


The costs of providing ART services to individuals presenting with advanced HIV disease in Tanzania
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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-infected peoplenow haveacceso antiretroviraltherapy(ART) in Africa
[1] wheretherearesevereonstraintson healthcareresourcesn particular,asevereshortage
of healthcareworkers.Understandinghe costsassociatewvith differentapproacheso health
caredeliveryis essentialo inform policy,andespeciallymportantin resource-limitedsettings
[2]. Despitethis, therearesurprisinglyfew publishedstudiesdescribinghe costsof ART pro-
grammesn low incomecountriesin Africa[3].

Costingstudiesuseeitherthe#top-down® or 2bottom-up® approachor acombinationof
thesd4,5]. Theformer estimatesostsoy dividing the pastexpenditureby the numberof ser-
vicesprovidedduring the periodthatexpenditurewasincurred. Theseanalysearecrudeand
it is not possibléo assesksow patientcharacteristicenfluencecostsandor the extentto which
costsvarybetweersettingsThe@bottom up® approachalsoreferredto astheingredient-
basedapproachguantifiestheinputsusedto providethe serviceoutputs.Micro-costingis a
form of @8bottom up® approachandis essentialor evaluatinghewinterventions[4,6,7]asit
allowsfor the statisticalnalysiof the keycostdriversat theindividual level.Since2003 just
four publishedHIV costingstudiesfrom low incomesub-Saharaifrica haveusedanindivid-
uallevelmicro-costingapproachput all wereretrospectivg8+11]andtheir findingsarenow
outdated[12+16].

Materials and methods

In this study,weestimatedhe costsof ART deliveryin the primary caresettingin Tanzania
usingamicro-costingapproachOur studywasnestedwithin atrial, which aimedto reduce
HIV-mortality amongpatientspresentingn the veryadvancedtagesf HIV-infection
(REMSTART)[17]. Half of the participantsreceivedoutine standardcare.The other half
receivedoutine standardcarecombinedwith additionalscreeningandadherenceupport.
The participantsweremanagedy healthcarestaffaccordingto nationalguidelinessothatthe
trial providedan opportunity to estimatecostsof real-life ART carein anurbansetting.We
analysedheresourcauseandcostsof ART in both theroutine healthserviceandwith the
addedinterventionwithin REMSTART[17].

Study settings

TheREMSTARTrial wasimplementedn Dar esSalaamTanzaniaand LusakaZambia,but
the coststudywasrestrictedto Tanzaniafor logisticalreasonsDar esSalaanhasan estimated
populationof 4.4million peoplg[18] andanHIV prevalenceamongl5+49earold of 6.9%
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[19]. Thecity isdividedinto threedistrictsDKinondoni, llalaand Temeke Thetrial was
implementedatthreegovernment-runprimary carehealthcentrespnein eachdistrict (Tan-
dalein Kinondoni, Buguruniin llalaand MbagalaRangiTatuin Temeke).

In TanzaniaHIV is managedargelyfrom primary careclinics.Nationalguidelinesatthe
time of the studywerethat patientspresentingwith adiagnosiof HIV-infection shouldhave
beeerofferedART if theyhada CD4 count < 350cells/mn? or if theywereat WHO clinical
stage8 or 4 [20]. Follow-upclinic visitswereinitially everymonth andthentwo-monthly,
whenthe patientwasconsideredtableon therapyaccordingto the clinician'sassessment.
TheREMSTARTrial wasrestrictedto patientswho presentedvith advancedliseasdecause
theyhaveveryhigh ratesof mortality [21+24].Initially, patientswith CD4 count <100cells/
mm?>wereenrolled but this criteriawaschangedsubsequentlyo enrol patientspresenting
with < 200cells/mn?, in orderto speedup recruitment[17].

