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Conclusions

Poor sanitation facilities appear to be a major source of Salmonella Typhi in Fiji, with trans-
mission by drinking contaminated surface water and consuming unwashed produce.
Improved sanitation facilities and protection of surface water sources and produce from con-
tamination by human feces are likely to contribute to typhoid control in Fiji.

Author summary

Modelingsuggestthat Oceanighassurpassedsiaand sub-Saharadfrica astheregion
with the highesttyphoid feverincidence While Pacificlslandsareoftenneglectediueto
smallpopulationsizesthereis anurgentneedto understandhe epidemiologyof typhoid
feverin theregion.Fiji, anupper-middleincomecountryin Oceaniahasreportedan
increasen typhoid fevernotificationsoverthe lastdecadeHowever the epidemiologyof
typhoid feverin Fiji isincompletelyunderstooddueto gapsn surveillanceandlackof
epidemiologicatesearcton localrisk factors We conducteda case-controstudyin the
CentralDivision of Fiji to helpinform preventionandcontrol strategiesWe found unim-
provedsanitationfacilitiesto bemajor sourceof typhoid feverin Fiji, with transmission
by drinking contaminatedsurfacevaterand consumptionof unwashegroduce We also
found anassociatiorbetweermpoor wateravailabilityand poor hygienewith typhoid fever.
Improvementsn sanitationfacilitiesto protectsurfacevaterand producefrom contami-
nation arelikely to contributeto improvedtyphoid control in Fiji. Becausef the distinct
socio-demographiandenvironmentalconditionsfoundin Oceaniapur findingsmay
reflectsourcesand modesof transmissiorpredominantelsewherén the region.

Introduction

Typhoidfeverremainsasubstantiatauseof morbidity and mortality in manylow- andmid-
dle-incomecountries with anestimatedL7.8million newepisodesnnually[1]. By 20150ce-
aniahadfallenbehindboth Asiaand sub-Saharaifrica to becomeheregionwith thelowest
coverag®f improveddrinking waterandimprovedsanitation[2, 3]. Pacificislandnations
including Fiji [4], Nauru[5], and PapuaNew Guinea[6] report high casecountsof typhoid
feverandfrequentlargeoutbreakf the diseaseDespitethis apparenthigh incidence studies
to investigatesourcesnd modesof transmissiorof typhoid feverin the Pacific whereunique
socio-demographidyehavioraland environmentalconditionsmayexist,havebeenrare[4, 7].
A detailedunderstandingof localrisk factorsfor typhoid feveris necessarto inform non-vac-
cinecontrol measures-urthermore arobustunderstandingof the epidemiologyof typhoid
feverin Fiji isneededo inform decisionsabouttheintroduction of recentlyrecommendeds]
andprequalifiedtyphoid conjugatevaccine.

Typhoidfeveris endemicin Fiji with diseas@ccurringamongboth rural andurban
residentd4, 7]. Bloodculture-confirmedtyphoid feverinfectionshaveincreasedincethe
1990srising rapidly since2005[9]. By 2010 the incidenceof typhoid feverin Fiji, identified
by passivesurveillanceywas52 per 100000population[10]. However giventhe limited sensi-
tivity of blood cultures patternsof healthseekingoehavioramongFijians,andlow accesso
blood culturesservicesthe actualincidenceof typhoid feverin Fiji is likely to exceedhisrate
[10].
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Risk factors for typhoid fever in Fiji

Previougyphoid fevercase-controstudiesin endemiccountrieshavedemonstratedon-
siderablevariationin major sourcesand modesof transmissiorby location[11, 12]. Thisvaria-
tion underscoresheimportanceof localresearchespeciallyn distinctenvironmentssuchas
thosethat existin the smallerislandstateof OceaniaTo identify risk factorsfor typhoid fever
relevantto the distinctiveislandecologyof Oceaniaywe conducteda case-controstudyto
inform typhoid control effortsin Fiji's CentralDivision.

Methods

Setting

TheRepublicof Fiji, locatedin the southernPacificOceanconsistof 332islands Our study
wasundertakenin the CentralDivision with a population>370,00(beoplerepresentingt3%
of the nationalpopulation,andincluding the capitalcity SuvaAt the time of the study,Central
Division residentsverecomprisedof 56%iTaukei(indigenousFijians),38%kFijiansof Indian
descentand 6%whoidentified asbeingof anotherethnicity [13]. The majority of Central
Division'spopulationresidedn Suvaandtheremainderlivedin smallrural villagesandset-
tlementsnearmajor waterway$7]. All public healthservicesn Fiji areprovidedatthedivi-
sionalandsub-divisionalevel. The ColonialWar Memorial Hospital(CWMH) in Suvaisthe
largestpublic referralhospitalin the country providing clinicalandlaboratoryserviceso all of
the CentralDivision.

