


Risk factors for tungiasis in Kenya

Conclusions

The results of this study show that in rural Kenya characteristics of poverty determine the
occurrence and the severity of tungiasis. Intra-domiciliary transmission seems to occur
regularly.

Author summary

Tungiasigsandfleadiseasels an ectoparasitickin diseasendbelonggo the group of
NTDs (Neglectedrropical Diseases)t is causedy sandfleaspenetratingnto the skin of
thefeet,causinganinflammatoryreactionwith pain anditching. Attemptsto removethe
fleawith inappropriatesharptoolsarepainful and causeébacterialsuperinfectiongventu-
ally leadingto restrictedmobility. In resource-poocommunitieswithout acces$o health
care preventionis the mostvaluablecontrol measureln this studyweidentifiedimpor-
tantrisk factorsfor the occurrenceof tungiasisand severdiseaseThe mostrelevantrisk
factorswerepoor hygienepracticesand poor housingconditions.Simplecontrol inter-
ventionssuchashavingsolidwallsandfloorsin the housejmprovedacces$o waterand
washingwith soapcouldreducethe diseasdurdenconsiderably.

Introduction

Tungiasigsandfleadiseasejs a parasiticskin diseaseausedy femalesandfleas(Tunga pene-
trans) penetratednto the skin of humanor animalhosts.Tungiasisbelonggo the family of
neglectedropical diseaseENTDs) [1,2]. It is prevalenin resource-poorural communitiesin
sub-Saharamfrica, the Caribbearand SouthAmerica[3+7]. Children betweerb and 14years
andthe elderlybearthe highestdiseasdurdenwith prevalencesp to 85%[7]. While the great
majority of patientsharbourslessthan 10embeddedandfleas singleindividualsmayhave
hundredsof parasite$8,9]. Onceembeddedn the skin, typicallyof thetoes the solesandthe
heelq10], thefleamaturesWithin the periodof up to five weekst growsuntil it reacheshe
sizeof apeaproducesandreleaseeggsandfinally dies[11]. Morbidity isrelatedto anintense
inflammatoryresponseériggeredby the developmenbf sandfleasembeddedn the epidermis
[10,12,13]Bacteriakuperinfectioris commonandintensifiesthe inflammation.Inflamma-
tion andmutilation of the feeteventuallyjeadto impairmentof mobility [12]. Main risk factors
foundin previousstudiesn BrazilandNigeriaarepoor housingandthe presencef animals
onthecompound[14,15].Awarenessf the public healthimportanceof tungiasishasbeen
growingin Kenyain recentyearshut valid dataon epidemiologicatharacteristicslo not
exist.In orderto developasustainableontrol programfor tungiasisn resource-poocom-
munitiesalongthe KenyanCoasttwo population-basedtudieswvereperformed:onein
householdsndthe otherin schoolsHere,wereportthe resultsof the household-basestudy.

Materials and methods
Ethics statement

Thestudywasapprovedy the EthicsReviewCommitteeat PwaniUniversity,Kilifi County,
KenyaapprovainumberERC/PhD/010/2014The custodiansandtheir protégés were
informed aboutthe objectivesand proceduref the studyin their motherlanguaggGiriama
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or Swahili)by aCommunity HealthWorker (CHW). Theright to denyparticipationandwith-
drawconsentat anygiventime wasclearlyexplained.

Theinformed consentform wasreadout loud word by word in Giriamaor Swabhiliand
explainedurther whenrequired,beforeanyinterviewswereconducted Questionf the cus-
todianandthe childrenwerediscusse@ndansweredy a CHW. Consentwasobtainedvia
fingerprint or signaturefrom the legalguardian.The examinatiorwasperformedin apro-
tectedsurroundingto guaranteehe privacyof the patient.Childrenandadolescenta/ereonly
examinedn the presencef their caregiver.

Any individualsfound to havetungiasisverereferredto thelocal CHWSsfor treatmentand
follow up accordingto their standardprotocolswhich havebeenapprovedor useby the Min-
istry of Healthat nationaland countylevel.For otherillnessesequiring treatmentareferral
form waspreparedby a CHW, and patientswerereferredto the nearestHealth Facility.Wash-
ing andtreatmentwerealsomadeavailabl€or compoundmemberswith tungiasisvho did
not participatein the study.

Theinformation providedto the householdverballyisincludedassupplementarglec-
tronic information alongwith the consenform which wasto besigned(S1Appendix).

Study area and study population

Thestudywasperformedin eightvillagedocatedin Kakuyuniand MalangaSub-location®f
Malindi Sub-countyKilifi County,easterrKenya,n thedry seasorfrom Augustto October
2014In the areatungiasigs endemicwith prevalencesangingfrom 30to 85%in schoolage
children (S2Appendix).

In Malindi Sub-countyrural communitiesaresmalland consistof clustersof two to five
houseseparatedby bushor farm land. Theareais dividedinto two ecologicakones:
KakuyuniSub-locationaverydenselypopulatedareain the coastaktrip with homesteads
locatedsideby side.lt hasatropical climatewith anaverag@nnualrainfall of 1,200mm, tem-
peraturesangingfrom 28+34E@ndhigh humidity mostof theyear.MalangaSub-locatioris
locatedinland andis muchdrier with averagennualrainfall of 400mm. Homesteadare
locatedabout100m from eachotherin this areaTherearetwo rainy seasononebetween
March and May andthe otherbetweerOctoberand Novemberjnterspersedvith dry seasons.