Participantswvereindividually randomised17] to receivesitherroutine careor routine
careplusadditionalclinic and community-baseservicegthe REMSTARTintervention). All
participants(in both arms)werescreenedor tuberculosigTB), irrespectiveof symptomsand
testedfor TB usingGeneXpert MTB/RIF assayCepheid SunnyvaleUSA) (hereonreferred
to asXpert) and ART wasinitiated rapidly wherepossibleFig 1 showsboth the pathwayfor
andserviceprovidedto individualsin interventionandstandardcarearms.At thetime of the
trial implementation Xpertwasnot part of standardcarebut all particpantswveretestedfor TB
usingXpertbecausé& hadbeenendorsedythe WHO asascreeningool for TB. Apart from
screeningor TB usingXperttest,studypartcipantsn theroutine carearmweremanaged
accordingto the standardof care.Theclinic pluscommunity supportarm receivedhe follow-
ing additionalservicesi) screenindgor cryptococcainfection usingserumcryptococcaanti-
gencombinedwith pre-emptivefluconazletherapyfor patientstestingantigenpositive;ii)
weeklyhomevisitsfor thefirst 4 weekon ART by trainedlayworkersto provideadherence

If HIV positive individuals had CD4 < 200cells/mm’ and consented to participate in the trial, s/he was randomized into either intervention or control
(standard care) arm

{
I I
Clinic plus community support arm (n = 434) Standard care (n = 436)
Screened for TB using GeneXpert technology, and cryptoccocal infection using rapid Screened for TB using GeneXpert technology*
antigen test
I - I :
Positive Negative Positive Negative
ART was initiated after 2 weeks Received adherence counseling and initiated on Deferred ART initiation Attended at least 2 pre-ART
of TB or Cryptoccocal treatment ART on the same day for 2 weeks counseling sessions
4 gl il !
e Received at least 4 home visits during the first 6 weeks in treatment .
. . Initiates ART
e In those who had negative GeneXpert results, test was repeated in 6" week and
treatment given if positive ﬂ
Standard care provided from 6" week onwards ‘ Routine clinic follow up

|‘:">

Fig 1. Pathway of care for HIV-infected individ uals presentin g in with CD4 count < 200 cells/mm %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/jounal.pone.017191g001
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support;and(iii) re-screenindor tuberculosisisingthe Xperttestat 6+8weeksafter ART ini-
tiation in participantsin whomtuberculosisvasnot diagnosedatenrolment[17] (Fig 1).

Data collection

Participantawvererecruitedfrom February2012to SeptembeR013andeachparticipantwas
followedfor up to 1 year.Resourceiseand costsveremeasuredrom aprovider'sperspective
usingamicro-costingapproachHealthserviceesourcaiseby the patientwastrackedin trial
recordsoveraoneyearperiodfor both patientsunderroutine careandthosein theclinic plus
community plussupportarms.Thisincludednumberof clinic visitsmadeby the patient,lay-
workerhomevisits,diagnosticscreeningandtreatmentandinpatientcosts Costdatawere
collectedasdescribedn the supportinginformation (S1Table)whichliststhe datacollected
andmethodsof collectionat eachof the sourcesCostswereclassifiedasrecurrentor capital.

Allocation of costs. Thetime medicalstaffspenton differenttypesof clinic visitswasesti-
matedusingpatientobservationgonductedoveraoneweekperiod and personnetiariesself-
completedby individual staff.Clinic visitswerecategorise@sfollows:i) avisitduring whicha
clinicalexaminationand CD4 counttestingweredone,ii) avisit during whichthe patientwas
assessdor ART eligibility, i) avisitin which apatientself-referredo the clinic andwasseen
by clinician (sickvisit), (iv) avisit during whichapatientwasclinically re-assessedllowing
ART initiation and CD4 counttestingwasrepeatedandv) aroutine visit for the collectionof
drugsalone.Stafftime spenton otheractivitieswasallocatedo eachvisitin proportion to the
daily patientcontacttime derivedfrom personnetiaries.Suchactivitiesincludedmorning
reportmeetingsteaandlunch breaksgcleaningandpreparingdaily reports.Asthe clinic pro-
videsdedicatedaediatriccareon onedayperweek,80%(4 out of 5 working days)of the
sharedcostswvereallocatedo adultcare Thesecostsverethendivided by the averageumber
of adultvisitsper month to obtainthe costper patientvisit. Personnetime for laboratorywork
andlumbar punctureswvasderivedfrom staffinterviews.Thelaboratoryequipment-relateadost
wascalculategertestby dividing the annualisectostby the numberof testsdone.Research
costswvereexcluded.

Costsincurred outsidethe clinic, otherthanlaboratorycosts suchasadministrativecosts,
werenot availabldor this study.Administrativecostsreportedelsewherén resourcdimited
settinggangedbetweerB%and 15.5%of the total costsof care[25,26].Thus,weassumedn
administrativecostof 10%of the clinic visit costs.

