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Abstract

Background

Timely linkage to care and ART initiation is critical to decrease the risks of HIV-related

morbidity, mortality and HIV transmission, but is often challenging. We report on the

implementation and effectiveness of a linkage-to-care intervention in rural KwaZulu-

Natal, South Africa.

Methods

In the ANRS 12249 TasP trial on Universal Testing and Treatment (UTT) implemented

between 2012±2016, resident individuals �16 years were offered home-based HIV test-

ing every six months. Those ascertained to be HIV-positive were referred to trial clinics.

Starting May 2013, a linkage-to-care intervention was implemented in both trial arms,

consisting of tracking through phone calls and/or home visits to ªre-referº people who

had not linked to care to trial clinics within three months of the first home-based referral.

Fidelity in implementing the planned intervention was described using Kaplan-Meier esti-

mation to compute conditional probabilities of being tracked and of being re-referred by

the linkage-to-care team. Effect of the intervention on time to linkage-to-care was ana-

lysed using a Cox regression model censored for death, migration, and end of data fol-

low-up.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0280479 January 20, 2023 1 / 17

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

�������� ������������

Citation:PlazyM,DialloA,HlabisaT,OkesolaN,
IwujiC,HerbstK,etal.(2023)Implementationand
effectiveness of alinkageto HIVcareintervention
in ruralSouthAfrica(ANRS12249TasPtrial).
PLoSONE18(1):e0280479.https://doi.org/
10.1371/journal.pone.0280479

Editor:JamesAyieko,KenyaMedicalResearch
Institute,KENYA

Received:December15,2021

Accepted:January3,2023

Published:January20,2023

Copyright:�� 2023Plazyetal.Thisisanopen
accessarticledistributedunderthetermsof the
CreativeCommonsAttributionLicense,which
permitsunrestricteduse,distribution,and
reproductioninanymedium,providedtheoriginal
authorandsourcearecredited.

DataAvailabilityStatement:PleasefindtheDOIin
whichthedataarepubliclyavailable:https://doi.
org/10.23664/AHRI.TasP.linkage.paper.dataset.

Funding:TheANRS12249TasPtrialwasfunded
bytheFrenchNationalAgencyfor AIDSandViral
HepatitisResearch (ANRS;grantnumber,2011-
375),theDeutscheGesellschaft fuÈr Internationale
Zusammenarbeit(GIZ;grantnumber,81151938),
andtheBill& MelindaGatesFoundationthrough
the3ieInitiative.Thistrialwasdonewiththe
supportof MerckandGileadSciences, which

https://orcid.org/0000-0002-8971-6878
https://orcid.org/0000-0001-7097-700X
https://doi.org/10.1371/journal.pone.0280479
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0280479&domain=pdf&date_stamp=2023-01-20
https://doi.org/10.1371/journal.pone.0280479
https://doi.org/10.1371/journal.pone.0280479
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.23664/AHRI.TasP.linkage.paper.dataset
https://doi.org/10.23664/AHRI.TasP.linkage.paper.dataset


Results

Among the 2,837 individuals (73.7% female) included in the analysis, 904 (32%) were

tracked at least once, and 573 of them (63.4%) were re-referred. Probabilities of being re-

referred was 17% within six months of first referral and 31% within twelve months. Com-

pared to individuals not re-referred by the intervention, linkage-to-care was significantly

higher among those with at least one re-referral through phone call (adjusted hazard ratio

[aHR] = 1.82; 95% confidence interval [95% CI] = 1.47±2.25), and among those with re-

referral through both phone call and home visit (aHR = 3.94; 95% CI = 2.07±7.48).

Conclusions

Phone calls and home visits following HIV testing were challenging to implement, but

appeared effective in improving linkage-to-care amongst those receiving the intervention.

Such patient-centred strategies should be part of UTT programs to achieve the UNAIDS 95-

95-95 targets.

Introduction
In orderto increaseHIV testingcoveragein generalisedHIV epidemicsettings,theWorld
HealthOrganization(WHO) recommendscommunity-basedHIV testingservicesin addition
to routinelyofferingfacility-basedtesting[1]. Home-BasedHIV CounsellingandTesting
(HBHCT) serviceshavebeenshownto beacceptableandeffectivein expandingthereachof
HIV testingservicesandthusincreasingthenumberof peopleknowingtheir HIV statusin
sub-SaharanAfrica atearlystagesof their HIV infection[2±4].However,aliteraturereview
highlightedthesub-optimallinkage-to-carefollowinganHIV diagnosisthroughHBHCT in
sub-SaharanAfrica,especiallyin theabsenceof additionalinterventionstrategiesto increase
HIV serviceuptake[5]. Timely linkage-to-carefollowinganHIV diagnosisiscritical for
prompt antiretroviraltherapy(ART) initiation in orderto decreasetherisk of HIV-related
morbidity, mortality [6, 7], andtransmission[8±10].Peopleeitherdo not link to HIV careor
link to carelate,thusarenot offeredimmediateART.Linkageto careisamajorweakin the
UniversalHIV TestingandTreatment(UTT) strategy.