Malindi Sub-countyhasapopulationof 272,00Qvith 42.3%beingunder 15yearsof age.
Thepopulationincludedin the surveyareentirely of the Giriamatribe. While 55%o0f house-
holdshaveaccesto pipedwaterand 60%to improvedsanitation,only 17%haveacces$o elec-
tricity (Malindi PublicHealth Office2015) Many of the peoplelive in mud-walledhouses
with athatchroof andsandyfloor (FirstKilifi CountyIntegratedDevelopmenPlan2013+
2017) ForKilifi Countyaswholethe povertyrate(i.e. < 1 US$perday)is 71.4%http://www.
crakenya.org/county/kilifi/) Themajority of the populationin the studyareapracticesubsis-
tenceagriculture charcoaburning and smallscalébusinesse§.he main foodstuffscultivated
aremaize cassavaoconutsandmangoes.

Study design

The studywasa cross-sectionaurveyof arandomsampleof householdsn Kakuyuniand
MalangaSub-locationsKilifi County,Kenya.Thesesublocationsvereselectedecaus@o
interventionagainstungiasishadbeenperformedsofar.

For this studya householdvasclassifiechsa singlestructure/houseSincemostpeopldive
in homesteadsf extendedamilies,sharingeating,washingandsanitationfacilities,we
selecteanestructure/housgperhomesteadn astandardizednanner,alwayschoosinghe
first houseon theleft whenenteringthe compound.
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Individualsof anyageandsexwereeligiblefor participationaslong astheyhadspentat
least4 nightsperweekin the selectediouseholdor thelastthreemonths.To beincluded,a
householtheededo havesomeoneverthe ageof 18presentatthetime of the visit to sign
theconsenformsandrespondto theinterviewquestions.

During the preparationphasecontactwasmadewith the Countyand District leadershipn
boththe Ministry of Healthandthe Ministry of Educationthe Zonal EducationOfficerand
the Community Health Officersto obtaintheir approvalsand supportfor the study.We held
meetingswith all CHWsin eachSub-location,gavespecifictraining on tungiasisand
explainedhe aimsandprocedure®f the study,emphasizindghat participationwascompletely
voluntaryandsubjectdhadthe opportunity to withdraw from the studyat anypoint of time.

The studywascarriedout betweemugustl3andOctober5,2014,. e.during adry season.
A total of 1,086individualsfrom 233householdsn eightvillageswvereincludedin the study.

Datawerecollectedhroughadoor-to-door surveyof the selectediouseholdsvith the help
of localCHWs. Eligiblepatientswereexplainedhe procedureandwereaskedor consentin
caseof minors acaregiveiusuallythe mother)wasaskedo provideinformed consentIf
householdnembersverenot presentduring our first visit, wereturnedto the houseon one
further occasionindividualswho could not bereachedat homeduring the secondvisit were
invited to cometo the localhealthfacility within the nextdays Householdmembersvho
couldnot beexaminedon anyoccasiorwerenot includedin the study.

In orderto identify risk factorsfor the occurrenceof tungiasisandseveraliseaseye
requestednformation aboutdemographicsocio-economicenvironmentalandbehavioural
characteristicsf theindividualsandthe householdStructuredinterviewswereconducted
with the headof householdusuallythe mother) usingapre-testedjuestionnairén Giriama
or Swabhili.Environmental socioeconomi@ndsomebehaviouralisk factorswereassesseat
thehouseholdevel,otherrisk factorswereassesseoh theindividual level.

Sincecashflow doesnot correctlyindicatethe economicstatusof ahouseholdn low-
incomecommunitieg[16,17],weusedanassetscoresimilarto the onepreviouslyestablished
for cutaneoudarvamigrans,anotherneglectedropical skin diseas@associatedith poverty
[18]. Thescoreis composedf thefollowing assets:

Presencén the householdf aradio (2 points),television(5 points),fridge (5 points),gas/
solarlamp (1 point); possessionf atleastone mobilephone(1 point), bicycle(3 points)and
motor bike (10 points). ThescorecanvarybetweerD and 27 points.

For the diagnosiof tungiasisthe feetof the patientswerecarefullywashedvith soapin a
basin.Eachindividual wasexaminedor tungiasisbasedn astandardizegprocedurd3].
Sinceahigh numberof lesionsatthe feetfrequentlycoincideswith the presencef ectopic
lesionsatthe hands[19], wealsosystematicallgxaminedhe handsof the patients Patients
werealsoaskedvhethertheyhadtungiasidesionsn otherregionsof the body.Lesionswvere
stagedaccordingto the Fortalezaclassificatiorand counted[11]:

- stagd: penetratingsandflea
- stagdl: brownish/blackdot with adiameterof 1+2mm surroundedor not by anerythema

- stagdll: circularyellow-whitewatchglass-likgpatchwith adiameterof 3+10mm andwith a
centralblackdot

- stagdV: brownish-blackcrustwith or without surroundingnecrosis

Stagd to lll areviablesandfleasjn stagdV the parasitas dyingor alreadydead[11]
Lesiongmanipulatedwith asharpinstrument(by the patientor their caregiverwith theinten-
tion to removethe embeddegarasiteveredocumentecasmanipulatedesionsBasedn the
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numberof lesiongoresenttheintensity of tungiasisvasclassifiedaslight (1+5lesions) mod-
erate(6+30lesions)or high (>30lesions)14].

