


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 schistosomiasis,aninfectiousdisease
causedbyparasitichelminths.Humanscangetinfectedwhentheycontactwaterwhich
containsSchistosoma parasites.Althoughthediseasecanbetreatedwith adrug,people
getrapidly reinfectedin certainhigh-transmissionsettings.Drug treatmentalonemaynot
besufficientto eliminatethisdiseaseandadditionalinterventionssuchashealthpromo-
tion or improvementsin waterandsanitationneedto bescaledup.To providerecom-
mendationsto thesecontrol programmeswecarriedout interdisciplinaryresearchin
EasternUgandato understandtheinfluenceof genderon schistosomiasisrisk.Wefound
that thewatercontactbehaviourof boysandgirls isquitesimilar,andwedid not seedif-
ferencesin reinfectionor geneticdiversityof theparasitebetweenboysandgirls.Differ-
encesin watercontactbetweengendersisgreaterin adults,andfurther researchis
requiredfor theseindividuals.In thissetting,infectionratesarehigh in school-agedchil-
drenandthereareno differencesbetweengenders.Theseresultsemphasiseimproved
control effortsfor all school-agedchildrenin communitieslike these.Our interdisciplin-
aryapproachprovidedcomplementaryfindings.Suchanintegratedapproachcanthere-
forehavemorepowerto meaningfullyinform policyon schistosomiasiscontrol.

Introduction
Globallymorethan230million peopleareinfectedwith schistosomiasis[1] causinganesti-
mated1.9million Disability-AdjustedLifeYears(DALYs)[2]. Schistosomeparasitesare
acquiredwhenhumanscontactfreshwaterthatcontainsinfectivecercariaewhichactivelypen-
etratetheskin.Thesecercariaedevelopinto adultworms,pair off, andsexuallyreproduce.
Eggsarethenexcretedin humanfaecesor urine.Whentheyreachfreshwatertheyhatchinto
miracidiawhichpenetrateintermediatesnailhostswheretheyasexuallyreproduce.Snailsthen
releasethousandsof free-swimmingcercariaebackinto thewater.TheWorld HealthOrgani-
zation(WHO) recommendsmassdrugadministration(MDA) with praziquantelin endemic
areasto preventmorbidity andreducetransmission[3]. Thereisnowapushto supplement
MDA with additionalinterventions,suchaswater,sanitationandhygiene(WASH) andhealth
promotion campaigns,to improveoutcomesfor control in highlyendemicareas,andto help
movetowardseradicationin areaswhereMDA hasbeensuccessful[4]. Understandinghow
hostgendermayinfluencetherisk of schistosomiasisinfectionsandreinfectionscouldenable
moretargetedintegratedcontrol efforts.This in turn couldincreaseeffectivenesswhilemini-
misingresourcesrequired.

Schistosoma infectionoccursonly throughcontactwith infectiousfreshwater.Therefore,
understandingthedifferentaspectsof watercontactisessentialfor understandingtherisk of
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infectionandsubsequentdisease.Watercontactcanoccurthrougharangeof hostactivities
suchasduring householdtasks,activitiesrelatedto hygiene,occupationalactivities(e.g.com-
mercialclotheswashing,fishing)andleisurepursuits.It iswellestablishedthat therearediffer-
encesin watercontactbehavioursbetweenmenandwomen,andthiscanbeinfluencedby
cultural,professionalandreligiousfactors[5]. Forexample,Pearson[6] observedthatmen
andwomenin afishingvillagein north westernUgandacontactwaterfor differenttasks,at
differenttimesof thedayandfor differentdurations.Becausecercariaeemergencemostfre-
quentlyoccursatnoon[7, 8], understandingthetimesof daythatpeoplecontactwateris
important for evaluatingrisk in addition to durationandfrequency.A studyin Kenyahowever
showedthatparticipantsin focusgroupssaidno genderwasathigherrisk,asmodernisation
meansthatwomenandmennowcarryout moresimilar tasksin their community[9]. Limita-
tionsof behaviouralstudiesarethat theyareoftenaproxyfor diseaserisk andtheydo not
directlymeasureinfectiousrisk of cercariae,thereforeunderstandinghumanbehavioursmay
not besufficientfor understandinginfectionsandsubsequentdisease.Complementingdata
on watercontactbehaviourwith parasitologicaldatacouldcontributeto understandingpossi-
bleoutcomesof watercontact,particularlyin respectsto gender-specificpractices.

Genderhasbeenshown,in somesettings,to impactlikelihoodof infection,ratesof reinfec-
tion, andthegeneticdiversityof schistosomesthat individual humansharbour.Praziquantel
treatmentclearsbetween80±95%of Schistosoma mansoni (main causeof intestinalschistoso-
miasis)adultwormsin anindividual [10] but treatmentdoesnot preventreinfection.Reinfec-
tion isaparticularchallengein areaswith high ratesof transmission,whereparasitereservoirs
in snailvectorsanduntreatedhumanscanquickly reinfecttreatedindividuals[11]. A meta-
analysisof 32studieson Schistosoma spp.reinfectionfound thatmales(childrenandadults)
weremoreoftenreinfectedbetween6 and12monthsaftertreatmentwith praziquantelthan
females(pooledOR:1.45,p = 0.04[12]). However,two recentstudieslookingat reinfection
with S.mansoni in school-agedchildrenspecifically(ages6±14years),in endemicsettingsin
TanzaniaandBrazil,foundno differencein reinfectionbetweenboysandgirlsat5,8 [13], and
12months[11] aftertreatment.