In SouthAfrica,anestimated7.8million peoplewereliving with HIV (PLHIV) in 2020.
EventhoughtheHIV treatmentcascadehasimprovedoverthelastfewyears,morethan25%
of diagnosedPLHIV werenot on ART countrywidein 2020[11].

In order to improvetimely linkage-to-careandtreatment,WHO recommendspatient-
centredservices,theinvolvementof trainedlayproviders,andtheuseof communication
technologiessuchasmobilephones[12]. However,veryfewstudieshaveevaluatedinter-
ventionsto increaselinkage-to-careafterHBHCT. A qualitativestudyconductedin Uganda
suggestedthathomevisitsby laycounsellorsafterHBHCT couldreassureandmotivate
peoplein accessingcarefor their HIV infection[13]. Strategiesthathavebeenshownto
increaselinkage-to-carefollowingHBHCT in sub-SaharanAfrica includehome-basedfol-
low-upvisitswith in-depthcounselling,ªre-referralºin HIV careandsupportby laycoun-
sellors[14,15], theinvolvementof trainedexpertpatients[16], theimplementationof a
point-of-careCD4countafterHIV-diagnosis[17] or same-dayART initiation [18]. A large
observationalstudyconductedin UgandaandKenyaalsoshowedthat implementinga
patient-centredmulticomponentlinkagestrategy,including atelephonehot-line,
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appointmentphone-callsreminders,transportreimbursementandtracking,couldleadto
high linkageto careratesaftercommunityor home-basedHIV testing[19]. Yet,wedid not
find anystudythathasevaluatedtheeffectof asimpleinterventionof follow-up including
re-referralin HIV carethroughbothphonecallsandhomevisitson linkage-to-careafter
HBHCT. Thispaperaimsto report theimplementationandeffectivenessof a linkage-to-
careinterventioncomprisedof phonecallsandhomevisitsin rural SouthAfrica.

Materials and methods

Studysetting
TheANRS12249TasPtrial wasaclusterrandomisedtrial implementedbetweenMarch
2012andJune2016by theAfrica HealthResearchInstitute (AHRI) to evaluatetheeffective-
nessof immediateART on HIV incidence.Thetrial wasimplementedin theHlabisasub-
district, northernKwaZulu-Natal,SouthAfrica.Hlabisais alargelyrural area,with scattered
homesteads,anestimatedHIV prevalenceof 30.5%[2], andadecentralisedHIV treatment
program[20].

Trial procedures
TheTasPtrial protocolhasbeendescribedpreviously[21,22].Thetrial wasimplementedin
phases,startingin four (2 perarm) clustersin March2012,followingwith anadditionalsix(3
perarm) clustersopenedin January2013,with afurther 12(6 perarm) clustersopenedin July
2014,bringing thetotalnumberof clustersto 22(11perarm) at full implementation.Each
clusterwascomposedof anaverageof about1,000eligibleindividuals(�16 yearsold andwho
wereresidentsin thestudyarea).

In both trial arms,home-basedsurveyroundswereimplementedeverysixmonths,during
whichfieldworkersadministeredasociodemographicandsexualbehaviourquestionnaireand
offeredHBHCT to all eligibleindividuals.All participantsidentifiedasHIV-positive(positive
rapidHIV testresultor self-reportedto beHIV-positive) receivedatrial referralcardand
wereencouragedto accessthetrial clinic in their cluster,locatedat lessthan45minuteswalk-
ing distancefrom wheretheylive.In thecontrol armtrial clinics,peoplewereofferedART
accordingto SouthAfrican guidelinesat that time.All HIV-positive individualsin theinter-
ventionarmtrial clinicswereofferedimmediateART initiation regardlessof CD4countor
clinicalstaging.All trial participantsfrom bothcontrol andinterventionarmscouldalsoaccess
HIV andART carein thelocalHIV treatmentprogram(governmentclinicsof theDepart-
mentof Health(DoH)), whereART wasofferedaccordingto SouthAfrican guidelines(ini-
tially startingatCD4counts�350 cells/mLandthen<500 cells/mLfrom January,2015).

Linkage-to-careintervention
Thelinkage-to-careinterventionwasimplementedin both trial armsstartingMay2013(14
monthsafterthebeginningof theproject)afteraprotocolamendment,in responseto
observedpoor linkagewithin thetrial [23]. Eligiblepopulationfor thelinkage-to-careinter-
ventionwereallHIV-positiveindividuals(newlydiagnosedor not; whowerepreviouslyfol-
lowedbyDoH or not) whohadnot linked to trial clinicswithin threemonthsof their first
home-basedreferral.Thelinkage-to-careinterventioninvolvedadedicatedlinkage-to-care
team,composedof fieldworkers(stafftrainedin counselling),whocontactedthetargetedpop-
ulation for abrief counsellingsessionin orderto identify reasonsfor non-linkage,reassure
them,andre-referthemto care,includingwith psychologicalsupportif needed.Thelinkage-
to-careteamworkedfrom listsgeneratedperiodically:thefirst list containedabacklogof all
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theparticipantsinvolvedin thefirst 14monthsof thetrial whenthis linkage-to-careinterven-
tion wasnot partof theprotocol;then,asecondlist wasgeneratedseveralmonthslaterto con-
siderthenewparticipantsinvolvedin thetrial, andsoon.Fieldworkersgenerallyfirst
contactedpeoplebyphone,followedbyahomevisit whennecessary(e.g.if thepersonwas
keenon havingaface-to-facesessionwith thefieldworkerto discussbarriersto linkage).
Homevisitswerealsodoneif thepersoncouldnot bereachedbyphone.

