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Abstract 
Background 

In the words of Burton et al., {ƻǳǘƘ !ŦǊƛŎŀΩǎ prevention of mother-to-child transmission of HIV (PMTCT) 

programme has been an ever-changing 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 documented 

unprecedented reduction in new paediatric HIV infections, shifting efforts from prevention to 

elimination of mother-to-child transmission of HIV (eMTCT). However, the road to eMTCT in South 

Africa is considerably challenged. 

The World Health Organization defines eMTCT as the attainment of <50 new paediatric infections per 

100 000 live births at the end of the breastfeeding period. By 2017, the national intra-uterine case 

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

a further 1.5 times the intra-uterine case rate by the end of the breastfeeding period. Since maternal 

viral load (VL) is the strongest predictor of MTCT risk, this research project sought 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 

This thesis comprises of four publications conducted using data from two cohorts: a national level 

ǎȅƴǘƘŜǘƛŎ ŎƻƘƻǊǘ ŦǊƻƳ ǘƘŜ bŀǘƛƻƴŀƭ IŜŀƭǘƘ [ŀōƻǊŀǘƻǊȅ {ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ όbI[{ 

CDW) and a sub-national level cohort of pregnant women living with HIV (WLHIV), delivering in four 

tertiary obstetric units in Gauteng province (Gauteng cohort). Using the Thembisa Model and data 

triangulated from five HIV-related and demographic data sources, Publication 1 (Chapter 3),  set the 

scene for the case for eMTCT by describing the provincial distribution of target populations for eMTCT 

(women of reproductive age, 15-49 years and adolescent girls and young women, 15-24 years; 

stratified by HIV status) in 2018.  

In order to assess maternal VL suppression rates in the public sector, a cohort of women of 

reproductive age living with HIV (WRLHIV) was identified from the NHLS CDW between 2016-2017. 

Due to lack of a pregnancy marker within the NHLS CDW, syphilis screening in association with ward 

type and/or post-pregnancy cervical screening and/or infant ōƛǊǘƘ IL± ǘŜǎǘ ŀƴŘκƻǊ ǇƻǎƛǘƛǾŜ ʲ-hCG was 

used to identify pregnant from non-pregnant WRLHIV. Fractional polynomial models described 

longitudinal changes in maternal VL during pregnancy and the postpartum periods, while spline 
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regression determined factors associated with maternal VL decline during follow up (Publication 2, 

Chapter 4). Maternal VL suppression rates observed from the national level synthetic cohort were 

validated against the Gauteng cohort in 2018 (Publication 3, Chapter 5). The geospatial distribution of 

maternal viraemia at delivery was described using ArcGIS and a negative binomial regression model 

assessed population-level determinants of vertical transmission within the national PMTCT 

programme using the national level synthetic cohort during the study period (manuscript in 

preparation 1, Chapter 6). Lastly, an evaluation of maternal VL testing coverage and compliance to 

national VL testing guidelines was assessed from the Gauteng cohort in 2018 (Publication 4, Chapter 

7).  

Results 

In 2018, 74% of all WRLHIV were located in Gauteng, KwaZulu-Natal, Western Cape, Eastern Cape, 

Limpopo and Mpumalanga provinces. The same provinces also accounted for 87% of all AGYW living 

with HIV during the study period. These data suggested that the need for eMTCT is greatest in these 

six of the nine provinces in the country. 

wŜƎŀǊŘƛƴƎ ƳŀǘŜǊƴŀƭ ǾƛǊŀŜƳƛŀ ό±[ җрл ŎƻǇƛŜǎκƳ[ύΣ ŀ ǎǘŜŀŘȅ ŘŜŎƭƛƴŜ ƛƴ ǾƛǊŀŜƳƛŀ was observed from 

presentation at the first antenatal care visit (fANC) to delivery and postpartum nationally. However, 

proportions with viraemia were 54% at first HIV VL measurement during pregnancy, 37% at delivery 

and 34% postpartum, when eMTCT requires sustained maternal VL suppression from conception 

through pregnancy until breastfeeding cessation. Importantly, 43% of ART-experienced pregnant 