Design

We conductedaneighborhoodgthnicity,andageintervalmatchedcase-controstudyfrom
27 Januany2014through 31 Januarn2017in CentralDivision, Fiji. Casesveredefinedas
patientsresidingin CentralDivision who soughtcareatanyCentralDivision public health
facility, andhad Salmonella enterica serovarTyphi (Salmonella Typhi) isolatedfrom bloodcul-
ture. Thoseaged>18yearsvereeligiblefor enrollmentuntil 1 May 2014whenregulatory
approvalwasreceivedo extendenrolimentto all agesFor personsaged<12yearsweinter-
viewedthe parentor guardianof the patient.If morethanonecasevasdetectedn ahouse-
hold, weonly enrolledthefirst case.

Two neighborhoodcontrolswereselectedor eachcasepnefrom anearneighborhoodand
theotherfrom amoredistantneighborhoodrom wherethe casearose We soughtnear-
neighborhoodcontrols100pacesn arandomdirectionfrom the casehouseholdusingapen
spinmethod.We soughtdistant-neighborhoodontrolsin the samerandomdirectionasa
near-neighborhoodontrol, from the nextclosestiver basinin rural areasandfrom the next
closessub-divisionin urbanand peri-urbanareasWe soughtpotentialage-matchedontrols
in theintervals<4 yearsp+14years15+24years25+34years35+44years45+54yearsb5+
64yearsp5+74yearsand >75yearsof age We excludedpotentialcontrolsthat hadexperi-
encedfeverwithin the pastonemonth.

Data collection

We administereda standardizedjuestionnairdo all participants.The questionnairesought
information on basicdemographicandfocusedn modifiabletyphoid feverrisk factorsand
exposuresccurringduring the two-weekperiod prior to the onsetof symptomsfor casesand
prior to the dateof recruitmentfor controls.Domainsof questionsncludedthoserelatedto
waterandfood consumption,ncluding kava,alocaldrink of Fiji madeof waterinfusedwith
Piper methysticum, and behaviorapracticessuchasattendanceit community gatheringsand
handwashingWe investigatedonger-termenvironmentaffactorsincluding the occurrenceof
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floods,droughts,andtropical stormstwo monthsprior to the onsetof symptomsor interview.
Werecordedobservation®n the typeand condition of watersourceand sanitationfacility
within the boundsof the householdand alsoon distalenvironmentalconditions.

Laboratory evaluations

Bloodcultureswerecollectedrom febrilepatientsat the clinicians'discretion[14]. Bloodwas
collectedn BacT/ALERTstandardaerobicand anaerobidlood culturebottlesfor adults(5+
10mL)andpediatricFAN bottlesfor children (2+5mL) (bioMé&ieux, Marcy L 'Etoile, France).
Bottleswereincubatedfor 5+7daysat 35EQn the BacT/AlertsystemBroth from positiveblood
culturebottleswassubculturecon blood,chocolateand MacConkeyagar Non-lactosefer-
menting colonieswereidentified biochemicallyasprobableSalmonella Typhi usingMicrobact
identificationsystem[riple Sugadron (TSI),andLysinelndole Motility (LIM) media.Salmo-
nella Typhi wereconfirmedby slideagglutinationusingantibodyreagentspecificfor ser-
ogroupO9andVi (Difco Salmonella Antiserum,BectonDickinson,Franklin LakesNJUSA).