Studypopulation
Weincludedall individuals(i) ascertainedHIV-positiveby trial fieldworkersandreferredat
leastonceto atrial clinic betweenMarch2012andDecember2015(from January2016,HIV-
positiveindividualsstartedbeingreferredto theDepartmentof Health(DoH) clinicsin prepa-
ration for thetrial closure),(ii) whowerenot in careat thetime of referral,neitherin thetrial
clinicsnor in thelocalHIV treatmentprogram(i.e.no CD4count,viral loadmeasurement
andclinic visit recordedin theDoH clinicswithin the13monthsbeforereferral),(iii) who
werestill residentandalivein trial area�3 months(no migration,no death,no endof datafol-
low-upwithin threemonthsof re-referral),and(iv) whohadnot linked to atrial or DoH clinic
within threemonthsof their first home-basedreferralto care.Weexcludedindividualswith
inconsistentdates(i.e.dateof afirst clinic visit or deathbeforethedateof first referral).

Sourcesof data
Theprimary datasourcefor thisanalysiswasthetrial database,whichprovidedinformation
on trial registrationsandexits;uptakeandresultsof home-basedrapidHIV testing;clinic vis-
its of PLHIV seenin trial clinics;andsociodemographicandbehaviouralcharacteristicscol-
lectedathomeevery6-monthlysurveyround throughquestionnaires.Thismain trial database
wasmergedwith thelinkage-to-careinterventiondatabaseof all formsfilled ateachtracking
attempt,indicatingthetypeof contactattempt(phonecallor homevisit) andwhethertheper-
sonansweredhis/herphoneor openedhis/herdoor.

In addition,two datasourceswereusedto captureinformation from PLHIV seenin local
DoH clinics:(a)viral loadsandCD4countsfrom NationalHealthLaboratoryService(NHLS);
and(b) ART clinic visitsandART prescriptionsfrom theAHRI clinicaldatabase(ACCDB)
whichismanagedby thedistrict DoH andAHRI. BothNHLSandtheACCDBdatabasecon-
tain datafrom Hlabisaprimary careclinicssince2004[20]. Thelinkagebetweentrial, NHLS
andACCDBdatabaseusedaprobabilisticscorebasedon first name,lastname,dateof birth,
SouthAfrican ID numberandcellphonenumber.TheBiomedicalResearchEthicsCommittee
(BREC)approvedthematchingof thedatabasesin March2013(ProtocolAmendment4).

Outcomesandstudyvariables
Implementation outcomes. Wedescribedtheimplementationfidelity of theintervention

basedon Carroll �� ��. conceptualframework,documentingspecificallyadherenceandexpo-
sure[24]. Adherence,describingwhethertheinterventionhasbeenimplementedasdesigned,
wasmeasuredlookingat ªcontactattemptº(or tracking),i.e.whenafieldworkertried to con-
tactanHIV-positive individual eligiblefor theintervention,eitherbyphoningor visiting the
personathome.Exposure,describinghowthetargetpopulationreceivedtheintervention,was
measuredby lookingat ªre-referralº,i.e.whentheindividual answeredhis/herphoneor
openedhis/herdoor whenvisitedathome(assumingthatare-referralin careoccurredateach
successfulcontact).Hangingup thephoneor refusingto speakwith afieldworkerafteropen-
ing thedoor wereconsideredasatrackingattemptbut not are-referral.
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Effectivenessoutcome. Theeffectivenessof thelinkage-to-careinterventionwasdefined
ashavinglinked to care,meaninghavingattendedatrial clinic (thevariableusedwasªdateof
thefirst visit in atrial clinicº) or aDoH clinic (thevariablesusedwereªdateof first CD4count
or viral loadmeasurementºor ªdateof first visit in aDoH clinicº) followingHIV identification
throughHBHCT.

Studyvariables
SociodemographicandHIV-relatedvariableswereextractedfrom thequestionnaireadminis-
teredduring therepeathome-basedvisit closestto referral.Foragivendate,weconsideredthe
closestdocumentedvalue.For thecaseswhereacharacteristicof aparticipantwasnot docu-
mentedatanypoint, multifactorialanalysiswasusedto imputemissingsocio-demographic
with the������	
�� methodof R's����
 package[25]; thisconcerned407observations
for age(yearor decademissing),21for educationallevel,12for occupationand4 for wealth
index.Wealsoconsideredªtrial round at first home-basedreferralto HIV careº,relatingto
thenumberof home-basedsurveyroundssincetheopeningof eachclusterin thetrial (if trial
round = 1,thismeantthat theindividual wasidentifiedHIV+ byafieldworkerduring thefirst
surveyround conductedin thiscluster;if trial round �2, thismeantthat thepersonwasidenti-
fiedHIV+ atasubsequentsurveyround,eitherbecausehe/shewasnot ahomeor refusedto
betestedat thefirst visit,or he/sheseroconvertedbetweenrounds,or he/shewasin-migrant
within thetrial area,or he/shehadjustbecomeeligibleto beincludedin thetrial).