WRLHIV were viraemic at fANC visit while two thirds of women not on ART at fANC visit were still 

viraemic after three months of ART use.  At delivery, the proportion with maternal viraemia was similar 

to that of known pregnant WLHIV in Gauteng province, suggesting representativity of the study 

population to pregnant WRLHIV in the country. Notably, the community VLs of pregnant WRLHIV at 

all time points were higher than those of non-pregnant WRLHIV. Maternal viraemia during the 

postpartum period, high maternal seroprevalence, women initiating ART late in pregnancy and/or 

incident maternal HIV during pregnancy were significant population-level drivers of MTCT during the 

study period, while early booking (<20 weeks gestation) for ANC among pregnant women was 

associated with a decline in vertical transmission. Implementation of maternal VL monitoring 

guidelines during pregnancy and postpartum was poor as observed in Gauteng province. Less than 5% 

of pregnant WLHIV received VL monitoring according to national guidelines while >80% had no 

evidence of VL monitoring during the antenatal period. However, if women received VL monitoring 

during the antenatal period, they were more likely to be virally suppressed at delivery and receive VL 

monitoring postpartum. Lastly, we observed provincial differences in sustaining VL suppression into 
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the postpartum period, with KwaZulu-Natal, Western Cape and Free State the best performing 

provinces.  

Conclusions 

Maternal VL suppression rates during pregnancy, delivery and postpartum were poor in spite of high 

ART coverage during the study period. Results 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 real-time monitoring of VLS rates among pregnant WLHIV from the NHLS CDW. Based on 

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

are recommended to achieve eMTCT. 
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Preface 
 

άΦΦI hate having AIDS because I get very sick and I get very sad when I think of all the other children and 

babies that are sick with AIDS. I just wish that the government can start giving AZT to pregnant HIV 

mothers to help stop the virus being passed on to their babiesΦΦΦέ Nkosi Johnson, 13th International 

AIDS Conference, Durban South Africa. July 2000. 

Four years after his iconic speech, part of Nkosi JohnsonΩs dream became reality. Pressure from civil 

society and a court order forced the then South African government to roll out antiretroviral therapy 

for HIV-positive pregnant women and prophylaxis for HIV-exposed infants in the public health sector. 

Sadly, Nkosi did not live long enough to realize his dream, succumbing to the disease, a year after his 

speech. This was the dark ages of HIV in South Africa, where HIV-related deaths ravaged communities 

without mercy. The world was especially cruel to children infected with HIV at birth at the time. Half 

of all children born with HIV did not survive beyond two years, if they made it past the first three 

months of life. Two decades later, the tide has turned. Remarkable progress has been made in 

paediatric HIV response since the 2000s. Ending paediatric HIV in South Africa is no longer an illusion 

but a possibility. However, much work lies ahead as the country moves towards realizing the dreams 

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

My path to this PhD began in 2017, under the tutelage of Professor Gayle Sherman. A year prior, I had 

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

/ƘƛƭŘǊŜƴΩǎ 9ƳŜǊƎŜƴŎȅ CǳƴŘ ό¦bL/9Cύ funded project to investigate potential gaps in PMTCT care 

among HIV-positive women who transmitted HIV to their children. The project was conducted in three 

districts in KwaZulu-Natal province, the province with the highest maternal HIV prevalence in the 

country. Analysis of data from the project found that 70% of the women did not have VL monitoring 

during pregnancy and that 60% of these women had been diagnosed prior to conception or at the first 

antenatal care visit. These results triggered my interest in gaining insight into maternal virological 

suppression during pregnancy and the postpartum period as the country aimed for eMTCT. An 

extensive literature search then ensued to determine maternal VL suppression during pregnancy and 

postpartum among WLHIV in the country. I soon established that there was a gap in this area at the 

time.  

Around the same time, Professor Sherman obtained a grant from the ELMA Foundation to evaluate 

gaps within the PMTCT treatment cascade for eMTCT in South Africa. Our stars had aligned. This 

provided me an opportunity to work with and to be mentored by a distinguished researcher with 

international recognition on a topic close to my heart. I then resolved to undertake a national project 
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evaluating maternal VL testing coverage and suppression rates in the public health sector to inform 

PMTCT policy and highlight hotspots requiring attention to fast-track eMTCT. I developed my protocol, 

applied for ethical clearance and access to the national laboratory database from relevant authorities. 

A lengthy period of data mining, data cleaning and analyses followed. 

It is my hope that findings of this work will contribute towards improvement of care among women 

living with HIV towards ending paediatric HIV in the country. 

The scope of publications emanating from this work and the outline of the thesis follows. 
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Scope of Publications 
 

This PhD thesis was put together through the publication route, consisting of four peer-reviewed 

publications, and is presented here in the divided block format according to the University of the 

²ƛǘǿŀǘŜǊǎǊŀƴŘ CŀŎǳƭǘȅ ƻŦ IŜŀƭǘƘ {ŎƛŜƴŎŜǎΩ ǘƘŜǎŜǎ ŀƴŘ ŘƛǎǎŜǊǘŀǘƛƻƴǎ ǎǘȅƭŜ ƎǳƛŘŜƭƛƴŜǎ. The thesis 

comprises of three main sections. Section 1 is the introductory section, which consists of two chapters. 