Statistical analysis

A three-levebocioeconomistatugSES)ndexwascreatedby principal componentanalysis
of educationemploymenthouseholdconditions,andassevariableg15]. Categorical/ari-
ableswerecreatedor watersourceandsanitationfacilities,with improvedmunicipal water
sourceandundamagedimprovedmunicipal seweragesedasthe referentcategoryfor each
variable Handwashingbehaviorquestionsat pre-specifiedimes(beforeeating beforecook-
ing, andafterdefecationwererecodedasan ordinal variablerangingfrom 0 (never)to 2
(always)A knowledge-basedimensionreductionstrategywhich consideredhe causapath-
waythroughdirectedacyclicgraphswasusedto guidevariableselectiorfor modelbuilding
andinterpretationof multivariableanalysig16]. Oddsratios(OR) with exact95%confidence
interval (Cl) weremeasuredn aunivariableanalysisisingconditionallogisticregressiorior
the selectedrariablesA multivariableconditionallogisticregressionmodelwith all variables
with ap-value<0.1in the univariableanalysisvasappliedandvariablesvith p-value>0.05
wereremovedfrom the modelin astep-wisenanner.Populationattributablefractions(PAF)
for categoricalpotentiallymodifiablerisk factorswereestimatedrom the prevalencef expo-
surein casepatientsandadjustedOR from the multivariableconditionallogisticregression
model[17,18]. The proportion of participantswith missingdatafor variableselectedor
modelbuilding rangedfrom 0+4% Missingvaluesvereimputed usingall availabledatafor
eachparticipant.Specificallyfive completedatasetsverecreatedusingthe multivariateimpu-
tation by chainedequationdMICE) methodof imputationin STATA[19]. Resultobtained
from imputeddatasetsverenot significantlydifferentfrom non-imputeddata,hencewe
choseto presentour unimputedresults Analysiswasdonecomparingcases$o near-neighbor-
hoodanddistant-neighborhooaontrolsseparatelandtogether MatchedORswith control
groupsseparatelyverenot significantlydifferentto ORswith controlstogether.Thereforewe
choseo presentresultsfor the combinedcontrol groups.Detailson samplesizeestimation(S1
File),questionnairausedfor responseollection(S2File),directedacyclicgraph(S1Fig),and
univariableresultswith analysiof control groupsseparatelyS1land S2Tables)reprovided
in the supportinginformation. Analysesvereconductedwith Stata/SH4.0for Windows
(Stata,TX, USA).

Research ethics

Ethicsapprovalsvereobtainedfrom the Fiji NationalHealthResearciCommittee the
Human EthicsCommitteeof the Universityof Otago,andthe Human Researclithics
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Committeeof Edith CowanUniversity.Verbalandwritten detailsof the studywereprovided
in Fijian, Hindi, or Englishasnecessargndwritten informed consentwasobtainedfrom all
participantsor their guardians.

Results

Of 39,77%lood culturesperformed,279(0.7%)patientswith blood culture-confirmed
typhoid feverwereidentified. No Salmonella ParatyphiA, B, or C wereisolatedduring the
studyperiod. Of thoseblood culture-confirmedtyphoid fevercases] 75(62.7%)wereenrolled
in the case-controstudy.Reason$or non-enrolmentareshownin Fig 1. A total of 349con-
trolswereenrolledin the study.Baselineharacteristicsf enrolledcasesnd controlsare
describedn Tablel.Of enrolledcase84(48.0%)verefrom arural areawhile 59 (33.7%)and
32(18.3%)werefrom urbanandperi-urbanareagespectively.

In the univariableanalysigTable2), the oddsof acaseeingfrom alow SESndexhouse-
hold wasalmost3 timesthat of controls(matchedOR 2.98and 95%CI 1.64+5.44)Cases
more frequentlyaccessetheir main watersourcefrom outsidethe house(OR = 2.96,95%

Cl 1.20+7.29hadinterruptedwateravailability(OR = 2.40,95%CI 1.39+4.12anddrank
waterfrom anuntreatedsourcen thelasttwo weekg§OR = 1.80,95%CI 1.07+3.03)Among
participantswho reporteddrinking waterfrom asourceotherthantheir main household
watersourcecasesveremorelikely to havedrunk waterfrom asurfacevatersourcethan
controls(OR = 3.04,95%CI 1.33+6.92)No differencein kavaconsumptionwasobserved
betweercasesindcontrols.

Comparedo controls,casesveremorelikely to eatunwashegroduce(OR = 3.48 95%CI
2.06+5.89)Casesverealsomorelikely to haveeatenoutsideof the housein the pasttwo
weekqOR=1.56,95%CI 1.04+2.34)andhaveattendedamasgyatheringin the pasttwo
weekqOR=1.5995%Cl 1.05+2.40).

39,775 blood cultures
from January 2014
through January 2017

Not enrolled in study:
¢ Not eligible prior to

A

Salmonella Typhi
e Not a Central Division
> resident = 49
175 (62.7%) cases o Refused/unable to give
enrolled in study. consent =2

e Unable to locate = 23

349 age, gender,
ethnicity, and
neighbourhood
matched controls.