Anotherwayin whichto assessinfectionrisk is to measurethegeneticdiversityof parasites
within hosts[14]. Highergeneticdiversitysuggestsexposureto more,geneticallydifferentpar-
asitesÐthiscanoccurthroughmultiple exposuresat thesamelocationor exposuresacross
geographicallydifferentareas.Thisgeneticdiversitycanbeconfoundedbyahost'simmune
response[15], but it givesawindowinto anindividual host'slong-termexposureaswellas
their subsequentcontribution to further transmission.Somestudiesthat investigatedgenetic
diversityof S.mansoni parasitesbygenderhavefoundno differencesbyhostgenderacross
wholepopulations[16,17]or school-agedchildren[18]. However,astudythatexamineda
greaternumberof SACthanpreviousstudiesfoundsmall,but significant,differencesin
geneticdiversityof parasiteswhenconsideringageandgenderof SACin MayugeDistrict,
Uganda[19]. Thissuggeststhatpeopleof differentgendercanbeexposedto differentparasites
andthatdifferencesin immunity mayalterwithin-hostdiversityaschildrenage.However,
thesestudieshavebeenfewandwarrantfurther investigationgiventhedifferencesin epidemi-
ology,potentialrisk behaviours,andresultsfrom studiesmeasuringgeneticdiversityof Schis-
tosoma haematobium finding highergeneticdiversityin maleSAC.Usingthesegenetic
methodsalongsideparasitological,epidemiologicalandanthropologicalmethodsmayhelpto
elucidatethecomplexaspectsassociatedwith S.mansoni risk andinfection.

Aspreviousresearchon thegender-specificaspectsof schistosomiasisis limited [20], we
aimedto gainadeeperunderstandingof genderdifferencesin exposurerisk behavioursand
howthesemanifestsin schistosomeepidemiologyusingamixedmethodsapproachin Mayuge
District, EasternUganda.WHO hasidentifiedUgandaasoneof thetenmosthighlyendemic
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countriesfor schistosomiasis[4]. In 2003,thenationalcontrol programmebeganto roll out
annualMDA in schoolsandmovedto community-basedMDA in 2007in highendemicdis-
tricts.While MDA hasbeeneffectivein someregions[21,22],despiteoveradecadeof MDA,
S.mansoni prevalenceremainshigh in MayugeDistrict at>80%for bothgenders.Many
school-agedchildren(SAC)arerapidly reinfectedpost-treatment[23] andmeaninfection
intensitiesremainhigh in thisgroup[24].

Weuseethnographicobservations,ahouseholdsurvey,epidemiologicalsurveyandparasite
populationgeneticsin onecommunitycomprisedof two villagesin MayugeDistrict, to assess
differencesbygenderin watercontact,reinfectionandparasitegeneticdiversity.

Methods

Study site

All field researchwasconductedin Bugoto,MayugeDistrict, Uganda,whichhasapproxi-
mately3,500inhabitants,dividedovertwo villages.BugotoA isadenselypopulatedvillagesit-
uatedon theshoresof LakeVictoria andthemajority of theadultpopulationarefisherfolkor
fishmongers[25]. BugotoB,to thenorth andinland of BugotoA, is lessdenselypopulated,
andmostinhabitantsarefarmers.Thereisahealthclinic in BugotoA, servingbothvillages.
Themain languagespokenisLusoga,alanguagespokenacrosstheBusogaregionin thesouth
eastof Uganda.

Terminology

Wewill usetheterm `gender'throughoutthediscussionof our methodsandresultsto describe
self-reportedidentity of studyparticipantsandacknowledgethesocioculturalaspectsof expo-
sureandinfection,andlimit discussionof our resultsto genderdifferences.Differencesbased
on biological̀ sex'areexplicitlydiscussedin theintroduction anddiscussionandreflectthe
datapresentedin thosestudies.

Ethnographic observations

To comparewatercontactbehaviourbetweendifferentrisk groups,participantsfor theethno-
graphicobservationswereselectedfrom alargercohort(n = 274),recruitedaspartof the
ongoingSCHISTO_PERSISTproject,comprisingSACwith anequalage/genderdistribution.
Thiscohortwasrecruitedin March2017atBugotoLakeViewPrimarySchool,thelargestpri-
maryschoolin thecommunitysituatedbetweenBugotoA andBugotoB.Samplesweretaken
from thiscohortat four time pointsin 2017;March,September,OctoberandDecember,with
treatmentadministeredaftertheSeptembersamplecollection.Detectedinfectionwith schisto-
someparasitesandmeaninfectionintensitieswererecordedateverytime point. In March
2018,eightchildrenwith no/verylow andeightchildrenwith highbaselineandreinfection
intensitieswererecruitedfrom thelargercohortfor ethnographicobservation.An effort was
madeto equallyrepresentages,genderandvillageof residenceacrosseachgroupusingunique
identifiers.

Ethnographicdatawerecollectedfrom the5th to 24th March2018,coveringschooldays,
andthe19th Septemberto 10th October2018,coveringnon-schooldays.A localvillagehealth
teammemberwasrecruitedto carryout translationsbetweentheresearcherandthecommu-
nity. Observationsof individual childrenwereconductedfrom 10.30am(beginningof first
schoolbreak,for thefirst datacollectionperiod)or 9.00am(for theseconddatacollection
period)to approximately9.00pm.Theresearcherandtranslatorspentthedayaccompanying
andobservingthechild in their dailyactivities(including all watercontactmoments)and
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participatingwherepossibleandappropriate.Participationexcludedhigh-riskactivitiessuch
aswatercontact,andparticipationandobservationexcludedprivacy-sensitive(toilet/shower
use),culturallyinappropriate(mosqueattendance)or disruptive(classattendance)activities.
In addition,weaskedthechild if theyhadanywatercontacton thedaybeforeour arrival.
Datacollectionstoppedwhenthechild wentto bedor no further watercontactactivities
wouldbecarriedout beforegoingto bed.Notesweretakenduring thedayandlaterwritten
up in detail.Transcriptswerereviewed,codedandcategorisedusingNVivo software[26],
usingthematicanalysis[27], with acodingframebasedon previouslypublishedliterature
complementedwith codesemergingduring thecodingprocess.