Cost valuation. All priceswereconvertedo 2012pricesusingthe GDP deflator[27] and
convertedo USdollars(US$)(Exchangeate:1US$= 1,573.70 anzaniarshillings-Tzshs)
[28]. Theannualizationof capitalcostsjncluding training, wasdoneusingadiscountrate of
7.8%equalto the 2-yearTanzaniargovernmentond (atthetime of calculation June2014)
[29]. Theannualizationis the proces®f spreadinghe current purchaseprice of eachitem of
equipmentacrossts working life, takinginto accountits opportunity cost.The expectediseful
life for equipmentvariedfrom 3to 15yearsdependingon theitem [30]. Training of thelay-
workerswasestimatedo havealife spanof 3years.

Analysis

Totalandaverageesourceuseand costsper patientwereestimatedoy month, quarterand
yearusingtime-seriecommandsn Statal 3.0(StataCorp)Costswerecalculatedseparately
for theroutine carearm andthenfor theinterventionarm. Thedenominatorfor the mean
costsatall time pointsis all randomisedpatientsratherthanthe thosepatientswho werestill
aliveateachtime point.
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Generalised linear regression analyses. \We calculatecameancostper patient(for 1 year
of treatment)and usedunivariateand multivariatelinearregressiorio explorethe influenceof
studysite[30], severityof illness(levelof CD4 countandWHO clinical stage)marital status,
levelof educationgenderandage[31+34]on the meancostof HIV/AIDS careamongthose
whoreceivedstandardcare.

Sensitivity analyses. To accountfor uncertaintyin someof the keyvariablesunivariate
sensitivityanalysesveredonein which parametersverevariedoneatatime usingvalues
givenin the supportinginformation (S2Table).Thediscountratewasvariedto ensurecompa-
rability with otherstudieq35]. Pricesfor ART, reagentandthe Xpert cartridgesverevaried
to exploretheimpactof anychangesn theinternationalmarketprices.Costsincurredabove
theclinic levelwerevariedto reflectthe uncertaintyin the baselinesstimateln addition, the
analysisvasrun replacingthe costof the Xpertwith a costfor smeamicroscopygiventhe
limited useof the Xpertto datein sub-Sahara/frica. Thetransportationcostsof Xpertspu-
tum samplegfrom theclinicsto the centraltuberculosigeferencdaboratorywhereXpert
machinesarelocated)arecritical to cost-effectiveness aprogramme[25], thereforethis
transportcostwasvariedto reflectanyuncertaintyin replicatingthetrial transportmecha-
nism. Further,the numberof homevisitsper dayby alay workerwasvariedfrom the base
casescenarido amorelikely work loadscenaridn areallife settingin whichmorehome
visitswould be conducted Detailedmethodsfor the sensititivityanalysicanbefoundin the
supportinginformation (S2Table).The uncertaintyanalysesverebasedn mostlikely, mini-
mum andmaximumvalues.

Ethics statement. Thestudywasnestedwithin alargetrial ISCRTN20410413)vhich
wasapprovedoy the ethicscommitteeof the London Schoolof Hygiene& TropicalMedicine,
the Ethicsand Researclscience&ommitteein Zambia,andthe NationalHealthResearclth-
icsSub-Committeen TanzaniaAll studyparticipantswereolderthan 18yearsandeachpro-
videdawritten informed consent.

Results
Characteristics of the study participants in Tanzania

A total of 870individuals,436in standardcarearm and434in theinterventionarm,were
enrolledin the study.Themedian(IQR) ageof patientswas38[31,44]years52%werefemale,
andthemedian(IQR) CD4 cellcountatenrolmentwas52[20,89]cells/mn? (Table1). Over-
all,themedian(IQR) lengthof follow up was333(347,365)days.The majority of participants
wereinitiated on TDF-containing(60%)or AZT-containing (36%)ARYV regimensQOverall,
afterayearof follow up, 684(78.6%participantswerealiveandreceivingcareatthe study
clinics,153(17.6%haddied,8 (0.9%)hadwithdrawn from the studyand survivalstatusfor
25(2.9%)participantswasunknown. Sixtysix of 153(43.1%)participantswho haddied were
from theinterventionarm. Overall,22 (5%)of the 434participantsscreenedor cryptococcal
antigenin theinterventiongrouptestedpositivefor serumcryptococcahntigen.