In addition,weconsideredªHIV carestatusat referralº,classifiedinto four categories:(i)
newlydiagnosed(positiverapidHIV testthroughHBHCT,not self-reportedHIV-positive
andnot in theACCDBdatabaseat thedateof first home-basedreferral);(ii) alreadydiagnosed
but neveraccessedDoH care(self-reportedHIV-positive,not in theACCDBdatabasebefore
thedateof first home-basedreferral);(iii) alreadyaccessedDoH carebut consideredlost-to-
follow-up(LTFU) with thelastcontactwith DoH clinicsmorethan24monthsprior thefirst
home-basedreferral;or (iv) LTFU with thelastcontactwith DoH clinicsin theprevious13±24
months.

Statisticalanalysis
Description of the studypopulation eligible to the linkage-to-careintervention. We

describedthepopulationeligibleto thelinkage-to-careinterventionbycomparingsocio-
demographiccharacteristicsbetween(i) thosewhowerealreadyin carein theDoH at first
referralandthosewhowerenot, and(ii) amongthosewhowerenot in careat first referral,
thosewholinked to carein aDoH or trial clinic within 3mof thefirst referralandthosewho
did not, with Chi-squaretests.

Fidelity of the implementation of the linkage-to-careintervention. Thefidelity of the
linkage-to-careinterventionimplementationwasfirst describedusingcrudenumbersof peo-
plewith at leastonecontactattempt(adherence)andonere-referralthroughphonecallsor/
andhomevisits(exposure).Conditionalprobabilitiesof beingtracked(first contactattempt)
andof beingre-referred(first re-referral)sincethefirst home-basedreferralwerethen
describedusingKaplan-Meierestimatorscensoringfor death,out-migration,andendof data
follow-up.

Factorsassociatedwith beingre-referredat thefirst trackingattemptwereidentifiedusing
Chi-squaretest(or Fisher'sexacttestwhensmallsamplesize);variablesconsideredweresex,
age,occupation,wealthindex,dayof theweekandtime of dayatwhichthefirst tracking
attemptwasmade.
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Impact of the linkage-to-careintervention on time to linkageafter the first home-based
referral. UnivariableandmultivariableCoxregressionmodelswereconductedto explore
theeffectof thelinkage-to-careinterventionon linkage-to-care.Thesemodelswerecensored
for death,migration,andendof studyfollow-upandaccountedfor clusterintragroupcorrela-
tion with robustvariance.Re-referralwasstudiedasatime-varyingvariablewith four catego-
riesaccordingto thedatesof re-referral:0:ªNo re-referralº;1:ªAt leastonere-referral,all
throughphonecallsº;2:ªAt leastonere-referral,all throughhomevisitsº;3:ªA leastonere-
referralthroughphonecallsandat leastonethroughhomevisitsº.Theanalyseswereadjusted
for sex,age,HIV carestatusat referral,educationallevel,occupationalstatus,knowledgeof
anotherHIV-positivepersonin thefamily,wealthindex,distanceto thenearestTasPor DoH
clinic, trial round at first home-basedreferral,andtrial arm.Prior work within thetrial
showedthesevariablesweresignificantlyassociatedwith linkage-to-carewithin threemonths
of referral[23]. Proportionalhazardassumptionswerecheckedusingªlog-logºplots.Interac-
tionsbetweenthesociodemographicandtrial characteristics(including trial arm) with re-
referralweretestedto verifywhethertheeffectof thelinkage-to-careinterventionvaried
accordingto thesecharacteristics.StatisticalanalyseswereconductedusingSTATAversion
13.0(StataCorp,CollegeStation,Texas),andgraphswereproducedusingRversion3.4.2.

Ethical approval
Thetrial wasapprovedby theBRECof theUniversityof KwaZulu-Natal(BFC104/11)andthe
MedicinesControl Councilof SouthAfrica.Our consentproceduresincluded:athomelevel,
for eachsurveyround,verbalconsentof thehomestead'sownerandof theheadof household,
aswellasindividual written consent.Forparticipantsaged16or 17,wecollectedboth the
assentof theparticipantandtheconsentof aparentor aguardian.

