


costs over the first three months and over a one year period of follow up following ART initia-

tion in the standard care arm were US$ 107 (95%CI 101–112) and US$ 265 (95%CI 254–

275) respectively. ART drugs, clinic visits and hospital admission constituted 50%, 19%,

and 19% of the total cost per patient year, while diagnostic tests and non-ART drugs (co-tri-

moxazole) accounted for 10% and 2% of total per patient year costs. The incremental costs

of the intervention to the health service over the first three months was US$ 59 (p��0.001;

95%CI 52–67) and over a one year period was US$ 67(p��0.001; 95%CI 50–83). This is

equivalent to an increase of 55% (95%CI 51%–59%) in the mean cost of care over the first

three months, and 25% (95%CI 20%–30%) increase over one year of follow up.

Background
Over12million HIV-infectedpeoplenowhaveaccessto antiretroviraltherapy(ART) in Africa
[1] wheretherearesevereconstraintson healthcareresources,in particular,asevereshortage
of healthcareworkers.Understandingthecostsassociatedwith differentapproachesto health
caredeliveryisessentialto inform policy,andespeciallyimportant in resource-limitedsettings
[2]. Despitethis,therearesurprisinglyfewpublishedstudiesdescribingthecostsof ART pro-
grammesin low incomecountriesin Africa [3].

Costingstudiesuseeithertheªtop-downºor ªbottom-upºapproachor acombinationof
these[4,5].Theformerestimatescostsbydividing thepastexpenditureby thenumberof ser-
vicesprovidedduring theperiodthatexpenditurewasincurred.Theseanalysesarecrudeand
it isnot possibleto assesshowpatientcharacteristicsinfluencecostsandor theextentto which
costsvarybetweensettings.Theªbottom upº approach,alsoreferredto astheingredient-
basedapproach,quantifiestheinputsusedto providetheserviceoutputs.Micro-costingisa
form of ªbottom upº approachandisessentialfor evaluatingnewinterventions[4,6,7]asit
allowsfor thestatisticalanalysisof thekeycostdriversat theindividual level.Since2003,just
four publishedHIV costingstudiesfrom low incomesub-SaharanAfrica haveusedanindivid-
ual levelmicro-costingapproach,but all wereretrospective[8±11]andtheir findingsarenow
outdated[12±16].

Materials and methods
In thisstudy,weestimatedthecostsof ART deliveryin theprimary caresettingin Tanzania
usingamicro-costingapproach.Our studywasnestedwithin atrial, whichaimedto reduce
HIV-mortality amongpatientspresentingin theveryadvancedstagesof HIV-infection
(REMSTART)[17]. Half of theparticipantsreceivedroutinestandardcare.Theotherhalf
receivedroutinestandardcarecombinedwith additionalscreeningandadherencesupport.
Theparticipantsweremanagedbyhealthcarestaffaccordingto nationalguidelinessothat the
trial providedanopportunity to estimatecostsof real-lifeART carein anurbansetting.We
analysedtheresourceuseandcostsof ART in both theroutinehealthservicesandwith the
addedinterventionwithin REMSTART[17].

Study settings

TheREMSTARTtrial wasimplementedin Dar esSalaam,Tanzania,andLusaka,Zambia,but
thecoststudywasrestrictedto Tanzaniafor logisticalreasons.Dar esSalaamhasanestimated
populationof 4.4million people[18] andanHIV prevalenceamong15±49yearold of 6.9%
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[19]. Thecity isdividedinto threedistrictsÐKinondoni, IlalaandTemeke.Thetrial was
implementedat threegovernment-runprimary carehealthcentres,onein eachdistrict (Tan-
dalein Kinondoni, Buguruniin IlalaandMbagalaRangiTatuin Temeke).

In Tanzania,HIV ismanagedlargelyfrom primary careclinics.Nationalguidelinesat the
time of thestudywerethatpatientspresentingwith adiagnosisof HIV-infection shouldhave
beeenofferedART if theyhadaCD4count� 350cells/mm3 or if theywereatWHO clinical
stages3 or 4 [20]. Follow-upclinic visitswereinitially everymonth andthentwo-monthly,
whenthepatientwasconsideredstableon therapyaccordingto theclinician'sassessment.
TheREMSTARTtrial wasrestrictedto patientswhopresentedwith advanceddiseasebecause
theyhaveveryhigh ratesof mortality [21±24].Initially, patientswith CD4count<100cells/
mm3 wereenrolled,but thiscriteriawaschangedsubsequentlyto enrolpatientspresenting
with< 200cells/mm3, in orderto speedup recruitment[17].

