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Abstract

Background

In the words of Burtoet al.,{ 2 dzii K prevdafioddf iodherto-child transmission of HIV (PMTCT)
programmehas been an everhanging landscape since inception in 2004. The national PMTCT
programme rose from humble beginnings, fraught with delays and AIDS denialism to become the
largest programme in the world. One and half decades later, the programme has eptadn
unprecedented reduction in new paediatric HIV infections, shifting efforts from prevention to
elimination of motherto-child transmission of HIV (eMTCT). However, the road to eMTCT in South

Africa is considerably challenged.

The World Health Organitzan defines eMTCT as the attainment of <50 new paediatric infections per
100000 live births at the end of the breastfeeding period. By 2017, the nationatutéréne case

rate alone, was five times the elimination target, with postnatal transmissigpsated to contribute

a further 1.5 times the intrauterine case rate by the end of the breastfeeding period. Since maternal
viral load Y¥L) is the strongest predictor of MTCT risk, ttésearch projecsought to provide a national
description of maternal viraemia as a key driver of vertical transmission, in order to establish a
baseline from which to improve virological control during pregnancy and postpartum periods to

facilitate eMTCT in South Africa.
Methods

Thisthesiscomprises of foupublicationsconducted using data from two cohorts: a national level
38yiKSGAO O2K2NI FTNRY GKS blrdazyrf 1SFEGK [F 62N
CDW) and a subational level cohorof pregnant wonen living with HIV (WLHIMJelivering in four

tertiary obstetric units in Gauteng provin¢g&auteng cohort)Using the Thembisa Model and data
triangulated from five HIVelated and demographic data sourc@siblication1 (Chapter 3),set the

scene for he case for eMTCT bgscribinghe provincial distribution of target populations for eMTCT

(women of reproductive age, 19 years and adolescent girls and young womeng45sears;

stratified by HI\&tatus)in 2018.

In order to assess maternal \Muppression rates in the public sector, a cohort of women of
reproductive age living with HIV @/HIV) was identified from the NHLS CDW between -2016.

Due to lack of a pregnancy marker within the NHLS CDW, syphilis screesssgadration wittward

type and/or postpregnancy cervical screening andiofantd A NI K | L+ { S &HCGhvag Rk 2 NJ L.
used to identify pregnant from nepregnant WRLHIV. Fractional polynomial modedescribed

longitudinal changes in maternal VL during pregnaacy the postpartum periods,while gline
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regression determined factors associated with maternal VL decline during folldRubpcation 2,
Chapter 4. Maternal VL suppression rates observed from the national level synthetic cohort were
validated againsthe Gautengcohortin 2018 Publication 3, Chapter 5T-hegecspatial distribution of
maternal viraemia atleliverywasdescribel using ArcGIS and a negative binomegiressiormodel
assessed populaticlevel determinants of vertical transmission within the natior@MTCT
programme using the national level syntheticohort during the study period(manuscript in
preparation 1, Chapter)6Lastly, an evaluation of maternal VL testing coverage and compliance to
national VL testing guidelines was assessed from@aetengcohortin 2018 Publication4, Chapter

7).

Results

In 2018, 74% of all RLHIMwvere located in Gauteng, KwaZtlatal, Western Cape, Eastern Cape,
Limpopo and Mpumalanga provinces. Tame provinceslsoaccounted for 8% of all AGYW living
with HIV during the study period. These data suggested that the need for eMTCT is gretitesein

six ofthe nine provinces in the country.

wSAFNRAY I YFEOAGSNYIf GANISYAl &6+[ >wyasiobsorgeddand a k Y[ 0 =
presentation at the first antenatal care visit (fFANC) to delivery and postpartum nationally. However,
proportionswith viraemiawere 54% at first HIV VL measurement during pregnancy, 37% at delivery
and 34% postpartum, when eMTCT requires sustained matevL suppression from conception
through pregnancy until breastfeeding cessation. Importardi$% of ARExperienced pregnant
WRLHIV were viraemic at fANC visit while two thirds of women not on ART at fANC visit were still
viraemic after three months ART useAt delivery, he proportion withmaternalviraemia was similar

to that of known pregnant WLHIVin Gauteng province, suggesting representativity of the study
population to pregnant VHIV in the country. Notably, tteommunity VLs of pregnant WRLVat

all time points were higher than those of n@megnant WRLHIVMaternal viraemia during the
postpartum period high maternal seroprevalencgvomen initiating ART late in pregnancy and/or
incident maternal HIV duringregnancywere significat populaion-level driversof MTCT during the
study period while early booking (<20 weeks gesta) for ANC among pregnant women was
associated with a decline in vertical transmissibmplementation of maternal VL monitoring
guidelines during pregnancy and postpartum was poateservedn Gauteng province_ess than 5%

of pregnantWLHIVreceived VL monitoring according to national guidelines while >80% had no
evidence of VL monitoring during the anteabperiod. However, if wmen received VL monitoring
during the antenatal period, they were more likely to be virally suppressed at delivery and receive VL

monitoring postpartum. Lastly, we observedovincial differences isustaining VL suppressiamo
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the postpartum period, with KwaZulNatal, Western Cape and Free State the best performing

provinces.
Conclusions

Maternal VL suppression rates during pregnarsfiveryand postpartum were poor in spite bigh

ART coveragéuring the study periodReslts emphasize the need for closer monitoring of and rapid
response to elevated maternal VL during pregnancy, delivery and postpartum for the attainment of
eMTCT in South Africa. These findings provide baseline data on maternal virologic responses within
the national PMTCT programme and have informed the development of routine surveillance reports
for near realtime monitoring of VLS rageamongpregnant WLHI\from the NHLS CDVBased on

these data, targeted interventions to improve PMTCT outcomes with aggeHLS CDW monitoring

are recommended to achieve eMTCT.
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Preface

a khdte having AIDS because | get very sick and | get very sad when | think of all the other children and
babies that are sick with AIDS. | just wish that the government can start gigihdo pregnant HIV
mothers to help stop the virus being passed on to their bdbiddkasi Johnson13" International

AIDS Conference, Durban South Africa. July 2000.

Fouryears after his iconic speecpart of NkosiJohnso® dreambecame realityPresure from civil
society and a court order forcetthe then South African government to roll out antiretroviral therapy
for HI\positive pregnant women and prophylaxis for Hikposed infantén the public health sector
Sadly, Nkosi did not live long enoumtrealize his dream, succumbing to the diseasgear after his
speechThis was thelark ags of HIVin South Africawhere HI\trelateddeaths ravaged communities
without mercy.The world was especiallyruelto children infected withHIV at birthat the time Half

of all dhildren born with HIV did not survive beyond two yeaifsthey made it pasthe first three
months of life. Two decades later, the tide has turn&emakable progress has been made in
paediatric HIV response since the 200Bsding paediatric HIV in South Africa is no longer an illusion
but a possibilityHowever, much work lies aheads the country movetowards realizing thelreams

of fallen giants like Nkosi Johnson and many other children who suffered a similar fate

My path to this PhD began in 201&nder the tutelage oProfessor Gayle Shermahyear prior) had

the opportunity to work with Prof Sherman as a Projecaivage for a United Nations International

/| KAt RNBY Qa 9 Y S NBidged projeCtttryinRestiqite pdtential Gaps inPMTCTcare
among HIpositive women who transmitte#lV to their children. The projestas conducted in three
districts in KwaZulNatal province, the province with the highest maternaV/Hiirevalence in the
country. Analysis of data from the projefoiund that 70% oftie women did not hav&/L monitoring
during pregnancy and that 60% of these women had been diagnosed prior to conception or at the first
antenatal care visit. These resultsggered my interest in gaining insight into maternal virological
suppression during pregncy and the pog@artum period as the countrgimed foreMTCT.An
extensive literature search then ensued to determine maternal VL suppression during pregnancy and
pogpartum amongWLHIV irthe country. | soorestablishedhat there was a gap in this area at the

time.

Aroundthe same time, Professoh8rman obtaineda grant from the ELMA Foundation évaluate
gaps within the PMTCT treatment cascade for eMTCT in Jdtta Our stars had alignedThis
provided me an opportunity to work with antd be mentored by a distinguished researcher with

international recognitioron a topic close to my heartthen resolved to undertake a nationaloject
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evaluating maternal VL testing coverage and suppression natée public health sectaio inform
PMTCT policy and highlight hotspots requiring attention to-ficstk eMTC developed my protocol,
applied for ethical clearance and access to the natideboratory database from relevant authorities.

A lengtty period ofdatamining,datacleaning and analyses followed

It is myhopethat findings of this work will contribute towardsprovement of care among women

living with HIV towards ending paediatiIV in the country.

The scope of gblicationsemanating from this work anthe outline of the thesis follows.
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Scope ofPublications

This PhD thesis was put taber throughthe publication route, consisting of foyreer-reviewed

publications and ispresented here in the divided block formatcording to the University of the

2 X006 GSNANY YR CI OdzA G 2F 1 SFEtGK { OASTHie®esd (KSa&:
comprises of three main sectiorSection 1Iis the introductorysection, whictconsists of two chapters.

Chapterl provides a brief background into vertical transmission of HIV and gives a narrative of the
evolution of PMTCTPolicy and profile of vertical transmission in South Africa. The chapter also
discusses literature reviewedaund the study objectiveandends with a descriptioand critique of

strategies for fastracking eMTCT in South Afric@hapter2 describeshe methodology, setting and

data ources forthis body of work Specific details on the methods for satudiesare described in

relevant chapters in the results section.

Section 2is the results sectioronsistingof four published articleand onemanuscript in draft
presented as five empirical chapters. Chap&i(Publication 1)sets the scene by providing a
description of the provincial distribution ofVRLHI\I relation to cases of intraterine transmission
in South Africa. Theublicationutilizes the demographic profile of WRLHiVthe countryto guide
allocation of resouwes for eMTCTChapter4 (Publication 2)describes the longitudinal changes in
maternal viraemia during pregnancdelivery andpostpartum from a synthetic cohort of women
accessing carm the national PMTCT programme. Thalgicationalsodiscussedactors associated
with maternal viral control during pregnancgeliveryand postpartum Chapters (Publication 3)s a
cross sectional review of maternal viraemia at delivery from a cohort of known, pnegdaHIVY
delivering infour tertiary facilities irthe public health sector iGGauteng provincéGauteng cohort)
These datawere usedto validate findings from the nationdevel synthetic cohort of VRLHIV
described in Chaptet. Chapter6 is an ecological analysis pdpulation-level determinants of MTCT
usingroutine HIV test datérom the synthetic cohort of women from the NHLS CDW and othéme
HI\frelated indicators in the era of MTCT. Chapt€Publication 4explores VLmonitoring amongst
pregnant and postpartum WLHIW Gauteng provincand discussesompliance to national VL testing

guidelines and implicatiorthereof on maternal VL suppression and retention in care.

Section 3consists ofa singlechapter, ChapteB, and provides the general discussion and draws
conclusions from athspects othis work. The chapter also highlights what the study contributes to

literature, recommendatiosfor policy and next steps.
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Thesis @tline

SECTION 1: INTRODUCTION

Chapterl: Background and Literature review

Chapter2: Methodology

SECTION 2: RESULTS

Chapter3: The geographic distribution of priority population groups for the elimination of matber

child transmission of HIV in South Africa

Chapter4: Achieving maternal viral load suppression for elimination of motbechild transmission
of HIV in South Africa

Chapter5: Characterizing viral load burden among 4tifécted women around the time of delivery:

Findings from four tertiary obstetric units Gauteng, South Africa

Chapter6: Populationlevel risk factors for vertical transmission of HIV within the national prevention

of motherto-child transmission programme in South Africa: An ecological analysis

Chapter7: Maternal HIV viral load testirguring pregnancy and postpartum care in Gauteng Province,

South Africa

SECTION 3: GENERAL DISCUSSION

Chapter8: General Discussion and Conclusions
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SECTION 1: INTRODUCTION

CHAPTER

Background and Literatureeview




1.1 Background

Mother-to-child transmission of HIV occurs when women living with HIV (WLHIV) trahsmitrus

to their childrenin uterg at delivery oruring thepostpartumperiod throughbreastfeeding:® This

type of transmission is also known as vertical transmission of HIV. Vertical transmission of HIV
accounts for the bulk of paediatric HIV infections amongst children <15 years gfobatigst 90% of

global paediatric HIV infections are from 23 pitypicountries, of with 21 are irsub-Saharan Africa

(SSA® Providing antiretroviral therapy (ART) to pregnant and breastfeeding WLaI NWdgrstrategy

for preventing MTCDf HIV. When ART is taken consistently prior to and dufimggnancy or
breastfeeding, resulting imindetectable maternal VL, the risk of MTCT is virtually eliminGiespite

near universal HIV testing and expanded access to efficacious maternal ART drug regimens worldwide,
some women are only diagnosed with HIV and start ART doiriggnancy othe breastfeeding period.

In these instances, rapid initiation onto ART is critical as each week of ART intake is associated with an

8% reduction irthe risk of MTCBf HIV

South Africa is one of the 21 priority countries in SSA with akhigien of paediatric HIV infectiofs.

The country provides PMTCT services largely via the public health $Eater the years, the national
PMTCT programme has evolved to be a global leader, with demonstrable success in reducing new
paediatric HIV infe@ns within high burden settings. The success of the programme is attributable to

a robust PMTCT policy framework and an enabling political environment, a complete antithesis of the
beginning of the programmgAs from2015 the national PMTCPprogramme las steeredtowards

eMTCT because of an MTCT rgpercentage of HIV PCR positive children from allexpbdsed
children aged <24 month#)at is below 5% at the end of the breastfeeding peridth.However the

road to eMTCT is considerably challenged.

The World Health Organization (WHO) de§ eMTCT as the reduction tewer than 50 incident
paediatricHIVinfections per 100 000 live births at the end of the breastfeeding pefiGdbuth Africa

has prioritized eMTCT on account of low MTCT rates at nationalByw2017{ 2 dzii K naffohek O Q&
intra-uterine (IU)transmission rate approximatetPa'® However, his figure equates to a case rate of
approximately 250 cases per 1000 lve births Thisisfive timesin excess ofhe elimination target

from 1U infections alondJsing data from 201-2014, Gogaet al. reported a cumulativdTCT rate of

4.3% at 18 months of follow upationally, undethe WHO Option Btandard'* Duringthistime, IU

transmissions accounted for the majoritf MTCT cases &7%'* Analysis ofautine laboratory data



shows that pstnatal transmissionsp to two years of agare approximately 1.5 times the U rate
(unpublished data)However, this figure likg underestimates total postnatal transmissions as it is
based on HIV polymerase chain reaction (PCR) tests performed on childserars2of ageonly.
Regardlessin terms of impliations for eMTCTa minimum of600 new paediatric infections were
expectedby the end of the breastfeeding period nationally in 2017. These data clearlytshbwhile

the low MTCT rates provide a window of opportunity for eMT@elting to <50new paediatric HIV
cases per 10000isgoing to be challenging.

Maternal viral load(VL) is the strongest predictor of MTCT ¥isk yet VL monitoring amongst
pregnant aad postpartum is not well describeth South AfricaMaternal VL monitoring during
pregnancy and the postpartum period appears to be a huge gBMFCTcare Prior tothisresearch
project, there waspaucity of programmatic ata informing maternal VL suppression rathsring
pregnancy and the postpartum period at national levEhese data are necessany tletermine
whether high maternal VLs are drivihngTCTin this lag mile to eMTCT that is, theperiod of low
national MTCT ratesr not. Moreover, it is unclear whether geospatial factors (Bpbts) are driving
MTCTin the era of eMTCT or nothus, anational description of maternal viraemés akey driver of
vertical transmissions critical in order to establish a baselinffom which to improve virological
control during pregnancy and postpartum periods to facilitate eMTCT in South Adreddition, he
existence of geospatial diffencesm the HIV epidemic across the country necessitater-provincial
and districtlevel evaluation of maternal viraemia during pregnhancy and postpartum petiods

highlight hotspotf transmissiorfor intervention

1.3. Literature review

In the words of Burtoret al°’, the PMTQ programme in South Africhas been an evethanging
landscape since inception in 2004. The national PMTCT programme rose from humble beginnings,
fraught with delag and AIDS dealism to becoméhe largest programmef its kindin the world. One

and half decades later, the programme has documengdunprecedented reduction in new
paediatric HIV infections, shifting efforts from prevention to elimination of motieechild
transmission of HIV (eMTCTHor examplenew paediatric HIV infections decreased by 84% between
2009 and 2015° In keeping with ipbal expansion of PMTCT servid@MTCT services are available in
>95% of all health facilities in the public sector dyd2017,HIV testing and ARihitiation rates

amongst antenatal clientsad reached neauniversalkcoverage?®?! The rapid evolutiorof the PMTCT
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policy has resulted in comiuous changes to nationajuidelinesaround maternalantiretroviral

therapy AR andinfant prophylactt regimens

ThePMTCTpolicyon maternal treatmenichanged from singleose nevirapine administered during
labour to the mother in theearly 200040 successive implementain of World Health Qyanization
(WHO)ecommendedOption A, B and B+ standardi&/ith WHO Option A, ART regimens were based
on maternal immunologidaprofile. This wadater revsed to tripledrug ARTfor all pregnant and
breastfeeding WLHIVfrespective of CD4 count during pregnancy and throughout the duration of
breastfeeding period (Option B) in 202322 In 2015,the guidelines were reviewet recommend
lifelong triple ART regardless of CD4 count and WHO disease stage (OptitfVBtH) respect to
maternal antiretroviral (ARV) drug regimeitise guiddines have progressively recommendexbre
efficaciousdrugsin line with guidance from the WHO and ergmg evidence from the field of HIV
research Since 2013, a fixed dose combinationTehofovir(TDF} Lamivuding3TC)Emtricitabine
(FTC)} EfavirenfEFVhas been the drug of choice for standard first line therapy fogpest and
postpartum WLHI¥®2* Pregnant and breastfeeding WLHIV were prioritized fois fixed dose
combinationdrug formulationin orderto reduce pill burderand improve adherenc® In 2019, the
guidelines werdurther revised to introducea new formulation containin@dutegravir(DTG)n place

of EFVor first line therapy?® Some of he benefits of DG over B are that, i) it is highly effectiand
achievesrapid viral suppression ii) has a high barrier to resistanué id) is well tolerated”?®
However, safety concerns have been raised dkierrisk of neural tube defects and other adverse

pregnancy andhfant outcomes amongromenbecoming pregnantwhile takingDTG.

Reports from the Tsepantorth outcomes surveillance study in Botswana suggestedittiants born

to womenexposed to DTG ahe time of conception or within the first trimester had a higher risk of
developing neural tube defecttompared to EFV exposut®® Further researclirom other settings
went on to showa 0.2% [95% confidence interval: :057] higher risk of neural tubdefects
amongst infants born to women exposed to DTG over EFV thiertime of conceptior®® However,
there is general consensus thttis association is also likely to be confounded by environmental
factors such as folate deficiency within the first trisber.?®32 In addition, the risk of adverse
pregnancy outcomes is not unique DTG but common to all AR¥sBased onthis expanded
evidence,n 2019 the WHO recommended DTG as the preferred treatment option for all populations,

citing that the populatiorievel benefits oDTG outweigh the risk of harth



More recently, exposure to DTG has also been linked to significant weight gain compared to EFV
amongstpregnant andpostpartum wanen in Saith Africaand Botswan&® This raises concern of
increased risk of typ2 diabetes with long term use of DTiBweight gain is not controlledoreover,

this potential for weight gain with DTG use may lead to suboptimal adherence and limit its
effectiveness in maintaining VL suppsion.South Africa adopted a cautionary, patient centred
approach where women athild-bearingage are counselled about the potealtrisks associated with

DTG usend make an informed decision before switching 0BG containing regimefi

For HIVexposed infants, early infant diagnosis and provision of effective prophylactic antiretroviral
regimens werealsoprioritized as guidelines evolveHlIVPCR testing of all Haxposed infants at six
weeks of age constituted routine practice prior to 2Ft%n June of 2015, universal HIV PCR testing
at birth and at 10 weeks for atll\texposed neonates and infantsoupled with fastracked RT
initiation for HIV PCR positivehildren became standard of care® In addition to 2015
recommendationsthe guidelines of 2018ecommend an HIV PCR at six mormthageand six weeks
post breastfeeding cessatiofor HI\lexposed infant$® Furthermore a universal HIV PCRnisw
recommended at & months of age for all childreegardless of HIV exposut&T hisrecommendation

was primarily made to identify children infected as a result of late maternal seroconversion during
pregnancy or breastfeeding who may have escaped detection during Bt prophylactic
regimens of 2015 remain standard of care. Tahledescribes the evolution of maternal ART and

infant prophylactic regimens in the public health sector in South Africa,-20192%2426



Table 11 Evolution of the South African PWCT Guidelines for pregnant WLHixd HI\fexposed

infants agedkm y

2010 ‘

Y.SQMJ@ZO:LQ 22-24,26

2013

WHO Option B

2015

WHO Option B+

UTT strategy

WHO Option A ‘

(i) If CD4 < 350 or
WHO stage Il or IV]
initiate ART lifelong
(i) If CD4 > 350:

All pregnant &

breastfeeding WLHI
initiated on ART for
duration of

All pregnant and

breastfeeding WLHI
initiated on lifelong
ART

All persons
diagnosed with HIV
eligible for lifelong
ART after

' %2¢ | 4 wmn | pregnancy and confirmation ofHIV
gestation breastfeeding positivediagnosis
Maternal Single dose NVP + | (i) If CD4 >350:
AZT/3TGt onset of | continue ART until 1
ART .
labour week post cessation
AZT/3TC daily for 7 | of breastfeeding
days postpartum (i) If CD4 <350:
continueART
lifelong
Single dose NVP Single dose NVP Low RiskDaily dose | Low Risk Daily dose
daily for 6 weeks if | daily for 6 weeks NVP for 6 weeks NVP for 6 weeks
mother is on AR®r High Risk High Risk
for duration of -NVP for 12 weeks iff -NVP for 12 weeks o
breastfeeding + 1 mother is on cCART < until maternal VL <
month post 4 weeks, or newly | 1000 cps/mL or unti
Infant cessation of diagnosed at 1 week after
Prophylaxis breastfeeding delivery breastfeeding
-NVP + AZT for 6 cessation

weeks if maternal VL
>1000 cps/mL

-NVP + AZT if newly
diagnosed whilst
breastfeeding.

If HIV PCR is
negative, continue
NVP for a total of 12
weeks

-AZT twice daily for €
weeks

Abbreviations: PMTCTPrevention of motheito-child transmissionWHO World Health OrganizatignART
Antiretroviral TherapyUTT universal test and treat strategy since 208 TZidovudine NVPNevirapine 3TC
Lamivudine VLViral load PCRPolymerase chain reactiprcps/mLgcopies per millilitre of bloogWLHIV women

living with HIV



1.3.3 Profile of vertical transmission in South Africa

Maternal HIV seroprevalence hplateaued at 30% for over a decadégure 11*. This translates into
approximately 27@00 HIVexposed neonates each ye&espite the huge burden of maternal HIV,
the national PMTCT programme has documerdigghificant advances reducing new paediatric HIV
infections. Within a decade of implementation, new paediatric infections among infants aged <24
months MTCT rategell from >20%n 2004to <2%in 2014 an achievement South Africajustifiably
proud of*® By2017, thenational intra-uterine (IU)transmissionthe MTCT rate at7 days of life) rate

was <1%based on analysis abutine laboratory HIV test datd Although the MTCT rate is low
nationally, rates at suinational level vary greatf#:**As a result, ending padéatric HIV in South Africa
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Figure 11 The national HIV epidemic curve for pregnant women in South Africa, 1200737

1.3.4Beyond PMTCTowardseliminating MTCT of HIV in South Africa

In 2014,the WHO publishedyuidance on process indicators and criteria foeasuring country
progress towards and validating achievemdat eMTCT2 As of December 2019, a total of 14
countrieshadreceived validation foeMTCT° and none of the countrieare fromSSA, whichas90%
of global HIV disease burdéhVithout discrediting theeffort andsuccess of theseountries, achieving
eMTCThas been facilitated by several factors such as lemHllV epidemics, accessa wide variety

of ARV drugs, higrowerage of elective caesarean deliveries &rdy low breastfeeding rated High

8
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HIV burdenand lessresourced settings such as South Africa disadvantagedIn recognition of

challenges faced by high prevalence settjiipe WHO sedifferent targets for low and high HIV

prevdence settings? A three-tier system was devégl to provide guidance towardsMTCT for high

HIV prevalence setting$ Table 1.2howsWHO targets foprocess indicatarand validation criteria

for eMTCT.

Table 1.2 WHO procesindicators and validation criteria for eMTC*F.

Low HIV Tiers for high HIV prevalence settings
prevalence Gold Silver Bronze
settings

Process Indicators

Antenatal care coverage X95% *95% %90%

HIV testing coverage among pWLH %95% *95% %90%

ART coverage among pWLHIV X95% *95% %90%

Impact Indicators

MTCT rate at end of breastfeeding | <2% in norbreastfeeding populations

period OR
<5% in breastfeeding populations

Case rate / 100 000 live births <50 XH pn Xp nn KT pn

Abbreviations pWLHIV pregnant women living with HIV, MTCT metbahild transmission of HMWWHO

World Health Organization

By 2017, South Africa had reached targets for the pasdicators required for eMT¢Tthe impact

indicatorsare yet to be achievedEven though South Africa is estimated to have an MTCT rate below

5% at the end of breastfeeding period, achieving <50 cases pedUDive births isinattainable in

the short term.The greatest challengewardseMTCTin South Africaemains the tripleburden of a

high maternal seroprevalance rdte extended breastfeeding duratiomnd poor VL monitoring

amongst pregnant and postpartum WLHNThus, albeit lowthe total MTCT rateat the end ofthe

breastfeeding periodranslates into alMTCT case rathat is higher tharthe eMTCT target due to a

high maternal seroprevalence ratén addition, breastfeding is promoted as the infarfeeding

method of choice(up to 24 months of agepr WLHIMwho are virally suppresseahd on ART**/



Although thisextendsthe risk period for MTCT the risk of non-breastfed infantsdying from
pneumonia or diarrhoeal ideases outweighs the risk bfeasmilk associated HIV transmission
these settings”*8Lastly the relationship beween elevated maternal VL and conted MTCT risk is
well knowrt>18 yet VL monitoring among amataland postpartumWLHIMs not well described and
may be sukoptimal in South Africa. Poor maternal VL monitoring during pregnancy taed
postpartum period not only places Higkposed infants at a greater risk of infection but also

compromises maternal healtthue to increased viraemia

The goal of any ART programme is to achidweble VL sppression for all users of ART reduce
morbidity, mortality and prevent transmissiom 2015, the UNAIDS adopted the®®90 strategy to
fasttrack global efforts towards ending the AIDS epidemic by 20Bbe strategy aimed to ha\g9%

of people living with HI\know their status (% 90), 90% of people whknow their HIV statut beon
ART (2 90) and 90% of those on ARirally suppressed (890). Trese targets have since increased
to 95-95-95 in order to accelerateountry-level HIV epidemic cordl.*® South Africa is yet to achieve
all three 90s.For PMTCT programmes, ¥ionitoring amongst pregnant and postpartum WLHIV
serves two purposed) monitoring progress towards the UNAIDS targets apdscertining risk of
MTCTior HI\lexposed childrenViral loadmonitoring amongst pregnant and postpartum women in
SSAwas neglected until 201%°2 The WHO endorsed VL monitoring as a preferred method for
measuring HIV disease progression to the standard practicerd abnical criteria in 2013 Ddays

in shifting to VL monitoring within ART programmes in limited resource settings was attributaghto
cost and lackof laboratory infrastructuré? Viral load monitoring during pregnancy in developed

countries is widely accefte and part of routineare®

In South Africa, VL mdaaoring has beerscaledup in recent yeardRoutine entralized aboratory HIV
VL testing is currentlgtandard of caréDecember 2020%4° This is achieved via the National Health
Laboratory Service (NHLS), which haseawvork of approximatet 260 laboratories nationwide.
However, Vltesting is the mandate of only 16 regional laboratories nationwiele® In 2013 VL
monitoring was recommended at six and hibnths postARTinitiation for women newly diagnosed
with HIV during pregnancy othe breastfeeding period® For WLHIV leeady on ARTprior to
pregnancy, a VL test was recommendedia first ANC bookingn 2015, the national guidelines
extended VL monitoring to sironthly during pregnancy and the breastfeedingripd for all WLHIV
on ART However, a VL tesdt three months postARTinitiation was required for WLHIV initiating

ART during pregnancy or the breastfeeding peridtie threshold for maternal VLs requiring
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adherencecounselling intervention was set at [ O080mcopies/mtb 2 2Y Sy gRADK +]
copies/mLwould receive aepeat VL within two months of the elevated ¥1The threshold was
NEBA&ASR (2 =+ [nthaNovemi@220188idekn¥st® Thisrevisionwas in response to
growing evidence oferticaltransmissioroccurringat low-level and transientiraemia Furthermore,

aVL test at time of delivery iow recommended for all pregnant WLHS\uide clinical management

of both mother and infantluring the postpartum period

In spite ofpolicy provisios and availabilitypf established laboratory infrastructurémplementation
of VL monitoringwithin the PMTCT programme wasib-optimal during the study periodThe
magnitude of the HIV epidemi@nd its associated high specimen volunieghe country, places
laboratory infrastructure under straiand renders it unabléo cope with demand for VL testing and
returning results to patients within clically relevant time period®°¢Longer turraroundtimes from
testing to return of results to pgéents are the order of the day in sonfiacilities, particularlyemote
hard to reachfacilities. As a result, innovation around supplementing centralizedtine HIV VL
testing will becritical. Pointof-care (PoC) HIV VL testing technologies have been one such strategy.
The cost of implementingoC HIV VL testingdemparable to entralized laboratory testirj with
added benefits of improving rates of retention in care and VL supmesrdaes within ART
programmesMalawi, Mozambique and Zimbabviravereported higher maternal Vand EID testing
coveragecoupled with improved patient retentioowhen using PoC technologi€®mparedto
standard of caré®®° Similar findings have been damented from clinical trials and donor supported
projectsin some parts of South AfriéAHowever these studiesnayhavehadbetter systems for data
collection and were betteresourced for case managemenbmpared to routine testinghence

findings maynot be generalizable to routine practice.

A study by Kufat al., evaluated the feasibility of implementimgaternalPoC HIV VL and Early Infant
Diagnosis (EID) testirag deliverywithin high volume tertiary obstetric units under routine settings in
South Africg? The study showethodest PoC coverage of 50% for maternal VL and 88% for EID testing
overall, withgreater variation between study siteé® The higher coverage foPoC EID testing was
attributed to EID testing at birthbeing standard of carand maternal VL testing at delivery being new

at the time of study implementationTheauthors concluded thatlthoughPoC VL testing has potential

for scale up in South Africapccessful implaentationwill be deperdent on health system factors

While ART programmes inther neighbouring countriegfor example Malawi, Mozambique and
Zimbabwehave reported remarkable improvement in VL testing coverage and patient retention with
PoC technology us&8° South Africa may not achieve the saresel of sucesswithin routine settings.

This idecause the formetcountriesare underresourcedwith limited access taentralzedlaboratory
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testingcompared to South Africaherefore, the impact of Potéstingmodalitiesis greater in these
settings as Vtoverage will be coming from a very low baSeuth Africa on the other handlready
has a functional laboratory systemith reasonable VL testing coveragsbeit strained.In South
Africa 75% of peple in HIV care haw least one VL tesh a year®® Therefore the impact of PoC VL
testingin South Africanaybe lowercompared to neighbouring countriedNonetheless, the utility of
PoCVLtesting for selecteghopulations in South Africdior example pregnant WLHIMnay be useful
especially where rapitesponse to elevated VLngcessaryFurthermore, access to laboratory HIV VL
testing varies across the country therefore some geographic areas may benefit mord&GnvL

testingthan others®**®lt is in this regard that PoC VL and EID are potegtate changesfor eMTCT.

Risk factos for MTCf HIVare welldocumented®!8¢4%6and these include high maternal VL (either
in blood or breast milk), maternal segmnversion (in pregnancy or duritigeastfeeding), maternal
treatment duration and infant factors (low birth weight, preterm birth and inadequate infant
prophylaxis). Among these, maternal VL remains the strongest predictor of MTFIVirom historic
findings to current knowledge in thigeld. In 1999, using data from a modest sample of 552-HIV
infected women, Garciat al. reported that MTCT risk was directly proportional to maternal plasma
VL levef* Two decades later, consistent evidence has emerged substantiated by data from several
large ART cohorts globaf§f® Historically, a plasma VL <1 000 copies/mL was associated withr low
no risk of MTCY¥ However, recent studies have shovswer but elevatedrisk of MTCT at lower
plasma Vlevels in the range 5800 copies/mlcompared toxL 000 copies/mLt>¢*%° Mandelbrotet

al. reported that ART started before conception, continued during pregnancy with a plasma VL <50
copies/mL eliminated MTCT risk from a French cohort of WE Hi¢omparison, the risk was four
times higter in women with plasma VL of 80 copies/mL at delivery this cohort® Albeit using
different thresholds, #nilar trends have emergedgositively correlatindnigher MTCT risk with low
level viraemidrom routine settings in South AfricA study fronthe Western Cap®@rovincereported

an MTCTrisk of0.2%%, 20% and 8.5% for maternallL <50\L 501 000and VLxL 000copies/mL at
deliveryrespectively'® In Malawi,one in six cases of vertical transmission occurreddoonen with
low-level viraemia(VL 461000 copies/mLy°® Lowlevel viraemia is reportedly associated with
younger maternal age, sutptimal adherence to ART and is likely to tbensient®®® However,
studies on norpregnant women show that prolonged lelevel viraemia can potentigliprogresgo
virological failure®® These reportglemonstrate that lowevel viraemia is a real concern for MTCT in

pregnant and postpartum WLHIV and requires urgent attentirthe attainment of eMTCT
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The introduction of the UTT poliggto South Afican ART guidelines in 20BHawexpanded access to
ART to norpregnant WLHINrrespective of CD4 count. A progressive increaseraportions of
womenconceiving on ART has beebservedcompared to previous years when CBesedcriteria
determined ARTeligibility.”® The proportion of womerbecomingpregnant on ARTripled between
20092015 from 14% to 45%8 By 2017 a 3:2 ratioof ART experienced WLHIVwomen initiating
ART in pregnancy at the fANC vigiis commonin the public sectaf* While ART average has
increased simultaneously witincreased HIV testinggmongst ANC clients over the years, VL
monitoring in this population has remained loWhis iglue, in part,to the fact that VL monitoring was
onlyintroduced into natimal guidelines in read years.On the other hand, poor VL mitoring may

be a result of suwptimalimplementationof guidelinessince the countrnalready has a robust PMTCT
policy framework.Failure to effectively monitor maternal VL elevates risk of vertical transmission
amongst HIVexposed infantsThus, quantifying the magnitude of maternataemiaand identifying

determinants of viraemia during pregnancy and postpartum periods is critical for eMTCT.

A few studies have chacterized maternal VL suppression ratiging pregnancy and postpartum
periodsin SSAThe few studies whichavedocumented maternal VL suppression amgmggnant

and postpartum women have reported high suppression ratesga VL <D00 copies/mlthreshold

In Rwanda, VL suppressimatesof 85%(VL <1000 copies/mLand 50%(VL <1000 copies/mLjvere
reported from women in their third trimester or within two weeks postpartuwith 76%of the cohort
already on ART at fANGit.”? In Uganda, >90% of 111 women maintained VL <400 copies/mL across
periconception, pregnanc and the postpartum period® With such a small sample size and
recruitment from a research site, high VL suppression rates were expediiedo availability of
resources for better patient managememalawi was the first country to implement WHO Option B+

in 2011. After three tdive years of implementation, 88% of the women enrolled indbeor-funded
éNational Evaluation of Malawi's PMTCTdeonmeé O 2hed® W DOO copiesiLand 80% had

VL <9 copiesmL foursix weeks postpartutf® The above studieevealgapsin data onmaternal VL
suppression patternwithin routine settingsn SSAWhile findings from donefunded projects and
research sites are important, they are often limited by lack of generalizability to routine settings.
Relying on these findgsto guide policy makingarries the risk of deveping policies whiclare

insensitive to theneeds of routine practicghuscompromising their efficacy.

In SouthAfrica(2014) aWestern @pe study reported thatof 38% of1 521 women fell pregnant on
ART 13% had/L >1000 copiesmL at fAN@isitin routine settings* Amongthe remairingtwo thirds
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of the ART naiveohort at fANCvisit, median VL wa40 000 copies/mL™ This finding was not
surprising since the majority of pregnant WLHIV in the country were diagnosed with HIV post
conception, usually at the fANC visit the time. As a result, maternadlls werevery highat first
presentationfor ANC This was the largest study in South Africa to evaluate the distribution of
maternal VL amongst pregnant women presenting for care in the public satoite this study
provided useful information on extent of high maternak\dt fANC visit, it did not providefammation

on maternal VL suppressioatesat delivery and postpartunthe new frontiersfor preventing MTCT.

In a follow up studyongitudinallyevalwating maternal VL (from the fANC visitrough deliveryand

up to 12 months postpartunih the Western Capdhe authors reported sustained VL suppression (VL
<50 copies/mL) in 70% of the women, MWS @St GANI SYAl Ay yi» YR XM
>1000 copies/ml) in 22% of the cohort throughout follow ti.he majority of existing literature on
maternal VL outcomes in Soutlfrida is from the Western Capeqvince. However, the HIV epidemic

and associated drivers differ in magnitude across the provinces in South Africa. As a result, findings
may not be repesentative of the distribution of maternal VLs among pregnant women nationally.
Studiesfrom Gauteng and KwaZuNatal provinces have reported contrasting rates of maternal VL
suppression fathe fANC visit and delivenA study from Gauteng fpvince (n= 62) demonstrated

overall VL suppression (VL <400 copies/mL) of 27% and 34% at the fANC visit and delivery respectively,
amongst women delivering between 2016 and 201A 40%:60% ratio of preregnancy to in
pregnancy ART initiation may explain the lowages of VL suppression amongst the cohort. However,
generalizabity of these results in Gautengqyince or nationally is limited by the high proportions of
women without VL data ire cohort which exceesti 50%. Astudyfrom KwaZuleNatal povince (n=

82) reported VL <50 copies/ml for 82of the cohort at fANC visit This study had a very small sample

size, which may explain the high rate of VL suppression at fANC visit. The authors did not report on VL
outcomes at deliveryAnother study from KwaZwdNatal govince reportedevels of maternal VL <50
copies/mLfor 82%, 77% and@6% from a cohort of pregnant WLHIV (n42b) prior to pregnancy,

during pregnancy and 12 months postpartum respectivély.

