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Conclusions/Significance

This mixed methods approach showed complementary findings. Frequent water exposure
with few differences between boys and girls was mirrored by high reinfection rates and
genetic diversity in both genders. Disease control programmes should consider the high
reinfection rates among SAC in remaining hotspots of schistosomiasis and the various pur-
poses and settings in which children and adults are exposed to water.

Author summary

Globally,over230million peopleareinfectedwith schistosomiasisininfectiousdisease
causedy parasitichelminths.Humanscangetinfectedwhentheycontactwaterwhich
containsSchistosoma parasitesAlthoughthe diseaseanbetreatedwith adrug, people
getrapidly reinfectedn certainhigh-transmissiorsettingsDrug treatmentalonemaynot
besufficientto eliminatethis diseas@ndadditionalinterventionssuchashealthpromo-
tion or improvementsn waterandsanitationneedto bescaledup. To providerecom-
mendationgo thesecontrol programmeswve carriedout interdisciplinaryresearchn
EasternJgandato understandheinfluenceof genderon schistosomiasissk. We found
thatthe watercontactbehaviourof boysandgirlsis quite similar,andwedid not seedif-
ferencesn reinfectionor genetiadiversityof the parasitebetweerboysandgirls. Differ-
encesn watercontactbetweergenderss greaterin adults,andfurther researchs
requiredfor thesendividuals.In this setting,infectionratesarehigh in school-ageahil-
drenandthereareno differencedetweergendersTheseesultsemphasisémproved
control effortsfor all school-ageahildrenin communitieslike theseOur interdisciplin-
ary approachprovidedcomplementaryindings. Suchanintegratedapproachcanthere-
fore havemore powerto meaningfullyinform policy on schistosomiasisontrol.

Introduction

Globallymorethan230million peopleareinfectedwith schistosomiasigl] causingan esti-
matedl1.9million Disability-AdjustedLife YeargDALYS)[2]. Schistosomearasitesare
acquiredwhenhumanscontactfreshwatethat containsinfectivecercariaavhich activelypen-
etratethe skin. Thesecercariaalevelopgnto adultworms,pair off, andsexuallyreproduce.
Eggsarethenexcretedn humanfaece®r urine. Whentheyreachfreshwatetheyhatchinto
miracidiawhich penetratantermediatesnailhostswheretheyasexuallyeproduce Snailsghen
releasehousandof free-swimmingcercariadackinto thewater.The World HealthOrgani-
zation(WHO) recommendsnassdrug administration(MDA) with praziquantein endemic
areago preventmorbidity andreducetransmissiori3]. Thereis now apushto supplement
MDA with additionalinterventions,suchaswater,sanitationand hygieng(WASH) and health
promotion campaignsto improve outcomedor control in highly endemicareasandto help
movetowardseradicationin areasvhereMDA hasbeensuccessfy#]. Understandinghow
hostgendemayinfluencetherisk of schistosomiasisifectionsandreinfectionscouldenable
moretargetedntegratedcontrol efforts. Thisin turn couldincreaseeffectiveneswhile mini-
misingresourcesequired.

Schistosoma infection occursonly through contactwith infectiousfreshwaterTherefore,
understandinghe differentaspect®f watercontactis essentiafor understandingherisk of
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infectionand subsequentiseasé/Natercontactcanoccurthrougharangeof hostactivities
suchasduring householdasksactivitiesrelatedto hygiene pccupationahctivities(e.g.com-
mercialclotheswashingfishing) andleisurepursuits.It iswell establishedhat therearediffer-
encesn watercontactbehaviourdetweermenandwomen,andthis canbeinfluencedby
cultural,professionakndreligiousfactors[5]. For examplePearsori6] observedhatmen
andwomenin afishingvillagein north westerndgandacontactwaterfor differenttasksat
differenttimesof the dayandfor differentdurations.Becauseercariaemergencenostfre-
quentlyoccursatnoon[7, 8], understandinghe timesof daythat peoplecontactwateris
importantfor evaluatingisk in additionto durationandfrequencyA studyin Kenyahowever
showedhat participantsin focusgroupssaidno gendemwasat higherrisk, asmodernisation
meanghatwomenand mennow carryout moresimilar tasksn their community[9]. Limita-
tions of behaviouraktudiesarethat theyareoftena proxy for diseaseisk andtheydo not
directlymeasurenfectiousrisk of cercariaethereforeunderstandinghumanbehavioursnay
not besufficientfor understandingnfectionsand subsequendiseaseComplementingdata
on watercontactbehavioumwith parasitologicatlatacould contributeto understandingpossi-
ble outcome=f watercontact particularlyin respectso gender-specifipractices.

Genderhasbeenshown,in somesettingsto impactlikelihood of infection, ratesof reinfec-
tion, andthe genetiadiversityof schistosomethatindividual humansharbour.Praziquantel
treatmentclearsbetweerB0+95%f Schistosoma mansoni (main causeof intestinalschistoso-
miasis)adultwormsin anindividual [10] but treatmentdoesnot preventreinfection.Reinfec-
tion is aparticularchallengen areaswith high ratesof transmissionwhereparasitereservoirs
in snailvectorsanduntreatedhumanscanquickly reinfecttreatedindividuals[11]. A meta-
analysiof 32studieson Schistosoma spp.reinfectionfound that maleqchildrenand adults)
weremore oftenreinfectedbetweert and 12 monthsaftertreatmentwith praziquantethan
femalegpooledOR:1.45p = 0.04[12]). However two recentstudiedooking at reinfection
with S. mansoni in school-ageahildrenspecificallages+14years)jn endemicsettingsn
TanzaniaandBrazil,found no differencein reinfectionbetweerboysandgirlsat5,8[13], and
12months[11] aftertreatment.