Participantswereindividually randomised[17] to receiveeitherroutinecareor routine
careplusadditionalclinic andcommunity-basedservices(theREMSTARTintervention).All
participants(in botharms)werescreenedfor tuberculosis(TB), irrespectiveof symptomsand
testedfor TBusingGeneXpert1MTB/RIF assay(Cepheid,Sunnyvale,USA)(hereonreferred
to asXpert)andART wasinitiated rapidlywherepossible.Fig1showsboth thepathwayfor
andservicesprovidedto individualsin interventionandstandardcarearms.At thetime of the
trial implementation,Xpertwasnot partof standardcarebut all particpantsweretestedfor TB
usingXpertbecauseit hadbeenendorsedby theWHO asascreeningtool for TB.Apart from
screeningfor TBusingXpert test,studypartcipantsin theroutinecarearmweremanaged
accordingto thestandardof care.Theclinic pluscommunitysupportarmreceivedthefollow-
ing additionalservices:i) screeningfor cryptococcalinfectionusingserumcryptococcalanti-
gencombinedwith pre-emptivefluconazletherapyfor patientstestingantigenpositive;ii)
weeklyhomevisitsfor thefirst 4 weekson ART by trainedlayworkersto provideadherence

Fig 1. Pathway of care for HIV-infected individ uals presentin g in with CD4 count < 200 cells/mm 3 in intervention and standard care
arms in Tanzania. �Under standard care, TB screening is done using smear microscopy examination or chest x-ray. For this study, Xpert

screening was used in both arms at baseline.

doi:10.1371/journal.pone.0171917.g001
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support;and(iii) re-screeningfor tuberculosisusingtheXpert testat6±8weeksafterART ini-
tiation in participantsin whomtuberculosiswasnot diagnosedatenrolment[17] (Fig1).

Data collection

Participantswererecruitedfrom February2012to September2013,andeachparticipantwas
followedfor up to 1 year.Resourceuseandcostsweremeasuredfrom aprovider'sperspective
usingamicro-costingapproach.Healthserviceresourceuseby thepatientwastrackedin trial
recordsoveraoneyearperiodfor bothpatientsunderroutinecareandthosein theclinic plus
communityplussupportarms.This includednumberof clinic visitsmadeby thepatient,lay-
workerhomevisits,diagnosticscreeningandtreatmentandinpatientcosts.Costdatawere
collectedasdescribedin thesupportinginformation (S1Table)which liststhedatacollected
andmethodsof collectionateachof thesources.Costswereclassifiedasrecurrentor capital.

Allocation of costs. Thetime medicalstaffspenton differenttypesof clinic visitswasesti-
matedusingpatientobservationsconductedoveraoneweekperiodandpersonneldiariesself-
completedby individual staff.Clinic visitswerecategorisedasfollows:i) avisit during whicha
clinicalexaminationandCD4counttestingweredone,ii) avisit during whichthepatientwas
assessedfor ARTeligibility, iii) avisit in whichapatientself-referredto theclinic andwasseen
byclinician(sickvisit), (iv) avisit during whichapatientwasclinicallyre-assessedfollowing
ART initiation andCD4counttestingwasrepeated,andv) aroutinevisit for thecollectionof
drugsalone.Stafftime spenton otheractivitieswasallocatedto eachvisit in proportion to the
dailypatientcontacttime derivedfrom personneldiaries.Suchactivitiesincludedmorning
reportmeetings,teaandlunchbreaks,cleaningandpreparingdailyreports.Astheclinic pro-
videsdedicatedpaediatriccareon onedayperweek,80%(4 out of 5workingdays)of the
sharedcostswereallocatedto adultcare.Thesecostswerethendividedby theaveragenumber
of adultvisitspermonth to obtainthecostperpatientvisit.Personneltime for laboratorywork
andlumbarpunctureswasderivedfrom staffinterviews.Thelaboratoryequipment-relatedcost
wascalculatedpertestbydividing theannualisedcostby thenumberof testsdone.Research
costswereexcluded.

Costsincurredoutsidetheclinic, otherthanlaboratorycosts,suchasadministrativecosts,
werenot availablefor thisstudy.Administrativecostsreportedelsewherein resourcelimited
settingsrangedbetween3%and15.5%of thetotal costsof care[25,26].Thus,weassumedan
administrativecostof 10%of theclinic visit costs.

Cost valuation. All priceswereconvertedto 2012pricesusingtheGDPdeflator[27] and
convertedto USdollars(US$)(Exchangerate:1US$= 1,573.70Tanzanianshillings-Tzshs)
[28]. Theannualizationof capitalcosts,including training,wasdoneusingadiscountrateof
7.8%equalto the2-yearTanzaniangovernmentbond(at thetime of calculation,June2014)
[29]. Theannualizationis theprocessof spreadingthecurrentpurchasepriceof eachitem of
equipmentacrossits working life, takinginto accountits opportunitycost.Theexpecteduseful
life for equipmentvariedfrom 3 to 15yearsdependingon theitem [30]. Training of thelay-
workerswasestimatedto havealife spanof 3 years.