Unit costs for different components of HIV care

Table2 presentsestimate®f unit costsateachclinic, for the differentcomponentof ART
servicesThemeanclinic costfor outpatientvisitsrangedbetweerlJS$5.76for adrug collec-
tion visit without clinicalassessmemd US$6.74for avisit thatincludedaclinicalassessment
andaCD4 counttest.The costof ahomevisit conductedoy alay-workerwas$14.74Thecost
of diagnostidestsrangedbetweernJS$19.07or an Xperttestand US$0.31for acreatinine
test.ThenovelCrAg testwasestimatedo cost$3.96per participant.
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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 tionDCD 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/mm?®, median (min, max) 52 (2, 189) 57.5 (1, 199) 47 (1,199) 52. (1, 199)
ART? 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)

8ART—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:10.137/journal.pon€171917®01

Costsfor personnebndnon-medicalmaterialplussuppliesconstitutedmore than 60%and
13%respectivelpf the unit costsfor out-patientclinic visits,excludingdiagnostigorocedures.
Costsof thereagentsor CD4,CrAg and Xpertwere85%,99%and 70%of the unit costsfor
thesetests(seeS3Table).Therewaslittle variationbetweerthe clinicsin the breakdownof
costyTable2).

Resource utilization

Table3 summarizesheinformation on resourcesisedby the studyparticipants Seventeen
individuals(7 randomisedo standardcareand10to theinterventionarm) of 870(2%)did
not startART. Twelveof thesendividualsdied soonafterpresentation] waslostto follow up
and4 withdrewfrom the studybeforestartingART.

Of 436patientsin the standardcarearm, 270(62%)completedoneyearof follow up, which
wasdefinedasthoseindividualswho werealiveandreceivingcareat oneof the studyclinics,
66(15%)haddied,60(13.8%)id not return to astudysiteat 12months,37(8.5%)withdrew
from the studyandinformation for 3 participantswasmissing.Overall,the studyparticipants
in the standardcarearm spent308.9personyearsan ART care equivalento ameanfollow up
on ART of 0.71yearper patient.Of the total time on treatment,62%and 37%wasspenton
ART regimenscontainingTDF and AZT, respectivelyand 1%wasspenton otherregimens.
Thirty of 429(7%)patientswho initiated on ART substitutedatleastonedrugin their regimen
during the one-yeaiperiod of follow up. Patientsn the standardcarearm wereon co-trimoxa-
zolefor ameanof 0.73yearsduring the studyperiod.

In theinterventionarm, 289/434(66.6% patientscompletedoneyearof follow up. Of
thosewho continuedto receivecarefrom the studyclinics,51/434(12%)haddied,36/434
(8%)did not return to astudyclinic, 56/434(13%)withdrewfrom the studyandinformation
for 2 participantswasmissing.Overall the studyparticipantsin theinterventionarm spent
316.4yeardn ART care equivalento ameanfollow up on ART of 0.73yearper patient.Of
thetotal time on treatment,64%and 34%wasspenton ART regimenscontaining TDF and
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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 %in

Dar es Salaam, Tanzania.

Variable Unit cost (2012 USS$) (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 test® 19.07
Collection and processing of cerebral spinal fluid® 16.29
Chest x-ray® 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 day® 24.01
(Continued)
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Table 2. (Continued)

Variable Unit cost (2012 USS$) (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
°Done at Muhimbili National Hospital
9performed at the respective district hospital
®Costs for tertiary hospital were not available; we therefore assumed these costs were the same as those of the regional hospital

doi:10.137/journal.pon®171917®02

AZT, respectivelyand 2%wasspenton otherregimensForty-four of 388(11%)patientswho
wereinitiated on ART substitutedatleastonedrugin their regimenduring the oneyearperiod
of follow up. Patientsn theinterventionarmwereon co-trimoxazoleor ameanof 0.74years
during the studyperiod. Comparedo patientsin standardcare patientsin theintervention

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 ®in Dar es Salaam, Tanzania.