Anotherwayin whichto assesmfectionrisk is to measurehe genetiadiversityof parasites
within hostg[14]. Higher genetiadiversitysuggestexposurego more,geneticallydifferent par-
asitesbthiscanoccurthroughmultiple exposureatthe sameocationor exposurescross
geographicallgifferentareasThis geneticdiversitycanbe confoundedby ahost'simmune
responsgl5], butit givesawindowinto anindividual host'slong-termexposureaswell as
their subsequentontribution to further transmissionSomestudieghatinvestigatedyenetic
diversityof S. mansoni parasitedy genderhavefound no differencesy hostgenderacross
wholepopulationg[16,17] or school-agedhildren[18]. However,astudythatexamineda
greatemumberof SACthan previousstudiesfound small,but significant,differencesn
genetiddiversityof parasitesvhenconsideringageandgenderof SACin MayugeDistrict,
Ugandad[19]. This suggestthat peopleof differentgendercanbeexposedo differentparasites
andthatdifferencesn immunity mayalterwithin-hostdiversityaschildrenage However,
thesestudieshavebeenfewandwarrantfurther investigationgiventhe differencesn epidemi-
ology,potentialrisk behavioursandresultsfrom studiesmeasuringyeneticdiversityof Schis-
tosoma haematobium finding highergenetiadiversityin maleSAC.Usingthesegenetic
methodsalongsidearasitologicalepidemiologicahnd anthropologicamethodsmayhelpto
elucidatethe complexaspectassociatedvith S. mansoni risk andinfection.

As previousresearclton the gender-specifiaspect®f schistosomiasis limited [20], we
aimedto gainadeepetunderstandingf genderdifferencesn exposureisk behavioursand
howthesamanifestsn schistosomepidemiologyusingamixed methodsapproachin Mayuge
District, EasterndgandaWHO hasidentified Ugandaasone of theten mosthighly endemic
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countriesfor schistosomiasig!]. In 2003 the nationalcontrol programmebegarto roll out
annualMDA in schoolsand movedto community-basedDA in 2007in high endemicdis-
tricts. While MDA hasbeeneffectivan someregions[21, 22],despiteoveradecadeof MDA,
S. mansoni prevalenceemainshighin MayugeDistrict at >80%for both gendersMany
school-agedhildren (SAC)arerapidly reinfectedpost-treatmen{23] andmeaninfection
intensitiesremainhighin this group[24].

We useethnographimbservationsahouseholdsurvey gpidemiologicasurveyand parasite
populationgeneticsn onecommunity comprisedof two villagesn MayugeDistrict, to assess
differencedy genderin watercontact reinfectionandparasitegeneticdiversity.

Methods
Study site

All field researctwasconductedn Bugoto,MayugeDistrict, Ugandawhich hasapproxi-
mately3,500inhabitants divided overtwo villagesBugotoA is adenselypopulatedvillagesit-
uatedon the shoresof LakeVictoria andthe majority of the adult populationarefisherfolkor
fishmongerg25]. BugotoB, to the north andinland of BugotoA, is lessdenselypopulated,
andmostinhabitantsarefarmers.Thereis ahealthclinic in BugotoA, servingbothvillages.
Themain languagespokenis Lusogaalanguagepokenacrosghe Busogaegionin the south
easibf Uganda.

Terminology

We will usetheterm “genderthroughoutthe discussiorof our methodsandresultsto describe
self-reporteddentity of studyparticipantsandacknowledgehe socioculturabspect®f expo-
sureandinfection,andlimit discussiorof our resultsto genderdifferencesDifferencedased
on biological sexareexplicitly discussedh theintroduction anddiscussiorandreflectthe
datapresentedn thosestudies.

Ethnographic observations

To comparewatercontactbehaviourbetweerdifferentrisk groups participantsfor the ethno-
graphicobservationsvereselectedrom alargercohort(n = 274),recruitedaspart of the
ongoingSCHISTO_PERSISdroject,comprisingSACwith anequalage/gendedistribution.
This cohortwasrecruitedin March2017at BugotolLakeView Primary Schoolthelargestpri-
mary schoolin the community situatedbetweerBugotoA and BugotoB. Samplesveretaken
from this cohortatfour time pointsin 2017 March, SeptemberQctoberand Decemberwith
treatmentadministeredafterthe Septembesamplecollection.Detectednfection with schisto-
someparasitesind meaninfection intensitieswererecordedat everytime point. In March
2018 eightchildrenwith no/verylow andeightchildrenwith high baselineandreinfection
intensitieswererecruitedfrom thelargercohortfor ethnographimbservationAn effortwas
madeto equallyrepresentgesgenderandvillageof residencexcroseachgroup usingunique
identifiers.

Ethnographiadatawerecollectedrom the 5" to 24" March 2018 coveringschooldays,
andthe 19" Septembeto 10" October2018 coveringnon-schooldays A localvillagehealth
teammemberwasrecruitedto carryout translationsbetweertheresearcheandthe commu-
nity. Observation®f individual childrenwereconductedrom 10.30an(beginningof first
schoolbreak for thefirst datacollectionperiod) or 9.00am(for the seconddatacollection
period)to approximately9.00pm.Theresearcheandtranslatorspentthe dayaccompanying
andobservinghechild in their daily activities(including all watercontactmoments)and
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participatingwherepossibleandappropriate Participationexcludechigh-risk activitiessuch
aswatercontact,and participationandobservatiorexcludedorivacy-sensitivétoilet/shower
use) culturallyinappropriate(mosqueattendancebr disruptive(classattendancegctivities.
In addition,weaskedhe child if theyhadanywatercontacton the daybeforeour arrival.
Datacollectionstoppedvhenthe child wentto bedor no further watercontactactivities
would becarriedout beforegoingto bed.Notesweretakenduring the dayandlaterwritten
up in detail. Transcriptswerereviewedgcodedand categorisedisingNVivo softwarg26],
usingthematicanalysig27], with acodingframebasedn previouslypublishediterature
complementedvith codesemergingduring the codingprocess.