Analysis

Totalandaverageresourceuseandcostsperpatientwereestimatedbymonth,quarterand
yearusingtime-seriescommandsin Stata13.0(StataCorp).Costswerecalculatedseparately
for theroutinecarearmandthenfor theinterventionarm.Thedenominatorfor themean
costsatall time pointsisall randomisedpatientsratherthanthethosepatientswhowerestill
aliveateachtime point.
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Generalised linear regression analyses. Wecalculatedameancostperpatient(for 1 year
of treatment)andusedunivariateandmultivariatelinearregressionto exploretheinfluenceof
studysite[30], severityof illness(levelof CD4countandWHO clinicalstage),maritalstatus,
levelof education,genderandage[31±34]on themeancostof HIV/AIDS careamongthose
whoreceivedstandardcare.

Sensitivity analyses. To accountfor uncertaintyin someof thekeyvariables,univariate
sensitivityanalysesweredonein whichparameterswerevariedoneatatime usingvalues
givenin thesupportinginformation (S2Table).Thediscountratewasvariedto ensurecompa-
rability with otherstudies[35]. Pricesfor ART,reagentsandtheXpertcartridgeswerevaried
to exploretheimpactof anychangesin theinternationalmarketprices.Costsincurredabove
theclinic levelwerevariedto reflecttheuncertaintyin thebaselineestimate.In addition,the
analysiswasrun replacingthecostof theXpertwith acostfor smearmicroscopy,giventhe
limited useof theXpert to datein sub-SaharanAfrica.Thetransportationcostsof Xpertspu-
tum samples(from theclinicsto thecentraltuberculosisreferencelaboratorywhereXpert
machinesarelocated)arecritical to cost-effectivenessof aprogramme[25], thereforethis
transportcostwasvariedto reflectanyuncertaintyin replicatingthetrial transportmecha-
nism.Further,thenumberof homevisitsperdaybyalayworkerwasvariedfrom thebase
casescenarioto amorelikely work loadscenarioin areallife settingin whichmorehome
visitswouldbeconducted.Detailedmethodsfor thesensititivityanalysiscanbefound in the
supportinginformation (S2Table).Theuncertaintyanalyseswerebasedon mostlikely,mini-
mum andmaximumvalues.

Ethics statement. Thestudywasnestedwithin alargetrial (ISCRTN20410413)which
wasapprovedby theethicscommitteeof theLondonSchoolof Hygiene& TropicalMedicine,
theEthicsandResearchSciencecommitteein Zambia,andtheNationalHealthResearchEth-
icsSub-Committeein Tanzania.All studyparticipantswereolderthan18yearsandeachpro-
videdawritten informedconsent.

Results

Characteristics of the study participants in Tanzania

A totalof 870individuals,436in standardcarearmand434in theinterventionarm,were
enrolledin thestudy.Themedian(IQR) ageof patientswas38[31,44]years,62%werefemale,
andthemedian(IQR) CD4cellcountatenrolmentwas52[20,89]cells/mm3 (Table1).Over-
all, themedian(IQR) lengthof follow up was333(347,365)days.Themajority of participants
wereinitiated on TDF-containing(60%)or AZT-containing(36%)ARV regimens.Overall,
afterayearof follow up,684(78.6%)participantswerealiveandreceivingcareat thestudy
clinics,153(17.6%)haddied,8 (0.9%)hadwithdrawnfrom thestudyandsurvivalstatusfor
25(2.9%)participantswasunknown.Sixtysixof 153(43.1%)participantswhohaddiedwere
from theinterventionarm.Overall,22(5%)of the434participantsscreenedfor cryptococcal
antigenin theinterventiongrouptestedpositivefor serumcryptococcalantigen.

Unit costs for different components of HIV care

Table2 presentsestimatesof unit costs,ateachclinic, for thedifferentcomponentsof ART
services.Themeanclinic costfor outpatientvisitsrangedbetweenUS$5.76for adrugcollec-
tion visit without clinicalassessmentto US$6.74for avisit that includedaclinicalassessment
andaCD4counttest.Thecostof ahomevisit conductedbyalay-workerwas$14.74.Thecost
of diagnostictestsrangedbetweenUS$19.07for anXpert testandUS$0.31for acreatinine
test.ThenovelCrAg testwasestimatedto cost$3.96perparticipant.
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Costsfor personnelandnon-medicalmaterialplussuppliesconstitutedmorethan60%and
13%respectivelyof theunit costsfor out-patientclinic visits,excludingdiagnosticprocedures.
Costsof thereagentsfor CD4,CrAgandXpertwere85%,99%and70%of theunit costsfor
thesetests(seeS3Table).Therewaslittle variationbetweentheclinicsin thebreakdownof
costs(Table2).

