) such)
recognition)events)was)difficult)to)explain)for)noncolok
nial)animals()such)as)earth)worms)[xA]p)Honsequently()it)
was)theorized)that)this)specific)recognition)could)be)used)
for) the) identification)of)aberrant) selfkgenerated)cells)or)
pathogenkderived)antigens)[xq]p)In)addition()several)trank
scriptomic)approaches)recently)developed)in)different)ink
vertebrate)species)have)revealed)large)and)individual)repk
ertoires) of) putative) immune) receptors) that) could) repk
resent) the) molecular) mechanisms) underlying) immune)
specificityp)These)diversified)molecules)have)been)identik
fied) in) echinoderms) dSRHR) or) Spx54yzzz) of) sea) urchin)
[x4]w() insects) dNsH;M) of) Drosophila melanogaster and)
Anopheles gambiae [xS() x8]w() and) mollusks) dfibrinogenk
related)proteins()FREPs()of)Biomphalaria glabrata [x5]wp)
The)arguments)for)the)involvement)of)these)molecules)in)
antigen)recognition)have)recently)been)strengthened()esk
pecially)for)FREPs()which)were)shown)to)be)involved)in)
immune)complexes)with)various)antigens)of)the)B. gla-
bratakspecific)trematode)pathogen()Schistosoma mansoni
[x6]p

Thus()invertebrates)seem)to)be)able)to)specifically)reck
ognize)antigensypathogens)and)destroy)them)more)effik
ciently)upon)a)second)exposurep)In)this)context()two)seck
ondary)immune)response)processes)could)be)expectedp)
Firstly()a)process)of)acquired)resistance)or)sustained)rek
sponse)could)be)expectedp)This)response)is)characterized)
by)the)induction)of)an)immune)response)following)a)first)
stimulation)that)confers)longklasting)protection)against)
later) challenge) [A-]p) This) immune) response) persists) at)
high)levels)even)if)the)pathogen)is)neutralized)[A-]p)Seck
ondly()an)immune)response()termed)‘immune)memory’()
reminiscent)of)vertebrate)acquired)immunity)could)also)
be)expected) in) invertebratesp) It) is)characterized)by) the)
induction)of)a)primary)immune)response)following)first)
pathogen)stimulationp)The)primary)response)returns)to)
a)basal)level)when)the)infection)is)clearedp)This)first)imk
mune)stimulation)provides)the)immune)system)with)the)
ability) to) recognize) and) remember) specific) antigensy
pathogens()and)to)mount)a)faster)and)more)powerful)rek
sponse)against)a)subsequent)exposure)to)the)same)antik
genypathogen)[x()Ax]p)Loth)of)these)secondary)immune)
responses) were) called) ‘immune) priming’) in) invertek
bratesp

Several)studies)have)found)evidence)for)dinsects()crusk
taceansw) [A() xq() AA–Aq] and) others) have) failed) to) detect)
dinsectsw) [z() A4() AS] immune) priming) in) invertebratesp)
Thus)it)is)difficult)to)conclude)whether)priming)is)univerk
sal()restricted)to)several)invertebrate)groups)or)species()or)
to)specific)hostyparasite)combinationsp)Immune)priming)
was)described)mainly)for)arthropods)dinsects)[A()Aq()A8–
A6] or)crustaceans)[q()Ax()z-()zx]w)infected)by)bacteria()prok
tozoa)or)virusp)Immune)priming)might)also)occur)in)ink
sects) or) crustaceans) via) transkgenerational) processes()
where)bacterial)immunekchallenged)or)infected)parents)
produce)protected)offspring)via)a)maternal)andyor)paterk
nal)transfer)of)immune)protection)[z-()zA–z4]p)Finally()to)
our)knowledge()only)one)paper)has)investigated)immune)
priming)against) a)metazoan)parasite)and) this)was)also)
identified)for)a)crustacean)[Az]p

)Immune)priming)specificity)also)appears)to)be)controk
versialp)In)some)models)immune)priming)could)be)very)
specific)at)the)species)or)even)strain)level)[A()Az()A8()A5]()
while)in)others)immune)priming)appeared)to)be)nonspek
cific)and)crosskprotection)occurredp)For)example7)diw)ink
fection)with)bacteria)or)injection)of)lipopolysaccharides)
protect)against)fungal)[zS] or)protozoan)pathogens)[Aq]F)
diiw)fungal) kglucans)protect)against)bacterial)infections)
[z8]()and)diiiw)wounding)was)found)to)induce)nonspecific)
immune)responses)that)prevent)bacterial)or)yeast)oppork
tunistic)infections)[z5–q-]p

)Most) of) our) knowledge) on) immune) priming) comes)
from) a) few) model) species) belonging) to) Ecdysozoa) and)
much) remains) to) be) elucidated) from) Lophotrochozoa)
speciesp)This)is)crucial)for)a)better)understanding)of)the)
evolutionary)history)of)the)invertebrate)immune)priming)
and)is)of)central)importance)in)understanding)the)diverk
sity)and)evolution)of)innate)memory)processes)from)Eck
dysozoa)to)Neuterostomiap

)Here)we)used)the)B. glabrata snails)and)their)natural)
trematode) parasite) Schistosoma sppp) to) investigate) imk
mune)priming)in)a)Lophotrochozoa)species)exposed)to)a)
metazoan) parasitep) Recent) advances) in) understanding)
the)B. glabratay)Schistosoma interaction)at)the)phenotypic)
and)molecular)levels)[x5()x6()qx–qS] and)a)previous)study)
describing)a) timekdependent) ‘acquired)resistance’) in)B. 
glabrata against) S. mansoni challenges) [q8] make) this)
model)particularly)well)adapted)to)investigate)the)quesk
tion)of)immune)primingp

)In)this)report)we)investigated)how)immune)priming)
occurs)and)the)level)of)specificity)of)B. glabrata immune)
priming) using) different) approachesp) First() we) exposed)
two)geographic)isolates)of)B. glabrata snails)to)homolok
gous)challenges)to)test)the)effect)of)host)strain)on)immune)
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primingRvSecondMvwevusedvavhistologicalvapproachvtovinE
vestigatev thev putativev rolev ofv parasitev developmentv andv
migrationv inv thev observedv immunev primingv processRv
ThirdMv wev investigatedv thev biologicalv mechanismsv inE
volvedvinvimmunevprimingMvusingvsnailsvexposedvtovirraE
diatedvmiracidiavandvtissuevinjuriesRvkinallyMvwevinvestiE
gatedvthevspecificityvofvimmunevprimingvinvB.xglabrata byv
comparingv thev infectionvsuccessv followingvhomologousv
orvheterologousvchallengesvofvfourvdifferentvgeneticvstrainsv
orvspeciesvofvSchistosomaR

Material and Methods 

EthicsxStatementx
OurvlaboratoryvholdsvpermitvNoRvH))(1(vforvexperimentsvonv

animalsvfromvbothvthevkrenchv%inistryvofvHgriculturevandvkishE
eriesMvandvthevkrenchv%inistryvofvNationalvKducationMvResearchv
andvTechnologyRvThevhousingMvbreedingvandvanimalvcarevofvthev
utilizedvanimalsvfollowedvthevethicalvrequirementsvofvourvcountryRv
Thevexperimentervalsovpossessesvanvofficialvcertificatevforvanimalv
experimentationv fromv bothv krenchv ministriesv A/ecreev NoRv éCE
é1éMv D’v OctoberMv D’éC6Rv Hnimalv experimentationv followsv thev
guidelinesvofvthevkrenchv;NRSRvThevdifferentvprotocolsvusedvinv
thisvstudyvhavevbeenvapprovedvbyvthevkrenchvveterinaryvagencyv
fromvthev/RHHkvWanguedocERoussillonvA/irectionvRégionalevdev
l’HlimentationMv dev l’Hgriculturev etv dev lav korêt6Mv %ontpellierMv
krancevAauthorizationvNoRv((C(é76R

SnailxandxParasitexStrainsx
TwovstrainsvofvB.xglabrata [1é] werevusedv inv thisv studyRvThev

°uadeloupeanvstrainvofvpigmentedvB.xglabrata A5g°UH6vandvthev
5razilianvstrainvofvalbinovB.xglabrata A5g5RK6R

vThreevSouthvHmericanvstrainsvofvS.xmansoni originatingvfromv
differentvgeographicv isolatevwerevusedMvasvwellv asv twov5razilianv
strainsv ASm5RKv andv Sm5RKEWK6v andv onev Venezuelanv strainv
ASmVKN6RvkinallyMvanothervspeciesvofvSchistosoma wasvusedMvSchis-
tosomaxrodhaini ASrod6MvavmurinevspeciesvoriginatingvfromvHfricav
[1’]RvSm5RKvandvSrodvhadvbeenvmaintainedvinvthevlaboratoryvforv
thirtyvyearsvandvSm5RKEWKvandvSmVKNvwerevrecoveredvinv8(DDRv
HllvthesevSchistosoma strainsvorvspeciesvwerevselectedvbecausevofv
theirvsimilarvprevalencevandvintensityvforv5g5RKvsnailsvAvtablevDv6Rv
–ereMvsusceptibilityvisvestimatedvusingvsnailsvexposedvtovD(vmiraE
cidiaR

vKachv strainvorv speciesvofvSchistosoma wasvmaintainedv inv itsv
homopatricvstrainvofvB.xglabrataMvandvinvhamstersv(Mesocricetusx
auratus)Mvasvdescribedvpreviouslyv[1é]Rv%iracidiavfromvbothvstrainsv
werevhatchedvfromveggsvaxenicallyvrecoveredvfromv9(EdayvinfectE
edv hamsterv liversv accordingv tov thev previouslyv describedv proceE
duresv[9(Mv9D]Rv5rieflyMvliversvwerevcollectedvandvhomogenizedMvandv
theveggsvwerevfilteredvandvwashedvtovobtainvmiracidiaR