In 2016, Macleocet al. conducted aspatial analysisof VL suppressiomvithin the national ART
programme at facility levein South Africa® Theanalysis provided \utcomes amongdult patients,
children and adolescents, stratified by age and 3be authors cacludedthat 79% of all females in
the national ART programme had a suppresse¢M00 copies/mL’® However, VL suppression rates
for pregnant women were not exploreseparately More recently, data from th&ifth South African
National HIV Prevalence, Incidence, Behaviour and Communicatioey®f 2017 showethat 89.9%
of females aged 164 years and on ARIRd VLs <1 000 copies/mlThis was highevL suppression
than reported in Macleodet alQ & & TheseRlatabshowthat the national AIDS programme had
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achieved thehird 90 targetfor this population However, VL suppressi@gWL <1000 copies/mL) was
lower amongwvomen of reproductive age and adolescent girls and young women at 66.7% and 47.1%
respectively’” Furthermore, proportions of VL suppression aexpected to belower whena VL
threshold of <50 copies/mls used which is required foeMTCT Again VL suppression ratesf
pregnant women were not reported in this surveyhus, it remains to be seewhether the

programme has achieved thkird 90 targetfor pregnant WLHI@r not.

Findings from the 2017 National Antenatal Sentinel HilWvey showed that 5% ofpregnantwomen
accessing care in routine tdegs had a VL <50 copies/ml duritige third trimester (which can be
interpreted as a proxy for VL at delivery), with 71%ihg initiated ART prior to pregnanéy-However,

a quarter of women who had initiated ART prior to pregnancy failed to achieve VL suppression by the
third trimester. Results of this survey provided maternal VL suppression rates around the time of
delivery but failed to provide longitudinal changes in maternal VL throughout duration of pregnancy
as well as postpartum. Nonetheless, findings emphasizes the importang ofionitoring in all
pregnant or postpartum women, as poor VL monitoring has the potential to reverse the gains of pre
pregnancy ART initiatio®ome studiegeport that VL monitoring during pregnancy or postpartum is
biased towards women newly initiatidgRT during pregnancy or postpartum, with healthcare workers
negkecting ART experienced womé&t® These pactices are based on the assumptitirat because

they are not new on treatment, ART experienced women are adherent to their medicaticioamut

need monitoring’®"°For some women this assumption is inaccur&esearch showthat some ART
experienced WLHIV have peortreatment outcomes during pregnancy compared to {re
pregnancy?®®2South Africa has a high rate of unplanned pregnancies regafiet¥ status. Fertility
intentions among WLHIV have also increased since the adoption of the UTT policy in South Africa (as
much as 45%. However a fair amount of pregnancies among WLIN unplanne&® and
unplanned pregnanciebring with them psychosocial stress which may comproméstherence to
ART. Regnancy itself is enajor life event for some women and is associamgth marriage in some
instances. These major life ews are associatedith non-adherence to ART due to nalisclosure of

HIV status andubsequently poor VL outcomé&dience, ARExperienced pregnant WLHIV who were
clinically stable prior to pregnancy may exhibit poor clinical outcomes during pregnancy or
postpartum. Thus, attainment of eMTCT will require more focused patiemnagement for all

pregnant or postpartum WLHIV regardless of duration on ART.
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Community VL is an aggregate measure of HIV plasma VLs of a defined populatiomnédattiyy
persons oveia defined period oftime 8% A ommunity VL canbe used 2 lj dz Yy G A F& | LJ2 LJ
exposure to ART aritk effect on HIV transmissioH-%8 ASART overage increases, community VL is
expected todecrease and so shouldcident HIV infection. Women oéproductive age constitute the
largest proportion of patients in HIV programmes worldwiti®ue to thescaleup of ART services

and adoption ofthe UTTmodel of HIV care, many women are initiating ART prior to conception
Community VLs of women of reproctive age living with HIV can be used as a population level marker
for vertical transmission risk® Thus, o fasttrack progress towardseMTCT, it is critical #t
community VLs of all women of reproductive age are suppres&ixkn the magnitude ofhe
epidemic, hismaybe the quickest way dadliminating vertical transmission during pregnancy and the
breastfeeding period Theother strategies for fastrackingeMTCWwhich includeadoption of elective
caesaran births and avoidance of breastfeedisgnong WLHI¥re hindered by high costs and higher
risk of infant deathdue to diarrhoeal diseases in the absence of breastfeeding respedtivedytings

like South Africa"“® As for the case of caesarean births, sustained maternal VL suppressiog
pregnancyreduces the risk of MTCT during vaginal delivery to a point where caesarean birth offers no
advantage’”®9% However, both the national PMTCT and Maternity Care guidelines are not clear about
delivery options for women with elevated VL at timiedelivery.A potential game changer for eMTCT
should consider elective caesarean birtinsaangst mothers with elevated VL, detected by PoC HIV VL

testing at time of delivery.

From the literature revew, there is limited data describing maternal virologic responses during
pregnancy and postpartum periods within routine settingethin South Africa and across S$Ais

is a clear gap that requires urgent attention, considering the region is homepr@dmately 90% of
global paediatric HIMnadequatelaboratory infrastructure is often blamefibor poor monitoring of
maternal VLs, hence the need to supplement existifgratorysystems with PoC modalities. South
Africa has committed to achieving eMTQ®Vithout data on maternal VL responses, it is difficult to
assesprogress towards eMTCT as well as the UNAIEERD0 targets. A larger proportion of existing
studies reviewing maternal VL during pregnancy and postpartum periods were cross sectional by
designand most involvedsmall sample sizesCross sectional desigrdo not provide adequate
information on maternal VL suppressitimroughout the continuum of PMTCT care, that is, during
pregnancy to the end ofrkeastfeeding period. Elimination of motheo-child transmission of HIV
requires maternal VL suppression prior to and during pregnancy as well as postp&rmati sample

sizes limit thegenerdizability of findingsparticularlybeyond thepopulations from which studies are
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drawn.Moreover, the studies which contributedo literature on maternal Vkuppressiorwere either
donor-funded projects or emanating from research sites. While findings from these stuule
important, they have limitedyeneralizability to routine practice and stakeholders the risk of

developing misguided policy. This underscores theoirigmce of using routine data to inform policy

where possibleLastly, the unit of analysis for the bulk of studies reviewed was at individual level.

There may be value in determining poptida level factors associated with community VL among

pregnant and nofpregnant WLHIV as the country moves towards eMTCT.

Despite the existence of IoMTCT ratesachievement of eMTCT in South Africa is challenged by

high maernal seroprevalence rateThe PMTCT programme has been in existence for close to two

decades, undergoing continuous changésed atsetting the countryon the path toeMTCTTwo of
GKS LINP@AaAZ2YA 2F GKS 02 dzy i NE iivtilendefs laldng theyPMTr GST
cascade and reaching out to high HIV burden afé¥&al load monitoring amongt pregnant and
postpartum WLHINAppears to bea neglected aren PMTCT cardé’rogrammatic data describing VL
outcomes of pregnant and postpartuml\IVhationally is lackingherefore maternal VL suppression
rates are unknownThishas dire implications for a programme that is in pursuit of eMTE burden

of maternal viraemia within the national PMTCT programnmeisvell described Therefore, research

LX |y

needs to focus on documenting maternal VL outcomes to guide interventions to improve the

programme A few studies ave reviewed maternal VL suppressidrsab-national level. The bulk of
this research is from routine settings and research sitéisaiWestern Capprovince. It is well known
that the HIV epidemic and response differs geographically in South Africa. As a resoftnpade of

the programme in the Western Capeopince may not be generalizable to the rest of the country.

Thisreseach project soughto closethe abovegaps by evaluating VLuppression ratesamong
pregnant and postparturdVRLHIV It soughtto provide a baselinfor maternal virologic control during
pregnancy and postpartum periods nationally. Swtional level (province and districtvaluations
aimed to identify hotspots of maternal viraemia to guide interventions for eMTGiiding
interventions can include nderstanding predictors of MTCT, the timing of maternal viraemtzet
are WRLHIV most viraemituring pregnancy or the postpartum period)the era of UTTLastly, the
study usesoutinely collected laboratory testataused for surveillance purposedi$ approachs in
fAYS 6AGK LINSYSNIIGE2 y2 B dANPSR §  rhoying dway from Katioda
surveys and sentinel surveillance whigte often very expensiv&:®3 Routine laboratory data from
the National Health Laboratory S&nOS Q& / 2 Nl J2ehdusé SNHISSICh\WiovRids MXost

17

I RO2 (



effective yet robust surveillance system for monitoring the public health response to HIV at national
level in near reatime.®® This surveillance system does not require sampling, provides compsiziee
coverage at all subational levels and requires minimaéld work. he study also aims$o provide
insights into how to rendethe NHLSdata user friendly to continuously improve monitoring of the

eMTCT program going forward.

Figurel.2 illustrates theframework used in this stly. The framework highlightsitical poins during
pregnancy andhe postpartum period for monitoring maternd/L andinks unsuppressed maternal

VL and pediatricHIVinfection. Pregnant WLHI¥re a sbset of HIVpositivewomen of reproductive

age, with some women transitioning between the two categories. PregdrilVenter the PMTCT

care continuum either as newly diagnosed ahBT naive or known, AlRXperienced patientsVL
monitoring is essentialof both groupsin order to achievevirologic control Virologic controlis
associated withmproved healthfor the mother and lower risk of both horizontal and vertical
transmissionWhile ART provision is the main strategy for controlling maternal Vhglpregnancy

and postpartum,there are several factors that affechaternal VL responsesFor example socio
economic factors (HIV status disclosure and employment), policy environmeeisie care), and

other clinical factors (comorbiditie®RTdrug efficacyetc.) play a role This study focused oclinical
factors such as ART status at fANC, presence of comorbidities and policy related factors such as
implementation of VL testing guidelines in pregnant and postpartum WLHIV and the influence of
geographical differencesn maternal virologic control during pregnancy and the postpartum period.
The other factors were not reviewed due to lack of data or simply because they were beyond the

scope of this study.

The study seeks tprovide a national description of maternal viraemia as a key driver of mdther
child transmission (MTCT) of HIV to establish a baseline from which to improve virological control

during pregnancy and the postpartum period in order to facilitate elimaratif MTCT in South Africa.
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Figure 1.2.Framework illustrating factors that affect maternal VL during pregnancy and postpartum

periods.

Abbreviations WRLHIV women of reproductive age living with HIV, &Rifetroviral therapy, VL viral load,

PMTCT prevention of mothao-child transmission of HIV

To define high prevalence regions (hotspots) of mateviralemia and associated factorspgregnant
and postpartum VIRLHIV at districtevel in South Africa, to direct interventions to improve ardad

post-natal care to achieve eMTCT.

1.6.2 Specific objectives

1.62.1 To describe and map the burden of WRLHIV and adolescent girls and young women (AGYW)
living with HIV by province in 28 in South Africa

1.6.22 For three time periods (namely; at first ANC visit, around delivery and within 15 months

postpartum)andamong WRLHIV who were pregnant between Jan 2@&c 2017:
a)describe and map the burden of high maternal VL nationallybgnprovince
b) describe the evolution of maternal VL levels nationally and by province

c) determine factors associated with high maternal VL during pregnancy and postpartum

nationally
1.62.3 At subdistrict level among \RLHIV who were pregnant between Jan 2@éc 2017:
d) determine populatiodevel risk factors for MTCT
e) compare community VL of pregnant versus syegnant WRLHIV
e) correlate maternal VL suppression rates wviitluteroHIV MTCT rates

1.62.4 Describe VL suppression at delivery and coverage of VL monitoring in pregnant and

postpartum WLHIV in Gauteng province in 2018
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This project assumed that pregnant WRLHIV (and their ART status) can be readily identifisahfrom
pregnant WRLHIV of reproductive age in the centralized laboratory database using syphilis screening
and other test results as a proxy for first ANC visit in pregnancy. Viral load coverage and suppression
rates were hypothesized to be relatively low #10% compared to the UNAIDS-®B90 targets

among pregnant and postpartum WRLHIV in anticipation of poor implementation of guidelines and
other pregnancy related factors. The community VL of pregnant women was expected to be higher
than that of nonpregnant WRLHIV of reproductive age in HIV care on account of poor VL monitoring
during pregnancy in South Africa during the study period. It was further hypothesized that maternal
VL suppression rates would be positively correlated with MTCT rates at popuéatimand that sub

districts with low maternal VL suppression rates would have a larger burden of paediatric infection.
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2.1 Study setting

South Afria records approximately one million live births in a given yediajority of thesebirths

occur towomen who access ANQhithe publichealth sector? At the fANCvisit, pregnancies are
confrmeddza Ay 3 GSaida adzOK Fa .Sl KdzyhgGaigragidne y A O
women are requiredo commence ANC at local clinics or at Midwife Obstetri¢s3nThesewomen
subsequentlyundergo a sedes of health screening checkscluding syphilis and HI¥ improve

maternal health and prevent adverse pregnancy outcomes

Maternal syphilis testing coverageas reported at >96% in 20¥7Current guidelines for Sexually
Transmitted Inéctions (STIs) in ANEcommend the reverse testing algorithm for syphilis screehing
Screening starts with a specific treponemal test such as a Treponema Pallidum antibodies (TPAD) or
Treponema Pallidum Haemagglutination Assay (TPHA) followed by a Rapith Rasigin (RPR) for
patients testing positive for the specific teSinceSTI management in South Africa is syndromic, only

a small proportion of syphilis tests are performed for clinical presentations of STIs. However, syphilis
screening does constituggart of sexual assault investigatioBased on near universal syphilis testing
coverage amongst pregnant women in the pulblealth sector, syphiliscreening tests constituted

part of our criteria for identifying pregnant women from our data sourskhough majority of the

tests for syphilis serology performed in the public sector are stored iftNtt@®nal Health Laboratory

{ SNIAOSQa / 2 N1J2 NNHiSCDYVeoing woténNie KcPedndSusing rapid test Kits,
results of which are not captured ohé NHLSCDW.

With respect to HIV, newly diagnosed pregnardmen living with HIVWLHIY initiate ART at the

fANC visit or at confirmation of Hikfection. At ART initiation, a baseline CD4 count test and
creatinine clearance test are performed to assess immunological profile and to evaluate kidney
function, respectively. HIV VL monitoringrfall pregnant WLHIV follows previously described
guidelines®” Similar to syphilis, screening results of WLHIV diagnosed with rapid test kits are not
captured on the NHLS CDW. However, éh¥ymelinked immunosorbent assa¥(ISAresultsfor
diagnosiof HIVand longitudinal HIV test data (HIV VL and CD4 counts) are stored in the NHLS CDW

This section provides an overview of methodology and data sources for the llygmiblication.
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Thenational levekynthetic cohort provided data for publication 2 (Chapter 4) and the manuscript in

preparation (Chapter 6).

2.2.1 Data source

The NHLS CDW is a national repository of all clinical laboratory tests performed in the public health
sector and is describedlsewhere®® Results of all registered specimens (including laboratory
specimen numbers), patient identifying details (name, surname, date of birth, age, home address,
telephone number), details of registering facility (facility name, hospital/clinic numiaed
geographic location (province, district, sdistrict) are automatically stored in near real time in the
NHLS CDW based at Sandringham, Johannesburg. No clinical data is stored. Routine longitudinal
laboratory test data is linked by means of a patiknking algorithmAs the NHLS CDW lacks a national
level unique identifier, thalgorithm usegprobabilistic matching of patient demographic information
(name, surname, date of birtliacility numberegtc.)to generate a unique ID and assigns it tet idata
belonging to same individu&When the current patient linking algorithm was validated agaangold
standard dataset in 201@ was found to have a Type 1 error of 11% (ewetching probability) and

Type 2 error (undematching probability of 15% among adults patientéHowever, it has not been
validated for recorematching in pregnant WLHiWho may differ from adult patients in that they
typically receive care in multiple different facilities during ANC, delivery and postpartum, making it

more complex for an algorithm to link their tests

2.2.2 Study characteristics

2.2.2.1Design

A retrospective cohort design based on analysis of longitudinal data of a synthetic cohort created from

centralized routine laboratory surveillance data.

2.2.2.2Study population

Women of reproductiveage, 1549 yeardiving with HIMWRLHIV)who werein care and receiving
HIV laboratory tests at any public health facility in South Africanduhe study period. Women were

consideredo be living with HIV by virtue &€ Ay 3 xm | L+ [ 2NJ xm /5n O2o0
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and deemedpregnant and presenting at their fANC visit by virtue of a syphilis screening test, coupled

with either a creatinine clearance and CD4 count or so\Metermine their HIV ART status

2.2.2.3Creating the synthetic cohort

Centralized routine data on multiple HIV, syphilis and pregnasleyed tests were used to create a
synthetic cohort of pregnant WLHIV. That is, a cohort that was creatadapplying a set of criteria

to HI\A and pregnancyelated testdatain order to identify pregnant \MLHIV This was necessadye

to alackof a marker for pregnancy within the NHLS COWe first step involved identification of
women of reproductive agesingHIVtrelated testsconductedbetween 01 April 2015 to 31 March
2019 from the NHLS CDWata extraction period) This was achieved by extracting test records
associated with HIV VLs, CD4 countsHIMELISAests belonging to females, aged-49 years during

this period (Figure 2.1 Data were then restricted to the study period (01 January 2016 to 31
December 2017)The data extraction period allowed the study to evaluate patterns of HIV testing
prior to pregnancyto demonstratepre-pregnancyHI\finfectionas well ago allow sufficient follow up

time during thepostpartumperiod.

WR I Lx 6SNBE RSTAYSR 4 AYRAGARdZ fa KIFEGAy3a xm | L
this set, syphilis screeningas applied as a prgxfor pregnancyduring the 2016/17 study period
W2YSYy gAGK xm SETRABATBHASithDRWIitHOU d4n/RER tésSidring the study period

1+

were selectedSince syphilis screening also occanmsdanpregnant women, a set ofdaitional criteria

were appliedo the cohort of potentially pregnant WLHIV to identify women with a greater likelihood

of being pregnant. Women withecords ofeligible syphilis and HIV VL teséquested from ANC,

labour, maternity and postnatal wardsene considered highly likely to be pregnant. Test records of

other pregnancyrelated tests such as postpartum cervical smeangant birth HIV PCR tests

adzo YAGGSR G2 GKS £ 02 NI (2 NBCGadsts gerforriedidSriNg/thefstud S G | A
period also identified WLHIV with a greater likelihood of being pregnasomen with test results

suggesting sexual assault were excluded from this subset (for example syphilis test results from sexual
assault clinics/centresThis subset of women constied the eligible analytical cohort, referred to as

pregnant WRLHIV henceforth.

Once the cohort of pregnant RLHIV was identifiedhe date of the fANC visitas determined The
date of syphilis screening was used as a proxy for the fANC visit accavdingtine antenatal
practice, which requires all pregnant women to be screened for syphilis at the AN isdt, timing
of HIV V& relative to syphilis screening, estimated delivery dates and postpartum periods for the

cohort. The date of delivery wassumed to occur-8 months from the fANC visit, based on the fact
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Test records associated with HIV-related tests from NHLS CDW
n=43 613 815

Demographic inclusion criteria: Sex = female AND Age = 15-45 years

Females of reproductive age n =6 821 649
i

Inclusion criteria: 21 HIV VL result OR =1 CD4 result OR Positive HIV ELISA

l

Women of reproductive age living with HIV (WRLHIV) n=4 160 789

No record of a syphilis test® n=3 235 117

!

Potentially Pregnant WRLHIV n =918 319
i

Record of tests confirming pregnancy

Syphilis samples or monitoring HIV VLs collected in antenatal or postnatal wards: n=78 220 (2.4%)
AND/OR
Cervical smear tests documented as post pregnancy: n= 52 019 (5.6%) AND/OR
Birth HIV PCR tests labelled with maternal demographics: n=37 823 (4.1%) AND/OR
Records of positive Beta HCG hormone test results: n=10 257 (1.1%)

!

Confirmed Pregnant WRLHIV n =178 319

01 January 2016-31 December 2017

| |
ART status at fANC

HIV VL test within 12-18 months Creatinine or CD4 count within

prior to OR within 1 month of 1 month OR HIV VL test done
syphilis test =1-3 months after syphilis test
ART experienced Not on ART Unknown ART status
n=85 545 (48%) n=88 877 (49.8%) n=3 897 (2.2%)

* Excluded WRLHIV with a sexual assault screen syphilis test n =7 353 (0.2%)

Figure 2.1Criteria for identifying HIV viraldad tests performed on pregnant womeaf reproductive

ageliving with HIV, in the NHLS CDW between 1 January 2Bll®ecember 2017.
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Abbreviationsy bl [ { /52 Dbl A2yt I SItGK [F02NrGi2NE { SNBAOSaAQ
care visit; Vlviral load; ART antiretroviral therapy; PCR polymerase chain reaction; HCG human chorionic

gonadotropin.

that approximately 68% of ADclients had their first booking at <20 weeks gestation within routine
settings during the study period according to the South African District Health Information System
(DHIS). The DHIS is a repository of aggregated routine health data from all palilicfaeilities in

the country. A more detailed description of the DHIS will follow in the next chapter. The postnatal
period was up to 15 months post the estimated delivery date. Figure 2.2 describes duration of follow

up for the cohort.

Lastly, maternabRT statuat the fANC visit was determindxy the timing of ART initiation relative to

the date of the first syphilis screening te$he synthetic cohort was linked to any HIV VLs performed

in the 1218 monthspreceding the syphilis tesin HIV VL pesfmed within 1218 months prior to or

within 1 month of the syphilis test defined pregnanRAHIV who were ART experienced at fANC visit.

A syphilis screening test associated with a creatinine clearance and or CD4 count test performed within
1 month, or HV VL around 3 months after the syphilis test identified pregnant WRLHIV not on ART at
fANC visit.

To test the robustness of this methodological approach of identifying pregnant WRLHIV from the NHLS
/ 523 NBadz §a ¢6SNBE 02 VYLl MBBE2 dA3i MFS (g 2V 2iesseIsNPAYD Sl K6
geographic distribution of pregnant WRLHIV selected from the NHLS CDW

Follow up time >

Cohort exit: Date of

Cohort entry: Estimated Deli
Dateof syphilis test stimated Delivery latest VL (end of
(proxy for fANC visit) postpartum period

5-7 months from fANC visit (pregnancy perioc 1 15 months from delivery (postpartum peripd

& N
< >

M A
N

12-20 weeks 32-40 weeks 88-96 weeks
gestation
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Figure2.2. Definition of study follow up times among pregnant and postpartumRAMIV identified
from the NHLS CDW.

Abbreviations:fANC first antenatal care visit; ®/HIV womerof reproductive agdiving with HIV; NHLS CDW
brdA2ytft | SFEGK [F02NFG2NE { SNBAOSQa / 2N1IR2N}XdS s5FdlF 2

2.2.2.55ample size

All participantsthat B i (0 KS & (i nziRteri@ @erehofu@ed drihéagalysesHowever, based

on a million pregnancies per annum and a maternal HIV seroprevalence rate oth#0fFpject
anticipated identifying£600 000 WRLHIV from a pool of 2 million pregnant women nationally between
Jan 201&Dec 2017. Given >95% Addlerage among HiMfected pregnant women in South Africa

and the fact that >80% of all diagnostic pathology services performed in the public sector are stored
at the NHLS CDW4 maximum eligible sample of 4800 pregnant WRLHIV nationally was
anticipaied during the study periodlt was anticipated that laboratory monitoring according to
guidelines would be less than perfectly implemented in routine settirancethe option toanalyse

data from a smaller sample size of WRLHIV but with a higher spgddicpregnancywas elected.

2.2.2.6Study measures

Specific details of the measuranalysedn the study araliscusseger manuscriptin the relevant

chapters ofthe results section.

Since the main study cohort was a synthetort of pregnant VIRLHIV createdby applying a set of
criteriato routine laboratorydata, data froma known group of pregnant WLH(kégardless of age)
was analyzedto validate findings from thenational level synthetic cohortand to test its
representdivenessData from the Gauteng cohort was uder the analyss presented ipublications
3 (Chapter 5) and 4 (Chapter 7).

2.3.1.Data source

Data for the validation study came fromstudy evaluatinghe feasibilityof integratingpoint-of-care

(PoQ VLtestinginto routine settings inGauteng South Africa?®
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2.3.2Study characteristics

2.3.2.1Study design and population

This wasa prospective study of alonsentingpregnant WLHIresenting for delivery of their babies
and admitted to labour opostnatal wards at four high volume, tertiary obstetric unff@®Us) in

Gauteng province between 01 June 2018 and 31 March 2019.

2.3.22 Study procedures

Mothers and their newborn babies wendfereda PoC VL arIDtest respectivelyaround the time

of delivery. Specimen collection was performby routine clinical stafivhile dedicated PoC operators
conducted testingat the study sitesPointof-care testingand centralized laboratory testing were
performed in parallelThat is, for each PoC test performed, a corresponding specimen was sent to the
NHLS for routine testin@@othPoC and NHLi8st resultswere captured by a study eardinator intoa
REDCad} database and constituted study dat®laternal VL data at time afeliveryfrom this cohort

was subsequently compared with maternal viraemia from the national, synthetic cohort of pregnant
WRLHIVfrom the NHLS CDMh addition, thevalidationcohort was used to extract longitudinal VL
test data associated with patierdentifiers and maternal demographics of pregnant WLHIV delivering

in the study sites from the NHLS CDW to describe compliance to national VL testing guidelines

2.32.3 Study measures

Further cetailson specificmeasures analyseare presented in the releantresults sectiongChaptes
5and?).

The Thembisa modednd five other independent routine health and HIV related data sources
(Statistics South Africa, DHIS, the South African National HIV Prevalence, Incidence, Behaviour and
Communication Survey, the National Antenatal Sentinel HIV & Syphilis Survey Report, the National
LYAadAddziS F2NJ / 2YYdzyA Ol 0f $ouseweieSusell Hp@vidé aaNd8S A € | y
sectionalprovincial distribution of WRLHIV and AGYW living with HIV in relation to-utgane

transmission rates in the country in 2018 (publication 1, Chapter 3). The Thembisa modelisvehich
mathematical model thiaprofiles the South African HIV epidemic and the impact of the HIV response

in the country was used as the primary data source for these anal{sBata from the Thembisa
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modelwastriangulated withroutine hedth and HIV related datéor validation or to provide data in
instances where data was not available from the Thembisa md@deletailed description othe

routine data sourcesised in these analysespsesented inChapter 3.

Table 2.1 provides the analysis plan pbjective.

Table 2.1. Overview of data analysis plan

Objective Outcome Analysis Chapter

1. To describe and map the burden of Demographic profile Frequencies and Chapter 3,
WRLHIV and adolescent girls and of WRLHIVd percentagesHot spots Publication 1
young women living with HIV by AGYW (124 years) analysis in ArcGIS using Lioliezllon
province in 2018 in South Africa by province the GertisOrd Gi*

statistic performed

2.1 Among WRLHIV, pregnant and
delivering between Jan 204Bec 2017,
at first ANC visitaround delivery and
within 15 months postpartum:

a)describe and map the burden of Proportions of Frequencies and Chapter 6,

high maternal VL nationally andby Y I G4 SNJ/ I £ 4 percentages. manuscript ir

province +[ X wmnanan Proportions described preparation
delivery usingArcGIS

b) describe the evolution of maternal Maternal VL values; Fractional polynomial Chapter 4,

VL levels nationally and by province (Observed and models Publication 2
predicted)

c) determine factors associatadith Maternal VL values Piecewise (spline) lineaiChapter 4,

high maternal VL during pregnancy at (Observed and regression Publication 2

postpartum period nationally predicted)

2.2 Among WRLHIV, pregnant and
delivering between Jan 204Bec 2017,
at subdistrict level:

c) determine populatiodevel risk MTCT cases (from  Negative binomial Chapter 6,
factors for MTCT birth-24 months) regression manuscript ir
preparation

d) compare community VL of pregnar Median VL of Kruskall Wallis test Chapter 6,
vs. non pregnant WRLHIV aggregated VLs for manuscript ir
preparation
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pregnant and non
pregnantWRLHIV

e) correlate maternal VL suppression Total MTCT cases Negative binomial Chapter 6,
rates to total cases of MTCT (from birth-24 regression manuscript ir

months) preparation
3. Describe VL suppression at deliverr Proportions of Descriptive statistics, Chapter 7,
and coverage of VL monitoring in women with 1) VL Pearson Chi square tes/Publicatiors &
pregnant and postpartum WLHIV in  test during &4
Gauteng province in 2018 pregnancy and

postpartum 2) VL

<50 cps/mL

Abbreviations WRLHIV women of reproductive age living with HNLLHIMvomen living with HIV, AGYW
adolescent girls and young women, IU intrizrine, ANC antenatal care, VL viral load, cps/ml copies/millilitre,

MTCT motheito-child transmission.

Permission to access data from the NHLS CDW waietd from the NHLS Director éicademic
Affairs Research anfQuality AssurancéAppendix 2.1 Approval from the NHLS was granted upon
submission of a study protocol and ethics clearance certificate that was approved by the Human
Research Ethics Commiggi¢HREC) of the University of the Witwatersréppendix 2.2 Identifiable
patient data from the NHLS CDW wadracted forthe purposeof matchingtest sets. Matched data
were subsequentlge-identified prior to analysis, allocated a unique identifiadastored in password
protected platforms to esure confidentiality. Data was onbccessible to the research team to
maximize patient protectionEthical clearance for stdiudies have been declared in the individual

chapters in the results section.

This study wagonducted by the &ediatric HIV Surveillandeam within the Centre for HIV and
SexuallyTransmitted Infectionsat the National Institute for Communibke Diseases (NICD). The
Centre for HIV ad Sexually Transmitted Infectioms a knowledge resource and expertise centre
serving South Africa and the continent with surveillance and research actiwtedsding but not

limited to HIV virology and immunology, HIV/STI epidemiology and diagn8sfias Rediatric HIV
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Surveillanceeam is responsible for paediatric HIV surveillance, monitoring early infant diagnosis and
linkage into care within the nationdPMTCT programm@ hisstudy was nested in a biggeproject
funded by theELMA Foundatigrwhich wasmplemented bythe Paediatric HIV Surveillantssam in

order to evaluate gaps within the PMTCT treatment cascadefbrCT(Part 1) as well as to evaluate
{2dziK ! TNROI Qa LINE 3 NaCitargetd forltHeJRaediatriélSproprammie at{  dn
national level (Part 9. This study constitutedPart 1 of the bigger project, with a focus on
characteriation of high maternal VL as a kadwyver of MTCBRmongpregnant and postpartum women

WLHIVaccessing PMTCT services in the puigaith sector South Africa.

The candidatevasa fulttime employee within the Centre for HIV and Sexually Transmitted Infections
unit and waghe principal investigator for this studyhe candidatsubmited a full research protocol
and an ethics application tthe HRECof the University of the Witwatersrandlhe candidatein
consultation with both supervisomasresponsible for study design and providing technical guidance
on the specifications of the data extractions and development of software codingtfacgrg study
data from the NHLS CDW. The NHLS CDW architecture has had to cater for changabdnatoey
information systeml(I§ over time e.g. different coding for test sets and facilities and changing health
district boundaries. Thysthe data reuired multiple data balancing exercises and reliance on
institutional knowledge of several NHLS departments for accutat@extraction and repesentation

The candidate waesponsible for dtamanagement, dataleaninganalyse and wadirst author for

all manuscripts publications and conference presentationgmanatirg from this work. For the
validation study involving the Gauteng cohort, the candidate alssresponsible for overseeing data
collection, data managemenincludinglongitudinal record linkage), data cleaning and analydie
supervisors provided critical review of all study outputs, mentorship and guidance to ensure

completion of tasks in a timely manner.
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3.1Introduction

Women constitute the highest proportion opple living with HIV globallin South Africa, the HIV
epidemic also disproportionately affects women. In 2017, approximately tuwdstof people living

with HIV who wereaged 1549 years and oantiretroviral therapy ART) were femaléin the same

year, disparities in HIV prevalence by sex were most pronounced among young adults. HIV prevalence
among 2624 year olds was three times higher in females §¥%). compared to males (4.8%)he
potential reasons for gender disparities in the profile of the HIV epidemic atle &conomic and
socioculturaf Extensive geospatial heterogeneity in the distribution of the HIV epid@am&outh
Africahas been reported previousfyin 2018, provincial HIV @valence estimates among people living
with HIV aged 189 years ranged from 6.7% in the Westé&ape to 18.4% in KwaZtMatal* While

poorly understood, variations in provincial HIV prevalence rates have been linked to differences in the
uptake of HIV pvention interventions and societalorms between province$ Theseprovincial
variations in the profile of the HIV epidemic necessitate optimized allocation of resources and targeted
interventions for HIV/AIDS programmes. This is particularlyingant for the PMTCTprogramme,
whichhas prioritized eMTCT

The national MTCT rate of 1.0% at birth in 2017 equalled just undera2g88 per 10000 live births®
Subnational level variations in MTCT rates also exist, with some districts reporting almost double the
national MTCT rate at birth The foregoingsupportsthe need for contextualized and tailored

responses to maternal and paediatric HIV in South Africa.

We describe the distribution ofvomen living with HI\6f reproductive ag€WRLHIVas well as those
without HIV by province in South Africa, in order to identify areas that may require additional eMTCT
interventions. These may include interventions ainadeducing the risk of HIV acquisition H\
negative women of reproductive agand unplannedregnancies among RLHIV that is,pillars 12

of the South African PMTCT strateégy?RLHI\and subgroups (adolesnt girls and young women
AGYWaged 1524 years) are priority populations for achieving eMTCT. These women can potentially
becomepregnant and transmit HIV to their infants. While the risk of vertical transmission of HIV is low
in planned pregnancies, where RAMHIV fully access and utilize precaptien and post conception
PMTCT services, the contranytrise for unplanned pregnancié¢sPregnancies are more likely to be
unplanned in AGYW compared to older wonfdn addition, AGYW represent a spbpulation that

will remain in the reproductive ageraup for the longest time; are associated with high incident
infections and where HIV positive, AGYW have poorer®Miutcomes compared to olderRAVHI\

Therefore, the risk of MTCT is higher in this population. However, an increase in number of women

46



corceiving on ART has been observed with the scale umiokrsal test and treat policyJ{ 7.0
Congquently, understanding where RLHIV, including AGYW (regardless of their HIV status) and
those who are pregnant, are located 8outh Africa is key for eMTCScaling up family planning
services and ART/PMTCT services (for example, stock planning of Efavirenz based regimens and
Dolutegravir rollout in relation to new ART guidelines) in geographic areas with a high burden of these

groups may be beneficial fomaternal HIV care and eMTCT.

Obtaining accurate estimates of vertical transmission is challenging in South Africa because of the lack
of a unique patient identifier in the health system. Monitoring of early infant MTCT rates and coverage
of early infant dagnosis currentlyelies on routine data from the DHIS and tKelLS! There are no
accurate, national data sources for postnatal transmisei@s, breastfeeding practices anthternal
virological control during pregnancy and the postpartum period. Aalyesis of current data sources

used for tracking eMTCTheir strengths and weakness, wedescribecelsewhere by Shermaet al.

Using six different data sources, wescribe the distribution of \WLHIVin South Africa during 2018

in relation to where theintra-uterine (U) transmissions occur.