Household survey

A householdsurveywasadministeredn BugotoA andBin February2019aspart of awider
studyon attitudesandbehaviourdor differentwater,sanitationand hygiene(WASH) inter-
ventionsaimedatreducings. mansoni transmissionThe samplingmethodshavebeen
describecelsewherg?8]. Therequiredsamplesizewasl25andbasedn the latestnational
censu®f thevillageof 2018the householdsamplingintervalwasthereforesix. We interviewed
oneadult(>18yearsold) respondenperhouseholdandaimedto havean equalgenderdistri-
bution amongrespondentsOneof five researclassistantseadout the surveyto eachpartici-
pantin thelocallanguagendresponsewerecollectedon tabletsusingSawtoothComputer
AssistedPersonalnterviewsoftware Collecteddatafor this studyincludeddemographiand
socio-economicharacteristicknowledgeof schistosomiasigndwatercollectingpractices.
Datawerecleanedvith STATAsoftwarg29], andfrequencyand percentagewerecalculated.
Genderdifferencesverecalculatedvith exactbinomial testsand two-proportionsz-tests.

Epidemiology diagnostics cohort

A randomsampleof 55 Schistosoma mansoni positivechildren (gendematchedandevenly
distributedacrosghe 6t14yearsagerange)wereselectedrom the SCHISTO _PERSIST
cohort. Theindividualswereall positivefor S. mansoni in October2017andweretreatedwith
40mg praziquanteper kilogrambodyweight. Thesandividualswereresampledip to twice
perweekfor five monthsfollowing treatment(S1Fig). At eachtimepoint, childrenwere
recruitedat 9:00amandaskedo givea singlestoolsamplefor duplicatethick smearKato-Katz
(KK) [30]. If anindividual wasdiagnosedshavingover100egggergram(epg)atnine
weekgost-treatmentshe/hewasretreatedwith 40mg/kg praziquante(n = 3) for ethicalrea-
sons At pre-treatmentandfive monthspost-treatmentchildrenweresampledor threecon-
secutivedaysto improvediagnosticaccuracy31]. Significantpredictorsof infectionintensity
(measuredsepgperslide)wereevaluatedisinga generalisetinear mixed effectanodelwith
anegativebinomial distribution to accountfor overdispersiorof thesedata[32]. Genderand
relativetreatment(pre-treatmentvsfive monthspost-treatmentwereusedasfixed effectsand
uniquechild ID includedasarandomeffectto accountfor repeatedsample$rom individuals
from multiple slidesperdayanddayspertime point. Modelswerecreatedusingthe package
Ime4 [33] in Rv. 3.5[34]. Eggcounts(asmeasuredy KK) arehighly variablebetweerdays,
particularlyin individualswith low infections[35, 36], soclearancef schistosomiasizas
definedastwo consecutivelaysof 0 epgin duplicateKK slidesThetime to reinfectionwas
identified asthefirst daythat eggsveredetectedn stoolfollowingthis clearanceventWe
usedsurvivalanalysisnethodsto evaluateghetime to event(here reinfectionratherthan
death)to determineif therearesignificantdifferencedetweergendersn the proportion rein-
fectedor thetime to reinfection. TheKaplan-Meiemethodwasusedto fit thetime to reinfec-
tion and estimate95%confidencentervals(Cl), andsignificantdifferencesvereevaluated
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usingalog-ranktest.The survivalanalysisvasconductedwith the survivfit function within
the packageurvival [37]in Rv. 3.5[34].

Genetic diversity of schistosomes

To evaluatehe genetiadiversityof S. mansoni within individual children, miracidiawerecol-
lectedthroughoutthe epidemiologicasurvey Collectionprotocolsfollowedestablishednethods
[38], but briefly, afterstoolsamplesveresubmittedfor KK, the remainderof the samplevas
washedhroughaPitchfordfunnelwith springwater[39]. Thewashedsample potentiallycon-
taining eggswasleft overnightin the dark andthenexposedo indirect sunlightthe following
day.Individual miracidiawerepickedup in 2.0+£2.5ul of waterwith amicropipetteunderaste-
reomicroscop@ndplacedon Indicating FTA Whatmancards Samplesvereleft to dry amini-
mum of onehour beforebeingstoredandtransportedn sealeglasticbhagswith desiccants.
Datapresentedherearefrom miracidiafrom eightboysandeightgirls collectedn October2017
(pre-treatmentiand March 2018(five monthspost-treatment) Thesendividualsdid not overlap
with childrenselectedor the ethnographimbservations;atherthesandividualswerechosen
becaus&vewereableto obtainmiracidiafrom childrenatboth timepoints(detailsin S2Table).

DNA from individual miracidiawaselutedfrom FTA cardsusingestablishegrotocols
[40]. Seventeemicrosatellitdoci wereamplifiedper miracidium usingtwo separat€CR
reactiongS1Table).Type-IT microsatelliteP CRKits (Qiagen)wereusedaccordingto the
manufacturer'protocolfor eachmultiplex PCR.EachPCRreactionwascarriedoutin 12.5pl
total volumeusing2ul of elutedDNA from eachmiracidia.Multiplex ampliconswerevisual-
isedon a2%agarose@elstainedwith SybrSafgInvitrogen). SuccessfullgmplifiedDNA from
miracidiawasdiluted 1:50in L1Z500SizeStandard ThermoFisherandHiDi Formamide
beforesequencingn an Applied BiosciencedAllele peaksverevisualisedand calledin Gene-
Mapper(ThermoFisher).