Resource utilization

Table3 summarizestheinformation on resourcesusedby thestudyparticipants.Seventeen
individuals(7 randomisedto standardcareand10to theinterventionarm) of 870(2%)did
not startART.Twelveof theseindividualsdiedsoonafterpresentation,1 waslostto follow up
and4 withdrewfrom thestudybeforestartingART.

Of 436patientsin thestandardcarearm,270(62%)completedoneyearof follow up,which
wasdefinedasthoseindividualswhowerealiveandreceivingcareatoneof thestudyclinics,
66(15%)haddied,60(13.8%)did not return to astudysiteat12months,37(8.5%)withdrew
from thestudyandinformation for 3participantswasmissing.Overall,thestudyparticipants
in thestandardcarearmspent308.9personyearsin ART care,equivalentto ameanfollow up
on ART of 0.71yearperpatient.Of thetotal time on treatment,62%and37%wasspenton
ART regimenscontainingTDF andAZT, respectively;and1%wasspenton otherregimens.
Thirty of 429(7%)patientswhoinitiatedon ART substitutedat leastonedrug in their regimen
during theone-yearperiodof follow up.Patientsin thestandardcarearmwereon co-trimoxa-
zolefor ameanof 0.73yearsduring thestudyperiod.

In theinterventionarm,289/434(66.6%)patientscompletedoneyearof follow up.Of
thosewhocontinuedto receivecarefrom thestudyclinics,51/434(12%)haddied,36/434
(8%)did not return to astudyclinic, 56/434(13%)withdrewfrom thestudyandinformation
for 2 participantswasmissing.Overall,thestudyparticipantsin theinterventionarmspent
316.4yearsin ART care,equivalentto ameanfollow up on ART of 0.73yearperpatient.Of
thetotal time on treatment,64%and34%wasspenton ART regimenscontainingTDF and

Table 1. Character istics, HIV disease progress ion and ART treatment regimen of for study particip ants (HIV patients presenting in the advanced
stages of HIV-infec tionÐCD 4 <200cells/mm 3), in Dar es Salaam, Tanzania.

Characte ristics Study sites

Buguruni Tandale Mbagala All sites

Sample size 196 280 394 870

Standard (control) arm 99 140 197 436

Intervention arm 97 140 197 434

Sex

Male n(%) 58 (29.6) 105 (37.5) 164 (41.6) 327 (37.6)

Age at enrolme nt mean (SD) 39.1 (10.4) 37.4 (8.6) 39.2(9.9) 38.6 (9.7)

CD4 cells/mm3, median (min, max) 52 (2, 189) 57.5 (1, 199) 47 (1, 199) 52. (1, 199)

ARTa regimen initiated at enrolme nt n(%)

d4T-containing regimen 0 (0.00) 0 (0.00) 10(2.54) 10 (1.15)

AZT-containing regimen 68 (34.69) 146 (52.14) 100 (25.38) 314 (36.09)

TDF -containing regimen 125 (63.78) 127 (45.36) 269 (68.27) 521 (59.89)

ABC -containing regimen� 2 (1.02) 5 (1.79) 1 (0.25) 8 (0.92)

Did not initiate on ART 1 (0.51) 2 (0.71) 14 (3.55) 17 (1.95)

aART—Antiretroviral Therapy; ABC—abacavir; TDF—tenofovir disoproxil fumarate AZT—zidovudine; d4T –stavudine

�ABC is the nucleoside reverse transcriptase inhibitors (NRTIs) used as the second line drugs for adult and adolescents in Tanzania.

doi:10.1371/journal.pone.0171917.t001
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Table 2. Unit costs (in 2012 US$) of the different componen ts of ART services for patient s initiating treatment with CD4 count <200 cells/mm 3 in
Dar es Salaam, Tanzania.

Variable Unit cost (2012 US$) (per patient )

Bugurun i Mbagala Tandale Mean cost for all sites

Costs for clinic outpatient visits under ART programme

Initial visit (assessed by clinician, blood for CD4 test taken) 6.61 6.13 7.48 6.74

ART eligibility assessment visit 6.04 5.10 6.96 6.04

Sick visit e.g. patient self-referred and seen by clinician� 6.04 5.10 6.96 6.04

6-monthly clinic (reassessed by clinician, blood sample for CD4 test taken)�� 6.61 6.13 7.48 6.74

Routine follow up visit e.g. drug pick up and not seen by clinician 5.89 4.75 6.65 5.76