Data for these analyses were extracted from six independent sources foeldt¥d and demographic
indicators from the public health sector in South Africa. These weeeTihembisa Model, DHIS,
Statistics South Africa (Stats SA), the South African National HIV Prevalence, Incidence, Behaviour and
Communication Survey (SABSSM), the National Antenatal Sentinel HIV & Syphilis Survey Report,
(herein referred to as the ANC sepeevalence survey) and the National Institute for Communicable
5AaSlFrasSaQ {dzNBSAtftFIyOS 5F0F 21 NBK2dzAS 6bL/5 {520
used as the primary data source because it had most of the indicators required for the andityses

other sources were used for triangulation purposes where applicable. The reporting period was the
year 2018. Where data for 2018 was not available, available data from the most recent year were
used. A brief description of each data source and iridisathat were used for the analyses follows
(Table3.1).
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Table3.1 Indicators used in the analyses by data sources

Data Sources

Indicators , ANC SEero
Thembisa Mode| Stats SA DHIS prevalence SABSSM NICD SDW
survey
Total Population estimates (males afeinales, all ages] V \%
Total Population for females (All ages) V V
Total Population for females 14D years V \
Total Population for females 154 years \% V
Number of live births V Vv V
Total births to HI\positive women \% \%
HIV prevalence ifemales 1549 years Vv
HIV prevalence in females P38 years \Y
HIV prevalence in pregnant females4% years v |
HIV prevalence in pregnant females \%
HIV prevalence in adults 48 years V \% \ \%
HIV PCR tests at age <7 days (Birth HIV PCR) \%
Total fertility rate V V
National National National National National* National
Province Province Province Province Province
Reporting Unit District District District
Subdistrict Subdistrict
Facility Facility
Year for which data was available 2018 2018 2018 2017 2017 2018

Abbreviations Stats SA Statistics South Africa; DHIS Demographic Health Information System; PCR polymerase chain reaction; As@anii@ia National Institute

for Communicable Diseases SDW Surveillance Data Warelf®@AB&SM South African National HI\W&emce, Incidence, Behaviour and Communication Survey. *Data

available at national level only at time of publication. Blocked out areas indicate absence of data for a specific pelickta source.
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3.2.1Description of data sources

a) Thembisa Model

The Thembisa Model is an integrated epidemiological and demographic mathematical model
developed to describe the South African HIV epidemic and to evaluate the impact of HIV
prevention and treatment strategiet the country*? In additon, the model also provides
demographic statistics and is used to evaluate the demographic impact of HIV in Souti?Africa
The model provides data at national and provincial level. Data were obtained from Thembisa 4.1,
published in 2018.

b) DHIS

The DHIS clalcts aggregated data on health services provided by all health facilities in the public
sector in South Africa since 2001. The data are collected from {iegsed registers at facility level

then entered electronically onto the DHIS software for collatbsubdistrict, district, provincial

and natonal level on a monthly bastin some facilities, the data is collected from Tier.net, a
national electronic HIV register for aggregation onto DHIS.

c) STATS SA Statistical Release P0302 and P0305

The P0302 adcument provides data on migear population estimates for South Africa and the
nine provinces on an annual basis. The projections are based on the cohort component method
for population estimation which has been described elsewhérg€he population estirates
approximate the actual population as at 1 July of a given year. The P0O305 document provides data
on recorded live births in the public sector in South Africa. The data are based on births registered
in the national birth registry system, which is atdld and maintained by the Department of Home
Affairs in South AfricaAt the time of writingof the manuscriptthe latest P0O302 and P0305
documents were released in 2018

d) National Antenatal Sentinel HIV & Syphilis Survey Report (ANC-pegvalencesurvey)

South Africa has been conducting the ANC geavalence survey annually to monitor HIV &
syphilis prevalence among pregnant women ageél@5/ears, attending antenatal clinics since

the 199s16 The survey is cross sectional by design and is conducted across the 52 health districts
in South Africa. Sentinel sites are randomly selected from public sector facilities across the country
using probability propdional to size sampling method$The nost recent report for the 2021

survey was published in 2019.

e) SABSSM Survey

The SABSSM is a population based, cross sectional survey of all households in South Africa that

evaluates trends in HIV prevalence and other health indicators related to Hissabe country.
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The surveys are conducted every five years. At the time of writing, only an executive summary of

findings from the lgest 2017 survey was available.

f)

National Institute for Communicable Diseases (NICD) Surveillance Data Warehouse (SDW)

All pathology tests performed in the public sector are processed by tHeSthrough a network

of about 260 laboratoriessapreviously describet A single Laboratory Information System (LIS)

used by all laboratories stores data pertaining to test specimeizs jatient identifiers, clinical

and geographic information). These data are archived in neatirealin acentral data repository

called the Surveillance Data Warehouse (SDW) of the.NIGDNICD is a division of the NHLS and

the NICD SDWIso archies results oéll pathology tests performed in the public sector in parallel

to the NHLEDW

3.2.2 Studymeasures

The distribution of WRLHIV and AGYW for the year 2018 was described with respect to the

following:

a)

b)

d)

e)

Total population estimation:Total population estimates were extracted from the Thembisa
Model and Stats SA to describe: i) overall population ii) total population of women of all ages
and ii) total population of WRLHIV (149 years) and iii) total population of AGYW-@b
years) ad iv) total population of AGYW living with HIV nationally and by province.

Number of live births:The number of births (Thembisa Model), number of live births at a
facility (DHIS) and number of registered live births from Stats SA were extracted ngtionall
and by province and used to describe cHildh patterns by geographic location.

Number of WRLHIMnN order to estimate the number of WRLHIV in South Africa, the total
population estimates for women aged -#® years were multiplied byhe mean HIV
prevalence rate amongst women aged-49 years. To estimate number of pregnant WRLHIV,
total births to HIVpositive women were extracted from the Thembisa Model. For comparison,
number of live births from Stats SA were multiplied by the HIV prevalence rategsino
pregnant women aged 189 years obtained from the ANC serevalence survey.

Number of HIVpositive AGYWThe number of AGYW living with HIV were calculated by
multiplying the total population of AGYW by the prevalence of HIV in females ag&tlyiars
obtained from the Thembisa Model.

Number of live births to women living with HIVThe indicators used to provide these data
were obtained from the Thembisa Model and compared to i) number of live births to women
living with HIV (DHIS), number of HiXposed infants (obtained by multiplying the number of

registered live births from Stats SA by the HIV prevalence estimates from the ANC sero
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prevalence survey) and iii) number of HIV PCR tests performed among neonates aged <7 days
from the NICD SDW, consideg that birth testing coverage for HAkposed neonates is
>95%. These data were also used as a proxy for number gfddiwe, pregnant women as
explained ir3.2.2.

f) IU transmission ratesThese were calculated as the number ofdiglicated HIV PQsitive
tests performed at birth (<7 days of life) divided by total HIV PCR tests performed at birth
expressed as a percentage from the NEIDN. The number of lidfections per 10@O0 live
births was also reported (Ildase rates). Test data for HIV P&Ritive nheonates were de
duplicated by a patienlinking algorithm that uses probabilistic matching of demographics
(for example name, surname, date of birth) supplemented by manual matching to account for
spelling errors. Because of dladility of datg IUtransmission rates were also calculated to
districtlevel Intra-partum and postnatal case rates could not be accurately calculated from

the SDW because of the lack of a unique identifier to allow for longitudinal monitoring.

3.2.3Data analysis

Frequencies and percentages were presented for indicators analysed by geographic level. Hot spot
analysis using the Gertdrd Gi* statistic was performedo detect high burden areasf IU

transmission aprovincial level using districts as the unit of asédy

Part of this work utilized routinely collected surveillance data for HIV programs under ethical clearance
issued to the NICD (M1@®%7) by the Human Research Ethics Committee (HREC) of the University of
the Witwatersrand (Appendix 3.1). This clearance esithe requirement for patient consent for

studies conducted by the NICD, which audit routine programmatic data from the national HIV

surveillance programme. Patient identity was protected by anonymizing the data prior to analysis.

There wee approximately 58 million people in South Africa in 2018 with half of the population (51%)
being female (Figre. 3.1). Women of reproductive age constituted 27% of the total population, while
WRLHIV (3.8 million) accounted for approximately 7% of the pajpulation. There was a total of 4.7
million (8.1%) AGYW of which 4798 (10.1%) were living with HIV in South Africa. Gauteng province
had the highest number of females (all agés)owed by KwaZuhNatal the Eastern Cape and the
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Western Cape (Fige. 3.2). The Northern Cape had the lowest number of females during the analysis
period. A similar trend was observed for women of reproductive ager@ig3A) and AGYW (kice.

3.3B), where 69.5% and 67.9% occurred in the four most populous provinspecteely. However,

the analysis of the geographic distribution of WRLHI\U(EI.3C) and HINmfected AGYW (Filge.

3.3D) showed that 74.4% and 86.7% respectively, of these women were located in four provinces. The
latter comprised three of the foumost populous provinces but included Mpumalanga instead of the
Western Cape. KwaZuNatal and Gauteng provinces recorded the highest numbers of WRLHIV at
approximately 1 million each, contributing 53.7% of the total population of WRLHIV in the country

followed by the Eastern Cape, Mpumalanga and Limpopo provinces.
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Figure3.1: Profile of females of reproductive age in South Africa in 2018.

Abbreviation: Stats SA Statistics South Africa.

Overall, out of approximately 1 million live births in the country; between GBB286000 births
occurred to women living with HIV in 2018 (Tak®. Limpopo province had the third highest number
of live births in 2018 ahead of the Eastern Cape andt¥vesape provinces (TabBe2). This was in
keeping with Limpopo province having the highest fertility rate throughout the country at (3.1%)
(Table3.2). KwaZuleNatal province recorded the highest number of live births to women living with
HIV, followedby Gauteng and the Eastern Cape respectively (TaBleSimilarly, KwaZulNatalhad

the highest HIV prevalence rate among pregnant women (Tat8p followed by Mpumalanga

province (Tabl&.3).
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Figure 3.2 Populationof females(all ages)py provine in South Africa, 2018.

Abbreviations EC Eastern Cape, FS Free State, GP Gauteng Province, KZNMataZ iR Limpopo Province,
NC Northern Cape, NW North West, WC Western Cape, Stats SA Statistics South Africa.

ThelUtransmission rate for South Africa was 0.8%, translating into 241 casesiofétiéd neonates

per 100000 live birthgTable 3.4 ProvincialUtransmissbn rates ranged from 0.6% in KwaZilatal

to 1.1% in Limpopo province. Distri¢t$transmissiorrates anged from 0.4% to 1.7% with KwaZulu

Natal districts recordingU transmission rates lower than the national average of 0.8% (Ta#l)e 3
Provincial lU case rates were fairly similar and ranged from -B2% cases per 10000 live births in

the Nothen Cape and Mpumalanga respectivdlystrictlevel IU case rates had a greater spread,

ranging from 87415 cases per 100 00 live births (Tabi®.30verall, the four provinces with the most

WRLHIV vyielded 1 417 (65.5%) of lallinfections in 2018. It RRAGA 2y X [ AYLRLRQa
contributed a further 264 (12.2%). Therefore focussing eMTCT efforts in five provinces has the

potential to reduce B81 (77.8%) of alU infections per annum, nationally.
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Percentage of females of reproductive age (15-49 years) by province in South Africa, 2018
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Figure 3.3 Provincial distribution of percentages of: A) females of reproductive age B) adolescent girls and young womeme?) ef reproductive age

living with HIV D) adolescent girls and young women living with HIV in South Africa, 2018. Source: Theviduig| 4.1.

Abbreviations EC Eastern Cape, FS Free State, GP Gauteng Province, KZNKatalZWB Limpopo Province, NC Northern Cape, NWNorth West, WC Western Cape.

Table 3.2 Number of live births (total), number of live births to women living with HIV aRditransmission rates by province in South Africa, 2018.

Number of Live births Y v 15
Prov | Total Live births to women living with HIV Fertility rates positive transmis | rate/100
Population (Total) (<7 days) | sion rate | 000
Thembisa Thembisa | Stats SA| DHIS Thembisa | Stats SA| DHIS NICD | (Stats SA) Thembisa NICD SDW
Model Model Model SDwW Model
EC 6593566 | 126530 | 105796 | 104016 | 27448 | 31950 | 32164 | 31316 2,8% 2,5% 248 0,8%
(11.3%) | (10.8%) | (11.4%) | (11.0%) | (10.9%) | (11.9%)| (11.2%)| (11.7%) 238
FS 2 875 955 57 744 47 306 47 062 13 553 14097 | 14386 | 14 963 2,6% 2,5% 106 0,7%
(5.0%) (5.0%) (5.1%) (5.0%) (5.4%) (5.3%) | (4.9%) | (5.6%) 225
GP | 14931713| 280597 | 205612 | 219958 | 54976 62 095 | 55497 | 56 340 1,9% 2,0% 471 0,8%
(25.7%) | (24.1%) | (22.2%) | (23.2%) | (21.9%) | (20.6%)| (21.7%)| (21.0%) 235
KZN | 11214103| 231742 | 190923 | 195 292 70 126 84770 | 78662 | 75195 2,6% 2,3% 453 0,6%
(19.3%) (19.9%) | (20.6%) | (20.6%) | 27.9%) | (29.2%)| (29.7%)| (28.1%) 254
LP 5 794578 140604 | 123414 | 122932 19 885 26781 | 25265 | 24978 3,1% 3,1% 264 1,1%
(10.0%) (12.1%) | (13.3%) | (13.0%) (7.9%) (9.4%) | (9.4%) | (9.3%) 227
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MP | 4650305 | 94957 | 77353 | 79669 | 24708 | 26996 | 26558 | 26350 | 2,7% 2,4% 245 0,9%

(8.0%) (8.1%) | (8.3%) | (8.4%) | (9.8%) | (9.8%) | (9.5%) | (9.8%) 325
NW | 3914669 | 76700 | 55094 | 58097 | 17119 | 16087 | 15746 | 16353 | 2,7% 2,9% 157 1,0%

(6.7%) (6.6%) | (5.9%) | (6.1%) | (6.8%) | (5.8%) | (5.6%) | (6.1%) 283
NC | 1154340 | 25451 | 24195 | 21549 | 3024 | 4597 | 3970 | 4192 | 2,6% 2,5% 42 1,0%

(2.0%) (2.2%) | (2.6%) | (2.3%) | (1.2%) | (1.5%) | (1.6%) | (1.6%) 179
WC | 6809913 | 122076 | 97298 | 98535 | 14389 | 18389 | 17395 | 18198 | 2,0% 2,1% 176 1,0%

(11.7%) | (10.5%) | (10.5%) | (10.4%) | (5.7%) | (6.5%) | (6.4%) | (6.8%) 183
RSA | 58098 703| 1166 440| 927 113 | 947 110 | 251062 | 285551 | 269 643| 267 887| 2,4% 2,4% 2 162 0,8% 241

Abbreviations Prov province; EC Eastern Cape; FS Free State; GP Gauteng Province; KZNakataZ&lu_impopo Province; MP Mpumalanga Province; NC Northern
Cape; NW North West; Ww@/estern Cape; RSA South Africa; Stats SA Statistics South Africa; DHIS District Health Information System; NIGi3titN&idoa
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Table 3.3HIV prevalence rates by proviean South Africa, 2018

Province HIV prevalence in HIV prevalence in HIV prevalence in HIV prevalence i
females 1549 | pregnant females| pregnant females| Adults 1549 years
years (Thembisg 1549 years (2017 (Thembisa Modell (males andfemales,
Model 2018) ANC survey) 2018) SABSSM 2017)

Eastern Cape 25,4% 33,7% 22,5% 25,2%

Free State 27,7% 32,7% 24.2% 25,5%

Gauteng 23,4% 32,2% 20,2% 17,6%

KwaZuluNatal 35,1% 41,1% 31,4% 27,0%

Limpopo 18,3% 23,4% 15,0% 17,2%

Mpumalanga 29,7% 37,3% 27,0% 22,8%

North West 26,0% 27,7% 22,8% 22,7%

Northern Cape 14,3% 17,9% 12,5% 13,9%

Western Cape 13,2% 15,9% 12,1% 12,6%

South Africa 24,7% 30,7% 22,1% 20,6%

Abbreviations ANC antenatal car6SABSSMouth African National HIV Prevalence, Incidence, Behaviour and

Communication Survey.
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Table 34 Intra-uterine transmission rates and intraiterine case rates per 10000 live births by geographic location in South Africa, 2018.

ANC prevalence
. among pregnant | Registered live . o
Geographic - . PCR Positive IU transmission | I[U Case rate/100
District women* (ANC | births per year (Stats | Total PCR <7 days
Area (<7 days) rate 000
seroprevalence SA)
survey)
South Africa 30,8% 897750 267 887 2162 0,8% 241
Total 30,2% 104325 31 316 248 0,8% 238
Alfred Nzo 26,6% 18230 4171 28 0,7% 154
Amathole 28,3% 11070 3092 23 0,7% 208
Buffalo City Metro 31,2% 17468 4156 30 0,7% 172
Eastern Cape i _
Chris Hani 31,9% 11178 3839 22 0,6% 197
Joe Gqgabi 28,3% 2475 1476 9 0,6% 364
Nelson Mandela Bay Metro 29,9% 16717 3717 54 1,5% 323
O R Tambo 33,3% 21847 9 068 63 0,7% 288
Sarah Baartman 25,4% 5340 1797 19 1,1% 356
Total 29,8% 47047 14 963 106 0,7% 225
Fezile Dabi 26,5% 7353 2570 15 0,6% 204
Lejweleputswa 27,3% 9832 3260 21 0,6% 214
Free State
Mangaung Metro 31,7% 15559 4 475 29 0,6% 186
Thabo Mofutsanyana 31,0% 12942 4328 38 0,9% 294
Xhariep 35,1% 1361 330 3 0,9% 220
Total 30,2% 200726 56 340 471 0,8% 235
Gauteng City of Johannesburg Metro 29,6% 57855 17 317 165 1,0% 285
City of Tshwane Metro 25,3% 62923 12 524 109 0,9% 173
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Ekurhuleni Metro 31,6% 57406 17 761 152 0,9% 265
Sedibeng 34,0% 14835 4 039 17 0,4% 115
West Rand 35,5% 7707 4699 28 0,6% 363
Total 44,4% 178456 75 195 453 0,6% 254
Amajuba 39,7% 8199 3303 22 0,7% 268
eThekwini Metro 46,2% 55992 23 409 139 0,6% 248
Harry Gwala 39,5% 8371 3050 18 0,6% 215
iLembe 44,3% 9170 4616 27 0,6% 294
Kwazulu-Natal Ugu 45,9% 12595 5659 31 0,5% 246
uMgungundlovu 46,2% 14523 7173 47 0,7% 324
uMkhanyakude 46,3% 13232 6 067 26 0,4% 196
Umzinyathi 36,7% 11867 3640 21 0,6% 177
uThukela 36,3% 11441 4 577 17 0,4% 149
uThungulu 45,9% 16894 7 403 55 0,7% 326
Zululand 48,4% 16172 6 298 50 0,8% 309
Total 21,7% 116276 24 979 264 1,1% 227
Capricorn 21,6% 26133 5 847 61 1,0% 233
Limpopo Greate.r Sekhukhune 22,6% 25747 5098 50 1,0% 194
Mopani 24,5% 22170 5335 53 1,0% 239
Vhembe 16,8% 30009 4 560 54 1,2% 180
Waterberg 25,8% 12217 4139 46 1,1% 377
Total 34,9% 75369 26 350 245 0,9% 325
Ehlanzeni 38,5% 39407 13524 128 0,9% 325
Mpumalanga
Gert Sibande 38,6% 15886 7195 66 0,9% 415
Nkangala 25,1% 20076 5631 51 0,9% 254
Total 29,2% 55392 16 353 157 1,0% 283
North West Bojanala Platinum 33,8% 18421 6 299 54 0,9% 293
Dr Kenneth Kaunda 30,9% 12291 3618 37 1,0% 301
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Dr Ruth Segomotsi Mompati 22,1% 9182 2314 24 1,0% 261
Ngaka Modiri Molema 23,9% 15498 4122 42 1,0% 271
Total 19,0% 23402 4192 42 1,0% 179
Frances Baard 24,3% 8957 1733 15 0,9% 167
Northern Cape John Taolo Gaetsewe 21,9% 5162 1171 7 0,6% 136
Namakwa 2,9% 1550 113 2 1,8% 129
Pixley Ka Seme 15,8% 2843 540 7 1,3% 246
ZF Mgcawu 14,5% 4890 635 11 1,7% 225
Total 18,9% 95997 18 199 176 1,0% 183
Cape Winelands 15,2% 13354 2127 25 1,2% 187
Central Karoo 11,8% 1156 109 1 0,9% 87
Western Cape | City of Cape Town Metro 21,6% 63800 13 288 121 0,9% 190
Eden 15,7% 9062 1415 18 1,3% 199
Overberg 19,8% 3855 723 6 0,8% 156
West Coast 13,8% 4770 537 5 0,9% 105

Abbreviations Stats S/Statistics South Africa; PCR polymerase chain reaction; ANC antenatal care;-Uteniriea * ANC sergprevalence survey was used because the

Thembisa Model does not providdistrict-level estimates.
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females. Gauteng province had the highest number of females, accommodating a quarter of the total
population of females (all ages). The majority of all wom2®253423 (68%), and women of
reproductive age, 1058758 (70%), were located in the densely populated provinces; that is Gauteng,
KwaZulb F G £ X 2S&0GSNY /LIS FYR 9FaGSNY /LIS LINRBGAYC
of WRLHIV followed a silar trend, Mpumalanga and Limpopo had the fourth [388 (10%)] and

fifth, [266 705 (7%)] highest number of WRLHIV ahead of the Western Cape. Adolescents and young
women were also mostly located in the big four province213832 (68%). Ten percent (4798) of

all AGYW were living with HIV in South Africa in 2018. Gauteng, Kwhataly Eastern Cape and
Mpumalanga, had the highest percentage of AGYW living with HIV at 3®#, 13% and 12%
respectively.Although the national IUransmission rate was 1<0%, 241 per 100 000 neonates

acquired HIV frontheir mothers in 2018 at birthMpumalanga, North West andwaZuluNatal had

IU case rates that were above the national average at 325, 283 and 254 cases 8010@&births.

Districts IUcase rates vaed greatly and ranged from as low as @Y to 415 cases per 10000 live

births. However, even districts with the lowdkttransmission rate at birth, still had case rates higher

than the eMTCT target without taking infections after birth into account.

Based on the demographic profiles of provinces, findings of these analyses suggest disparities in the
need for eMTCT interventions. In this last mile to eMTCT, it may be worthwhile strengthening
interventions in provinces that have the largest numbers dRIMIV (north eastern parts of the
country) as well as those regisrwith the highest IUransmission rates and |dase rates while
maintaining current levels of support elsewhere. Although early transmission rates are below the
eMTCT target of <5%, Soutfriéa is not positioned to achieve eMTCT case rate targets because of
the extremely hgh maternal HIV seroprevalent&However, the country has a walbktablished
PMTCT programenin place. Closing PMTCT gad scaling up sexual and reproductive health for
preventing vertical transmission of HIV could represent low hanging fruit. Sexual and reproductive
health services should include intensifying family planning and contraception services amongst all

women d reproductive age regardless of HIV status and providingegp®sure prophylaxis to AGYW.

A 2 4 A ~
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the burden of HIV in women and AGYW was also pronounced in Linapdddpumalanga provinces.
Limpopo province has the highest fertility rate in the country and a high proportion of AGYW without

HIV who may benefit from family planning and {gxgosure prophylaxis initiatives. Mpumalanga also
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has a significant amount of RLHIV who may be in need of family planning services. Cross border
mobility of pregnant women seeking healthcare from neighbouring countries may be a contributing

factor to high WRLHIV and fertility rates in these two provinces.

The findings from our angdis d IU transmission rates did not necessarily follow the underlying
population densities. We observed lower transmission rates in Kwa¥atal which has the highest
number of WRLHIV and live births to women livmigh HIV. We attribute the low IU tresmission

rates in this province and its districts to the larger denominator (total live births, Bablend/or a

more effective PMTCT programme. The converse probatiains the high Ittansmission rate in

the Northern Cape and its districts, whesmaller denominatas result in higher IWates. Poor de
duplication of HIV PCR positive test data may also result in some provinces likestermCape
having IUransmission rates that are above the national average. These results suggest that case rate
per 100 000 may be a better indicator for monitoring programme performancéhatvarious
geographic levelé as it is directly linked to the performance of the PMTCT programme, for example
coverage of services and attainment of viral suppression inranegy. Since mogrovincial level 1U

case rates were fairly similar, it is nesapy to tackle the I\dase rates atlistrict levelwhere there is
considerable vaation. Districts with high Iltase rates deserve special attention with respect to
improving PMTCT serviceéle attempted to perform hotspot analysis to assess whether differences
in IU transmission rates between provinces were significant, wiistgct-level data as the unit of
analysis and the resulisere inconclusive @pendix 3.2 becauseof insufficient data points. Next
steps should use facility level data (which was not available to this study) to provide more data points

and enable more robust results for this particular analysis.

Despite the distinct geographical differences in WRIaH/AGYW, attainment of eMTCT will require
more than understanding the geographic distribution of all WRLHIV. In order todakteMTCT, it is
critical to target PMTCT pillasf prevention of HIV infectionhand family planning particularly in
AGYW. Tdé proposed School Health Programme which caters for sexual and reproductive health
education and HIV testing in schools among children agjédyears, has the potential to reduce
maternal HIV prevalence in future and enable eMTCT. Among AGYW with Hitiemd@/BLHIV, the
focus needs to shift towards virologic control, with specific attention to pregnant women, especially
considering maternal viral load is ther@tgest predictor of MTCT riskTherefore, improving viral

load monitoring during pregnancy.etivery and breastfeeding, and improving quality of patient
management among WRLHIV and all HIV positive pregnant women may translate into improved viral
load suppression rates. Achieving this in the big four provinces mayréakteMTCT. There is urgent
need to effectively track and monitor viral loads of all HIV positive pregnant women. A marker of

pregnancy, delivery and the postpartum period within the NICD SDW as recommended in the 2019
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National PMTCT guidelines, should allow for monitoring of leiaal suppression rates at facility level
in near real ime to advance UNAIDS-90-90?°targets in women of reproductive age, partiaty in
high risk areas. Such monitoring will provide information on the true picture of viral load burden

during pregnany and prompt rapid intervention. Currently this information is lacking.

In our analyses, the Thembisa Model was used as our primary data source because the model was
specifically designed and is used for estimating HIV populations in SA. As a result it contained data for
10/12 indicators reviewed for these analyses. Howevstingates may be inaccurate if underlying
assumptions are incorrect. We therefore used other data sources to validate the data. Although there
were differences in absolute numbers; we found that data from the other sources was generally within
the upper andower limits of the Therhisa model estimateAppendix 3.8 This may be because the
Thembisa Model uses some of the data we triangulatétth it, for example Stats SAVhere there

were significant differences, we attribute these to differences in (i)hmdology or (ii) in reporting
intervals or (iii) data quality issues for some of the data sources used for triangulation purposes. For
example, the latest data fahe ANC seroprevalence survey at the time of writing 2@&7, while the
reporting period fo these analysewas 2018 Appendix 3.3 The laboratory based data lacks unique
patient identifiers therefore deduplication may be incomplete, resulting in osestimation of
transmission rates. Intrpartum transmission rates would be anticipdteo be similar to U
transmission rates however; postnatal transmissions would depend on breastfeeding practices (e.g.
duration of breastfeeding), postnatal virologic control and incident maternal infections which we were

not able to measure.

We have attempted to quantify the need for eMTCT interventions based on the demographic profile
of provinces in South Africa. Our results confirm what is mostly known. The need for HIV/eMTCT
resources is greatest in Gauteng, KwaAd&ial and Eastern Capd.impopo and Mpumalanga
provinces also warrant attention. While advocating for allocation of interventions for eMTCT on a
needsbasis; it is important not to neglect those provinces with the least need. Routine monitoring
and surveillance needs to continuetil the country reaches eMTCT. Ending paediatNewdll require

robust VLmonitoring & intervention among WRLHIV in general, as well as pregnant and breastfeeding
women. The NHLS laboratory data have plogential to provide Vimonitoring service neareal time

until clinical databases can assume this role.
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4.1 Introduction

One in three pregnant women accessing antenatal care (ANC) in the ipedliilc sector in 2017 were

living with HIV in South Africa (SA). HIV testing and antiretroviral therapy (ART) initiation rates
amongst antenatal care (ANC) clients were near universal at 97% and 98% respdgtinedy the
national prevention of motheto-child transmission of HIV (PMTCT) programme had achieved the first
and second UNAIDS 90-90 targets for pregnant womehThe early infant diagnosis programme
demonstrated a national intraiterine transmission rate of <1% by 20%IMence the programme faus

has shifted from PMTCT to eliminating motherchild transmission of HIV (eMTCT), defined as fewer
than 50 cases per 1aD0 live births at the end of the breastfeeding perfod

Notwithstanding past programme successes, efforts towards eMTCT arengwll by several well
described factors including an extremely high maternal seroprevalence rate of 30% wWhiefeGIT

rate of 1% equates to a pdiatric HIV incidencdive times greater thanthe eMTCT target
Additionally, suboptimal viral suppression angp pregnant women living with HIV (WLHIN§
common and has been associated with increased risk of perinatal transmission. Ending paediatric HIV
requires virological suppression throughout the continuum of PMTCT care with HIV viral load (VL)
monitoring anong pregnant and breastfeeding WLHIV being central to any PMTCT programme
steering towards eMTCT. Regrettably, HIV VL monitoring among pregnant and breastfeeding WLHIV
in SA remains podr

In 2013, SA scaled up HIV VL testing as a monitoring stratedyefaational HIV responseHIV VL
monitoring was recommended at six and 12 months post initiation for WLHIV initiating ART during
pregnancy or breastfeeding, and at first ANC booking for WLHIV on ART prior to pretima2@y5,

the guidelines extended MI VL monitoring to six monthly monitoring during pregnancy and
breastfeeding for all WLHIV on ARANn HIV VL three months post ART initiation was recommended
F2NJ2[ 1L+ ySgte RAFIY2ASR RdNAyYy3I LINBIAYEyO@ 2N (K
copies/mL prompted comprehensive adherence counselling and a repeat HIV VL test withivoone
months. In October 2019, the guidelines were revised yet again, attempting to improve HIV VL
monitoring among pregnant and breastfeeding WLHIV as followktIi)VL test at delivery for all
pregnant WLHIV and (ii) HIV VL suppression threshold revised from <1000 to <50 coffiddienL

latter was, in part, aimed at minimizing MTCT risk associated withele&l and transient viraemig2
Regarding maternaART regimens, women received a fixed dose combination of Tenofovir,
Emtricibatine and Efavirenz as first line therapy and second line therapy being a protease inhibitor

based regimend These regimens did not change during the study period.
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Despite policy pvisions, there is a paucity of data on changes in maternal HIV VL over time during
pregnancy and the postpartum period in SA. Studies from routine settings in the Western Cape
followed pregnant WLHV initiating ART from the fANC visit up to 12 monthggrasn and reported

HIV VLs of <50 copies/mL in-78% of pregnant WLHIV at delivery, Hevel viraemia (561000
O2LIASakKY[ 0O AYy vy YR xmnnn 0O2LIASakNYSindeythe HIN2 2 T {
epidemic in the Western Cape differs fromhet rest of the country, these findings may not be
generalizable across the country. Using a national laboratory dataset, we describe changes in maternal

HIV VL over time during pregnancy, through delivery and up to 15 months postpartum among

pregnant WLHIYeceiving care in the public health sector in SA.

4.2.1 Setting

The majority of pregnant WLHIV access ANC in the public health seSuth AfricaA ddail of ANC

services and management of pregnant WLHIV has Hesearibed previousl{fChapter 2)

4.2.2.Studydesign

Thiswas aretrospective cohort analysis of maternal viral load (VL) during pregnancy and up to 15
months postpartum amongst RLHIV (1849 years) within the publibealth sectobetween2016and
2017 Adetailed explanation oftte creation of the studgohorthas been provideth Chapter 2

4.2.3 Study masures

Definition of main study variables

1 First HIV VL during pregnandie first HIV VL performed at fANC visit for ARperienced
pregnantWLHIV or after three months of ART for pregnant WLHIV not on ART at fANC visit.

9 Virologic response threshold$llV VL results (copies/mL) were categorized into i) VL
suppression (VL <50), ii) ldevel viraemia (VL: 50 Mmnnn0 YR AAAO0 KAIK =]

1 Postpartum VLANny VL performed within 15 months postpartum.

f Comorbidities during pregnantdy 2 2 YSY K2 G(GSaidSR LR2aAGADBS xwm
function or tuberculosis (TB) during the study period. Syphilis positivity was defined by any
Rapid PlasmirReagin RPR positive test excluding RPR positive tests with discordant
Treponema Pallidum Haemagglutination Assay or Treponema Pallidum antibodies

(TPHA/TPAD Serum creatinine values >07 Y 2 f 87t mg/dlyidentified pregnant wonre
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with poor kidney finction*® Tuberculosis status was determined by searching the national TB
register within the NHLS CDW.

4.2.4 Data analysis

Performance of the study algorithm in identifying pregnar®®WIV from the NHLS CDW was assessed
by determining the percentage g@regnant WLHIV in the study cohort from total live births to-HIV

positive women reported in DHIS by geographic area during the study period.

Descriptive statistics were used to describe pregnar® WV, stratified by year of pregnancy.
Analyses of materdddlV VL changes over time examined i) changes in HIV VL values over time from
the fANC visit through delivery and up to 15 months postpartum ii) time to HIV VL <1000 copies/mL
among women with an initial high HIV VL at first HIV VL measurement andt@rsfassociated with

HIV VL decline during follow up.

For changes in HIV VL over time, observed valuesgtiagsformed quantifiable VLs were described

using medians and interquartile ranges (IQR) stratified by ART status at fANC visit. Fractional
polynomial models were used to predict meandoglV VL values among study participants during
follow up, with mea HIV VL values and associated 95% confidence intervals (Cl) reported at given
time points. Time to HIV VL <1000 copies/mL was determined by calculating the time difference
between the date of the initial high HIV VL and the earliest HIV VL <1000 cop@@stng women

with a high VL at first HIV VL measurement. Median times in months (IQR) were regtnaétied

by ART status at fANC visit and compared using the Kruskall Wallis test. Piecewise linear regression
models with splines at four, eight and 12nths were used to determine factors associated with HIV

VL decline during follow up. Splines were set at <4 months after the fANC visit, at delivdd/, 8
months postpartum and late (225 months) postpartum. The regression model adjusted for maternal

age, comorbidities, geographic location, ART status, maternal HIV VL and CD4 count at fANC visit. Data
analysis was performed in STATA 14 (StataCorp, College Station, Téxas, US

Ethics approval for the study was obtained from the Wteanan Research Ethics Committee (HREC
no. M180854).
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4.4.1Description of pregnant WLHIV in the synthetic cohort

A synthetic cohort of 17819 pregnant VRLHIV was created from the NHLS CDW data. When
compared to total live births to H¥positive women from DHIS, all provinces were represented in the
study cohort with some under or oveepresentation (Tabld.1). However, the provincial distribution

of preghant WRLHIV in the country was comparable between DHIS and the study cohort (#igjure

Among 178 319 pregnant RZHIV in the synthetic cohort, 85 545 @%) were AR&xperienced,
88877 (498%) were not on ART, and ART status at fANC visit could detdyenined for 3897 (22%)
(Table 4.1). Median maternal age at fANC visit wag 28ars, (IQR: 28-33.9). Majority of women
were from Gauteng and KwaZtiNatal provinces, accounting for 8% and 23%% of the cohort
respectively (Table 4.1). Median CBeunt at fANC visit was 407 (IQR: Z5®) cells/mm for the
entire cohort with 19158 (16.4%) women showing levels consistent with severe immune compromise
(<200 cells/mM)and4lc cH 6o p ®c:2 0 KIF @AY 3 YaSANCQgtdzy G & xp nn

Syphilis seropositivity was3®%6 (n=5 943) for the entire cohort and ranged from526 by province. A
total of 7936 (45%) pregnant \RLHIV had a serum creatinine value ¥7¥ Y 2 f 87 mg/dlnand

2364 (13%) tested positive for TB dog the current pregnancy. In total, 575 (87%) pregnant
WR I L+ KIFEIR SOARSYOS 2F xm O2Y2NDBARAGE®
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Table 4.1. Provincial distribution of pregnant®/ | L+ Ay GKS aiGdzRé O2K2NIi O2YLI NBRLE2A GKBS562YSYPRA ¢
Jan 2016Dec 2017 in South Africa.

2016 2017 Total
Province Live births | Pregnant Live births | Pregnant Live births | Pregnant

to HIV+ women in "% to HIV+ women in % to HIV+ women in %

WRLHIV | study WRLHIV | study WRLHIV | study
Eastern Cape 29 750 10 291 34.5% 31299 8 383 26.8% 61 049 18 674 30.6%
Free State 13 005 2203 16.9% 13 882 1520 10.9% 26 887 3723 13.8%
Gauteng 55 047 28 885 52.5% 55 308 23875 43.2% 110 355 52 760 47.8%
KwaZulu-Natal 67 162 21583 32.1% 74 628 20 398 27.3% 141 790 41981 29.6%
Limpopo 23871 11 235 47.1% 24 524 9 007 36.7% 48 395 20 242 41.8%
Mpumalanga 24 642 6 990 28.4% 25 662 5513 21.5% 50 304 12 503 24.9%
Northern Cape 3912 1242 31.7% 3756 1154 30.7% 7 668 2 396 31.2%
North West 14 558 3588 24.6% 15 235 3312 21.7% 29793 6 900 23.2%
Western Cape 15 250 10 784 70.7% 16 673 8 356 50.1% 31923 19 140 60.0%
South Africa 247 197 96 801 39.2% 260 967 81518 31.2% 508 164 178 319 35.1%

Abbreviations DHIS South Africabistrict Health Information System; RVHIV womerof reproductive agdiving with HIV."% represents pregnant RLHIV in the study

cohort as a proportion of total live births to HPpositive women reported in DHIS
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Figure 4.1Percentage of pregnant WLHIV by province in the study cohort compared to the South
FFNROFY 51 L{ AYRAOI (2 NLI2&FA (RIZRSdemdonsiSyES sindildr NI K &
distribution, with the study cohort being undeepresented in some provinces.(. KwaZuhkNatal,

Free State) and ovaepresented in Gauteng, Western Cape and Limpopo

Abbreviations WRLHIV womerof reproductive agdiving with HIV; DHIS District Health Information System.

4.4.2Changes in HIV VL values over time

The cohortcontributed 345 174 HIV VL measurements, media2=(IQR: Z) HIV VLs per woman
during follow up. The first HIV VL performed during pregnancy4®631/74 066) had a mean
predicted VL of ®6 logo VL copies/mL [95% Cl03-3.08] decreasing to .85 [253-2.58] at delivery
(n=20773/40 016) and %2 [251-2.54] postpartum (n=34881/72 673). Overall, proportions of
20aSNIBSR GANI SYALl 06+ 756 (§36%) aXipsst BA\S ALkméfsuremséns dBng o o
pregnancy14 780 (369%) at delivery and 2328 (335%) postpartum.

Among 40 660 (43%) AR-Experienced pregnant W.HIV with an HIV VL at fANC visit, 17 45@¢4»

KFER F [ xpn O2L:IaKY[R Hy R [y xmpim nd OBMIEPiEskY [ = g A (
of 25 (IQR: I7-3.8) among women vwh quantifiable HIV VL at fANC visit. Among3238 (364%)

pregnant WRLHIV not on ART at fANC visit with an HIV VL after the first three months of A%8, 21

661520 KIFIR I £[ xpn OMINS KW I yal  mgm ndnafted@ridh S &« Y
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median of 39 (22-5.8) months Overall, 72702 (408%) womenreceived m

VIL during the

postpartum periodViraemia at the time of delivery and postpartum were similar in pregnaift MV

regardless of ART status at fANGIgure4.2 describes maternal N VL decline during follow up
stratified by maternal ART status at fANC visit, overall (A) anddiorar with quantifiable HIV VBY.

