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Abstract

Background

Malawi has halved the neonatal mortality rate between 1990±2018, however, is not on track

to achieve the Sustainable Development Goal 12 per 1,000 live births. Despite a high facility

birth rate (91%), mother-newborn dyads may not remain in facilities long enough to receive

recommended care and quality of care improvements are needed to reach global targets.

Physical access and distance to health facilities remain barriers to quality postnatal care.

Methods

Using data We used individual data from the 2015±16 Malawi Demographic and Health Sur-

vey and facility data from the 2013±14 Malawi Service Provision Assessment, linking house-

holds to all health facilities within specified distances and travel times. We calculated

service readiness scores for facilities to measure their capacity to provide birth/newborn

care services. We fitted multi-level regression models to evaluate the association between

the service readiness and appropriate newborn care (receiving at least five of six

interventions).

Results

Households with recent births (n = 6010) linked to a median of two birth facilities within 5±10

km and one facility within a two-hour walk. The maximum service environment scores for

linked facilities median was 77.5 for facilities within 5±10 km and 75.5 for facilities within a
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two-hour walk. While linking to one or more facilities within 5-10km or a two-hour walk was

not associated with appropriate newborn care, higher levels of service readiness in nearby

facilities was associated with an increased risk of appropriate newborn care.

Conclusions

Women's choice of nearby facilities and quality facilities is limited. High quality newborn

care is sub-optimal despite high coverage of facility birth and some newborn care interven-

tions. While we did not find proximity to more facilities was associated with increased risk of

appropriate care, high levels of service readiness was, showing facility birth and improved

access to well-prepared facilities are important for improving newborn care.

Introduction
Malawimorethanhalvedits neonatalmortality ratebetween1990and2019,from 50to 20
deathsper1,000livebirths [1] andsubstantiallyincreasedthefacility birth ratefrom 55%in
1992to 91%in 2015±6[2]. In addition to providingmaternalandnewborncarefreeat the
point of access,Malawidevelopedanationalnewbornactionplan(in responseto theglobal
EveryNewbornAction Plan)to strengthenthecontinuumof carefor womenandchildren[3,
4], definedanewbornmortality reductiontarget,andimplementedastrategyfor community
engagement/mobilisationfor maternalandnewbornhealth[5]. However,theburdenof neo-
nataldeathsremainshigh,with anestimated12,000deathsin 2019,thetop quartilebycountry
[1]. Givenhighcoverageof facility births,further investigationisneededto understandthe
qualityof careat thetime of birth andimmediatepostpartumperiod.Thisavenueof research
issupportedbyglobaleffortsto understandeffectivecoverage,whichhasbeenmeasuredas
theproductof interventioncoverageandeitherinput measures/servicereadiness,servicepro-
vision/qualityof care,or healthoutcomesachieved[6].

Servicereadinessisaprerequisitefor qualityof care;it describesahealthfacility'scapacity
to providehealthservicesandrequirescomponentssuchasbasicamenities,basicequipment,
andessentialmedicines.Specificto birth andnewborncarethis includesequipmentsuchas
neonatalbagandmasksandessentialmedicinessuchasantibioticeyeointment [7]. World
HealthOrganization(WHO) standardsfor improvingqualityof maternalandnewborncare
in healthfacilitiesoutlinesinput measuresfor qualityof facilitiesincludingbasicessential
equipmentfor labourandchildbirth, written up-to-dateclinicalprotocolsconsistentwith
WHO guidelines,maternityunit staffreceiveregularin-servicetraining [8]. In Malawi,pri-
marycarefacilities(healthcentres)providebasicemergencyobstetricandneonatalcare
(EmONC)serviceswhilesecondary(district hospitals)andtertiary(centralhospitals)facilities
providecomprehensiveEmONCservices(includingsurgeryandbloodtransfusion)[9]. A
recentassessmentof four district hospitalsin SouthernMalawishowedWHO standardsof
careweremetfor laboratories;however,newbornassessmentswerenot completed,monitor-
ing of newborns'breathingandtemperatureswasirregular,anddocumentationwaspoor [10].
Furtherimprovementsin neonatalsurvivalwill requireimprovingaccessto high-qualitycare
andadherenceto standardsof carearoundthetime of birth [11].

Recommendedroutinepostnatalcarefor thenewbornincludesphysicalassessmentfor
earlydetectionof complicationsandcounsellingfor womenon howbestto takecareof them-
selvesandtheir newbornsincludingbreastfeeding,counsellingon dangersigns,umbilical
cordcare,andtemperaturemonitoring [8, 12].While WHO recommendsremainingin the
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facility for postnatalcarefor 24hoursfollowing facility birth, whenthemostdeathsoccur[12],
womenandnewbornsin Malawiareoftendischargedearlierdueto availabilityof spaceand
funding.Additionally, facilitiesdo not alwaysprioritiseallocatingskilledprovidersfor carefol-
lowinguncomplicatedbirths [13]. Theseshortagesof qualifiedstaffaswellasessentialequip-
mentrepresentcontributorsto delayedandincompletecare[14].

Distanceandphysicalaccessto healthfacilitiesremainsamajorbarrier to accessingbirth
andnewbornpostnatalcarein low- andmiddle-incomecountries[15,16].Malawi'ssmall
landareaandgoodhospitalandroadnetworkmeanshospitalsaremoreaccessible[17]; how-
ever,astudyof maternaldeathsin Malawifoundoverhalfof thewomenwhodiedexperienced
delaysdueto longdistanceto ahealthfacility.Additional delaysweredueto slowtransport
(e.g.oxcart)andhigh transportcost[18]. Beyonddecisionto usehealthservices,havingavail-
ableandequippedservicesandbeingableto accessthemrepresentadditionalbarriersto
appropriatenewborncare[14].

Studyaims
Thisstudyaimsto describehouseholdproximity to healthfacilitiesandthereadinessof these
facilitiesto providecarearoundthetime of birth andexaminetherelationshipbetweenthese
featuresandreceiptof newborncareinterventionsin Malawi,specifically:

1. Appropriate care:whatis thecoverageof recommendednewborncareinterventionsin the
first two daysof life in Malawi?

2. Distanceto care:whatproportion of householdswith recentbirthshaveahealthfacility
providingcarearoundthetime of birth within 5-10kmor two-hour traveltime?

3. Serviceenvironment:whatlevelof servicereadinessdo facilitieshaveandis therearela-
tionshipbetweenthenumberof nearbyfacilitiesor theservicereadinessof thesefacilities
andcoverageof newborncare?

Methods

Ethics
Datafor thisstudywereusedunderanagreementwith theDHSProgram.Theoriginal survey
protocolwasreviewedandapprovedby theNationalHealthSciencesResearchCommitteein
MalawiandtheICF Institutional ReviewBoard.Informedconsentandvoluntaryparticipation
wereensuredbeforeeachinterviewanddatawerekeptstrictly confidentialduring thesurvey
implementationandidentifying information wasdestroyedafterdataprocessing.TheKing's
CollegeLondonCollegeResearchEthicsCommitteegrantedapprovalto conducttheseanaly-
ses(LRS-17/18-5570)andtheprojecthasbeenregisteredwith theKing'sCollegeLondonData
ProtectionRegistration(DPRF-17/18-8170).

Data
Weanalysedindividual andhealthfacility datafrom two datasources:the2013±14Malawi
ServiceProvisionAssessment(SPA)surveyandthe2015±16MalawiDemographicandHealth
Survey(DHS) [2, 19].