Geneticdiversitymeasuresverecalculatedor all miracidiaandloci for eachindividual at
eachtime point. ObservecdeterozygosityHo), expectedeterozygosityHe), andallelicrich-
nesswerecalculatedn poppr v. 2.8.1[41]. Geneticdiversitypre- andpost-treatmentvascom-
paredusedaWilcoxon signedrank testimplementedwith thefunction wilcox.testin R.The
numberof populationsandthe ordination of different parasitegenotypesvasinvestigated
usingDiscriminant Analysisof Principal ComponentDAPC) within the adegenet package
[42,43].Variationamonggendersandtimepointswassummarisedy calculatingNei'sGst
with functionsin the packagenmod [44].

Ethical clearance

Ethicalapprovalfor the surveyand ethnographiaesearctwasgrantedby the Ugandan
NationalCouncilfor Scienceand TechnologySocialSciencegreferencetUNCST-S21241)
andthe Universityof GlasgowCollegeof SocialSciencegreference400160134Methodsfor
the epidemiologicaand geneticdatawerereviewedand approvedby the Vector Control Divi-
sionResearclEthicsCommittee(VCDREC/062)the UgandaNational Council of Science
and Technology(UNCST-HS2193)andthe Universityof GlasgowMedical,Veterinaryand
Life ScienceResearcliEthicsCommittee(200160068)Community consentwasobtained
from the District EducationOfficer,the District HealthOfficer andthe Chairmenof the study
villagesIndividual written consent(signatureor thumb print) wasobtainedfrom all partici-
pantsl8andover.Participantsunder 18yearsold providedassenandadditionalconsentwas
providedfrom aparentor guardian Praziquantetreatmentwasnot conditionalon participa-
tion in the studyor giving conseniandall individualscouldleavethe studyat anytime without
affectingtheir drug treatment.
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Results

Few differences in water contact between genders observed during
ethnographic observations

Nine femalesandsevermalesagedbetweert and 14yearsold (medianl10yearsere
selectedor ethnographimbservationsNine childrenwereliving in BugotoA, severchildren
in BugotoB. Sevendentified asMuslim andnine asChristian(differentbranches)All con-
sentedo participatein the study.Two childrenwerelostto follow up for the seconddatacol-
lectionperiod;thesewerereplacedoy childrenwith similar demographicharacteristics.
Differencesn watercontactby gendemwereassesseuly typesof activity,frequencycontact
sites]evelof submersiorandduration of contact.No major cultural eventghat mayhave
influencedbehavioursvereobservedo havetakenplaceduring the datacollectionperiod.

We observedrangeof activitiescarriedout by the participatingchildrenthatinvolved
contactwith lakewater,in varioussettingsandfor differentpurposesThe main exposure$o
waterwerehouseholdasksncluding fetchingwater,washingplatesandjerrycanswashing
clothesandflip flops,washingfood items(potatoesfish, vegetablegiuit), moppingby hand
andpersonataresuchasbathing(selfandhelpingyoungeror disablechouseholdnembers)
andwashinghands Othertypesof waterexposuravereof arecreationa(swimming)or areli-
giousnature(washinghands feetandfacebeforeattendingthe mosque)Occasionalvater
contactalsooccurredat school aschildrentook turnsin fetchingwaterfor the cookto prepare
mealdfor studentsandwhentheywashedheir cup/plateaftereating.Childrenwerenot seen
to contactwaterin occupationakettingssuchasworking in rice paddiesor helpingwith fish-
ing, howeversomechildrencarriedout ‘commerciafetching',fetchingwaterfor othersin the
community,receivingasmallamountof moneyin return. Lakewaterwasnot observedo be
processedy filtering, purification or sunexposurelthoughlargeamountsof soapareused
for washingplatesclothesandbathing.All waterfor drinking wasfetchedfrom aboreholeor
(paid-for) tap. Rainwasconsideredcleanwaterand safefor drinking andhouseholduseby
participantsandtheir families,howeverit wasnot regularlycollecteddueto the absencef
watercontainersor tanks.

Childrenfetchedakewaterfor the householthetweeroneandthreetimesperday,andwe
found thatgirls fetchedwaterfor the householdnore often (on 11 of 14observatiordays)
thanboys(on 100of 18days) Girls alsomore oftenfetchedwatermorethanonceperday(on
severobservatiordaysvsfour in boys);mostof thesechildrenwho collectedvatermultiple
timesadaylivedin BugotoA, whichislocatedcloserto the lake.Commerciaffetchingwas
only carriedout by childrenin BugotoA, probablydueto the highernumberof businesses
requiring waterandthe shortdistanceto the lake. Two boysandtwo girls werefound to carry
out commerciaffetching,up to five timesperday.

Most childrenwashedplatesduring the observatiordays eitheroneor two timesperday.
Althoughmanychildrenand parentssaidthat childrentaketurnsin washingplatesmore
girls (on 12out of 14days)wereobservedo carryout this taskthan boys(on 10out of 18
days) A fewchildrenwashectlotheshowevemwhile spendingtime at participantshomes,
adultwomenseemedo bemainly responsibldor this householdchore . Washingof food
itemsand moppingof the housewascarriedout by two girlsandoneboy.Most children
bathedonceaday,thosewho did not mentionedthat the temperaturan the eveningwastoo
low to batheoutside Four girls bathedtwiceaday,howevereasondor this areunknown.
Hand washingwasperformedregularlyby all children, mainly aftermealsjikely dueto the
factthat the handsareusedfor eating.The highestfrequencie®f handwashingwereseen
with childrenwhowerenot in schoolwho eithercarryout manyhouseholdasksor handle
differentitemsatjobs.
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Four of theboysengagedn swimming(including playingin thewater,diving off boats,
submergingo cooldown during ahot dayor smallracesduring the observationsvhilstnone
of thegirlsdid. In addition, no othergirls of the community wereseerswimmingatthese
sites Thetranslatorconfirmedthat only afewgirls swimandall children stopswimming
whentheyreachpuberty.Swimmingactivitiesrangedin frequencyfrom oneto four timesper
day.