Chapter 1 provides a brief background into vertical transmission of HIV and gives a narrative of the 

evolution of PMTCT policy and profile of vertical transmission in South Africa. The chapter also 

discusses literature reviewed around the study objectives and ends with a description and critique of 

strategies for fast-tracking eMTCT in South Africa. Chapter 2 describes the methodology, setting and 

data sources for this body of work. Specific details on the methods for sub-studies are described in 

relevant chapters in the results section.  

Section 2 is the results section consisting of four published articles and one manuscript in draft, 

presented as five empirical chapters. Chapter 3 (Publication 1) sets the scene by providing a 

description of the  provincial distribution of WRLHIV in relation to cases of intra-uterine transmission 

in South Africa. The publication utilizes the demographic profile of WRLHIV in the country to guide 

allocation of resources for eMTCT. Chapter 4 (Publication 2) describes the longitudinal changes in 

maternal viraemia during pregnancy, delivery and postpartum from a synthetic cohort of women 

accessing care in the national PMTCT programme. The publication also discusses factors associated 

with maternal viral control during pregnancy, delivery and postpartum. Chapter 5 (Publication 3) is a 

cross sectional review of maternal viraemia at delivery from a cohort of known, pregnant WLHIV, 

delivering in four tertiary facilities in the public health sector in Gauteng province (Gauteng cohort). 

These data were used to validate findings from the national level synthetic cohort of WRLHIV 

described in Chapter 4. Chapter 6 is an ecological analysis of population-level determinants of MTCT 

using routine HIV test data from the synthetic cohort of women from the NHLS CDW and other routine 

HIV-related indicators in the era of MTCT. Chapter 7 (Publication 4) explores VL monitoring amongst 

pregnant and postpartum WLHIV in Gauteng province and discusses compliance to national VL testing 

guidelines and implications thereof on maternal VL suppression and retention in care. 

 Section 3 consists of a single chapter, Chapter 8, and provides the general discussion and draws 

conclusions from all aspects of this work. The chapter also highlights what the study contributes to 

literature, recommendations for policy and next steps. 
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SECTION 1: INTRODUCTION 
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1.1 Background 
 

Mother-to-child transmission of HIV occurs when women living with HIV (WLHIV) transmit the virus 

to their children in utero, at delivery or during the postpartum period through breastfeeding.1-3 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 globally.4 Almost 90% of 

global paediatric HIV infections are from 23 priority countries, of which 21 are in sub-Saharan Africa 

(SSA).5 Providing antiretroviral therapy (ART) to pregnant and breastfeeding WLHIV is a major strategy 

for preventing MTCT of HIV. When ART is taken consistently prior to and during pregnancy or 

breastfeeding, resulting in undetectable maternal VL, the risk of MTCT is virtually eliminated.6 Despite 

near universal HIV testing and expanded access to efficacious maternal ART drug regimens worldwide, 

some women are only diagnosed with HIV and start ART during pregnancy or the breastfeeding period. 

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

8% reduction in the risk of MTCT of HIV.7 

South Africa is one of the 21 priority countries in SSA with a high burden of paediatric HIV infections.5 

The country provides PMTCT services largely via the public health sector.8 Over the years, the national 

PMTCT programme has evolved to be a global leader, with demonstrable success in reducing new 

paediatric HIV infections 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 programme.9 As from 2015, the national PMTCT programme has steered towards 

eMTCT because of an MTCT rate (percentage of HIV PCR positive children from all HIV-exposed 

children aged <24 months) that is below 5% at the end of the breastfeeding period.10,11 However, the 

road to eMTCT is considerably challenged. 

1.2 Problem statement 

 

The World Health Organization (WHO) defines eMTCT as the reduction to fewer than 50 incident 

paediatric HIV infections per 100 000 live births at the end of the breastfeeding period.12 South Africa 

has prioritized eMTCT on account of low MTCT rates at national level. By 2017, {ƻǳǘƘ !ŦǊƛŎŀΩǎ national 

intra-uterine (IU) transmission rate approximated 1%.13 However, this figure equates to a case rate of 

approximately 250 cases per 100 000 live births. This is five times in excess of the elimination target, 

from IU infections alone. Using data from 2012-2014, Goga et al. reported a cumulative MTCT rate of 

4.3% at 18 months of follow up nationally, under the WHO Option B standard.14 During this time, IU 

transmissions accounted for the majority of MTCT cases at 67%.14 Analysis of routine laboratory data 
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shows that postnatal transmissions up to two years of age are approximately 1.5 times the IU rate 

(unpublished data). However, this figure likely underestimates total postnatal transmissions as it is 

based on HIV polymerase chain reaction (PCR) tests performed on children <2 years of age only. 