Provincial differences in HIV VL decline during follow up wbserved, Figure 4.3

Table 4.2. Demographic and cliniczharacteristics of pregnant WLHIV in South Africa, comparison
of NHLS CDW dataset 2016 versus 2017.

Characteristic Total 2016 2017

N=178 319 N= 96 801 N=81 518
Age at fANC visit/(Years)
Median (IQR) 29.2 (248-33.9) 29.0 (246-33.7) 29.5 (250-34.1)
<25 46 653 (262%) 26374 (273%) 20279 (249%)
25-<35 95994 (538%) 51849 (536%) 44145 (542%)
35<45 34672 (194%) 18073 (187%) 16599 (204%)
4549 1 000 (06%) 505 (05%) 495 (06%)
Province
Eastern Cape 18674 (105%) 10291 (106%) 8383 (103%)
Free State 3723 (21%) 2203 (23%) 1520 (19%)
Gauteng 52760 (296%) 28885 (298%) 23875 (293%)
KwaZuluNatal 41981 (235%) 21583 (223%) 20398 (250%)
Limpopo 20242 (114%) 11235 (116%) 9007 (111%)
Mpumalanga 12503(7.0%) 6990 (72%) 5513 (67%)
Northern Cape 2 396 (13%) 1242 (13%) 1154 (14%)
North West 6 900 (39%) 3588 (37%) 3312 (41%)

Western Cape

19140 (107%)

10784 (111%)

8356 (103%)

ART status at fANC visit

ART experienced 85545 (480%) 45128 (466%) 40417 (496%)
Not on ART 88877 (498%) 48525 (501%) 40352 (495%)
Unknown 3897 (22%) 3148 (33%) 749 (Q9%)

CD4 count at fANC visit among ART
experienced VRLHIV at fANC visit

Median (IQR) 436 (279607) 420 (269585) 456(291-632)
<500 28 827 (6QL%) 16 071 (630%) 12 576 (577%)
X p 19 169 (39%) 9 432 (370%) 9 737 (433%)

CD4 count at fANC visit amongRVHIV
not on ART at fANC visit

Median (IQR) 383 (244551) 383 (244547) 385 (244556)
<500 45 613 (683%) 24 422 (687%) 21 191 (678%)
Xp AN 21174 (317%) 11129 (313%) 10 045 (32%)

First HIV VLduring pregnancy among
ART experienced WL_HIV at fANC visit

Median logo VLcps/mL(IQR)

25 (17-3.8)

2.5 (17-3.9)

2.4 (17-3.8)

<50

23210 (571%)

11227 (558%)

11983 (584%)
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50<1 000

8999 (221%)

4548 (226%)

4451 (217%)

XM nanan 8451 (208%) 4362 (217%) 4089 (199%)
First HIV VLduring pregnancy among

WRLHIV not on ART at fANC visit

Median logo VLcps/mL(IQR) 3.7 (25-4.6) 3.7 (26-4.5) 3.6(24-4.6)

<50 10757 (333%) 4945 (312%) 5812 (353%)
50-<1 000 6 655 (206%) 3237 (204%) 3418 (208%)
XM NN 14913 (461%) 7 669 (484%) 7 244 (440%)
HIV VLat delivery

Median logo VLcps/mL(IQR) 2.1 (15-3.2) 2.2 (16-3.2) 2.0(1.53.1)
<50 25236 (631%) 13301 (610%) 11935 (655%)
50-<1 000 9047 (226%) 5214 (239%) 3833 (210%)
XM nnn 5733 (143%) 3280 (151%) 2453 (135%)

Comorbidities during pregnandy

None

162744 (913%)

88355 (913%)

74389 (913%)

Present

15575 (87%)

8 446 (87%)

7129 (88%)

"Observed HIV VLAbbreviations fANC first antenatal care visit; IQR interquartile range; ART antiretroviral

therapy; VL viral load; cps/mL copies per millilit@pmorbidities defined by positive tefr at least one of the

following conditions: syphilis, poor kidney function or tuberculosis; NHLS CDW National Health Laboratory

{ SNBAOSQa

/ 2 N1J2 NWVRLKEV oménlof reprodudiive agizéivig with. HIV

I
a1 | = i
: Estimated time of delivery I . . .
7o | 5 : Estimated time of delivery
5 [ E I
I : | = |
s | oo |
-3 | 5 I
SN | o |
= i = |
. | VL =50 copies/mL | VL =50 copies/mL
27 — = | /_/ 2 ]
|
= ' I
| T T T I T u
0 5 10 15 2 0 5 10 15 20
Time from fANC /Months Time from fANC (Months)
9
A 95% Confidence Interval On ART atfANC B 95% Confidence Interval On ART at fANC
Not on ART at fANC

Not on ART at fANC

Figure 4.2 Viral load decline ovdéime by ART status at first antenatal visit (A) Overall: HIV VL
measurements n338688; Observed HIV VLs that were lower than the detectable limit of the assay
were assigned a value of zero (B) AmondRMIV with quantifiable VL: HIV VL measurements n=
192140.

Abbreviations VL viral load; ART antiretroviral therapy; fANC first antenatal visit; Cl confidence inteRzal|\WV

womenof reproductive agdiving with HIV.
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4.4.3Time to HIV VL <1000 copies/mL among pregnant women with high VLs

Among 23 904322%) pregnant\W[ | L+ @gK2aS TFANRG | L+ 000 fopiddaNA y 3 LIN
16 951 (7M%) had a subsequent VL during pregnancy or postnatal period. Among those with a
subsequent VL, 880 (530%) had a VL <00 copies/mL at the next HIV VL testh a median time

of 3.7 (IQR: 35-6.0) months between the two tests. There was no difference in median time to VL

<1000 copies/mL between pregnantRVHIV who were ART experienced, AQR: Z-5.9) months,

and those not on ART at fANC visit, BQR2.5-6.1) months, respectively.

4.4.4Factors associated with HIV VL decline during follow up

w

Sustained raternal HIV VL declife dzNA y3 F2f f 246 dzLJ 61 & LINSRAOGSR o0&
copies/mL and absence of comorbidities at baseline (T&dll@® hf RSNJ YIF G SNyt | 38§
alo asociated with HIV VL declindespite lack of statistical evidence for differences in virological
O2yiNRt 0S8SG6SSy GKS fup &@SIFENBE YR xnp &%LNB | 3¢
occurred betweerthe fourth month after fANC and the time of delivery, with increased HIV VL in the

late postpartum period (Tablé.3).
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Figure 4.3. Viral load decline over time by provindeogo HIV VLs of observed HIV VLs that were
lower than detectable limit of assay were assigned a value of zero. Horizontal line: HIV VL <50

copies/mL; Vertical line: Estimated time of delivery (maximum 7 months from first ANC visit)

Abbreviations:VL viral lad; fANC first antenatal care visit; EC Eastern Cape; FS Free State; GP Gauteng province;
KZN KwaZuliatal; LP Limpopo province; MP Mpumalanga; NC Northern Cape; NW North West; WC Western

Cape. Vertical line: Estimated time of delivery (maximum 7 momtms first ANC visit).
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Table 4.3. Results from a piecewise linear regression model predicting \g decline from the
first ANC visit up to 15 months postpartum among pregnaRLHIMn South Africa, Jan 201Bec
2018.

Predictors Number of HIV VL measements= 12879
Coefficient 95% ClI P value
(|Oglo VL)

Time from fANC visit

<4 months 1.0 Reference -

4-<8 months -0.74 -0.76 t0-0.72 <0.001

8-<12 months -0.12 -0.15t0-0.10 <0.001

12-15 months 0.27 0.24-0.30 <0.001

Maternal age at fAN@isit/ Years

<25 1.0 Reference -

25<35 -0.08 -0.09 t0-0.06 <0.001

35<45 -0.10 -0.12 t0-0.07 <0.001

4549 0.04 -0.05t0 Q14 0.390

First HIV VL during pregnancy

(cps/mL)

<50 1.0 Reference -

50-<1 000 1.19 1.16to 120 <0.001

XL 000 231 2.30to 232 <0.001

CD4 count at fANC visit

<500 1.0 Reference -

Xpnan -0.28 -0.34 10-0.22 <0.001

“Comorbidities during pregnancy,

None 1.0 Reference -

Present 0.12 0.09to Q14 <0.001

ART status at fANC visit

ART experienced 1.0 Reference -

Not on ART -0.18 -0.191t0-0.16 <0.001

Province

KwaZuldNatal 1.0 Reference -

Eastern Cape 0.29 0.26-0.31 <0.001

Free State -0.09 -0.13t0-0.04 0.001

Gauteng 0.12 0.10 to Q14 <0.001

Limpopo 0.31 0.29 to 034 <0.001

Mpumalanga 0.08 0.05to Q12 <0.001

Northern Cape -0.01 -0.05 to Q04 0.842

North West 0.05 0.01 to Q09 0.010

Western Cape 0.01 -0.02 to Q03 0.667

"Missing data excluded from multivariate analysiébreviations CI confidence interval; fANC first antenatal
care visit; VL viral load; mL millilit"&€;omorbidities defined by having of the following conditions (poor kidney
function, tuberculosis or syphilis); ART antiretroviral therggRLHIV women of reprodueé age living with

HIV.
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We present maternal HIV VL changes over time within the PMTCT programme at national level in SA.
Overall, a steady decline in maternal viraemia from first presentation at ANC to delivery was
demonstrated with an in@ase towards the end of the postpartum period. A decreasing trend in

LINR L2 NIIAZ2Y&d 2F GANISYAO 62YSy 6+[ xpn O2LASaKY]
pregnancy to 37% at delivery and 34% during the postpartum period was observed. At fANG%isit

of ARTexperienced pregnant W | L+ KI R I +*[ xpn O2LIASakRHV gKAE S
y24 2y ltwe G Frb/ @GArarid aildatf KIPhvinad diffeyenoes O2 LIA S 2
in sustaining HIV VL suppression (VLS) into the pastpgeriod were notedHIV VL decline during
F2tt26 dzLJ 61 a LINBRAOGSR o6& KFE@Ay3a F /5n O2dzyi X

absence of comorbidities at fANC visit.

These findings support previous reports from smaller, localised studi&A*1416 A review of
maternal HIV VLs from routine care settings in the Western Cape province reported a predicted mean
pre-ART HIV VL ofQtlogo VL copies/mL at fANC visit, decreasing 0 lbgo VL copies/mL after
approximately three months of RT use and 73% of the cohort achieving VL <50 copies/mL at
delivery'34 A mean of F logo VL copies/mL after three months on ART was predicted for women
not on ART at fANC visit in this studige higher VLs and lower proportion of VLS at deliy@8po)in

this study were attributedto the heterogeneity of virologic control across provinces. However, the
national VLS of 63% at delivery concurs with reports from esesgonal studies examining maternal
viraemia at delivery, reported at around 3% Findings suggest that despite >95% coverage for
the first two UNAIDS 9080-90 targets, the third 90 target in pregnant women at delivery (and
L2 AG LI NIdzYdo A& cor FYR ye2 F2NJ £ xpn YR xmnnan

Althougha decreasing #nd in maternal viraemisavas observedan increase in the late postpartum
period was noted. This raises concern for late postnatal transmidstéi’18Studies from both low

and highincome countries have reported poor virologic control during thetpagum period,
particularly among WLHIV already on ART before pregnatiéy This is possibly due to social
pressures (e.g. unplanned pregnancies) which facilitate poor adherence to ART and/or pregnancy
related physiological changes that predispose wante viraemia?>?® Alternatively, the higher
proportion of viraemia among ART experienced women may be due to misclassification error
introduced by the studylgorithm of assigning ART status at fANC visit. However, DHIS showed that
proportions of ARExperienced women at fANC visit were 45.8% and 55.7% for 2016 and 2017
respectively, suggesting that the study algorithm pemfed adequately in this regard. Adjusted
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analyseshowed quicker HIV VL decline during follow up in women not on ART at fANOw=red

to ARTexperienced women. This is likely an effect of susceptibility of maternal virus to ART among
women newly initiating ART during pregnancy compared to-é¥p€rienced women. Even so, two
GKANRA 2F 62YSy y20 2y Iskwmtafterthreémobtiis of BRTudeliBedaus®R + |
the NHLS CDW is not a clinical longitudinal cohort monitoring system, data on maternal ART regimens
were unavailable. Hence, the effect of type or length of maternal treatment on virological control

during followup could not be assessed.

Similar to other studi€4'® younger maternal age (<25 years) at baseline was associated with viraemia
during follow up. A quarter of pregnant RMHIV were aged <25 years in this study representing a
significant proportion ofpregnant WRLHIV who require targeted care packages to ensure VL
suppression for eMTCT. Almost 70% of CD4 counts at fANC visit were <500 celi@hnreflecting

the gradual transition from CD4 count based ART eligibility criteria towards test anditnéag the

study period. Low CD4 counts may also be attributed to hemodilution that occurs during preghancy
Comorbid conditions were associated with high VLs during follow up. PregridtiN ceinfected

with TB or syphilis are reported to have 2.8 times higher risk of MTCT compared to their negative
counterparts®2?6Thus, screening and treating all pregnant and postpartuRLMIV ceénfected with

TB or syphilis is critical for eMTCT of HIV and syphilis.

This studyhad seveal strengths and limitations. We present findings based on a large sample of
routinely collected surveillance data from the national PMTCT programme. The data provide insight
into changes of maternal HIV VLs over time within a routine programme settimgpased to clinical

trial study populations. Our data are reported nationally and-sationally enabling inteprovincial

evaluation of maternal HIV VL changes over time, which is unique to this study.

Findings are based on a synthetic cohort creatednfrmutine NHLS CDW laboratory data. The
warehouse does not have a marker for pregnancy, therefore our results rest on the performance of
criteria used to identify WLHIV as pregnant. We anticipate that our inclusion criteria were highly
specific and excluetl majority of nompregnant women as well as some pregnant women but the
proxy variables used to define pregnancy, delivery and postpartum periods may be inaccurate.
However, our results concur with findings from similar stutfié& ®suggesting that or cohort is
representative of pregnant WLHIV in SA. We acknowledge the uneven representation of provinces
in the cohort when compared to number of live birthsHdV positive womeifrom DHIS. However,

this provincial distribution may reflect the extenf ¥L monitoring in pregnant RLHIV across the
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provinces. Nonetheless, the data reveal a huge gap between the firdemmohd UNAIDS 9D-90s
of >95% and a third 90 of 63% that does not bode well for achieving eMTCT. Subsequent to 2017, the
third 90 may lave improved and the NHLS CDW should be harnessed for moténeakporting of

HIV VLS in the antenatal, delivery and postpartum period to direct interventions.

lf0K2dAK {1 Qa yIFdA2ylf tac¢/ ¢ LINE IINGIMIPtakgetss NB | OK
for pregnant women, the 890 remains elusive. Despite high ART coverage during pregnancy, only

63% of pregnant \RLHIV attained VL <50 copies/mL by delivery. Among pregn&atW with first

| L+ [ RdzNARYy 3 LINB 3 ythig 623 nowemidenca of Subsedfuéhi i YhpnXoring.

Findings highlight the need for strengthening ART adherence, increased VL monitoring and rapid
reaction to high VL. Better longitudinal data on pregnant and postpartusaNV, including linkage

of mother nfant pairs, is required to better measure progress towards eMTCT.
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5.1 Introduction

Antiretroviral therapy (ARToverage amongst antenatal clinic clients is estimated at >95% within the
public health sector in South Afriédhe public health sector is the major health care provider, serving
>80% of the South African populati®ART coverage amongst pregnant andtpartum women has
increased steadily with the evolution of the Prevention of Mott@Child Transmission (PMTCT) of
HIV policy in the country. The success of the PMTCT programme is well docufi&edently,
PMTCT services are available in >95% at&trand maternal facilities in the public health secior.
Between 2004014, early infant HIV transmission rates dropped from >20% to <2% among infants
aged <2 month$More recently, the programme has managed to maintain the national iutezine

(IU) ransmission rate at <8% since 2015, in spite of high maternal HIV prevalence tdtes.
Notwithstanding the tremendous progress achieved to date, gaps in the programme remain. High
rates of seroconversion and poor viral suppression among women initiateéeRT during pregnancy

and the postpartum period contribute significantly towards ongoing motioechild (MTCT)
transmission of HIVPregnancy has been associated with poor viral suppres$ldnderlying factors

vary from biological to socid!:!* HIV viral load (VL) monitoring during pregnancy and the
breastfeeding period is therefore critical for patient management and surveillance purposes.
However, there is limited data on VL suppression (VLS) rates among women living with HIV (WLHIV)
during these priods°which may be related to VL monitoring only recently introduced into national
PMTCT guidelinég?!®

MTCT of HIV occurs when women with unsuppressed VLs transmit HIV to their children in utero, during
labour or during breastfeeding postpartulft!® Treatment duration and maternal VL have been
identified as the strongest predictors of MTCT #8K Depending on the baseline VL, a maximum of
12-16 weeks is deemed sufficient to suppress plasma VL in pregnant wiSrfeln 8% reduction in

the oddsof HIV transmission with each additional week of treatment among women initiating ART
during pregnancy has been reporté&tZero in utero and intrapartum HIV transmission has been
documented among infants born to women who conceived on ART, continuedrieeatduring
pregnancy and delivered with a plasma VL <50 copie¥/idbwever, HIV transmission has been
shown to occur among women with lelevel viraemia (5@&00 copies/ml) around the time of
delivery?® Thus, ensuring WLHIV have a VL <50 copies/ml miaonception and that VLS is
maintained during pregnancy and breastfeeding is crucial if South Africa is to achieve elimination of
mother-to-child transmission of HIV (eMTC3 defined as an overall MTCT rate of <5% among

breastfeeding children and a @sate of <50 HIV infections per 100 000 populafibhaternal VLS
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may be facilitated by timely screening for HIV, early ART initiation, adequate psychosocial support,

and effective VL monitoring among women of childbearing potefti&l.

National PMTCTWuidelines since 2015 have recommended a-first regimen of tenofovir (TDF) +
lamuvidine (3TC) or emtricitabine (FTC) + efavirenz (EFV) as a fixed dose combination. Viral load
monitoring in pregnant and breastfeeding women is performed at three tmsmthly intervals, with

+[ & %M nnn O2LIASaxkY[ LINEYLI AY 3 Ho@évar)yiHishastprovery (i S NIJ S
difficult to implement since women present for antenatal care at different stages of their pregnancy

and VLS needs to be achieved irektively short period of time before delivery. Although routine

maternal VL testing at time of delivery was not standard practice at the time of writing, national
PMTCT guidelines were reviewed and currently set the VLS threshold to <50 copies/mL during

pregnancy and recommend a repeat VL at time of delivery for all WEHIV.

Centralized laboratory HIV VL testing remains standard of care in South Africa. Unlike many countries
in SubSaharan Africa, South Africa benefits from having an established naltiwoahtory network
through the National Health Laboratory Service (NHtShe NHLS has approximately 260
laboratories across the countd.However, only 16/260 (8%) of the laboratories offer HIV VL
testing?* This often results in the laboratories e@ting at maximum capacity with extended result
turn-around times that can lead to patients never receiving their results and being lost t6*ddis.

in turn may contribute towards preventable MTCT. Paifitare (PoC) HIV VL testing assays have been
recommended as a means of improving VL monitoring among people on ART by enabling patients to
receive their VL results on the day of testing prior to leaving the éiffdhis provides opportunity

for rapid clinical management and reduces the numbeclimiic visits required. Compared to routine

care, patients managed using PoC HIV VL assays have been shown to have better virologic outcomes
and are more likely to be retained in c&ePoC HIV VL testing may be one of the game changers to
fasttrack eMTQ in South Africa, with maternal testing at time of delivery providing an opportunity

for prompt clinical management such as enhanced adherence counselling for mothers and provision
of high- versus lowrisk prophylaxis for neonates. Furthermore, PoC aafgnt diagnosis (EID) testing

at birth provides the opportunity to identify Huihnfected neonates for early ART initiation.

In this paper, we describe maternal VL burden and IU transmission rates from a study implementing
PoC testing among pregnant WLHIM HIVexposed neonates around the time of delivery at four

sites in Gauten@rovince South Africa.
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5.2.1 Study procedures

Between June 2018 and March 2019, PoC HIV VL and EID testing was introduced at four tertiary
obstetricunits (TOU) in Gauteng as part of an implementation study to determine the feasibility of
integrating PoC testing into routine care in busy obstetric units. Three sites were located in
Johannesburg (subdistricts B, D, F) and one in Tshwane districttiderbuth testing program for all
HI\texposed neonates was already in place at all sites as per national guitfdlinesaternal VL

testing around the time of delivery for WLHIV was not routinely provided.

All WLHIV admitted to labour or postnatahrds were eligible for a PoC HIV VL test around the time

of delivery using Xpert® HIWL (Cepheid, Sunnyvale, California, USA), which has a quantifiable range
of 40¢ 10 000 000 RNA copies/mL. Similarly, altédpbsed neonates were eligible for PoD t&sting

at birth, defined as <72 hours after delivery, using either Xpert®& KilBépheid, Sunnyvale, California,
USA) or rPIMA™ (Abbot, Chicago, lllinois, USA) EID assays. PoC testing was restricted to working
hours (08h0€L6h00) on weekdays. Mothareonate pairs were tested where possible; however,
either of the pair could be tested without the other. Samples of mothers and neonates with no
reasonable chance of the PoC result being returned prior to discharge were not tested. For example,
a neonate bon by normal vaginal delivery on a Friday evening was likely to be discharged before a
PoC test could be performed on Monday morning and was therefore not tested using PoC assay.
Routine hospital staff (usually nurses or junior doctors) collected matam@ineonatal specimens

while PoC operators, mostly nurses employed specifically for this purpose, tested the samples in
designated PoC testing rooms at each site. In the case of errors or invalid PoC HIV VL or EID results,
repeat testing was performed oeftover sample. If an error or invalid result was obtained on retest,

a second sample was requested for additional testing. For each specimen tested using PoC, a
corresponding sample was collected and sent to the National Health Laboratory Service @MHLS) f

centralized laboratory testing.

Upon completion of PoC testing, neonates of mothers with a VL <1 000 copies/mL receivésk low
prophylaxis of daily nevirapine for 6 weeks, as per standard ofZ&tethers of neonates with a

negative EID PoC resulere counselled to followup for a routine 18nveek HIV PCR test at their local

clinic. Hospital paediatric and obstetric staff were alerted via a mobile phone SMS (short messaging
a2adSYo G2 YIFIOGSNYyrt +[a xm nnn GotdhoMBh&swithaWy R L} a
M nnn O2LASAKY[ NBOSAGDSR | RKSNBEYOS O2ddgkd St t Ay -
prophylaxis- either daily nevirapine for 12 weeks or dual prophylaxis (nevirapine and zidovudine) for

6 weeks, according to guidelinestaé time of data collectiod? Positive EID PoC test results prompted

a second sample draw to confirm an HIV positive diagnosis and referral for ART initiation.
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5.2.2 Study data

Patient (name, surname and hospital number) and sample details (colletdienand time, sample
barcode, result, name of assay, facility and ward) were collected on a PoC test request form. These
data were entered and managed in a REDEaatabase and imported into STATAor analysis.
Analysis was restricted to participant#thva valid PoC result. No additional clinical data were collected

as this was beyond the scope of the PoC implementation study. Obtaining the necessary informed
consent would have negatively affected the tirpensitive outcomes of the implementation stydy

namely testing coverage, turaround times and result return rates.

5.2.3 Study measures

¢CKS LINPLRNIAZ2Y 2F OANFSYAO 62YSy G GAYS<i2F RSt
nnn YR xmnannn O2LASakY[ | Y2y3 lUstansRigsionsratdiias || O f
calculated as the proportion of positive EID results in relation to the total EID PoC tests with a valid
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to determine routine IU transmssion rates for each TOU site. PoC testing coverage was defined as the
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proxy for the total number of mothers and neonates eligible for PoC testing per TOU.

Two denominators were used for PoC testing coverage: a conservative estimate used total number of
live births to HIVpositive women whilst a second estite used only total live births to H)ositive

women during weekdays, when PoC testing was available. The conservative estimate was used as a
proxy for the minimum testing coverage achieved while the second denominator measured the best

case scenario or aximum coverage (i.e. assuming PoC testing was available every day of the week).

5.2.3Data analysis

¢tKS tSINBR2YQa /KA 4&aljdza NBR GSaid ¢l a dzaSR (2 GSa
20KSNBAAS CAaOKSNDA SEL Oliic régressiondnas lised Fozadvdesa thk NA S
2a20AFGA2Y 0S06SSY KFE@AYy3a | KAIK [ O6x[ XM nnan
of the year when PoC test was performed after PoC implementation and ii) TOU in which the PoC test

was performed. Vaables were included in the adjusted model based on purposeful selectioalip

cutoffofOH n G4 GKS p: fS@St 2F aAIYAFAOI YOS RdAzNAY 3 dz
t2/ GS&ad 6l & LISNFpEddySRQ 41 & AyOf dzRSR
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Sub analysis

Additional clinical and demographic data (maternal age at delivery and duration on ART) for women
who delivered at the Johannesburg B site during the study period were extracted from a database of
routinely collected clinical data from consenting patients a #fite. These data were described using
median (interquartile range) and proportions. Logistic regression was used to determine the

association between high VL at delivery and (i) maternal age at delivery and (ii) duration on ART.

This work was approved by the Human Research Ethics Committee (HREC) of the University of the
Witwatersrand (M1711115) and the Faculty of Health Sciences Research Ethics Committee of the
University of Pretoria (50/201§Appendix 5.1)Patient identity wagrotected by deidentifying data

prior to analysis. Maternal clinical data were available for study participants from the Johannesburg B
site because of a datsharing agreement routinely used at that facility, HREC clearance number
M170778.

Over the period of 10 months, the four sites had 8 147 live births to WLHIV of whom 2 76%}34
had a valid VL result (Taldel) and 4 333 (52%) neonates had a valid EID result (T&l#¢ Testing
coverage of maternal VL and EID varied considerabiysadhe TOU sites with overall maximum
coverage of 48%% and 7®%, respectively (Tabkl and5.2). The median maternal VL around the
time of delivery at all sites was <40 copies/mL, with an overall interquartile rangg88&opies/mL.
Figure5.1 shavs the distribution of VLs amongst women with a detectable VL around the time of
delivery by TOU.

Of 2 769 valid VL results, 1 578 .(8%) were quantifiable with 571 (&%) having results of <50
O2LIASaKY[ ® h@SNItfz GKS LISELWR NIWR Yy y2RF »gv Yisnyn @Al
36.4% (n=1 007), 131% (n=386) and 224% (n=621), respectively (Tabl&.1). Similar trends in

proportions of viraemic women were observed for the three Johannesburg units while higher
proportions were observed for thEshwane unit at 43%, 166% and 283"z T 2 NJ <1 00gmd1 = p N
M nnn OLJAKk Y[ X 5NBpx0ai)0 tihe @répbridon of ¢ihfextedSneonates ranged

between 09%- 1.5% for the Johannesburg units while the Tshwane unit had an U rater%f 2

(p=0.005). When study data were aggregated district level to compare IU transmission rates

between the two districts, a similar trend was noted with 40/342@®%4) for Johannesburg and
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25/913 (27%) for Tshwane (p=02). Percentage positivity ratealculated from programmatic NHLS

HIV PCR data from each site, were comparable to overall IU transmission rates iagggest

generalisability (p=@05).

Table 5.1. Description of Maternal Viral Load (VL) Around the Time of Delivery at Four Tertiary

Obstetric Units in Gauteng, South Africa.

Location of Tertiary Obstetric Unit

Variables Total Johannesburg| Johannesburg Johannesburg Tshwane P-value

N=2769 B D F n=537

n=1230 n=693 n=309

Total live births to WLHI\ 8 147 2103 3324 1543 1177
Minimum PoC VL testin| 34.0% 58.5% 20.8% 20.0% 45.6% <0.001
coveragé
Maximum PoC VL testin 48.6% 90.0% 28.2% 28.6% 62.5% <0.001
coveragé
VL suppression threshol <0.001
<50 cps/mL 1762 (636%) | 815 (663%) 445 (642%) | 207 (670%) | 295 (549%)
50 cps/mL 1 007 (364%) | 415 (337%) 248 (358%) | 102 (330%) | 242 (451%)
VL suppression threshol 0.001
50-<1 000 cps/mL 386 (139%) 161 (131%) 92 (133%) 44 (142%) 89 (166%)
VL suppression threshol 0.001
<1 000 cps/mL 2 148 (76%) | 976(79.4%) 537 (775%) | 251 (812%) | 384 (715%)
L 000 cps/mL 621 (224%) 254 (207%) 156 (225%) | 58 (188%) 153 (285%)
Quarter of the yedt <0.001

JutSep 2018

862 (345%)

448 (411%)

144 (229%)

96 (340%)

174 (346%)

OctDec 2018

802 (321%)

317 (291%)

199 (317%)

141 (500%)

145 (283%)

JanMar 2019

838 (335%)

324 (298%)

285 (454%)

45 (160%)

184 (366%)

*Denominator includes the total number of live births to WLHIV during the study péledpminatorincludes

the number of live births to WLHIV occurring on weekdays only during the study pefiblreviations: N,

number; VL, viral load; cps/mL, copies per millilitre; WLHIV, women living with HIV; Po®f-paet”June

2018, the first month oétudy initiation is excluded (n267 (26%) overall).
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Table 5.2. Neonatal Poirdf-Care Early Infant Diagnosis at Four Tertiary Obstetric Units in Gauteng,

South Africa.

Location of Tertiary Obstetric Unit

Variables Total Johannesburg Johannesburg Johannesburg Tshwane @ P-value
N=4333 B D F n=913
n=1292 n=1 305 n=823
Total live births to WLHIV 8 147 2103 3324 1543 1177
Minimum PoC EID testing 53.2% 61.4% 39.3% 53.3% 77.6% <0.001
coveragé
Maximum PoC EID testing 76.0% 94.5% 53.0% 76.2% >990% <0.001
coveragé
n (%) Positivity 65 (15%) 19 (15%) 14 (12%) 7 (09%) 25 (27%) | 0.005

IU transmission, n (%) by 34 (523%) 14 (73.7%) 8 (57.1%) 3 (42.9%) 9 (36.0%) <0001
VL threshold in mother
neonate pairs testet

<50 cps/mL 3 (0.3%) 1 (02%) 0 (0.0%) 0 (00%) 2 (20%)

50-<1 000 cps/mL 6 (32%) 2 (16%) 1 (40%) 1(7.1%) 2 (87%)

L 000 cps/mL 25 (7.9%) 11 (56%) 7 (149%) 2 (105%) 5 (96%)

Total EID tests <3 days 8728 2387 (273%) 3369 (386%) 1713 (196%) 1259

(Birth) (100.0%) (14.4%)

% IU transmission 149 (17%) 39 (16%) 52 (15%) 20 (12%) 38 (30%) | <0.001
(Programmatic)

"n=1449; mothers of twin babies were counted twice as the mother contributed in two ElDeRSRs.
*Denominator includes the total number life births to WLHIV during the study peridBenominator includes
the number of live births to WLHIV during weekdays only during the study period; EID, early infprisik;

Abbreviations N, number WLHIV, women living with HIV; PoC, pafitare; U, intrauterine; VL, viral load

Percentage neonatal positivity was associated with high maternal VL around the time of delivery.
Among 1 449 (33%) mothemeonate pairs with both a valid PoC VL and EID result, n (%), [95%
confidence interval], 3/9460(3%) [01%1.0%)], 6/187 (2%) [14%7.0%] and 25/316 (B%) [54%

11.5%] IU infections occurred among women with a delivery VL threshold of <80M50 n nn | Y R
000 copies/mL, respectively (Tall2, p<Q001). All three of the IU infections occurrimgthe VL <50
copies/mL threshold occurred to women with an HIRNA detectable VL result. A search for previous

+[ NBadzZ G§a aWBhywed tKaStwaof thege @omen did not have a documented VL prior

G2 RSEtADSNES 6KAT S trgeSmontt prioryo d&liveB. I [ XM nnan
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Maternal Viral Load Distribution around Time of Delivery by Tertiary
Obstetric Unit

TIL

Jhb D Ihb F Ihb B Tshwane

(] Y w o

Log Viral Load

(]

p<0.001

Figure 5.1. Distribution of maternal VL amongst women with detectable VL around the time of

delivery by tertiary obstetric unit,n= 1578 (570%) of maternal PoC VL results comprising 1 007 VL

xpn O2LASak Y[ opies/riL bpt detectablprs[p ANBR dzf Ga WI L+ fSaa GKI
assigned values of 0 (1=191).

Abbreviations VL, viral load; Jhb, Johannesburg; PoC, gfiotre.

Proportions of high maternal VL remained constant during the study period suggestiiarity in
participants tested throughout the implementation period despite low testing coverage (be)le
While there was uniformity in the proportion of women with high VLs in the Johannesburg sites (Table
5.3), women who received their POC HIV test in Tshwane were almost two times more likely to

have a high VL compared to the site in Johannesburg F (A88R985% CI: [31-2.71]).
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Table 5.3. Factors Associated with High Viral Load¥000 copies/mL) around the Time of Delivery
at Four Tetiary Obstetric Units in Gauteng, South Africa.

Variable N (%) gg(\fr(l:age OR P-value é?)JUStEd QR P-value
Quarter of the yeaf

JutSep 2018 197 (356%) Reference Reference Reference Reference
OctDec 2018 183 (331%) 0.99 [079-1.25] | 0.99 1.01 [080-1.20] 0.95
JanMar 2019 173 (313%) 0.88 [070-1.11] | 0.27 0.84 [067-1.07] 0.16
Location of TOU

Johannesburg F 58 (23%) Reference Reference Reference Reference
Johannesburg D 156 (251%) 1.26 [090-1.76] | 0.18 1.34 [093-1.97] 0.11
Tshwane 153 (246%) 1.72 [122-2.43] | 0.002 1.88 [131-2.71] 0.001
Johannesburg B 254 (409%) 1.13[082-1.55] | 0.46 1.18 [084-1.65] 0.35

#June 2018, the first month of study initiation is excluded from this analysis2@¥ (26%) overall).
Abbreviations OR, odds ratio; Cl, confidence interval; VL, viral load; N, number; mL, millilitre; TOU, tertiary

obstetric unit

Results of the sulnalysis of demographic and clinical characteristics of women who delivered at the
Johannesburg B site shodiéhat high VL at delivery was predicted by younger maternal age: (age <25
years, n=191/1 129), (AoR2.17, 95% CI: [13-4.18]) and shorter duration on ART: (on ART for <3
months, n=61/375), (AoR#.11, 95% ClI: [20-7.66].

These findigs are among the first documenting maternal VL burden around the time of delivery across
multi-site, high volume obstetric units in South Africa. Approximately 20% of women delivering across
0KS F2dz2NJ ¢h! a& Ay DI dziSy3 44h&k yr3 £ »sm 20T ok pOR LOZSLIAK!
mother-neonate pairs tested, higher maternal VL around the time of delivery was associated with
higher IU transmission rates. While women delivering in the Johannesburg sites had similar VL profiles,
higher proportions of vaemic women were seen at the Tshwane site. A similar trend was observed
for the neonatal IU transmission rate, which ranged fra8%81.5% in the Johannesburg sites but was
2.7% in Tshwane. Overall and s#gecific IU transmission rates approximated programmatic 1U
transmission rates suggesting generalisability of these findings to these sites. Data to investigate the
reasons for the statistically significant differences oliserin both the proportion of viraemic women

and percentage IU transmissions between the Johannesburg and Tshwane sites were not available.

We postulate that the Tshwane site may have provided care for younger women as well as treated a
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higher proportion & migrant patients who are more likely to have poorer treatment outcorfigs.

Our findings suggest that maternal VLS rates at the time of delivery are likely to vary between health
districts, even within the same province. By monitoring maternal VL tgstiwerage and suppression
rates at time of delivery, districts requiring targeted interventions to improve antenatal care can be
identified to further reduce MTCT of HIV.

The 2017 National Antenatal Sentinel HIV survey confirmed that the PMTCT proghasmeached

the first and second UNAIDS-90-90 targets for antenatal clients in that 90% of all pregnant WLHIV

know their status and 90% of these are on ARi.spite of very high ART coverage during antenatal

care in the public sector, our findingsviesl suboptimal maternal VLS at time of delivery. Monitoring
maternal VL during pregnancy and delivery instead of antenatal ART coverage, which fails to take
duration of ART into account, may provide a better indicator as South Africa works towards eMTCT.

In fact, since VLS prior to pregnancy is important for eMTCT, monitoring VLS of all women of
OKAf ROSFNAY3I LRGSYGAlIt Aa AYLISNI GAGSP ¢KS LINE L2 N
of delivery was much higher than has been reported for WLMIVd w¢ Ay 3 SYTENikely 2 F F
reflects the effect of new diagnoses and recent ART initiation during pregnancy, particularly among
younger women. According to the DHIS in 2018, more than one third of pregnant WLHIV were initiated

on ART at theifirst antenatal visit and a similar proportion (34%) presented for their first antenatal

clinic visit after 20 weeks of age. Thus, pregnant WLHIV often present for care after the first trimester
with limited time to achieve VLS before delivery. The aviiitalmf maternal VL PoC testing during
antenatal care may reduce the time to achieving VLS in pregnancy by reducing the time from sampling

to result and improving the result return rate among virologically unsuppressed WLHIV.