Only oneboywasobservedo washhis hands feetandfacebeforeeveryvisit to the mosque.
The othermaleMuslim participantsdid not visit the mosqueat all during the observations
andduring the two datacollectionperiodsno womenwereseerenteringthe mosqueor pray-
ing elsewhere.

No patternsof differencebetweergendemwerefound whencomparingsitesof fetching
water.Participantamentionedthat their siteof choicewasclosesto their homeor cleanest
andit wasobservedheyconsistenthaccessedateratthe samesite.Only whentheir pre-
ferredsourcedried up in the dry seasongr waterwasconsideredoo dirty by the child, would
theymoveto anothersite.Observationsvhile accompanyinghildrento watercontactsites
did not revealanyaccessestrictionsby genderandboth gendersverefound to contactwater
atthe sites Washingplatesgclothesfooditems,bodyor handswereall carriedout atthe house
compoundwith waterpreviouslycollectedat the lake.

Thelevelof submergingandduration of watercontactwasnot noticeablydifferentbetween
boysandgirls for the activitiesboth genderscarriedout, asall childrenshowedsimilar
approacheso thevariousactivities Levelof submergingvasmorerelatedto activity (fetching,
swimming)andvaryinglevelsof submerginguntil ankleskneesor hipspulling trousersor
skirt up) during fetchingwereonly seenwhenapatrticipantsoughtfor cleareiwaterwhichwas
oftenfurther from the shore Duration of fetchingwater,cleaningfood itemsandwashing
platesandclotheswvasmainly basedn the numberof items.Children of both gendersvho
carryout theseactivitiestendedto havesimilar andacontinuouspaceuntil the work wascom-
plete,without visiblerushingor loitering. Theweatheraffectedhe duration of someactivities,
for examplébathingwasobservedo berushedwhenthetemperaturevaslow, whilston days
with high temperaturedoyswereseerswimmingfor extendedengthsof time.

Adult females responsible for the majority of household tasks involving
water contact

A total of 130householcheadq52%female)participatedin the householdsurvey85(65%)in
BugotoA and45(35%)in BugotoB, answeringon behalfof their wholehouseholdDuring
the ethnographimbservationsveidentified fetchingwaterandwashingclothesastwo key
householdasksnvolving waterexposureRespondentaerethereforeaskedvho fetcheghe
majority of waterandwho washeshe majority of clothesfor the householdspecifiedby gen-
derandageln 106(82%)household®nepersonfetcheshe majority of thewater,in 24 (18%)
householdshis wasbetweertwo to four personsAlmostall respondentgn = 127,98%)
reportedthatamemberof the householdratherthan someoneutsidethe householdfetches
themajority of the water.Theremaindersaidother membersof the community,unrelatedto
householdnembersandover18yearsold, fetchwaterfor their householdOf thesetwo were
paidfor their help.

For 118(91%)householdstherewasonemain personresponsibldor washingof clothes,
for 12householdshis wasmorethan oneperson Washingof clothesis mostlyundertakenby
householdnemberswith only onerespondenteporting clotheswashingby othermembers
of the community.No respondentseportedthat neighbourspr otherfamily memberaot liv-
ing in the householdfetchedwateror washedlothesfor them.
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Table 1. Key household activities involving water contact by gender and age, as reported by household head (n = 130).

Activity Female only Male only Mixed gender Total
<18y >18y Mixed Female <18y | >18y Mixed Male <18y | >18y | Mixed Mixed gender
n(%) n(%) ages total n(%) n(%) ages total n(%) | n(%) ages total
n(%) n(%) n(%) n(%) n(%) n(%)
Fetching water 17| 71(54.6) 1(0.8)| 89 (68.4) 4 14 1(0.8)| 19(14.6) 7 0| 15(11.6) 22 (16.9) 130
(13.0) (3.1)| (10.7) (5.4) (100)
Washing 10(7.7) 103 3(2.3)] 116(89.2) 0| 5(3.8) 0 5(3.8) 1 0 8(6.2) 9(6.9) 130
clothes (79.2) (0.8) (100)

https://da.org/10.1371durnal.pntd)008266.t01

For both fetchingwaterandwashingclotheswomenweremainly responsiblé68%and
89%o0f householdsespectivelyTablel),andespeciallfhoseover18yearsold. Men wereless
oftenreportedresponsibldor fetching(15%)andwashingclothes(4%),whilstmenand
womensharedheresponsibilityfor thetasksn 17%and7%of householdsespectivelyin
householdsvith asinglegenderesponsibldor thesetaskswomensignificantlymore often
fetchedwater(probability of 0.82,C1 [0.74+0.89]p<0.001)andwashed:lothegprobability of
0.96,CI [0.91+0.99]p<0.001)ascomparedo anequaldistribution betweerthetwo genders.
No differencesn the genderdistribution for thesetwo householdaskswerefound by demo-
graphicor socio-economicharacteristi¢ Table2).

The occupationinvolving mostwatercontactwasfishing. Twenty-nineper centof the pop-
ulationin BugotoA reportedfishingastheir occupationand 9%of thoseliving in BugotoB.
Therewasasignificantdifferencebetweergenders28of the 62 men (45%)werefisherfolk
comparedo oneof 68women(x? = 33.23CI [0.29+0.58]p<0.001) Watercontactcanalso
occurwhenfarming, reportedby 35%of thosein BugotoA comparedo 64%in BugotoB,

Table 2. Gender distribution for fetching water and washing clothes by demographic and socio-economic characteristics (n = 130).