Results

Studypopulation
Population selection. Amongthe28,419individuals�16 yearsold registeredin theTasP

trial, 7,336wereidentifiedasHIV-positive throughHBHCT andreferredto trial clinicsbefore
the31st of December2015(Fig1).Amongthem,12wereexcludedfrom theanalysisbecause
of inconsistenciesin dates.Of the7,324remainingindividuals,3,210werealreadyin DoH
careat referral,168werenot residentandalive�3 monthsafterreferral,,and1,109were
linked to carewithin threemonthsof their first home-basedreferral.In total,2,837individuals
not in DoH careandnot linked to carewithin threemonthsof their first home-basedreferral
wereincludedin thisanalysis.Theseweresignificantlymorelikely to bemen,younger,stu-
dentsor with higheducationallevelcomparedto thosewhowerein DoH careat referral,not
alive,not residentor wholinked to carewithin threemonthsof their first home-basedreferral.

Description of the population. Thepopulationincludedin theanalysis(N = 2,837)was
74%female,and41%wereunder30yearsold (Table1).Almost80%of theincludedindividu-
alshadneverbeenin HIV carebeforetheir first home-basedreferral;morethan25%were
newlydiagnosed.Amongtheincludedpopulation,28%hadcompletedsecondaryschool,and
lessthan16%wereemployed;10.8%wereidentifiedasstudents.One-third reportedhaving
anotherHIV-positive familymember.

Fidelity of the linkage-to-careintervention implementation
Probability of contactattempt (adherence)and re-referral (exposure)by the linkage-to-

careteam. Of the2,837individualsincludedin thisanalysis,904(32%)hadat leastone

PLOS ONE Improving linkage to HIV care in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0280479 January 20, 2023 6 / 17

https://doi.org/10.1371/journal.pone.0280479


contactattempt,and573of them(63.4%)werere-referred(Fig2).After censoringfor death,
out-migration,andendof follow-up,theprobabilityof beingtracked(i.e.havingonecontact
attempt)within sixmonthsof first home-basedreferralwas16.7%(30.8%afteroneyearand

Fig 1. Flowchart of the population selection.ANRS12249TasPtrial. 2012±2016.

https://doi.org/10.1371/journal.pone.0280479.g001
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46.2%aftertwo years);theoverallprobabilityof re-referralwithin sixmonthswas10.1%
(19.0%afteroneyearand28.8%aftertwo years)(Fig3).

Amongthe573individualsre-referredat leastonce,415(72.4%)werefirst re-referred
throughaphonecalland158(27.6%)throughahomevisit.Amongthe415individualswith a
first phonecallre-referral,57(13.7%)alsohadahome-visitre-referral,with amediandelayof

Table1. Characteristicsat first home-basedreferral of included individu als(N = 2 837). ANRS12249TasPtrial.
2012±2016.

N (%)

Sex

���� 749 (26.4)

	����� 2 088 (73.6)

Age(years)

����� 1 272 (44.8)

����� 825 (29.1)

����� 428 (15.1)

��� 312 (11.0)

HIV carestatusat referral

��	� ���� ��� ������� <��� 213 (7.5)

��	� ���� ��� ������� ���� 360 (12.7)

�� �! �� ��!�, ��!��"# "��$���" 1 544 (54.4)

����# "��$���" 720 (25.4)

Educational level

%!���!# �! �� 860 (30.3)

&��� ����"�!# 1 190 (42.0)


� ���� ��������" ����"�!# 787 (27.7)

Occupation

'����#�" 446 (15.7)

&��"��� 305 (10.8)

��� ��"���, ��� �����#�" 2 086 (73.5)

KnowsHIV+ family members

(� 848 (29.9)

�� 1 850 (65.2)

����$ 139 (4.9)

Wealth index

��� 898 (31.7)

��""�� 1 204 (42.4)

)�$� 735 (25.9)

Distanceto the nearestTasPor DoH clinic

<�*� 895 (31.6)

�+�*� 1 189 (41.9)

>�*� 753 (26.5)

Trial round at referral

� 1 252 (44.1)

� � 1 585 (55.9)

Trial arm at referral

,���!�� 1 499 (52.8)

-���! ������ 1 338 (47.2)

LTFU:Lost-to-follow-up.

https://doi.org/10.1371/journal.pone.0280479.t001
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sevendays[IQR = 2±104]betweenthetwo re-referrals.Amongthe158individualswith afirst
home-visitre-referral,14(8.9%)alsohadaphonecallre-referral,with amediandelayof 55
days[IQR = 18±128]betweenthetwo re-referrals.

Factorsassociatedwith re-referral at first tracking attempt. Half (49.5%)of the904
peopletrackedby fieldworkerswerere-referredat thefirst trackingattempt(43.9%of the724
individualscalledansweredtheir phoneand71.6%of the177individualsvisitedmetwith the
fieldworkerin their home;dataregardingthetypeof first trackingattemptwasnot available
for threeindividuals).Forpeoplewith arecordedtiming of trackingattemptsthroughphone
calls,thedatasuggeststhat theyweremorelikely (p = 0.002)to answertheir phoneastheday
progressed:(53/125,42.4%)of attemptsbetween8am-10amweresuccessful,100/204(49.0%)
between10am-12pm,55/103(53.4%)between12pm-2pm and68/101(67.3%)between2
pm-4:30pm.Theotherinvestigatedfactors(sex,age,occupation,wealthindex,dayof the
week,andtime of dayatwhichthefirst trackingattemptwasmade)werenot associatedwith
re-referralbyphoneat thefirst trackingattempt.No factorswereassociatedwith ahomevisit
re-referralat thefirst trackingattempt(S1Table).