Regardless, in terms of implications for eMTCT, a minimum of 600 new paediatric infections were 

expected by the end of the breastfeeding period nationally in 2017. These data clearly show that while 

the low MTCT rates provide a window of opportunity for eMTCT, getting to <50 new paediatric HIV 

cases per 100 000 is going to be challenging. 

Maternal viral load (VL) is the strongest predictor of MTCT risk15,18, yet VL monitoring amongst 

pregnant and postpartum is not well described in South Africa. Maternal VL monitoring during 

pregnancy and the postpartum period appears to be a huge gap in PMTCT care. Prior to this research 

project, there was paucity of programmatic data informing maternal VL suppression rates during 

pregnancy and the postpartum period at national level. These data are necessary to determine 

whether high maternal VLs are driving MTCT in this last mile to eMTCT, that is, the period of low 

national MTCT rates or not. Moreover, it is unclear whether geospatial factors (hotspots) are driving 

MTCT in the era of eMTCT or not. Thus, a national description of maternal viraemia as a key driver of 

vertical transmission is critical in order to establish a baseline, from which to improve virological 

control during pregnancy and postpartum periods to facilitate eMTCT in South Africa. In addition, the 

existence of geospatial differences in the HIV epidemic across the country necessitate inter-provincial 

and district-level evaluation of maternal viraemia during pregnancy and postpartum periods to 

highlight hotspots of transmission for intervention.  

1.3. Literature review 
 

1.3.1 Evolution of the South African PMTCT programme 

 

In the words of Burton et al.9, the PMTCT programme in South Africa has been an ever-changing 

landscape since inception in 2004. The national PMTCT programme rose from humble beginnings, 

fraught with delays and AIDS denialism to become the largest programme of its kind in the world. One 

and half decades later, the programme has documented an unprecedented reduction in new 

paediatric HIV infections, shifting efforts from prevention to elimination of mother-to-child 

transmission of HIV (eMTCT). For example, new paediatric HIV infections decreased by 84% between 

2009 and 2015.19 In keeping with global expansion of PMTCT services, PMTCT services are available in 

>95% of all health facilities in the public sector and by 2017, HIV testing and ART initiation rates 

amongst antenatal clients had reached near universal coverage.20,21 The rapid evolution of the PMTCT 
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policy has resulted in continuous changes to national guidelines around maternal antiretroviral 

therapy (ART) and infant prophylactic regimens. 

1.3.2 Evolution of maternal ART and infant prophylactic regimens 

 

The PMTCT policy on maternal treatment changed from single-dose nevirapine administered during 

labour to the mother in the early 2000s to successive implementation of World Health Organization 

(WHO) recommended Option A, B and B+ standards.8 With WHO Option A, ART regimens were based 

on maternal immunological profile. This was later revised to triple-drug ART for all pregnant and 

breastfeeding WLHIV irrespective of CD4 count during pregnancy and throughout the duration of 

breastfeeding period (Option B) in 2013.22,23 In 2015, the guidelines were reviewed to recommend 

lifelong triple ART regardless of CD4 count and WHO disease stage (Option B+).24 With respect to 

maternal antiretroviral (ARV) drug regimens, the guidelines have progressively recommended more 

efficacious drugs in line with guidance from the WHO and emerging evidence from the field of HIV 

research. Since 2013, a fixed dose combination of Tenofovir (TDF) + Lamivudine (3TC)/Emtricitabine 

(FTC) + Efavirenz (EFV) has been the drug of choice for standard first line therapy for pregnant and 

postpartum WLHIV.23,24 Pregnant and breastfeeding WLHIV were prioritized for this fixed dose 

combination drug formulation in order to reduce pill burden and improve adherence.25 In 2019, the 

guidelines were further revised to introduce a new formulation containing Dolutegravir (DTG) in place 

of EFV for first line therapy.26 Some of the benefits of DTG over EFV are that, i) it is highly effective and 

achieves rapid viral suppression ii) has a high barrier to resistance and iii) is well tolerated.27,28 

However, safety concerns have been raised over the risk of neural tube defects and other adverse 

pregnancy and infant outcomes among women becoming  pregnant while taking DTG.  