Demographic / socio-economic characteristic Fetching water Washing clothes
Total Female Male Mixed gender Female Male Mixed gender
n(%) n(%) n(%) n(%) n(%) n(%)

Village

BugotoA 85 60(71) 10(12) 15(18) 76(89) 3(4) 6(7)

BugotoB 45 29(64) 9(20) 7(16) 40(89) 2(4) 3(7)
Household size

1+6members 66 51(77) 10(15) 5(8) 58(88) 5(8) 3(5)

>6 members 64 38(59) 9(14) 17(27) 58(91) 0 6(9)
Religion

Christian 64 49(77) 6(9) 9(14) 58(91) 3(5) 3(5)

Muslim 66 40(61) 13(20) 13(20) 58(88) 2(3) 6(9)
Education

No education 28 23(82) 3(112) 2(7) 26(93) 1(4) 1(4)

Primaryeducatio 69 45(65) 10(14) 14(20) 60(87) 2(3) 7(10)

Secondaryr highereducaton 33 21(64) 6(18) 6(18) 30(91) 2(6) 1(3)
Income (UGX/day)

<3,000 57 42(74) 7(12) 8(14) 53(93) 1(2) 3(5)

>3,000 73 47(64) 12(16) 14(19) 63(86) 4(5) 6(8)
Heard of schistosomiasis

Yes 130 89(100) 19(100) 22(100) 116(100) 5(100) 9(100)

No 0 0 0 0 0 0 0

| don't know 0 0 0 0 0 0 0
Identifies water contact as exposure risk

Yes 76 53(70) 11(14) 12(16) 69(91) 2(3) 5(7)

No 54 36(67) 8(15) 10(19) 47(87) 3(6) 4(7)

https://da.org/10.1371durnal.pntd)008266.t02
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howeverasimilar proportion of menandwomenreportedthis astheir occupation(45%of
menand46%of women(3?<0.001CI [-0.17+0.18]p = 1).

Rapid reinfection with S. mansoni in both genders

Fifty-four SAC(out of 55)gavesamplegor atleast40%of samplecollectiondaysthroughout
thefive monthsandwereincludedin the analysisBoth genderdiadamoderatemeaninfec-
tion intensitypre-treatment162.3epgin malesand 122.5epgin femalesAt five monthspost-
treatmentthe meaninfection intensity pre-treatmentwaslowerin eachgender99.8epgin
malesand80.8epgin femalesOur mixed-effectsnodellingresultssuggesthat drug treatment
affectobservednfectionintensity,with infectionintensity significantlyhigherpre-treatment
thanpost(slopeestimate= 1.03,z-value= 3.88,p = 0.0001)However gendenvasnot asignifi-
cantpredictorof infectionintensity (p = 0.37).

Fifty-two out of the 54 (96%)individualswereidentified asreinfectedduring thefive
month follow-up period (eggpositiveafteraperiod of clearance)Amongthesereinfected
individuals,the period of no eggproductionvariedfrom severto 125days All maleswere
reinfectedn thetime period observedaindthe meantime to reinfectionwasb54.4days All but
two femalesverereinfectedwithin the observatiorperiodandthe meantime to reinfection
for femalesvas39.3days Despitethis difference Kaplan-Meiercurvesfound no significant
differencein thelikelihood of reinfectionbetweergendergFig 1;p = 0.62).

No differences in within-host parasite genetic diversity between genders

A total of 386miracidiaweresuccessfullgenotypedrom the 16children (eightmalesgight
femalesht pre-treatmentandfive monthspost-treatmentThe averaggeneticdiversityof S.
mansoni collectedrom femalehosts(pre-He= 0.65;post-He= 0.67)wasnot significantlydiffer-
entto thosecollectedrom malehosts(pre-He= 0.66;post-He= 0.67)before(Fig 2;t = -0.62;
p = 0.54)or aftertreatment(t = 0.12;p = 0.97) Parasitegeneticdiversitypre-treatmentvasnot
significantlycorrelatedwith parasitegenetiadiversitypost-treatmentin the samehost(p = 0.17).
Thiswasalsotrue whenhostgenderavereanalysedeparatelygeneticdiversitypre- and post-
treatmentwerenot correlatedn parasitegrom eitherfemalegp = 0.11)or maleqp = 0.74).
We askedvhetherpopulationstructureof schistosomearasitess differentiatedoy gender
andhow populationchangesvith treatment.Therewassignificant,yetlow differentiation
within the populationbthe meanNei's Gs (fixation indexfor multi-locusdata)betweerall
individualswas0.02(p = 0.002) Despitethis differentiation,thereis not significantdifferentia-
tion betweergendersor timepoints.Four distinct sub-populatiorclustersvereidentified
usingdiscriminantanalysiof principle componentdrom the entiregroup of miracidia(Fig
3A). However theseclusterswverenot significantlycorrelatedwith treatmentor gender(Fig
3B).Althoughtherewaspopulationdifferentiationin parasitesgifferentiationwasnot associ-
atedwith hostgenderor timing relativeto treatment.

Discussion

This studyusegnixed methodsto elucidateheimpactof genderon exposuretisk behaviour
andreinfectionwith intestinalschistosomiasim MayugeDistrict, UgandaBothmaleand
femaleschool-ageahildren contactedvaterdaily throughavarietyof activities.The high
abundancef watercontactobserveaf both gendersvasmirrored by no significantdiffer-
encesn reinfectionratesor parasitegeneticdiversity. Therewereslightdifferencesn someof
the actualwatercontactbehavioursbut thesedifferencesepresented smallproportion of
thetotal watercontactfor the children. Thehhouseholdsurveyhoweverindicateshat thesedif-
ferencesnight becomemore pronouncedastheindividualsage Theseresultshighlight that
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Fig 1. Reinfection by gender. Reinfecion curvesand95%confiderceintervalsby genderfor the cohortof 54 childrenthatweresufficientlysampledduring the
longitudind study.Thereis no significantdifferencein reinfedion ratesor time to reinfectionbetweergenders.

https://doi.0g/10.1371Hurnal.pntd008266.g001

mixed methodscanprovidecomplementaryindings, that canprovideamore holisticunder-
standingof diseasé¢ransmissiorrisk andthereforeimprovedunderstandingpf howto miti-
gatethis.