Health facility data. SPAsurveyscollectinformation on healthserviceavailabilityand
thereadinessto providetheseservices[20]. The2013±14MalawiSPAwasconductedasacen-
sus,surveyingall facilitiesin Malawiincludingall hospitals,healthcentres,clinics,dispensa-
ries,andhealthposts.Primarylevelservicesincludecommunityor rural hospitals,health
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centres,clinics,dispensaries,healthposts,andsupportfor community-basedhealthprograms.
District hospitalsprovideinpatientandoutpatientcareandserveasreferralhospitalsfor pri-
marylevelfacilities.Tertiaryservicesarecoveredbycentralhospitals,andserveasreferralhos-
pitalsfor district hospitals,whicharesituatedwith secondarylevelservices.Hospitalsand
healthcentresarealmostexclusivelyresponsiblefor providingnormalbirth services[19]. SPA
dataincludedinformation from 977of the1060healthfacilitiesin Malawi(otherfacilities
refusedparticipation,wereinaccessible,closed,not yetoperational,or arespondentwasnot
available).

Individual data. DHSsurveyscollectdatathroughface-to-faceinterviewswith household
representativesandwomenof reproductiveage.Complexmultistagesamplingwith stratifica-
tion isdesignedto providerepresentativenationalestimatesof important demographicand
healthindicators[21]. For theMalawiDHS,850standardenumerationareas(SEA)from the
2015±16MalawiPopulationandHousingCensuswereselectedwith probabilityproportional
to size,independentlyfrom 56samplingstratain thefirst stage.SEAswhichhadmorethan250
householdsweresplit into segmentswith onesegmentselectedwith probabilityproportionalto
sizesuchthatsurveyclusterswereeitheranSEAor asegmentof anSEA.Followingahousehold
listingoperationin eachcluster,thesecondstageincludedselectionof afixednumberof house-
holds(30in urbanclusters,33in rural clusters)usingequalprobabilitysystematicselection[2].

Weselectedfor inclusionthemostrecentbirth in thetwo yearsprecedingthesurveyfrom
the2015±16DHS.A priori, newbornswereexcludedif theywerenot two daysof ageat the
time of thesurvey,or hadnot survivedthefirst two daysof life astheinterventionsof interest
includedthecontentof careofferedduring this initial time period.Newbornswhohadnot yet
reachedtwo daysof agemight yetreceivetheinterventionsof interestandsomeinterventions
of interestmaynot havebeenappropriatefor newbornswhodiedsoonafterbirth. Wealso
excludednewbornsif thewomanreportednot living in thecurrentcommunityat thetime of
thebirth.

Geographyof Malawi. One-third of Malawi'slandareais forestarea[22] andabout20%
iscoveredbywater,primarily LakeMalawi.TheHighlandsreachanelevationof 1,600±3,000
metresabovesealevel[23]. Accordingto the2018MalawiPopulationandHousingCensus,
thepopulationwas17,563,749with 12%of thepopulationresidingin oneof four majorcities
(Blantyre,Lilongwe,Mzuzu,andZomba)andanother4%residingin otherurbanareas[24].
While Malawihasanextensiveroadnetwork,walkingis themostusedmodeof travelin rural
andurbanareas[23]. Communitystudieshaveshownpeopletravellongdistancesto access
healthfacilitiesunderdifficult terrain in someareasof Malawi[25].

Variables
Facility-levelvariables(SPA). Thekeyindependentvariablesreflectedproximity to

healthfacilitiesprovidingbirth services,andreadinessto providebirth servicesof thoseproxi-
matefacilities.Weconstructedaservicereadinessscorefor birth andnewbornserviceswith
anequalweightingapproachsimilar to thatusedbyWangetal.[26] andbasedon theWHO
ServiceAvailabilityReadinessAssessment(SARA)manual[7]. Comparisonof measuresof
qualityof carehavefound this typeof weightedadditivemethodto bepreferableto simple
additivemethodsor principalcomponentsanalysis[27].

Thescoreassessedsixdomainsof servicereadinesscomprising:1) basicemergencyobstet-
ric care;2) newbornsignalfunctionsandimmediatecare;3) generalrequirements(e.g.elec-
tricity, 24/7skilledbirth attendance);4) equipment(e.g.neonatalbagandmask);5) medicines
andcommodities(e.g.antibiotics);and6) guidelines(e.g.CEmOC),stafftraining (e.g.thermal
care),andsupervision.
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Eachdomainincluded4±15dichotomousindicators(`yes'representingavailability,̀ no'
representingno availability)whichweresummedandstandardisedto haveamaximumscore
of 100(definitionsof all includedindicatorsarepresentedin S1Table).Thescoreis inter-
pretedasthepercentageof readinessthefacility hasto provideservices.A facility with 100%
hasapositiveresponsefor everymeasuredindicatorandafacility with 0%hasnoneof the
measuredequipment,stafftraining or otherindicators.

Individual-level variables(DHS). Theprimary outcomemeasurewasreceiptof appro-
priatenewborncare.Wecreatedaco-coverageindexof newborncareinterventions,usinga
methodsimilar to Victoraetal.[28] andCarvajal-Aguirreetal.[29], addingthenumberof
carecomponentswomenreportedtheir newbornshadreceivedfrom sixprovider-initiated
interventionsrecommendedbyWHO [12]. Weconsiderednewbornswhoreceivedat least
fiveout of thesixinterventionsto havereceivedappropriatecare.This includednewborns
whoreceivedall six interventions(optimal)andthosewhoreceivedanycombinationof five
interventions(pragmatic).Theinterventionsconsideredincluded:weighingatbirth, mother
counselledon breastfeeding,mothercounselledon newborndangersigns,breastfeedingepi-
sodeobserved,umbilicalcordexamined,newborn'stemperaturetaken.Thesurveyquestions
for theseinterventionsarepresentedin S2Table.

Facilityandhomebirthswereincludedin thisanalysis.A qualitativestudyof womengiving
birth outsideof facilitiesin Malawishowedthatmostin thesamplesubsequentlywentto a
facility thesamedayasthebirth [30] suggestingthatproximity to andqualityof facilities
shouldbeconsideredfor earlynewborncareevenamonghomebirths.While theinterventions
weincludedwerespecificallyaboutdeliveredbyhealthcareproviders,wedid not distinguish
betweenhealthcareprovidersdeliveringinterventionsin thehome/communitysettingor
facility settingnor did wedistinguishbetweenpre-or post-dischargefor facility births.Addi-
tional analysisexcludinghomebirths isalsopresented.

Linking individual and facility data
DHSsurveyscollectGPSlocationpointsat thecentroidof householdclustersandSPAsurveys
collecttheGPSlocationof healthfacilities.GPSlocationdatafor healthfacilitiesrepresentthe
true locationof thefacility,however,householdclusterdataweredisplacedby theDHSpro-
grammeprior to releaseto protecttherespondents'identities(urbanclustersup to two kilo-
metres(km), rural clustersup to fivekm with afurther randomlyselected1%displacedup to
tenkm [31]. WeusedGPSlocationdatafrom householdclustersto link householdsto nearby
healthfacilitiesprovidingbirth/newbornservicesin Malawiusingthreemethods:distance,
traveltime with thefastestmodeof transport,andwalkingtime.

Foreachlinking method,wecategorisedthenumberof facilitieslinking to households
within thespecifieddistance/timeinto threegroups:no facility,onefacility,or two or more
facilities.Similarly,for eachlinking methodwegroupedserviceenvironmentscoresinto ter-
cilesbasedon thehighestscoreamongall facilitieslinking with ahousehold.Low,middleand
high tercileswerechosento improveinterpretationandunderstandingoveruseof acontinu-
ousscore.