GenotypingxandxGeneticxAnalysesxofxSRvmansonivStrainsx
°enomicv/NHvwasvextractedvfromv8(vadultsvAD(vmalesvandvD(v

females6vofveachvS. mansoni strainvaccordingvtovthevfollowingvproE
tocolRvSixtyvmicrolitersvofvTKvATrisvD(vmv%[vK/THvDvmv%[vp–vé6v
containingvDR)CvmgqmlvofvproteinasevQvA%erck6vwasvaddedvtovthev

parasiteRvThevsamplesvwerevincubatedvforv7vhvatv99vv°vv;MvwithvvorE
texesveveryvD9vminRvThevsamplesvwerevthenvheatedvforvD(vminvatv
D((vv°vv;vforvproteinasevQvinactivationRvThevgenomicv/NHvwasvreE
coveredvinvthevsupernatantvandvkeptvatv–8(vv°vv;vuntilvuseR

vS.xmansoni strainsvwerevsubjectedvtovP;REbasedvgenotypingv
usingvfourteenvmicrosatellitevmarkersêvSm;DMvSm/ODDMvSm/H8év
[98]MvR’998’MvSm/9CMvSm/8éMvSm/89MvS;%S%OX::MvW1)’9Dv[97]Mv
Sm5RD)MvSm5RD(MvSm5RD7v [91]MvSmSCEDv [99] andvSm5RDv [9)]Rv
P;Rvwasvperformedvinvthreevmultiplexvreactionsvusingvavmultiplexv
kitv AQiagen6Rv %arkersv R’998’Mv Sm;DMv Sm/ODDMv Sm5RD)v andv
Sm/9CvwerevgroupedvinvmultiplexvD[vSm/H8éMvSm5RDMvSmSCEDMv
Sm/8éMvS;%S%OX::vwerevgroupedvinvmultiplexv8MvandvSm/89Mv
W1)’9DMvSm5RD(vandvSm5RD7vwerevgroupedvinvmultiplexv7RvThev
multiplexvreactionsvwerevcarriedvoutvaccordingvtovthevmanufacE
turer’sv standardvmicrosatellitev amplificationvprotocolv invav finalv
volumevofvD(v lvandvwithvanvannealingvtemperaturevofv9Cvv°vv;RvThev
P;RvproductsvwerevdilutedvinvsamplevloadingvsolutionvA5eckmanv
;oulter6vcontainingvavredElabeledvsizevstandardvA;KQvT% /NHvsizev
standardv kitMv 1((Mv 5eckmanv ;oulter6Mv andv electrophoresisv wasv
performedv onv anv automaticv sequencerv A;KQvT% é(((Mv 5eckmanv
;oulter6R

v°enotypingvofvS.xrodhaini wasvnotvrealizedvbecausevmicrosatE
ellitevmarkersvwerevnotvavailablevandvnovmicrosatellitevcrossEamE
plificationvoccurredvbetweenvS.xmansonixandvS.xrodhainiR

v/eviationv fromv –ardyEWeinbergv expectanciesv andv linkagev
disequilibriav werev analyzedv usingv thev globalv testv inv kSTHTv
vR8R’R7R8v[9C]RvThevlevelvofvsignificancevwasvadjustedvforvmultiplev
testingv usingv av 5onferroniv correctionRv kurthermoreMv polymorE
phismvwasvestimatedvovervallv locivandvforveachvstrainvusingvthev
numbervofvallelesMvallelicvrichnessMvexpectedvheterozygosityvA–e6v
andvinbreedingvcoefficientvAk:S6vcomputedvwithvkSTHTvvR8R’R7R8Rv
kinallyMvobservedv–evandvNei’svgeneticvdistancesvwerevcalculatedv
withv°KNKT:XvsoftwarevvR1R(9R8v[9é]R

ExperimentalxProtocolxofxImmunexPrimingx
korv allv experimentsMv primaryv infectionsv werev performedv onv

juvenilevB.xglabrata A9–)vmmvinvdiameter6RvSnailsvwerevindividuE
allyvexposedvforvD8vhvtovD(vmiracidiavinv9vmlvofvpondvwaterRv:ndiE
vidualvsnailsvwerevsecondarilyvinfectedvatv89vdaysvaftervprimaryv
infectionMvusingvD(vmiracidiavpervsnailRvHsvcontrolsvforveachvexE
perimentMv9(vunprimedvsnailsvwithvavsizevequivalentvtovthatvofvthev
primaryvinfectedvsnailsvAé–’vmmvinvdiameter6vwerevexposedvtovD(v

Table 1. Pvrevalencevandvintensityvofvhostqparasitevcombinations

Biomphalaria
strain

Schistosoma
strain

%iracidia
n

Prevalence
F

:ntensity
n

5g°UH Sm5RK D( é( 8R1
5g5RK Sm5RK D( D(( 7R)
5g5RK Sm5RKEWK D( D(( 9RD
5g5RK SmVKN D( D(( 7R8
5g5RK Srod D( C9 8

Pvrevalencevcorrespondsv tov thevpercentagevofv snailsv infected[v
intensityvcorrespondsvtovthevaveragevnumbervofvSp:svforveachvinE
fectedvsnailR

X:N719’(’ i dd 7 (1 (D 8(D7 D8 79 D8
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miracidiaxatxthexsamextimexasxthexexperimentalxsnailsxunderwentx
secondaryxinfectionx5iAeAx:Nxdaysxafterxprimaryxinfection)A

xXostx;ffectxonx8mmunexPrimingx
ToxtestxwhetherxthexB.Dglabrata hostxstrainxhadxanxinfluencexonx

thex observedx priming,x wex usedx–gOUzx orx –g–R;x andx wexperU
formedx ax homologousx primary-secondaryx infectionx asx follow
–gOUzxExSm–R;xExSm–R;xorx–g–R;xExSm–R;xExSm–R;A

xSpecificxOenotypeU7ependentx8mmunexPrimingx
Tox investigatex thex levelxofx immunexprimingxspecificityx inxB.D

glabrata,xwexperformedxhomologousxandxheterologousxprimary-
secondaryxinfectionsxusingxthex–g–R;xstrain,xasxfollows9x–g–R;x
wasx primaryx infectedx withx Sm–R;x andx thenx challengedx withx
Sm–R;x5homologousxcombination)xorxSm–R;U=;x5heterologousx
combination,x samex species,x samex country,x differentx strain)x orx
SmV;Nx 5heterologousx combination,x samex species,x differentx
country,xdifferentxstrain)xorxSrodx5heterologousxcombination,xdifU
ferentxspecies)AxToxconfirmxthatxthexdifferentxinfectionxratesxuponx
secondaryxinfectionxarexaxconsequencexofxspecificxprimingxratherx
thanxaxmorexgeneralxeffect,xthexsamexexperimentxwasxdonexusingx
thexSm–R;U=;xstrainxasxthexprimoUinfectionxandxchallengedxwithx
homologousxorxheterologousxcombinationsxasxdescribedxaboveA

%orxeachxexperiment,xallxsnailsx5unprimedxorxprimed)xwerex
fixedxSNxdaysxafterxthexsecondaryxinfection,xandxthexpresencexandx
numberxofxprimaryxsporocystsx5Sp8s)xwerexdeterminedxfollowingx
thexpreviouslyxdescribedxmethodx[N[] toxestimatexthexprevalencex
andxthexintensityxofxthexinfectionAx–riefly,xsnailsxwerexrelaxedxforx
qx hx inx pondx waterx containingx excessx crystallinex mentholx andx
eachxsnailxbodyxwasxthenxremovedxfromxthexshellxandxfixedxinx
modifiedxRailletUXenry’sxsolutionx[N[,xq+]Axzfterx:Vxhxinxfixative,x
axdissectionxofxthexheadUfoot,xmantlexandxkidneyxwasxperformed,x
andxthexpresencexandxnumberxofxSp8sx inxeachxsnailxwasxdeterU
minedx[N[]AxThexSp8sxcouldxbexreadilyxobservedxasx translucentx
whitexbodiesxwithinxanxopaquexyellowxtissuexbackgroundAxSp8sx
arisingxfromxthexprimaryxinfectionx5V+xdaysxoldxatxfixationxtime)x
arexsmallxandxopaquexwhitexcorpusclexandxcouldxbexeasilyxdistinU
guishedx fromxthosexofx thexsecondaryx infectionx5SNxdaysxoldxatx
fixationxtime)xthatxappearedxasxbigxtranslucentxwhitexcorpuscleAx
%orx allx thex experiments,x thex successx ofx thex primaryx infectionx
couldxbexdeterminedxbyx thexpresencexofx secondaryx sporocystsx
5Sp88s)x inxthexhepatopancreas,xandxonlyxsnailsxharboringxSp88sx
werex subjectedx tox secondaryx infectionsAxThex resultsxwerexanaU
lyzedxbyxcalculatingxthexprotectionxlevelxasxaxratioxbetweenxprevU
alencex inx primedx snailsx andx prevalencex inx unprimedx snailsx
[5[prevalencexinxunprimedx–xprevalencexinxprimedxsnails]-prevaU
lencexinxunprimedxsnails)x! S++]Ax%orxintensityxaxratioxwasxcalU
culatedx betweenx primedx andx unprimedx snailsx tox estimatex thex
effectx ofx primingx whenx snailsx werex reinfectedx [intensityx inx
primedxsnails-intensityxinxunprimedxsnails]A