Costs of diagnosti c tests in addition to outpat ient visit costs

CD4 count test 15.83 14.75 16.72 15.76

Alanine aminotransferase (ALAT) test 0.88 0.84 0.91 0.88

Creatinine test 0.32 0.28 0.35 0.31

Haemoglobin (Hb) test 0.83 0.86 0.91 0.87

Random blood glucose (RBG) test 0.85 0.81 0.89 0.85

Venereal disease reference laboratory (VDRL) test 1.88 1.88 1.89 1.89

Pregnancy test 0.53 0.53 0.53 0.53

Full Blood Count (FBC) test 2.06 1.79 2.29 2.04

Serum cryptococcal meningitis (CRAG) test 5.00 2.68 4.19 3.96

Costs of the service componen ts performe d outside the clinic

Xpert testb 19.07

Collection and processing of cerebral spinal fluidc 16.29

Chest x-rayd 3.18

Lay worker visit to the patients home 14.74

Informati on obtained from the literatu re

Smear microscopy test 1.81

Sputum culture (Lowenstein Jensen) for TB [25] 6.84

ART regimens[15] (costs for daily dose)

d4T + 3TC +NVP 0.16

d4T + 3TC + EFV 0.28

AZT + 3TC +NVP 0.31

AZT + 3TC + EFV 0.61

TDF + 3TC + NVP 0.32

TDF + 3TC + EFV 0.60

ABC +3TC + NVP 0.13

ABC +3TC + EFV 0.76

TDF + FTC + EFV 0.60

TDF + FTC + NVP 0.48

TDF + FTC + ABC 0.84

Fluoconazole per a dose of 10 weeks 4.80

Cotrimoxazole per daily dose 0.02

District Hospital inpatient bed day[36] 26.45

Regional Hospital inpatient bed day[36] 24.72

Tertiary Hospital inpatient bed daye 24.01

(Continued )
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AZT, respectively,and2%wasspenton otherregimens.Forty-fourof 388(11%)patientswho
wereinitiatedon ARTsubstitutedat leastonedrug in their regimenduring theoneyearperiod
of follow up.Patientsin theinterventionarmwereon co-trimoxazolefor ameanof 0.74years
during thestudyperiod.Comparedto patientsin standardcare,patientsin theintervention

Table 2. (Continued)

Variable Unit cost (2012 US$) (per patient )

Bugurun i Mbagala Tandale Mean cost for all sites

TB treatment (6 monthly dose) 225

� Involves similar activities and therefore unit costs were assumed to be the same as for the ART eligibility assessment visit

�� Involves similar activities and therefore unit costs were assumed to be the same as for the initial visit.
bPerformed at the Central TB laboratory
cDone at Muhimbili National Hospital
dperformed at the respective district hospital
eCosts for tertiary hospital were not available; we therefore assumed these costs were the same as those of the regional hospital

doi:10.1371/journal.pone.0171917.t002

Table 3. Unit costs (in 2012 US$), average quantity of resource s utilized over 12 months of treatment and mean annual cost per patient, for
patients initiating treatme nt with CD4 count <200 cells/mm 3 in Dar es Salaam, Tanzania.

Item Unit cost (US
$2012)

Mean? resource
utilisatio n per person

Cost per patient (US$2012) Differen ce
(Interven tionÐcontr ol)

Interven tion Standard
care

Intervention
arm

Standard
care

Out patient s visits

Initial visits 6.74 1.05 1.03 7.08 6.94 0.13

ART eligibility assessment visits 6.04 1.00 1.00 6.04 6.04 0.00

Sick visits 6.04 0.17 0.10 1.03 0.60 0.42

6-montly clinic review 6.74 0.89 0.86 6.00 5.80 0.20

Routine follow up visits 5.76 4.43 4.41 25.52 25.40 0.12

CD4 count test 15.72 1.60 1.56 25.15 24.52 0.63

ALT test 0.88 1.20 1.1 1.05 0.97 0.09

Creatinine test 0.31 0.77 0.74 0.24 0.23 0.01

Hb test 0.87 1.33 1.17 1.16 1.02 0.14

VDRL test 1.89 0.07 0.06 0.13 0.11 0.02

Pregnancy test 0.53 0.07 0.08 0.04 0.04 -0.01

Second Xpert test 19.07 0.88 0.00 16.78 0.00 16.78

Chest x-ray 3.18 0.06 0.05 0.17 0.16 0.02

CrAg test 8.43 1.00 0.00 8.43 0.00 8.43

Lay worker visit to the patients home 14.74 2.89 0.00 42.60 0.00 42.60

Collection and processing of cerebral spinal fluid 16.27 0.02 0.00 0.37 0.00 0.37

Days on ART drugs 0.42 323.12 213.60 135.71 131.71 4.00

Days on Co-trimoxazole 0.02 270.22 265.19 5.40 5.30 0.10

Days of hospital admissions 26.43 3.79 4.08 100.13 107.78 -7.66

Number of people put on fluconazole 4.8 0.09 0.00 0.43 0.00 0.43

Mean cost per patient during the ®rst three
months and one year in treatment (in 2012US$)

First three months in treatment, mean (95% CI) 166 (161–171) 107 (101–

112)

59 (52–66)

One year in treatment, mean (95% CI) 331 (319–344) 265 (254–

275)

67(50–83)

doi:10.1371/journal.pone.0171917.t003
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armhadsignificantlymoresickclinic visits(p = 0.001),alanineaminotransferasetests
(p = 0.039),andHb tests(p = 0.0013).