Statistical analysis

Thedatawereenterednto an ExceldatabaséExcelVersion2013 Microsoft, Redmont,Wash-
ington, USA),checkedor errorswhich might haveoccurredduring dataentry andthentrans-
ferredto SPSHPASWStatistical 8.0,SPS$c., Chicago)L, USA).Thedataanalysisvas
carriedout usingthe AnalysisToolPackAdd-In (Microsoft, RedmontWashington USA).
Graphswerecreatedwith the PowerPivotAdd-In (Microsoft, RedmontWashington USA).
Relativefrequenciesverecomparedwith the Chi-squareaestandFisher'sexacttest.The Spear-
manrank correlationcoefficientwascalculatedo determinethe significanceof correlations.
Oddsratiostogetherwith their 95%confidencanterval (Cl) werecalculatedirst in abivariate
analysisln asecondstep,variablesvhich weresignificantly(p < 0.05)relatedto the occur-
renceof tungiasisand/or severaliseasevereenteredn amultivariatelogisticregression
modelwith stepwisdorwardinclusionof variablego identify independenexposurevariables.
Factorswhich showedup assignificantin the bivariateanalysisbut wereassesseahly in indi-
vidualsolderthan 18werenot includedin thelogisticregressiormodel.For risk factorssuit-
ablefor anintervention,populationattributablefractions(PAF) werecalculatedThe PAF,
calculatedas% exposecmongcases attributablerisk (AR), is the fraction of casesvhich
would not haveoccurredif anexposurénadbeenavoided assuminghe exposuras causal
andtheotherrisk factorsin the populationremainunchangedAR is calculatecas(OR+ 1)/
ORandistherisk of tungiasisn the exposedjroupdueto the exposureThe samplesizeof
this studywasestimatechasedn field studiesperformedin Braziland Nigeriaandcontained
thefollowing assumptionscontrol-case-ratid.:3;hypotheticalproportion of controlswith
exposure80%;leastdetectabl@ddsratio 1.75;powerof the test0.90;confidencdevel0.95.
Thiswould require205casesnd 610controls.To accountfor uncertaintiesanddrop out we
attemptedo includea sampleof 1000individuals.

Results
Characteristics of the study population

Of the 239homesteadsisited233fulfilled the criterion of havinganinhabitedfirst houseon
theleft. Of the 1,203individualsliving in thesehouseholds] 14(72 malesand42females)
werenot encounteredn anyof thevisits,reducingthe studypopulationto 1,089 Of these,
threedid not fulfil theinclusioncriterion of havingspentat leastfour nightsperweekin the
selectedhomesteadluring the lastthreemonths.Thus,the numberof individualsavailable
for theassessmeumif risk factorswasl,086 all of which agreedo beinginterviewedand exam-
ined (Fig 1). Threehundredandtwentyfour patients(70householdsyvererecruitedfrom
Kakuyuni,221(41)from Goshi,and172(43)from Vihingoni communityin KakuyuniSub-
location;116(24)from Mtoroni, 27 (5) from Yembe 133(28)from Kadzitsoni,76(18)from
Chembeand 17 (4) from Bahaticommunityin MalangaSub-Location.

The studypopulationcompriseds7.3%femalesand58.6%wunderthe ageof 15years Of
thoseover18years54.1%reportedbeingChristianswhile 19.6%wereMuslims,31.4%were
illiterate andafurther 34%hadnot completedprimary schooleducation.The majority of
houseg89%)haddirt floorsandmud walls(84.5%)did not haveimprovedlatrines(56.7%
usedthe bush,32.6%usedtraditional latrines)and sharedccommunity tapsfor their sourceof
water(83.7%)Tablesl and?2).

Theoverallprevalencef tungiasisn the studypopulationwas25.0%(95%ClI 22.4+27.5%),
butin 42.5%of the householdstleastoneindividual hadtungiasis Of thosewith tungiasis,
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Fig 1. Flow chart of study population.
https://abi.org/10.1371durnal.pntdd005925.g001

52.8%hadalight (1to 5lesions)32.1%amoderate(6 to 30lesions)and 15.1%a high intensity
of infection (>30lesions) Fivepercentof the patientshadectopiclesionsalmostexclusively
onthehands Age-specifiprevalenceandintensity of infectionareshownin Fig 2. Therewas
atendencyof higheroccurrenceof tungiasisn elderlyindividualsliving alone althoughit was
not significant(p = 0.2111)In 14single-persomouseholdshereweretwo adults< 40years
without tungiasissix40to 59yearoldsof whom 2 hadtungiasisand six > 60yearoldsof
whom4 hadamild to severdungiasisThe prevalencef infection andhigh intensity of infec-
tion correlatedsignificantly(Fig 3) (rho = 0.90,p = 0.0059)with the highestprevalencéeing
in theunder15yearoldsand over40yearsTheyoungespatientwasfour monthsold, 4
patientswereyoungerthan oneyear,while the oldestpatientwas80yearsold.
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Table 1. Demogra phic characterist ics of the study popu lation (n =1,086 individu als).

Charact eristic Frequen cy (%)
Sex
Female 622 57.3
Male 464 42.7
Age (years)
0-4 211 19.4
5-9 245 22.6
10-14 180 16.6
15-19 80 7.4
20-39 189 17.4
40-59 114 10.5
60 64 5.9
n.k. 3 0.3
Village
Kakuyuni 324 29.8
Goshi 221 20.3
Vihingoni 172 15.8
Mtoroni 116 10.7
Yembe 27 2.5
Kadzitsoni 133 12.2
Chembe 76 7.0
Bahati 17 1.6
Religion®
None 19 4.9
Muslim 76 19.6
Christian 210 54.1
Traditionist 76 19.6
n.k. 7 1.8
Education®
llliterate 122 314
Primary school not completed 132 34.0
Primary school completed 133 34.3
n.k. 1 0.3
Occupation?
Unemployed 89 22.9
Farmer 179 46.1
Other occupation 113 29.1
n.k. 7 1.8

2information on religion, education and occupation were only collected for adults 18 years (n = 381)
n.k. = not known

https://abi.org/10.1371durnal.pntdd005925.t001

Risk factor analysis

Prevalencand severityof tungiasisvariedconsiderabl\petweerthe villageswith Yembeand
Bahatihavingaprevalencef 59.3%and 64.7%respectivelywhile Mtoroni andVihingoni had
prevalencesf 7.8%and 13.4%Table3). Residencén YembeandBahatiwasasignificantrisk
factorfor tungiasigOR 17.3and21.8respectivelyp<0.0001ppndin Kakuyunifor both occur-
renceof tungiasifOR 6.5,p<0001)and severgungiasifOR 9.2,p<0.05).Tables3 to 5 show
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Table 2. Socio-e conomic characterist ics of the study population (n =233 household s).