HistologicalDProceduresD
Tox investigatex thex intramolluskx developmentx ofx S.D mansoni

larvae,x–g–R;xsnailsx5N–qxmmxinxdiameter)xwerexinfectedxusingx
S+xmiracidiaxofxSm–R;Ax8nfectedxsnailsxwerexcollectedxatxL,xF,xS+,x
SV,x:+,x:NxandxLNxdaysxpostinfectionx57P8]xS+xsnailsxperxcondition),x
andx fixedx inx Xalmi’sx fixativex 5mercuricx chloridex VAN(,x sodiumx
chloridex+AN(,xtrichloroaceticxacidx:(,xformolx:+(,xaceticxacidxV(x
andxpicricxacidxS+()AxThexfixedxmollusksxwerexthenxdehydratedx
andxembeddedxinxparaffin,xasxpreviouslyxdescribedx[Vq,xqS]AxTransU

versexhistologicalxsectionsx5S+x mxthick)xwerexcutxandxstainedxusU
ingxazocarminexOxandxXeidenhain’sxazanx 5Sigma)Ax–riefly,x secU
tionsxwerexrehydratedx5inxsuccessivexbathsxofxtoluene,x[N(xethanol,x
F+(xethanol,xL+(xethanolxandxdistilledxwater),xstainedx5azocarU
minex O,x F+(x ethanolx Ex S(x aniline,x S(x aceticx alcohol,x distilledx
water,x N(x phosphotungsticx acid,x distilledx water,x Xeidenhain’sx
azan)xandxdehydratedx5inx[N(xethanol,xS++(xethanolxandxtoluene)Ax
Thexpreparationsxwerexthenxmountedxwithx;ntellanxandxobservedx
underxaxmicroscopeAxPicturesxwerextakenxwithxaxNikonxM83ROU
PXOTU%XxmicroscopexandxaxNikonxdigitalxsightx7SU%iSxcameraA

ExperimentalDInfectionDwithDIrradiatedDMiracidiaD
ToxinvestigatexwhetherximmunexprimingxdependsxonxthexdeU

velopmentxandxmigrationxofxS.DmansoniDinxsnailxtissues,xwexusedx
UVUirradiatedxSm–R;xmiracidiaxtoxinfectx–g–R;xsnailsAxThexirU
radiatedxparasitesxpenetratedxthexsnailsxnormally,xbutxthenxfailedx
toxdevelopxandxdiedAxThus,xSp8xgrowthxwasxabolishedxandxtherex
wasxnoxdevelopmentxandxmigrationxofxSp88sA

x8nx thisx experiment,x juvenilex –g–R;x 5N–qx mmx inx diameter)x
werexindividuallyxexposedxforxS:xhxtoxS+xirradiatedxSm–R;xmiraU
cidiax5seexbelowxforxirradiationxprocedure)xinxNxmlxofxpondxwaterAx
TwentyUfivexdaysxlater,xsecondaryxinfectionsxwerexperformedxonx
experimentalxirradiatedxmiracidiaxprimaryxinfectedxsnailsxusingx
S+xnonirradiatedxSm–R;xmiracidia,xwhilex:Nxadditionalx–g–R;x
snailsxofxcomparablexsizex51–[xmmxinxdiameter)xwerexexposedxtox
S+xnonirradiatedxSm–R;xmiracidiaxandxusedxasxaxpositivexcontrolAx
%ifteenxdaysxafterx thexsecondaryx infection,xallx snailsxwerex fixedx
andxthexpresencexofxSp8xprevalencex5(xofxsnailxinfected)xwasxdeterU
minedxfollowingxexhaustivexdissectionAxWexperformedxaxpositivex
controlxofxprimaryxinfection-secondaryxinfectionxusingxthexcomU
binationx–g–R;xExSm–R;xExSm–R;xandxfollowingxthexprocedurex
describedxinxthex‘;xperimentalxProtocolxofx8mmunexPriming’xsecU
tionA

x%orxirradiation,xSm–R;xmiracidiaxwerexexposedxtoxUVxemisU
sionsxfromxthexfluorescentxlampxofxax–=Xx:NVxnmxcrosslinkerx5–ioU
=ink]xradiantxexposurex’x+A+NxW-cmx–:)AxThisxintensityxofxUVxradiaU
tionx wasx sufficientx tox inducex apoptosisx amongx thex pluripotentx
stemxcellsxofxthexmiracidiax5germinalxcells),xwhichxarexinvolvedxinx
thexdevelopment,xmaturationxandxcellularxdifferentiationxofxSp8s,x
leadingxtoxthexreleasexofxSp88sx[q:]AxThisxlevelxofxirradiationxdidxnot,x
however,x affectx thex penetrationx ofx miracidiax 5seex thex followingx
section)A

PCRDDiagnosticsD
zsxirradiatedxmiracidiaxdevelopedxintoxveryxsmallxSp8sxnotxdeU

tectedxevenxunderxhistologicalxstainingxandxdidxnotxproducexSp88s,x
itxwasxdifficultxtoxvisuallyxassessxthexsuccessxofxprimaryxinfectionAx
Thus,xwexdevelopedxaxP3RUbasedxdiagnosticxprocedurex toxconU
firmxthexpenetrationxofxirradiatedxmiracidiaxandxcalculatextheirx
prevalencexfollowingxprimaryxinfectionAxOenomicx7NzxwasxexU
tractedxfromx–g–R;xsnailsxSNxdaysxafterxindividualsxwerexexposedx
toxS+xmiracidiax irradiatedxSm–R;Ax;achxsnailxwasxrelaxedxwithx
crystallinexmenthol,xthexshellxwasxremoved,xthexsnailxbodyxwasxputx
inx7Nzzolxreagentx58nvitrogen),xandxgenomicx7Nzxwasxrecoveredx
accordingxtoxthexmanufacturer’sxinstructionsAxSpecificxP3RxamU
plificationxofxS.DmansoniDmiracidiumx7Nzxwasxperformedxusingx
thexSmzlpha%emxgenex5Oen–ankxaccessionxNoAxUS:VV:AS)xwithx
thex zdvantagex :x P3Rx ;nzymex Systemx 53lontech)Ax Tox ascertainx
Smzlpha%emxgenexamplification,xtwoxfragmentsxwerexamplifiedx
usingx specificx primerx pairs9x Smzlpha%emSx 5forward,x O3TTU

W8NLVN[+[ i dd V +V +S :+SL S: LN S:
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T8TN=8==N88T8N=N/, reverse., =TTTN=TTN=8TTT=NR
N8NT/, 4k°Rbp, product(, and, Sm8lphaUem4, Fforward., T=N8R
N88=T=8=T==NT=T===/, reverse., T==8T=T8NNT=N,8R
TNNN=T=T/, 64°Rbp, product(3, The, PNR, cycling, conditions,
consisted,of,j°,s,at,DB,,°,,N.,j°,s,at,E°,,°,,N,and,4°,s,at,k4,,°,,N,for,:°,
cycles3

TissueDInjuryDExperimentsD
Snails,were,subjected,to,tissue,injuries,using,two,different,proR

cedures–,Fi(,6B,ïgïRW,were,pricked,six,times,in,the,headRfoot,usR
ing,a,needle,F4E,=,! °3B, /,°3:B,! 64,mm(,and,then,infected,with,
6°,miracidia,SmïRW,at,B,and,6°,MPTO.,and,Fii(,gold,microparticles,
F°3E–63E, m(,were,used,with,a,biolistic,gene,transfer,apparatus,
FPMSR6°°°9Ve,system/,ïioRad(,to,provoke,numerous,microinjuR
ries,on,the,snails’,tegumental,cells3,ïriefly.,snails,were,relaxed,in,
pond,water,containing,excess,crystalline,menthol,for,64,h,so,the,
headRfoot,protruded,outside,the,shell,and,would,not,be,retracted,
during,the,biolistic,procedure3,The,gene,transfer,system,used,a,
burst,of,highRpressure,helium,gas,F6.jB°,psi(,to,accelerate,4°, l,of,
gold,microparticles,toward,the,snail,headRfoot,target,cells,under,
a,vacuum3,=old,microparticle,penetration,in,snail,tissue,was,conR
firmed, by, microscopic, observation3, 8fter, B, and, 6°, MPTO., 6B
ïgïRW,were,infected,by,6°,miracidia,SmïRW3,Uor,each,tissue,inR
jury,procedure,and,each,infection,time.,uninjured,snails,were,inR
fected, under, the, same, conditions, and, used, as, controls3, Uor, all,
these,experimental,devices.,snails,were,assessed,for,their,level,of,
protection, against, secondary, infection/, the, parasite, prevalence,
was,estimated,following,the,procedure,described,in,the,‘WxperiR
mental,Protocol,of,Ommune,Priming’,section3