Item Unit cost (US Mean? resource Cost per patient (US$2012) Differen ce
$2012) utilisatio n per person (Interven tionBcontr ol)
Interven tion | Standard Intervention Standard
care arm 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% ClI) 166 (161-171) | 107 (101- 59 (52-66)
112)

One year in treatment, mean (95% Cl) 331 (319-344) | 265 (254— 67(50-83)
275)

doi:10.137/journal.pon®171917@03
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Fig 2. The cost breakdo wn of ART services by month for patient s initiating treatment with CD4 count <200 cells/mm %in Tanzania

for standard care.

doi:10.1371/jounal.pone.017191g002

arm hadsignificantlymoresickclinic visits(p = 0.001) alanineaminotransferastests
(p=0.039)andHb tests(p = 0.0013).

Average costs per patient for routine care

Themeancostper patientyearwasUS$265(95%CI 254+275)n the standardcarearm
(Table3). ART drugs,clinic visits,hospitaladmissiondiagnostidestsandnon-ART drugs
constituted50%,19%,19%,10%and 2%of the total costper patientyearrespectivelyFig 2).
Initial high costsof US$7 Iper patientmonth in thefirst month fell to US$30per patient
month at12months(seerig 3). The costper patientwasUS$107101+112)n thefirst quarter,
afterwhichit fell andstabilisecat betweers45and $59per quarter.

Themeanannualcostof ART per participantvariedfrom $34.8%or stavudine-baserkgi-
mensto $140.60dor tenofovir-basedegimensCostsof co-trimoxazoleprophylaxiswerejust
over$5perpatientperyear.Routinefollow up visitsweremore commonthan othervisitsand
consequentlyaccountedor ahighercostthan othervisits.CD4 countandthe Xperttesting
werethe mostexpensivéaboratorytestswith serumCrAg testingcostingjustunder $4 per
testper patient.Hospitaladmissioncostsexceed43peradmissionand compriseda meanof
4.87daysof inpatientcareper patient.

Table3 alsocompareghe costsin the standardandinterventionarms.The costof adding
CrAg screeninghomevisitsby lay-workersand asecondXperttest,asimplementedn the
clinic pluscommunity supportarm of thetrial, wereUS$8.43,US$42.6@nd US$16.7®er
patient,respectivelyseelable3). Theincrementalcostsper patientof the full interventionto

PLOS ONE | DOI:10.1371/journal.pone.0171917  February 24,2017 9/16



The costs of providing ART services to individuals presenting with advanced HIV disease in Tanzania
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Fig 3. Mean cost (in USD 2012) per patient month for patient s initiating ART treatmen t with CD4 count <200 cells/mm 2in
Tanzania for both standard care (control) and the REMSTART trial intervention arms.

doi:10.137fournal.pon€®171917.g003

the healthserviceoverthefirst threemonthswasUS$59 (p<0.00195%CI51.5+66.5and
overaoneyearperiodwasUS$67(p<0.00195%CI50.0+83.2)Thisis equivalento a55%
(95%CI50.7%+59.2%hcreasen the meancostof careoverthefirst threemonthsanda 25%
(95%CI19.7%+30.2%ihcreaseveroneyearof follow up.

Sensitivity analyses

Thecostof carewasrobustto changesn the variablesexploredin the sensitivityanalysis,
excepto changesn theaveragemumberof homevisitsmadeby layworkerin aday,costsof
clinic visitsinvolving aCD4 testandthe costof antiretroviraldrugs.A 25%decreasé the
priceof antiretroviraldrugsledto areductionin the meancostsper patientyearof 10.6%,
andanincreasén the numberof homevisitsfrom 1.4to 4 perdayresultedin a22%reduc-
tion in the additionalcostfor theinterventioncomponentduring thefirst threemonths,
andal2%overaoneyearperiodof follow up, whereasanincreaseof costsfor clinic visits
involving aCD4test,by 50%,during thefirst threemonth of ART ledto anincreasen the
meancostser patientyearof 22.7%A decreasn this by 50%resultedin areductionof per
patientcostby 11.4%(Table4).

Regression

Table5 reportson theresultsof the univariateand multivariateregressioranalysesf factors
that couldinfluencehealthservicecostsan the standardcarearm. None of the factorswassig-
nificantly associatedith healthservicecosts.
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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 2in Dar es Salaam, Tanzania.