Charact eristic Frequency (%)
Housing
Type of floor material
Cement/stone 26 11.2
Smeared mud 136 58.4
Sand/dust 70 30.0
Mixed mud and sand 1 0.4
Type of wall material
Stone 31 13.3
Mud 197 84.5
Mixed stone and mud 5 2.1
Type of roof material
Makuti® 112 48.1
Mabati® 118 50.6
Mixed makuti and mabati 1 0.4
Tiles 2 0.9
Sanitation
Toilet
Flush toilet 10 4.3
Ventilated pit latrine 15 6.4
Traditional latrine 76 32.6
Bush 132 56.7
Waste disposal
Pit 85 36.5
Pile 100 42.9
Spread 47 20.2
Compost 1 0.4
Water source
Tap on compound 36 15.5
Shared community tap 195 83.7
Mud puddles 2 0.9
Time to reach water source (min)
0-4 73 31.3
5-9 53 22.7
10-14 42 18.0
15-19 20 8.6
20-29 12 5.2
30 33 14.2
Healthcare

Time to reach next health facility (min)

0-9 16 6.9
10-19 40 17.2
20-29 43 18.5
30-39 70 30.0
40-49 16 6.9
50-59 2 0.9

60 46 19.7

Economic status

(Continued)
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Table 2. (Continued)

Charact eristic Frequency (%)
Monthly income per household (KSh)®
0-4850 87 37.3
1 4850 40 17.2
n.k. 106 45.5
Number of meals per day
1 6 2.6
2 62 26.6
12 165 70.8
Land ownership
own 228 97.9
Rent 3 1.3
Squatt 2 0.9

Domestic animals
Animals on compound

Any animal 205 88.0
Dogs 59 25.3
Cats 59 25.3
Goats 140 60.1
Cows 70 30.0
Chicken 172 73.8
Ducks 42 18.0

2 palm leaves

P corrugated iron sheets

¢ KSh 4850 correspond to the minimum wage in Kenya for an unskilled worker in agricultural industry at the
time of the survey and is equivalent to ~ 55 USD

n.k. = not known

https://abi.org/10.1371durnal.pntdd005925.t002

demographicsocio-economichehavioralenvironmentalandgeographicisk factorsin the
bivariateanalysis.

Thebivariateanalysegentified manyrisk factorsfor tungiasigTable4). Thesencluded
beingof malesex(OR=1.59,p =0.001)andage< 15and 40year§OR betweer.04and
12.45p<0.001andp<0.01 respectively)Living in ahousewith afloor of sand/earth
(OR=4.31p < 0.0001)andmud walls(OR=4.11 p < 0.0001)weresignificantlyrelatedto
the occurrenceof tungiasis Other significantrisk factorswere:usingatraditional latrine or
bushasatoilet; spreadingvasteon the compoundor disposingwasteon apile; usingmud
puddlesasawatersource(all p < 0.05);alow frequencyof washing(only onceaday,
OR=1.99,p<0.0001andnot usingsoap(OR = 3.81,p<0.001)jiving in crowdedhouseg4+
6 persongerhouseholdDR = 1.69p < 0.05);sleepingogetherwith manyotherpersonsn a
room (p < 0.001)or childrensleepingon thefloor (OR=1.89p < 0.001)In individuals18
yearsor older,not completingprimary schoolor neverhavingattendedprimary schoolatall
increasedhe oddsof beingaffectedy tungiasishy afactorof three(OR = 3.37 p<0.05,
Tableb).

On conductingthe multivariateanalysegnly the demographiexposurevariablesnalesex
andageunder 15remainedhighly significant(Table6). Exposurevariablesndicatingalow
economicstatussuchaspoor constructioncharacteristicef the housedirect sleepingon the
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Fig 2. Age-spec ific prevalence and intensity of tungiasis in the study area. Column heights indicate overall prevalence in age
groups.
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floor, manypeoplesleepingn asingleroom andrestrictedacces$o wateralsoremainedas
significantfactors.

PopulationAttributable Fractionswerecalculatedor thosevariablesvhich areamenable
to modification (Table7). ThePAFfor living in ahousewith mud wallswas64.45%for wash-
ing without soapl6.61%andwashingonly onceaday20.18%.

Discussion

TungiasissaNTD prevalentin resource-poocommunitiesin SouthAmerica,the Caribbean
andsub-Saharaafrica[3+7]. Althoughthe diseasés associatedith important morbidity, it
is neglectedy healthcareprovidersglobally[2,20+£23]Widespread-ontrol hasneverbeen
attemptedpnly isolatedeffortsto treatinfectedindividuals,oftenby non-governmental
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Fig 3. Correlation between age-speci fic prevalence and age-spe cific frequency of high intensit y of
infectio n (> 30 lesions); rho =0.90, p =0.006.
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organizationsln EastAfrica, thisis largelydueto thelackof dataon prevalencend severity
of diseasand hitherto risk factorshaveonly beeninvestigatedn restrictedagegroups.

This studyshoweda prevalencef 25%in the overallstudypopulationand 33.8%n chil-
drenunder15yearsTheoverallprevalencés similar to thatfound in acommunity-based
studyin CentralUganda(wherethe medianprevalencén humanswas22% but only animal
keepinghouseholdsvereincluded),but considerablyowerthan prevalencesbservedn rural
andurbanresource-poocommunitiesin Braziland Nigeria(with prevalenceap to 45%)
[6,7,20,24,25Rge-specifiprevalencdollowedan S-shapeurve, peakingin the5to 9year
agegroupandthe elderly,anunusualepidemiologicatharacteristiavhich seemgo betrue
for all geographi@reasandindependenbf the overallprevalencg6,7,15,21]Thismaybedue
to certainage-specifibehaviourapatternsassociatewith differentdegree®f exposuree.g.