Average costs per patient for routine care

ThemeancostperpatientyearwasUS$265(95%CI 254±275)in thestandardcarearm
(Table3).ART drugs,clinic visits,hospitaladmission,diagnostictestsandnon-ARTdrugs
constituted50%,19%,19%,10%and2%of thetotal costperpatientyearrespectively(Fig2).
Initial highcostsof US$71perpatientmonth in thefirst month fell to US$30perpatient
month at12months(seeFig3).ThecostperpatientwasUS$107(101±112)in thefirst quarter,
afterwhichit fell andstabilisedatbetween$45and$59perquarter.

Themeanannualcostof ART perparticipantvariedfrom $34.89for stavudine-basedregi-
mensto $140.60for tenofovir-basedregimens.Costsof co-trimoxazoleprophylaxiswerejust
over$5perpatientperyear.Routinefollow up visitsweremorecommonthanothervisitsand
consequentlyaccountedfor ahighercostthanothervisits.CD4countandtheXpert testing
werethemostexpensivelaboratorytests,with serumCrAg testingcostingjustunder$4per
testperpatient.Hospitaladmissioncostsexceed$43peradmissionandcomprisedameanof
4.87daysof inpatientcareperpatient.

Table3 alsocomparesthecostsin thestandardandinterventionarms.Thecostof adding
CrAgscreening,homevisitsby lay-workersandasecondXpert test,asimplementedin the
clinic pluscommunitysupportarmof thetrial, wereUS$8.43,US$42.60andUS$16.78per
patient,respectively(seeTable3).Theincrementalcostsperpatientof thefull interventionto

Fig 2. The cost breakdo wn of ART services by month for patient s initiating treatment with CD4 count <200 cells/mm 3 in Tanzania
for standard care.

doi:10.1371/journal.pone.0171917.g002
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thehealthserviceoverthefirst threemonthswasUS$59(p<0.001;95%CI51.5±66.5)and
overaoneyearperiodwasUS$67(p<0.001;95%CI50.0±83.2).This isequivalentto a55%
(95%CI50.7%±59.2%)increasein themeancostof careoverthefirst threemonthsanda25%
(95%CI19.7%±30.2%)increaseoveroneyearof follow up.

Sensitivity analyses

Thecostof carewasrobustto changesin thevariablesexploredin thesensitivityanalysis,
exceptto changesin theaveragenumberof homevisitsmadeby layworker in aday,costsof
clinic visitsinvolvingaCD4testandthecostof antiretroviraldrugs.A 25%decreasein the
priceof antiretroviraldrugsledto areductionin themeancostsperpatientyearof 10.6%,
andanincreasein thenumberof homevisitsfrom 1.4to 4 perdayresultedin a22%reduc-
tion in theadditionalcostfor theinterventioncomponentduring thefirst threemonths,
anda12%overaoneyearperiodof follow up,whereas,anincreaseof costsfor clinic visits
involvingaCD4test,by 50%,during thefirst threemonth of ART ledto anincreasein the
meancostsperpatientyearof 22.7%.A decreasein this by50%resultedin areductionof per
patientcostby11.4%,(Table4).

Regression

Table5 reportson theresultsof theunivariateandmultivariateregressionanalysesof factors
thatcouldinfluencehealthservicecostsin thestandardcarearm.Noneof thefactorswassig-
nificantly associatedwith healthservicecosts.

Fig 3. Mean cost (in USD 2012) per patient month for patient s initiating ART treatmen t with CD4 count <200 cells/mm 3 in
Tanzania for both standard care (control) and the REMSTART trial intervention arms.

doi:10.1371/journal.pone.0171917.g003
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Discussion
Thecostsof antiretroviraltherapyin Africa havefallenremarkably.Nonetheless,asthisstudy
demonstrates,theaveragecostof careremainshighatnearly$300perpatientperyearand
overhalfof thisexpenditurewason drugs.Usingamicro costingapproach,thisstudyhascal-
culatedtheaveragecostperpatientyearof ART aswellastheincrementalcostof aninnova-
tive interventionableto reducemortality in ART patients.Theanalysisshowshowcostsfall
overtime andthatART drugscontinueto takeup thelargestshareof ART costs.Wedid not
calculatethecostsincurredbypatientsto accesscare,but previousstudieshavefound theseto
beremarkablyhigh [37]. It isevident,thatHIV continuesto beasubstantialburdenin Africa.

Thecostsof theclinic pluscommunitysupportintervention,whichmostlytargetedthefirst
month of ART,andwhichreducedall-causemortality substantially[17], wereabout25%

Table 4. Results of the sensitivi ty analyses explorin g the impact of uncertain ty in key variables on the average cost estimates for patient s initiat-
ing ART treatmen t with CD4 count <200 cells/mm 3 in Dar es Salaam, Tanzani a.