Reports from the Tsepamo birth outcomes surveillance study in Botswana suggested that infants born 

to women exposed to DTG at the time of conception or within the first trimester had a higher risk of 

developing neural tube defects compared to EFV exposure.29-32 Further research from other settings 

went on to show a 0.2% [95% confidence interval: 0.01-0.67] higher risk of neural tube defects 

amongst infants born to women exposed to DTG over EFV from the time of conception.33 However, 

there is general consensus that this association is also likely to be confounded by environmental 

factors such as folate deficiency within the first trimester.29,32 In addition, the risk of adverse 

pregnancy outcomes is not unique to DTG but common to all ARVs.34 Based on this expanded 

evidence, in 2019 the WHO recommended DTG as the preferred treatment option for all populations, 

citing that the population level benefits of DTG outweigh the risk of harm.35  
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More recently, exposure to DTG has also been linked to significant weight gain compared to EFV 

amongst pregnant and postpartum women in South Africa and Botswana.36 This raises concern of 

increased risk of type 2 diabetes with long term use of DTG, if weight gain is not controlled. Moreover, 

this potential for weight gain with DTG use may lead to suboptimal adherence and limit its 

effectiveness in maintaining VL suppression. South Africa adopted a cautionary, patient centred 

approach where women of child-bearing age are counselled about the potential risks associated with 

DTG use and make an informed decision before switching to a DTG containing regimen.26  

For HIV-exposed infants, early infant diagnosis and provision of effective prophylactic antiretroviral 

regimens were also prioritized as guidelines evolved. HIV PCR testing of all HIV-exposed infants at six 

weeks of age constituted routine practice prior to 2015.24 In June of 2015, universal HIV PCR testing 

at birth and at 10 weeks for all HIV-exposed neonates and infants, coupled with fast-tracked ART 

initiation for HIV PCR positive children became standard of care.24 In addition to 2015 

recommendations, the guidelines of 2019 recommend an HIV PCR at six months of age and six weeks 

post breastfeeding cessation for HIV-exposed infants.26 Furthermore, a universal HIV PCR is now 

recommended at 18 months of age for all children regardless of HIV exposure.26 This recommendation 

was primarily made to identify children infected as a result of late maternal seroconversion during 

pregnancy or breastfeeding who may have escaped detection during ANC. Infant prophylactic 

regimens of 2015 remain standard of care. Table 1.1 describes the evolution of maternal ART and 

infant prophylactic regimens in the public health sector in South Africa, 2010-2019.22-24,26  
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Table 1.1 Evolution of the South African PMTCT Guidelines for pregnant WLHIV and HIV-exposed 

infants aged Җму ƳƻƴǘƘs, 2010-2019.22-24,26 

Year 
2010 2013 2015 2019 

WHO Option A WHO Option B WHO Option B+ UTT strategy* 

 

 

 

 

Maternal 

ART 

(i) If CD4 < 350 or 
WHO stage  III or IV: 
initiate ART lifelong 
(ii) If CD4 > 350: 
!½¢ ŀǘ мп ǿŜŜƪǎΩ 
gestation 
Single dose NVP + 
AZT/3TC at onset of 
labour 
AZT/3TC daily for 7 
days postpartum 

All pregnant & 
breastfeeding WLHIV 
initiated on ART for 
duration of 
pregnancy and 
breastfeeding 
(i) If CD4 >350: 
continue ART until 1 
week post cessation 
of breastfeeding 
(ii) If CD4 <350: 
continue ART 
lifelong 

All pregnant and 
breastfeeding WLHIV 
initiated on lifelong 
ART 

All persons 
diagnosed with HIV 
eligible for lifelong 
ART after 
confirmation of HIV 
positive diagnosis 

 

 

 

 

Infant 

Prophylaxis 

Single dose NVP 
daily for 6 weeks if 
mother is on ART or 
for duration of 
breastfeeding + 1 
month post 
cessation of 
breastfeeding 

Single dose NVP 
daily for 6 weeks 

Low Risk: Daily dose 
NVP for 6 weeks 
High Risk: 
-NVP for 12 weeks if 
mother is on cART < 
4 weeks, or newly 
diagnosed at 
delivery 
-NVP + AZT for 6 
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 

Low Risk: Daily dose 
NVP for 6 weeks 
High Risk: 
-NVP for 12 weeks or 
until maternal VL < 
1 000 cps/mL or until 
1 week after 
breastfeeding 
cessation 
-AZT twice daily for 6 
weeks 
 
 

 

Abbreviations: PMTCT Prevention of mother-to-child transmission, WHO World Health Organization, ART 