Household survey

A householdsurveywasadministeredin BugotoA andB in February2019aspartof awider
studyon attitudesandbehavioursfor differentwater,sanitationandhygiene(WASH) inter-
ventionsaimedat reducingS.mansoni transmission.Thesamplingmethodshavebeen
describedelsewhere[28]. Therequiredsamplesizewas125andbasedon thelatestnational
censusof thevillageof 2018thehouseholdsamplingintervalwasthereforesix.Weinterviewed
oneadult (�18yearsold) respondentperhouseholdandaimedto haveanequalgenderdistri-
bution amongrespondents.Oneof fiveresearchassistantsreadout thesurveyto eachpartici-
pantin thelocallanguageandresponseswerecollectedon tabletsusingSawtoothComputer
AssistedPersonalInterviewsoftware.Collecteddatafor thisstudyincludeddemographicand
socio-economiccharacteristics,knowledgeof schistosomiasis,andwatercollectingpractices.
Datawerecleanedwith STATAsoftware[29], andfrequencyandpercentageswerecalculated.
Genderdifferenceswerecalculatedwith exactbinomial testsandtwo-proportionsz-tests.

Epidemiology diagnostics cohort

A randomsampleof 55Schistosoma mansoni positivechildren(gendermatchedandevenly
distributedacrossthe6±14yearsagerange)wereselectedfrom theSCHISTO_PERSIST
cohort.Theindividualswereall positivefor S.mansoni in October2017andweretreatedwith
40mgpraziquantelperkilogrambodyweight.Theseindividualswereresampledup to twice
perweekfor fivemonthsfollowingtreatment(S1Fig).At eachtimepoint,childrenwere
recruitedat9:00amandaskedto giveasinglestoolsamplefor duplicatethick smearKato-Katz
(KK) [30]. If anindividual wasdiagnosedashavingover100eggspergram(epg)atnine
weekspost-treatment,she/hewasretreatedwith 40mg/kgpraziquantel(n = 3) for ethicalrea-
sons.At pre-treatmentandfivemonthspost-treatment,childrenweresampledfor threecon-
secutivedaysto improvediagnosticaccuracy[31]. Significantpredictorsof infectionintensity
(measuredasepgperslide)wereevaluatedusingageneralisedlinearmixedeffectsmodelwith
anegativebinomialdistribution to accountfor overdispersionof thesedata[32]. Genderand
relativetreatment(pre-treatmentvsfivemonthspost-treatment)wereusedasfixedeffectsand
uniquechild ID includedasarandomeffectto accountfor repeatedsamplesfrom individuals
from multiple slidesperdayanddayspertime point. Modelswerecreatedusingthepackage
lme4 [33] in Rv.3.5[34]. Eggcounts(asmeasuredbyKK) arehighlyvariablebetweendays,
particularlyin individualswith low infections[35,36],soclearanceof schistosomiasiswas
definedastwo consecutivedaysof 0 epgin duplicateKK slides.Thetime to reinfectionwas
identifiedasthefirst daythateggsweredetectedin stoolfollowingthisclearanceevent.We
usedsurvivalanalysismethodsto evaluatethetime to event(here,reinfectionratherthan
death)to determineif therearesignificantdifferencesbetweengendersin theproportion rein-
fectedor thetime to reinfection.TheKaplan-Meiermethodwasusedto fit thetime to reinfec-
tion andestimate95%confidenceintervals(CI), andsignificantdifferenceswereevaluated
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usingalog-ranktest.Thesurvivalanalysiswasconductedwith thesurvivfit function within
thepackagesurvival [37] in Rv.3.5[34].

Genetic diversity of schistosomes

To evaluatethegeneticdiversityof S.mansoni within individual children,miracidiawerecol-
lectedthroughouttheepidemiologicalsurvey.Collectionprotocolsfollowedestablishedmethods
[38],but briefly,afterstoolsamplesweresubmittedfor KK, theremainderof thesamplewas
washedthroughaPitchfordfunnelwith springwater[39]. Thewashedsample,potentiallycon-
tainingeggs,wasleft overnightin thedarkandthenexposedto indirect sunlightthefollowing
day.Individual miracidiawerepickedup in 2.0±2.5μl of waterwith amicropipetteunderaste-
reomicroscopeandplacedon IndicatingFTA Whatmancards.Sampleswereleft to dry amini-
mum of onehour beforebeingstoredandtransportedin sealedplasticbagswith desiccants.
Datapresentedherearefrom miracidiafrom eightboysandeightgirlscollectedin October2017
(pre-treatment)andMarch2018(fivemonthspost-treatment).Theseindividualsdid not overlap
with childrenselectedfor theethnographicobservations;rathertheseindividualswerechosen
becausewewereableto obtainmiracidiafrom childrenatboth timepoints(detailsin S2Table).

DNA from individual miracidiawaselutedfrom FTA cardsusingestablishedprotocols
[40]. Seventeenmicrosatelliteloci wereamplifiedpermiracidium usingtwo separatePCR
reactions(S1Table).Type-ITmicrosatellitePCRkits (Qiagen)wereusedaccordingto the
manufacturer'sprotocolfor eachmultiplexPCR.EachPCRreactionwascarriedout in 12.5μl
total volumeusing2μl of elutedDNA from eachmiracidia.Multiplex ampliconswerevisual-
isedon a2%agarosegelstainedwith SybrSafe(Invitrogen).SuccessfullyamplifiedDNA from
miracidiawasdiluted1:50in LIZ500SizeStandard(ThermoFisher)andHiDi Formamide
beforesequencingon anAppliedBiosciences.Allelepeakswerevisualisedandcalledin Gene-
Mapper(ThermoFisher).