Arm

Standard
care

Intervention

Parameters varied

Base case

Discount rate

Administrative costs

Costs for supporting staff

Costs for clinic visits involving a CD4 test
Costs for clinic visits involving seeing a clinician
Costs for routine follow up

Costs for Xpert

Price for Xpert cartridge

Costs for transport for Xpert sputum sample
Price of ARV

Costs for sputum smear microscopy

Base case
Price for CRAG reagents

Monthly salary for lay workers

Monthly income (salary & benefits) for lab technician for

processing the cerebral spinal fluid
Number of home visits by lay-worker

Does notinclude costs for smear tests
Does notinclude costs for Xpert test

doi:10.13Z/journal.pon@171917®04

Discussion

Varied values

Minimum

1%

3%

-50%

-50%

-50%

-50%

-5%

-5%

0%

-5%

0%

-5%

us$177

US$379

Maximum

12%

15.5%

+50%

+50%

+50%

+50%

-25%

-25%

-50%

-25%

100%

-25%

Us$383

Us$397

4

US$ (% divergence from base case)

15! three month

Minimu m | Maximum

106.9

106.3
(0.6)

104.8
(2.0)

104.1
(2.6)

94.7
(11.4)

103.7
(3.0)

106.8
0.1)

106.0
(0.8)

106.4
(0.5)

106.4
(0.5)

104.8
(2.0)

106.9
(0.0)

165.9

165.9
(0.0)
156.6
(5.6)
165.7
(0.1)
174.1
(4.9)

106.9
107.3(0.4)
108.4 (1.4)
112.5 (5.2)
131.2(22.7)
113.2(5.9)
124.1(16.1)
102.4 (4.2)
104.2 (2.5)
106.6 (0.3)

96.3(9.9)
105.5
(1.5)

165.9
165.9 (0.0)

165.9 (0.0)
166.1 (0.1)

129.2 (22.1)

Per Patient Year

Minimu m
264.7

263.4
(0.5)

262.6
(0.8)

261.5
(1.2)

259.9
(1.8)

262.3
(0.9)

255.7
(3.4)

263.9
(0.3)

264.2
(0.2)

264,2
(0.2)

259.1
(2.1)

264.7
(0.0)

331.4

331.4
(0.0)
325.1
(1.9)
331.4
(0.0)
335.4
(1.2)

Maximum
264.7

265.8 (0.4)
266.3 (0.6)
271.2 (2.4)
274.2 (3.6)
269.5 (1.8)
268.9 (1.6)
268.1 (1.3)
262.6 (0.8)
264.4 (0.1)
236.6 (10.6)
262.3
(0.9)

331.4
331.4(0.0)

334.4(0.9)
331.5(0.0)

290.5 (12.3)

The costsof antiretroviraltherapyin Africa havefallenremarkably Nonethelessasthis study
demonstrateshe averag&ostof careremainshigh at nearly$300per patientperyearand
overhalf of this expenditurewason drugs.Usingamicro costingapproachthis studyhascal-
culatedthe averageostper patientyearof ART aswellastheincrementalcostof aninnova-
tive interventionableto reducemortality in ART patients.Theanalysishowshow costsfall
overtime andthat ART drugscontinueto takeup thelargesshareof ART costsWe did not
calculatehe costsincurred by patientsto accessare but previousstudieshavefound theseto
beremarkablyhigh[37]. It isevident thatHIV continuesto beasubstantiaburdenin Africa.
The costsof the clinic pluscommunity supportintervention,which mostlytargetedhefirst
month of ART, andwhich reducedall-causemortality substantiallyj17], wereabout25%
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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 2 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% ClI) p-value Coef®cient (95% ClI) p-value

Age (referen ce is 2Age less than 45years®) 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 2CD4 <25cells /mm* 0.3698 0.3984
CD4 25-49cells/mm?® 20.57 (-10.75-51.90) 20.83 (-10.94-52.59)
CD4 >50cells/mm? 13.64 (-10.37-37.65) 12.17 (-12.20-36.54)

WHO clinical stage at enrolme nt (referenc e is 2WHO stage 1 or 2°) 0.9154
WHO stage 3or 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 eis 2no formal education®) 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 (®Bugurun i clinic®) 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 (-839.33-23.52)

¥All variables included simultaneously in a single model
Mean difference in health service costs (in US$) compared to the reference group

doi:10.137/journal.pon@171917®05

higherthanthe standardreatmentarm, whencalculatevera12-monthperiod. Theanalysis
by month andby quarterconfirm thattheincreasean costis only associate@ith theinitial
stageof treatmentandassuchdo not haveamajorimpacton thelifetime costsof ART, pro-
viding astrongargumentfor investmentgiventhelikely reductionin mortality thatwasdem-
onstratedby thetrial. Althoughthis studywasdoneaspart of atrial, it wasintegratednto the
healthsystemwith patientsmanagedy routine healthcarestaff. Thusthe costspresentedare
likely to betypicalof urbanclinicsin TanzanisamongHIV-infected individualspresenting
with advancedliseaseHowever,aformal economicevaluatioris neededo determineif and
to whatextentthis interventionis cost-effectiveomparedo standardcare.