Distance. Wecalculatedthestraight-linedistancebetweeneveryDHShouseholdcluster
andeveryhealthfacility in Malawi.A Euclideanbufferlink method[32±34]wasusedto create
abuffercentredaroundeachDHSclusterusingaradiusof 5 km in urbanareasand10km in
rural areasto accountfor displacementof householdclusters.All healthfacilitiesfalling in
these5±10km bufferareasareconsideredlinked to thehouseholdcluster,without consider-
ationof sub-nationalboundaries.Fig1A showsanillustrativeexampleof household-facility
distancelinking.
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Travel time. Wecalculatedtraveltime from householdclustersto facilitiesproviding
birth servicesusingtwo scenarios:a) fastestpossiblemodeof transportation(i.e.best-casesce-
nario,similar to otherstudiesestimatingtraveltime to hospitals[16,35,36])andb) walking
only (i.e.worst-casescenario).

�� ������� �	
� 	� ���
��	�����	
. weusedthe2015MalariaAccessProjectGlobalFric-
tion Surface[37,38] whichdividestheworld into onekilometre-squaregrid cellswith each
cellvaluerepresentingthedifficulty of crossingtheonekilometrecellbasedon roadquality,
bodiesof water,andslopingterrain.Assuminguseof thefastestpossiblemodeof transpor-
tation,analgorithmwasappliedto identify thepathrequiring theleasttime to travel
betweenanytwo pointson thefriction surface[37,39].Weemployedthealgorithmfor all
possiblepairsof DHShouseholdclusters(n = 850)andhealthfacilitieswith birth services
(n = 540),a total of 459,000pairs.Traveltime couldnot becalculatedfor 17,360pairs
(3.8%),however,largelyfor combinationsinvolvingonepoint on Likomaor Chizumulu
Islandandonepoint on Malawimainlandaswellasfor afewhealthfacilitieson thenational
borderwith Mozambique.All household-facilitypairswithin atwo-hour traveltime (fastest
mode)wereclassifiedaslinked.

�� �����
� 	
��. Asmanywomenin Malawiwalkto healthcentres[40], wealsocalculated
traveltimesfor walkingasaworst-casescenario.To calculatewalkingtimesweusedtheOpen
SourceRoutingMachine(OSRM)API [41] andGoogleMapsPlatformDirectionsAPI [42,
43] to plot theoptimal routeby foot andcomputeanestimatedtraveltime.Wefirst attempted
to calculatewalkingtimesfor all 459,000household-cluster-health-facility pairsusingOSRM,
however,OSRMwalkingtimescouldnot becalculatedfor 47,381pairs.For these47,381pairs,
wecalculatedthedistanceandidentifiedpairs<50 km apart(n = 1,775)usingtheHaversine
methodwhichassumesasphericalearthignoringellipsoidaleffects[44]. UsingtheGoogle
MapsAPI, wecalculatedwalkingtimesfor 1,742of thepairs<50 km apart,howeverwalking
timescouldnot becalculatedfor 33pairs.Thesetotalled411,619OSRMwalkingtime esti-
mates(89.7%)and1,742GoogleMapswalkingtime estimates(0.4%).No walkingtime esti-
matewascalculatedfor 45,639pairs,howeverall but 33weredeterminedto be>50km apart.
Examinationof thecoordinatepairsfor missingpointsshowedthemto bein nationalparks,
forestreserves,or acrossbodiesof water.All household-facilitypairswithin atwo-hourwalk-
ing time wereclassifiedaslinked.

Fig1Bshowsanillustrativeexampleof household-facilitytraveltime linking.

Analysis
Simpleweighteddescriptivestatisticson coverageof appropriatecareandproximity and
servicereadinessof facilitieswerecalculated.We fitted generalisedlinearmixedmodels
to examinetherelationshipbetweenco-coverageof newborncareandthenumberof
linked facilitiesor theserviceenvironmentof linked facilities.To estimaterisk ratiosfor
our binaryoutcomevariable,weusedaPoissondistribution with a logarithmlink func-
tion androbuststandarderrors[45]. Wecontrolledfor socio-demographicandbirth-
relatedfactors(populationdensity,placeof birth (home/healthfacility),wealthquintile
(DHS-provided),maternalageat birth, andmaternaleducation).Populationdensitywas
obtainedfrom TheDHSProgram'sSpatialDataRepositoryGeospatialCovariateswhich
usestheaverageUnited Nationspopulationdensitywithin thesurroundingbufferarea(2
km for urbanclustersor 10km for rural) [46]. We groupedhouseholdsinto tercilesbased
on populationdensity.

Asindividualsarenestedwithin clusters(SEAs)andour mainpredictorsarecluster-level
variables,themultilevelmodelsaccountfor thisnestingandsimultaneouslytesttheeffectsof
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cluster-levelandindividual-levelpredictorson theindividual outcome.While covariateshad
fixedeffects,interceptscouldvaryrandomlyacrossclusters.Level-1andlevel-2weightswere
computedusingamethoddescribedbyElkasabietal.wherelevel-1individual weightsare
denormalisedandthelevel-2clusterweightsareapproximatedbyequallyallocatingthevaria-
tion betweentheindividual andclusterlevels(�� = 0.5)[47].

All geographiclinking anddescriptivestatisticalanalyseswereconductedin R[48], using
thesurveypackage[49] to adjustfor thecomplexsamplingdesign.DHS-providedweights
wereusedto accountfor samplingprobabilityandnon-response.Multilevelmodelswerefitted
in STATA16usingthe���: ���	��� command[50].

Fig 1. Illustrative exampleof householdclusterand facilit y linking.

https://doi.org/10.1371/journal.pone.0254083.g001
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Results

Health facilities andserviceenvironment
Amongthe540(528weightedfacilities)facilitiesreportingprovidingcarearoundthetime of
birth, servicereadinessrangedfrom 27.5to 98.7%(mean= 67.4,median= 67.2,IQR = 59.3±
75.6).Meandomainsub-scoresrangedfrom 50.1%for theguidelines,stafftraining,andsuper-
visiondomainto 96.2%for thenewbornsignalfunctionsandimmediatecaredomain(Fig2).
Fewfacilitieshadimprovedsanitation(24.9%).Most facilitieshaddisposablelatexgloves

Fig 2. Meanservicereadinessscoresanddomain sub-scores(and 95%Cis)for facilities providing carearound the time of birth (n = 540).

https://doi.org/10.1371/journal.pone.0254083.g002
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(97.4%)andat leastonebirth bed(98.5%).Additionally,mostfacilitiesreportedhavingrou-
tinely practicingskin-to-skin(98.1%),breastfeedingin thefirst hour (98.9%),anddrying and
wrappingnewborns(99.8%).

Householdsamplecharacteristicsandnewborncareco-coverage
Of the6567womenwhohadtheir mostrecentbirths in thetwo yearsprior to thesurvey,6010
reportedresidingin thesamevillage/town/citysincethetime of thebirth andwereincludedin
theanalysis.12.5%of birthswerein urbanareas,20.0%wereto womenunderage20,and
19.6%wereto womenwhoattendedsecondaryor highereducation(Table1).Of the412births
(6.9%)that took placeoutsideof facilities(e.g.athome),asmallerproportion wereurbanresi-
dents(6.9%),morethanhalfwerein thepooresttwo wealthquintiles(63.4%),andasmaller
proportion hadsecondaryor highereducation(6.5%).

Justover95%of newbornsreceivedat leastoneof thesixearlynewborncareintervention
of interesthowever,fewerthantwo-thirds(59.8%)receivedappropriatecare(co-coverageof
fiveor six interventions)(Fig3).Of newbornsborn athomefar fewerreceivedappropriate
care(19.1%)andalmosthalf (45.8%)did not receiveanyinterventionsin thefirst two days(S3
Table).