Antiretroviral   Therapy, UTT* universal test and treat strategy since 2016, AZT Zidovudine,  NVP Nevirapine,   3TC 

Lamivudine, VL Viral load, PCR Polymerase chain reaction,  cps/mL, copies per millilitre of blood, WLHIV women 

living with HIV.  
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1.3.3 Profile of vertical transmission in South Africa 

 

Maternal HIV seroprevalence has plateaued at 30% for over a decade, Figure 1.137. This translates into 

approximately 270 000 HIV-exposed neonates each year. Despite the huge burden of maternal HIV, 

the national PMTCT programme has documented significant advances in reducing new paediatric HIV 

infections. Within a decade of implementation, new paediatric infections among infants aged <24 

months, MTCT rates fell from >20% in 2004 to <2% in 2014, an achievement South Africa is justifiably 

proud of.38 By 2017, the national intra-uterine (IU) transmission (the MTCT rate at <7 days of life) rate 

was <1% based on analysis of routine laboratory HIV test data.14 Although the MTCT rate is low 

nationally, rates at sub-national level vary greatly.14,39 As a result, ending paediatric HIV in South Africa 

Ƴŀȅ ǊŜǉǳƛǊŜ ƳƻǊŜ ǘƘŀƴ ŀ ΨƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭΩ ŀǇǇǊƻŀŎƘΦ 

 

 

Figure 1.1 The national HIV epidemic curve for pregnant women in South Africa, 1990-2017.37 

 

1.3.4 Beyond PMTCT: Towards eliminating MTCT of HIV in South Africa 

 

In 2014, the WHO published guidance on process indicators and criteria for measuring country 

progress towards and validating achievement for eMTCT.12 As of December 2019, a total of 14 

countries had received validation for eMTCT40 and none of the countries are from SSA, which has 90% 

of global HIV disease burden.5 Without discrediting the effort and success of these countries, achieving 

eMTCT has been facilitated by several factors such as smaller HIV epidemics, access to a wide variety 

of ARV drugs, high coverage of elective caesarean deliveries and very low breastfeeding rates.41 High 
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HIV burden and less-resourced settings such as South Africa are disadvantaged. In recognition of 

challenges faced by high prevalence settings, the WHO set different targets for low and high HIV 

prevalence settings.42 A three-tier system was devised to provide guidance towards eMTCT for high 

HIV prevalence settings.42 Table 1.2 shows WHO targets for process indicators and validation criteria 

for eMTCT.  

 

Table 1.2. WHO process indicators and validation criteria for eMTCT.42 

 Low HIV 

prevalence 

settings 

Tiers for high HIV prevalence settings 

Gold Silver Bronze 

Process Indicators     

Antenatal care coverage җ 95% җ 95% җ 90% 

HIV testing coverage among pWLHIV җ 95% җ 95% җ 90% 

ART coverage among pWLHIV җ 95% җ 95% җ 90% 

Impact Indicators     

MTCT rate at end of breastfeeding 

period 

<2% in non-breastfeeding populations  

                                OR 

 <5% in breastfeeding populations 

Case rate / 100 000 live births <50 Җнрл Җрлл Җтрл 

 

Abbreviations: pWLHIV pregnant women living with HIV, MTCT mother-to-child transmission of HIV, WHO 

World Health Organization 

 

By 2017, South Africa had reached targets for the process indicators required for eMTCT43, the impact 

indicators are yet to be achieved. Even though South Africa is estimated to have an MTCT rate below 

5% at the end of breastfeeding period, achieving <50 cases per 100 000 live births is unattainable in 

the short term. The greatest challenge towards eMTCT in South Africa remains the triple burden of a 

high maternal seroprevalance rate37, extended breastfeeding duration and poor VL monitoring 

amongst pregnant and postpartum WLHIV.44 Thus, albeit low, the total MTCT rate at the end of the 

breastfeeding period translates into an MTCT case rate that is higher than the eMTCT target due to a 

high maternal seroprevalence rate. In addition, breastfeeding is promoted as the infant feeding 

method of choice (up to 24 months of age) for WLHIV who are virally suppressed and on ART.45-47 
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Although this extends the risk period for MTCT, the risk of non-breastfed infants dying from 

pneumonia or diarrhoeal diseases outweighs the risk of breastmilk associated HIV transmission in 

these settings.47,48 Lastly, the relationship between elevated maternal VL and continued MTCT risk is 

well known15,18, yet VL monitoring among antenatal and postpartum WLHIV is not well described and 

may be sub-optimal in South Africa. Poor maternal VL monitoring during pregnancy and the 

postpartum period not only places HIV-exposed infants at a greater risk of infection but also 

compromises maternal health due to increased viraemia.  