VaccinationDExperimentD
Uor,vaccination,a,whole,miracidium,protein,extract,was,preR

pared,as,follow–,6.°°°,miracidia,from,the,SmïRW,strain,were,naR
tively,extracted,in,°3°Bd,TïSRTween,4°,FTïSRT(,by,sonication,Fj,
pulses,of,j°,s,at,:°d,of,amplitude(.,centrifuged,and,the,protein,
amount,of,supernatant,was,quantified,and,conserved,at,–x°,,°,,N,
until,used3

,Three,groups,of,snails,were,anesthetized, in,B°°,ml,of, fresh,
water,with,menthol,for,x,h3,The,first,group,FED,individuals(,was,
injected,with,6, g,of,parasite,extracts,in,4°, l,of,TïSRT3,The,secR
ond,group,F4B,individuals(,was,injected,with,4°, l,of,TïSRT,alone,
and,used,as,a,control,for,the,injection3,The,third,group,F:x,indiR
viduals(,constituted,of,naïve,snails,used,as,a,control,for,the,infecR
tion3,Uifteen,days,after,those,treatments.,snails,of,the,three,groups,
were,exposed,to,6°,miracidia,of,SmïRW3,Uifteen,MPO.,the,snails,
were,fixed,in,RailletRVenry’s,solution,and,dissected,to,evaluate,
the,parasite,prevalence3

StatisticalDAnalysisD
8ll, results, concerning, prevalence, were, tested, using, Uisher’s,

exact,test,which,considers,two,binary,variables–,infected9noninR
fected,and,control9experimental,groups3,The,presence,of,an,asR
sociation,between,immune,priming,prevalence,Fa,two,categoryR
variable(,and,Nei,genetic,distances,Fa,variable,with,k categories(,
was,tested,using, 4 test,for,trend,Falso,called,NochranR8rmitage,
test,for,trend(3,This,test,incorporates,a,suspected,ordering,in,the,
effects,of,the,k categories,of,the,second,variable3,8ll,results,conR
cerning,the,intensities,Fa,continuous,variable(,were,compared,usR
ing,a,MannRWhitney,U,test3,Uor,all,the,experiments.,differences,
were,considered,significant,at,p,! °3°B3

Results 

GenotypingDofDS3,mansoni,StrainsD
The,genetic,diversities,of,each,strain,were,determined,

using,fourteen,microsatellite,markers,F,table,4,(3,Urom,the,
SmïRW,strain.,we,obtained,the,following,results–,Ve,’,°3°,
8 °/,allelic,richness,’,63°,8 °.,and,UOS,’,not,determined,
F,table,4,a(3,This,indicates,that,SmïRW,displays,no,genetic,
diversity,based,on,the,microsatellite,markers,tested,herein3,
Uor,the,SmïRWRLW,and,the,SmVWN,stains.,we,observed,
some,genetic,differentiation,with,an,expected,Ve,of,6°36B,
and,B3kj,and,an,allelic,richness,of,B3x4,and,434D.,respecR
tively3,The,UOS,were,°3°x4,and,°3°BE,for,these,two,strains3,
Nei,genetic,distance,between,SmïRW,and,SmïRWRLW,was,
equal,to,°3E::,and,between,SmïRW,and,SmVWN,to,°3kjB,
F,table,4,b(3,This,result,demonstrates,that,the,SmïRW,strain,
is,genetically,closer,to,SmïRWRLW,than,SmVWN3

=enotyping, of, S.D rodhaini was, not, realized, because,
microsatellite,markers,were,not,available,for,this,species3,
We,were,not,able, to,use, the,S.Dmansoni microsatellites,
because, no, crossRamplification, occurred, between, S.D
mansoniDand,S.Drodhaini3,Vowever.,as,S.Drodhaini is,a,difR
ferent, species,of, the,genus,Schistosoma.,we,considered,
this, strain, as, the, more, genetically, distant, from, the,
SmïRW,strain3

ImmuneDPrimingDinDDifferentDHost/ParasiteD
Combinations:DHostDEffectD
To,test,whether,the,B.Dglabrata host,strain,had,an,inR

fluence,on,immune,priming.,we,used,two,combinations,

Table 2. =,enetic,information,for,Schistosoma strains

a Summary,of,genetic,information,for,Schistosoma strains

SmïRW SmïRWRLW SmVWN Srod

Wxpected,heterozygosity ° 6°36B B3kj NM
Observed,heterozygosity ° D3jj B3:6 NM
Number,of,alleles 6 x3°x 43jj NM
8llelic,richness 6 B3x4 434D NM
Onbreeding,coefficient NM °3°x4 °3°BE NM

b Nei’s,genetic,distances

SmïRWRLW SmVWN Srod

SmïRW °3E:: °3kjB NM
SmïRWRLW °3B:E NM
SmVWN NM

NM,’,Not,determined3

JONj:BD°D i dd B °: °6 4°6j 64 jB 64



PortelaEEF7uvalEEFRognonEEFGalinierEEF
koissierEEFNoustauEEFMittaEEFThéronEEFGourbalE

JEInnateEImmun;

involvingEkgGUjEorEkgkR‘EsnailsEinfectedEbyEhomolo1
gousEprimaryFsecondaryEinfectionEasEfollows4EkgGUjE(E
SmkR‘E(ESmkR‘EorEkgkR‘E(ESmkR‘E(ESmkR‘E:Efig)E8E+)

E9orEkgGUjEsnails.EtheEprevalenceEdecreasedEfromE3,-E
forEunprimedEsnailsEtoE,-EforEprimedEsnailsE:9isher’sEex1
actEtest4EpE! ,),,,85Efig)E8Ea+)E9orEkgkR‘Esnails.EtheEpreva1
lenceEdecreasedEfromE8,,-EforEunprimedEsnailsEtoE,-EinE
primedE snailsE :Efig)E 8Eb+E :9isher’sE exactE test4E pE ! ,),,,8+)E
PrimaryE infectionsEwithESmkR‘EfullyEandEequallyEpro1
tectedE againstE homologousE secondaryE infectionE byE
SmkR‘EwhateverEtheEhostEstrainE:Efig)E8Ea.Eb+)ETheseEresultsE
showEthatEtheEimmuneEprimingEresponseEdoesEnotEdependE
onEtheEsnailEhostEstrain)

Intramolluskal Development of S)EmansoniE
InEorderEtoEinvestigateEtheEputativeEroleEofEparasiteEde1

velopmentEandEmigrationEeventsEinEtheEprotectionEagainstE
secondaryE infectionEobservedE inEB. glabrata.EweEusedEaE
histologicalEapproachEtoEfollowEtheEinfectionEofEB. glabra-
ta byES. mansoni)EjfterEmiracidialEpenetration.ESpIsEde1
velopedE inE theE snailE headFfoot)E jtE %E 7PI.E weE observedE
growingESpIsEcontainingEdividingEgerminalEcellsEthatEdif1
ferentiated.EmaturatedEandEdevelopedEintoESpIIsE:Efig)E0Ej+)E
jtE8’E7PI.EtheESpIsEwereEfullEofESpIIs.EsomeEofEwhichEhadE
leftEtheESpIsEtoEmigrateEthroughEtheEhostEtissuesEtowardE
theEgenitalEglandsE:Efig)E0Ek+)ESpIIsEbeganEmigratingEatEap1
proximatelyE8,E7PIE:Efig)E0E7+.EandEtheEfirstESpIIsEreachedE
theEinterfaceEbetweenEtheEdigestiveEandEgenitalEglandsEatE
8’E7PIE:Efig)E0E9.EG+)ETheEmigrationEofESpIIsEwasEveryEabun1
dantEatE0,E7PIE:Efig)E0E‘+.EbutEitEwasEcompleteEbyE0xE7PI)EjtE
thisEpoint.E theESpIsEwereEdegeneratingE inE theE snailE footE

tissueE:Efig)E0EN+.EandEtheEdigestiveFgenitalEglandsEwereEfullE
ofESpIIs.EsomeEofEwhichEcontainedEdevelopingEcercariaeE
:theEvertebrateEinfectingEstageEofEtheEparasite5Efig)E0EH.EI+)E
jtE %xE 7PI.E theE SpIIsE wereE fullE ofE cercariaeE :Efig)E 0EJ.E K+.E
whichEwereEreadyEtoEescapeEandEmigrateEtoEtheEsnailEman1
tleEandEtheEwaterEenvironmentEbeyondE:Efig)E0EL+)