Fig 1. Flowchart illustrating recruitment of patients with Salmonella Typhi infection in Central Division Fiji,
2014-2017.

https://cbi.org/10.1371durnal.pntdd006571.g001
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Table 1. Baseline characteristics of 175 typhoid fever cases and 349 age, ethnicity, and neighborhood matched
controls enrolled in study, Central Division, Fiji, 2014-2017.

Characteristic Cases Controls

(n=175) (n=349)
N/ (%) N | (%)

Total 175/ (100.0) 349| (100.0)

Gender

Male 86| (49.1) 171/ (49.0)

Age group

< 5years 9| (5.1) 15| (4.3)

5+17years 44| (25.1) 84| (24.1)

18+49years 97 (55.4) 207/ (59.3)

> 50years 25| (14.3) 43| (12.3)

Ethnicity

iTaukei(indigenousFijians) 166/ (94.9) 331| (94.8)

Fijiansof Indian descent 9/(5.1) 18| (4.9)

Residential Area

Urban 59| (33.7) 118| (33.5)

Peri-urban 32| (18.3) 63| (18.1)

Ruralarea 84| (48.0) 168/ (47.9)

https://abi.org/10.1371durnal.pntdd006571.t001

When categorizedby latrine type,casesveremorelikely to haveeitheranunimprovedpit
latrine (OR=26.6295%CI 5.20+136.37%r no toilet or latrine in thehouseholdOR=14.17,
95%CI 1.97+£102.14)r adamagedimprovedmunicipalseweragéOR = 5.28,95%CI 1.23+
22.73)or animprovedpit latrine (OR = 4.40,95%Cl 1.46+13.263omparedo controls.Fur-
thermore,casesveremorelikely than controlsto reporthavingalatrine built by someone
within their own household OR = 1.53,95%CI 1.12+2.30)With respecto hygienebehaviors,
ahigherhandwashingcoreafterdefecatind OR = 0.41,95%CI 0.27+0.62and usingsoapfor
handwashindOR = 0.38,95%CI 0.24+0.58)vereassociatewith loweroddsof typhoid fever.

In termsof distalenvironmentaffactors,comparedo controls,casesveremorelikely to
haveexperiencedlooding of their nearestiver or streamin the pasttwo months(OR=2.42,
95%CI 1.13+5.12)Casesverealsomorelikely to haveadamlocatedupstreanmfrom their
closestiver basin(OR=2.18,95%Cl 1.22+3.91bhancontrols.

On multivariableanalysigen exposuresemainedindependentlyassociateaith typhoid
fever(Table3) including drinking waterfrom an alternativesurfacevatersourcen thelast
two weekqOR = 3.61,95%CI 1.44+9.06)0t havingconstantwateravailability(OR=2.17,
95%CI 1.18+4.00)ndeatingunwashegroduce(OR = 2.69,95%CI 1.48+4.91)Thepopula-
tion attributablefraction (PAF)for theseexposuresvas?%,15%,and 19% respectivelyHav-
ing anyunimprovedsewerageystenor adamagedmprovedseweragsystenmwasassociated
with increasedddsof typhoid fever(OR = 4.30,95%CI 1.14+16.21) he summaryPAFfor
thesepoor sanitationfacilitieswas72% Frequenthandwashingfterdefecatingvasassociated
with loweroddsof Salmonella Typhiinfection (OR=0.57;95%CI 0.35+0.93)aswasusing
soapfor handwashingOR = 0.61,95%Cl 0.37+£0.95).

Discussion

To our knowledgethis is thefirst case-controstudyto investigatesourcesand modesof trans-
missionfor typhoid feverin Fiji. We demonstratehat unimprovedsanitationfacilitiesarea
likely major sourceof Salmonella Typhi, with transmissioroccurringthroughdrinking
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Table 2. Univariable analysis of risk factors for blood-culture-confirmed typhoid fever among 175 cases and 349 age, ethnicity, and neighborhood matched con-

trols, Central Division, Fiji, 2014-2017.