Geneticdiversitymeasureswerecalculatedfor all miracidiaandloci for eachindividual at
eachtime point. Observedheterozygosity(Ho), expectedheterozygosity(He),andallelicrich-
nesswerecalculatedin poppr v.2.8.1[41]. Geneticdiversitypre-andpost-treatmentwascom-
paredusedaWilcoxonsignedrank testimplementedwith thefunctionwilcox.test in R.The
numberof populationsandtheordination of differentparasitegenotypeswasinvestigated
usingDiscriminantAnalysisof PrincipalComponents(DAPC)within theadegenet package
[42,43].VariationamonggendersandtimepointswassummarisedbycalculatingNei'sGST

with functionsin thepackagemmod [44].

Ethical clearance

Ethicalapprovalfor thesurveyandethnographicresearchwasgrantedby theUgandan
NationalCouncil for ScienceandTechnologySocialSciences(reference:UNCST-SS4241)
andtheUniversityof GlasgowCollegeof SocialSciences(reference:400160134).Methodsfor
theepidemiologicalandgeneticdatawerereviewedandapprovedby theVectorControl Divi-
sionResearchEthicsCommittee(VCDREC/062),theUgandaNationalCouncilof Science
andTechnology(UNCST-HS2193)andtheUniversityof GlasgowMedical,Veterinaryand
LifeSciencesResearchEthicsCommittee(200160068).Communityconsentwasobtained
from theDistrict EducationOfficer,theDistrict HealthOfficerandtheChairmenof thestudy
villages.Individual written consent(signatureor thumbprint) wasobtainedfrom all partici-
pants18andover.Participantsunder18yearsold providedassentandadditionalconsentwas
providedfrom aparentor guardian.Praziquanteltreatmentwasnot conditionalon participa-
tion in thestudyor givingconsentandall individualscouldleavethestudyatanytime without
affectingtheir drug treatment.
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Results

Few differences in water contact between genders observed during

ethnographic observations

Nine femalesandsevenmales,agedbetween6 and14yearsold (median10years)were
selectedfor ethnographicobservations.Nine childrenwereliving in BugotoA, sevenchildren
in BugotoB.SevenidentifiedasMuslim andnineasChristian(differentbranches).All con-
sentedto participatein thestudy.Two childrenwerelostto follow up for theseconddatacol-
lectionperiod;thesewerereplacedbychildrenwith similardemographiccharacteristics.
Differencesin watercontactbygenderwereassessedby typesof activity,frequency,contact
sites,levelof submersionanddurationof contact.No majorculturaleventsthatmayhave
influencedbehaviourswereobservedto havetakenplaceduring thedatacollectionperiod.

Weobservedarangeof activitiescarriedout by theparticipatingchildrenthat involved
contactwith lakewater,in varioussettingsandfor differentpurposes.Themainexposuresto
waterwerehouseholdtasksincluding fetchingwater,washingplatesandjerrycans,washing
clothesandflip flops,washingfooditems(potatoes,fish,vegetables,fruit), moppingbyhand
andpersonalcaresuchasbathing(selfandhelpingyoungeror disabledhouseholdmembers)
andwashinghands.Othertypesof waterexposurewereof arecreational(swimming)or areli-
giousnature(washinghands,feetandfacebeforeattendingthemosque).Occasionalwater
contactalsooccurredatschool,aschildrentook turns in fetchingwaterfor thecookto prepare
mealsfor studentsandwhentheywashedtheir cup/plateaftereating.Childrenwerenot seen
to contactwaterin occupationalsettingssuchasworking in ricepaddiesor helpingwith fish-
ing,howeversomechildrencarriedout `commercialfetching',fetchingwaterfor othersin the
community,receivingasmallamountof moneyin return.Lakewaterwasnot observedto be
processedby filtering, purification or sunexposurealthoughlargeamountsof soapareused
for washingplates,clothesandbathing.All waterfor drinking wasfetchedfrom aboreholeor
(paid-for) tap.Rainwasconsidered̀clean'waterandsafefor drinking andhouseholduseby
participantsandtheir families,howeverit wasnot regularlycollecteddueto theabsenceof
watercontainersor tanks.

Childrenfetchedlakewaterfor thehouseholdbetweenoneandthreetimesperday,andwe
found thatgirls fetchedwaterfor thehouseholdmoreoften(on 11of 14observationdays)
thanboys(on 10of 18days).Girls alsomoreoftenfetchedwatermorethanonceperday(on
sevenobservationdaysvsfour in boys);mostof thesechildrenwhocollectedwatermultiple
timesadaylivedin BugotoA, which is locatedcloserto thelake.Commercialfetchingwas
only carriedout bychildrenin BugotoA, probablydueto thehighernumberof businesses
requiringwaterandtheshortdistanceto thelake.Two boysandtwo girlswerefound to carry
out commercialfetching,up to fivetimesperday.

Mostchildrenwashedplatesduring theobservationdays,eitheroneor two timesperday.
Althoughmanychildrenandparentssaidthatchildrentaketurns in washingplates,more
girls (on 12out of 14days)wereobservedto carryout this taskthanboys(on 10out of 18
days).A fewchildrenwashedclothes,howeverwhilespendingtime atparticipants'homes,
adultwomenseemedto bemainly responsiblefor thishouseholdchore.Washingof food
itemsandmoppingof thehousewascarriedout by two girlsandoneboy.Mostchildren
bathedonceaday,thosewhodid not mentionedthat thetemperaturein theeveningwastoo
low to batheoutside.Fourgirlsbathedtwiceaday,howeverreasonsfor thisareunknown.
Handwashingwasperformedregularlybyall children,mainlyaftermeals,likely dueto the
factthat thehandsareusedfor eating.Thehighestfrequenciesof handwashingwereseen
with childrenwhowerenot in school,whoeithercarryout manyhouseholdtasksor handle
differentitemsat jobs.
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Fourof theboysengagedin swimming(including playingin thewater,diving off boats,
submergingto cooldownduring ahot dayor smallraces)during theobservationswhilstnone
of thegirlsdid. In addition,no othergirlsof thecommunitywereseenswimmingat these
sites.Thetranslatorconfirmedthatonly afewgirlsswimandall childrenstopswimming
whentheyreachpuberty.Swimmingactivitiesrangedin frequencyfrom oneto four timesper
day.