Linked analysis
Distance. Fig4containsamapshowingthehouseholdclusterswith includednewborns

andhealthfacilitiesprovidingbirth services.Of the540facilitieswith birth services,509linked

Table1. Backgroundcharacteristicsfor the most recentbirths for localarearesidentsin the two yearspreceding the survey.
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to householdclustersin theDHSsurveyandhadasimilardistribution of servicereadiness
(median= 67.2,IQR = 59.4±75.6).

Recentbirths linked to amedianof two facilities(IQR:1,3)with birth services(Table2).
While 4.4%of births (n = 264weightedbirths in 35of 850clusters)did not link to anyfacility
within thespecified5kmurbanor 10kmrural distance,somelinked to asmanyas12facilities
(n = 8 weightedbirths in onehouseholdcluster).Amongbirths in clusterswith linked facili-
ties,themaximumserviceenvironmentscoreamonglinked facilitiesmedianwas77.5
(IQR:69.2,85.3),loweramonghomebirths (median:75.5;IQR:65.3,83.4).

Havingonefacility or two or morefacilitieswithin 5-10kmwasnot associatedwith an
increasein therisk of reportingappropriatenewborncare(co-coverageof at least5 interven-
tions)comparedto havingno facility (Table3).Birth outsideof afacility wasassociatedwith a
greatdecreasein therisk of appropriatenewborncare(ARR= 0.32,95%CI= 0.25,0.41).Living
in themostpopulation-denseareas(comparedto theleast-dense;ARR= 1.09,95%
CI = 1.00,1.19)andsecondaryor highermaternaleducation(ARR= 1.08,95%CI= 1.02,1.15)
wasassociatedwith anincreasein risk of appropriatenewborncarein themodelwith number
of linked facilities.However,in themodelwith serviceenvironmentscores,only maternaledu-
cationwasstill significant(ARR= 1.08,95%CI= 1.01,1.14).Beingwithin 5-10kmof afacility
with amiddle(ARR= 1.17,95%CI= 1.06,2.28)or high (ARR= 1.24,95%CI= 1.13,1.36)

Fig 3. Co-coverageof newborncare.

https://doi.org/10.1371/journal.pone.0254083.g003
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serviceenvironmentscorewasassociatedwith 1.17±1.24timestherisk of reportingappropri-
atenewborncarewith facility birth remaininganimportant factor(homebirth ARR= 0.32,
95%CI= 0.25,0.42).

Travel time. Usingthefastestmodeof transportation,mostbirths (99.0%)hadtwo or
morefacilitieswithin atwo-hour traveltime.Whenconsideringonly walkingtime,45.2%of
birthshadafacility within atwo-hour traveltime.Forhomebirths thiswasslightlylower,
96.6%of homebirthswith afacility within atwo-hour traveltime usingthefastestmethod,
and37.7%usingwalkingtime.Themediantraveltime to thenearestfacility within two hours
usingthefastestmodeof transportationwas9.6minutesfor all births,9.4minutesfor facility
births,and12.2minutesfor homebirths.Usingthewalkingtime to thenearestfacility within
two hourswas60.7minutesfor all births,59.4minutesfor facility births,and74.3minutesfor
homebirths.

Amongbirths in clusterswith linked facilities,themedianof themaximumserviceenviron-
mentscoresamonglinked facilitieswithin two hours(fastestmode)was98.7(IQR:96.6,98.7),
thesamefor all births,facility births,andhomebirths.Consideringonly walkingtime the
maximumserviceenvironmentscoreamonglinked facilitieswithin two hourswas73.1
(IQR:64.8,84.1)for all birthsandslightlylowerfor homebirths (median:71.1IQR:62.5,80.4).

Similarto themodelfor numberof facilitieswithin 5-10km,havingonefacility or two or
morefacilitieswithin atwo-hourwalkingtime wasnot associatedwith anincreasein risk of
reportingappropriatenewborncarecomparedto havingno facility (Table3).Similarto the
modelfor serviceenvironmentscoresof facilitieswithin 5-10km,beingwithin atwo-hour
walkof afacility with amiddle(ARR= 1.11,95%CI= 1.01,1.23)or high (ARR= 1.16,95%
CI = 1.05,1.27)serviceenvironmentscorewasassociatedwith a11±16%increasein risk of
reportingappropriatenewborncarecomparedto alow score(lowesttercile).Additionally,
havingno facility within atwo-hourwalkwasassociatedwith anincreasein risk of reporting
appropriatenewborncare(ARR= 1.16,95%CI= 1.05,1.29)comparedwith afacility with a
scorein thelowesttercile.

Fig 4. Map of Malawi, distanceto facilities. Bluecirclesrepresentthe10kmbufferareaaroundrural clusters,green
circlesrepresentthe5kmbufferareaaround urbanclusters,reddotsrepresenthealthfacilitiesprovidingbirth services.
Basemapanddatafrom OpenStreetMapandOpenStreetMapFoundation.

https://doi.org/10.1371/journal.pone.0254083.g004
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Control variablesshowedsimilar risk ratiosandconfidenceintervalsto thedistancemodel.
Resultsexcludinghomebirthsarepresentedin S5Table,no important differencesarenoted.

Discussion
Thisstudyfoundthatmostbirths in Malawitook placein acommunitywith afacilityproviding
birth serviceswithin 5-10km.While choiceof facility waswidewithin atwo-hour traveltime
usingthefastestmodeof transport,choice(numberof facilities)waslimited within 5±10km or
two-hourwalkingtime,aswasfacility readinessto provideservices.Althoughfacility birth was
themostimportant factorassociatedwith receivingappropriatenewborncare,higherlevelsof
servicereadinesswereanimportant predictorof appropriatecare.Theseresultsshouldbeinter-
pretedwith cautiondueto randomdisplacementof theGPSlocationof householdsto protect
theidentity of respondentswhichmayintroducerandommisclassification[33].

Malawiisaregionalleaderin termsof highratesof facility birth aswellashigherlevelsof
servicereadinesswith limited subnationalvariation[26,51].Additionally,otherresearchhas
shownrelativelyhighaccessto hospitalsor deliveryfacilities[16,17].Overthelasttwo decades,
Malawihasimplementedseveralpoliciesto increasefacility birth andimprovematernaland
newbornhealthusingbothsupply-sideincentivesanddemand-sidedisincentives.Initiatives
havefocusedon increasingskilledstaffandexpandingmaternitywaitinghomes.A banon tra-
ditional birth attendantswasimplementedin themid-2000sbut evenwhenit wasreversedat
thenationallevel,womencontinuedto givebirth in healthfacilitiesascommunity-levelbylaws
continuedto prohibit traditionalbirth attendants[52]. Essentialservices,includingchildbirth
andnewborncare,arefreeatpublichealthfacilities(andsomenon-governmentfacilitieswith

Table2. Distance,travel time, andserviceenvironment scoresfor linked facilities.
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service-levelagreements)but it shouldbenotedfamiliesoftenfacecostof transportandcharges
for commodities,food,or itemswomenaremeantto provide(e.g.sheets)[53].

Table3. Distancelinked facility number andserviceenvironment association with newborncareco-coverage.