Risk factor/ Exposure Number and (%) |Number and (%) Conditional Exact 95% p-value
of cases with risk | of controls with odds ratio confidence Intervals
factor/ exposure | risk factor/
exposure
Total no. of Total no. of
cases = 175 controls = 349
N | (%) N | (%)
Household
High socioeconmic statusndex 32| (18.3) 98| (28.1) ref
Medium socioeconmic statusindex 57| (32.6) 127/ (36.4) 1.72 0.97+3.06 0.063
Low socioeconorit statusndex 86| (49.1) 124/ (35.5) 2.98 1.64+5.44 <0.001
Animalsin household 86 (49.1) 195/ (55.9) 0.72 0.49+1.06 0.099
Water source, treatment, and drinking
Main householdvatersource
Pipedtreated 88| (50.3) 172| (49.3) ref
Pipeduntreaed 31| (17.7) 77 (22.1) 0.50 0.18+1.42 0.196
Rainwater 4](2.3) 5| (1.4) 1.67 0.38+7.39 0.502
Surfacevater 52| (29.7) 95| (27.2) 1.28 0.35+4.70 0.713
Main watersourceaccesseftom outsidehouse 118/ (67.4) 68| (19.5) 2.96 1.20+7.29 0.018
Waternot alwaysavailabldrom main source 49| (28.0) 62| (17.8) 2.40 1.39+4.12 0.002
Treatedwaterin house 50| (28.6) 107/ (30.7) 0.89 0.57+1.39 0.596
Storedwaterin house 139| (79.4) 269| (77.1) 1.16 0.73+1.85 0.530
Drank untreatedwater 76| (43.4) 126/ (36.1) 1.80 1.07+3.03 0.027
Only drankwaterfrom main householdvatersource 104/ (59.4) 232| (66.5) ref -
Drank from analternatewatersource(non-surfaewatersource) 53] (30.3) 100| (28.7) 1.31 0.78+2.21 0.313
Drank from analternatewatersource(surfacevatersource) 18 (10.3) 17| (4.9) 3.04 1.33+6.92 0.008
Drank wateratamassgathering 14| (8.0) 19| (5.4) 1.51 0.74+3.10 0.256
Consumedce 69| (39.4) 131| (37.5) 1.14 0.77+1.68 0.524
Drank water/otter drink from astreetvendor 57| (32.6) 97| (27.8) 1.34 0.86+2.09 0.189
Drank kava® 71| (40.6) 164/ (47.0) 0.68 0.43+1.06 0.091
Food and behavior
Did not washproducebeforeeating 53| (30.3) 48| (13.8) 3.48 2.06+5.89 <0.001
Storedfood 121/ (69.1) 252| (72.2) 0.83 0.53+£1.29 0.399
Sharedood on the sameplate 20| (11.4) 22| (6.3) 2.13 1.07+4.25 0.032
Ate outsideof house 77| (44.0) 121| (34.7) 1.56 1.04+2.34 0.032
Consumediairy products 156/ (89.1) 316/ (90.5) 0.81 0.41+1.62 0.551
Ate kai/mussels 72 (41.1) 181/ (51.9) 0.57 0.37+0.87 0.009
Ate lolo/cocaut milk 129| (73.7) 276/ (79.1) 0.61 0.36+1.06 0.080
Attendedamassgathering 64 (36.6) 97 (27.8) 1.59 1.05+2.40 0.029
Sanitation and hygiene
Sharedoilet with non-housholdmembers 24 (13.7) 42 (12.0) 1.30 0.64+2.67 0.461
Householder$uilt their owntoilet 92 (52.6) 154 (44.1) 1.53 1.12+2.30 0.039
Havea unimproved/damagedmprovedsewerageysten? 167 (95.4) 318 (91.1) 2.80 1.02+7.65 0.045
Undamage improved,municipalsewerage 8 (4.6) 31 (8.9) ref -
Unimprovedpit latrine 16 (9.1) 10 (2.9) 26.62 5.20+136.B <0.001
No toilet/opendefecation 5 (2.9) 3 (0.9) 14.17 1.97+1024 0.009
Damagedmproved,municipal sewerage 7 (4.0) 10 (2.9) 5.28 1.23+22.73 0.025
Improved pit latrine 62 (35.4) 109 (31.2) 4.40 1.46+13.26 0.009
(Continued)
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Table 2. (Continued)

Risk factor/ Exposure Number and (%) |Number and (%) Conditional Exact 95% p-value
of cases with risk | of controls with odds ratio confidence Intervals
factor/ exposure | risk factor/
exposure
Total no. of Total no. of
cases = 175 controls = 349
N| (%) N| (%)