Only oneboywasobservedto washhishands,feetandfacebeforeeveryvisit to themosque.
TheothermaleMuslim participantsdid not visit themosqueatall during theobservations
andduring thetwo datacollectionperiodsno womenwereseenenteringthemosqueor pray-
ing elsewhere.

No patternsof differencebetweengenderwerefoundwhencomparingsitesof fetching
water.Participantsmentionedthat their siteof choicewasclosestto their homeor cleanest
andit wasobservedtheyconsistentlyaccessedwaterat thesamesite.Only whentheir pre-
ferredsourcedriedup in thedry season,or waterwasconsideredtoo dirty by thechild,would
theymoveto anothersite.Observationswhileaccompanyingchildrento watercontactsites
did not revealanyaccessrestrictionsbygenderandbothgenderswerefound to contactwater
at thesites.Washingplates,clothes,food items,bodyor handswereall carriedout at thehouse
compoundwith waterpreviouslycollectedat thelake.

Thelevelof submerginganddurationof watercontactwasnot noticeablydifferentbetween
boysandgirls for theactivitiesbothgenderscarriedout,asall childrenshowedsimilar
approachesto thevariousactivities.Levelof submergingwasmorerelatedto activity(fetching,
swimming)andvaryinglevelsof submerging(until ankles,kneesor hipspulling trousersor
skirt up) during fetchingwereonly seenwhenaparticipantsoughtfor clearerwaterwhichwas
oftenfurther from theshore.Duration of fetchingwater,cleaningfood itemsandwashing
platesandclotheswasmainlybasedon thenumberof items.Childrenof bothgenderswho
carryout theseactivitiestendedto havesimilarandacontinuouspaceuntil thework wascom-
plete,without visiblerushingor loitering.Theweatheraffectedthedurationof someactivities,
for examplebathingwasobservedto berushedwhenthetemperaturewaslow,whilston days
with high temperaturesboyswereseenswimmingfor extendedlengthsof time.

Adult females responsible for the majority of household tasks involving

water contact

A totalof 130householdheads(52%female)participatedin thehouseholdsurvey:85(65%)in
BugotoA and45(35%)in BugotoB,answeringon behalfof their wholehousehold.During
theethnographicobservationsweidentifiedfetchingwaterandwashingclothesastwo key
householdtasksinvolvingwaterexposure.Respondentswerethereforeaskedwhofetchesthe
majority of waterandwhowashesthemajority of clothesfor thehousehold,specifiedbygen-
derandage.In 106(82%)householdsonepersonfetchesthemajority of thewater,in 24(18%)
householdsthiswasbetweentwo to four persons.Almostall respondents(n = 127,98%)
reportedthatamemberof thehousehold,ratherthansomeoneoutsidethehousehold,fetches
themajority of thewater.Theremaindersaidothermembersof thecommunity,unrelatedto
householdmembersandover18yearsold, fetchwaterfor their household.Of these,two were
paidfor their help.

For118(91%)households,therewasonemainpersonresponsiblefor washingof clothes,
for 12householdsthiswasmorethanoneperson.Washingof clothesismostlyundertakenby
householdmembers,with only onerespondentreportingclotheswashingbyothermembers
of thecommunity.No respondentsreportedthatneighbours,or otherfamily membersnot liv-
ing in thehousehold,fetchedwateror washedclothesfor them.
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Forboth fetchingwaterandwashingclothes,womenweremainly responsible(68%and
89%of householdsrespectively;Table1),andespeciallythoseover18yearsold.Men wereless
oftenreportedresponsiblefor fetching(15%)andwashingclothes(4%),whilstmenand
womensharedtheresponsibilityfor thetasksin 17%and7%of householdsrespectively.In
householdswith asinglegenderresponsiblefor thesetasks,womensignificantlymoreoften
fetchedwater(probabilityof 0.82,CI [0.74±0.89],p<0.001)andwashedclothes(probabilityof
0.96,CI [0.91±0.99],p<0.001)ascomparedto anequaldistribution betweenthetwo genders.
No differencesin thegenderdistribution for thesetwo householdtaskswerefoundbydemo-
graphicor socio-economiccharacteristic(Table2).

Theoccupationinvolvingmostwatercontactwasfishing.Twenty-ninepercentof thepop-
ulation in BugotoA reportedfishingastheir occupation,and9%of thoseliving in BugotoB.
Therewasasignificantdifferencebetweengenders;28of the62men(45%)werefisherfolk
comparedto oneof 68women(χ2 = 33.23,CI [0.29±0.58],p<0.001).Watercontactcanalso
occurwhenfarming,reportedby35%of thosein BugotoA comparedto 64%in BugotoB,

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

n(%)

�18y

n(%)

Mixed

ages

n(%)

Female

total

n(%)

<18y

n(%)

�18y

n(%)

Mixed

ages

n(%)

Male

total

n(%)

<18y

n(%)

�18y

n(%)

Mixed

ages

n(%)

Mixed gender

total

n(%)

Fetching water 17
(13.0)

71(54.6) 1 (0.8) 89 (68.4) 4
(3.1)

14
(10.7)

1 (0.8) 19 (14.6) 7
(5.4)

0 15(11.6) 22 (16.9) 130

(100)

Washing

clothes

10(7.7) 103
(79.2)

3 (2.3) 116 (89.2) 0 5 (3.8) 0 5 (3.8) 1
(0.8)

0 8 (6.2) 9 (6.9) 130

(100)

https://doi.org/10.1371/journal.pntd.0008266.t001

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

n(%)

Male

n(%)

Mixed gender

n(%)

Female

n(%)

Male

n(%)

Mixed gender

n(%)

Village

BugotoA
BugotoB

85

45

60(71)
29(64)

10(12)
9 (20)