Our data is limited by lack of information on ART status, ART drug regimens, time on ART, and prior

VL results among study participants. These are important predictors of virologic response which we

could not ascertain in the majority of our study populatié#® However, results of the Johannesburg

B site sukanalysis confirmed what is already known. Younger maternal age and shorter duration on

ART were significantly associated with high VL at delifeRegardless of patient level factors,
conducting a PoClL\test at delivery within the high volume TOUs identified a third of women with
RSGSOGlIotS [ a FT2NIAYUIGSNBSyGA2yd DAGSY GKS YI G dzN
for potential game changers to achieve eMTCT, this study demonstrates ity aftiPoC VL around

the time of delivery within a higburden setting.
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Since the VL testing coverage was poor, the effect of targeted testing ofiskgimothers on our
findings cannot be excluded. We may have disproportionately enrolled unbooked rsotbiek
mothers with high VLs or mothers with ART adherence issues. However, we found that the proportion
of viraemic women remained constant throughout the implementation period within each site. This
suggests that despite low coverage, women includdtiénstudy were similar at each site or selection

bias was uniform throughout implementation. Although most pregnant women presenting in labour
wards had maternity case records with them around the time of delivery, few had documented VL
results. As a resyjiclinical staff were less likely to be alerted to women with high VL results and
unlikely to have selected women who were likely to have high VLs for PoC testing. Clinical staff also
had the option to access PoC HIV VL testing on women if clinicatlgtediiwithout enrolling them in

the study and did not have to actively select women with high VL into the study. Lastly, there were no
provisions in the current PMTCT guidelines recommending that mothers with high VLs be managed in
TOUs. WLHIV routinely @tin HIV care in primary health care (PHC) facilities and are not referred for
HIV management to TOUs. Therefore, it is unlikely that virologic profiles of women who participated

in this study would differ from the surrounding PHC facilities.

We present inhdings based on a single VL measurement at delivery. We did not have historic VL
measurements to understand the evolution of virologic control of these women during pregnancy. As
a result, we could not ascertain the VL patterns during pregnancy that matled in neonatal
infection. Myer et al found that episodes of viraemia occurred frequently and were common in a
cohort of women initiating ART during pregnancy in routine antenatal settings in the Westeri'Cape.
32 This suggests that pregnant and postpan WLHIV require close VL monitoring throughout
pregnancy and during breastfeeding to minimize the risk of transmission. A fofiatudy, describing

the evolution of virologic control in pregnant and postpartum WLHIV at a national level would be
helpful to develop evidencéased VL monitoring algorithms. At programme level, individual
monitoring of every pregnant and postpartum woman may go a long way towards eMTCT using HIV
VL test data stored in the NHLS DW. Results for Action reports (RfA) sucloasghmirrently used

for linking HIV PCR positive infants to éa@n be used by clinicians for WLHIV during pregnancy and

postpartum to rapidly achieve VLS and avert transmission.

If the country is to achieve eMTCT urgent prioritization of (i) VL mamifo(ii) ART adherence support

and (iii) intervention for pregnant and breastfeeding WLHIV with unsuppressed VLs will be required.
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Despite >95% antenatal ART coverage of pregnant WLHIV, approximately a third of WLHIV had a
detectable Vlaround the time of delivery, thereby increasing risk of vertical transmission of HIV.

Among mothemeonate pairs with valid PoC test results, 91% of IU infections occurred where
YFGSNYFE [ G GKS GAYS 2F RSt A OSrhtds angohgpregnpnh O 2 LIA
YR ONBIFadFSSRAY3I 2[I L+t YIe& FTR@GFryOS (KS tac¢/ ¢ LI
will be more informative than ART coverage rates. Maternal PoC VL testing during pregnancy and at
delivery may facilitate VLS and reduce MTr@ismission risk. Essentially, improvement in the quality

of HIV care among WLHIV is required if South Africa is to achieve eMTCT.
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6.1 Background

South Africa has a wedistablished and mature prevention of mother-child transmission of HIV
(PMTCT) programme in existence farsel to two decade$PMTCT services are available in >95% of
all public health facilities in the country and HIV testing and antiretroviral therapy (ART) initiation
among pregnant women were near universal by 261T the same year, the proportion ofrst
antenatal care (FANC) bookings occurring before 20 weeks gestation had incre®&58d tationally

up from 54% in 2012 These data show that the national PMTCT programme had met targets for
process indicators for validation for the elimination of rnet-to-child transmission of HIV (eMTCT) in
2017, defined as05% coverage for antenatal care, HIV testing of pregnant women and ART initiation
among HIVpositive pregnant womef® Since inception of the PMTCT programme in the early 2000s,
the national early MTCT transmission rate6(4veeks of age) has declined significantly from an
infection rate of 25%30% in 2001 to approximately 1.4% in 208 2017,the national intraterine

(IU) rate (<7 days of life) had decreased to 0°®hese data demonstrate that South Africa is on a
path towards eMTCT. However, the national PMTCT programme will need to overcome many

challenges before it can achieve eMTCT.

The impact targets for eMTC@&quire reduction of MTCT rates to <50 cases perQ@Dlive births at
cessation of breastfeedirf. An IU transmission rate of 0.9% equates to a case rate of approximately
240 per 10M00 live births excluding intraand postpartum transmissions in ShuAfrica. This is
attributable to a high maternal seroprevalence rate, which has plateaued at 30% sinc€ 2003.
Moreover, maternal seroconversion during pregnancy and the breastfeeding period is common.
Further reduction of MTCT rates to levels sufficienineet eMTCT targets will require universal early
diagnosis of HIV, ART initiation and viral suppression to <50 copies/mL among pregnant women of
reproductive age living with HIV (WRLHIWThis strategy should also be extended to smagnant
WRLHIV tomsure virological suppression at the time of conception. Sustained maternal viral load (VL)
suppression (VL <50 copies/mL) regardless of pregnancy status wilafaseMTCT. However, VL
monitoring among pregnant and breastfeeding WRLHIV has been soizdpt?

Maternal VL information is required for infant risk stratification and determining the nature of infant
prophylaxis as well as maintaining maternal health. Calls have been made to prioritize VL monitoring
among pregnant and postpartum WRLHIV iides to fasttrack eMTCT in South Afritat? Currently

there is limited information on rates of VL suppression among pregnant and breastfeeding WRLHIV
accessing care in the national PMTCT programme. Using data from 2014 to 20-BB%@¥gpregnant
WRLHVY delivering in the public sector in South Africa have been reported as havingiaOVL

copies/mL at time of deliver}?** Women who have unplanned pregnancies, adolescent girls and
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young women (AGYW) and migrant mothers have been identified as higjnaigss for unsuppressed

VLs as a result of factors including newly acquired infection, late booking and diagnosis and sub
optimal adherence to ARF!’ Geospatial differences in terms of HIV prevalence, ART coverage and
viral suppression rates exist inub Africal® Some provinces have higher proportions of WRLHIV and
AGYW living with HIV than othéfdHowever, at the time of writingDecember 2020Ghere has been

no assessment of the geospatial distribution of high maternal VL during pregnancy qrothartum

period and the potential effect this has on MTCT rates in South Africa. Identifying areas with high
burden of maternal viraemia during pregnancy will guide stakeholders on where to focus attention
and resources for eMTCT. Usiagationallaboratory dataset and other routine Hiiélated data
sources, we describe populatidevel factors associated with cases of MTCT (from birth to <24 months

postpartum) at suldistrict level in South Africa.

6.2.1Study design

Ecologtal analysis of routine laboratory Hi®lated test data belonging to a cohort of pregnant and
non-pregnant WRLHIV in South Africa in 2016 and 2017.

6.2.2 Creation of study cohort

Data were drawn from a study evaluating theodution of maternal VLduring pregnancydelivery

and postpartum irthe public health sector in South AfricEhe data source ancreation of the study

cohort have been described elsewheré.In brief; a cohort of WRLHIV @9 years) was identified

FNRBY (GKS bladA2ylrt 1SIfTOGK [F02NIG2NE { SNBAOSQa / 2
2017 using HIV VL and CD4 count data. Because the NHLS CDW lacks a marker for pregnancy, a set of
criteria based on syphilis screening and timing of-tdlgted tests such as CD4 counts and VLs were
applied to the routine data to differentiate pregnant WRLHIV from -poggnant WRLHI%. For

pregnant WRLHIV, follow up started at cohort entry (which wadAINC visit based on syphilis test

date), through delivery and up to 15 months pailivery?° All VLs performed during follow up were
included. Eligible VLs were categorized intacdhort entry VL: defined by the first VL performed

during pregnancy, thas, at fANC visit foARTexperiencedoregnant WRLHIV or after three months

of ARTusefor pregnant WRLHIV not on ART at fANC vijitdelivery VL & months after the fANC

visit) and 3)cohort exit VL defined by the most recent VL measurement within 1bemonth
postpartum period). Analysis was restricted to the first identified pregnancy, that is, the first syphilis

test date and its associated follow up VLs during the study period.
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Since eMTCT requires viral suppression prior to pregnancy, we comybseaf pregnant WLHIV to
non-pregnant WLRHIV at comparable time points. For-pagnant WRLHIV, follow up started at
cohort entry on 01 January 2016 and ended at the close of the dataset on 31 December 2018. In this
group, thecohortentry VL constitutedhe first VL performed during the study period and the most
recent VL measurement during the study period constituted ¢bbort exit VL. In both groups, de
duplication of test records was performed by a validated, automated patieking algorithm that

uses probabilistic matching of patient demographics (name, surname, date of birth and geographic

location) within the NHLS CDigure 6.1 describes follow up times stratified by pregnancy status.

Other routine indicators known to be associated witlT®T of HIV were extracted from the South

African District Health Information System (DHIS) for the period -2018. The DHIS has been

described previousl§® Data on relevant indicators extracted at SBoA &  NA O GAnferu@ frst ¢ S NB
visit<20weekdld 0 SQ o' b/ SINI& 06221Ay30 FYR W yiSyrdart ¢

women initiated prior to and during pregnancy). Lastly, distegel HIV prevalenceates among

pregnant women were obtained from the latest National Antenatal Sehtil/ & Syphilis Survey

Report (2017). Due to unavailability of disaggregated data, distlistel ANC HIV prevalence

estimates were used for each sdlistrict within that district. Table 6.1 defines population level study

variables (indicators) and thesources.

Table 6.1. Populatiohevel variablesgdescription and data sources

Population level Description Source Data availability
variable
Antenatal first visit Proportion of pregnant women with | DHIS District and sub
before 20 weeks rate | first ANC booking before 20 weeks district level
gestation from all first ANC visits
recorded
ANC ART coverage Proportion of pregnant women DHIS District and sub
receving ART during pregnancy from district level
all ANC attendees living with HIV
ANC HIV prevalence | Proportion ofHI\fpositive pregnant | National Antenatal | District level

positive at <24 months of age

rate women from all ANC attendees Sentinel HIV &
Syphilis Survey
Report
Maternal age <25 years Number ofWRIHIV aged <25 yeaed | NHLS CDW District and sub
fANC visit/cohort entngtratified by district level
pregnancy status
Viraemiaof pregnant Numberof WRLHIWith VL0 NHLS CDW District and sub
and nonpregnant copies/mL at specific time points district level
WRLHIV during follow up
MTCT cases Number of children testing HIV PCR | NHLS CDW District and sub

district level
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Abbreviations:ANC antenatal care, ART antiretroviral therapy, MTCT mathehild transmission; DHIS district
Health Information System, RLHIV womerof reproductive agdiving with HIV, NHLS CDW National Health
[ F02NI G2NE { SNBAOSQ& [/ 2N1I2NIGS 5F0GlF 21 NBK2dzaSo

6.2.3Studymeasures

6.2.3.1Study outcome
The study outcome was number of MTCT cases, defined as the numH&/BER positivehildren

<24 months between 2016 and 2018 in the public health sector. These testvdatale-duplicated
using the age at which the child first tested HIV PCR positivdupleeation of test data was achieved
by automated probabilistic matching of patiedemographics supplemented by manual linkage of

patient demographic information (name, surname, date of birth and geographic location).

6.2.3.2Study exposures

The mainexposurevariablesfor this sudy were the numbers of WRLHIV withx50 copies/mL at
specific time points of follow up, that is, at cohort entry, delivery (for pregnant WRLHIV) and cohort
exit. Other exposure variables included proportions of ANC early booking among pregnant women,
maternal HIV prevalence, ART coverage rate during ANC among pregnant women and number of
WRLHIV aged <25 years, stratified by preghancy status and geographic location:|@ediesata of
pregnant and nospregnant WRLHIV was aggregated and analysed adistiict level. The geographic
location of study participants was assigned to the-digirict where the entry VL was performed.
Pregnant WRLHIV are a highly mobile population across healthcare facilities in Soutff Kivicdity

of the cohort across dudistricts was minimal based on 3.3% and 4.6% of the cohort moving across
sub-districts between the first and subsequent VL test during follow up for pregnant angmegmant
WRLHIV respectively. Analysis was restricted to participantsiigfast twoVL measurements during

follow up

104



Pregnant WRLHIV

Non-pregnant WRLHIV

COHORT ENTRY

ESTIMATED DELIVERY DA

fANC visitlate, defined by syphilis
test date

Entry VL defined by first VL
performed during pregnancy

A First visit date during study period
(01 January 2016 31 December
2018)

A Entry VLfirst VLperformedduring
study period

5-7 months from fAN@isit for
pregnant WRLHIV

COHORT EXIT

Figure 6.1Definition of follow up time for pregnant and nofpregnant WRLHIV during the study period.

Abbreviations WRLHIV womerof reprodictive agdiving with HIVFANC first antenatal care visit, VL viral load.

Date of exitvVL
Exit VLmost recentVLafter
estimated delivery date

A Date ofexit VL
A Exit VL most recent VL performed
during study period

105



6.2.4Data analysis

Percentages, medians [intguartile ranges(IQR)] were used to describe the populatievel

variables. ArcGIS was used to describe the geospatial distribution of maternal viraemia at delivery,
expressed as percentage maternal 30 or 1 000 copies/mL by district. A negative binomial
regressiommodel was used to determine the association between cases of MTCT and the number of
WRLHIV with unsuppressed VL at specific time ptivaisis; atcohort entry, delivery (for pregnant
WRLHIV) or cohort exit controlling for sdistrict-level proportions & pregnant women with early

ANC booking, ART coverage during ANC, ANC HIV prevalence and nhumber of women aged <25 years
at fANC visit or cohort entrfstudy covariates)Variable selection was achieved by backward stepwise
regression using a statisticagisificance level of 20%. Since younger maternal age is associated with
vertical transmission of H#¥/ the number of WRLHIV aged <25 years at cohort entry were included

into the modela priori

Two sensitivity analyss were performed comparing the abilit of different models in predictingn

eMTCT target of 50 MTCT caselusting for study covariatest subdistrict level. The first analysis
compared a negative binomial regression model using absolute numbers of maternat5VL
copies/mLat specific timepoints adjusing for study covariate§Model 1) versus a model using
proportions of maternal VL >50 copies/mtLspecific time pointadjusingfor study covariates (Model

2). The second analysis compared Model 1 to a madaigabsolute numbers of mateal VL >50
copiesimL at specific time pointas a covariateinadjusted(Model 3). Modelcomparison in either
scenariorelied on comparison of the area under the Receiver Operating Characteristic (ROC) curves

at the 5% level of significance.

Ethical clearance was obtained frahe Human Research Ethics Commit(eEREC)f the University
of the Witwatersrand (M180854Access to data from theational Erly Infant Dagnosis ppgramme
was covered by ethical clearance issued to the National Institute for Communicable Diseases

(M160667).

6.4.1 Description of pregnant and npregnant WRLHIV included in the study

106



A total 0f3386 507 WRLHIV from 262 sdistricts were idenfied from test records archived in the
NHLS CDW of whom 1389 (5.3%) met criteria for pregnancy &@08 188 (94.%) did notMedian

age at fANC visit was 29.4 (@483.7) yeardor pregnant WRLHI&d 34.0 (33.685.0)years at cohort

entry for nonpregnant WRLHIV respectively value <0.00{Table 6.2). During the study period, the
median proportion of women with early first booking during ANC (<20 weeks gestation) was 68.2%
(62.94-72.8%) at subdistrict level. At the same time, the median ANC HIWalence rate per district

was 31.5%23.44635.7%6). Antiretroviral therapy coverage during ANC was almost universal with a

median coverage rate of 94.880(697.8%).

6.4.2 Unsuppressed VL among pregnant andpmegnant WRLHIV

Overall, the median sudistrict level proportion of WRLHIV with &0 copies/mL at cohort entry

was 41.7% (27.8%7.8%).When stratified by pregnancy statushet median sukdistrict level
proportion of pregnant WRLHIV with W0 copies/mL at cohort entry was 42.9% (3859/8%)
versus 35.0% (25.9%9.0%) for norpregnant WRLHIV at cohort entry Yyplue<0.001). By time of
delivery, the proportion of pregnant WRLHIV with elevated VL had decreased, resulting in a median
sub-district level proportion of pregnant WRLHIV with M0 copies/mL of 38.2% (27.3582.1%).
However, maternal/Lx50 copies/mlat cohort exiremained highewhen compared taon-pregnant
WRLHIV with a median of 36.3%25(7648.4%0)versus29.6% 21.0%642.6%), respectively (p value
<0.001) (Table 6.2). A totaf 4535 children <24 monthgested HIVPCR positive representing a
median total case rate 0of372 (9142 077) per 1000 live births at sudlistrict level during the study

period.

Table6.2. Description of populatiodevel estimates related to motheto-child transmission risk

amongst women of reproductive age living with HIV in South Africa, 22088 (N= 262 sub

districts).
Subdistrict level estimates Median (IQR)
Variable Overall PregnantWRLHIV| Non-pregnant | P value
WRLHIV
Age atcohort entry 33.4 (27.839.6) | 29.4 (24.633.7) 34.0 (33.635.0) | <0.001
fANCVvisit <20 weeks gestation ratéo) - 68.2 (62.972.8) - -
ANC HIV prevalence (%) - 31.5(23.435.7) - -
ANC ART coverage (%) - 94.8%(89.797.8) - -
MTCT case rat@00 000 live births - 1372 (9142 077) - -
HIV V1460 copies/mL (%):
At cohort entry | 41.7 (27.857.8) | 42.9 (38.359.3) | 35.0 (25.949.0) | <0.001
At delivery - 38.2(27.362.1) - -
At cohort exit| 34.6 (21.644.1) | 36.3 (25.048.4) | 29.6 (21.642.6) | <0.001

107




HIVVLXL000 copies/mL (%):

Atcohort entry | 19.8 (14.626.4) | 35.8 (28.742.1) | 18.3 (14.424.7) | <0.001
At delivery - 15.6 (12.521.6) - -
At cohort exit| 13.3(10.217.5) | 15.4(11.3-20.0 13.8 (10.119.2) | <0.001

Abbreviations: WRLHIV womenof reproductive ageliving with HIV, fANC first antenatal care visit, IQR

interquartile range, ART antiretroviral therapy, MTCT motioechild transmission mL millilitre. "Among

WRLHIV who were ART experienced at fANC Yasitong pregnant WRLHIV regardless of HIV status at fANC

visit

6.4.3 Geospatial distribution of maternal viraemia at delibgdistrict

At delivery, 36.9% and 14.3% pregnant WRLHB/WN& @A NI SYA O
respectivelyat national level At district level, ppportions of pregnant WRLHIV with 80 copies/mL

| (copie$/mLy p n

at delivery varied greatly, ranging from 18%%. Proportions of maternal viraemia at delivery were

highestin Limpopo province, with at least 50% of WRLHIV having®kopies/mL at delivery in all

five districts (Figure 6.2). A similar trend was observed in 3/5 districts in Gauteng province (Ekurhuleni,
Sedibeng and West Rand), 1/4 districts in the Free $tateince (Fezile Dabi) and 2/8 districts in the

Eastern Cape province (Sarah Baartman and Nelson Mandela). Namakwa district in the Northern Cape

province also had a high proportion of maternal>d80 copies/mL at delivergrobablydue to very

low numbersof pregnant WRLHIV. Distrigvel proportions of maternal Vigl 000 copies/mL at

delivery followed a similar distribution. Districts with the highest proportions of women with VL <50

copies/mL at delivery were mostly located in KwaAuaial province (Fige 6.2).
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Figure 6.2Maternal viraemia at delivery by district, 2028017 in South Africa

Abbreviations:VL viral load, mL millilitre.
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Table 6.3.Variable selectiorfor multivariable model forsub-district level factors associated with

vertical transmission of HIV from birth te&24 months of agén South Africa, 2012018.

Full Model

(Backward elimination)

Variable Selection cuioff:

p value <0.20
p value Selection
ANC HIV prevalence rate 0.067 Included

Number of pregnant WRLHIV aged <25 years at cohort entry 0.320 Includeda priori

Number of pregnant WRLHIV with 30 cps/mL at cohort entry 0.372 Excluded
Number of pregnant WRLHIV with Y30 cps/mL at delivery 0.677 Excluded
Number of pregnant WRLHIV with 30 cps/mL at cohort exit <0.001 Included
Number of norpregnant WRLHIV aged <25 years at cohort entry 0.090 Included
Number of norpregnant WRLHIV with MB0 cps/mL at cohort entry 0.969 Excluded
Number of norpregnant WRLHIV with MB0 cps/mL at cohort exit <0.001 Included
ART coverage among ANC clients rate 0.187 Included
ANC first booking <20 weeks gestation rate 0.003 Included

Abbreviations:WRLHIV womerof reproductive agdiving with HIV, fANC first antenatal care visit, VL viral load,

cpsmL copies pemillilitre, ART antiretroviral therapy

6.4.4Populationlevel factors associated with vertical transmission of HIV

Viraemia during the postpartum periodor both pregnabh WRLHIV and nepregnant WRLHIV), ANC

HIV prevalence rate and ANC first booking <20 weeks gestatiowesigeassociatedvith number of

MTCT casds the univariate analysi@able 6.3). In the adjusted analyses, for every 100 WRLHIV with
VLX*60 copies/mLpostpartum, the number of MTCT cases increased by three atlisttict level
(Figure 6.3). Maternal HIV prevalence also positively correlated with number of children testing HIV
PCR positive. That ig,10@6 increase in subistrict level maternal HIV pwalenceincreasel the
number of children testing HIV PCR positine2 (Figure 6.3). An inverse association between
proportion of women with first ANC booking <20 weeks gestation and the number of cases of MTCT
was observed. A% increase in proportiomf WRLHIV booking at gestation age <20 weeks
decreased the number afhildren testing HIV PCR positive 2 at subdistrict level(Figure 6.3)An
increase in ART coverage was also associated with increase in cases of MTCT, suggesting increasing
ART coverge amongwomen presenting late in pregnancy and aases of incident maternal HIV
during pregnancy. A separate model adjusting for maternal VL thresfa@@0 copies/ml at the same

time points during follow up yielded similar results.

Results from the gesitivity analyses demonstrated that there was no difgece in the acuracyof

predicting the eMTCT target of 50 casesngthe model includingabsolute numbers of maternal
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viraemiaversusthe model usinge maternal viraemiat specific time points as eovariate in the
adjusted analyseROQ value 9.789), Figure 6.4a. The model using absolute numbers of maternal
VL at specific time points adjust for study covariates was superior to the model using maternal VL
at specific time points unadjustetHowever, the difference was not statistically significé@ROC p
value =0.166), Figure 6.4b.

Maternal HIV prevalence rate ——

ART coverage rate among pregnant women - ——

Cohort exit VL 250 cps/mL (Pregnant WRLHIV) .
Cohort exit VL 250 cps/mL (Non-pregnant WRLHIV) ]
Age at cohort entry (Pregnant WRLHIV)  J
Age at cohort entry (Non-pregnant WRLHIV) L ]
fANC visit <20weeks rate| —&—

T T T T T

-04 -02 0 .02 .04 .06
Adjusted Coefficients

Figure 6.3. Negative binomial regression model showing -gligtrict level factors associated with
vertical transmission of HI¥fom birth to <24 months of agén South Africa, 2012018(n =204 sub

districts).

Abbreviations:WRLHIV womerof reproductive agdiving with HIV, fANC first antenatal care visit, VL viral load,
cpdmL copies pemillilitre, ART antiretroviral therapy’sub districts with missing datexcluded (Listwise

deletion)
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Figure 6.4 Sensitivity analyses:OR curves comparing: AYlodel 1 (using abstute number of
maternal V60 copies/mL) versus Model 2 (% maternal Y30 copies/mL) at specific time points
as a covariate adjusted for othestudy covariates B) Model 1 versus model using absolute number

of maternal VL at specific time points unadjusted (Model 3).

Abbreviations:ROC receiver operating characteristic curves, VL viral load

6.5 Discussion

We present findings from an analg evaluating sulistrict leveldeterminants of MTCT in South
Africa, at a time when the national PMTCT programme is working towards achieving eMTCT.
Understanding factors driving MTCT across the country will assist in developing targeted interventions
to facilitate eMTCT. The study found that proportions of unsuppressed VLs were higher among
pregnant WRLHIV compared to npregnant WRLHIV throughout follow up. For example, median
proportions of women with viraemia (Mb0 copies/mLjvere 43% versus 35% atrat entry (pvalue
<0.001) and 36% versus 30% at most recent VL measuremevattsi§x0.001) for pregnant and nen
pregnant WRLHIV respectively. Maternal viraemia during the postpartum period correlated positively
with cases of vertical transmission, widvery 100 viraemic postpartum WRLHIV increasing the
number of MTCT by three cases. Furthermore, higher rates of HIV prevalence among AN®@adients
associated with a higher number of MTCT cases, wherebg% increase in maternal HIV prevalence
resultedin an increase oMTCT casdsy 2at subdistrict level. The same trend was observed for ART
coverage during ANC among pregnant women. A higher proportion of women booking early for ANC

was associated with a decline in number of HIV PCR positive chilistrictlevel differences in
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proportions of maternal viraemia (M0 orxl 000 copies/mL) at delivery were noted across the

country.

These findings are amomfgw examining populatiodevel determinants of vertical transmission of HIV
within the nationd PMTCT programme in the erar@ar universal rates of maternal ART coverage
Previous studies and surveys using data ranging from -201G, reported a positive association
between early MTCT rates and suboptimal PMTCT service coverage (provinciabh?sRFtoverage

rate <80% and insufficient heatttare personnel in facilitie¥)and recommended early treatment of
maternal HIV as a way of reducing vertical transmis&iéimost a decade later, our data show that
PMTCT coverage (ART coverage amongst ANC clients) was near universal at 95% and the proportion
of ANC clients booking early for care was almost 70% during the study period nationally. These
programmatic changes mgehave contributed to the further decline in early-84veeks postpartum)

MTCT rates from 3.5% to 1.5% (7days10 weeks postpartum) between 2010 and 2017. Early ART
initiation during pregnancys known to be protective against MTCT of PfI¥ Howeverin this study,

results of the adjusted regression model showed increased vertical transmission with increasing ART
coverage among pregnant women. This findirguiggestive of increased ART coverage among women
newly diagnosed during pregnancy due to senaversion Approximately 1 in 2 pregnant WRLHIV
included in the study were ART naive at the fANCRasitl these figures were similar to reports from

the DHIS during the study period. As a result, even though ART cowendgg pregnancyvashigh,

women initiating ARTparticularly late in pregnancyr seroconverting during pregnancy would not
have had sufficient time to suppress their VL, hence transmitting HIV to their chiMozaover,high

levels of viraemia have been documented from ARperierced women at the fANC visit from a
separate analysis using the same data as this sttidgnce, ART coverage does not equate to reduced
MTCT as it does not take into account VL suppresaicieving eMTCT will require early diagnosis of

HIV andearly ARTinitiation for all pregnant WRLHIV to ensure sustained maternal VL suppression.
This can be facilitated by early booking for ANC. Findings continue to show that early booking for ART,
and by extension, early treatment for maternal HIV is still relevathiwithe programme and is
associated with lower number of MTCT cases. This suggests that the programme needs to continue to
raise awareness on the importance of early attendance for ANC and the need for repeat HIV testing
among HIV negative women throughoaregnancy and postpartum to facilitate early ART initiation

to prevent MTC P28

Findings showed that maternal viraemia during the postpartum period was associated with MTCT of
HIVand was the main driver of vertical transmission at-sigirict level This finding concurs with
reports from other studies which show higher rates of MTCT during the postnatal period within

routine settings®>2°*°This emphasizes the need for continued engagement in PMTCT care and VL
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monitoring among postpartum WRLHIV taepent MTCT. Disengagement from care among
postpartum WRLHIV is common in South Africa and other high HIV burden countries and this may lead
to women becoming viraemic due to namherence to ART:33 In South Africa, this has important
programmatic impbations given the extended breastfeeding period of up to 24 months among
WRLHIV on ARTIn order to achieve eMTCT the programme requires better systems for tracking
WRLHIV throughout preghancy and postpartum period to enable retention in care andneffitie
monitoring to guide clinical management in this population. Study data did not show the effect of
maternal viraemia at cohort entry and at delivery on cases of MTCT. This can be attributed to fewer
VL measurements, median number of VLs @idginterquartile range: 23) per womarduring follow

up therefore potentially insufficient data points to establish the longitudinal effect of viraemia on

vertical transmission at sudistrict level and requires further study.

Ensuring all WRLHIV are virally siggsed is probably one of the most practical ways offiestking
eMTCT in South Africa given 1) the magnitude of the programme 2) inadequacies of other methods
for fasttracking eMTCT in these settings (cannot avoid breastfeeding and universal cadsiaitean

not feasible)**%° Study data showed that community VLs were higher in pregnant WRLHIV than non
pregnant WRLHIV throughout follow up suggesting that pregnancy was associated with lower rates of
viral suppression. While there are no physiologicasms why pregnancy should correlate with lack

of viral suppressiofi, psychesocial factors related to pregnancy are known to impact maternal
adherence to ART and subsequently lead to lack of VL supprés$imms, a patient centred approach
towards manaing pregnant WRLHIV is recommended to improve viral suppression rates and prevent
vertical transmission. This can be achieved by scaling up merdatrer and community health care

programmes to assist women adhering to treatment from within their comniesit

Lastly, varying proportions of maternal ¥30 copies/mL at delivery amongst districts were observed.
High burden areas for maternal viraemia at delivery were observed in Limpopo, Gauteng and some
parts of the Eastern Cape and Mpumalanga. PregnantiMR&accessing care in districts in KwaZulu
Natal and Western Cape provinces had better rates of VL suppression compared to the rest of the
country. These distridevel differences in maternal viraemia highlight high burden areas for maternal
viraemia in he country and the need for targeted responses. As for KwalXatal, despite having
optimal maternal VL suppression rates overall, the province still had higher cases of MTCT on account
of a high maternal seroprevalence rafehese data concur with resalof the adjusted regression
model whereby higher maternal seroprevalence rates correlated positively with number of MTCT
casesThis further emphasizes the need for targeted responses in order to achieve eMTCT. It is also
worth noting that maternal VL sygpession rates at time of delivery may have improved subsequent

to the study period. The guidelines of 2019 now recommend a VL test at delivery for all pregnant
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WRLHIV in an attempt to prompt appropriate clinical management for methid pairs during ta
postpartum period, since the postnatal period is the new frontier of MYEn addition the
introduction of Dolutegravir into standard first line therapy may improve maternal VL suppression

rates during pregnancy and the postpartum peridd.

Interpretation of these findings requires acknowledgement of a humber of limitations. Results for
pregnant WRLHIV are based on a synthetic cohort that was created by applying a set of criteria to
routine HIV test data due to lack of a marker pregnancy in the NHLS CDW. Thus, the generalizability
of study data rely on the accuracy of algorithms used. It is anticipated that the study algorithm used
to identify pregnant WRLHIV from the NHLS CDW was highly specific, resulting in a smallafumber
women identified as pregnant during the study period. As a result, some pregnant WRLHIV were
misclassified as being ngaregnant. However, results emanating from this stadyort are similar to

results from other studies which enrolled known pregns®iRLHIV from routine setting$3

The lack of a unique patient identifier in the NHLS CDW may have resulted in poor linkage of VL test
data, thus leading to undegstimation of VL suppression for both pregnant and -poagnant
WRLHIV. In addition, VL monitoring within the PMTCT progranaset widely implemented during

the study period, therefore VL testing coverage was low. As a result testing may have been biased
towards women with unsuppressed VLs. However, the large sample size of the indieidilialata
potentially minimized this ias. As for MTCT cases, the reported national case rate may be over
estimated due to decreased linkage in the NHLS CDW. On the other hand, the case rate may be an
under-estimate because children diagnosed with HIV <24 months of agetasted using HIV FRC

The national PMTCT guidelines required HIV PCR testing in <18 month year olds and rapid HIV tests
%18 months of age during the study period. However, results of rapid HIV tests are not recorded in the

NHLS CDW, therefore the study likely missed MT&E tetween the 184 months age group.

On a populatiodevel, the analysis was based on 262 data points representinglistrixts in the
country. A facilitylevel analysis would have provided a larger dataset, with greater geographical
variability in theexposures and outcomes. However, some of the indicators analysed were not
available at facility level, restricting analysis to sub district level. Furthermore, the ecological design of
this study makes the study liable to ecological fallacy. That ish§iadrom a population level analysis

may not apply to a patient level analysis. For example;dsiict level data did not show the effect

of younger maternal age on MTCT, when patient level analyses have shown that younger maternal

age is a significamtredictor of vertical transmission of HIV in these settifigéNonetheless, the data
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provide useful insight on populatidevel parameters that require addressing in order to fiiatk

eMTCT in South Africa.

Despite near universal corage of PMTCT services in South Africa, MTCT case rates at the end of the
breastfeeding period are still in excess of eMTCT targets. Results from this ecological analysis suggests
that maternal viraemia during the postpartum period, geographic areas wighen maternal sero
prevalence rateswomen initiating ART late in pregnanapdor incident maternal HIV during
pregnancy aresignificant population level predictorsf vertical transmission within the national
PMTCT programme. Scale up of HIV preveniile@ family planning services is required to lower
maternal HIV prevalence while expanded access to HIV testing wittdaktART initiation among
WRLHIV. Retention in care and increased VL monitoring, with prompt clinical action for abnormal
results, anong pregnant and postpartum WRLHIV is critical to improve VL suppression rates and

maternal health throughout the continuum of PMTCT care for eMTCT.

116



6.8 References

1. Goga A, Sherman G, Chirinda W, Ngoma K, Bardwaj S, DohertyHlistirdting motheito-child
transmission of HIV in South Africa, 2R2@16: Progress, challenges and the Last Mile Plan. South
African Health Review. Health Systems Trust. 201T)2AB7-146.

2.Bhardwaj S, Tregedlavin L, Barron P, Robinson A, Gogdérngan G et al. Elimination of mother
to-child transmission of HIV in South Africa: Rapid seplasing quality improvement. S Afr Med J
2014;104(3):23243.

3. Massyn N, Padarath A, Peer N, Day C. District Health Barometer 2016/2017. Health Systems Trus
Available from https://www.hst.org.za/publications/Pages/Distri¢iealthBarometer201617.aspx

[Cited 22 November 2020].

4.World Health Organization. Elingtion of motherto-childtransmission (EMTCT) of HIV and syphilis:
Global guidance on criteria and processes for validation. 2014Available from
https://www.who.int/reproductivehealth/publications/emtcthiv-syphilis/en/ [Cited 22 November
2020].

5.World Health Organization. Elimination of motHerchildtransmission (EMTCT) of HIV and syphilis:
Global guidance orriteria ard processes for validation. Second [dfit 2017. Available from
https://www.who.int/reproductivehealth/publications/emtcthiv-syphilis/en/. [Cited 22 November
2020].

6.Goga A, Chirinda W, Ngandu NK, Ngoma K, Bhardwaj S, Feucht U et al. Closing the gaps to eliminate
mother-to-child transmission of HIV (MTCT) in South Africa: Understanding MTCT case rates, factors
that hinder the monitoring and attainment of targets, andtential game changers. S Afr Med J.
2018;108(3a):s1-824.

7.Woldesenbet SA, Kufa T, Lomband&hda S, Ayalew K, Cheyipebal. The 2017 National Antenatal
Sentinel HIV Survey, South Africa, National Department of Health. 2019. Available from
http://www.nicd.ac.za/wpcontent/uploads/2019/07/Antenatal _surveseport 24July19.pdf [Cited

18 July 2020].

8. Mandelbrot L, Tubiana R, Le Chenadec J Dollfusy€, AsaPannier E et al. No perinatal HIV

transmission from women with effective antiretroviral therapy starting before conception. Clin Infect

Dis. 2015;61(11):17185.

9. Lesosky M, Glass T, Mukonda E, Hsidfy Wbrams EJ, Myer Optimal timing of virhload
Y2ZYAG2NRY3 Rd2NAY3I LINBIYylFyOe (G2 LINBRAOG OANI SYAL
South Africa: a simulation study Int ADSSoc. 20120(7):e25000

117


https://www.hst.org.za/publications/Pages/District-Health-Barometer-201617.aspx
https://www.who.int/reproductivehealth/publications/emtct-hiv-syphilis/en/
https://www.who.int/reproductivehealth/publications/emtct-hiv-syphilis/en/
http://www.nicd.ac.za/wp-content/uploads/2019/07/Antenatal_survey-report_24July19.pdf

10.Abougi LL, Humphrey JM, Mpondy C, Yotebieng M, Murnane PM, Clouse Kleieaing UNAIDS
90-90-90 targets for pregnant and postpartum women in stbharan Africa: progress, gaps and
research needs. J Virus Erad. 2018;4(2333

11.Myer L, Essajee S, Broyles LN, Watts DH, LesoslksBYBNM et al. Pregnant and breastfeeding
women: A priority population for Hiwiral load monitoring. PloS ONED17;14(8):e1002375.

12.0Onoya D, Nattey C, Jinga N, Mongwenyana C, ShermiEm& of HIV diagnosis, CD4 count and
viralload at antenatal care start and deliverySouth AfricaPLoSONE 202015(2):e0229111.
13.Woldensenbet S, Kufa T, Barron P, Chirombo BC, Cheyip M, Ayalew C et al. Viral suppression and
factors associated with failure to achieve viral suppression among pregnant women in South Africa.
AIDS. 2020;34(4):58997.

14.Myer L, Phillips TK, Mcintyre JA, Hsia¥,Wetro G, Zerbe et al. HIV viraemia and metberhild
transmission risk after antiretroviral therapy initiation in pregnancy in Cape Town, South Africa. HIV
Med. 2017;18(2):8@8.