Table 3. Bivariate analysis of geograp hic risk factors (n =1,086 individua Is).

Exposu re variable

Location

Malanga Sublocati on? Mtoroni
Yembe
Kadzitsoni
Chembe
Bahati

Kakuyun i Sublocatio n Kakuyuni
Goshi
Vihingoni

n Frequency of tungiasis Presence of tungiasi s Presence of severe Tungias is
(> 30 lesions)
(%) any (%) heavy OR (95% CI) P value OR (95% CI) P value

116 7.8 0.9 Reference

27 59.3 3.7 17.29 (6.20-48.23) <0.0001 | 4.42(0.27-73.05) 0.2987
133 33.8 3.8 6.08 (2.82-13.12) <0.0001 | 4.49 (0.52-30.02) 0.1732
76 10.5 0.0 1.40 (0.51-3.80) 0.5106 |0.50(0.02-12.52) 0.6754
17 64.7 0.0 21.80 (6.53-72.74) <0.0001 | 2.20(0.09-56.17) 0.6334
324 35.5 7.4 6.54 (3.19-13.40) <0.0001 |9.20(1.23-68.80) 0.0306
221 19.9 2.7 2.96 (1.39-6.30) 0.0050 | 3.21(0.38-26.98) 0.2831
172 13.4 2.3 1.84 (0.82-4.12) 0.1416 |2.74(0.30-24.81) 0.3704

@ The village with the lowest prevalence was used as reference.

https://da.org/10.1371¢urnal.pntdd005925.t03
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Table 4. Bivariate analysis of demograp hic, housing , economic and behavio ral risk factors (n =1,086).

Exposu re variable

n

Frequency of

Presence of tungiasi s*

Presence of severe

tungiasi s

tungiasi s (> 30 lesions)
(%)any |(%)heavy |OR (95% CI) P value |OR (95% CI) P value
Demographic characteristics
Sex Female 622 | 212 2.4 Reference
Male 464 | 30.0 5.6 1.59 (1.20-2.09) 0.001 |2.40(1.26-4.59) 0.008
Age group (years) 04 211 | 318 2.8 8.84(3.10-25.17) | <0.001 |5.09 (0.28-91.45) 0.27
5-9 245 | 39.6 7.3 12.45 (4.41-35.15) | <0.001 | 13.09(0.78-219.77) | 0.07
10-14 180 28.3 5.6 7.51 (2.61-21.60) <0.001 |9.92(0.57-171.31) 0.11
15-19 80 5.0 0.0 Reference
20-39 189 | 10.6 1.6 2.25 (0.74-6.80) 0.15 3.02 (0.15-59.17) 0.47
40-59 114 | 175 2.6 |4.04(1.33-12.33) 0.01 |5.05(0.26-99.21) 0.29
60 64 18.8 1.6 4.38(1.34-14.35) 0.01 3.80 (0.15-94.95) 0.42
Persons per household 1-3 148 | 18.2 4.7 Reference
4-6 453 | 27.4 4.2 1.69 (1.06-2.69) 0.03 0.88 (0.36-2.14) 0.78
7 485 | 24.7 3.1 1.47 (0.93-2.35) 0.10 0.64 (0.26-1.61) 0.34
Children/household 0-3 454 | 23.6 2.9 Reference
4-5 324 | 24.4 49 |1.05(0.75-1.46) 0.79 | 1.76(0.84-3.72) 0.13
6 308 | 27.6 3.9 1.24 (0.89-1.72) 0.21 1.38 (0.62-3.06) 0.43
Adults/household 0-1 224 | 299 6.3 1.65 (0.89-3.07) 0.11 10.81 (0.64-183.47) | 0.09
2-3 784 | 24.0 3.4 1.22 (0.69-2.17) 0.49 5.70 (0.34-94.35) 0.22
4 78 20.5 0.0 Reference
Housing
Type of floor material Cement/stone 129 | 11.6 0.0 Reference
Smeared mud 661 | 22.7 4.2 2.23(1.26-3.94) 0.005 |11.65(0.71-192.08) | 0.08
Sand/dust 293 | 36.2 4.4 4.31(2.39-7.76) <0.0001 | 12.47 (0.74-211.31) | 0.08
Type of wall material Stone 153 8.5 0.0 Reference
Mud 901 | 27.6 4.6 4.11 (2.29-7.40) <0.0001 | 14.81(0.91-241.97) | 0.06
Mixed 32 28.1 0.0 4.21(1.62-10.98) 0.003 | 4.72(0.09-242.42) 0.43
Type of roof material Mabati 553 | 21.9 1.4 Reference
Makuti 519 | 28.7 6.4 1.44 (1.09-1.90) 0.01 4.36 (2.12-10.11) 0.0001
Both 7 0.0 0.0 |0.24(0.01-4.18) 0.32 | 4.38(0.23-81.08) 0.33
Other 7 14.3 0.0 0.60 (0.07—4.99) 0.63 4.38(0.23-81.08) 0.33
Location of kitchen Outside the house 757 | 25.8 3.6 Reference
Inside the house 329 | 231 4.3 0.87 (0.64-1.17) 0.35 1.20 (0.62-2.32) 0.58
Number of sleeping rooms 4 68 13.2 0.0 Reference
3 179 20.7 2.8 1.71 (0.78-3.76) 0.18 4.32(0.24-79.15) 0.32
2 435 | 23.2 2.3 1.98 (0.95-4.14) 0.07 3.38(0.20-58.36) 0.40
1 404 | 30.7 6.4 2.90 (1.40-6.04) 0.004 |9.59 (0.58-159.27) 0.11
Persons/sleeping room 3 403 | 18.4 2.2 Reference
3-4 366 | 24.3 1.9 1.43 (1.01-2.02) 0.04 0.85 (0.31-2.32) 0.75
4,5-6 195 | 33.8 8.7 2.27 (1.54-3.36) <0.0001 | 4.18 (1.83-9.56) <0.001
7 122 | 34.4 6.6 2.33(1.49-3.66) <0.001 |3.07(1.16-8.14) 0.02
Sleeping situation of children Raised bed® 910 | 23.2 2.9 Reference
Floor 146 36.3 8.2 1.89 (1.30-2.74) <0.001 | 3.04 (1.50-6.18) 0.002
Taking turns 30 23.3 10.0 1.01 (0.43-2.38) 0.98 3.78 (1.08-13.25) 0.04
Sanitation
(Continued)
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Table 4. (Continued)