We observehigh ratesof schistosomiasigsansmissiorin this community,despiteovera
decadeof MDA. In this study,96%of the SACin the longitudinal cohortwerereinfected
within five monthspost-treatmentind parasitegeneticdiversitywasveryhigh within hosts
both pre-andpost-treatmentHigh reinfectionratesarelikely driven by childrenfrequently
contactingwaterduring domestic personakare recreationalreligiousor commercialactivi-
tiesin thiscommunity.A high frequencyof daily watercontacthasalsobeenreportedin a
recentstudyfrom Senegdl5]. We found that frequencyand duration of exposureo lake
waterwasverysimilar betweerboysandgirls. Theonly differenceobservedvasthat girls
washplatesandfetchwaterfor domesticuseat agreaterfrequencythanboys whilstboyswere
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Fig 2. Mean genetic diversity by gender before and five months after treatment. Thereareno significart differencesn averaggenetiadiversity
(measuredsexpectedeterozygsity) betweermaleandfemaleseitherbeforeor aftertreatmentViolin plotsshowdistribution of genetiadiversity
andinternalboxplotsshowmeanandfirst andthird quartilerangepergende andtimepoint. Meangenetiadiversityperchild is shownby individual

opencircles.

https://doiorg/10.137 1§urnal.pntd008266.g002

the only onesthatwereobservedo swim. Thisis consistentvith anactivity surveyin Céte
d'lvoire, which alsofound boysswammorethangirls [46] andwheregirls spendmoretime at
domesticasksHowever,in our studyweobservedewergender-specifioccupationahctivi-
ties,whilst the activity surveyfound boysengagingnorein fishingandwateringcattleand
girls spendingmoretime atthe market.Our lackof observedccupationahctivitiesmaybe
dueto our recruitmentin schoolsandthereforefocuson schoolattendingSAC ratherthan
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Fig 3. Population differentiation with discriminant analysis of principle components (DAPC). A. DAPCidentified4 clustersof parasitegenotypesvithin the
populaton samplel. B.However theseclustersveredistributedrelativelyevenlybetweerboth gendersandtimepoints,suggestingo populationstructuredeterminel
by genderor treatmenteffects.

https://dbi.org/10.1371durnal.pntd008266.g003

just SACin generalwhich couldincludenon-enrolledand/or non-school-attendinghildren.
Althoughgirls andboysmaydiffer in the typeof someactivitiestheycarryout, thesedifferent
activitiesstill commonlyinvolvefrequentwatercontact,in addition to the sharedwatercon-
tactactivities(e.g.bathing)likely resultingin asimilar netrisk betweergirlsandboys.Ongo-
ing researchincludesadditionalqualitativedatacollectionusingfocusgroupdiscussionand
in-depthinterviewsto gainfurther insightinto socio-economideterminantsandotherdriv-
ersof healthbehaviourin SAC.Furthermore studiesassessindifferentialrisksof the various
watercontactactivitiesand duration of watercontactcould contributetowardsmoreunder-
standingof exposureandrisk of infection.

Thessimilarity of watercontactbehaviourdetweergenderss reflectedn our epidemiolog-
icaldatapresentedhere,with no significantdifferencesy genderbetweenreinfectionrisk for
SAC.Thesdindings supportother epidemiologicastudieq11, 13]. After aperiodof clear-
ance eggproductionis observedesshansixweekdaterin 37%(n = 20) of the longitudinal
cohort. Praziquantetreatmentonly affectsadult wormsandworm maturity is reached
approximatelysix weeksaftercercariapenetrationof the humanhost. Thereforguvenile
wormsatthetime of treatmentaremostlyunaffectecby praziquantelThis could explainthe
timings of our first observedeggexcretionaftertreatment.An alternativeexplanations that
praziquantetreatmentcausegmbryostasiécessatiorf eggproduction) andthatthereduc-
tion in eggproductionis not alwayspr fully associatewvith adultdeath[47]. Geneticevidence
for tolerant/resistantvormshasbeenfoundin schistosomes this regionfrom the startof
MDA [19] but morein-depth geneticstudiesto quantifythe contribution of survivingadult
wormscomparedo newworm infectionsareneededo disentangléhesedynamicsin this
high-transmissiorsetting,webelievethe high forceof infectionis possiblyswampingout any
of the smallgenderdifferencesn observedaindreportedbehaviourin children.
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Analysisof parasitegeneticdiversityand populationstructuresupportminimal differences
of infectionrisk betweergendersn SAC.If thedifferencesn behaviourobservedmore
domesticexposurdor girls,more swimmingby boys)wereexposingchildrento differentpar-
asiteswewould expecigenetiadiversityto varybetweerthe gendersor populationdifferentia-
tion betweerparasitesn thesegroups.Thislackof differencein geneticdiversitybetween
genderss supportedby other schistosomgenetiadiversitystudied16+18].We find high
genetiadiversityin both gendersandthis recoversyuickly, within five months,afterobserved
successfuteatment.This suggestthat childrenareaccumulatingliverseparasiteénfections
from the environmentfasterthanannualMDA cancontrol. We alsofound low, but significant
populationstructure.Thisis surprisingat suchasmallgeographiscaleand maybeanartefact
of therelativesmallnumberof miracidia(n = 286)andthe high diversityof thesdoci. How-
ever this differentiationdoesnot partition in time or by hostgenderhoweversuggesting
geneflow betweerboth gendersand exposurdo similar parasitegenotypesThe smallersam-
plesizeheremaybeleadingto theseansignificantdifferencesA studyin the sameregionat
thestartof MDA, 15yearsagowith only praziquantel-naivehildren,showedhat maleshad
parasitesvith significantlyhighergenetiadiversity(althoughthis wasverysmalldifferences
anddependenbn age).Theseseeminglyinconsistenfindings betweergenderand parasite
diversitycouldrepresenthe changingepidemiologyandrisk of schistosomiasis the eraof
MDA.