Effectivenessof the linkage-to-careintervention on time to linkageafter
the first home-basedreferral
In univariableanalysis,thelinkage-to-careinterventionwassignificantlyassociatedwith time
to linkage-to-care(p<0.01,Table2).Thisassociationwasconfirmedin themultivariable

Fig 2. Crudenumbersof tracking andre-referral. ANRS12249TasPtrial. 2012±2016.

https://doi.org/10.1371/journal.pone.0280479.g002
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analysis,afteradjustmentfor otherfactors:comparedto individualsneverre-referred(either
becausetheywerenevertrackedor becausetheywereneverre-referredeventhoughtracked),
theprobabilityof beinglinked to carewassignificantlyhigherin thosewith at leastonephone
callre-referral(adjustedhazardratio [aHR] = 1.82;95%ConfidenceInterval[95%CI] = 1.47±
2.25),andin thosewith bothphonecallandhome-visitre-referrals(aHR= 3.94;95%
CI = 2.07±7.48).

Otherfactorsassociatedwith linkage-to-carein themultivariableanalysiswereHIV care
statusat referral(with thosepreviouslyin carebut lostto follow-up lessthan24monthswere
morelikely to return to carethanthoselostlongeror thoseneverin care,or newlydiagnosed,
p<0.01),educationallevel(peoplewhocompletedat leastsecondaryschoolwerelesslikely to
entercarecomparedto thosewith lowereducationallevel,p = 0.01),knowledgeof afamily
memberbeingHIV+ (peoplewhodid not knowanotherfamilymemberliving with HIV were
lesslikely to entercare,p<0,01),wealthindex(thosewith higherwealthindexlesslikely to
entercare,p = 0,03)andtrial round at referral(individualsidentifiedHIV-positiveat thefirst
home-basedsurveyround sinceinclusionof their clusterin thetrial weremorelikely to enter
carethanthosewhowereidentifiedin laterrounds,p<0.01).Theeffectof thelinkage-to-care
interventionon time to linkage-to-carewasnot differentaccordingto thesociodemographic
andtrial characteristics(no interactionwasfound).

Discussion
In this rural SouthAfrican areawith highHIV prevalenceandwhereHBHCT campaignswere
implementedin thecontextof theUTT TasPtrial, linkageto carewassuboptimal.In response
to this,alinkageto careinterventionwasnestedwithin thestudy14monthsafterimplementa-
tion. Despitethefactthatnot all eligibleindividalsreceivedtheintervention,weshowedthat
repeatreferralto carethroughphonecallsandhomevisitswaseffectivein improving time to

Fig 3. Probabilit iesof beingtrackedandre-referredcensoringfor death,migration andendof datafollow-up. KaplanMeiercurves.ANRS12249
TasPtrial. 2012±2016 (N = 2837).

https://doi.org/10.1371/journal.pone.0280479.g003
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Table2. Factorsassociatedwith time to linkageto carein aTasPor aDoH clinic (N = 2 837). Coxanalysis.ANRS12249TasPtrial. 2012±2016.

Univariable analysis Multivaria ble analysis

HR 95%CI � aHR 95%CI �

Linkage-to-careintervention (time dependent)

�� 1.00 - <�.�� 1.00 - <�.��

(�, ��!��$� ����� ���� 1.85 1.49±2.30 1.82 1.47±2.25

(�, ��!��$� ����  ��� 1.33 0.75±2.38 1.41 0.78±2.53

(�, ��!��$� ����� ���� ��" ����  ��� 4.60 2.43±8.74 3.94 2.07±7.48

Sex

���� 1.00 - �.�� 1.00 - �..�

	����� 1.26 1.05±1.52 1.01 0.85±1.20

Age(years)

<�� 1.00 - �.�/ 1.00 - �.��

����� 1.06 0.96±1.17 0.86 0.76±0.96

����� 1.04 0.80±1.36 0.79 0.59±1.07

��� 1.21 0.94±1.55 0.89 0.70±1.13

HIV carestatusat referral

��	�<��� 1.00 - <�.�� 1.00 - <�.��

��	�>��� 0.96 0.72±1.27 0.94 0.69±1.27

��� �� ��!�, ��!��"# "��$���" 0.51 0.41±0.63 0.54 0.42±0.69

����# "��$���" 0.26 0.19±0.35 0.29 0.21±0.41

Educational level

%!���!# �! �� 1.00 - �.�� 1.00 - �.��

&��� ����"�!# ����� 0.89 0.73±1.07 0.95 0.80±1.15


� ���� ��������" ����"�!# ����� 0.71 0.54±0.95 0.74 0.58±0.94

Occupation

��� ��"���, ��� �����#�" 1.00 - <�.�� 1.00 - �.�.