Priming in Snails Infected with Irradiated Miracidia 
ToE evaluateE whetherE primingE requiresE theE develop1

mentEandEmigrationEofES. mansoni inEsnailEtissues.EB. gla-
brata wereEprimaryEinfectedEbyEUV1irradiatedEmiracidiaE
andEsecondarilyE infectedEatE0xE7PIEwithEnonirradiatedE
miracidia)EUV1irradiatedEmiracidiaEcouldEpenetrateEintoE
theEsnails.EbutESpIsEdidEnotEgrow.EparasiticEdevelopmentE
wasEinterruptedEandEtheEmigrationEofESpIIsEdidEnotEoccurE
:dataEnotEshown+)EWhenEweEexaminedEprotectionEagainstE
secondaryEinfectionEamongEsnailsEsubjectedEtoEprimaryE
infectionE withE irradiatedE miracidia.E weE foundE thatE noE
protectionEoccurredE:Efig)E%Ea+)ETheEprevalenceEisEsimilarEtoE
unprimedEsnailsE:Efig)E%Ea+)EPrimaryEinfectionEwithEnonir1
radiatedEmiracidiaEprovidesEtotalEprotectionEagainstEsec1
ondaryEinfectionE:9isher’sEexactEtest4EpE! ,),,,8+)ETheEin1
fectivityE ofE irradiatedE miracidiaE wasE verifiedE usingE aE
PNR1basedEdiagnosticEmethodEthatEweEdevelopedEusingE
aEspecificEmarkerEofEtheES. mansoni genomeE:Smjlpha1
9emEgene5EGenkankEaccessionENo)EU80’’0)8+)EThisEassayE
revealedEthatEsixEofEtheEsevenEindividualsEexposedEtoEir1
radiatedEmiracidiaEhadEbeenEinfectedE:Efig)E%Eb+)EThisErep1
resentsE aE prevalenceE ofE 3q);-.E whichE isE similarE toE thatE
observedEforEhealthyEmiracidiaE:seeEcontrolsEinEtheEpres1
entEstudy+)
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Fig. 1. ReinfectionEratesEofEkgGUjEandEkgkR‘EprimaryEinfectedEwithE8,EmiracidiaESmkR‘E:Ea+EandEreexposedE
toE8,EmiracidiaEofEtheEhomologousEstrainESmkR‘E:Eb+)E‘Unprimed’EcorrespondsEtoEsnailsEthatEwereEnotEprimaryE
infectedEandEexposedEsolelyEtoEtheEsecondaryEinfection)E
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Priming in Snails Subjected to Tissue Injuries 
Duringvmiracidialvpenetrationvandv thevmigrationvofv

SpIIsvthroughvthevsnailvtissues0vlesionsvandvassociatedvink
flammatoryvprocessesvmayvoccurvandvcouldvpotentiallyv
bevresponsiblevforvthevobservedvpriming3vTovtestvthevputak
tivevinvolvementvofvtissuevlesionsvinvpriming0vwevsubjectk

edvsnailsvtovexperimentalvtissuevinjuriesvatvdifferentvtimesv
beforevinfection3vHowever0vfollowingvneedlekinducedvtisk
suevinjuriesv4vfig3v=va)vorvbiolisticvparticlekinducedvtissuevink
juriesv4vfig3v=vb)0vwevfailedvtovobservevsignificantvprotectionv
againstv infectionsv byv S. mansoni realizedv Fv orv /Ov daysv
DPTI3

Fig. 2. S. mansoni intramolluskalkstagevdevelopmentvinvthevinterk
mediatevsnailvhost0vB. glabrata3vA SpIsvatvAvDPIvinvthevsnailvfoot3
vB SpIsvfullvofvSpIIsvatv/=vDPIvinvthevfoot3vC SpIsvdegeneratingvat
CFvDPIvinvthevfoot3vD OnevSpIIvmigratingvinvthevsnailvkidneyvatv/Ov
DPI3vE ThevkidneyvfullvofvmigratingvSpIIsvatvCOvDPI3vF Thevfirstv
SpIIv4blackvarrowhead)vobservedvatvthevdigestive2genitalvglandvink
terfacevatv/=vDPI3vG Highervmagnificationvofvthevadjacentvimage3

vH ThevdigestivevandvgenitalvglandvfullvofvSpIIsvatvCFvDPI0vshowingv
somevdevelopingvcercariae3vI Highervmagnificationvofvthevadjacentv
image3vJ SpIIsvfullvofvcercariaevinvthevdigestivevandvgenitalvglandsv
atvAFvDPI3vK Highervmagnificationvofvthevadjacentvimage3vL Cerk
cariaevinvthevsnailvmantlevatvAFvDPI3vAllvscalevbarsvarevindicated3v
fv=vFoot;vmv=vmantle;vkv=vkidney;vhv=vheart;viv=vintestine;vstv=vstomk
ach;vagv=valbumenvgland;vdgv=vdigestivevgland;vggv=vgenitalvgland3v
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Priming in Vaccinated Snails 
Considering, primingO, two, alternative, hypotheses,

could,be,formulated,to,explain,the,observed,phenomej
non1,Priming,could,be,due,to,either,an,immune,response,
of,the,host,or,an,antagonistic,interaction,between,paraj

sites1,The,distinction,between,these,alternatives,would,be,
a, true, challenge, in, this, model1, ThusO, we, developed, an,
experimental, vaccination, approach, as, a, tool, to, answer,
this, question, q,fig1, A,(1, One, group, of, snails, was, injected,
with,0, g,of,whole,miracidium,extracts,from,SmBRE,in,
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Fig. 4. Infection,rates,of,BgBRE,snails,infected,with,0E,miracidia,of,SmBRE,at,A,or,0E,days,DPTI1,‘Uninjured’,corresponds,to,healthy,
snails,that,did,not,receive,tissue,injuries1,a Results,from,snails,subjected,to,needlejinduced,tissue,injuries1,b Results,from,snails,subj
jected,to,biolistic,particlejinduced,tissue,injuries1,

Fig. 3. a Infection, rates, of, BgBRE, snails, subjected, to, primary
infection, with, 0E, irradiated, or, nonirradiated, SmBRE, miracidj
iaO, and, then, secondarily, infected, with, 0E, SmBRE, miracidia1,
‘Unprimed’,corresponds,to,snails,that,were,not,primarily,infected,
and,exposed,solely,to,the,secondary,infection1,b Detection,of,irj
radiate,SmBRE,miracidia,in,infected,snails,using,diagnostic,PCR,
amplification,of,the,S. mansoni-specific,SmAlphaFem,gene,qGenj
Bank,accession,No1,U0‘’’‘10(,using,primer,pairs,SmAlphaFem0,
q‘kE,bp(,and,SmAlphaFem‘,q0‘E,bp(1,C,p,! E1EA1,
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TBS5TsjSmBREsextractsw6sïsscontrols0sassecondsgroupsre5
ceivedsansinjectionsofsTBS5TsalonesjTBS5Twsandsasthirds
groupsdidsnotsreceivesanystreatmentsjcontrolw6sThespreva5
lencesforsthesTBS5Tsgroupswass22,sandsdidsnotsdifferssig5
nificantlysfromsthesprevalencesofsthescontrolsgroup0swhichs

wass1F,sjsfig6sVsw6sInsthesSmBREsextractssgroupsthespreva5
lences decreaseds significantlys tos U4,s compareds tos thes
controlsandsTBS5TsgroupssjFisher’ssexactstest3sps! F6FVw6s
Thissexperimentsinvalidatedsthesparasitesantagonisticsin5
teractionshypothesis6sIndeed0swhensinfectionssweresmades
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Table 3. Nsumbersofssnailssinfectedsorsnotsandsprevalencesvaluess

a FollowingsSmBREsprimarysinfection

SmBRE SmBRE5LE SmVEN Srod

Unprimed
Infected bV :2 ’2 :U
Uninfected F F : 1
Prevalence0s, ’FF ’FF 1F 4b6N

Primed
Infected F b ’: 2
Uninfected b’ N: :1 ’’
Prevalence0s, F ’’6’ :16N b:6’

psvalue MF6FFF’ MF6FFF’ MF6FFF’ F6FN4

b FollowingsSmBRE5LEsprimarysinfection

SmBRE SmBRE5LE SmVEN Srod

Unprimed
Infected b’ :’ N1 NV
Uninfected N 1 b ’V
Prevalence0s, 1N6: 4F 1F64 4F

Primed
Infected ’F 1 ’V :V
Uninfected :F :V ’N N
Prevalence0s, NN6N :U6V VN6U 216N

psvalue MF6FFF’ F6FF’ F6FFFV F6F1

psvalues3sFisher’ssexactstestsswerescalculatedsforseachsconditions
comparingsunprimedsandsprimedsvalues6