Basedn surveydata,the genderdivisionsin collectingandwashingclothesis exacerbated
in adults.Adult womenaremainly responsibldor fetchingwaterandwashingclotheswhich
wassimilar acrossariousdemographi@andsocio-economiwariablesvithin this community.
However the surveywasstructuredsothatit did not coverall watercontactactivities for
exampleoccupationatisksthat maybemore associatedith adultmen,suchasfishing.
Womencontactingwatermainly for domestictaskswith mencontactingwaterfor occupa-
tional taskds supportedoy other studiesn Uganda[6]. Althoughgenderdivisionsaremore
pronouncedin adultscomparedo SAC,wepredictschistosomiasigfectionis not signifi-
cantlydifferentbetweergendersAlthough not the samegroupin the householdsurvey a
cross-sectiond. mansoni epidemiologicasurveyin the samecommunity found no signifi-
cantimpactof genderon risk of infectionin univariateor multivariateanalysesgvenwhen
agegroup (pre-SAC SAC,andadults)wastakeninto account48]. However the self-reported
duration of watercontactandlongerresidencdime in thevillagedid significantlyimpactrisk,
further emphasisinghe importanceof watercontactandthe high localrisk for transmission.
Futureresearcton ratesof reinfectionin menandwomencould providefurther insightsin
genderdifferencesn risk amongadults.

Althoughwe usedseveratomplementarymethodswereusedto evaluatdehaviourabnd
epidemiologicatisk to schistosomiasishe studyis still limited in its scopeBecausef the
investmentin employingthesemethodstheywerenot repeatedn othervillagego testtheir
robustnessHowever Bugotocommunityis diverseandhasbeenshownto berepresentative
of othervillagesn theregion[25]. Anotherlimitation of thiswork is thatthe ethnographic,
epidemiologicahnd geneticstudieswverecarriedout on relativelysmalland non-overlapping
groupsof children.Participantsverechoserfor eachsub-studybasedn specificneedsand
theinability to directly comparethemcanlimit the conclusiongdrawn.Howevermanyof the
methodshavebeendeployedn othersettingsand cometo similar conclusionssowedo not
expectheseo berestrictive Dueto security time andlogisticsconstraintsvewerenot ableto
observesarlymorning activitiesin SAC.We did includethesehroughrecall,andastherecall
periodwasshortwetrust thesedatato bereliableandnon-biasedacrossndividuals.However,
wedo not havelevelof submersioror duration datafor theseactivitiesandafewmaybe
missedwhich couldleadto underestimatiorof the exposureFinally,althoughthe presencef
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theresearchecould havealteredobservedehaviourweaimedto limit this by building rap-
port, becomingacommonsitein andaroundthe villagewhilstremainingasinobtrusiveas
possibleandworking alongsideatranslatorfrom the community whoidentified atypical
behaviour.

Despiteimplementationof MDA in schistosomiasis-endeméceashotspotsof high preva-
lenceandrapid reinfectionremain[49]. Improvementdn treatmentcoveragehrough
strengtheningIDA programmesnayhelpcontrol somepersistentransmissiorsites[50].
Howeverit isincreasinglyrecognisedhat additional,potentiallymorefocusedjnterventions
will benecessarto interrupt transmissiorandachievdongerlastingimpactson schistosomia-
sisendemicity[51]. A recentlypublishedcluster-randomisedrial showedsnailcontroland
“classicWASH behaviourchangenterventionsdid not significantlyboostthe effectof MDA
[52]. Thesdnterventionprogramsmayneedto bein placelongerto contributeto reducing
thediseasdurden.In addition, noveloptionscould beexploredsuchasunderstandingcom-
munity membersWwillingnessto work and/or payfor differentrisk-mitigatingcommunity
interventions.This couldhelpdevisehe mosteffectiveaffordableand popularinterventions
andthereforemostsustainableombinationof interventionswhich might haveahigher
chanceof beingtakenup, maintainedandactuallybreakingtransmissiorcycle428].

Althoughboth genderdavehigh risk for schistosomiasisesultsof the ethnographicand
surveyresearchighlight somebehaviourghat could begender-specifitargetsfor healthpro-
motion campaignsThe stronggenderdifferencesn watercontactidentified amongadults
werelessstrongamongchildren,althoughgirls wereobservedo fetchwatermorefrequently
andboysto swimmorefrequently. Thesedifferenttypesof watercontactmaynot produce
substantivealifferencesn volumeof watercontact,explainingtheinsignificanceof genderasa
determinantof parasitidoadanddiversity,howeverif total watercontactis to bereduced,
thesecouldbetargetedoy gendergroup.In additionto previouslyfound genderdifferencesn
areassuchasdrug treatmentcoveraggs3], knowledgeof, and attitudestowards schistosomia-
sis[54] andhostimmunologicaland pharmacokinetidactors[55], diseaseontrol pro-
grammesshouldconsiderthesehigh reinfectionratesandthe variouspurposesandsettingsn
whichchildrenandadultsareexposedo water,andbeawarethat someactivitiesmaybegen-
der specificandmaychangeoverthelife course.
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