Arm Paramete rs varied Varied values US$ (% divergence from base case)

1st three month Per Patient Year

Minimum Maximum Minimu m Maximum Minimu m Maxim um

Standard
care

Base case� 106.9 106.9 264.7 264.7

Discount rate 1% 12% 106.3

(0.6)

107.3 (0.4) 263.4

(0.5)

265.8 (0.4)

Administrative costs 3% 15.5% 104.8

(2.0)

108.4 (1.4) 262.6

(0.8)

266.3 (0.6)

Costs for supporting staff -50% +50% 104.1

(2.6)

112.5 (5.2) 261.5

(1.2)

271.2 (2.4)

Costs for clinic visits involving a CD4 test -50% +50% 94.7

(11.4)

131.2 (22.7) 259.9

(1.8)

274.2 (3.6)

Costs for clinic visits involving seeing a clinician -50% +50% 103.7

(3.0)

113.2 (5.9) 262.3

(0.9)

269.5 (1.8)

Costs for routine follow up -50% +50% 106.8

(0.1)

124.1 (16.1) 255.7

(3.4)

268.9 (1.6)

Costs for Xpert -5% -25% 106.0

(0.8)

102.4 (4.2) 263.9

(0.3)

268.1 (1.3)

Price for Xpert cartridge -5% -25% 106.4

(0.5)

104.2 (2.5) 264.2

(0.2)

262.6 (0.8)

Costs for transport for Xpert sputum sample 0% -50% 106.4

(0.5)

106.6 (0.3) 264,2

(0.2)

264.4 (0.1)

Price of ARV -5% -25% 104.8

(2.0)

96.3 (9.9) 259.1

(2.1)

236.6 (10.6)

Costs for sputum smear microscopy 0% 100% 106.9

(0.0)

105.5� �
(1.5)

264.7

(0.0)

262.3� �
(0.9)

Intervention Base case� 165.9 165.9 331.4 331.4

Price for CRAG reagents -5% -25% 165.9

(0.0)

165.9 (0.0) 331.4

(0.0)

331.4 (0.0)

Monthly salary for lay workers US$177 US$383 156.6

(5.6)

165.9 (0.0) 325.1

(1.9)

334.4 (0.9)

Monthly income (salary & benefits) for lab technician for

processing the cerebral spinal fluid

US$379 US$397 165.7

(0.1)

166.1 (0.1) 331.4

(0.0)

331.5 (0.0)

Number of home visits by lay-worker 1 4 174.1

(4.9)

129.2 (22.1) 335.4

(1.2)

290.5 (12.3)

�Does not include costs for smear tests

��Does not include costs for Xpert test

doi:10.1371/journal.pone.0171917.t004
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higherthanthestandardtreatmentarm,whencalculatedovera12-monthperiod.Theanalysis
bymonth andbyquarterconfirm that theincreasein costisonly associatedwith theinitial
stageof treatmentandassuchdo not haveamajor impacton thelifetimecostsof ART,pro-
viding astrongargumentfor investmentgiventhelikely reductionin mortality thatwasdem-
onstratedby thetrial. Althoughthisstudywasdoneaspartof atrial, it wasintegratedinto the
healthsystem,with patientsmanagedbyroutinehealthcarestaff.Thusthecostspresentedare
likely to betypicalof urbanclinicsin TanzaniaamongHIV-infected individualspresenting
with advanceddisease.However,aformaleconomicevaluationisneededto determineif and
to whatextentthis interventioniscost-effectivecomparedto standardcare.

Thecostof asinglehomevisit wasnearly$15,justovertwicethecostincurredbyhealth
serviceswhenapatientvisitstheclinic for routinecareandsimilar to thecostof aCD4count
test.Thecostof homevisitsmaybelowerin reallife settingsif lay-workerscanvisit agreater
numberpatientsperday.In our trial, mostpatients(in botharms)wereinitiated on ART on
their secondvisit to clinic, within amedianof abouttwo weeks[17], becauseweintroduced
expeditedinitiation of antiretroviraltherapy,whereasin mostAfrican HIV programmes,
patientsarerequiredto attend3±4timesbeforeART is initiated.Our studydemonstratesthat
theseearlypreinitiation visitsareprobablyunnecessaryandthat it wouldbebetterto provide
additionalsupportafterthepatienthasstartedantiretroviraltherapy.

Anotherstriking finding wasthat thecaredeliveredby theclinicsdifferedsubstantially
from guidelines.Themeannumberof clinic visitsinvolvingaclinicianwaslessthan2 visits
perpatientduring thefirst yearon antiretroviraltherapy,comparedto therecommended6
visits[20,32,38];andCD4countandsafetybloodtestingweredonemuchlessfrequently

Table 5. Univariate and multivariat e regressi on (Generalized Linear model) analyses of factors that could influence ART service costs (in 2012 US
$) for patient s initiating treatment with CD4 count <200 cells/mm 3 in Dar es Salaam, Tanzania.