15(18)
7 (16)

76(89)
40(89)

3 (4)
2 (4)

6 (7)
3 (7)

Household size

1±6members
>6 members

66

64

51(77)
38(59)

10(15)
9 (14)

5 (8)
17(27)

58(88)
58(91)

5 (8)
0

3 (5)
6 (9)

Religion

Christian
Muslim

64

66

49(77)
40(61)

6 (9)
13(20)

9 (14)
13(20)

58(91)
58(88)

3 (5)
2 (3)

3 (5)
6 (9)

Education

No education
Primaryeducation
Secondaryor highereducation

28

69

33

23(82)
45(65)
21(64)

3 (11)
10(14)
6 (18)

2 (7)
14(20)
6 (18)

26(93)
60(87)
30(91)

1 (4)
2 (3)
2 (6)

1 (4)
7 (10)
1 (3)

Income (UGX/day)

<3,000
�3,000

57

73

42(74)
47(64)

7 (12)
12(16)

8 (14)
14(19)

53(93)
63(86)

1 (2)
4 (5)

3 (5)
6 (8)

Heard of schistosomiasis

Yes
No
I don't know

130

0

0

89(100)
0
0

19(100)
0
0

22(100)
0
0

116(100)
0
0

5 (100)
0
0

9 (100)
0
0

Identifies water contact as exposure risk

Yes
No

76

54

53(70)
36(67)

11(14)
8 (15)

12(16)
10(19)

69(91)
47(87)

2 (3)
3 (6)

5 (7)
4 (7)

https://doi.org/10.1371/journal.pntd.0008266.t002
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howeverasimilarproportion of menandwomenreportedthisastheir occupation(45%of
menand46%of women(χ2<0.001,CI [-0.17±0.18],p = 1).

Rapid reinfection with S. mansoni in both genders

Fifty-four SAC(out of 55)gavesamplesfor at least40%of samplecollectiondaysthroughout
thefivemonthsandwereincludedin theanalysis.Bothgendershadamoderatemeaninfec-
tion intensitypre-treatment:162.3epgin malesand122.5epgin females.At fivemonthspost-
treatment,themeaninfectionintensitypre-treatmentwaslowerin eachgender;99.8epgin
malesand80.8epgin females.Our mixed-effectsmodellingresultssuggestthatdrug treatment
affectsobservedinfectionintensity,with infectionintensitysignificantlyhigherpre-treatment
thanpost(slopeestimate= 1.03,z-value= 3.88,p = 0.0001).However,genderwasnot asignifi-
cantpredictorof infectionintensity(p = 0.37).

Fifty-two out of the54(96%)individualswereidentifiedasreinfectedduring thefive
month follow-upperiod(eggpositiveafteraperiodof clearance).Amongthesereinfected
individuals,theperiodof no eggproductionvariedfrom sevento 125days.All maleswere
reinfectedin thetime periodobservedandthemeantime to reinfectionwas54.4days.All but
two femaleswerereinfectedwithin theobservationperiodandthemeantime to reinfection
for femaleswas39.3days.Despitethisdifference,Kaplan-Meiercurvesfoundno significant
differencein thelikelihoodof reinfectionbetweengenders(Fig1;p = 0.62).

No differences in within-host parasite genetic diversity between genders

A totalof 386miracidiaweresuccessfullygenotypedfrom the16children(eightmales,eight
females)atpre-treatmentandfivemonthspost-treatment.Theaveragegeneticdiversityof S.
mansoni collectedfrom femalehosts(pre-He= 0.65;post-He= 0.67)wasnot significantlydiffer-
entto thosecollectedfrom malehosts(pre-He= 0.66;post-He= 0.67)before(Fig2;t = -0.62;
p = 0.54)or aftertreatment(t = 0.12;p = 0.97).Parasitegeneticdiversitypre-treatmentwasnot
significantlycorrelatedwith parasitegeneticdiversitypost-treatmentin thesamehost(p = 0.17).
Thiswasalsotruewhenhostgenderswereanalysedseparately:geneticdiversitypre-andpost-
treatmentwerenot correlatedin parasitesfrom eitherfemales(p = 0.11)or males(p = 0.74).

Weaskedwhetherpopulationstructureof schistosomeparasitesisdifferentiatedbygender
andhowpopulationchangeswith treatment.Therewassignificant,yetlow differentiation
within thepopulationÐthemeanNei'sGST(fixation indexfor multi-locusdata)betweenall
individualswas0.02(p = 0.002).Despitethisdifferentiation,thereisnot significantdifferentia-
tion betweengendersor timepoints.Fourdistinctsub-populationclusterswereidentified
usingdiscriminantanalysisof principlecomponentsfrom theentiregroupof miracidia(Fig
3A).However,theseclusterswerenot significantlycorrelatedwith treatmentor gender(Fig
3B).Althoughtherewaspopulationdifferentiationin parasites,differentiationwasnot associ-
atedwith hostgenderor timing relativeto treatment.

Discussion
Thisstudyusesmixedmethodsto elucidatetheimpactof genderon exposure,risk behaviour
andreinfectionwith intestinalschistosomiasisin MayugeDistrict, Uganda.Bothmaleand
femaleschool-agedchildrencontactedwaterdaily throughavarietyof activities.Thehigh
abundanceof watercontactobservedof bothgenderswasmirrored byno significantdiffer-
encesin reinfectionratesor parasitegeneticdiversity.Therewereslightdifferencesin someof
theactualwatercontactbehaviours,but thesedifferencesrepresentedasmallproportion of
thetotalwatercontactfor thechildren.Thehouseholdsurveyhoweverindicatesthat thesedif-
ferencesmight becomemorepronouncedastheindividualsage.Theseresultshighlight that
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mixedmethodscanprovidecomplementaryfindings,thatcanprovideamoreholisticunder-
standingof diseasetransmissionrisk andthereforeimprovedunderstandingof howto miti-
gatethis.