Exposu re variable

Water source

Toilet

Waste disposal

Time to reach water source (min)

Frequency of washing

Use of soap

Economic status

Income per capita (KSh/month)?

Asset score

Number of meals/day

Tap on compound

Shared community tap

Mud puddles
Flush toilet

Ventilated pit latrine

Traditional latrine
Bush

Pit

Pile

Spread
Compost
0-4

5-9

10-14
15-19
20-29

30

Twice a day
Once a day
Less often
Always
Sometimes
Never
Always

13400
1000-3400
1000
n.k.
0-4
5-15
16

12

159
918
9
36
88
314
648
415
465
199

341
272
202
79
46
146
828
236
22
566
486
34
566

25

166
414
481
761
303
22

773
201
22

Frequency of

tungiasi s
(%)any |(%)heavy
22.0 3.8
24.9 3.6
77.8 22.2

5.6 0.0
17.0 0.0
25.8 4.8
26.7 4.0
24.1 1.9
23.7 4.7
30.7 5.5

0.0 0.0
25.2 4.4
29.8 5.5
21.8 3.0
19.0 0.0
23.9 8.7
23.3 0.7
21.7 3.0
35.6 6.4
31.8 45
22.8 3.2
25.5 4.3
52.9 5.9
22.8 3.2
12.0 0.0
18.1 1.2
27.1 2.9
26.2 5.6
27.2 4.3
20.8 2.6

4.5 0.0
23.7 3.5
27.8 4.1
31.8 9.1

Presence of tungiasi s*

OR (95% CI)
Reference
1.18 (0.79-1.76)

12.40 (2.46-62.39)

Reference

3.49 (0.76-16.14)
5.91 (1.39-25.15)
6.19 (1.47-26.05)
Reference

0.98 (0.72-1.33)
1.39 (0.96-2.03)
0.21 (0.01-3.70)
Reference

1.26 (0.88-1.80)
0.83 (0.55-1.25)
0.69 (0.38-1.28)
0.93 (0.45-1.92)
0.90 (0.57-1.42)
Reference

1.99 (1.45-2.72)
1.68(0.67—4.18)
Reference

1.16 (0.87-1.54)
3.81(1.89-7.69)

Reference

1.62 (0.45-5.76)
2.72 (0.80-9.26)
2.60 (0.77-8.85)
7.85 (1.05-58.71)
5.51(0.73-41.77)
Reference

Reference
1.24 (0.92-1.69)
1.50 (0.60-3.75)

P value

0.42
0.002

0.11
0.01
0.01

0.87
0.08
0.28

0.21
0.36
0.24
0.85
0.65

<0.0001
0.27

0.30
<0.001

0.46
0.11
0.13
0.04
0.10

0.16
0.38

@ Bed height was not assessed systematically, but was approximately 45 cm above the ground (personal observation)
b KSh 4850 correspond to the minimum wage in Kenya for an unskilled worker in agricultural industry at the time of the survey and is equivalent to ~ 55 USD

n.k. = not known

https://da.org/10.1371¢urnal.pntdd005925.t04

Presence of severe tungiasi s

(> 30 lesions)

OR (95% Cl)

0.95 (0.39-2.31)
7.29 (1.24-42.80)

0.41(0.01-21.18)
3.78(0.22-64.48)
3.11(0.19-52.02)

2.53 (1.11-5.74)
2.98 (1.18-7.52)
3.20 (0.19-60.59)

1.27 (0.61-2.64)
0.67 (0.25-1.74)
0.13 (0.01-2.24)
2.07 (0.66-6.53)
0.15 (0.02-1.15)

2.18 (1.13-4.21)
1.53 (0.20-11.82)

1.37 (0.72-2.61)
1.90 (0.42-8.56)

0.78 (0.04-16.61)
1.58 (0.09-27.52)
3.09 (0.18-52.04)
2.07 (0.12-34.85)
1.29 (0.07-23.16)

1.19 (0.59-2.38)
2.76 (0.61-12.43)

P value

0.91
0.003

0.65
0.35
0.43

0.03
0.03
0.43

0.53
0.41
0.16
0.21
0.07

0.02
0.68

0.33
0.40

0.87
0.75
0.43
0.61
0.86

0.63
0.19

youngchildrenplayingon the ground,assuggestetly Muehlenetal.[6] andthe elderly
spendindargeamountsof time lying on the ground.Other hypothesearea protectingeffect
of theincreasingcorneallayerof thefeet[26,27],ahigherlevelof practiceand dexterityin tak-
ing out embeddedsandfleasvith increasingage[ 7] andmoreattentiongivento personal

hygiene.
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Table 5. Bivariate analysis of educationa |, occupation al and enviro nmental risk factors (n =1,086).