15. Fatti G, Shaikh N, Eley Bckson D, Grimwood A. Adolescent and young pregnant women at
increased risk of motheto-child transmission of HIV and poorer maternal and infant health
outcomes: A cohort study at public facilities in the Nelson Mandela Bay Metropolitan district,reaster
Cape, South Africa. S Afri Med J. 2014;104(12)8804

16. Ramraj T, Jackson D, DiAH,Olorunju S, Lombard C, Sherman G et al. Adolescent access to care
and risk of early motheto-child HIV tansmissionJ Adolesc Health. 2018;62(4):4843.

17. KimH-Y, Dobra A, Tanser RKligration and firstyear maternal mortality among Hipbsitive
postpartum women: A populatichased longitudinal study in rural South Afriddlos Med. 2020;
17(3):21003085.

18. Johnson LF, Dorrington RE, Moolla H. HIV epidemierslrin South Africa: A modeased
evaluation of factors accounting famter-provincial differences in HIV prevalence and incidence
trends. S Afr J HIV Med. 2017;18(1):a695.

19. Moyo F, Haeri Mazanderani, Kufa T, Sherman G. The geographic distribptioritgfpopulation
groups for the elimination of motheto-child transmission of HIV in South Africa. PLoS ONE
15(4):e0231228.

20. Moyo F, Haeri Mazanderani, Murray T, Sherman G, Kufa T. Achieving maternal viral load
suppression for elimination of mothdo-child transmission of HIV in South Africa. AIDS.
2021;35(2):307316.

21.Bassett IV, Huang M, Cloete C, Cafdiddy J, Frank SC, etAsdsessing the completeness and
accuracy of South African National Laboratory CD4 and viral load data: ssedi®sal study. BMJ

Open 2018;88):€021506

118



22.Clouse K, Pettifor A, Shearer K, Maskew M, Bassett J, Larson B et al. Loss-tgpfbidove and

after delivery among women testing HIV positive during pregnancy in Johannesburg, South Africa.
Trop Med Int téalth. 2013;18(4):45460.

23.Chetty T, Newell ML, Thorne C, Coutsoudis Xiraemia before, during and after pregnancy in-HIV
infected women on antiretroviral therapy in rural KwaZilatal, South Africa, 20£2015. Trop Med

Int Health. 2018;23(1):791.

24. Woldesenbet SA, Jackson D, Lombard CJ, BihiR@mokolo V, Doherty T et Structural level
differences in the motheto-child HIV transmission rate in South Africa: A multilevel assessment of
individuat, health Facility and provincialevel predictors of infant HIV transmission. J Acquir Immune
Defic Syndr. 2017;74(5):5&30.

25. Goga A, Jackson D, Lombard C, Ramokolo V, Ngandu N, Sherman G et al. Highest risk-of mother
to-child transmission of HIV or death in the first 6 months postpartum: results from 18 month follow

up of an HIvexposed cohort, South Africa. J INt AIDO8 HAMC TMHPO OO YHT MTHY @

26. Technau KG, Kalk E, Coovadia A, Black V, Pickerill S, Mellins CA et al. Timing of maternal HIV testing
and uptake of prevention of mothdpb-child transmission interventions among women and their
infected infants in Johannesburgy@h Africa. J Acquir Immune Defic Syndr.2014;65(5):e4718.

27. Kendall C, Claessens L, Dorward J, Mfeka G, Gate K. Reasons for failure of prevention-of mother
to-child HIV transmission in a rural South African district hosgtafr J HIV Me@015;16(1):365

368.

28. Johnson LF, Stinson K, Newell ML, et al. The contribution of maternal HIV seroconversion during
late pregnancy and breastfeeding to motherchild transmission of HIV. J Acquir Immune Defic
S/ndr. 2012;59(4)417¢425.

29. Gill MM, hoffman HJ, Bobrow EAMugwaneza P, Ndatimana D, NdayisabaeG#&l. Detectable

viral load inlate pregnancy amongvomen in the Rwanda Option B+ PMTCT Program: Enrollment
results from the Kabeho Study. PLA$E?®01611(12)e0168671.

30.Myer L, Dunning L, Lesosky INsiao NY, Phillips T, Petro&? al. Frequency of viremic episodes in
HI\tinfected women initiating antiretroviral therapy during pregnancy: A cohort study. Clin Infect Dis.
2017;64:422427.

31. Adeniyi OV, Ajayi Al. Levetateterminants of postpartum adherence to antiretroviral therapy in

the Eastern Cape, South Africa. PIOEEC020;15(20229592

32. Phillips T, Thebus E, Bekk&s, LMcyntire J, Abrams EJ, Myer L. Disengagement gbdsitive
pregnant and postpartum waoen from antiretroviral therapy services: a cohort study. J Int AIDS Soc.
2014;17(1):19242.

119



33. Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to
antiretroviral therapy during and after pregnancy in lpwniddle and gh income countries: a
systematic review and metanalysis. AIDS. 2012;26(16):208%2.

34.Le Roux SM, Abrams EJ, Donald KA, Brittain K, Phillips TK, Zerbe A et al. Infectious morbidity of
breastfed, HIexposed uninfected infants under conditions ofiversal antiretroviral therapy in

South Africa: a prospective cohort study. Lancet Child Adolesc Health. 2020;4&31220

35.Egbe TO, Tchente CN, Mangala Nkwele Syemb JE, Barla ME, BeR¥iso ECesarean delivery
technique among HIV positive womevith suboptimal antenatal care uptake at the Douala General
Hospital, Cameroon: case series rep&WMC Res Notes. 2017;10(332).

36. Westreich D, Cole SR, Nagar S, Maskew M, van der Horst C, Sanne |. Pregnancy and virologic
response to antiretroviral trapy in South Africa. PLoS ONE. 2011;6(8):e22778.

37.South African National Department of Health. Guidelines for the Prevention of Mother to Child
Transmission of Communicable Infections (HIV, Hepatitis, Listeriosis, Malaria, Syphilis and TB).
Available from https://www.knowledgehub.org.za/system/files/elibdownloads/20:19
11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20@iteddd5 February 2020].

38.Moyo F, Haeri Mazanderani A, Murray T, Techn@y Karmona S, Kufa T et al. Characterizing viral
load kurden among HINhfected women around the time of delivery: Findings from four tertiary
obstetric units in Gauteng, South Africa. J Achoinune Defic Syndr. 2020;83(4):3996.

120


https://www.knowledgehub.org.za/system/files/elibdownloads/2019-11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20Nov.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2019-11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20Nov.pdf

CHAPTER

Maternal HIV viral load testing during pregnancy and
postpartum care in Gauteng Province, South Africa.

Faith Moyo, MS&3 Ahmad Haeri Mazanderani, PhODendesayi Kufa, PhE) Gayle G Sherman,
PhD-34

1. Centre for HIV & STIs, National Institute for Communicable Diseases, National Health Laboratory
Service, Johannesburg, South Africa

2. School of Public Health, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg,
South Africa

3. Paediatric HIV Diagnostics Division, Wits Health Consortium, Johannesburg, South Africa

4. Departmentof Paediatrics and Child Health, Faculty of Health Sciences, University of the

Witwatersrand, Johannesburg, South Africa

Accepted for publication. South African Medical Joyrb@lOctober 202qAppendix 7.1)

121



7.1Introduction

Maternal viral load(VL) is closely associated with the risk of motteechild transmission of HIV
(MTCT):2 Thus, frequent and timely VL testing among pregnant and breastfeeding women living with
HIV (WLHIV) is critical to prevent MTCT. This is because there is limgéstbtiidentifying women

with high VL and instituting interventions, such as switching regimens and/or intensifying adherence
support, to ensure VL suppression. The South African Prevention of Muwot@&rild Transmission of

HIV (PMTCT) programme has eedlto enable universal HIV testing and antiretroviral therapy (ART)
coverage in the public sector. For monitoring treatment response, the PMTCT guidelines since 2015
have recommended a VL test at the first antenatal care (ANC) visit for WLHIV alreadyl,on AR
irrespectiveof when the last VL was dorié&zor WLHIV newly diagnosed with HIV during pregnancy, a
VL is recommended after three months of ART use. In both groups, six monthly VL monitoring follows
throughout pregnancy and the breastfeeding period. hwéimber 2019, the guidelines were revised

G2 AyOftdzZRS + [ |G RStEAOGSNE F2NJ Fff 2[1L+xX |yR

copies/mL for instituting intensified adherensapport and/or regimen changeés.

Despite the existence of a robust PMIT@olicy framework, minimal attention has been placed on

maternal VL monitoring during pregnancy and the pastpm period in South AfricaPrevious

reports have found VL testing coverage as low as 30% during pregnancy or the breastfeedirfg period

with frequent disengagement from care during the postpartum period particularly among WLHIV

newly nitiating ART during pregnanéyC dzZNIi K SNY 2 NB X | LILINBEA Y G St & wm:
000 copies/mL duringntenatal and postpartum catewhile up to 37% of rggnant WLHIV have VL

xpn O2LIASakY[ |G RSt A@ENhis has/impirtars implicabohsAdDverkicall G K
transmission, as elimination of moth&w-child transmission of HIV (eMTCT) requires sustained
suppression of maternal VL at <60@pies/ml throughout pregnancy, delivery and the breastfeeding

period. The foregoing suggests that the programme is far from achievinPE\80-90 and eMTCT

targets1®4

{2dziK ! TNRAOF Q& Lzt AO KSIf GK &as @dnBlished dN@rafize® Sa NP ¢
laboratory network which is accessible to 2038NC facilities nationally However, delays exist from

specimen collection to testing and ultimately treturn of results to patient$ Pointof-care (PoC) HIV
VLtestinghas beerproposed as a game changer for fasicking eMTCT in South Africa. Peabfiicare

VL testing can reduce gaps along the VL monitoring cascade by accelerating return of results to
patients and facilitating prompt clinical management @ses with elevated marnal VL%!8 Previous

reports suggest that PoC HIV VL technologies have a place within routine settings in South Africa.
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However, scale up needs to complement existing laborab@sed systems and address degel

health system factor®:

This articleeviews compliance of VL testing with natiogaldelines anduppression rates during the
antenatal period and up to nine months postpartum among WLHIV who received a PoC HIV VL at

delivery at four tertiary hospitals in Gauteng Province, South Africa.

Between June 2018 and February 2020, PoC HIV VL testing was piloted at four tertiary obstetric units
in Gauteng Provineeghree in the City of Johannesburg and one in Tshwane District. All pregnant
WLHIV presenting at labour or postnatal wardsreveligible for PoC HIV VL testing using Xpert® HIV

1 VL (Cepheid, Sunnyvale, California, USA). Specimen collection was performed by nurses and doctors
as part of routine care, while testing was performed by trained PoC operators onsite. Testing was
performed on weekdays between 08nd®h00. No clinical details, such as time of first HIV diagnosis,
PMTCT regimen, ANC attendance, were recorded. All women who received a PoC HIV VL test at
delivery were included in the study. For each PoC HIV VL perforrmedeaponding sample was sent

for routine testing to the National Health Laboratory Service (NHLS), with the two samples sharing the
same laboratory barcode. Prior and subsequent HIV VL tests associated with the same patient, as per
GKS bl [{Q &WwakhidICDW)genkrited unique patient identifier, were extracted from
the NHLS CDW. HIV VL test data extracted included VLs performed up to nine months prior to and
post the delivery HIV VL. Viral loads performed up to nine months prior to deliveeywged as a

proxy for VL monitoring during the antenatal period. Record linkage within the NHLS CDW relied on a
validated probabilistic patieAinking algorithm which uses patient demographics (name, surname,

date of birth, etc) for linking testecordsto unique individuals?

7.2.1Study outcomes and analysis

The analysis evaluatgatoportions of women who received a VL test during the antenatal period, at

delivery and within nine months postpartum, expressed as percentages. Eligible VLs analyzed included

any VL performed within nine months prand postdelivery. Proportions of pgnant WLHIV with a
documented VL and proportions of VL suppression during the antenatal period, at delivery and
postpartum were calculated. Analyses were stratified by i) receipt of PoC HIV VL result prior to
discharge from hospital or not, to determineghmpact of PoC HIV VL testing on rate of retention

L2230 LI NI dzY FYyR AAO YIFAGSNYEE [ xpn O2LASaKY[ OF
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Ethics approval for the study was obtained from the Wits Human Research Ethics ConjHRREEE)
(M1711115) and from the Faculty of Health Sciences Research Ethics Committee of the University of
Pretoria £0/2018).

A total of 4 989 pregnant WLHIV received PoC HIV VL testing at time of delivery from the four tertiary
obstetric units between June 2018 and February 2020. Among these, 3 671 (73.6%) women received

their PoC HIV VL result prior tedharge from the hospital and 1 318 (26.4%) did not. Median maternal

age was 31.1 years (interquartile range: 285%6) (Tabler.1). A total of 917 (18.4%) women had a
R20dzYSydSR [ Rdz2NAYy3I GKS FyadSylFdalrf LISNhAS 2F oK.

OMYy @20 KIFER F [ ugMmMuihn! O2RECAOSNEDChHIPMM 060y Do
O2LIASakKY[ YR M nHy OHn®c:0 KIFER | [ xm nnn O2
R20dz2YSy G SR [ 6AGKAY yAYS Y2ydKa LRAGLI NIdYs 27

Omn dy’: 0 KDORopies/mi [(Tabigm). Women with a documented VL during the antenatal
period versus those without, were more likely to i) have VL <50 copies/mL at delivery, 652 (71.1%)
versus 2 426 (59.6%); p value <0.001 and ii) have a documented VL postpartu@3.8¥6) versus

411 (10.1%); p value <0.001, respectively. However, VL suppression postpartum was not associated
with having a VL performed during the antenatal period (p value = 0.478). Overall, 216 (4.3%) of 4 989
women received VL monitoring during thetanatal period, at delivery and within nine months

postpartum.

Receipt of a PoC VL result before discharge from the hospital was associated with having a VL test
performed within nine months postpartum. However, the association did not reach statistical
significance (p value = 0.055, Talglé). A significant proportion of younger women (age <25 years)

KFEFR F [ xpn O2LASak Y[71).hen icompated @ TvomerSviith ZLSEE 6 ¢ |
O2LIASAaKY[ Z 62YSY GAGK ==[ xpn weVLSMFiagkthe[antenaial G A Y S
period (265/1 911 (13.8%) versus 652/ 3 078 (21.2%); p value = 0.001) and tended to have

dzy adzLILINBaaSR [ a AT (KSe& KFR F [ Rd2NARy3a GKS vy
versus 115/652 (17.6%) women, p vaii@001) (Figre. 7.1). Rates of postpartum VL monitoring were
AAYAT I NI 0SGsSSy GKS (g2 3INRdzLJA G Hpm OMOdPM:IO T3
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for women with a VL <50 copies/mL at time of delivery (p value = 0.341). However, women with VL
X P copies/mL at time of delivery were more likely to remain unsuppressed at postpartum fgtiow

compared to women with VL <50 copies/mL at time of delivery(€igd.1).
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Table 7.1: Demographic and clinical characteristics of WLHIV wheived a PoC HIV VL test at delivery from four tertiary obstetric units in Gauteng

Province, June 201Bebruary 2020.

PoC Result receipt at delivery

PoC HIV VL category at delivegppies/mL)

Total Not received Received P-value VL <50 +t[ Xxpn P-value
Variables N=4 989 n=1 318 n=3 671 n=3 078 n=1911
Maternal age at delivery 0.416 <0.001
Median (years) 31.1(26.635.6) | 31.0(26.235.4) 31.1(26.535.5) 0.402 32.2(27.636.1) 29.8(25.134.6) <0.001
<25 616 (12.3%) 139 (10.5%) 477(13.0%) 296 (9.6%) 320 (16.7%)
2534 1855 (37.2%) 377 (28.6%) 1 478 (40.3%) 1 148 (37.3%) 707 (37.0%)
3544 990 (19.8%) 200 (15.2%) 790 (21.5%) 692 (22.5%) 298 (15.6%)
Xnp 16 (0.3%) 2 (0.2%) 14 (0.4%) 11 (0.4%) 5 (0.3%)
missing 1512 (30.3%) 600 (45.5%) 912 (24.8%) 931 (30.2%) 581 (30.4%)
VL test during ANC
VL done 917 (18.4%) 186 (14.1%) 731 (19.9%) <0.001 652 (21.2%) 265 (13.9%) <0.001
VL not done 4072 (81.6%) 1132 (85.9%) 2940 (80.1%) 2426 (78.8%) 1646 (86.1%)
VL at ANCGcopies/mL) 0.663 <0.001
Median (IQR) 20 (6222) 20 (0423) 20 (0182) 0.158 20 (028) 718 (G614 059) <0.001
<50 582 (63.5%) 113 (60.8%) 469 (64.2%) 537 (82.4%) 45 (17.0%)
50-<1000 170 (18.5%) 36 (19.4%) 134 (18.3%) 75 (11.5%) 95 (35.9%)
X 00 165 (18.0%) 37 (19.9%) 128 (17.5%) 40 (6.1%) 125 (47.2%)
+ [ (9Smbriths Pigstpartum <0.007 0.341
VL done 627 (12.6%) 138 (10.5%) 489 (13.3%) 376 (12.2%) 251 (13.1%)
VL not done 4 362 (87.4%) 1 180 (89.5%) 3 182 (86.7%) 2 702 (87.8%) 1660 (86.9%)
*+ [ 9 mi§nths postpartum 0.055 <0.001
Median (IQR) 0 (0-66) 0 (0-70) 20 (066) 0.092 0 (0-20) 107 (204 697) <0.001
<50 393 (62.7%) 83 (60.1%) 310 (63.4%) 322 (85.6%) 71 (28.3%)
50-<1000 141 (22.5%) 26 (18.8%) 115 (23.5%) 46 (12.2%) 95 (37.9%)
X 00 93 (14.8%) 29 (21.0%) 64 (13.1%) 8 (2.1%) 85 (33.9%)

"Zero values were assigned for VL values were target was not detected; the value of the lower limit of quantificationgwad adwre HIV RNA was detected but below

the lower limit of quantification of the VL assdissing age category excluded frdaivariate analysesAbbreviation (s)WLHIV women living with HIV; PoC point of care;

VL viral load, IQR interquartile range, ANC antenatal care, mL millilitre.
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Figure 7.1. Compliance of VL testing and rates of suppression amongst pregnant and postpartum
women living with HIV amongst the cohart

Abbreviations PoCpoint-of-care, VL viral load in copies/mL

We present findings from a review of compliance to national VL testing guidelines and suppression

rates during the antenatal angostpartum periods in Gauteng Province. Less than 20% of pregnant

WLHIV had evidence of VL monitoring during the antenatal period, with 37% of these women having

+[ xpn O2LIASAKY[ LINA2NI (2 RSEtAOSNE® ' RSt ADSNES

copies/mL, respectively. Overall, the rate of VL monitorindpwihine months postpartum was 13%
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FYR ot 2F 62YSYy gAGK | [ GSad oAGKAY YAYS Y2y
evidence of VL monitoring during the antenatal period were more likely to be virally suppressed at
delivery and receive VL mibaring during the postpartum period. We observed that a significant
LINE L2 NIIAZ2ZY 2F $2YSy 3SR frHp &SENBR KIR [ & xpn
copies/mL at delivery were less likely to be virally suppressed at postpartum fgficsampared to

62YSYy 6AGK [ +fpn O2LASakY[ |G RStAGSNE® {AyOS
observed during the antenatal period (37%), delivery (38%) and within nine months postpartum (37%),
findings show that a similar proportion of women argnsitioning the care continuum with
unsuppressed VLs. In which case, the programme is failing to identify distinct groups of women with
specific needs that require targeted packages of care for maternal VL suppression. However, VL data

was too few to detemine the proportion of women consistently unsuggsed at all three time points.

Himination of MTCT requires sustained maternal VL suppression from conception through pregnancy
to the end of the breastfeeding period. Over 80% of women in our cohort lmadvidence of VL
monitoring during the antenatal period. Given the small window of opportunity for intervention
between detecting high maternal VL during the antenatal period and time of delivery, it is not
AdzZNIINR aAyYy 3 GKFG nxr 2 eshnilkaSidigry FhdngsspeikitoRhe aded fagp 1 O 2
improved implementation of frequent maternal VL monitoring and rapid reaction to elevated
maternal VL during pregnancy and postpartum period. South Africa already has a robust policy
framework that provide for optimal monitoring of maternal VL during pregnancy. What is required
are systems for improving clinical management of pregnant and postpartum WLHIV within the PMTCT
programme including PoC VL testittgPointof-care VL utilization varied across aiudy sites as
previously reported 15 and these data show that approximately one in three women who received a
PoC VL test at delivery did not receive their result prior to discharge from the hospital, suggesting
suboptimal utilization. Nonetheless, highproportions of VL monitoring in the postpartum period
were seen in women who received their delivery PoC HIV VL result prior to discharge from the hospital
than those who did not. Although the difference was not clinically relevant (11% versus 13%), the
finding demonstrated the potential of PoC VL testing in improving maternal VL testing and subsequent
retention in care postpartum within routine settings. This is particularly important in the current
context of very low maternal VL testing coverage witthia national PMTCT programme, such that
any intervention that improves VL testing coverage is welcome. However further research is required
to explore this association as findings may be biased by underlying health system and patient level

factors which vere beyond the scope of this study.

Evidence from different studies show that approximately 30P% of women delivering in the public

aSO0 2 NJ KdogeS/mltat timeqf deliver§it We present similar findings for maternal viraemia
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at delivery andwithin nine months postpartum. These proportions are unacceptably high if the
programme is in pursuit of eMTCT, especially considering recommendations for extended
breastfeeding for two years postpartum. We found that women who had unsuppressed VLe aftim
delivery, continued to be unsuppressed during the postpartum period. Even more concerning was the
observed high rate of absent VL monitoring within nine months postpartum amongst the cohort. This
places HI\éxposed infants at a higher kiof MTCT duing breastfeeding®?? Poor monitoring of
maternal VL during the postpartum period undermines the benefits of high ART coverage prior to
delivery by compounding the risk of MTCT in the postnatal period. These findings emphasize the need
for on-going patiet support and improved systems for monitoring patient care during pregnancy and
postpartum period in order to achieve eMTCT. Until clinical databases can assume this role, routine
near reaiftime surveillance of maternal VL during pregnancy, delivery astipprtum periods using

the NHLS laboratory database can fxack attainment of eMTCT and the third 90 in this population.

The revised PMTCT guidelines of 2019 make provision for accurate, national surveillance of maternal
VL during pregnancy, at deliyeaind the postpartum period by introducing the electronic gate keeping
(EGK) codes C#PMTCT and C#DELIVERY to distinguish maternat)\4t testia three time points.

The EGK codes are meant to be captured on standard laboratory requisition formséimeps
submitted to and processed by the NHLS. As with other policy recommendations, the success of this

initiative depends on uptake and implementation by stakeholders.

At patient level, investing in patient support services may sensitize mothers dmgiwtance of VL
monitoring and empower them to take charge of their own health and health care, for example young
mothers and women who are struggling with adherence to treatment. The success of the PMTCT
programme to date is largely attributable to imphentation of broadbased and programmevel
interventions. These interventions were necessary and are still relevant. However, achieving eMTCT
requires a further shift towards focusing on case management during pregnancy and postpartum
period. This may e@lain the constant figure of approximately 37% of women that remain
unsuppressed throughout the continuum of care in this study. These are probably women with specific
needs that are not addressed by programieeel interventions and require extra servic®ghile this
approach may be timeand resourcdantensive, the PMTCT programme can leverage on services
LINE JARSR 08 Waz2Y/2yySOiQ FyR (4KS O2YYdzsuchie KSI f
needs?® MomConnect is a mobile phone based health initiative of the South African National
Department of Health that sends targeted health promotion messages to pregnant women (regardless
of HIV status) accessing antenatal care in the public health sector. Meted health messages aim

at improving both maternal and infant healthSubscription to the service is on a voluntary basis and

is free of charge.
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Interpretation of our findings requires consideration of certain limitations. Wiedeon the national
laboratory database for VL testing patterns throughout the continuum of PMTCT care for the study
cohort. However, the laboratory database is not a clinical longitudinal cohort management system.
The VL testing cascade generated fraimoratory data is based on availability of VL testing according
to HIV monitoring guidelines. Therefore, some women may be in care but not receiving appropriate
HIV testing. In addition, the laboratory database may be inaccurate for longitudinal cohoitbniran

as, in the absence of a unique identifier, record linkage relies on probabilistic matching of patient
demographic information. Therefore, some VL results may not have been linked to study participants
due to inconsistent documentation of demograpsi(for example due to data capturing error and or
surname changes due to marriage) which would cause the patient linking algorithm to fail to link VL
results belonging to the same patient. This is particularly worth noting considering pregnant women
often attend multiple facilities during the antenatal period, delivery and postpaffiand each facility

may capture their personal identifiers differently. However, a manual search for longitudinal VL test
results for 200 randomly selected participants wagfpened from the Laboratory Information
System (LIS). The manual search did not yield additional VL data to results obtained from the patient
linking algorithm. This suggests reasonable performance of the linking algorithm in finding most of the
HIV VLs péormed on each patient, thereby validating the study findings. However, the use of markers
specific for maternal VL monitoring during pregnancy and breastfeeding period, such as the
recommended EGK codes, is anticipated to provide accurate surveillateéralm the laboratory

database in the near future.

Another limitation includes the lack of clinical information for study participants. Data on maternal
ART status during the antenatal period was not available to the study to determine timing of first VL
and or the impact of ART duration on maternal viraemia during the antenatal and postpartum periods.
In addition, the studyackedinformation of when pregnant or breastfeeding women last received ART,
whether they were on firstor secondline therapy, ad whether any changes to therapy were made

in response to the VL resultsastly, considering the low maternal VL testing coverage during both the
antenatal and postpartum periods, testing may have been biased towards unsuppressed women. This
may explain Wy women with unsuppressed VLs during pregnancy tended to be unsuppressed during
the postpartum period. Furthermore, the few VL data in this study limited a longitudinal analysis of

maternal VL evolution.
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Less than 5% of WLHIV enrolledhiststudy received VL monitoring during antenatal and postpartum
periods according to national guidelines. Approximately one fifth of women had evidence of VL
monitoring during the antenatal period. Women living with HIV who did not have VL monitorimgduri
the antenatal period were more likely to be virally unsuppressed at delivery and receive no
postpartum VL monitoring. Women with high VL at delivery were more likely to remain virally
unsuppressed postpartum. These results emphasize the need for chasetoring of and urgency in
responding to elevated maternal VL during pregnancy, at delivery and postpartum for the attainment

of eMTCT in South Africa.
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This chapter summarizes the main findings of the PhD research project and places the findings in the
broader context of eMTCT in South Afrisab-Saharan Africa and globallijhe chapter also discusses

the implications of the findings on eMTCT policy, ggeanme implementation and operational
researchThis research projeavas basedn a framevorkwhichplacesa direct link between maternal
viraemia andnother-to-child transmission of HIV (MTGE presentedn Chapter 1Figure 1.2This
association is wliely known?® The frameworkrelates maternal viral load (VL§uppressionduring
pregnancy andthe postpartum periodto a number offactors such associceconomic, policy
environmentand clinicafactors.Thus,this research projecsought to describe mateal viraemia as

a key driver of vertical transmission of HIV to establish a baseline from which to improve virological
control amongSouth Africarpregnantand postpartumwomen of reproductive age living with HIV
(WRLHIYin order to fasttrack eMTCT.The projectfocused onl) clinical factors t{ming of HIV
diagnosis, duration of antiretroviral therapy (ART), comorbisljt2 policy environment (compliance

to ARTandVL testing coverage during pregnancy and postpartum age@3patial differences iHIV
response and their impact on materndlsuppressiorio direct interventions for the achievement of
eMTCTin the country

The demographic profile of target populations for eMTCT (WRLHIV and adolescent girls and young
women (AGYW) living with HIV) was greatest in six of the nine provinces in 2018, (Chapter 3,
Publication 1) While prevention of mothetto-child transmission of HIWWMTCTservice coverage &s

near universain the public sectorduring the study periogthis research projectound that rates of
maternal VL suppression were suboptimahen using VL thresholds required folingnation of
mother-to-child transmission of HIVNETCT (VL <50 copies/m(Chapter 4Publication 3. Datafrom

a nationallevel, synthetic cohort of pregnant \RLHIVshowed thatmaternal VL wast0 copies/mL

for 54% of VIRLHIV at first VL measurement during pregnar®®foat deliveryand 34%during the
postpartum period Similar ates ofmaternalVL suppressioat deliverywere observed from a cohort

of known, pregnantwomen living with HIM/LHIY delivering in the public health sector in Gauteng
province (Chapter 5Publication 3. Importantly, the study found thatapproximately 45% oARTF
experienced VRLHV at thefirst anteratal care fANG visit had a V160 copies/mL at fANC visit
nationally (Chapter 4Publication 2) Moreover, poportions of maternal viraemia werhigher in
WRLHIMwvho were ARTaive at fANC visit, with two thirds having¥0 copies/mL after 12 weeks of

ARTuse However, differences imaternal viraemia were not apparent betwedine two groups at
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delivery andpostpartum Aslight increasen viraemiawasobserved late postpartum (125 months

after delivery) for ARTaive WRLHIt the fANC visitin compaison to their AREXxperienced
counterparts Sustaineddeclinein maternal viremiaduring follow up was predicted by CD4 count
#6500, maternal age@5 years, VL <50 copies/mL andexse of comorbidities at baselinBrovincial
differences in rates of maternal VL suppressituming pregnancydeliveryand postpartum period

were noted, with greater variation observed at district level. Higher rates of maternal VL suppression
were observed in KwaZulMatal and Western @& provinces whd the poorer performing

programmeswere Limpopo, Gauteng and the Eastern Cape providedag the study period

Results from asub-district levelecological analysi€hapter § demonstratedthat maternal viraemia
during the postnatal pgod, high maternal seroprevalenemdwomen initiating ART late in pregnancy
and/or incident maternal HIV duringregnancy wereignificant drivers of vertical transmission within
the national PMTCT programmBooking early (<20 weeks gestation) for AN&S wssociated with

reduction in of number MTCT cases in the programme.

Viral load monitoringaccording to national guidelineamongpregnantand postpartumWLHIV was
poorly implemented(Chapter 7 Publication 4) albeit at a time when VL monitoring haelatively
recently been introduced into the national PMTCT progrémeview of compliance to national VL
testing guidelines for pregnant and postpartum WLHIV in Gauteng province showeeStabf
WLHIV with a VL alelivery received VL monitoring durirentenatal and postpartunperiods
according tonational guidelines. More than 80% of WLHIV delivering had no evidence of VL
monitoring during the antenatal period anldesewomen weremore likely to be virally unsuppressed

at delivery and receive no VL mitaring postpartum

The discussion pointsifthis thesis ardasedon factors that impact rates of maternal VL suppression

as guided by the framework of the research proj@egure 1.2)

8.2.1 MaternalVL suppressiorateswere suboptimal duringoregnancy angostpartum

Despite near univers@®MTCT servicgoveragen the public health sector in Soukfrica"S, rates of
maternal VL suppression were poor during the study per@der a thirdof WRLHIVhad VLx60
copies/mL atleliveryand postpatum, therebyincreasing risk of transmissio8tudy data showed an
increase in MTCT risk with increase in maternal VL, where percentage neonatal positivity was 0.3%,
3.2% and 7.9% for maternal VL <50;<8@M00 andxl 000 copies/mL anand the time of delivery.

These findings confirmeekports from a smallercohort from the Western Cape province as well as
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from a French cohorbf WLHI\A® Given >95% ART coverage among antenatal cligméshigh
proportions of viraemia observed in thetudyreflectgaps in maternal HIV diagnosis and subsequent
late ARTinitiation or viraemiaas a result of incident maternal infectiah$ This may explain the
observed positive association between increase in ART coverage and number of MTCT cases in the
population level analysesuggesting provision of ART late in pregnancy or in women seroconverting
during pregnancyHence, some women did not have sufficient tiore ARTo suppresgheir VLand
transmitted HIV to their childremhlternatively, suboptiral maternalVL suppression during pregnancy
and postpartum could be attributed to poor quality of care at these times since more than 50% of
pregnant WRLHIM this studywere already on ART at the fANC vBior case management maiso
explain the subptimal VL suppression observed in women newly diagnosed and starting ART during
pregnancy, whereby two thirds of these women had®gQ copies/ml after three months of ART use.
These findings emphasize that pregnant and postpartum WLHIV require closerimanihroughout

the continuum of PMTCT car€lose monitoring needs to adopt a holistic approach, starting with
ascertainment of maternal HIV and ART statigvery contact with the health system, continuous
assessment of adherence and frequent, timely ionitoring for women on ARThis approach is
labourintensive given high maternal HIV burden and shortage of human resources in the public health
sector, which provides >80% of HIV care in the coutitry.

The community health worker programme, whid already operationalin South Africa can
supplement PMTCT services to alleviate work load on mainstream health care pro¥iders.
Furthermore, engagement of community health care workers has potential to improve retention in
care and VL suppression rates alggoregnant and postpartum WLHIV by providing individualized,
on-goingpatient support from withincommunities Pregnant and postpartum WLHIV can also benefit
from peermentor mother programmes such as Mothers2Mothérn this model, the mentors are
individuals who have been through the PMTCT programme themselves and provide support to other
mothers living with HIV. This programme has been shown to improve maternal and child outcomes in
the Western Cape province in South Africa as well afgenda'?3 A patientcentred approach has
potential to foster accountability antuild relationships between health care workers, patients and
the community to fasttrack eMTCT Regarding VL suppressiorhet guidelines of 201%ow
recommend a triple regimen containgDolutegravir(DTGYor first linetherapy for all peopl®n ART,
including WRLHIVA* Dolutegravir achieves VL suppressi@pidly, has a high genetic barrier to
resistance and is well toleratéél’® A randomized controlled trial comparing maternalséippression

in women using DGversus EfavirengEFVYeported that time to VL suppression reduced by half in
DTG users compared to EFVLhese attributescan improve maternal VL suppression within the

programme towards achievement of eMTHurthermore,the near universal access of DTG has
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potential to achieve optimal population level viral suppression, facilitating VL suppression at

conception among WRLHIV.

Alternative models of care for preventing MTCT include elective caesarean deliveries among WLHIV.
This approach is widely implemented in developed countries, where resources allow universal access
to caesareanleliveries for all WLHIV. This model of care may have contributed to the achievement of
eMTCT among countries that have achietldd milestone This approach may not be feasible in our
setting due to high maternal seroprevalence and high costs involved with the procedure. However,
this model can be adopted in cases of high maternal VL at time of delivery. A study from Cameroon
demonstrated caegaan delivery to be effective at reducing MTCT among women presenting with
high VL at time of delivery iresourcelimited settings'® As of December 2020, there is guideline
ambiguity around the mode of delivery for women presenting with high VL at tfrdelivery in South

' FNAOFIET KSyOS G(GKA& Y2RStf 2F OFNB A& LINRPLRASR F2N

8.2.2 PoorVL monitoring among pregnant and postparturR\MIV during the study period

Maternal VL monitoring duringregnancy deliveryand postpartumwas poor during the studyeriod.
Elimination ofMTCT rguires maternal VL <50 copies/mplior to pregnancy, during pregnancy and
the postpartum periodand this can only be ascertained by frequent and timely VL monitétfig
Although itwas suspected that VL monitoring was suboptimal, the very low proportions of amde
postpartum women receiving VL monitoring were unexpected and are very conceimiGguteng
province, <5% of pregnant WLHIV received VL monitoring according to nationedting guidelines

and majority (>80%) of the cohort had no evidence of VL monitoring déih@.These findings
emphasize the need for prioritizing VL monitoring for pregnant and postpatWLHIV to prevent
MTCTas well as to achieve the third 90 oRIDS 9®0-90 targets for this populatiod South Africa

has a welestablished PMTCT policy framework that provides for adequate VL monitoring among
pregnant and postpartum WLHIK/However, recommendations of guidelines did not translate into
practicein the field as shown by findings of this sju@he PMTCT programme will benefit from regular
training and supervision of health care workers to ensure compliance to national guidelines and
improvement in quality of care provided to usefe programme lao needs to educate WLHO%

the importance of VL monitoring and VL suppression to create demanlfesting andto empower
womento take chargeof their health. These initiatives can be augmented by the mentor mother and
community health worker programes mentioned previouslyVithin the health system, a new model

of care for pregnant and postpartum WLHIV can utilind-wives or obstetric services to continue
providing cardor WLHIMuntil cessation of breastfeeding befotieey transition back to rounhe HIV

care. A randomized controlled trial from the Western Cape province demonstrated improved
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retention and higher rates of maternal VL suppression in women enrolled in the intervention arm of
integrated postnatal service for the motharfant pairversus standard of care which refers motber

for routine HIV care separately from infant servicéfResults from the population level analyses of
this study showed that maternal viraemia in the postnatal period is a significant predictor of vertical
transmission in the national PMTCT programthereby confirming results from other studies that

the postnatal period is the new frontier for MTCT in the couitryhis may be attributable to the
disconnect between anteand postnatal HIV care, which facilitatmaternal attrition postpartuni®2°
Thus, the approach of using midves and obstetric services to continue providing HIV care to

postpartum WLHIV will contribute positively towards eMTCT.