1.3.5 VL monitoring amongst antenatal and postpartum WLHIV 

 

The goal of any ART programme is to achieve durable VL suppression for all users of ART to reduce 

morbidity, mortality and prevent transmission. In 2015, the UNAIDS adopted the 90-90-90 strategy to 

fast-track global efforts towards ending the AIDS epidemic by 2030.49 The strategy aimed to have 90% 

of people living with HIV know their status (1st 90), 90% of people who know their HIV status to be on 

ART (2nd 90) and 90% of those on ART virally suppressed (3rd 90). These targets have since increased 

to 95-95-95 in order to accelerate country-level HIV epidemic control.50 South Africa is yet to achieve 

all three 90s. For PMTCT programmes, VL monitoring amongst pregnant and postpartum WLHIV 

serves two purposes: 1) monitoring progress towards the UNAIDS targets and 2) ascertaining risk of 

MTCT for HIV-exposed children. Viral load monitoring amongst pregnant and postpartum women in 

SSA was neglected until 2013.51-53 The WHO endorsed VL monitoring as a preferred method for 

measuring HIV disease progression to the standard practice of using clinical criteria in 2013.51 Delays 

in shifting to VL monitoring within ART programmes in limited resource settings was attributed to high 

cost and lack of laboratory infrastructure.52 Viral load monitoring during pregnancy in developed 

countries is widely accessible and part of routine care.54   

In South Africa, VL monitoring has been scaled up in recent years. Routine centralized laboratory HIV 

VL testing is currently standard of care (December 2020).48-49 This is achieved via the National Health 

Laboratory Service (NHLS), which has a network of approximately 260 laboratories nationwide. 

However, VL testing is the mandate of only 16 regional laboratories nationwide.55,56 In 2013, VL 

monitoring was recommended at six and 12 months post-ART initiation for women newly diagnosed 

with HIV during pregnancy or the breastfeeding period.23 For WLHIV already on ART prior to 

pregnancy, a VL test was recommended at the first ANC booking. In 2015, the national guidelines 

extended VL monitoring to six monthly during pregnancy and the breastfeeding period for all WLHIV 

on ART.24 However, a VL test at three months post-ART initiation was required for WLHIV initiating 

ART during pregnancy or the breastfeeding period. The threshold for maternal VLs requiring 
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adherence-counselling intervention was set at ±[ җм 000 copies/mLΦ ²ƻƳŜƴ ǿƛǘƘ ±[ җм 000 

copies/mL would receive a repeat VL within two months of the elevated VL.24 The threshold was 

ǊŜǾƛǎŜŘ ǘƻ ±[ җрл ŎƻǇƛŜǎκƳ[ in the November 2019 guidelines.26 This revision was in response to 

growing evidence of vertical transmission occurring at low-level and transient viraemia. Furthermore, 

a VL test at time of delivery is now recommended for all pregnant WLHIV to guide clinical management 

of both mother and infant during the postpartum period.   

In spite of policy provisions and availability of established laboratory infrastructure, implementation 

of VL monitoring within the PMTCT programme was sub-optimal during the study period. The 

magnitude of the HIV epidemic and its associated high specimen volumes in the country, places 

laboratory infrastructure under strain and renders it unable to cope with demand for VL testing and 

returning results to patients within clinically relevant time periods.55,56 Longer turn-around-times from 

testing to return of results to patients are the order of the day in some facilities, particularly remote 

hard to reach facilities. As a result, innovation around supplementing centralized routine HIV VL 

testing will be critical. Point-of-care (PoC) HIV VL testing technologies have been one such strategy. 

The cost of implementing PoC HIV VL testing is comparable to centralized laboratory testing57 with 

added benefits of improving rates of retention in care and VL suppression rates within ART 

programmes. Malawi, Mozambique and Zimbabwe have reported higher maternal VL and EID testing 

coverage coupled with improved patient retention when using PoC technologies compared to 

standard of care.58-60 Similar findings have been documented from clinical trials and donor supported 

projects in some parts of South Africa.61 However, these studies may have had better systems for data 

collection and were better resourced for case management compared to routine testing, hence 

findings may not be generalizable to routine practice.  