Intact septic 77 (44.0) 186 (53.3) 2.41 0.86+6.71 0.093
Separatevatersourcefor washinghands 35 (20.0) 90 (25.8) 0.64 0.38+1.08 0.095
High handwashig frequencyafterdefecation 0.41 0.27+0.62 <0.001
Usedsoapfor handwashing 80 (45.7) 227 (65.0) 0.38 0.24+0.58 <0.001
Environment
Heavyto moderaterain 2 weeks 87| (49.7) 169 (48.4) 1.09 0.69+1.72 0.700
Heavyto moderaterain 2 months 98| (56.0) 180 (51.6) 1.31 0.83+£2.09 0.245
Householdevacuate@ weeks 2 (1.1 6 a.7) 0.59 0.10+3.54 0.567
Householdevacuate@ months 3 (1.7 7 (2.0) 0.50 0.03+£7.99 0.624
Drought2 weeks 1| (0.6) 1 (0.3) 2.00 0.13+£31.98 0.624
Drought2 months 1| (0.6) 3 (0.9) 0.59 0.05+7.43 0.685
Floodingadjacen? weeks 5/ (2.9 12 (3.4) 0.79 0.24+2.56 0.695
Floodingadjacen? months 2 (1.1) 8 (2.3) 0.47 0.09+2.34 0.356
Villageflooded2 weeks 6| (3.4) 7 (2.0) 1.92 0.57+6.52 0.294
Villageflooded2 months 5/ (2.9 8 (2.3) 1.31 0.38+4.45 0.671
Toilet flooded2 weeks 20 (11) 1 (0.3) 4.00 0.36+44.1 0.258
Toilet flooded2 months 1 (0.6) 1 (0.3) 2.00 0.13+31.98 0.624
River/strean flooded2 weeks 14| (8.0) 16 (4.6) 2.24 0.90+5.60 0.083
River/strean flooded2 months 19| (10.9) 19 (5.4) 2.42 1.13+5.12 0.020
Farmsabovewatercollection 11| (6.3) 13 (3.7) 2.38 0.82+6.88 0.109
Livestockabovewatercollection 7 (4.0 5 (1.4) 3.78 0.95+15.4 0.059
Loggingaboveriver basin (0.6) 4 (1.1) 0.43 0.04+4.61 0.489
Roadbuilding aboveriver basin 3 (1.7 11 (3.2) 0.21 0.02+2.01 0.179
Damsaboveriver basin 71| (40.6) 112 (32.1) 2.18 1.22+3.91 0.009

OddsratioswereestimatedisingconditionallogisticregressionAll exposuregsrefocusedn the 2-weekperiod prior to onsetof symptomsfor casesindthe dateof
recruitmert for controls,unlessspecifiedtherwise.

@Traditional Fijian drink (waterinfusedwith Piper methysticum).

b Summaryvariableof all sanitationfacilities.

https://da.org/10.137 1§urnal.pntd006571.t02

contaminatedsurfacevaterand eatingunwashegroduce We alsoshowtyphoid to be com-
mon amongboth rural andurbanpopulationsin Fiji (Tablel). Improving sanitationfacilities
andincreasingaccesto safewaterand cleanproducefor rural populationspresentsa major
challengen Fiji andmorebroadlyfor otherislandnationsof Oceania.

Themedianageof casesn our studywas29yearswhichis higherthanthe medianage
reportedin severabthertyphoid endemicareag11,12]. While this maysuggesadistinct
typhoid epidemiologyin Fiji, under-ascertainmeny blood culture of typhoid feveramong
youngeragegroupsis alsoa possibilityasyoungerpatientsin Fiji havebeenreportedto receive
earlyempiric treatmentfor feverwithout blood culture[4]. Of caseén our study,95%were
amongiTaukei.Thisfinding isin contrastto asero-epidemiologisurveyconductedn Fiji in
2013 whichfound both iTaukeiand Fijiansof Indian ancestryto havesimilar sero-prevalence
of antibodiesagainsthe Vi antigenof Salmonella Typhi[20]. Beside¥i serologybeingan
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Table 3. Multivariable analysis of risk factors for blood-culture-confirmed typhoid fever among 175 cases and 349 age, ethnicity, and neighborhood matched con-

trols, Central Division, Fiji, 2014-2017.