Table 4. Mseansintensitysvaluess

a FollowingsSmBREsprimarysinfection

SmBRE SmBRE5LE SmVEN Srod

Unprimed N6V2 b6V ’621 :
Primed ND ’6:V ’6’4 ’6U:
Mann5Whitney

n’ b’ :2 ’2 :U
n: F b ’: 2
U ND b U: 2’6V

psvalue ND F6FFN F6F:U F6NN’

b FollowingsSmBRE5LEsprimarysinfection

SmBRE SmBRE5LE SmVEN Srod

Unprimed :6NU :6’b :6bU ’62V
Primed ’ ’6N ’6:V :6F2
MannsWhitney

n’ b’ :’ N1 NV
n: ’F 1 ’V :V
U VV ’NF6V ’4N N146V

psvalue MF6FF’ F6F4 F6F’U F6V’1

NsDsDsNotsdetermineds–sforsprimedssnailssinsSmBREshomolo5
gouss challenges conditions nos infecteds snailss coulds bes observeds
thussintensitysandsMann5WhitneysUstestsscouldsnotsbescalculated6

sFig. 5. ExperimentalsvaccinationsofsB. gla-
brata withs SmBREs miracidiums extracts6s
Prevalencesofsnaïvessnailssjcontrolw0ssnailss
injecteds withs :Fs ls ofs TBS5Ts ands snailss
vaccinatedswiths’s gsofsSmBREsmiracidi5
umsextractssins:Fs lsofsTBS5T6sSnailssweres
treateds’Vsdayssbeforesthesexposurestos’Fs
miracidiasofsSmBRE6snsDsNumbersofssnailss
usedsinseachsgroup6s*sps! F6FV6s
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Whenccomparingcthecprevalencecforcallcthecsecondarycink
fectionsctestedcweccouldcobservecthatcprevalencecincprimedc
snailsc increasedcfromc8-cforcSm’REctoc6;(3-cforcSrodc
secondarycinfections(cTheclinkcbetweencthiscincreasecofc
prevalencecandcgeneticcdistancecwasctestedcusingcac ; forc
trendscthatcarechighlycsignificantcSc ; forctrendcjc37()765c
d(f(cjc35cpc! 8(8883E(cProtectionclevelscwereccalculatedcascac
ratiocbetweencprevalencecvaluescofcprimedcandccontrolsc
snailscScfig(cLcaE(cInctheccasecofchomologousccombinationsc
SSm’RE=Sm’REEcthecprotectionclevelcwasc388-(cIncthec
casecofcheterologousccombinationscprotectionclevelscwerec
7V-cforcSm’REkLEcSsamecspecies.csameccountry.cdifferk
entc strainE.c L,-c forc SmVENc Ssamec species.c differentc
country.cdifferentcstrainE.candc6)-cforcSrodcSdifferentcspek
ciesE(c Concerningc intensityc values.c forc thec homologousc
combinationcSSm’RE=Sm’REEcnocreinfectioncoccurredc

39cdayscaftercSm’recextractcinjection.cweccouldcsupposec
thatcallcthecparasitecproteinscinjectedchadcbeencubiquitik
natedcandcaddressedctocthecproteasomectocbecdestroyedc
andcrecycled(cThuscacdirectcparasitecantagonismccouldcnotc
becconsideredcandcthechostcimmunecresponsechypothesisc
appearedctocbecmorecrelevant(

Specific Genotype-Dependent Immune Priming 
Primaryc infectionc ofc ’g’REc snailsc wasc donec withc

Sm’REcScfig(cLcaEcorcSm’REkLEcScfig(cLcbEcandcsnailscwerec
secondarycinfectedcwithc6cdifferentcSchistosomesNcSm’RE.c
Sm’REkLE.cSmVENcandcSrod(

cForcSm’REcprimarycinfectioncScfig(cLcaEcthecprevalencec
valuesc forcallc thecsecondaryc infectionsc testedcdecreasedc
significantlyc comparedc toc unprimedc snailsc Sctablec )caE(c
Thus.c immunec primingc isc efficientc forc eachc condition(c
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Fig. 6. Specificc genotypekdependentc imk
munecprimingcincB. glabrata snails(cEffectc
ofc ac primaryc infectionc withc Sm’REc onc
prevalencecScaEcandcintensitycScbEcaftercseck
ondaryc infectionsc withc differentc Schisto-
soma strains(cNDcjcNotcdeterminedc–cnoc
intensitycrateccouldcbeccalculatedcbecausec
therecwascnocsnailcinfected(cc Nei’scgeneticc
distancescbetweencthecstraincusedcforcthec
primarycinfectioncandcthecstraincusedcforc
thec secondaryc infectionsc Sctablec ;cbE5c Nei’sc
distancec couldc notc bec calculatedc becausec
microsatellitecmarkerscforcS. rodhaini werec
notcavailable. 
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vprotection)NVVb=) figR)–)awT)hence) intensity)could)not)be)
calculated)v)table)2)awR)For)heterologous)combinations)inB
tensity)levels)were)calculated)as)described)in)the)Material)
and)Methods)sectionR)We)could)observe)that)intensity)deB
ceased) in) primed) snails) compared) to) unprimed) snailsR)
This) decrease) was) significant) for) secondary) infection)
with)SmBRET)SmBREBLE)and)SmVEN)v)table)2)awR)InvestiB
gating)the)link)between)intensity)and)genetic)distanceT)we)
observed)that)intensity)levels)increased)regularly)with)the)
genetic)distance)v)figR)–)bT)cw9)k3b)for)SmBREBLE)secondB
ary) infection) vsame) speciesT) same) countryT) different)
strainwT)–kb)with)SmVEN)vsame)speciesT)different)counB
tryT)different)strainw)and)3Nb)with)Srod)vdifferent)specieswR

)For)SmBREBLE)primary)infection)v)figR)–)d–fw)the)prevB
alence)values)for)all)the)secondary)infections)tested)deB
creased) significantly) compared) to) unprimed) snails) exB

cept) for) Srod) secondary) infection) for) which) the) prevaB
lence)was)not)affected)by)SmBREBLE)primary)infection)
v)table):)bwR)When)comparing)the)prevalence)for)all)the)secB
ondary) infections) tested) we) could) observe) that) prevaB
lence)in)primed)snails)increased)from)k–R8b)for)SmVEN)
to)35R:b)for)SrodR)The)link)between)this)increase)of)prevB
alence) and) genetic) distance) was) tested) using) a) k for)
trends)that)are)significant)v) k for)trend)’)3R8k=)dRfR)’)N=
p)’)VRVV:8wR)Protection) levels)were)calculated)as)a)ratio)
between)prevalence)values)of)primed)and)controls)snails)
v)figR) –)dwR) In) the) case) of) homologous) combinations)
vSmBREBLEESmBREBLEw)the)protection)level)was)of)–2bR)
In)the)case)of)heterologous)combinations)protection)levB
els)were)–kb)for)SmVEN)vsame)speciesT)different)countryT)
different) strainwT) 2Nb) for) SmBRE) vsame) speciesT) same)
countryT)different)strainw)and)Vb)with)Srod)vdifferent)speB
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Fig. 6. Effect)of)a)primary) infection)with)
SmBREBLE)on)prevalence)v)dw)and)intensiB
ty)v)ew)after)secondary)infections)with)difB
ferent)Schistosoma strainsR)f Nei’s)genetic)
distances)between)the)strain)used)for)the)
primary)infection)and)the)strain)used)for)
the) secondary) infections) v)table) k)bw=) Nei’s)
distance) could) not) be) calculated) because)
microsatellite)markers)for)S. rodhaini were)
not)available).
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ciesEk)The)intensity)decreased)in)primed)snails)compared)
to) unprimed) snails) except) for) the) secondary) infection)
with) Srod) for) which) the) intensity) was) not) affected) by)
Sm7RO4LO)primary)infection)S)table)N)bEk)This)decrease)is)
significant)for)secondary)infection)with)Sm7RO4LO)and)
Sm7RO)S)table)N)aEk)9nvestigating)the)link)between)inten4
sity)and)genetic)distance()we)observed)that)intensity)levels)
increased)regularly)with)genetic)distance)S)figk)0)e()fEW)N%x)
for)Sm7RO4LO)secondary)infection)Shomologous)combi4
nationE()0%x)for)SmVON)Ssame)species()different)country()
different) strainE() 05x) for) Sm7RO) Ssame) species() same)
country()different)strainE)and):66x)with)Srod)Sdifferent)
speciesEk

)These)results)confirmed)that)immune)priming)affects)
prevalence)and)intensity()ikek)the)number)of)Sp9s)that)pen4
etrated)and)developed)in)snail)tissues)decreased)in)primed)
snails)compared)to)unprimed)snailsk)jowever()whatever)
the) strain) used) for) the) primary) infection) SSm7RO) or)
Sm7RO4LOE() protection) levels) decreased) and) intensity)
levels)increased)with)the)increase)of)the)Nei)genetic)dis4
tance)between)primary)and)secondary)infections)S)figk)0)a()
bEk)9mmune)priming)appeared)to)be) less)efficient)when)
genetic) distance) increasedk) These) results) concerning)
prevalence)and)intensity)indicate)that)priming)in)B. gla-
brata is)highly)specific()and)seems)to)be)genotype4depen4
dentk