Exposu re variable s

n

Frequen cy of

Presence of tungiasi s

Presence of severe

tungiasis tungiasis
(> 30 lesions)
% (any) | (%) OR (95% Cl) p-value |OR (95% CI) p-value
heavy
Educati on? Primary school completed | 133 6.8 0.8 Reference
Primary school not 132 | 15.9 3.8 2.61(1.15- 0.02 |5.20(0.60— 0.14
completed 5.93) 45.10)
llliterate 122 | 19.7 0.8 3.37 (1.50- 0.003 | 1.09 (0.07— 0.95
7.59) 17.63)
Occupati on? Other occupation 113 8.8 0.9 Reference
Farmer 179 | 15.6 1.1 1.91 (0.89- 0.10 1.27 (0.11- 0.85
4.10) 14.12)
Unemployed 89 15.7 4.6 1.92(0.81- 0.14 |5.27(0.58- 0.14
4.56) 48.02)
Religion # None 19 26.3 0.0 Reference
Muslim 76 5.3 0.0 0.16 (0.04— 0.01 |0.25(0.00— 0.50
0.65) 13.26)
Christian 210| 13.3 1.0 0.43(0.24—- 0.13 0.47 (0.02— 0.63
1.29) 10.09)
Traditionist 76 21.1 6.6 0.75(0.23- 0.62 3.00(0.16— 0.46
2.38) 56.64)
Presence of domestic animals on Dogs Yes 300| 26.3 4.3 1.11(0.82— 0.52 |1.23(0.63- 0.55
compoun d 1.50) 2.40)
No 786 | 24.4 3.6 Reference
Cats Yes 260 26.5 35 1.12 (0.81- 0.50 |0.89(0.42— 0.76
1.53) 1.89)
No 826 | 24.5 3.9 Reference
Goats Yes 633 | 28.3 3.9 1.55 (1.16— 0.003 |1.12(0.59- 0.72
2.06) 2.13)
No 453 | 20.3 35 Reference
Cows Yes 339 | 283 3.8 1.29 (0.97- 0.08 1.02 (0.52—- 0.94
1.73) 2.00)
No 747 | 23.4 3.7 Reference
Chicken Yes 801 243 3.9 0.88 (0.65— 0.44 | 1.11(0.54— 0.79
1.20) 2.29)
No 285| 26.7 35 Reference
Ducks Yes 215 25.6 4.7 1.04 (0.74— 0.81 |1.32(0.64— 0.45
1.47) 2.74)
No 871 | 24.8 3.6 Reference
Access to health care
Time to reach the nearest health facility |0-9 70 37.1 11.4 Reference
(min) 10-19 192 21.9 21 | 0.47(0.26— 0.01 |0.004
0.86)
20-29 184 | 28.8 7.6 0.68 (0.38- 0.20 |0.33
1.22)
30-59 436 | 23.9 21 0.53(0.31- 0.02 |0.001
0.90)
60 204 | 225 2.9 0.49 (0.27- 0.02 |0.01
0.88)
@ calculated for individuals 18 years (n = 388)
https://da.org/10.137 1durnal.pntdd005925.t05
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Table 6. Risk factors of tungiasis/s evere tungiasis after multivariat e analysis.

Presence of tungiasis Presence of severe tungiasis
(> 30 lesions)
Adjusted OR (95% ClI) P value Adjuste d OR (95% ClI) P value

Being of male sex 2.29(1.18-4.46) 0.01
Age

0-4 8.90 (2.94-26.89) 0.0001

5-9 12.88 (4.31-38.54) 0.0001

10-14 7.23(2.37-22.02) 0.0001

40-59 3.49 (1.07-11.39) 0.04

60 5.32(1.50-18.85) 0.01

Using mud puddles as water source 25.48 (3.50-185.67) 0.001
Washing only once a day 2.23(1.11-4.51) 0.03
Using soap when washing:

sometimes 1.57 (1.09-2.28) 0.02

never 7.36 (3.08-17.62) 0.0001
Staying in a house with:

4.5-6 persons/sleeping room 1.77 (1.07-2.93) 0.03

children sleeping on the floor 1.68 (1.03-2.74) 0.04
Time to health facility 10-19 min 0.47 (0.23-0.95) 0.04 0.20 (0.06-0.69) 0.01

30-59 min 0.12 (0.04-0.34) 0.0001

60 min 0.22 (0.07-0.68) 0.009

Living in a house with mud walls 3.35(1.71-6.58) 0.0001

https://da.org/10.1371¢urnal.pntdd005925.t06

More than half of all case$52.8%hadalow intensityof infection (lessthan 6 lesions),
while 15%hadmorethan 30lesionsThepercentagef patientswith severdungiasisvas
lowerthanobservedn Brazil[7,15,20,24,25However this is not surprising,takinginto
accountthat prevalencandintensity of infection arepositivelycorrelated6,21,28].The
observatiorthat age-specifiprevalenceignificantlycorrelatedo high intensity of infection
(rho = 0.90;Fig 3) confirmsthat childrenandthe elderlybearthe highestburdenof disease.
Anecdotalreportsshowthat elderlyindividualswithout socialsupportstructuregendto be
infectedwith tungiasianorefrequently[21]. Thistendencywasconfirmedin this study,
althoughit wasnot significant.

Tungiasiss azoonosisn which sylvatic peri-domiciliaryand domesticcyclesareinter-
linked in acomplexmanner[2]. Thesituationbecome®&venmoreintricate whentransmission
alsooccursinsidethe housewithout the involvementof ananimalreservoir Intra-domiciliary
transmissiorindicatesthatthe off-hostcycleof T. penetrans is completednsidethe house.

Table 7. Population attributa ble fractions for exposure variables amenable to modificat ion.