Independ ent variabl e Results of the Generalized Linear regression analyses (N = 870)

Univariate analysis F-test Multipl e regression ¥ F-test

�Coef®cien t (95% CI) p-value Coef®cien t (95% CI)� p-value

Age (referen ce is ªAge less than 45yearsº ) 0.5415 0.2702

� 45 years 7.71 (-17.03±32.44) 14.67 (-11.38–40.66)

Level of CD4 count at enrolme nt (reference is ªCD4 <25cells /mm3º 0.3698 0.3984

CD4 25–49cells/mm3 20.57 (-10.75–51.90) 20.83 (-10.94–52.59)

CD4�50cells/mm3 13.64 (-10.37–37.65) 12.17 (-12.20–36.54)

WHO clinical stage at enrolme nt (referenc e is ªWHO stage 1 or 2º) 0.9154

WHO stage 3 or 4 -4.94 (-32.50–22.62) 0.7254 -1.54 (-29.98–26.90)

Sex 0.1168

Female 11.70 (-10.08–33.49) 0.2924 18.70 (-4.67–42.06)

Level of education (referenc e is ªno formal educationº) 0.4358 0.3954

Primary 19.45 (-10.26–49.16) 20.98 (-9.78–51.73)

Secondary and above 17.79 (-20.78–56.37) 21.36 (-18.35–61.07)

Clinic (reference is (ªBugurun i clinicº) 0.1036 0.1284

Tandale clinic 18.46 (-10.53–47.45) 22.63 (-7.15–52.42)

Mbagala clinic -7.89 (-35.08–19.31) -1.88 (-29.92–26.17)

Marital status (reference is “married or living with someone” 0.9545 0.8574

Widowed/separated/divorced -2.45 (-26.08–21.18) -5.60 (-29.82–19.70)

Never married -4.33 (-34.44–25.78) -7.91 (-39.33–23.52)

¥All variables included simultaneously in a single model

�Mean difference in health service costs (in US$) compared to the reference group

doi:10.1371/journal.pone.0171917.t005
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thanrecommended.It is possiblethat this wasbecauseof shortagesof staffandreagents,that
patientswerenot returning for requiredvisitsor thatclinicsfelt that thesevisitswerenot
necessary.

Theaveragecostperpatientyearof standardcarein thisstudywasmarginallyhigherthan
that reportedfrom Zambia[11] andNigeria[12], althoughtheNigeriastudyexcludedover-
headcosts.In accordancewith our findings,in otherstudiesconductedacrossAfrica,antire-
troviral drugshavebeenthemostexpensivecomponentof care[9±14,16].Wefound that
reducingthepriceof antiretroviraldrugsby25%lowerstheannualcostperpatientby11%;
thishighlightstheimportanceof internationaleffortsto negotiatereductionsin antiretroviral
drugsprices.

Initially, our studyenrolledpatientswith CD4count<100cells/mm3, but thiscriteriawas
changedsubsequentlyto enrolpatientspresentingwith<200cells/mm3, in orderto speedup
recruitment.Thischangeaffectedboth trial armsequally.andpresumablywasnot felt to com-
promisetheinterpretationof thestudyfrom aclinicalstandpoint.Theunivariateandmulti-
variateregressionanalysesof factorsthatcouldinfluencehealthservicecosts,thelevelof CD4
countwasnot significantlyassociatedwith healthservicecosts,soit isunlikely thischangehad
anyeffecton thecostestimate.

Our studywasconductedamongurbanpatientswith advanceddisease.Whetherthefind-
ingsaregeneralizableto rural patients,whoareusuallymoregeographicallyscatteredandless
mobile,or amongpatientsinitiating ART in theearlystagesof HIV-infection needsfurther
research.Weuseduniversitygraduatesasthelayworkersandit isnot clearif usinglay-work-
erswith fewerqualificationswouldhavethesameeffect.Thisneedsfurther researchasit may
bedifficult to scale-uptheprogrammeusinguniversitygraduates.

Conclusion
Micro costingapproachesprovideawayto obtainanin-depthunderstandingof coststruc-
turesandcostvariationbetweenindividualsaswellasovertime.Thisstudyconfirmsthat
despitepricereductions,antiretroviraldrugsconstitutehalfof thecostof carefor people
newlystartingon ART andconfirmsthatmonthly costsof ART declineafterthefirst month
of treatment.Theaddedcostsof theclinic pluscommunitysupportintervention,whichmostly
targetsthefirst month,andwhichsubstantiallyreducedall-causemortality, representedonly a
smallincreasein life time ART costs,suggestingthis important innovationin ART couldbean
affordableapproachto improvingHIV carein resourceconstrainedsettings.
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