Discussion 

[) better) understanding) of) Lophotrochozoan) innate)
immunity()which)remains)poorly)investigated()appears)to)
be)crucial)to)bridge)the)gap)between)Feuterostoma)and)
Ocdysozoa)immunity)and)will)help)achieve)a)better)un4
derstanding)of)the)diversity)and)evolution)of)innate)im4
mune)processesk)9n)this)study()we)investigated)the)occur4
rence()the)origin)and)the)specificity)of)immune)priming)
among)fresh4water)snails)B. glabrata exposed)to)trema4
tode)pathogens)of)the)genus)Schistosomak)The)existence)
of) efficient) immune) priming) was) confirmed) using) ho4
mologous)primo,secondary)infections)in)different)B. gla-
brata strainsk)When)homologous)primo,secondary)infec4
tions)were)performed)no)secondary)infections)were)ob4
served()regardless)of)whether)it)was)the)host)strain)S)figk):)Ek)
[fter)a)primary)infection)of)7g–U[)or)7g7RO)snails()the)
mollusks) were) totally) protected) from) secondary) infec4
tionk

)We)were)able)to)confirm)the)occurrence)of) immune)
priming)in)our)modelU)however()the)characterization)of)
immune) priming) in) an) invertebrate) animal) model) re4

quires)consideration)regarding)the)timing)of)this)process)
Sikek)when)priming)first)appears)after)infection)and)how)
long)it)is)maintained)thereafterEk)The)first)study)reporting)
the)discovery)of)this)process)in)B. glabrata showed)that)
7g7RO)snails)developed)a)time4dependent)‘acquired)re4
sistance’) starting) V) FP9) [NH]k) The) success) of) secondary)
infection)decreased)from)V)to)H)FP9()the)snails)became)
totally)protected)against)secondary)infections)between)H)
and):N)days()and)they)remained)protected)until)the)end)
of)the)snail’s)life)[NH]k

)To)further)investigate)the)cause)of)this)partial)protec4
tion)against)secondary)infection)within)the)first)H)days)
following) primary) infection() and) the) total) protection)
against)secondary)infections)occurring)between)H)and):N)
FP9()we)examined)the)intramolluskal)development)of)the)
parasite)S)figk)%)Ek)The)histological)approach)conducted)in)
the)present)paper)showed)that)Sp9s)grew)and)developed)
in)snail)tissues)to)produce)Sp99s)during)the)first):N)FP9)
S)figk)%)[()7EU)the)migration)of)Sp99s)through)host)tissues)
started)at):6)FP9)S)figk)%)FE)and)the)first)Sp99s)reached)the)
digestive,genital) gland) interface) at) :N) FP9) S)figk) %)8() –Ek)
8urthermore()the)growth)of)Sp9s)and)the)development)of
Sp99s()which)occurred)during)the)first)H)FP9()were)corre4
lated)with)the)decreased)success)of)secondary)infection()
while)the)start)of)Sp99)migration)S:6)FP9E)was)concomi4
tant)with)the)acquisition)of)complete)protection)against)
secondary)infectionsk)These)observations)suggest)that)the)
dynamics)of)parasitic)development)are)linked)to)the)ac4
quisition)of)protectionk)9n)this)context()we)can)hypothe4
size)that)the)tissue)damage)induced)by)the)parasite)during)
miracidial)penetration)and)Sp99)migration)could)activate)
the)snail) inflammatory)and)immune)processes)respon4
sible)for)the)observed)immune)primingk)9n)order)to)test)
the)impact)of)miracidial)penetration)on)immune)prim4
ing()we)used)UV4irradiated)miracidia)that)were)capable)
of)infecting)the)host)snails()but)did)not)show)subsequent)
development)Sno)growth()no)Sp99)differentiation)or)mi4
grationEk)Under)these)irradiated)conditions()no)resistance)
was)observed)S)figk)V)aEk)This)result)is)in)agreement)with)a)
previous)study)showing)that) immune)stimulation)of)B. 
glabrata with)irradiated)miracidia)did)not)induce)protec4
tion)[0V]k)One)hypothesis)could)be)that)tissue)lesions)re4
sulting)from)the)growth)and)development)of)Sp9s,Sp99s)
and,or)the)migration)of)Sp99s)could)trigger)a)nonspecific)
acquired) protectionU) this) phenomenon) was) previously)
described)for)different)invertebrate)species)where)wound4
ing)was)found)to)induce)nonspecific)immune)responses)
that)prevented)opportunistic)infections)[VA–N6]k)We)test4
ed)this)hypothesis)by)submitting)snails)to)simple)needle4)
or)biolistic)particle4induced)tissue)injuries)S)figk)N)E)without)
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anydspecificdantigenicdstimulationdpriord tod infection(dasd
previouslydexamineddindinsectsd[5j]BdNodsignificantdpro)
tectiondagainstdparasiticdinfectiondwasdobserved(dshowingd
thatdlesion)induceddimmunedstimulationdwasdnotdrespon)
sibledfordthedobserveddprotectiondagainstdS. mansoniB

ThesedresultsdsupporteddthedviewdthatdSpIqSpIIdgrowthd
andddevelopmentdindsnaildtissuesdresulteddindthedstimula)
tiondofdsnaildimmunitydthatdwasdprobablydthedcausedofdthed
immunedprimingdresponseddevelopeddagainstdsecondaryd
infectionsBdHowever(dandalternativedhypothesisdhasdtodbed
consideredBdThedprimingdeffectddisappeareddwhendirra)
diateddparasitesdwereduseddfordprimarydinfectiondbdfigBd’dTBd
Baseddondthisdobservationdthedacquireddprotectiondagainstd
secondaryd infectionsd observedd couldd bed interpretedd asd
kin)mediateddcompetitiondamongdparasitesd[7(dj8] ratherd
thandasdthedresultdofdthedhostdimmunedprimingdresponseBd
Indeed(dafterdthedprimarydinfection(dthedparasitedS. man-
soni remaineddindthedhost’sdtissuesdthroughoutdthedsnail’sd
lifeBdSiredetdalBd[j8] havedthusdsuggesteddthatdthedfailuredofd
secondaryd infectiond couldd welld bed dued tod intraspecificd
larvaldantagonismBdHowever(dthisdisdadsubjectdofdcontro)
versy(dasdsomedauthorsdexpecteddadhigherdcompetitiondbe)
tweend mored closelyd relatedd parasitesd thatd used similar
resourcesd[’](dwhiledothersdhypothesizeddthatdkindcoop)
erationd shouldd facilitated ratherd thand reduced secondaryd
infectiondratesd[7’]BdMoreover(ditdwasdrecentlydshowndthatd
coinfectionsdcoulddenhancedcertaindparasitedlifedhistoryd
traitsdbreproduction(dgrowth(detcBTd[5M] ordincreasedpara)
sitedprevalenced[55] indicatingdnodevidencedfordregulatoryd
processesdordlarvaldantagonismd[jA]BdAxenicdcultivationd
studiesdperformeddondseveraldtrematodedspecies(dinclud)
ingdS. mansoni(ddiddnotdshowdanydevidencedfordaddirectd
antagonisticdeffectdindvitrod[58]BdFinally(dweddevelopeddre)
centlydadglobaldbi)dimensionaldproteomicdapproachdcon)
ducteddondprimeddsnaildplasmadfollowingdS. mansoni in)
fectiondbdatadnotdshownTBdThisdapproachddiddnotdidentifyd
anydcirculatingdparasitedmoleculesdindthesedplasmas(dan)
otherdcluedfordthedabsencedofdaddirectdlarvaldantagonismd
indthisdmodelB

However(d alld thesed assumptionsd constitutedd indirectd
argumentsBd Tod bed fullyd convincedd ofd thed existenced of
efficientd immuned primingd ind thed B. glabrata/Schistoso)
ma sppBdmodel(dweddevelopeddadvaccinationdexperimentd
bdfigBd MdTBd Wed showedd thatd vaccinationd withd miracidiumd
proteindextractsdsignificantlydreducedprevalencedbdfigBdMdT(d
resultingdindadpartialdprotectiondagainstdsecondarydinfec)
tionBdThisdpartialdprotectiondcoulddnotdbedrelateddtodaddi)
rectd larvald antagonismd butd supportsd thed viewd thatd SpIq
SpIIdgrowthdandddevelopmentdweredimportantdstepsdto)
warddthedacquisitiondofdadtotaldimmunedprimingdresponseB

dThedfactdthatdimmunedstimulationdalongdthedparasited
developmentd fromd miracidiumd penetrationd tod SpIId mi)
grationd appearedd tod bed essentiald tod thed acquisitiond ofd ad
totald immunedprimingdresponsedbadpartialdprotectiond isd
obtaineddwithdmiracidiumdproteinsTdasksdthedquestiondofd
thedspecificitydofdimmunedprimingdresponsedindB. glabra-
taBdMostdofdthedmodelsduseddfordstudyingdimmunedprim)
ingdindinvertebratesdweredconducteddfordarthropodsdbin)
sectsd[7(d7j(d78–7F] ordcrustaceansd[j(d72(d’k(d’2]Tdinfectedd
bydbacteria(dyeastdordvirusBdFordeukaryotedhosts(ditdcouldd
bedeasydwithdadlimiteddsetdofdpatterndrecognitiondreceptorsd
toddiscriminatedordrecognizedlipopolysaccharides(dpepti)
doglycansdord )glucans(dsomedverydspecificdpathogen)as)
sociateddmoleculardpatternsdofdmicro)organismsdanddre)
sponddtodthemdefficientlyBdThisdwasdperfectlydillustratedd
fordDrosophiladimmunedprimingdresponsedfordwhichdre)
sponsedtodfungaldanddbacterialdinfectiondoccurreddthroughd
twoddistinctdsignalingdcascades(dwhichdaredknowndasdthed
Tolld andd immuneddeficiencydpathways(d respectivelyd [F]Bd
Thesedactivationsdresulteddindseparateddintracellulardsig)
nalingdcascadesdinducingdthedsynthesisdofdsevendfamiliesd
ofdantimicrobialdpeptidesdthatdwereddirecteddagainstdfun)
gi(dGram)positivedordGram)negativedbacteriadanddprotectd
thed flyd againstd subsequentd infectionsd mored ord lessd spe)
cificallyd[F(d78]B