Viral load monitoringand clinical managemenduring pregnancyand postpartumcan also be
improved by scale up of poittf-care (PoC) testing modalities within routine settings. Although widely
accessible in the country, centralized laboratory testing is under strain from large testing volumes as
a result of a high M burden. The short duration from pregnancy to the time of delivery means there
is limited window for intervention, necessitating quick tearoundtimes from VL testing to receipt

of results among pregnant WLHIV. The PMTCT programme can leverage Psifty/totlower result
turn-aroundtimes among pregnant and postgum WLHIV and facilitate urgency in responding to
elevated maternal VLS his can be implemented in the form of targetedting of high risk mothers

as opposed to offering PoC for all Wi/ HWlvhich may nobe feasible in large hospital addition,
availability of VL results before mothers leave the healthcare facility, has potential to improve
retention in care?® Findings fronthe Gauteng cohorshowed that women who received their PoC VL
test result prior to discharge from the hospital, were likely to have a VL test six months postpartum
compared to those who did not. As of December 2020, PoC VL and EID modalities had not been scaled
up within routine settingsdespite the availability of a large footprint of PoC instruments used for
tuberculosis diagnosis in the countrhis initiative has potential to improve maternal VL monitoring
and retention in care during pregnancy atié postpartum perd.??® However, benefits from PoC

technologies are conditional on addressing health system level fa€tors.

8.2.3 Community VL higher in pregnant WLHidh nonpregnant WLHIV

There are few studies that have compared VL suppression between preghamioanuregnant
WLHIV in the context of eMTCWomen living wittHIV alternate betweeieing pregnhantnd not
and eMTCTrequires VLsuppressionprior to pregnancy, maintained through pregnanamtil
breastfeedingcessationProgrammatically, this means thall WRLHIV need to be virally suppressed

at all timesto ensure they are in the best possible health prior to conceptt®cale up of pre
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conception services for women and coupling with HIV is neede&outh Africa has a high rate of
unintended pregnancies, regardless of HIV stati{$! Different levels of VL suppressidilL <1000
copies/ml) have been reported for WLHIV in South Africa, ranging 6% (all females), 90045-64
years), 67% (189 years) andt8% for AGYW in HIV c&fé® None of these studiesreported on
pregnant WLHIV, hence this study attempted to fill this gap, udintpMsholdsequiredfor eMTCT.

Findingdrom this studydemonstrated higher proportions of maternal ¥p0 copies/mL in pregnant
versus norpregnant WLHIV atompaable time points durindpllow up, proving thestudy hypothesis
This difference was appareat the fANC visit, where proportions of maternal M0 copies/mL were
43% for AREXxperienced, pregnant RLHIV versus 35% for ngmegnant WRLHIV at cohorentry
(p<0.001).Albeit wsing a different threshold, a Zimbabwean study reporsiahilar findings oL
XL 000 copies/mL at fANC visit in 22% versus 16% of pregnant WLHIV amdegaant WLHIV
respectively®* These data demonstrate that the period of greancy is a critical point in the lives of
WRLHIVwhich is prone tsuboptimal viral controlConsequently, in order to achieve eMTEWTCT
programmes need to strength adherence support, monitor maternal VL timeousiynpoove
maternal VL suppression dmaternalhealth.In some instances, suboptimal VL suppression could be
due to drug resistanc®* However, the introduction of DTG mtnational ART guidelines is
anticipated to alleviate this problem due ib having ahigher genetic barrier compared to EEV

although concerns of weight gaissociated with DTG usaight discourage adherence

In this study,comorbid conditions were associated with high maternal VL during follow up.
Approximately 10% of the nationalloort of pregnant WRLHIKF R S@A RSy O0S 2F xm O2 Y:
(syphilis, TB and kidney disease) during pregnancy with sygpdibpositivity documented in 3% of

the cohort. These findingsoncurwith other reports on syphilis positivity among pregnant VI\LH

from South Afric&’ It is known that pregnant WLHIV-gafected with TB or syphilis have 2% times

higher risk of MTCT compared to their negative counterpdfsThus, screening and treating all

pregnant and postpartum WRHIV-gdected with TBor syphilis is critical for achieving eMTCT of both

HIV and syphilis.

8.2.4 Young mothers andertical transmission ithe era of eMTCT

Youth pregnancies (124 years) are common in South Africa, with one in thredQ%year old women
reporting ever baig pregnant®*! This same age group has the highest lifetime riskiforacquisition
among female4? In this studypatient-level analyses showed thataternal viral control during follow
up was poor in younger mothef¢s25 years at fANC visitpmpared to older women. Younger mothers

were 1) less likely to have documented evidence for VL monitdungg theANC period iilless likely
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to be virally suppressed at delivery andlegs likely to beetained in care postpartunThese findings
are not new***! Adolescent and yourgg mothers are more likely to be unaware thieir HIV status
at programme entryleading to ashorter duration ofARTduring pregnancy and therefordave a
higher risk of transmitting HIV to their childreRrior tothe universal test and treatTT) strategy,
antenatal testing wathe mainentry point for HIV diagnosi®r many womef®#4and this is likely the
case for most AGYWrPoor viral control in younger mothers aso attributed to slower uptake of
PMTCT services due to social and behavidasgsaks such as stigmand relational barriersvith health
care providers® However, populatiodevel analysesn this studydid not showany association
between younger maternadge and vertical transmissiofhis may be attributable to less variability

in proportions of pregnant women < 25 years of afjsub district level.

Younger mothers constituted a quarter of RYHIV accessing care withinetmational PMTCT
programmein this study These women representesignificant proportion of motherthat require
attention, given they have the highest risk of MTCT. The memtother programme hasa place in
facilitatingadherenceand sociakupportfor these women'>*2For nonpregnant Hipositive AGYW,

the PMTCT programnmeeeds to intensifyamily planning services to prevent unplanned pregnancies.
Research shows that unplanned prego@s are associated with MTET! For HIV negative AGYW
scaling up sexual and reprodudihealth represents low hanging fruit for eMTOhe DREAMS
project and School Health Programme are necessary to empower AGYW and promote sexual
reproductive health education in schoaisspectively’®*’ Preexposure prophylaxiéPreP)needs to

be widelyaccessible to youthAnd to dl other pregnant and breastfeedirdl\tuninfected womerf®
According to modelling data from the Thembisa model, provision of PreP tartififécted pregnant

and breastfeedingnothers would reduce cases of incident paediatric HIV infections by between 2.5%
and 7.2% between 202030 in South Afric® In 2020, provision of Pref pregnant and
breastfeeding HIMninfected motherswas not policy, nevertheless this approach woulte
recommenad to assist in achievilgMTCT. OveralHIV preventiorservices among Hivhinfected
women of reproductive ageequire prioritization to reducematernal seroprevalence andtes of

seroconversiomuring gegnancy and postpartum periods tostarack eMTCT.

8.2.5 Existence ofgpspatial differences in maternal viraerdi&ingpregnancy and
postpartum

Geospatial differences in maternal viraemia during follow up vedrgervedduring the study period
Although provincial differences were notegreater variation was observed at district level. Rates of
maternal VL suppression at specific time points were higher in Kwaaal, Western Cape and Free

State provinces, while higher proportions of virally unsuppresseiMiv were noted from Limpopo,
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Gaueng and Eastern Cape provinc&eospatial differences in maternal viraemia could be a result of
challenges that are unique to PMTCT programmes ainstional level, suggesting contextualized
interventions for eMTCForexample, nigration may have contributed to the lower rates of maternal

VL suppression in Limpopo, Gauteng and Mpumalanga provinces. Limpopo and Mpumalanga
provinces share borders with Zimbabwe and Mozambique respectively. Migrant pregnant WLHIV from
theseand oher countries often seek care frothe South African health systeftf® Migrant mothers

are more likely to be virally unsuppressed due torters to optimal caré*? hencethey may have
contributed to maternal viraemian these provinces. Howevehere is nopublished datajuantifying

the extent of HIV care provided to migrant mothensd theirimpact onthe performance of provinces
and/or districtsin South AfricaGauteng province on the other hand, has high rafewrigratiortinter-
provinciallyand internationallyHigh mobility of pregnant RLHIV may disrupt continuity of care and

contribute to poor mé&ernal VL suppressioti.

At populationlevel, findingsdemonstratedincrease in cases MTCT with increase inaternal HIV
seroprevalence rateat subdistrict level. These results highligtihhe need for intensifyingHIV
prevention services to redugeaternal HIV prevalencén the interim, sukdistricts with maternal HIV

prevalence above the national averagfgouldbe prioritized for eMTCT resaues.

8.2.6 Routine monitoring of maternal VL suppression rates for eMTCT and UNSCEE® 90
targets

In order to fasttrack eMTCT there is needor improved systems fotracking VL monitoringand
suppression rateamong pegnant and postpartum WLHIV. @nt systems for following upregnant

and postpartumwomen in HIV carare weak?>?°Inconsistent documentation of demographic details
(such as names and surnames) when switching between clinics foraagestnatal care or errors in
data capture mayresult in failure to accurately monitor longitudinal care among pregnant and
postpartum WLHIV* In some instances, women change their demographic information when
accessing care in multiple clinics and this is often associated with lack of HIV disti&agardless

of reasons for changes in demographic details, a disconnect betweenateostpartunHIVcare
compromises longitudinal monitoring of care. Thus, the PMTCT programme will benefit from better
systems for tracking of pregnant and postpartHIV throughout the continuum of care, such as
use of unique patient identifiers:>® At programme level,ite use ofelectronic gate keepinEGK)
codes associated with maternal VLs performed during pregnatativeryandthe postpartum period
enable accurate, routine surveillance from the NHE$owever, the success of this endeavor is

dependent on uptake from stakeholders.
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Findings of this study are based @nlarge, nationally representative cohort of pregnarnd
postpartum WRLHIV accessing PMIT€are within routine settingsThese ihdingsreflect reatlife
performance of the national PMTCT programnide large sample size of thetudy maximizes
representativeness and generalizability of findings to pregreamd postpartum VRLHIV in the
country, as opposed to clinical trial populatiotisThe sudy data were availabletgrovincial and
district level, allowing evaluatioof studyoutcomessub-nationally. However, the study was limited

by several factors.

Themain study cohort is a synthetic cohort of pregnanRMAIV, created by applying a set of criteria

to routine HIVtest data from the NHLS CDW. This is because there was no marker for pregnancy within
the NHLS CDW during the study period. Therefore sypufisening, based on universal testing
coverage at the fANC visit, in association wittwrd type and/or pospregnancy cervical screening
FYRK2NJ 06ANIK | L+hOD&a isedlayaprogy ot prdgradmilusignSritériaf’ It

is anticipatedthat the inclusion criteriavere highly specific and excluded npregnant and some
pregnant WRLHIV. This potentially explains the lower numbers of pregnaRLNW in the study
cohort when compared to eported figures from the DHFSHowever, the provin@l distributionof
pregnant WRLHIV in the stdly cohort was similar to DH!SIn addition, the ratio of AR&xperienced
versus ARhaive WRLHIV at the fANC visit was 1:1 in the synthetic cohort, whilst it was reported at
3.2 by the end of 2017 according DHIS. This difference may be attributable to the fact that the
synthetic cohort was enrolled earlier in time (start of UTT) fowdised on specificity for pregnancy.
However findings from the study cohort concurred with reports from similar studidsch enrolled
known pregnant or postpartum WRL.HI\®® This suggested representativity of pregnanRWIV in
South Africa by the study cohort

Longitudinal record linkage within the NHLS CDW relies on probabilistic matchipgtiet
demographics due ttack of a unique identifiehismay compromiseecord linkage, especially where

there is inconsistent documentation of patient demographics. PregnaRtNWWV in South Africa are a
mobile population and the fragmentation of antand postpartumHIVcare brces women to access

care at different facilities, sometimes in different proviné®#n casesvhere demographics are not
captured consistently, historical records of care cannot be linked. Thus, maternal VL suppression rates
may have been undegstimated in this study due to suboptimal record linkage within the NHLS CDW.

A previous validation of the performance of the NHLS QaWént-linking algorithm against a gold
standard dataset of adult AREtients yielded good resulf&f® However, the algorithnihas not been

validated for pregnant \WLHIV.Furthermore, the NHLS CDW is not a clinical database. This meant
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that clinicaldata that were relevant to the studwere not available. For examplmformation on
maternal ART start dates aadtiretroviral ARVY) regimens were not available to the study to evaluate
impact of ART duration on maternal VL suppression. Howe®&2o ART coverage in the pubbalth

sector implies that the majority of women would have received ART at fANC v

Maternal VL testingoverage was low during the study period. As a result, testing may have been
biased to women with high VL during follow up. This may also explain why women with unsuppressed
VL during pregnancy tended to have unsuppressed VL at delivery og diogipost@rtum period. In

the case of this bias being substantial, these findings rhaye underestimated rates of VL
suppression. However, the fact thstudyfindings concur with reports from other studies similar

work, suggests that study data were represatite of VL outcomes of pregnhaand postpartum

WRLHIV.

This study has succeeded in providingaseline for maternal VL suppression ratagng pregnancy
delivery and the postpartum periodnationally and swumationally. Overall, rates of maternal VL
suppression were low during the study period in spite of high ART coverage. Findings sugglest that
programmeneedsto focusefforts on achieving maternal VL suppression to achieve eMT@Btudy
identified sub-nationalprogrammes witthighmaternal viraemia and those achieving VL suppression.
Next steps need to investigate reasons for suboptimal performance in Limpogaterg and
Mpumalanga provinces, whilst acknowledgititat rates of VL suppression may veachanged

subsequent to 2017.

The synthetic cohort utilized in this study is amongst the first cohorts to provide a longitudinal
description of maternal viraemia during pregnandglivery and postpartunmationally. Currently

there is no national cohordf pregnant WLHIV to monitor and measure impact of PMTCT policy in
South Africa, when the country has the largest PMTCT programme globally. Historically, surveys and
more localized studies have been utilized to serve this purpose. However, sareegasly and time
consumingwhile localized studieBmit generalizability of their findings to other populati@ft With

this study, algorithms anchethodology utilizedn the creation of the synthetic cohgrtanbe further

refined to guidecreation of a natioal cohot from routine laboratory data for ogoing review of the
programmeas well as linking mother infant pairs for longitudinal surveillahc@ddition, the use of

a unique patientidentifier would allow the laboratory database access to the PMTGduba in
Tier.net for maternal clinical data such as ART start dates, ART regimens, comorbidities and

information on drug resistancdier.net is an electronic patient management system for people living
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with HIV, accessing care in the public health se®dier.net belongs to the South African National
Department of Health andoes not y¢ provide national coverage. The systeaties on data being

captured at healt care facility level during patient visit

The PMTCT guidelines of 2019 have mambision for routine, national surveillance of maternal VL
during pregnancy, delivery and postpartum by introducing EGK codes to identify maternal VL testing
at these time points within the NHLlSHealth care providers are required to capture two cades
C#PMTCT o€#DELIVERM standardlaboratory requisition forms for specimens belonging to
pregnant WLHIV, submitted for processing by the NHLSC#BELIVER®deindicates VL testing at
time of delivery. TheC#PMTCTdentifies VL testing during the antatal or postnatal period. A
pregnant WLHIV without a previo@#*PMTCTode duringher current pregnancy is assumed to be
receiving an ANC VL test, while patient records with subseq@#RMTCTodes following a
C#DELIVERY cadgresent VL testing postndta. Currently the study methodology is being applied

to the development of routine surveillance reports for near riéale monitoring ofmaternal VL
suppression rates amongst pregnandeliveringand postpartum WLHIV withithe NHLS CDWThe
reports usematernal HIV VEGK codeand ward type (laboyrdelivery ompostnatal) to demonstrate

VL suppression by geographic locat{@ppendix 8.1)Overall, this study highlights the utility of the
NHLS CDW & costeffective and robust surveillance system foear realtime monitoring of
maternal viraemia towards eMTCThis surveillance stem providescoverage at all subational
levels without any surveillance fieldwork except for writing the EGK codes on the laboratory

requisition forms.

1. Improve VL monitoring among pregnant and postpartum WRLHIV

A Educate and train health care providers on provisions and implementation of PMTCT
guidelines specifically the correct use of maternal VL EGK codé#dndResults for Aébn
reportsto identify pregnant women with high VL requiring clinical action

A Improve systems for tracking pregnant and postpartum WLHIV for effective longitudinal
monitoring by utilizing unique patient identifiers

A IntegratetargetedPoC VL testing in raue settings

A Create demand for VL testing during pnagcyand postpartum by educating women in
communities on the importance and implications of VL testing such aseducational

programmesffered by the Treatment Action Campatgn
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A Investigate whether allaictors during pregnancy that cause suboptimas\pressiorin our

local setting have been identified and intervene where possible
2. Improve case management of pregnant and postpartum WRLHIV to improve VL suppression rates

A Maternal HIV testing to be provided at every contact vtita health system to facilitate early
ART initiation

A Consider elective caesarean deliveries in WLHIV with high VL at time of delivery

™

Engage community health care workers to allow for individualcaed
A Provide ongoing support throughout pregnancy and postpartum periogee¢-mentor

mothers), particularly for younger mothers
3. Prioritize HIV prevention among all women of reproductive age to lower maternal seroprevalence

A <ale up family planning séices, particularly in geographic areas with halurden of
women of reproductive age

A Scale ugPrePfor all youth and other women of reproductive age

A Invest in school based sexual reproductive health programmes to lower maternal

seroprevalence in futurevhich iscriticalfor eMTCT

Despite neauniversal PMTCT service coverage, maternal VL suppression rates during pregnancy,
delivery and postpartum were suboptimal during the study period in South Africa. Closer VL
monitoring and improved ase management throughout pregnancy, delivery and postpartum are
required to improve maternal VL suppression. Training on and implementation of the 2019 national
guidelines with respect to maternal VL monitoring requires attention. Further investigatibowro
improve VL suppression during pregnancy and the postpartum period in comparison to VL suppression

in non-pregnant WRLHIV is warranted.

Maternal viraemia during the postnatal period, geographic areas with high maternal seroprevalence
women initiaing ART late in pregnancy andiacident maternal HIV during pregnancy require extra
attention to prevent vertical transmission. School sexual and reproductive health programs are vital
to reduce maternal seroprevalence and unintended pregnancies in the long term. Community
awareness tareate a demand for maternal VL monitoring and early antenatal clinic booking needs
to be created. The PMTCT programme can leverage the community health care worker and mentor
mother programmes for closer management of all pregnant and postpartum WRLIdBhieve VL

suppression to levels required for eMTEihdings from this resear¢tave informed the development
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of routine surveillance reports for near retine monitoring of VL suppression rates among pregnant

WLHIV from the NHLS CDW for measuring gsgtoeMTCTand the UNAIDS 980-90 targets.

148



1. Myer L, Phillips TK, McIntyre JA, Hsia¥,¥Petro G, Zerbe et al. HIV viraemia and metberhild
transmission risk after antiretroviral therapy initiation in pregnancy in Cape Townh 3drita. HIV

Med. 2017;18(2):88.

2. Mandelbrot L, Tubiana R, Le Chenadec J Dollfus C, Faye A, Pannier E et al. No perhatal HIV
transmission from women with effective antiretroviral therapy starting before conception. Clin Infect
Dis. 2015;61(11):1BE25.

3. Tubiana R, Le Chenadec J, Rouzioux C, Mandelbrot L, Hamrene K, Dollfusactetsihssociated

with mother-to-child transmission of HtV despite a maternal viral load <500 copies/ml at delivery: a
casecontrol study nested in the French perinatal cohort (BRRS CO1). Clin Infect Dis.
2010;50(4):58596.

4. Mnyani CN, Mclintyre JA. Challenges to delivering quality care in a prevention of +wetiéid
transmission of HIV programme in Sowe$oAfr J HIV Me@013;14(2):6469.

5. Pellowski J, Wedderburn C, Stadler JAM, Barnett W, Stein D, Myer L et lamémiation of
prevention of mothe#to-child transmission (PMTCT) in South Afri@atcomes from a population

based birth cohort study in Paarl, Western Cape. BMJ Open. Z029933259.

6. Moyo F, Mazanderani AH, Bhardwaj S, Mhlongo OB, Kufa T, Ngetred. Keasreaktime tracking

of gaps in the prevention of mothéo-child transmission of HIV in three districts of KwaAuaial
Province, South Africa. S Afr Med J. 2018;108(4)3219

7. Phelanyane F, Boulle A, Kalk E. Prevention of mdhenildtransmission (PMTCT) of Hitv
Khayelitsha, South Africa: A contemporary review of theservice 20 years later. 23rd International AIDS
Conference, session OAC 0705, abstract 6886, 2020. Available from
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jia2.2554Cited 29 December 2020].

8. Makhado L, Davhardaselesele M, Lebese RT, Maputle SM. Factors facilitating trained NIMART
Yd2NESAaQ | RKSNBYyOS (G2 UGUNBFGYSYy(d 3FdzARStEAYySay I @Al
South AfricaBMC Nursing2020;19:77.

9. Cameron D, Gerber A, Mbatha M, Mutyabule J, Swart H. Nurse initiation and maintenance of
patients on antiretroviraktherapy: Are nurses in primary care clinics initiating ART after attending
NIMART training? S Afr Med J. 2012;102(2).98.

10. Munshi S, Christofides NJ, Eeyl&ubnational perspectives on the implementation of a national
community health worker prgramme in Gauteng Province, South Africa. BMJ Glob Health
2019;410)€001564.

11. Mothers2Mothers. Available frofmtps://m2m.org/. [Cited 20 January 2021].

149


https://onlinelibrary.wiley.com/doi/epdf/10.1002/jia2.25547
https://m2m.org/

12. Wynn A, RotherarBorus MJ, Leibowitz AA, Weichle T, le Robomlison M. Mentor mothers
program improved child health outcomes at a relatively low cost in South Africa. Health Aff.
2017;36(11):194q1955.

13. Igumbor JO, Ouma J, Otwombe K, Musenge E, Anyanwu FC, Mbule M et al. Effect of a mentor
mother programme ometention of motherbaby pairs in HIV care: A secondary analysis of programme
data in Uganda.lBsONE 2019;14(10):e0223332.

14. South African National Department of Health. Guidelines for the Prevention of Mother to Child
Transmission of Communicable dofions (HIV, Hepatitis, Listeriosis, Malaria, Syphilis and TB).
Available from https://www.knowledgehub.org.za/systenfiles/elibdownloads/2019
11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20[Citedd5 February 2020].

15. Bailey H, Zash R, Rasi V, Thorrgl\Z treatment in pregnancyancet HIV20185(8).e457e467.

16.Kanters S, Vitoria M, Doherty M, Sodiis, Ford N, Forrest JI et al. Comparative efficacy and safety
of first-line antiretroviral therapy for the treatment of HIV infection: a systematic review and network
meta-analysis. Lancet HIV. 2016;3(11):e£42D0.

17. Kintu K, Malaba TR, Nakibuka J, Pagtzeel C, Colbers A, Byrne K et al. Dolutegravir versus
efavirenz in women starting HIV therapy in late pregnancy (DolR2}I&h opedabel, randomised
controlled trial. The Lancet. 2020;7(5):e38239.

18.Egbe TO, Tchente CN, Mangala Nkwele 8yembHB, Barla ME, BelleéBriso E. Cesarean delivery
technique among HIV positive women with spifitimal antenatal care uptake at the Douala General
Hospital, Cameroon: case series report. BMC Res Notes. 2017;10(332).

19. Lesosky M, Glass T, Mukonda E, Hsiay Nbrams EJ, Myer L. Optimal timing of viral load
Y2YAG2NAY I RdNAyYy3I LINBIyLFyOe G2 LINBRAOG OGANI SYAL
South Africa: a simulation study. J Int AIDS Soc. 2017;20(7):e25000.

20.Myer L, Essajee S, Broyles LidlePregnant and breastfeeding women: A priority population for
HIV viral load monitoring. @ONE 2017;14(8):e1002375.

21. Euvrard J, Schulz T, Hilderbrand K, Bosland M, Osler M, Boulle A et al. How accurately do routinely
reported HIV viral loaduppression proportions reflect progress towards the9®390 target in the
population on antiretroviral treatment in Khayelitsha, South Africa? S A Med J. 2019;10XBj.74
22. Myer L, Phillips TK, Zerbe A, Brittain K, Lesosky M, Hafaet Idl. Intetation of postpartum
healthcare services for Hivifected women and their infants in South Africa: A randomised controlled
trial. PloS Med. 2018;5(3):€1002547.

23.Chetty T, Knight S, Giddy J, Crankshaw TL, Butler LM, Newell ML. A retrospective lainaynof

immunodeficiency virus transmission, mortality and loss to foligwamong infants in the first 18

150


https://www.knowledgehub.org.za/system/files/elibdownloads/2019-11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20Nov.pdf
https://www.knowledgehub.org.za/system/files/elibdownloads/2019-11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20Nov.pdf

months of life in a prevention of mothéo-child transmission programme in an urban hospital in
KwaZuluNatal, South Africa. BMC Pediatr. 2012;12:146.

24. Kerber KJ, de Gralbhnson JE, Bhutta ZA, Okong P, Starrs A, Lawn JE. Continuum of care for
maternal, newborn, and child health: From slogan to service delivery. Lancet. 2007;370(9595):1358
1369.

25. Haskins JH, Phakathi SP, Grant M, Mntambo N, rVifp Horwood CM. Fragmentation of
maternal, child and HIV services: A missed opportunity to provide comprehensive care. Afr J Prim
Health Care Fam Med. 2016;8(1):1240.

26. Moyo F, Mazanderani HA, Kufa T, Sherman G. Maternal HIV viral load testing degnangy

and postpartum care in Gauteng Province, South Africa. S Afr Med J. 2020 (In press).

27. Drain PK, Dorward J, Violette LR Qudmeaglo J, Thomas KK, Samsunder N et al.-Bbodre

HIV viral load testing combined with task shifting improve treainoutcomes (STREAM): findings

from an an operabel, noninferiority, randomised controlled trial. Lancet HIV. 2020;7(4).€2297.
28.Kufa T, Mazanderani Haeri A, Sherman GG , Mukendi A, Murray T, Moyo F et af-BaiatHIV
maternal viral load andarly infant diagnosis testing around time of delivery at tertiary obstetric units

in South Africa: a prospective study of coverage, results return and turnaround times. J Int AIDS Soc.
2020;234).e25487.

29. Adeniyi OV, Ajayi Al, Moyaki MG, Ter Goonubamic G, Lamber J. High rate of unplanned
pregnancy in the context of integrated family planning and HIV care services in South Africa. BMC
Health Serv Res. 2018;18(40.

30. Davids EL, Kredo T, Matthews C. Interventions for preventing unintgmwdgdancies among
adolescents. S Afr Med J. 2020;110(:B).7

31. Mbelle N, Mabaso N, Setswe G, Sifunda S. Predictors of unplanned pregnancies among female
students at South African Technical and Vocational Education and Training colleges: Findings from the
2014 Higher Education and Training HIV and AIDS s@vy.Med J 2018;108(6):5516.

32. Macleod W, Bor J, Crawford K, Carmona S. Analysis of big data for better targeting of ART
Adherence strategies: Spatial clustering analysis of viral load suprdss South African province,
district,  subdistrict and  facility  (April  20H4arch  2015). Available  from
https://openknowledge.worldbank.org/handle/10986/2539FCited 15 November 2@2.

33. The fifth South African national HIV prevalence, incidence, behaviour and communication survey,
(SABSSM V1) 2017. Available from
http://www.hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact Assessment_Summary ZA A
DS cleared PDFAA4.pfCited 28 May 2020].

151


https://openknowledge.worldbank.org/handle/10986/25399
http://www.hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact_Assessment_Summary_ZA_ADS_cleared_PDFA4.pdf
http://www.hsrc.ac.za/uploads/pageContent/9234/SABSSMV_Impact_Assessment_Summary_ZA_ADS_cleared_PDFA4.pdf

34.Maphosa T. Viral load suppression among pregnant woman presenting on ART in antenatal care;
Chiredzi District Zimbabweo&hern African HIV Clinicians Conference, Johannesburg South Africa.

2018. Available fromhttps://www.sahivsoc2018.co.za/wpontent/uploads/2018/11/22C Talent

Maphosa.pdf[Cited 29 December 2020].

35. Ruperez M, Noguetdulian M, Gonzalez R, Maculuve S, Bellido R, Vala A et al. HIV drug resistance
patterns in pregnant women using next generation sequence in Mozambigles GNE
2018;13(5):e0196451.

36. Parade R, Marconi VC, Lockman S, Abrams EJ, Kuhn L. Impact of antiretroviral drugs in pregnhant
women and their children in Africa: HIV resistance and treatment outcomes. J Infect Dis. 2013;207(2):
S93,5100.

37.Kufa T. Maternal screening for infections and il syphilis. 8 FIDSSA Congress. Indaba Hotel

Johannesburg, South Africa. Available from http://fi dssacongress.co.za/wp

content/uploads/2019/12/Maternalscreeningfor-infectionscongenitaisyphilisTendesayKufa

Chakezha.pd{Cited 05 February 2020].

38. Turnbull ER, Kancheya NG, Harris JB, Topp SM, Henostroza G, Reid SE.d% TMoeledulosis
Screening for Pregnant Women in Resodrgrited Settings Using Xpert MTB/RIF. J Pregnancy.
2012;2012:565049.

39. Fatti G, Shaikh N, Eley B, Jackson D, Grimwood A. Adolescent and young pregnant women at
increased risk of motheao-child transmission of HIV and poorer maternal and infant health
outcomes: A cohort study at public facilities in the Nelson Mandela Bay Metropolitan district, Eastern
Cape, South Africa. S Afri Med J. 2014;104(12)8804

40.Chetty T, Newell ML, Thorne C, Coutadis A. Viraemia before, during and after pregnancy in HIV
infected women on antiretroviral therapy in rural KwaZilatal, South Africa, 20£2015. Trop Med

Int Health. 2018;23(1):791.

41.Goga A, Sherman G, Chirinda W, Ngoma K, Bardwaj S, Doheaty Hlieninating motheto-child
transmission of HIV in South Africa, 2QRQ16: Progress, challenges and the Last Mile Plan. South
African Health Review. Health Systems Trust. 201T)AB7-146.

42. Pettifor AE, Rees HV, Kleinschmidt I, Steffenson &dEMail C, Hlongwidadikizela L et al. Young
people's sexual health in South Africa: HIV prevalence and sexual behaviors from a nationally
representative household survey. AIDS 2005;19(14): 11523

43. Lightfoot M, Dunbar M, Weiser SD. Reducing undisgphéilV infection among adolescents in-sub
Saharan Africa: Providamitiated and optout testing are not enough. PLoS Med
2017714(7):e1002361.

152


https://www.sahivsoc2018.co.za/wp-content/uploads/2018/11/22C_Talent-Maphosa.pdf
https://www.sahivsoc2018.co.za/wp-content/uploads/2018/11/22C_Talent-Maphosa.pdf
http://fidssacongress.co.za/wp-content/uploads/2019/12/Maternal-screening-for-infections-congenital-syphilis-Tendesayi-Kufa-Chakezha.pdf
http://fidssacongress.co.za/wp-content/uploads/2019/12/Maternal-screening-for-infections-congenital-syphilis-Tendesayi-Kufa-Chakezha.pdf
http://fidssacongress.co.za/wp-content/uploads/2019/12/Maternal-screening-for-infections-congenital-syphilis-Tendesayi-Kufa-Chakezha.pdf

44. Ferrand RA, Munaiwa L, Matsekete J, Bandason T, Nathoo K, Ndlovhu CE et al. Undiagnosed HIV
infection amongadolescents seeking primary health care in Zimbabwe. Clin Infe@213;51(7):844

851.

45. Alli F, Maharaj P, Vawda M. Interpersonal relations between health care workers and young clients:
Barriers to accessing sexual and reproductive health ca@min@n Health2013;38(1):15aL55.

46. DREAMS initiative for adolescent girls and young women in South Africa. Available from
https://www.unaids.orden/resources/presscentre/featurestories/2015/november/20151117 drea

ms. [Cited 29 December 2020].

47. Sani SA, Abraham C, Denford S, Ball S. Sesmul sexual health education interventions to

prevent STI/HIV in suBaharan AfricaA systematic review ath metaanalysis. BMC Public Health.
201616(1):1069.

48. Davey DJ, Bekkefd, Gomba Y, Myer L, Coates TJ, Johnson LF. Modelling the impact of PreP for
pregnant and breastfeeding women in South Africa. Conference on Retroviruses and Opportunistic
Infectiors. Seattle ~ Washington, 2018. Abstract no 776. Available from

https://www.croiconference.org/abstract/modelingmpactprep-pregnantand-breastfeeding

women-southafrica/. [Cited 20 January 2021].

49. Tanser F, Barnighausen T, Vandormael A, Dobra A. HIV treatment cascade in migrants and mobile
populations. Curr Opin HIV AIDS. 2018)a30438.

50. Faturiyele |, Karlestos D, NteBealete, Musekiwa A, Khabo M, Mariti M et al. Access to HIV care

and treatment for migrants between Lesotho and South Africa: a mixed methods study. BMC Public
Health. 2018;18():668.

pM® bAOK2fla tYX aF2y2 b3 [/ 2NI S\valnetabililyindnig@k Sa { a>
populations in southern Africa: Sociological, cultural, heredlated, and humasights perspectives.

Int J Afr Nur Scie. 2016;581

52. Kim HY, Dobra A, Tanser F. Migration and firsar maternal mortality among Hipositive

postpartum women: A populatichased longitudinal study in rural South Africa. Plos Med. 2020;
17(3):€1003085.

53t KAffALA ¢YI /t2daS YI %SNBS 'S hNBff /3 1 OoNIY
positive postpartum women in antiretroviral therapy services in South Africa. J Int AIDS Soc. 2018;
21(4):e25114.

54. Watt MH, Knippler ET, Knettel BA, 8ik&k KJ, Ciya N, Myer L. HIV disclosure among pregnant

women initiating ART in Cape Town, South Africa: Qualitative perspectives during the pregnancy and

postpartum periods. AIDS Behav. 2018;22(12):89856.

153


https://www.unaids.org/en/resources/presscentre/featurestories/2015/november/20151117_dreams
https://www.unaids.org/en/resources/presscentre/featurestories/2015/november/20151117_dreams
https://www.croiconference.org/abstract/modeling-impact-prep-pregnant-and-breastfeeding-women-south-africa/
https://www.croiconference.org/abstract/modeling-impact-prep-pregnant-and-breastfeeding-women-south-africa/

55. Mazanderani HA, Sherman GG, Moyo F, Goga&Eht U. Leveraging the Road to Health booklet

as a unique patient identifier to monitor the prevention of motkerchild transmission programme.

S Afr Med J. 2018;108(9):7283.

56. Hasman A, Rapp A, Brown DW. Revitalizing the to@®ed recordReflections from an innovative
south-south exchange for optimizing the quality, availability and use of hbased records in
immunization systems. Vaccine. 2016;34(47):566899.

57. Moyo F, Mazanderani Haeri A; Murray T, Sherman GG; Kufa T. Achieuigignaimaral load
suppression for elimination of mothao-child transmission of HIV in  South Africa.
AIDS.2021;32):307-316.

58. Woldensenbet S, Kufa T, Barron P, Chirombo BC, Cheyip M, Ayalew C et al. Viral suppression and
factors associated with failarto achieve viral suppression among pregnant women in South Africa.
AIDS. 2020;34):58%597.

59.Clouse K, Pettifor A, Shearer K, Maskew M, Bassett J, Larson B et al. Loss-tgpfbidove and

after delivery among women testing HIV positive duringgme@ncy in Johannesburg, South Africa.
Trop Med Int Health. 2013;18(4):4850.

60. Bassett IV, Huang M, Cloete C, Candy S, Giddy J, Frank SC, et al. Assessing the completeness and
accuracy of South African National Laboratory CD4 and viral load datassssectional study. BMJ
Open 2018;8).e021506.

61. World Health Organization Guidelines. Conducting HIV surveillance based on routine programme
data among pregnant women attending antenatal clinics. UNAIDS/WHO working group on global
HIV/AIDS and STI seiNance. 2015. Available from:
www.unaids.org/sites/default/files/media_asset/SurveillanceRoutineProgrammeData_efiGitéd

11 December 2020].

62. Moyo F, Mazanderani AH, Feucht UD, Ngoma K, Bhardwaj S, Goosen M et al. Monitoring diagnosis,
retention in care and viral load suppression in children testing HIV polymerase chain rgagitive
in two districts in South Africa. S Afr Med J. 2019(2D686692.

63. Treatment Action Campaign. Available frdrips://www.tac.org.za/abouttacscommunity

health-advocacyprogrammel/ [Cited 20 January 2021].

154


http://www.unaids.org/sites/default/files/media_asset/SurveillanceRoutineProgrammeData_en.pdf
https://www.tac.org.za/about-tacs-community-health-advocacy-programme/
https://www.tac.org.za/about-tacs-community-health-advocacy-programme/

APPENDIES

155



Appendix 21: Approval to access National Health Laboratory Service (NHLS) data

Moddarfontein Road, Sandringham, 2031
Tel: +27 (0)11 386 6142

. , Fax: +27 (0)11 386 6296

LABORATORY SERVICE Email: babatyi kgokong@nhls,

Web: wyw nhls ac.za

|

&Y}, NATIONAL HEALTH

09 October 2019

Applicant: Faith Moyo

Institution: National Institute for Communicable Diseases
Department: CHIVSTI

Email: faithmo@nicd.ac.za

Tel: 011 555 0467 Cell: 084 596 3622

CC: Gayle Sherman - Pathologist
National Institute for Communicable Diseases

Your application to undertake the research project titled “A national-level evaluation of viral load
outcomes of HIV-infected pregnant women: closing the gaps towards eliminating mother-to-
child transmission of HIV in South Africa” using data from the NHLS database has been
reviewed. This letter serves to advise that the application has been approved and the required data
will be prepared and made avallable to you by the NHLS Corporate Data Warehouse.

Please note that approval is granted on condition that you conduct the research in accordance with
the NHLS conditions of service and additional conditions listed below:

« Processes are discussed with the relevant NHLS departments (i.e. Information Management Unit
and Operations Office) and are agreed upon.

« Confidentiality is maintained at participant and institutional level and there is no disclosure of
personal information or confidential Information as described by the NHLS policy.

e NHLS Data cannot be used lo track palienls as no pre-approvaliconsent is obtained from
Patients.

e CDW form is to be completed for the request with clear indications of the data required.

« All data requested should be in accordance with the research protocol submitted and approved by
the relevant Ethics Committee.

e The NHLS must be acknowledged as a source of data in the research protocol approved by
Ethics and any outputs emanating from research.