5-10kmDistance

Number of linked faciliti es Serviceenvironment

��� 5+673 ��� 5+673

Number of linked facilities (ref = none) Serviceenvironment score(ref = lowest)

Onefacility 0.99 0.82,1.2 No facility (within 5-10km) 1.10 0.91,1.32

Two or morefacilities 1.02 0.85,1.22 Middle 1.17 1.06,1.28

Highest 1.24 1.13,1.36

Home birth 0.32 0.25,0.41 Home birth 0.32 0.25,0.42

Population density(ref = lowestdensity) Population density(ref = lowestdensity)

Middle density 1.02 0.94,1.11 Middle density 1.00 0.92,1.08

Mostdense 1.09 1,1.19 Mostdense 1.02 0.93,1.12

Wealth (ref = poorest) Wealth (ref = poorest)

Poorer 1.06 0.98,1.14 Poorer 1.05 0.97,1.14

Middle 1.07 0.99,1.16 Middle 1.07 0.99,1.16

Richer 1.07 0.99,1.16 Richer 1.06 0.97,1.15

Richest 1.08 0.99,1.19 Richest 1.05 0.96,1.16

Maternal ageat birth (ref = lessthan 20years) Maternal ageat birth (ref = lessthan 20years)

20±34years 0.99 0.93,1.06 20±34years 0.99 0.93,1.07

35+years 1.03 0.95,1.13 35+years 1.04 0.95,1.14

Maternal education, secondaryor higher 1.08 1.02,1.15 Maternal education, secondaryor higher 1.08 1.01,1.14

Numberof births 5958 Numberof births 5887

Numberof clusters 837 Numberof clusters 828

Travel time: 2-hour walk

Number of linked faciliti es Serviceenvironment

��� 5+673 ��� 5+673

Number of linked facilities (ref = none) Serviceenvironment score(ref = lowest)

Onefacility 0.94 0.85,1.03 No facility (within 2hr walk) 1.16 1.05,1.29

Two or morefacilities 0.92 0.84,1.02 Middle 1.11 1.01,1.23

Highest 1.16 1.05,1.27

Home birth 0.32 0.24,0.41 Home birth 0.32 0.24,0.41

Population density(ref = lowestdensity) Population density(ref = lowestdensity)

Middle density 1.04 0.96,1.14 Middle density 1.03 0.95,1.12

Mostdense 1.12 1.03,1.23 Mostdense 1.08 0.99,1.19

Wealth (ref = poorest) Wealth (ref = poorest)

Poorer 1.06 0.98,1.14 Poorer 1.06 0.98,1.14

Middle 1.07 0.99,1.16 Middle 1.07 0.99,1.16

Richer 1.07 0.99,1.17 Richer 1.07 0.99,1.16

Richest 1.09 0.99,1.19 Richest 1.06 0.97,1.17

Maternal ageat birth (ref = lessthan 20years) Maternal ageat birth (ref = lessthan 20years)

20±34years 0.99 0.93,1.06 20±34years 0.99 0.93,1.06

35+years 1.03 0.95,1.13 35+years 1.04 0.95,1.13

Maternal education, secondaryor higher 1.08 1.02,1.15 Maternal education, secondaryor higher 1.08 1.02,1.14

Numberof births 5958 Numberof births 5940

Numberof clusters 837 Numberof clusters 835

Cruderisk ratiospresentedin S4Table.

https://doi.org/10.1371/journal.pone.0254083.t003
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Effectivecoverage(acombinationof need,use,andqualityof care)researchhaspointedto
theneedto considerservicereadinessin conjunctionwith serviceor quality.Onestudyhas
shown,despitehigh levelsof facility births,afteradjustingfor thereadinessof facilitiesto pro-
videbirth care,theinput-adjustedeffectivecoverage(theproductof crudecoveragetimesser-
vicereadiness)yieldedareductionof crudecoveragefrom 93%to 66%[26]. Similargapsin
qualityof careandsubsequentreductionsin crudecoveragewereidentifiedfor otherservice
areasincluding family planning,antenatalcare,andsickchild care[54].

Evenwith high ratesof facility births,womenandnewbornsoftendo not remainin facili-
tieslongenoughto receiveadequatepostnatalcare[55]. In Malawi,fewerthanhalfof women
(47%)andjustovertwo-thirds(68%)of newbornshadapostnatalcheckbeforedischarge
from facility birth [56]. Giventhatpostnatalfacility time andpre-dischargechecksmaybelim-
ited,our findingsof inadequatecoverageof appropriatenewborncarearenot surprising.Car-
vajal-Aguirreetal.[29] showedthatamongfacility births,facility servicereadinesswas
associatedwith increasedoddsof receivingappropriatenewborncareandpractices.This
studyexaminedimmediatenewborncareinterventionssuchasbreastfeedingwithin anhour
of birth, no prelactealfeeding,beingwiped/driedafterbirth, andnot beingbathedin thefirst
sixhours.In contrast,in thisstudyweincludedinterventionsin abroadertime frame(all
within thefirst two daysof birth exceptfor weighingatbirth) to alsoexaminetheassociation
of facility proximity andservicereadinessamongthoseborn athomewhomaynot have
accessedcareimmediatelyor thosewhoweredischargedfrom facilitieswithout appropriate
care.Further,welookedspecificallyathealthcareproviderinitiated interventions,excluding
family-ledpracticessuchasearlyinitiation of breastfeedingandno prelactealfeedingwhich
couldoccurwithout contactwith thehealthsystem.

Previousstudieshaveshownavailabilityof healthfacilitiesisassociatedwith contactcover-
ageof maternalandnewbornpostnatalcarein Malawi[57] andthatservicereadinessisassoci-
atedwith qualitynewborncare[29]. Similarly,wefoundanassociationbetweenservice
readinessandappropriatenewborncare.Weknow,however,thereisagapbetweenfacility
delivery/postnatalcontactandcontent/qualityof care[58]. Previousstudiesin Malawihave
not examinedtherelationshipbetweenserviceavailabilityandqualitynewborncare,wefound
thenumberof nearbyfacilities(serviceavailability)wasnot significantlyassociatedwith
appropriatenewborncare.Thissuggeststhatwhileavailabilityof servicesmayimprovecontact
coverage,quality-coveragegapsexistthatmaynarrowwith improvedservicequality.

Bhuttaetal.[59] showedthatclosingthequalitygapfor facility birthswasimportant for
improvingcareandnewbornsurvival.Our studyidentifiesaqualitygapin newborncarein
Malawi.Bhuttaetal.[59] outline interventionsfor qualityimprovementincludingauditand
feedbackmechanisms,training careproviders,payingfor performance,information systems,
socialsupport,andbreastfeedingsupport.However,wider investmentisneeded,not just rele-
vantto thehealthsystem,but educationandotherinfrastructure[60]. Facility-basedbottle-
necksincludestaffshortagesandcrowdedfacilities,particularlyin light of thedramatic
increasein facility birth overthepasttwo decades[61]. Performanceincentiveprogrammes
implementedin somedistrictsin Malawihavebeenshownto helpovercomethesechallenges
andimprovematernalandneonatalhealthservicequality[62].

Strengthsand limitations
A strengthof thisstudyis thatwewereableto link householdsandhealthfacilitiesusingdata
from themostrecentMalawiSPAasit wasacensusof healthfacilities.Servicereadinessmea-
suresusedin thestudycontainedawiderangeof infrastructure,equipment,staff,andsignal
functionsidentifiedbyWHO asessentialfor providingbirth andnewbornservices.We
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examinedco-coverageof newborncare,asfacility birth andapostnatalcontactarenot indica-
tiveof recommendedcontentof care.