'����#�" 0.75 0.61±0.93 0.86 0.67±1.10

&��"��� 0.64 0.47±0.86 0.75 0.54±1.03

Knowsfamily memberHIV+

(� 1.00 - �.�� 1.00 - <�.��

�� 0.83 0.73±0.96 0.88 0.79±0.98

����$ 0.96 0.73±1.26 1.32 0.95±1.82

Wealth index

��� 1.00 - <�.�� 1.00 - �.��

��""�� 0.87 0.75±1.03 0.90 0.76±1.08

)�$� 0.71 0.60±0.84 0.80 0.67±0.96

Distanceto the nearestTasPor DoH clinic

<�*� 1.00 - �.�/ 1.00 - �.��

�+�*� 0.95 0.83±1.01 0.89 0.76±1.04

>�*� 0.88 0.66±1.17 0.87 0.63±1.22

Arm

,���!�� 1.00 - �.�. 1.00 - �.��

-���! ������ 1.07 0.85±1.33 1.12 0.86±1.48

Trial round at referral

� 1.00 - 1.00 - <�.��

� � 0.59 0.48±0.72 0.65 0.52±0.81

LTFU:Lost-to-follow-up; TR:HR:HazardRatio;aHZ:adjustedHazardRatio;95%CI: 95%ConfidenceInterval.

Totalanalysistime at risk was1,061,517days;938,347dayscountingfor no re-referral during thefollow-up, 77,734daysaccountingfor afirst re-referral throughphone

calls,32,720daysaccountingfor afirst re-referral throughhomevisits,12,716dayscountingfor re-referralsthroughbothphonecallsandhomevisits.

https://doi.org/10.1371/journal.pone.0280479.t002
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linkageto careamongstindividualswhowereofferedtheintervention.Thisresultisconsistent
with previousstudiesconductedin southernAfrica showingtheeffectof re-referralby lay
counsellorsvisitingpeopleat their hometo increaseratesof linkageto HIV careafterafirst
home-basedreferralthroughHBHCT [14,15].

Entry into HIV careandinitiating atreatmentleadto significantchangesin daily life,and
peoplemayneedtime to processandaccepttheir HIV statusandlink to HIV care[26]. Calling
peopleon their phonesor visiting themathomeoncetheyhavestartedcopingwith their HIV
diagnosiscouldmeantheyaremorereceptiveto counsellingandsupport.Our studyshowed
that thelinkage-to-careintervention'seffectwashigherwhenpeoplewerere-referredthrough
bothaphonecallandahomevisit,suggestingthatacceptingmultiple contactswith ahealth
careworkermayencourage(re)-accessingHIV care.In thecontextof UTT, wherepeopleide-
allyaccessHIV careandtreatmentasearlyaspossibleaftertheir HIV diagnosis,suchpatient-
centredinterventionsarecrucialto ensurethatpeopleunderstandtheimportanceof timely
linkageto HIV careandART initiation andaresupportedaccordingly.While HIV research
hasledto rapidchangesin ART guidelines,including treatmentswith fewersideeffectsthan
previously,people,especiallythosewhofeelhealthy,needto bereassuredregardingthebene-
fits of enteringHIV careandinitiating ART immediately[27,28].Furtherresearchisneeded
on thecontentsandthequalityof trackingphonecallsandhomevisits,especiallyamongpeo-
plewhofacemanydifferentbarriersto ART initiation [29]. Qualitativeresearchconductedin
SouthAfrica showedthatamultidimensionalresponseis requiredto improvelinkageto care,
especiallyincludingcounsellingatanindividual level(e.g.beliefin HIV testresults,coping
abilities),relationshiplevel(e.g.socialnetworksandsupport,disclosure),communitylevel
(e.g.socialnetworksandsupport,disclosure,poverty,formalor informal activities,caregiving
responsibilities)andhealthsystemlevel(e.g.distanceto clinic, availabilityof staffanddrugs,
staffattitudes)[26].

Another interestingresultis that theeffectof theinterventiondid not differ accordingto
sex,age,educationallevel,or HIV carestatusat referral,suggestingthatasimplere-referral
interventionmaybeeffectivefor variouspopulationgroups.Theotherfactorsassociatedwith
linkage-to-carewerediscussedin apreviouspaper[23].

Yet,fidelity of theinterventionimplementationwasnot optimal,with difficultiesto imple-
menttheinterventiontimeously.First,it isessentialto notethat thelinkage-to-careinterven-
tion targetedbothpeoplenot in careat referral(on whichthispaperfocused)andthosein
carein aDoH clinic at referralbut whodid not goto aTasPtrial clinic; thus,whilethispaper
exploresonly fidelity of theinterventionamongpeoplenot in careat referral,theworkloadfor
fieldworkerswasmoreimportant.Second,thelinkage-to-carewasimplementedonly 14
monthsafterthestartof thetrial, andin practice,thelinkage-to-careteamworkedfrom lists
not generatedin realtime..Thefactthat therewasdelayedintroduction of thelinkage-to-care
interventionscouldpartiallyexplainthelow probabilityof contactor re-referralwithin six
monthsof receivinganHIV testwhichweretheoutcomesusedto assessfidelity in thisstudy.
For future implementationof suchinterventions,digital healthsystemsneedto beput in place
to ensurethat individualseligiblefor trackingareidentifiedin real-time.Forexample,SMS
alertscouldbesentto healthcareworkersto prompt follow-upvisitsif patientsdo not present
ataclinic afterHBHCT [30].