Risk factor/ Exposure

Conditional odds ratio | 95% confidence intervals | P-value | Population attributable risk

Drank from analternatewatersource(surfacevatersource) 3.61 1.44+9.6 0.006 0.07
Waternot alwaysavailablérom main source 2.17 1.18+4.0 0.013 0.15
Did not washproducebeforeeating 2.69 1.48+4.9 0.001 0.19
Had anyunimprovedseweragelamagedmprovedseweragsystent 4.30 1.14+16.21 0.031 0.72
Undamage, improved municipalsewerage ref -
Unimprovedpit latrine 49.47 9.42+259.92 0.000
No toilet/Opendefecation 9.87 0.85+114.35 0.067
Damagedmproved,municipal sewerage 6.00 1.22+29.51 0.027
Improved pit latrine 5.55 1.46+£21.09 0.012
Intact septic 3.73 1.08+13.81 0.049
High handwashig frequencyafterdefecation 0.57 0.35+0.9 0.025
Usesoapfor handwashing 0.61 0.37+0.9 0.041 -0.23

OddsratioswereestimatedisingconditionallogisticregressionAll exposuresirefocusedon the 2-weekperiod prior to onsetof symptomsor casesndthe dateof
recruitmert for controls,unlessspecifiedbtherwise.

& Summaryvariableof all sanitationfacilities.

https://da.org/10.1371durnal.pntd006571.t03

inaccuratemeasuref Salmonella Typhiinfection,apossibleexplanatiorfor this differences
under-ascertainmerthy blood culture of typhoid feveramongFijiansof Indian ancestrywho
havebeenshownto preferentiallypresento privategenerapractitionersandareagainlikely
to receiveearlyandempiric treatmentfor feverwithout blood culture[21].

Our resultssuggesthat unimprovedor damagedsanitationis amajor sourceof Salmonella
Typhiin Fiji. We found that peoplewithout acces$o improvedsanitationfacilitiesor with
damagedmprovedseweragsystemsvereat particularrisk. Thosewith typhoid feverwere
morelikely than controlsto havesomeonevithin their householdouild their toilet (Table2).
Othershaveshownlatrinesbuilt by personswithout expertis¢o bepoorly constructedbuilt
into permeablesoil,andsubjectto flooding[7, 22]. Notably,householdsvith improvedpit
latrineshadgreateroddsof typhoid feverin our study,comparedo undamagedimproved
municipalsanitation(Table3). In Fiji, acommon improvementis useof buried steeldrums
asthereceptacldor seweragf 3]. Suchreceptaclearesubjecto flooding,corrosion,and
leakagg23] leadingto contaminationof surfacevaterand cropsby humanfeceg424]. Inter-
estingly eatingunwashedgroducewasanindependentisk factorfor typhoidin our study.
Relatedesearchhasshownthat gardensof patientswith typhoid feverweremore often posi-
tionedcloserto the householdoilet or septictankthanin control householdsandthe majority
of casepropagatedregetabledirectly on or belowthetoilet drainagearea[25]. In contrastto
water-relatedactors poor sanitationhasseldombeenreportedasarisk factorfor typhoid
fever[11,12,26], highlightingthe valueof our localresearch.

Contaminateddrinking wateris commonlyidentified asarisk factorfor typhoid feverin
case-controstudieq26]. We showedhat casesveremorelikely to reporthavingpoor water
availabilitythan controls(Table3). Intermittent acces$o wateris acommonproblemfor
householdsn manylow-resourcecountries[27] and canleadto increasedisk of typhoid
feverby anumberof mechanismsFirst,in Fiji, asin manyotherlocationspoor wateravail-
ability from aprimary sourceresultsin householdshifting periodicallyto alternativewater
sourcesincluding unsafesurfacewvater[28, 29]. Secondduring periodsof reducedwatersup-
ply, householdsnayrely on storeddrinking waterthatis not disinfected Althoughwedid not
demonstrateconsumptionof storedwaterasarisk factorfor typhoid feverin Fiji, related
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researctshoweda significantlyhigherconcentrationof E. coli in storeddrinking waterin
typhoid caseéhouseholdgomparedo control householdshut not in sourcewater[25]. Third,
pressuraropsassociatedith regularinterruption in reticulatedwatersupplieanresultin
negativepressuresituationswhich,whencombinedwith leaksin the distribution systemcan
resultin inflow of environmentaimaterial[30]. While our studywasnot designedo confirm
this mechanismye hypothesizehat this mayoccurin Fiji andwarrantsfurther investigation.
Finally,poor wateravailabilitycanaffectthe quality of sanitationfacilitiesthat rely on wateras
wellasaffectpersonahygieng31, 32]. However,our multivariableanalysisshowedpoor
wateravailabilityasassociatedith increasedddsof havingtyphoid feverevenafteradjust-
mentfor unimprovedsanitationand handwashindrequency.