Somelimitationsshouldbenoted.While theperiodduring whichtheserviceenvironment
wasassessed(2013±2014)overlapswith thetime periodof thebirths in thisstudy(2013±
2016),in somecasesmorethanoneyearelapsedbetweentheSPAdatacollectionandDHS
surveybirth. Somebiasmayhavebeenintroducedif theservicereadinesschangedgreatly
betweenthesetwo events.Numberof facilitiesandservicereadinessmeasuresreflectthearea
in whichwomenlived,howeverwomenmayhavetravelledoutsideof their areato givebirth,
notablyto areferralcentrein casesof knownpregnancycomplications.Additionally,a
womanmight not attendherclosestfacility in favourof apreferredfacility fartheraway.
Whereno facility wasidentifiedwithin walkingdistance,afacility maybepresentbut walking
time wasnot possibleto calculatewith our methods.Furthermore,dueto thedisplacementof
householdclusterGPSdata,thenearestidentifiedfacility maynot betheclosestor easiestto
reachfacility to thetrue locationof thehousehold.DHSdisplacementprocessesto protect
respondentidentity produceapproximatelyuniform distribution of displacementwith an
averagedistanceof 1kmin urbanareasand2.5kmin rural areaswherepointsarenot displaced
beyondadministrativeboundaries[31]. To limit misclassificationbiasweusedadataset
includingafull censusof healthfacilitiesasusingsamplesurveysof healthfacilitiesinsteadof a
censuscanincreasemisclassification.Additionally,weavoideddirect linking with theclosest
facility andinsteadusedecologicalmethodsandserviceenvironmentamongall linked facili-
tiesasrecommendedbySkilesetal.[33].

Survey-basedmeasurementof earlynewborncareinterventionsissubjectto questionsbeing
understandableto respondents,respondentshavingwitnessedor beentold abouttheinterven-
tions,andbeingableto accuratelyreport theinformation at thetime of thesurvey.Qualitative
researchin Malawihasshownwomen'srecallof timing of eventsaroundthetime of birth
becomeslesspreciseovertime [63]. To increasethelikelihoodof accuraterecallof interven-
tions,welimited thestudypopulationto themostrecentbirth in thetwo yearsbeforethesur-
vey.Validationstudiesof survey-reportfor interventionsaroundthetime of birth haveshown
mixedresultsof accuracyof women'sreport,evenin exit-survey.A studyof facility exit survey-
reportedmeasurementof birthweightin Bangladesh,NepalandTanzaniafoundhighsensitivity
andmoderatespecificitycomparedto observedgoldstandard[64], othermaternalandnew-
born indicatorsvariedwidelybycountry[65]. In avaliditystudyin KenyaandSwaziland,coun-
sellingon dangersignsin thenewbornhadmoderatesensitivityandspecificity,meetingcutoffs
for population-levelvaliditybut not individual-levelvalidity [66]. Althoughit did not include
validationof thespecificinterventionsin thisstudy,avalidationstudyof maternalandnewborn
carein Kenyashowedthat indicatorsreportedaccuratelyatbaselinewerereportedagainwith
accuracy13±15monthslater[67]. While recallbiasisanimportant limitation to consider,sur-
veyreport remainsthemainsourceof population-leveldataon carearoundthetime of birth.

Conclusion
While thereishighcoverageof facility birth andsomeinterventionsin thefirst two daysof
life,appropriatecareremainssub-optimalandwomen'schoiceof nearbyfacilitiesis limited.
Althoughwedid not find proximity to morefacilitieswasassociatedwith increasedrisk of
appropriatenewborncare,high levelsof servicereadinesswere,showingthatboth facility
birth andimprovedaccessto well-preparedfacilitiesareimportant for improvingnewborn
care.Malawiisaregionalleaderin facility birth but qualityof carein facilitiesneedsimprov-
ing.While improvedaccessto careandtransportlinks areimportant, improvingqualityat
healthfacilitiesisessentialto reachingglobalnewbornsurvivalgoals.

PLOS ONE Service environment and newborn care in Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0254083 July 7, 2021 15 / 19



Supporting information
S1Table.Servicereadinessscoredomainsand indicators (adaptedfrom Wanget al
(2019)).
(DOCX)

S2Table.Postnatalcareinterventions andquestionwording from the phasesevenDHS
modelquestionnaire.
(DOCX)

S3Table.Co-coverageof newborncareby placeof birth.
(DOCX)

S4Table.Cruderisk ratios.
(DOCX)

S5Table.Sensitivityanalysisexcludinghomebirths.
(DOCX)

Author Contributions
Conceptualization:KimberlyPeven,CathTaylor,EdwardPurssell,LindsayMallick, ClaraR.

Burgert-Brucker,LouiseT. Day,Kerry L. M. Wong,ChristabelKambala,DebraBick.

Formal analysis:KimberlyPeven.

Methodology:KimberlyPeven,LindsayMallick, ClaraR.Burgert-Brucker,KerryL. M.
Wong.

Supervision:CathTaylor,EdwardPurssell,LindsayMallick, LouiseT. Day,DebraBick.

Visualization: KimberlyPeven.

Writing ± original draft: KimberlyPeven.

Writing ± review& editing: KimberlyPeven,CathTaylor,EdwardPurssell,LindsayMallick,
ClaraR.Burgert-Brucker,LouiseT. Day,Kerry L. M. Wong,ChristabelKambala,Debra
Bick.

References
1. UNICEF, World Health Organization, World Bank Group. Levels & trends in child mortality 2020. New

York: United Nations Children's Fund; 2020. https://www.unicef.org/media/79371/file/UN-IGME-child-
mortality-report-2020.pdf. Accessed 14 Sep 2020.

2. National Statistical Office/Malawi, ICF. Malawi Demographic and Health Survey 2015±16. Zomba,
Malawi: National Statistical Office and ICF; 2017. http://dhsprogram.com/pubs/pdf/FR319/FR319.pdf.

3. World Health Organization. Every Newborn: An Action Plan to End Preventable Deaths. Geneva: World
Health Organization; 2014.

4. Ministry of Health Malawi. Every Newborn Action Plan: An action plan to end preventable neonatal
deaths in Malawi. 2015. https://www.who.int/pmnch/media/events/2015/malawi_enap.pdf. Accessed
18 Aug 2020.

5. World Health Organization, UNICEF. 2018 Progress Report: Reaching Every Newborn National 2020
Milestones. 2018. https://www.healthynewbornnetwork.org/hnn-content/uploads/Final-Country-
Progress-Report-v9-low-res.pdf. Accessed 11 Dec 2019.

6. Marsh AD, Muzigaba M, Diaz T, Requejo J, Jackson D, Chou D, et al. Effective coverage measurement
in maternal, newborn, child, and adolescent health and nutrition: progress, future prospects, and impli-
cations for quality health systems. Lancet Glob Health. 2020; 8:e730±6. https://doi.org/10.1016/S2214-
109X(20)30104-2 PMID: 32353320

PLOS ONE Service environment and newborn care in Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0254083 July 7, 2021 16 / 19



7. World Health Organization. Service Availability and Readiness Assessment (SARA): An Annual Moni-
toring System for Service Delivery Reference Manual. World Health Organization; 2015. https://apps.
who.int/iris/bitstream/handle/10665/149025/WHO_HIS_HSI_2014.5_eng.pdf;sequence=1. Accessed
8 Jul 2019.

8. World Health Organization. Standards for improving quality of maternal and newborn care in health
facilities. World Health Organization; 2016. https://apps.who.int/iris/handle/10665/249155. Accessed
11 Jul 2020.

9. Bailey P, Lobis S, Fortney J, Maine D, Family Health International (Organization), Joseph L. Mailman
School of Public Health, et al., editors. Monitoring emergency obstetric care: a handbook. Geneva, Swit-
zerland: World Health Organization; 2009.

10. Kawaza K, Kinshella M-LW, Hiwa T, Njirammadzi J, Banda M, Vidler M, et al. Assessing quality of new-
born care at district facilities in Malawi. BMC Health Serv Res. 2020; 20:227. https://doi.org/10.1186/
s12913-020-5065-2 PMID: 32183795

11. UNICEF, WHO, World Bank Group, United Nations. Levels & Trends in Child Mortality 2018. New York:
United Nations Children's Fund; 2018.