dIndthedB. glabrata/Schistosoma sppBdmodeldbothdpart)
nersdaredmetazoandeukaryotesdbelongingdtodthedLophotro)
chozoandgroupdandd thisdphylogeneticdproximityd isdpar)
ticularlyd interestingd whend studyingd thed mechanisms
involvedd ind thed specificityd ofd immuned primingBd Hered ad
higherdleveldofdspecificitydisdexpecteddbecausedofdthedpo)
tentiald moleculard proximityd betweend hostd andd parasited
antigensBdThedmechanismsdinvolveddindhostdimmunedrec)
ognitiondweredexpecteddtodbedsophisticateddtoddiscrimi)
natedbetweendself)danddnonself)eukaryotedcellsdanddavoidd
autoimmunityB

Whendstudyingdimmunedprimingdspecificitydindinver)
tebratedsystems(dcaredisdneededdtodensuredthatdthedspeci)
ficitydofdthedputativedchangesdindimmunedreactivitydisdful)
lydaddresseddbydsecondarydchallengedwithdadwidedrangedofd
relateddanddunrelateddpathogensdordparasitesBdTheddiffer)
entdgeographicdisolatesdordspeciesdofdparasitesdmaintainedd
ind ourd laboratoryd wered usedd tod showd ad highd degreed ofd
specificityd usingd homologousd andd heterologousd chal)
lengesd bdfigBd 5d(d tabled 7dTBd Thed protectiond decreasedd from
homologousd tod heterologousd conditionsd alongsided the
geneticddistancedbetweendparasitesduseddfordprimarydin)
fectionsdanddchallengesdbdifferentdgeographicdisolatesdord
differentdspeciesdofdparasitesdweredused–dfigBd5dTBdParasited
intensitydalsodgivesdthedsamedinterestingdresultsBdIndeed(d
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figure696showed6that6intensity6in6primed6snails6increases6
together6 with6 the6 genetic6 distancez6 This6 indicates6 that6
prior6exposure6to6genetically6closer6parasites6resulted6in6
fewer6parasites6that6penetrated6and6developed6in6the6host6
than6occurred6after6exposure6to6genetically6distant6parak
sitesz

This6result6is6interesting6because6it6shows6that6the6first6
stimulation6activated6immune6components6that6were6able6
to6discriminate6more6or6less6efficiently6between6the6parak
site6strain6used6for6the6primary6infection6and6for6the6chalk
lengez6 In6 this6 context)6 it6 is6 important6 to6 note6 that6 the6
strains6 used6 are6 genetically6 distinct6 -6table6 H6,z6 Immune6
priming6specificity6appeared6to6be6dependent6on6the6gek
netic6distance6between6the6parasite6used6for6the6primary6
infection6 and6 for6 the6 challenge6 and6 illustrated6 that6 the6
specificity6of6the6immune6priming6in6B. glabrata is6probk
ably6genotype6dependentz

6To6date)6to6our6knowledge)6only6one6paper6has6invesk
tigated6 immune6 priming6 specificity6 in6 a6 host[parasite6
metazoan6eukaryote6interactionz6In6that6paper)6evidence6
for6specific6immune6priming6has6been6uncovered6in6the6
small6crustacean6copepod6Macrocyclops albidus infected6
with6 different6 strains6 of6 its6 natural6 tapeworm6 parasite)6
Schistocephalus solidus [HF]z6 The6 authors6 reported6 that6
prior6exposure6to6related6parasites6resulted6in6less6secondk
ary6infection6than6occurred6after6exposure6to6unrelated6
parasitesz6Here6also6the6authors6were6able6to6demonstrate6
a6genotypekdependent6 immune6priming6[HF]z6However)6
this6effect6was6studied6over6only6F6days6after6primary6ink
fection6and6the6specificity6observed6could6result6from6the6
primary6 response6 and6 not6 from6 immune6 priming6 or6
memoryz

6Collectively)6our6observations6demonstrate6the6specik
ficity6of6the6protection6processz6Letter6protection6against6
a6homologous6-vsz6heterologous,6secondary6infection6in6
immune6priming6-6figz6]6)696,6may6arise6via6processes6that6
involve6specific6immune6receptors6and[or6effectors6that6
are6mobilized6to6target6certain6subsets6of6S. mansoni gek
notypesz6Previous6reports6make6the6FREPs)6some6polyk
morphic6and6diversified6putative6immune6receptor6varik
ants)6 promising6 candidates6 for6 involvement6 in6 the6 imk
mune6 priming6 taking6 place6 in6 B. glabrata []7)6 EH)6 97]z6
FREPs6 are6 diversified6 recognition6 and[or6 effector6 prok
teins6involved6in6B. glabrata defense6against6parasitic6ink
fection6that6exhibit6functional6specialization6with6respect6
to6 the6 pathogen6 encountered6 [9N––H]z6 These6 molecules6
are6hemolymph6lectins6[–F] that6exhibited6a6remarkable6
degree6of6diversification6[]7]z6Finally)6their6crucial6role6in6
the6fate6of6infection6was6previously6demonstrated6using6
siRNUkmediated6 knockdown)6 which6 rendered6 approxik

mately6F3c6of6constitutively6resistant6adult6snails6suscepk
tible6to6Echinostoma paraensei [97]z

6Interestingly)6we6recently6showed6that6a6specific6set6of6
these6highly6variable6FREPs6from6B. glabrata forms6imk
mune6complexes6with6mucin6molecules6from6S. mansoni
-6S. mansoni polymorphic6mucins06SmPoMucs,)6which6are6
also6highly6polymorphic6and6 individually6variable6[]N]z6
This6 was6 the6 first6 evidence6 of6 an6 interaction6 between6
FREP)6one6of6the6putative6diversified6immune6receptors6
and6antigenic6variants6in6an6invertebrate6host[pathogen6
model6[]N]z6Each6S. mansoni individual6expresses6a6park
ticular6SmPoMuc6profile6[EE)6E8])6which6may6be6recogk
nized6by6a6specific6set6of6FREPs6produced6by6the6molluskz6
Consequently)6the6specific6sets6of6FREPs6produced6in6rek
sponse6to6the6parasitic6strains6or6genotypes6found6in6the6
primary6infection6may6form6the6basis6for6the6specific6imk
mune6priming6described6hereinz6The6snails6would6then6
be6protected6against6secondary6infection)6with6the6degree6
of6protection6depending6on6the6antigenic6similarities6bek
tween6 the6 strains6 used6 for6 the6 primary6 and6 secondary
infectionsz6Confirming6the6role6played6by6FREPs6in6this6
priming6process6deserves6further6functional6experiment6
using6siRNU6approachesz

6Until6now)6priming6observations6in6invertebrates6were6
mainly6 phenomenological6 and6 based6 on6 ecological6 or6
phenotypic6studies)6and6they6lacked6a6clear6understandk
ing6or6description6of6the6potential6underlying6molecular6
and[or6cellular6mechanismsz6The6exception6 to6 this6was6
the6enhanced6phagocytosis6described6in6two6prior6studies6
in6Porcellio scaber -Crustacea)6Isopoda,6and6A. gambiae
-Insecta)6Diptera,6[HE)6H7]z6The6international6community6
working6on6 invertebrate6 innate6 immunity6believes6 that6
observations6cannot6be6used6in6isolation6and6should6solek
ly6be6used6to6construct6hypotheses6but6such6hypotheses6
must6be6exhaustively6tested6and6backed6by6rigorous6funck
tional6 cellular)6 biochemical6 and6 molecular6 methods6 to6
eliminate6all6alternative6explanations6[F)6–E]z

6Thus)6 future6 studies6 should6 use6 genekdiscovery6 apk
proaches6-ezgz6global6comparative6proteomic6or6transcripk
tomic6studies,6to6identify6all6of6the6determinants6involved6
in6the6specific6immune6priming6of6the6Lophotrochozoan6
snail)6B. glabrata)6in6response6to6S. mansoni infectionsz6U6
better6understanding6of6the6immune6priming6response6of6
the6Lophotrochozoan6snails6could6help6us6decipher6the6
evolutionary6history6of6innate6immune6memory6or6imk
mune6priming6in6organisms6ranging6from6the6Ecdysozoa6
to6the6Deuterostomiaz
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