« A final report of the research study and any published manuscript(s) resulting from this study are
submitted and addressed 1o the NHLS Academic Affars and Research office and the NHLS has
been acknowledged appropriately.

« Prof. Gayle Sherman is noted as NHLS collaborator for this research,

Please note that this letter constitutes approval by the NHLS Academic Affairs and Research Office.
Any data related queries may be directed to NHLS Corporate Data Warehouse, contact number: 011
386 6074 email: zarinag sabat@nhls.ac.za

Dr Babatyi Malope-Kg
National Manager: Academic Affairs and Research

Prot Enc Buch D¢ Karmans Chotty

1 Modderionten Road, Sandringham. Johannesburg, South Afnce Private Bag X8, Sandringham, 2131, South Afrca
+27 {0) 11 366 600X 0860 00 NHLS(6457)
5200206
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HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M180854

NAME: Miss Faith Moyo
(Principal Investigator)
DEPARTMENT: Public Health

National Institute for Communicable Diseases

PROJECT TITLE: A national-level evaluation of viral load outcomes of HIV-infected
pregnant women: Closing the gaps towards eliminating
mother-to-child transmission of HIV in South Africa

DATE CONSIDERED: 31/08/2018

DECISION: Approved unconditionally
CONDITIONS:

SUPERVISOR: Prof G Sherman and Dr T Kufa-Chakezha

APPROVED BY: ‘ /%5 (h oy
Doctor CB Perf] Girperson, HREC (Medical)
DATE OF APPROVAL: 19/11/2018

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on the

Third Floor, Faculty of Health Sciences, Phillip Tobias Building, 29 Princess of Wales Terrace, Parktown,
2193, University of the Witwatersrand. I/we fully understand the conditions under which | am/we are authorized
to carry out the above-mentioned research and I/we undertake to ensure compliance with these conditions.
Should any departure be contemplated, from the research protocol as approved, l/we undertake to

resubmit the application to the Committee. | agree to submit a yearly progress report. The date for

annual re-certification will be one year after the date of convened meeting where the study was initially
reviewed. In this case, the study was initially reviewed in August and will therefore be due in the month of
August each year. Unreported changes to the application may invalidate the clearance given by the

HREC (Medical).
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Outbreak Investigation Activities of the National Institute
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SUPERVISOR:
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This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.
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Principal Investigator Signature Date
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*Ethical clearance issued to the NICD which waives the requirement for patient consent for studies which audit

routine programmatic data from the national Hédrveillance programme, that,iaccess to routinely collected

HIV PCR data utilized in Chapter 3
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Appendix 3.2 Showing Optimized hot spot analysis of intteterine case rate per 10000 by

district in South Africa, 2018.
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Appendix 3.395% Confidence Intervals by indicator: Thembisa Model

LL UL LL UL LL UL LL UL LL UL LL UL
EC 6480370 | 6712180 | 124781 | 127933 | 25712 29088 23,8% 27,1% | 9,3% 12,0% | 20,6% 23,8%
FS 2838470 | 2922610 |57 221 582 44 12 702 14 289 26,0% 29,2% | 9,9% 12,6% | 22,2% 25,2%
GP 14 754 600 | 15161 000 | 278 769 | 282 459 | 50 225 59 785 21,8% 24,8% | 8,1% 11,2% | 17,9% 21,5%
KZN 11 088 400 | 11 401 000 | 229 482 | 233967 | 66 499 73702 33,2% 36,7% | 13,5% 17,0% | 28,9% 32,4%
LP 5717500 | 5880160 | 138928 | 141966 | 17473 22 264 16,3% 20,3% | 4,6% 7,3% 12,6% 16,4%
MP 4598 630 | 4720100 | 94039 95 800 22 862 26 608 27,8% 31,4% | 11,3% 152% | 24,4% 28,6%
NC 1147180 | 1164990 | 25331 25 565 2733 3292 13,1% 153% | 4,4% 6,1% 10,9% 13,2%
NW 3864190 | 3978380 | 76 049 77 400 16 080 18 139 24,6% 27,5% | 10,6% 13,2% | 21,1% 24,1%
wC 6742130 | 6867980 | 121150 |122736 | 11184 17 313 10,4% 16,0% | 3,6% 6,9% 9,2% 14,4%
RSA 57 546 600 | 58 766100 | 1 158 300| 1 173 860| 239 664 | 262 159 | 23,8% 25,7% | 9,9% 12,1% | 20,7% 22,8%

Abbreviations EC Eastern Cape; FS Free State; GP Gauteng Province; KZNN&teZWB Limpopo Province; MP Mpumalanga Province; NC Ndfémeen NW

North West; WC Western Cape; RSA South Africa; LL lower limit; UP Upper limit.
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Appendix 4.1 The geographic distribution of pricty population groups for the elimination of motheito-child transmission of HIV in South Africa
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Abstract

Background

Women of reproductive age living with HIV (WRLHIV), HIV-positive pregnantwomen, ado-
lescent gifls and young women (AGYW) are key populations for eliminating mother-to-child
of HIV (eMTCT) in South Africa. We describe the geographical distribution of WRLHIV, their
pregnant counterparts and AGYW for risk-adjusted allocation of eMTCT interventions.

Methods

Forthe year 2018, we triangulated data from the Thembisa Model with five routine HIV-
related and demographic data sources to determine the distribution of WRLHIV (15-49
years) and AGYW (15-24 years) nationally and by province. Data analysed included total
population estimates, number of live-births, live-births to HIV-positive women, age-specific
HIV prevalence rates, infrauterine (IU)-transmission rates and IU-case rates/100 000 live-
births. IU-transmission rates and |U-case rates were calculated from de-duplicated routine
HIV test-data for neonates (aged <7days). Data de-duplication was achieved by a patient-
linking algorithm that uses probabilistic matching of demographics (name, sumame, date of
birth), supplemented by manual matching to account for spelling errors.

Results

There were 58 million people in South Africain 2018. Females (all ages) constituted 51% of
the population. Women of reproductive age constituted 27% and AGYW constituted 8% of
the total population. WRLHIV, AGYW living with HIV and HIV-positive pregnant women
accounted for 7%, 0.8% and 0.4% of the total population respectively. Gauteng was the
most populous province followed by KwaZulu-Natal, with Westem Cape and Eastern Cape
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in third and fourth positions. The distribution of WRLHIV and AGYW followed a similar trend.
However, Mpumalanga and Limpopo provinces had higher proportions of WRLHIV and
AGYW living with HIV ahead of Westem Cape. KwaZulu-Natal had the highest number of
live-births to HIV-positive women. The national IU-transmission rate of <1% translated into
241 cases/100 000. While provincial IU-case rates were fairly similar at 179-325, districts
IU-case rates varied, ranging from 87-415 cases/100 000 live-births.

Conclusion

Findings suggest that the need for eMTCT interventions is greatest in Gauteng, KwaZulu-
Matal, Western Cape and Eastern Cape. Limpopo and Mpumalanga provinces may require
more HIV prevention and family planning services because of high fertility rates, high num-
ber of WRLHIV and AGYW living with HIV. eMTCT will require robust viral load monitoring
among WRLHIV, pregnant and breastfeeding women. The national laboratory database
«can provide this service near-real time.

Introduction

Women constitute the highest proportion of people living with HIV globally [1]. In South
Africa, the HIV epidemic also disproportionately affects women. In 2017, approximately two
thirds of people living with HIV, aged 15-49 years and on antiretroviral therapy (ART), were
female [2]. Tn the same year, dispari
among young adults. HIV prevalence among 20-24 year olds was three times higher in females
(15.6%) compared to males (4.8%) [2]. Potential reasons for gender disparities in the profile of
the HIV epidemic are both economic and sociocultural [3]. Extensive geospatial heterogeneity
in the distribution of the HIV epidemic has been reported previously [4]. In 2018, provincial
HIV prevalence estimates among people living with HIV aged 15-49 years ranged from 6.7%
in the Western Cape to 18.4% in KwaZulu-Natal [4]. While poorly understood, variations in
provincial HIV prevalence rates have been linked to differences in the uptake of HIV preven-

n HIV prevalence by sex were most pronounced

tion interventions and societal norms between provinces [4]. Thus, provincial variations in the

profile of the HIV epidemic necessitate aptimized allocation of resources and targeted inter-
ventions for HIV/AIDS programmes. This is particularly pertinent for the prevention of
mother-to-child transmission of HIV (PMTCT) programme, which has prioritized the elimi-
nation of mother -to-child transmission of HIV (eMTCT). The national MTCT rate of 1.0% at
birth in 2017 equalled just under 250 cases per 100 000 live births [5]. However, this figure was
five times higher than the World Health Organization (WHO) eMTCT target, defined as <50
«cases per 100 000 live births at completion of breastfeeding and an overall mother-to-child
transmission (MTCT) rate of </5% in breastfeeding populations [5]. Sub-national level varia-
tions in MTCT rates also exist, with some districts reporting almost double the national
MTCT rate atbirth [6]. This suggests the need for contextualized and tailored responses to
maternal and paediatric HIV in South Africa.

We describe the distribution of women of reproductive age (15-49 years) living with HIV
(WLHIV) as well as those without HIV by province in South Africa, in order to identify areas

that may require additional eMTCT interventions. These may include interventions aimed at

reducing the risk of HIV acquisition by women of reproductive age and unplanned pregnan-
ciesamong WRLHIV (pillars 1-2 of the South African PMTCT strategy) [7]. Women of
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reproductive age living with HIV and sub-groups (adolescent girls and young women
(AGYW) aged 15-24 years) are priority populations for achieving eMTCT. These women can
potentially fall pregnant and transmit HIV to their infants. While the risk of vertical transmis-
sion of HIV is low in planned pregnancies, where WRLHIV fully access and utilize preconcep-
tionand post conception PMTCT services, the contrary is true for unplanned pregnancies [8].
Pregnancies are more likely to be unplanned in AGYW compared to older women [9]. In addi-
tion, AGYW represent a sub-population that will remain in the reproductive age group for the
longest time; are associated with high incident infections and where HIV positive, AGYW
have poorer PMTCT outcomes compared to older WRLHIV [9]. Therefore, the risk of MTCT
is higher in this population. However, an increase in number of women conceiving on ART is
anticipated with the scale up of the universal test and treat strategy [10]. Consequently, under-
standing where WRLHIV, including AGYW (regardless of their HIV status) and those who
are pregnant, are located in South Africa is key for eMTCT. Scaling up family planning services
and ART/PMTCT services (for example, stock planning of Efavirenz based regimens and
Dolutegravir rollout in relation to new ART guidelines) in geographic areas with a high burden
of these groups may be beneficial for maternal HIV care and eMTCT.

Obtaining accurate estimates of vertical transmission is challenging in South Africa because
of the lack of a unique patient identifier in the health system. Monitoring of early infant
MTCT rates and coverage of early infant diagnosis currently relies on routine data from the
District Health Information System (IXHIS) and the National Health Laboratory Service
(NHLS) [11]. There are no accurate, national data sources for postnatal transmission rates,
breastfeeding practices, maternal virological control during pregnancy and the postpartum
period. An analysis of current data sources used for tracking eMTCT, their strengths and

ik , are described elsewhere by Sherman et al [11]. Using six different data sources, we
describe the distribution of WRLHIV in South Africa during 2018 in relation to where the
intra-uterine transmissions occur.

Materials and methods

Data for these analyses were extracted from six independent data sources for HIV-related and
demographic ndicators from the public health sector in South Africa. These were the Them-
bisa Model, DHIS, Statistics South Africa (Stats SA), the South African National HIV Preva-
lence, Incidence, Behaviour and Communication Survey (SABSSM), the National Antenatal
Sentinel HIV & Syphilis Survey Report, (herein referred to as the ANC sero-prevalence survey)
and the National Institute for Communicable Diseases’ Surveillance Data Warehouse (NICD
SDW), a division of the NHLS. The Thembisa Model was used as the primary data source
because it had most of the indicators required for the analyses. The other sources were used
for triangulation purposes where applicable. The reporting period was the year 2018. Where
data for 2018 was not available, available data from the most recent year were used. A brief
description of each data source and indicators that were used for the analyses follows

(Table 1).

L. Description of data sources

a) Thembisa Model. The Thembisa Model is an integrated epidemiological and demo-
graphic mathematical model developed to describe the South African HIV epidemic and to
evaluate the impact of HIV prevention and treatment strategies [12]. The model also provides
demographic statistics and is used to evaluate the demographic impact of HIV in South Africa
[12]. The model provides data at national and provincial level. Data were obtained from
Thembisa 4.1, published in 2018.
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Table 1. Indi used in by d
Indicators
Thembisa Stats SA SABSSM [NICD SDW
Model
Total Population estimates {males 's s
and females, all ages)
Total Population for females (All v v
ages)
Total Population for females 15-49 v v
years
Total Population for females 15-24 v v
years
Number of live births 'l
Total births ta HIV-pasitive wonten L'
HIV prevalence in females 1549 v

years

HIV prevalence in females 15-24

ars

HIV prevalence in pregnani females

15-48 years

HIV prevalerice in pregnant females

HIV prevalence in aduits 15-49
ars

HIV PCR tests at age <7 days
(Birth HIV PCR)

Total fertility rate s

Reporting Unit National National National Province District National Province National® | National Province District
Province Provina Sub-district Fadlity District Sub-district Facility

Year for which data was available | 2015 2018 2018 017 2017 2018

Abbreviations: Stats SA Statistics South Africa; DHIS Dy hic Health I System; PCR chain reaction; ANC antenatal care; NICD National

Institute for Communicble Diseases SDW Surveillance Data Wardhouse: SABSSM South African National HIV Prevalence, Incidence, Behaviour and Communication

Survey.

*Data available at national level only at time of publication. Blocked out areas indicate absence of data for a specific indicator per data source.

https://doi.0 /101374 /journal.pone 0231 2281001

b) DHIS.  The DHIS collects aggregated data on health services provided by all health
facilities in the public sector in South Africa since 2001. The data are collected from paper-
based registers at facility level then entered electronically onto the DHIS software for collation
at sub-district, district, provincial and national level on a monthly basis [13]. In some facilities,
the data is collected from Tier.net, a national electronic HIV register for aggregation onto
DHIS.

©) STATS SA statistical release P0302 and P0305. The P0302 document provides data
on mid-year population estimates for South Africa and the nine provinces on an annual basis.
The projections are based on the cohort component method for population estimation which
has been described elsewhere [14]. The population estimates approximate the actual popula-
tionasat 1 July of a given year. The P0305 document provides data on recorded live births in
the public sector in South Africa. The data are based on births registered in the national birth
registry system, which is collated and maintained by the Department of Home Affairs in South
Africa. The latest P0302 and P0305 documents were released in 2018 [14-15] at the time of
writing,

d) National antenatal sentinel HIV & syphilis survey report {ANC sero-prevalence sur-
vey). South Africa hasbeen conducting the ANC sero-prevalence survey annually to monitor
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HIV & syphilis prevalence among pregnant women aged 15-49 years, attending antenatal clin-
ics since the 1990s [16]. The survey is cross sectional by design and is conducted across the 52
health districts in South Africa. Sentinel sites are randomly selected from public sector facilities
across the country using probability proportional to size sampling methods [10]. The most
recent report for the 2017 survey was published in 2019 [10].

€) SABSSM survey. The SABSSM is a population based, cross sectional survey of all
households in South Africa that evaluates trends in HIV prevalence and other health indicators
related to HIV across the country. The surveys are conducted every five years. At the time of
writing, only an executive summary of findings from the latest 2017 survey was available [2].

) National Institute for Communicable Diseases (NICD) Surveillance Data Warchouse
(SDW).  All pathology tests performed in the public sector are processed by the National
Health Laboratory Service through a network of about 260 labo ratories across South Africa
[17]. A single Laboratory Information System (L1S) used by all laboratories stores data pertain-
ing to test specimens (viz. patient identifiers, clinical and geographic information). These data
are archived in near real-time in a central data repository called the Surveillance Data Ware-
house (SDW) of the NICD within the NHLS.

2. Data management and analysis

The distribution of WRLHIV and AGYW for the year 2018 was described with respect to the
following:

a) Total population estimation. Total population estimates were extracted from the
Thembisa Model and Stats SA to describe: i) overall population ii) total population of women
of all ages and i) total population of WRLHIV (1549 years) and iii) total population of
AGYW (15-24 years) and iv) total population of AGYW living with HIV nationally and by
province.

b) Number of live births. The number of births (Thembisa Model), number of live births
at a facility (DHIS) and number of registered live births from Stats SA were extracted nation-
ally and by province and used to describe child-birth patterns by geographic location.

<) Number of WRLHIV. In order to estimate the number of WRLHIV in South Africa,
the total population estimates for women aged 15-49 years were multiplied by the mean HIV
prevalence rate amongst women aged 15-49 years. To estimate number of pregnant WRLHIV,
total births to HIV-positive women were extracted from the Thembisa Model. For compari-
son, number of ive births from Stats SA were multiplied by the HIV prevalence rate amongst
pregnant women aged 15-49 years obtained from the ANC sero-prevalence survey.

d) Number of HIV-positive AGYW. The number of AGYW living with HIV were calcu-
lated by multiplying the total population of AGYW by the prevalence of HIV in females aged
15-24 years obtained from the Thembisa Model.

€) Number of live births to women living with HIV. The indicators used to provide
these data were obtained from the Thembisa Model and compared to i) number of live births
to women living with HIV (DHIS), number of HIV-exposed infants (obtained by multiplying
the number of registered live births from Stats SA by the HIV prevalence estimates from the
ANC sero-prevalence survey) and iii) number of HIV PCR tests perfor med among neonates
aged <7 days from the NICD SDW, considering that birth testing coverage for HIV-exposed
neonates is >>95%. These data were also used as a proxy for number of HIV-positive, pregnant
wamen as explained in 2c.

f) Intra-uterine transmission rates. These were calculated as the number of de-dupli-
cated HIV PCR positive tests performed at birth (<7 days of life) divided by total HIV PCR
tests performed at birth expressed as a percentage from the NICD SDW. The number of intra-
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uterine infections per 100000 live births was also reported (intra-uterine case rates). Test data
for HIV PCR positive neonates were de-duplicated by a patient-linking algorithm that uses
probabilistic matching of demographics (for example name, surname, date of birth) supple-
mented by manual matching to account for spelling errors. Because of availability of data,
intra-uterine transmission rates were also calculated to district level. Intra-partum and postna-
tal case rates could not be accurately calculated from the SDW because of the lack of a unigue
identifier to allow for longitudinal monitoring

Ethics clearance

Part of this work utilized routinely collected surveillance data for HIV programs under ethical
clearance issued to the NICD (M160 667) by the Human Research Ethics Committee (HREC)
of the University of the Witwatersrand. This clearance waives the requirement for patient con-
sent for studies conducted by the NICD, which audit routine programmatic data from the
national HIV surveillance programme. Patient identity was protected by anonymizing the data
prior to analysis.

Results

There were approximately 58 million people in South Africain 2018 with half of the popula-
tion (51%) being female (Fig 1). Women of reproductive age constituted 27% of the total popu-
lation, while WRLHIV (3.8 million) accounted for approximately 7% of the total population.
There was a total of 4.7 million (8.1%) AGYW of which 477 798 (10.1%) were living with HIV
in South Africa. Gauteng province had the highest number of females (all ages) followed by
KwaZulu-Natal (KZN), the Eastern Cape and the Western Cape (Fig 2). The Northern Cape
had the lowest number of females during the analysis period. A similar trend was observed for
women of reproductive age (Fig 3A) and AGYW (Fig 3B), where 69.5% and 67.9% occurred in
the four most populous provinces, respectively. However, the analysis of the geographic distri-
bution of WRLHIV (Fig 3C) and HIV-infected AGYW (Eig3D) showed that 74.4% and 86.7%
respectively, of these women were located in four provinces. The latter comprised three of the
four most populous provinces but included Mpumalanga instead of the Western Cape. Kwa-
Zulu-Natal and Gauteng provinces recorded the highest numbers of WRLHIV at approxi-
mately 1 million each, contributing 53.7% of the total population of WRLHIV in the country
followed by the Eastern Cape, Mpumalanga and Limpopo provinces.

Overall, out of approximately 1 million live births in the country; between 250 000-286 000
births occurred to women living with HIV in 2018 (Table 2). Limpopo province had the third
highest number of live births in 2018 ahead of the Eastern Cape and Western Cape provinces
(Lable 2). This was in keeping with Limpopo province having the highest fertility rate through-
out the country at (3.1%) (Table 2). KwaZulu-Natal province recorded the highest number of
Tive births to women living with

HIV, followed by Gauteng and the Eastern Cape respectively (Lable 2). Similarly, KZN had
the highest HIV prevalence rate among preg; women (S1 Table) followed by Mpumal
province (S1 Table). The int terine tr ission rate for South Africa was 0.8%, translating
into 241 cases of HIV-infected neonates per 100 000 live births (Table 2). Provincial intra-uter-
ine transmission rates ranged from 0.6% in KZN to 1.1% in Limpopo province. Districts intra-
ssion rates ranged from 0.4% to 1.7% with KZN districts recording intra-uter-
ine transmission rates lower than the national average of 0.8% (Table 3). Provincial intra-uter-
ine case rates were fairly similar and ranged from 179-325 cases per 100 000 live births in the
Northen Cape and Mpumalanga respectively. District level intra-uterine case rates had a
greater spread, ranging from 87-415 cases per 100 00live births (Lable 3). Overall, the four

uterine trans:
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Profile of females of child bearing age in South Africa, 2018
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Fig 1. Profile of females of reprodudtive age in South Africa in 2018. Abbreviation: Stats SA Statistics South Africa.
httpsJ/doior/10.1371/journal. pone.0231228.9001

provinces with the most WRLHIV yielded 1 417 (65.5%) of all intra-uterine infections in 2018.
In addition, Limpopo’s intra-uterine infections contributed a further 264 (12.2%). Therefore
focussing eMTCT efforts in five provinces has the potential to reduce 1 681 (77.8%) of all
intra-uterine i ions per annum,

Total population of females by province (All ages), 2018
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Fig 2. Population density of females in South Africa, 2018. Abbreviations: EC Eastern Cape, FS Free State, GP Gauteng Province, KZN KwaZulu-Natal,

LP Limpopo Province, NC Northern Cape, NW North West, WC Western Cape, Stats SA Statistcs South Africa,
htpsy/doiorg/10.1371/journal. pone.0231228.0002
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-

Fig 3. Provincial distribution of percentages of 3A} females of reproductive age 38) adclescent girls and young women 3C) women ofreproductive age living with
HIV 3D) adolescent girls and young women living with HIV in South Africa, 2018, Source: Thembisa Model 4.1. Abbreviations: EC Eastern Cape, FS Free State, GP
Gauteng Province, KZN KwaZulu-Natal, LP Limpopo Province, NC Northern Cape, NW North West, WC Western Cape.

hitps://doiom/10.1371 fournal. pane 0231228 6003

Discussion

In 2018, South Africa’s population of 58 million people was evenly distributed between males
and females. Gauteng province had the highest number of females, accommodating a quarter
of the total population of females (all ages). The majority of all women, 20 253 423 (68%), and
women of reproductive age, 10 958 758 (70%), were located in the densely populated prov-
inces; that is Gauteng, KwaZulu-Natal, Western Cape and Eastern Cape provinces (“the big
four”). Although the distribution of WRLHIV followed a similar trend, Mpumalanga and Lim-
popo had the fourth [364 113 (10%)] and fifth, [266 705 (7%)] highest number of WRLHIV
ahead of the Western Cape. Adolescents and young women were also mostly located in the big
four provinces, 3 219 832 (68%). T'en percent (477 798) of all AGYW were living with HIV in
South Africa in 2018. Gauteng, KwaZulu-Natal, Eastern Cape and Mpumalanga, had the high-
est percentage of AGYW living with HIV at 32%, 30%, 13% and 12% respectively. Although
the national intra-uterine transmission rate was < 1.0%, 241 per 100 000 neonates acquired
HIV from their mothers in 2018 at birth. Mpumalanga, North West and KwaZulu-Natal had
intra-uterine case rates that were above the national average at 325, 283 and 254 cases per 100
000 live births. Districts intra-uterine case rates varied greatly and ranged fromas lowas 87-
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Table 2. Number of live births (total), number of live births to women living with HIV and intra-uterine transmission rates by province in South Afriaa, 2018,

Province | Total Number of Live births (Total) |  Livebirths to women living with HIV Fertility rates | HIV PCR w 1

Population positive | transmission | Case

(<7 days) rate rate/

100000
Thembisa | Thembisa | Stats SA | DHIS | Thembisa | Stats SA | DHIS | NICD | (Stats | Thembisa |NICD SDW
Model Model Model SDW | s4) Modd

EC 6593566 | 126530 | 105796 | 104016 | 27448 | 31950 | 32164 | 31316 | 28% 25% 248 0.8% 238
(11.3%) (108%) | (114%) | (1.0%) | (109%) | (11.9%) | (10.2%) | (11.7%)

ES 2875955 57744 | 47306 | 47062 | 13553 | 14097 | 14386 | 14963 | 26% 2,5% 106 0,7% 225
(5.0%) Go%) | G | 5ow) | Gaw) | 6.a%) | (49%) | G.6%)

GP 14931713 | 280597 | 205612 | 219938 [ 54976 | 62095 | 55497 | 56340 | 19% 2,0% 471 0,5% 235
(25.7%) (240%) | (222%) | (232%) | (2L9%) | (206%) | (21.7%) | (21.0%)

KZN | 11214103 | 231742 | 190923 [ 195292 | 70126 | 84770 | 78662 | 75195 | 26% 23% 453 0,6% 254
(19.3%) (199%) | (206%) | (206%) | 27.9%) | (292%) | (29.7%) | (28.1%)

Lp 5794578 | 140604 | 123414 | 122932 [ 19885 | 26781 | 25265 | 24978 | 31% 31% 264 1% 27
(10.0%) (12.1%) | (133%) | (130%) | (7.9%) | ©.4%) | (9.4%) | 9.3%)

MP 4650305 94957 | 77353 | 79669 | 24708 | 2699 | 26558 | 26350 | 27% 24% 245 0.9% 325
(8.0%) (81%) | (8.3%) | 84%) [ @8%) | ©.8%) | (95%) | ©9.5%)

NW | 3914660 76700 | 55094 | 58097 | 17119 | 16087 | 15746 | 16353 | 27% 2% 157 1.0% 263
(6.7%) (66%) | (59%) | (61%) | (68%) | (.8%) | (5.6%) | (6.1%)

NC 1154340 25451 | 24195 | 21549 3024 459 | 3er0 | 419z | 26% 25% 2 1.0% 179
(2.0%) 22%) | ew) | 23w | o) | oosw) | (6% | 0.6%)

WC | 6809913 | 122076 | 97298 | 98535 | 14389 | 18389 | 17395 | 18198 | 20% 21% 176 1.0% 183
(11.7%) (05%) | (105%) | (104%) | (57%) | (6.5%) | (6.4%) | (6.8%)

RSA | 58098703 | 1166440 | 927113 | 947110 | 251062 | 285551 | 269643 267887 | 24% | 2.4% 2162 0,8% 241

Abbreviations: EC Eastern Cape: FS Free State; GP Gauteng Provines; KZN KwaZalu-Natal; LP Limpopo Province; MP Mpumalanga Province; NC Northern Capes
NW North West; WC Western Cape; RSA South Africa; Stats SA Statistics South Africa; DHIS District Health Information System; NICD National Insti tute for

Communicable D

" Surveillance Data

https//doi. o 0.1371/journal.pone (2312281002

415 cases per 100 000 live births. However, even districts with the lowest intra-uterine trans-
mission rate at birth, still had case rates higher than the eMTCT target without taking infec-
tions after birth into account.

Based on the demographic profiles of provinces, findings of these analyses suggest dispari-
ties in the need for eMTCT interventions. In this last mile to eMTCT, it may be worthwhile
strengthening interventions in provinces that have the largest numbers of WRLHIV (north
eastern parts of the country) as well as those regions with the highest intra-uterine transmis-
sion rates and intra-uterine case rates while maintaining current levels of support elsewhere.
Although early transmission rates are below the eMTCI target of <5%, South Africa is not
positioned to achieve eMTCT case rate targets because of the extremely high maternal HIV
seroprevalence [18]. However, the country has a well-established PMTCT programme in
place. Closing PMTCT gaps [5] and scaling up sexual and reproductive health for preventing
vertical transmission of HIV could represent low hanging fruit. Sexual and reproductive health
services should include intensifying family planning and contraception services amongst all
women of reproductive age regardless of HIV status and providing pre-exposure prophylaxis
to AGYW. As expected, most women & AGYW were situated in the ‘big four’ provinces. How-
ever, we found that the burden of HIV in women and AGYW was also pronounced in Lim-
popo and Mpumalanga provinces. Limpopo province has the highest fertility rate in the
«country and a high proportion of AGYW without HIV who may benefit from family planning
and pre-exposure prophylaxis initiatives. Mpumalanga also has a significant amount of
WRLHIV who maybe in need of family planning services. Cross border mobility of pregnant
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Table 3. Intra uterine transmission rates and intra uterine case rates per 100 000 live births by geographic location in South Africa, 2018.

South Africa 30.8% BITT50 267 887 2162 0.8% 241
Eastern Cape Total 302% 104325 31316 248 0,8% 238
Eastern Cape Alfred Nro 26,6% 18230 4171 28 0% 154
Amathole 28.3% 1070 3092 E 07% 208
Buffala City Metro 3,2% 17468 4156 0 0% 172
Chris Hani 319% 1178 3839 E 0.6% 197
Joc Ggabi 28.3% 2475 1476 [ 0.6% 364
Nelson Mandda Bay 29.9% 16717 3717 54 15% 123
Metro
O RTambo 33.3% 21847 2068 & 0% 288
Sarah Baarman 25.4% 5340 1797 19 11% 356
Free State Total 29,85 77 14963 106 07% ns
Fezile Dabi 265% 7353 2570 15 0.6% 204
Lejweleputswa 27,3% 9832 3260 21 0,6% 214
Mangaung Metro 317% 15559 4475 » 0.6% 186
Thabo Mofutsan yara 31,0% 12942 4328 E 0% 294
Xhariep 35,1% 1361 330 3 0.9% 220
Gauteng Total 302% 200726 56340 47 08% 235
City of Johannesburg 29,6% 57855 17317 165 L% 285
Metro
City of Tshwane 25.3% 62923 12524 109 09% 173
Metro
Elurhuleni Metro 31,6% 57406 17 761 152 0.9% 265
Sedibeng 31.0% 14835 4039 17 0.1% us
West Rand 355% 7707 4699 E 06% 363
KwaZulu- Total 444% 178456 75195 453 0.6% 254
Natal Amajuba 397% 8199 3303 E 0.7% 268
cThekwini Metro 462% 55992 23409 139 0.6% 248
Harry Gwala 395% 8371 3050 15 0.6% 215
iLambe HI% 9170 4616 Bl 0.6% 294
Ugu 45.9% 12595 5659 31 05% 246
| uMgungundlov 46.2% 14523 7173 P 07% 3
463% 122 6067 2 04% 196
Umzinyathi 367% 11867 3640 Bl 0.6% 177
uThukela 363% 1141 4577 17 0.4% 19
wThungulu 45.9% 16894 7403 55 0% 326
Zululand, 48,4% 16172 5298 50 0.5% 109
Limpopo Total 2L7% 116276 24979 264 L1% n7
Capricarn 21,6% 26133 5847 61 L% 233
Greater Sekhukhune 22.6% 25747 5098 50 LO% 194
Mopani 45% 2170 5135 53 L% 239
Vhembe 168% 30009 4560 54 12% 180
Waterberg 25,8% 12217 4139 1 L1% 37
(Continued)
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Table3. (Continucd)

Mpumalanga Tatal 349% 75369 26350 245 09% 325
Ehlanzeni 38,5% 39407 13524 128 0,9% 325
Gert Sibande 38,6% 15886 7195 66 0.9% 415
h'kangah 25,1% 20076 5631 51 0,9% 254
Narth West Total 29.2% 55392 16353 157 L0% 283
BD]a.ruli Pltinum 33,8% 18421 6299 54 09% 293
Dr Kenneth Kaunda 30,9% 12291 3618 37 1.0% 301
Dr Ruth Segomotsi 2,1% 9182 2314 ! 1,0% 261

Mompati
Ngaka Modiri 239% 15498 4122 42 1,0% m

Malema
Northern Tatal 19.0% 23402 1192 2 L0% 179
Cape Frances Baard 24.3% 8957 1733 15 0.9% 167
John Taolo Gaetsewe 21,9% 5162 1171 7 0,6% 136
Namakwa 29% 1550 113 2 1.8% 129
Pi]lq' Ka Seme 15,8% 2843 540 7 1,3% 246
ZF Mgcawu 14.5% 4890 635 11 1.7% 225
Western Cape Total 189% 95997 18199 176 L0% 183
(-APC Winelands 152% 13354 2127 25 1.2% 187
Central Karoo 11,8% 1156 109 1 0,9% &7
CI(‘" Df(-lpc Town 2L6% 63800 13288 121 0% 190

ro

Eden 15,7% 9062 1415 18 1.3% 199
Overberg 19,8% 3855 723 6 0,8% 156
West Coast 13,8% 4770 537 3 0.9% 105

Abbreviations: Stats SA Statistics South Africa; PCR polymerase chain reaction; ANC antenatal care; [U intra-uterine.
*ANC sero-p survey was used b the Thembisa Model does not provide district level estimates.

hitps//doi 01 0.1371/journal.pone 0231 2264003

women seeking healthcare from neighbouring countries may be a contributing factor to high
WRLHIV and fertility rates in these two provinces.

The findings from our analysis of intra-uterine transmission rates did not necessarily follow
the underlying population densities. We observed lower transmission rates in KwaZulu-Natal
which has the highest number of WRLHIV and live births to women living with HIV. We
attribute the low intra-uterine rates in this province and its districts to the larger denominator
(total live births, Table 2) and/or a more effective PMTCT programme. The converse probably
explains the high intra-uterine transmission rate in the Northern Cape and its districts, where
smaller denominators result in higher intra-uterine rates. Poor de-duplication of HIV PCR
positive test data may also result in some provinces like the Western Cape having intra-uterine
transmission rates that are above the national average. These results suggest that case rates per
100 000 may be a better indicator for monitoring programme performance at the various geo-
graphic levels [18] as it is directly linked to the performance of the PMTCT programme, for
example coverage of services and attainment of viral suppression in pregnancy. Since most
provincial level intra-uterine case rates were fairly similar, it is necessary to tackle the intra-
uterine case rates at district level where there is considerable variation. Districts with high
intra-uterine case rates deserve special attention with respect to improving PMTCT services.
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Despite the distinct geographical differences in WRLHIV and AGYW, attainment of
eMTCT will require more than understanding the geographic distribution of all WRLHIV. In
order to fast-track eMTCT, it is critical to target PMTCT pillars of prevention of HIV infection
[7] and family planning particularly in AGYW. The proposed School Health Programme
which caters for sexual and reproductive health education and HIV testingin schools among
children aged >12 years, has the potential to reduce maternal HIV prevalence in future and
enable eMTCT. Among AGYW with HIV and other WRLHIV, the focus needs to shift
towards virologic control, with specific attention to pregnant women, especially considering
maternal viral load is the strongest predictor of MTCT risk [19]. Therefore, improving viral
load monitoring during pregnancy, delivery and breastfeeding, and improving quality of
patient management among WRLHIV and all HIV positive pregnant women may translate
into improved viral load suppression rates. Achieving this in the big four provinces may fast-
track eMTCT. There is urgent need to effectively track and monitor viral loads ofall HIV posi-
tive pregnant women. A marker of pregnancy, delivery and the postpartum period within the
NICD SDW as recommended in the 2019 National PMTCT guidelines, should allow for moni-
toring of viral load suppression rates at facility level in near real time to advance UNAIDS 90-
90-90 [20] targets in women of reproductive age, particularly in high-risk areas. Such monitor-
ing will provide information on the true picture of viral load burden during pregnancy and
prompt rapid intervention. Currently this information is lacking.

In our analyses, the Thembisa Model was used as our primary data source because the
model was specifically designed and is used for estimating HIV populations in SA. Asa result
it contained data for 10/12 indicators reviewed for these analyses. However, estimates may be
inaccurate if underlying assumptions are incorrect. We therefore used other data sources to
validate the data. Although there were differences in absolute numbers; we found that data
from the other sources was generally within the upper and lower limits of the Thembisa model
estimates (52 Table). This may be because the Thembisa Model uses some of the data we trian-
gulated with it, for example Statistics South Africa. Where there were significant differences,
we attribute these to differences in (i) methodology or (ii) in reporting intervals or (iii) data
quality issues for some of the data sources used for triangulation purposes. For example, the
latest data for the ANC seroprevalence survey is 2017, while the reporting period for these
analyses was 2018 {51 Table). The laboratory based data lacks unique patient identifiers there-
fore de-duplication may be incomplete, resulting in over-estimation of transmission rates.
Intra-partum transmission rates would be anticipated to be similar to intra-uterine transmis-
sion rates however; postnatal transmissions would depend on breastfeeding practices (e.g.
duration of t ding), p I virologic control and incident maternal infections which
we were not able to measure.

Conclusions

We have attempted to quantify the need for eMTCT interventions based on the demographic
profile of provinces in South Africa. Our results confirm what is mostly known. The need for
HIV/eMTCT resources is greatest in Gauteng, KwaZulu-Natal and Eastern Cape. Limpopo
and Mpumalanga provinces also warrant attention. While advocating for allocation of inter-
ventions for eMTCT ona needs-basis; it is important not to neglect those provinces with the
least need. Routine monitoring and surveillance needs to continue until the country reaches
eMTCT. Ending paediatric HIV will require robust viralload monitoring & intervention
among WRLHIV in general, as well as pregnant and breastfeeding women. The NHLS labora-
tory data have the potential to provide viral load monitoring service near-real time until clini-
cal databases can assume this role.
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