12. World Health Organization. WHO Recommendations on Postnatal care of the mother and newborn.
World Health Organization; 2013.

13. Sakala B, Chirwa E. An evidence-based policy brief: Improving the quality of postnatal care in mothers
48 hours after childbirth. Malawi Med J. 2019. https://doi.org/10.4314/mmj.v31i2.12 PMID: 31452853

14. Thaddeus S, Maine D. Too far to walk: Maternal mortality in context. Soc Sci Med. 1994; 38:1091±110.
https://doi.org/10.1016/0277-9536(94)90226-7 PMID: 8042057

15. Langlois EÂV, Miszkurka M, Zunzunegui MV, Ghaffar A, Ziegler D, Karp I. Inequities in postnatal care in
low- and middle-income countries: a systematic review and meta-analysis. Bull World Health Organ.
2015; 93:259±270G. https://doi.org/10.2471/BLT.14.140996 PMID: 26229190

16. Wong KLM, Brady OJ, Campbell OMR, Banke-Thomas A, Benova L. Too poor or too far? Partition-
ing the variability of hospital-based childbirth by poverty and travel time in Kenya, Malawi, Nigeria
and Tanzania. Int J Equity Health. 2020; 19:15. https://doi.org/10.1186/s12939-020-1123-y PMID:
31992319

17. Gage AD, Carnes F, Blossom J, Aluvaala J, Amatya A, Mahat K, et al. In Low- And Middle-Income
Countries, Is Delivery In High-Quality Obstetric Facilities Geographically Feasible? Health Aff (Mill-
wood). 2019. https://doi.org/10.1377/hlthaff.2018.05397 PMID: 31479351

18. Mgawadere F, Unkels R, Kazembe A, van den Broek N. Factors associated with maternal mortality in
Malawi: application of the three delays model. BMC Pregnancy Childbirth. 2017; 17:219. https://doi.org/
10.1186/s12884-017-1406-5 PMID: 28697794

19. Ministry of HealthÐM oH/Malawi, ICF International. Malawi Service Provision Assessment 2013±14.
Lilongwe, Malawi: MoH/Malawi and ICF International; 2014. http://dhsprogram.com/pubs/pdf/SPA20/
SPA20.pdf.

20. ICF International. The DHS ProgramÐS ervice Provision Assessments (SPA). https://dhsprogram.com/
What-We-Do/Survey-Types/SPA.cfm. Accessed 15 Jan 2019.

21. ICF International. Demographic and Health Survey Sampling and Household Listing Manual. Calverton,
Maryland, USA: ICF International: MEASURE DHS; 2012.

22. United Nations Development Programme. Human development report 2019: beyond income, beyond
averages, beyond today: inequalities in human development in the 21st century. 2019.

23. Environmental Affairs Department (Malawi). Malawi state of environment and outlook report: environ-
ment for sustainable economic growth, 2010. Lilongwe, Malawi; 2010. http://www.ead.gov.mw/storage/
app/media/Resources/Reports/Malawi%20State%20of%20the%20Environemnt%20and%20Outlook
%20Report_2010.pdf. Accessed 23 Oct 2020.

24. National Statistical Office (Malawi). 2018 Malawi Population and Housing Census. Zomba, Malawi;
2019.

25. MacOpiyo L. Community based resilience analysis (CoBRA) assessment report for Zomba, Ntcheu and
Nkhata Bay Districts in Malawi. 2017. http://www.ead.gov.mw/storage/app/media/Resources/Reports/
malawi-cobra-assessment-report-zomba-nkhata-bay-and-ntcheu_final_may-2017.pdf. Accessed 23
Oct 2020.

26. Wang W, Mallick L, Allen C, Pullum T. Effective coverage of facility delivery in Bangladesh, Haiti,
Malawi, Nepal, Senegal, and Tanzania. PLOS ONE. 2019; 14:e0217853. https://doi.org/10.1371/
journal.pone.0217853 PMID: 31185020

27. Mallick L, Temsah G, Wang W. Comparing summary measures of quality of care for family planning in
Haiti, Malawi, and Tanzania. PLOS ONE. 2019; 14:e0217547. https://doi.org/10.1371/journal.pone.
0217547 PMID: 31173618

PLOS ONE Service environment and newborn care in Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0254083 July 7, 2021 17 / 19



28. Victora CG, Fenn B, Bryce J, Kirkwood BR. Co-coverage of preventive interventions and implications
for child-survival strategies: evidence from national surveys. The Lancet. 2005; 366:1460±6. https://doi.
org/10.1016/S0140-6736(05)67599-X PMID: 16243091

29. Carvajal±Aguirre L, Mehra V, Amouzou A, Khan SM, Vaz L, Guenther T, et al. Does health facility ser-
vice environment matter for the receipt of essential newborn care? Linking health facility and household
survey data in Malawi. J Glob Health. 2017;7. https://doi.org/10.7189/jogh.07.020508 PMID: 29423185

30. Kumbani L, Bjune G, Chirwa E, Malata A, Odland J�‘. Why some women fail to give birth at health facili-
ties: a qualitative study of women's perceptions of perinatal care from rural Southern Malawi. Reprod
Health. 2013; 10:9. https://doi.org/10.1186/1742-4755-10-9 PMID: 23394229

31. Burgert CR, Colston J, Roy T, Zachary B. Geographic displacement procedure and georeferenced data
release policy for the Demographic and Health Surveys. Calverton, Maryland, USA: ICF International;
2013. http://dhsprogram.com/pubs/pdf/SAR7/SAR7.pdf.

32. Wang W, Winner M, Burgert-Brucker CR. Limited Service Availability, Readiness, and Use of Facility-
Based Delivery Care in Haiti: A Study Linking Health Facility Data and Population Data. Glob Health Sci
Pract. 2017; 5:244±60. https://doi.org/10.9745/GHSP-D-16-00311 PMID: 28539502

33. Skiles MP, Burgert CR, Curtis SL, Spencer J. Geographically linking population and facility surveys:
methodological considerations. Popul Health Metr. 2013; 11:14. https://doi.org/10.1186/1478-7954-11-
14 PMID: 23926907

34. Burgert CR, Prosnitz D. Linking DHS household and SPA facility surveys: Data considerations and
geospatial methods. Rockville, Maryland, USA: ICF International; 2014. http://dhsprogram.com/pubs/
pdf/SAR10/SAR10.pdf.

35. Wong KL, Brady OJ, Campbell OMR, Jarvis CI, Pembe A, Gomez GB, et al. Current realities versus
theoretical optima: quantifying efficiency and sociospatial equity of travel time to hospitals in low-income
and middle-income countries. BMJ Glob Health. 2019; 4:e001552. https://doi.org/10.1136/bmjgh-2019-
001552 PMID: 31543989

36. Longbottom J, Shearer FM, Devine M, Alcoba G, Chappuis F, Weiss DJ, et al. Vulnerability to snakebite
envenoming: a global mapping of hotspots. The Lancet. 2018; 392:673±84. https://doi.org/10.1016/
S0140-6736(18)31224-8 PMID: 30017551

37. Weiss DJ, Nelson A, Gibson HS, Temperley W, Peedell S, Lieber A, et al. A global map of travel time to
cities to assess inequalities in accessibility in 2015. Nature. 2018; 553:333±6. https://doi.org/10.1038/
nature25181 PMID: 29320477

38. Pfeffer D, Lucas T, May D, Keddie S, Rozier J, et al. malariaAtlas: An R Interface to Open-Access
Malaria Data, Hosted by the ªMalaria Atlas Project.º 2020. https://CRAN.R-project.org/package=
malariaAtlas. Accessed 9 Sep 2020.