Factorgelatedto hygienewerealsoindependentlyassociatewvith typhoidin our studyset-
ting (Table3). Frequenthandwashingfterdefecatingand usingsoapfor handwashingvere
associatewith loweroddsof typhoid fever.Both of thesehandwashindehaviorshavebeen
associatewvith reducedrisk of typhoidin otherstudieg12, 28].

Distal conditionswithin the watercatchmenhaveyetto bethoroughlyevaluatedn case-
control studiesof typhoid fever.However geospatiastudiesarebeginningto examinesuch
relationshipson broadspatialscale$7, 33,34]. Although no distalenvironmentalconditions
werestatisticallyassociatewith typhoid feverin our multivariablemodel,experiencinglood-
ing of the nearestiver or streamin the pasttwo monthsandreportingdamsupstreanin the
river basinweresignificantin univariableanalysisDescriptiveaccountof damconstruction
andburstshavebeenlinked to anincreasen typhoid casedn Nigeria[35]. However the basis
for theserisksis not wellunderstoodand could bethe subjectof future researchAt asub-
catchmentcaletyphoid infectionanddiseasén the Fijian settinghasbeenlinked with forest
fragmentationjncreasederosion rainfall,andflood risk [7, 34]. 1t is likely that suchenviron-
mentalfactorsresultin overflowanddamagéo alreadypoor sanitationfacilitiesleadingto
contaminationof produceanddrinking watersources.

Our studyhadanumberof limitations. First, recallbiasmayinfluencethereliability of
potentialexposuresverthelongincubationperiod of typhoid fever[36] and socialdesirabil-
ity biasis acommonconcernfor sanitationand hygienequestiong37]. We soughtto control
theformer by makingobservation®f sanitationfacilities.However observationgnd more
objectivemeasuresf handwashingracticesverenot possibleTherefore pur findingson
handwashinghouldbeinterpretedwith caution.Secondsincetheinterviewersn this study
knewthe casestatusof the participant,it is possiblehat theymayhaveacquireddifferential
exposuranformation from casesHoweverour questionnairevasstandardizecéndinter-
viewersweretrainedto ensurecasegand controlswerequestionedn the sameway.Third, the
relativehomogeneityof sampledenvironmentsandthe collinearrelationshipof manyfactors
mayhavemaskedhe detectionof potentialrisk factors. However by recruiting aseconccon-
trol in adistantneighborhoodandby obtainingalargesamplesizewe expectedo address
powerconcernf “over-matchingand haveadequatestatisticapowerto identify minor asso-
ciations.Finally,sincecasealetectionwasby passivesurveillanceat public healthcardacilities,
weareunlikely to haveidentified all typhoid feverillnessesindwemayhavemissedcaseshat
weremorelikely to betreatedempiricallyor preferentiallyaccesgrivatehealthcareservices.
This could havealsoresultedin usmissingexposuregassociatewith increasedisk of typhoid
feverin thesepopulations Futureresearckshouldinclude casedinding at privatehealthcare
facilities.

In conclusionour studydemonstrateshat unimprovedanddamagedsanitationfacilities
areanimportant sourceof Salmonella Typhiin Fiji. Transmissiorappeardo beby drinking
contaminatedsurfacevaterand consumptionof unwashedroduce andis commonin both
rural andurban populationsPoorhygienepracticesalsoappeatto increaseddsfor typhoid
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fever.Althoughnot detectedn this study,landscapdactorscontributing to flooding of poor
sanitationfacilitiesmayalsocontributeto enhancedisk [7, 34]. Thesituationin Fiji may
reflectsourceandmodesof transmissiompredominantelsewherén Oceaniawheretyphoid
incidenceis alsohigh [1] andsimilar socio-demographieandenvironmentalkircumstances
prevail.Meetingthe 2030Sustainabl®evelopmenGoalsgoalq2] to improvesanitationfacil-
itiesandprotectsurfacevaterand producefrom contaminationby humanfecesarelikely to
contributeto typhoid control in Fiji. Centralor householdbasedvaterdisinfectionwould also
helpto renderfecallycontaminatedvatersafefor consumption.Suchlong-termsocioeco-
nomic,land andwatermanagemenitandsanitationinfrastructuredevelopmentsogetherwith
uptakeof typhoid conjugatevaccinationin theinterim arelikely to resultin effectivetyphoid
controlin Fiji and Oceania.
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