Thecostof asinglehomevisit wasnearly$15,just overtwicethe costincurred by health
servicesvhenapatientvisitsthe clinic for routine careandsimilar to the costof aCD4 count
test.Thecostof homevisitsmaybelowerin reallife settingsf lay-workerscanvisit agreater
numberpatientsperday.In our trial, mostpatients(in both arms)wereinitiated on ART on
their secondvisitto clinic, within amedianof abouttwo weekq17], becausaeintroduced
expeditednitiation of antiretroviraltherapy whereasn mostAfrican HIV programmes,
patientsarerequiredto attend3t4timesbeforeART isinitiated. Our studydemonstrateshat
theseearlypreinitiation visitsareprobablyunnecessargndthatit would bebetterto provide
additionalsupportafterthe patienthasstartedantiretroviraltherapy.

Another striking finding wasthatthe caredeliveredby the clinicsdiffered substantially
from guidelinesThemeannumberof clinic visitsinvolving a clinician waslessthan 2 visits
per patientduring thefirst yearon antiretroviraltherapy,comparedo therecommended
visits[20,32,38]and CD4 countandsafetybloodtestingweredonemuchlessrequently
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thanrecommendedit is possiblehat this wasbecausef shortage®f staffandreagentsthat
patientswerenot returning for requiredvisitsor that clinicsfelt that thesevisitswerenot
necessary.

Theaverageostper patientyearof standardcarein this studywasmarginallyhigherthan
thatreportedfrom Zambia[11] andNigeria[12], althoughthe Nigeriastudyexcludedver-
headcostsln accordancevith our findings,in otherstudiesconductedacrossAfrica, antire-
troviral drugshavebeenthe mostexpensiveomponentof care[9+14,16]We found that
reducingthe price of antiretroviraldrugsby 25%lowersthe annualcostper patientby 11%;
this highlightsthe importanceof internationaleffortsto negotiatereductionsin antiretroviral
drugsprices.

Initially, our studyenrolledpatientswith CD4 count <100cells/mn?, but this criteriawas
changedsubsequentlyo enrol patientspresentingwith <200cells/mn?, in orderto speedip
recruitment.This changeaffectedboth trial armsequally.and presumablywasnot feltto com-
promisetheinterpretationof the studyfrom aclinical standpoint.The univariateand multi-
variateregressioranalysesf factorsthat couldinfluencehealthservicecoststhe levelof CD4
countwasnot significantlyassociateaith healthservicecostssoit is unlikely this changehad
anyeffecton the costestimate.

Our studywasconductedamongurban patientswith advancedliseasé/Nhetherthe find-
ingsaregeneralizabléo rural patientswho areusuallymore geographicallgcatteredandless
mobile,or amongpatientsinitiating ART in the earlystage®f HIV-infection need<urther
researchWe useduniversitygraduatessthe layworkersandit is not clearif usinglay-work-
erswith fewerqualificationswould havethe sameeffect.This needdurther researclasit may
bedifficult to scale-ughe programmeusinguniversitygraduates.

Conclusion

Micro costingapproachegrovideawayto obtainanin-depth understandingof coststruc-
turesandcostvariationbetweerindividualsaswell asovertime. This studyconfirmsthat
despitepricereductions antiretroviraldrugsconstitutehalf of the costof carefor people
newlystartingon ART andconfirmsthat monthly costsof ART declineafterthefirst month

of treatment.Theaddedcostsof the clinic pluscommunity supportintervention,which mostly
targetghefirst month, andwhich substantiallyeducedall-causanortality, representeanly a
smallincreasen life time ART costssuggestinghis importantinnovationin ART couldbean
affordableapproacho improving HIV carein resourceconstrainedsettings.
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