39. Etten J van, Sousa K de. gdistance: Distances and Routes on Geographical Grids. 2020. https://CRAN.
R-project.org/package=gdistance. Accessed 9 Sep 2020.

40. Lungu K, Kamfosa V, Hussein J, Ashwood-Smith H. Are bicycle ambulances and community transport
plans effective in strengthening obstetric referral systems in Southern Malawi? 2001. https://abdn.pure.
elsevier.com/en/publications/are-bicycle-ambulances-and-community-transport-plans-effective-in.
Accessed 9 Sep 2020.

41. OSRM API Documentation. http://project-osrm.org/docs/v5.22.0/api/#general-options. Accessed 9 Sep
2020.

42. Directions API. Google Developers. https://developers.google.com/maps/documentation/directions/
overview. Accessed 9 Sep 2020.

43. Dorman M, Buckley T, Dannenberg A, Bhaskar M. mapsapi: `sf'-Compatible Interface to ªGoogle Mapsº
APIs. 2020. https://CRAN.R-project.org/package. Accessed 10 Sep 2020.

44. Hijmans RJ, Williams E, Vennes C. geosphere: Spherical Trigonometry. 2019. https://CRAN.R-project.
org/package=geosphere. Accessed 22 Oct 2020.

45. Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epide-
miol. 2004; 159:702±6. https://doi.org/10.1093/aje/kwh090 PMID: 15033648

46. Mayala B, Fish T, Eitelberg D, Dontamsetti T. The DHS Program Geospatial Covariate Datasets Man-
ual (Second Edition). Rockville, Maryland, USA: ICF International; 2018.

47. Elkasabi M, Ren R, Pullum TW. Multilevel modeling using DHS Surveys: A framework to approximate
level-weights. Rockville, Maryland, USA: ICF; 2020. https://www.dhsprogram.com/pubs/pdf/MR27/
MR27.pdf.

48. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Founda-
tion for Statistical Computing; 2018. http://www.R-project.org/. Accessed 10 Jul 2018.

49. Lumley T. survey: Analysis of Complex Survey Samples. 2018. https://CRAN.R-project.org/package=
survey. Accessed 21 Sep 2018.

PLOS ONE Service environment and newborn care in Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0254083 July 7, 2021 18 / 19



50. StataCorp. Stata Statistical Software. College Station, TX: StataCorp LLC; 2019.

51. Doctor HV, Radovich E, Benova L. Time trends in facility-based and private-sector childbirth care: anal-
ysis of Demographic and Health Surveys from 25 sub-Saharan African countries from 2000 to 2016. J
Glob Health. 9. https://doi.org/10.7189/jogh.09.020406 PMID: 31360446

52. Butrick E, Diamond-Smith N, Beyeler N, Montagu D, Sudhinaraset M. Strategies to increase health
facility deliveries: Three case studies. Global Health Group, Global Health Sciences, University of Cali-
fornia, San Francisco.; 2014.

53. Kambale A, Masache G, Glaser E. Household health expenditures for birth in Blantyre, Malawi. J Trop
Med Hyg. 2018; 4 Supplement:478.

54. Leslie HH, Malata A, Ndiaye Y, Kruk ME. Effective coverage of primary care services in eight high-mor-
tality countries. BMJ Glob Health. 2017; 2:e000424. https://doi.org/10.1136/bmjgh-2017-000424 PMID:
29632704

55. Campbell OMR, Cegolon L, Macleod D, Benova L. Length of Stay After Childbirth in 92 Countries and
Associated Factors in 30 Low- and Middle-Income Countries: Compilation of Reported Data and a
Cross-sectional Analysis from Nationally Representative Surveys. PLOS Med. 2016; 13:e1001972.
https://doi.org/10.1371/journal.pmed.1001972 PMID: 26954561

56. Kim ET, Singh K, Speizer IS, Lemani C. Influences of health facility type for delivery and experience of
cesarean section on maternal and newborn postnatal care between birth and facility discharge in
Malawi. BMC Health Serv Res. 2020; 20:139. https://doi.org/10.1186/s12913-020-4958-4 PMID:
32093660

57. Kim ET, Singh K, Speizer IS, Angeles G, Weiss W. Availability of health facilities and utilization of mater-
nal and newborn postnatal care in rural Malawi. BMC Pregnancy Childbirth. 2019; 19:503. https://doi.
org/10.1186/s12884-019-2534-x PMID: 31847872

58. Carvajal±Aguirre L, Amouzou A, Mehra V, Ziqi M, Zaka N, Newby H. Gap between contact and content
in maternal and newborn care: An analysis of data from 20 countries in sub±Saharan Africa. J Glob
Health. 2017;7. https://doi.org/10.7189/jogh.07.020501 PMID: 29423178

59. Bhutta ZA, Das JK, Bahl R, Lawn JE, Salam RA, Paul VK, et al. Can available interventions end pre-
ventable deaths in mothers, newborn babies, and stillbirths, and at what cost? The Lancet. 2014;
384:347±70.

60. Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan S, et al. High-quality health sys-
tems in the Sustainable Development Goals era: time for a revolution. Lancet Glob Health. 2018; 6:
e1196±252. https://doi.org/10.1016/S2214-109X(18)30386-3 PMID: 30196093

61. Bradley S, Kamwendo F, Chipeta E, Chimwaza W, de Pinho H, McAuliffe E. Too few staff, too many
patients: a qualitative study of the impact on obstetric care providers and on quality of care in Malawi.
BMC Pregnancy Childbirth. 2015;15. https://doi.org/10.1186/s12884-015-0437-z PMID: 25652361

62. Brenner S, Wilhelm D, Lohmann J, Kambala C, Chinkhumba J, Muula AS, et al. Implementation
research to improve quality of maternal and newborn health care, Malawi. Bull World Health Organ.
2017; 95:491±502. https://doi.org/10.2471/BLT.16.178202 PMID: 28670014

63. Yoder PS, Risato M, Mahmud R, Fort A, Rahman F, Armstrong A, et al. Women's recall of delivery and
neonatal care in Bangladesh and Malawi: A study of terms, concepts, and survey questions. Calverton,
Maryland, USA: ICF Macro; 2010. http://dhsprogram.com/pubs/pdf/QRS17/QRS17.pdf.

64. Kong S, Day LT, Zaman SB, Peven K, Salim N, Sunny AK, et al. Birthweight: EN-BIRTH multi-country
validation study. BMC Pregnancy Childbirth. 2021; 21:240. https://doi.org/10.1186/s12884-020-03355-
3 PMID: 33765936

65. Day LT, Rahman QS, Rahman AE, Salim N, Kc A, Ruysen H, et al. Assessment of the validity of the
measurement of newborn and maternal health-care coverage in hospitals (EN-BIRTH): an observa-
tional study. Lancet Glob Health. 2021; 9:e267±79. https://doi.org/10.1016/S2214-109X(20)30504-0
PMID: 33333015

66. McCarthy KJ, Blanc AK, Warren CE, Mdawida B. Women's recall of maternal and newborn interven-
tions received in the postnatal period: a validity study in Kenya and Swaziland. J Glob Health. 2018;
8:010605. https://doi.org/10.7189/jogh.08.010605 PMID: 29904605

67. McCarthy KJ, Blanc AK, Warren CE, Kimani J, Mdawida B, Ndwidga C. Can surveys of women accu-
rately track indicators of maternal and newborn care? A validity and reliability study in Kenya. J Glob
Health. 2016; 6:020502. https://doi.org/10.7189/jogh.06.020502 PMID: 27606061

PLOS ONE Service environment and newborn care in Malawi

PLOS ONE | https://doi.org/10.1371/journal.pone.0254083 July 7, 2021 19 / 19