Weobservehigh ratesof schistosomiasistransmissionin thiscommunity,despiteovera
decadeof MDA. In thisstudy,96%of theSACin thelongitudinalcohortwerereinfected
within fivemonthspost-treatmentandparasitegeneticdiversitywasveryhighwithin hosts
bothpre-andpost-treatment.High reinfectionratesarelikely drivenbychildrenfrequently
contactingwaterduring domestic,personalcare,recreational,religiousor commercialactivi-
tiesin thiscommunity.A high frequencyof dailywatercontacthasalsobeenreportedin a
recentstudyfrom Senegal[45]. Wefound that frequencyanddurationof exposureto lake
waterwasverysimilarbetweenboysandgirls.Theonly differenceobservedwasthatgirls
washplatesandfetchwaterfor domesticuseatagreaterfrequencythanboys,whilstboyswere

Fig 1. Reinfection by gender. Reinfection curvesand95%confidenceintervalsbygenderfor thecohortof 54childrenthatweresufficientlysampledduring the
longitudinal study.Thereisno significantdifferencein reinfection ratesor time to reinfectionbetweengenders.

https://doi.org/10.1371/journal.pntd.0008266.g001
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theonly onesthatwereobservedto swim.This isconsistentwith anactivitysurveyin CoÃte
d'Ivoire,whichalsofoundboysswammorethangirls [46] andwheregirlsspendmoretime at
domestictasks.However,in our studyweobservedfewergender-specificoccupationalactivi-
ties,whilst theactivitysurveyfoundboysengagingmorein fishingandwateringcattleand
girlsspendingmoretime at themarket.Our lackof observedoccupationalactivitiesmaybe
dueto our recruitmentin schoolsandthereforefocuson schoolattendingSAC,ratherthan

Fig 2. Mean genetic diversity by gender before and five months after treatment. Thereareno significant differencesin averagegeneticdiversity
(measuredasexpectedheterozygosity)betweenmaleandfemales,eitherbeforeor aftertreatment.Violin plotsshowdistribution of geneticdiversity
andinternalboxplotsshowmeanandfirst andthird quartilerangepergender andtimepoint.Meangeneticdiversityperchild isshownby individual
opencircles.

https://doi.org/10.1371/journal.pntd.0008266.g002
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justSACin general,whichcouldincludenon-enrolledand/ornon-school-attendingchildren.
Althoughgirlsandboysmaydiffer in thetypeof someactivitiestheycarryout, thesedifferent
activitiesstill commonlyinvolvefrequentwatercontact,in addition to thesharedwatercon-
tactactivities(e.g.bathing)likely resultingin asimilarnetrisk betweengirlsandboys.Ongo-
ing researchincludesadditionalqualitativedatacollectionusingfocusgroupdiscussionsand
in-depthinterviewsto gainfurther insightinto socio-economicdeterminantsandotherdriv-
ersof healthbehaviourin SAC.Furthermore,studiesassessingdifferentialrisksof thevarious
watercontactactivitiesanddurationof watercontactcouldcontributetowardsmoreunder-
standingof exposureandrisk of infection.

Thesimilarity of watercontactbehavioursbetweengendersis reflectedin our epidemiolog-
icaldatapresentedhere,with no significantdifferencesbygenderbetweenreinfectionrisk for
SAC.Thesefindingssupportotherepidemiologicalstudies[11,13].After aperiodof clear-
ance,eggproductionisobservedlessthansixweekslaterin 37%(n = 20)of thelongitudinal
cohort.Praziquanteltreatmentonly affectsadultwormsandworm maturity is reached
approximatelysixweeksaftercercarialpenetrationof thehumanhost.Thereforejuvenile
wormsat thetime of treatmentaremostlyunaffectedbypraziquantel.Thiscouldexplainthe
timingsof our first observedeggexcretionaftertreatment.An alternativeexplanationis that
praziquanteltreatmentcausesembryostasis(cessationof eggproduction)andthat thereduc-
tion in eggproductionisnot always,or fully associatedwith adultdeath[47]. Geneticevidence
for tolerant/resistantwormshasbeenfound in schistosomesin this regionfrom thestartof
MDA [19] but morein-depthgeneticstudiesto quantifythecontribution of survivingadult
wormscomparedto newworm infectionsareneededto disentanglethesedynamics.In this
high-transmissionsetting,webelievethehigh forceof infectionispossiblyswampingout any
of thesmallgenderdifferencesin observedandreportedbehaviourin children.

Fig 3. Population differentiation with discriminant analysis of principle components (DAPC). A. DAPCidentified4clustersof parasitegenotypeswithin the
population sampled. B.However,theseclustersweredistributedrelativelyevenlybetweenbothgendersandtimepoints,suggestingno populationstructuredetermined
bygenderor treatmenteffects.

https://doi.org/10.1371/journal.pntd.0008266.g003
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Analysisof parasitegeneticdiversityandpopulationstructuresupportminimal differences
of infectionrisk betweengendersin SAC.If thedifferencesin behavioursobserved(more
domesticexposurefor girls,moreswimmingbyboys)wereexposingchildrento differentpar-
asites,wewouldexpectgeneticdiversityto varybetweenthegendersor populationdifferentia-
tion betweenparasitesin thesegroups.This lackof differencein geneticdiversitybetween
gendersissupportedbyotherschistosomegeneticdiversitystudies[16±18].Wefind high
geneticdiversityin bothgendersandthis recoversquickly,within fivemonths,afterobserved
successfultreatment.Thissuggeststhatchildrenareaccumulatingdiverseparasiteinfections
from theenvironmentfasterthanannualMDA cancontrol.Wealsofound low,but significant
populationstructure.This issurprisingatsuchasmallgeographicscaleandmaybeanartefact
of therelativesmallnumberof miracidia(n = 286)andthehighdiversityof theseloci.How-
ever,thisdifferentiationdoesnot partition in time or byhostgender,however,suggesting
geneflow betweenbothgendersandexposureto similarparasitegenotypes.Thesmallersam-
plesizeheremaybeleadingto theseinsignificantdifferences.A studyin thesameregionat
thestartof MDA, 15yearsagowith only praziquantel-naïvechildren,showedthatmaleshad
parasiteswith significantlyhighergeneticdiversity(althoughthiswasverysmalldifferences
anddependenton age).Theseseeminglyinconsistentfindingsbetweengenderandparasite
diversitycouldrepresentthechangingepidemiologyandrisk of schistosomiasisin theeraof
MDA.