Furthermore,perhapsathree-monthwaitbeforetrackingthosenot linked to caremay
havebeentoo long,consideringtheveryhighmobility in thissetting.Identifyingandtargeting
theªnon-linkersºrequiringre-referralto carewill becrucialfor reaching95-95-95UNAIDS
targets.However,wecanexpectthis taskto behighlycomplexdueto thevarietyof HIV testing
strategies(clinic- andcommunity-based),cyclicalengagementanddisengagementfrom care,
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andthesub-optimalsystemfor identifyingpatientswhohadnot linked to careor haddisen-
gagedfrom care.

In addition,our resultsshowlow exposureto theintervention.Indeed,theprobabilityof
PLHIV beingre-referredwassub-optimal,astheywereunreachablebyphoneor not athome.
Fieldworkersexperiencedlogisticalchallengeswith phonecalls,suchasthefrequencyof
powercutsin households(meaningthatphoneswerenot charged),poornetworkcoverage,
andhighphonenumbersturnover.In addition,peoplewerenot alwaysavailableat thetime of
thephonecallsor homevisits:our resultsshowedthatpeoplewerelesslikely to answertheir
phoneduring theearlierhoursof theday,probablybecausetheywerebusywith domestic
duties.A linkage-to-careinterventionthat relieson telephonecontactrequireshighcellphone
penetrationandalist of phonenumbersascompleteaspossibleandregularlyupdated.A strat-
egythataddressesthechallengeshighlightedherecouldleadto betterearlylinkage-to-care,
whichiscritical in preventingHIV transmissionanddiseaseprogression.

Our studyhassomemethodologicallimitations.First,it isanobservationalstudy:although
thedataaredrawnfrom acluster-randomisedtrial, thetrackingandre-referralof HIV-posi-
tive trial participantswerenot randomised.However,our resultscomefrom alongitudinal
study,with re-referralconsideredasatime-dependentvariable:thisallowsusto measurethe
effectsof theinterventionupdatedfor eachparticipantovertime.Secondly,wedo not know
whetherHIV-positive trial participantswerelinked to careoutsideof theTasPtrial or the
DoH HIV program,whichcouldhaveledto underestimatingtheproportion of linkageto
HIV care.Thirdly, evenif theTasPtrial targetedawholecommunity,morethan70%of the
includedpopulationin thisanalysiswerewomenastheyweremorelikely to becontactedand
testedfor HIV athomethanmen(whocouldbemorelikely to work or haveotheroccupation
during theday).Fourth,althoughstandardizedproceduresfor this linkage-to-careinterven-
tion wereavailableto all thelinkage-to-careteam,wedid not observethefieldworkersin the
field andwethushaveno dataregardingthequalityof deliveryof this linkage-to-careinter-
vention,including theexactcontentof thephonecallsandhomevisits,andthecounselling
givenby thefieldworkers.

Despitetheselimitations,while theuseof phoneshasmainlybeendedicatedto tracking
peoplealreadyin careandon treatment[31], andprimarily throughtextmessagereminders
[32±35],our studyisamongthefirst to evaluate,atawholecommunity-level,alinkage-to-care
interventioncombiningbothphonecallsandhomevisitsfollowinganHIV diagnosisthrough
HBHCT.Our resultsshowedthatphoningPLHIV resultedin limited improvementin linkage
to HIV care,which isconsistentwith anobservationalstudyconductedin thesameareaevalu-
atingSMS-remindersandphone-callstrategyto facilitatelinkageto care[36]. Evenso,they
supporttheeffectivenessof re-referralstrategieswithin theDoH programin arural areawith
highHIV prevalence,providedthatalist of PLHIV not in carecouldbegeneratedandupdated
in realtime.

Conclusion
In conclusion,to achievethe95-95-95UNAIDS targets±meaningthatall HIV-positive indi-
vidualsshouldbediagnosed,entercare,andinitiate treatment±patient-centredstrategiesto
increaselinkageto careareneededaspartof UTT programs.UniversalHIV treatmenthas
beenrecommendedsinceSeptember2016by theSouthAfrican DoH [37], andthecurrent
nationalHIV testingservicespoliciesrecommendtheimplementationof community-based
HIV testingcampaigns[38].Our resultssuggestthat,providedthatsystemscanidentify people
to betrackedin real-time,theinvolvementof community-basedstrategiesfocusedon

PLOS ONE Improving linkage to HIV care in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0280479 January 20, 2023 13 / 17

https://doi.org/10.1371/journal.pone.0280479


increasinglinkage-to-carethroughphonecallsandhomevisitsshouldbeincludedin these
patient-centredstrategies.
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