AR % exposed among cases PAF

(%) (%)
Washing only once a day 55.16 36.6 20.18
Not using soap when washing 36.31 45.8 16.61
Staying in a house with mud walls 70.15 91.9 64.45

PAF is the fraction of cases which would not have occurred if an exposure had been avoided and is
calculated as % exposed among cases X attributable risk (AR).
AR is the risk of tungiasis in the exposed group due to the exposure and is calculated as (OR- 1)/OR.

https://abi.org/10.1371durnal.pntdd005925.t007
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Usually thisisaroom in which family memberspendmanyhoursaday,suchasthe sleeping
room. If thefloor in thisroom consistof sand dried mud or ruggedcementwith holesand
crackseggghat havebeenexpelledby embeddedemalesandfleasovernightandwhich have
fallenon thefloor aresweptinto crevicesf thefloor or into the cracksbetweerfloor andwall,
whentheroom is cleanedvith abroomin the morning. Eggscandevelopinto larvaeand
pupaen suchcrackg29].

Thatintra-domiciliary transmissioroccursin the studyareais supportedby the finding
thatdirectsleepingon thefloor or if wallsof the sleepingoom consistedbf mud remainedsig-
nificant risk factorsin the multivariateanalysisThe more peoplesleptin aroom the higher
werethe oddsof tungiasisn householdnmembers.

It isknown thatdifferentanimalspeciesctasreservoirdn differentcountries[25,30,31].
In our studypopulation,74%of all household$iadchicken,60%hadgoats 25%haddogsand
25%hadcatsHowever no specificanimalspeciesvasidentified asarisk factorfor tungiasis
in this study.Thisfinding supportsthe assumptiorthat perhapsn thesecoastatommunities
the Tunga penetrans cycleis almostentirelyhumananddoesnot involveanimalreservoirslt
shouldbenotedthatanimalswerenot examinedor infectionin this study,only observeds
presentin the compoundandreportedasto wheretheysleepat night (S3Appendix).In
NortheastBrazil,straydogsand catsareimportant reservoirdn urbanareaswhereasn rural
areagigsarethe mostimport specie$30,31].Pigswerealsoidentified asthe major reservoir
of T. penetrans in Nigeriaandin Uganda[15,25].However pigswerenot keptin anyof the
householdsén the studyareapecausea considerablg@art of the populationis Muslim. Actu-
ally, beingMuslim wasidentified asasignificantprotectivefactorin the bivariateanalysis
(Table5), whichmaybeexplainedy the factthat Muslimswashtheir feetseveratimesaday
beforeenteringthe mosquefor prayer.

Otherrisk factorswhich remainedsignificantaftermultivariateregressioranalysisverethe
limited acces$o water(wateronly availablédrom muddy pools),frequencyof washingaswell
asbathingwithout soap A similar finding wasmadein aresource-poocommunityin North-
easBrazil[14]. It istemptingto speculatéhattheserisk factorsarecorrelatedo thereproduc-
tive biologyof T. penetrans. Femalesandfleasarefertilized by malesexploringthe skin only
afterfemalesaareembeddedn the epidermisand havestartedneosomy[32]. Thereis circum-
stantialevidencehat malesareattractedoy odor emittedfrom the faecamaterialreleasedby
femalesn regularintervals[12,13].Thefaecamaterialspreadsnto dermalpapillaearound
thelesion,andsinceit is verysticky,it needssoapto bewasheaff. Hence whensoapis not
usedor unavailabilityof waterpreventsanywashingat all, more malesandfleasshouldbe
attractedto the skinand,hencemorefemalewill befertilized.Overtime, thiswill leadto a
higherintensityof infection.

It haspreviouslybeenreportedthat within endemicareastungiasiss heterogeneouslgis-
tributed [2]. Thiswasconfirmedin this study:whereprevalenceariedbetweervillagesrom
7.8%to 64.7%in thefive studyvillagesn MalangaSub-locationall situatedwithin 4 km of
eachotherandfrom 13.4%o0 35.5%n thethreestudyvillagesn KakuyuniSub-location,
within 2 km of eachother.Whetherthe heterogeneitys determinedby differencesn the pre-
dominanttypeof exposuravithin acommunity,suchasintra-domiciliary versugperi-domes-
tic couldnot beclarifiedin this study.

We found veryhigh PopulationAttributable Fractionsfor biologicallyveryplausiblevari-
ablesTrickling of sandanddustfrom mud wallscreatesdealconditionsfor the off-hostlife
cycleof sandfleasin cracksof thefloor. Building wallsof stoneor cementwouldreduce
the prevalencef tungiasidy 64 percent.Similar,promoting betterhygiene particularlywash-
ing with soapwould reducethe prevalencef tungiasian the community by 17and20%,
respectively.
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Werealizethatthis studyhasseveralimitations. First,thereis an overrepresentatioof
adultfemalesn the studygroup.Thestudywasconductedduring the dayon all daysof the
week ncluding Saturdayand Sundayijn orderto encounterschoolchildrenon the com-
pound.However sincethe majority of adult malesn our studypopulationworkedasfarmers
andreturnedonly aftersunsetve could not examinethem. Extendingour working periods
towardsthe eveningwasnot possibledueto insufficientlighting and safetyconcernsThe dis-
tancesetweerthe householdsn Malangaand our time constraintsalsomeantthatthere
werefewerhouseholdsncludedin the studyfrom this areathanfrom Kakuyuni.Ecologically
thetwo areasarequite different.

Takentogethermanyfactorswhichbby onewayor anotherbarelinked to povertywere
identified asimportant risk factorsin the bivariateand/or multivariateregressioranalysis,
suchaspoor constructioncharacteristicef the house absencef aventilatedpit latrine,no
acces$o drinking wateron the compound,asinglesleepingoom for childrenandadults,
absencef bedsand mattressegjnavailabilityof soapfor bodywashanassescorebelow5s
pointsandalow levelof educationamongadults.Thus,asseerelsewherén theworld, tungia-
sisin rural Kenyais apoverty-associatediseasén whichthe poorestof the poor bearthe
highestburdenof diseaseyut thatit canbecontrolledwith simplehousingimprovements,
improvedacces$o waterand hygienepractices.
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