Basedon surveydata,thegenderdivisionsin collectingandwashingclothesisexacerbated
in adults.Adult womenaremainly responsiblefor fetchingwaterandwashingclothes,which
wassimilaracrossvariousdemographicandsocio-economicvariableswithin thiscommunity.
However,thesurveywasstructuredsothat it did not coverall watercontactactivities,for
exampleoccupationalrisksthatmaybemoreassociatedwith adultmen,suchasfishing.
Womencontactingwatermainly for domestictaskswith mencontactingwaterfor occupa-
tional tasksissupportedbyotherstudiesin Uganda[6]. Althoughgenderdivisionsaremore
pronouncedin adultscomparedto SAC,wepredictschistosomiasisinfectionisnot signifi-
cantlydifferentbetweengenders.Althoughnot thesamegroupin thehouseholdsurvey,a
cross-sectionalS.mansoni epidemiologicalsurveyin thesamecommunityfoundno signifi-
cantimpactof genderon risk of infectionin univariateor multivariateanalyses,evenwhen
agegroup(pre-SAC,SAC,andadults)wastakeninto account[48]. However,theself-reported
durationof watercontactandlongerresidencetime in thevillagedid significantlyimpactrisk,
further emphasisingtheimportanceof watercontactandthehigh localrisk for transmission.
Futureresearchon ratesof reinfectionin menandwomencouldprovidefurther insightsin
genderdifferencesin risk amongadults.

Althoughweusedseveralcomplementarymethodswereusedto evaluatebehaviouraland
epidemiologicalrisk to schistosomiasis,thestudyisstill limited in its scope.Becauseof the
investmentin employingthesemethods,theywerenot repeatedin othervillagesto testtheir
robustness.However,Bugotocommunityisdiverseandhasbeenshownto berepresentative
of othervillagesin theregion[25]. Another limitation of thiswork is that theethnographic,
epidemiologicalandgeneticstudieswerecarriedout on relativelysmallandnon-overlapping
groupsof children.Participantswerechosenfor eachsub-studybasedon specificneedsand
theinability to directlycomparethemcanlimit theconclusionsdrawn.However,manyof the
methodshavebeendeployedin othersettingsandcometo similarconclusions,sowedo not
expecttheseto berestrictive.Dueto security,time andlogisticsconstraintswewerenot ableto
observeearlymorning activitiesin SAC.Wedid includethesethroughrecall,andastherecall
periodwasshortwetrust thesedatato bereliableandnon-biasedacrossindividuals.However,
wedo not havelevelof submersionor durationdatafor theseactivities,andafewmaybe
missed,whichcouldleadto underestimationof theexposure.Finally,althoughthepresenceof
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theresearchercouldhavealteredobservedbehaviour,weaimedto limit thisbybuilding rap-
port, becomingacommonsitein andaroundthevillagewhilst remainingasinobtrusiveas
possible,andworking alongsideatranslatorfrom thecommunitywhoidentifiedatypical
behaviour.

Despiteimplementationof MDA in schistosomiasis-endemicareas,hotspotsof highpreva-
lenceandrapid reinfectionremain[49]. Improvementsin treatmentcoveragethrough
strengtheningMDA programmesmayhelpcontrol somepersistenttransmissionsites[50].
Howeverit is increasinglyrecognisedthatadditional,potentiallymorefocused,interventions
will benecessaryto interrupt transmissionandachievelongerlastingimpactson schistosomia-
sisendemicity[51]. A recentlypublishedcluster-randomisedtrial showedsnailcontrol and
`classic'WASHbehaviourchangeinterventionsdid not significantlyboosttheeffectof MDA
[52]. Theseinterventionprogramsmayneedto bein placelongerto contributeto reducing
thediseaseburden.In addition,noveloptionscouldbeexploredsuchasunderstandingcom-
munity members'willingnessto work and/orpayfor differentrisk-mitigatingcommunity
interventions.Thiscouldhelpdevisethemosteffective,affordableandpopularinterventions
andthereforemostsustainablecombinationof interventionswhichmight haveahigher
chanceof beingtakenup,maintainedandactuallybreakingtransmissioncycles[28].

Althoughbothgendershavehigh risk for schistosomiasis,resultsof theethnographicand
surveyresearchhighlightsomebehavioursthatcouldbegender-specifictargetsfor healthpro-
motion campaigns.Thestronggenderdifferencesin watercontactidentifiedamongadults
werelessstrongamongchildren,althoughgirlswereobservedto fetchwatermorefrequently
andboysto swimmorefrequently.Thesedifferenttypesof watercontactmaynot produce
substantivedifferencesin volumeof watercontact,explainingtheinsignificanceof genderasa
determinantof parasiticloadanddiversity,howeverif totalwatercontactis to bereduced,
thesecouldbetargetedbygendergroup.In addition to previouslyfoundgenderdifferencesin
areassuchasdrugtreatmentcoverage[53], knowledgeof,andattitudestowards,schistosomia-
sis[54] andhostimmunologicalandpharmacokineticfactors[55], diseasecontrol pro-
grammesshouldconsiderthesehigh reinfectionratesandthevariouspurposesandsettingsin
whichchildrenandadultsareexposedto water,andbeawarethatsomeactivitiesmaybegen-
derspecificandmaychangeoverthelife course.
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