A study by Kufa et al., evaluated the feasibility of implementing maternal PoC HIV VL and Early Infant 

Diagnosis (EID) testing at delivery within high volume tertiary obstetric units under routine settings in 

South Africa.62 The study showed modest PoC coverage of 50% for maternal VL and 88% for EID testing 

overall, with greater variation between study sites.62 The higher coverage for PoC EID testing was 

attributed to EID testing at birth being standard of care and maternal VL testing at delivery being new 

at the time of study implementation. The authors concluded that although PoC VL testing has potential 

for scale up in South Africa, successful implementation will be dependent on health system factors.  

While ART programmes in other neighbouring countries (for example Malawi, Mozambique and 

Zimbabwe) have reported remarkable improvement in VL testing coverage and patient retention with 

PoC technology use,58-60 South Africa may not achieve the same level of success within routine settings. 

This is because the former countries are under-resourced, with limited access to centralized laboratory 
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testing compared to South Africa. Therefore, the impact of PoC testing modalities is greater in these 

settings as VL coverage will be coming from a very low base. South Africa on the other hand, already 

has a functional laboratory system with reasonable VL testing coverage, albeit strained. In South 

Africa, 75% of people in HIV care have at least one VL test in a year.63 Therefore, the impact of PoC VL 

testing in South Africa may be lower compared to neighbouring countries. Nonetheless, the utility of 

PoC VL testing for selected populations in South Africa (for example, pregnant WLHIV) may be useful 

especially where rapid response to elevated VL is necessary. Furthermore, access to laboratory HIV VL 

testing varies across the country therefore some geographic areas may benefit more from PoC VL 

testing than others.55,56 It is in this regard that PoC VL and EID are potential game changers for eMTCT. 

1.3.6 High maternal VL as a driver of MTCT 

 

Risk factors for MTCT of HIV are well-documented15-18,64-66 and these include high maternal VL (either 

in blood or breast milk), maternal sero-conversion (in pregnancy or during breastfeeding), maternal 

treatment duration and infant factors (low birth weight, preterm birth and inadequate infant 

prophylaxis). Among these, maternal VL remains the strongest predictor of MTCT of HIV from historic 

findings to current knowledge in this field. In 1999, using data from a modest sample of 552 HIV-

infected women, Garcia et al. reported that MTCT risk was directly proportional to maternal plasma 

VL level.64 Two decades later, consistent evidence has emerged substantiated by data from several 

large ART cohorts globally.65,66 Historically, a plasma VL <1 000 copies/mL was associated with low or 

no risk of MTCT.64 However, recent studies have shown lower but elevated risk of MTCT at lower 

plasma VL levels in the range 50-400 copies/mL compared to җ1 000 copies/mL.15,67-69 Mandelbrot et 

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 WLHIV.6 In comparison, the risk was four 

times higher in women with plasma VL of 50-400 copies/mL at delivery in this cohort.6 Albeit using 

different thresholds, similar trends have emerged, positively correlating higher MTCT risk with low-

level viraemia from routine settings in South Africa. A study from the Western Cape Province reported 

an MTCT risk of 0.25%, 2.0% and 8.5% for maternal VL <50, VL 50-1 000 and VL җ1 000 copies/mL at 

delivery respectively.15 In Malawi, one in six cases of vertical transmission occurred to women with 

low-level viraemia (VL 40-1 000 copies/mL).69 Low-level viraemia is reportedly associated with 

younger maternal age, sub-optimal adherence to ART and is likely to be transient.68,69 However, 

studies on non-pregnant women show that prolonged low-level viraemia can potentially progress to 

virological failure.68 These reports demonstrate that low-level viraemia is a real concern for MTCT in 

pregnant and postpartum WLHIV and requires urgent attention for the attainment of eMTCT.  
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The introduction of the UTT policy into South African ART guidelines in 2016, saw expanded access to 

ART to non-pregnant WLHIV irrespective of CD4 count. A progressive increase in proportions of 

women conceiving on ART has been observed compared to previous years when CD4 based criteria 

determined ART eligibility.70 The proportion of women becoming pregnant on ART tripled between 

2009-2015 from 14% to 45%.70 By 2017, a 3:2 ratio of ART experienced WLHIV to women initiating 

ART in pregnancy at the fANC visit was common in the public sector.71 While ART coverage has 

increased simultaneously with increased HIV testing amongst ANC clients over the years, VL 

monitoring in this population has remained low. This is due, in part, to the fact that VL monitoring was 

only introduced into national guidelines in recent years. On the other hand, poor VL monitoring may 

be a result of sub-optimal implementation of guidelines since the country already has a robust PMTCT 

policy framework. Failure to effectively monitor maternal VL elevates risk of vertical transmission 

amongst HIV-exposed infants. Thus, quantifying the magnitude of maternal viraemia and identifying 

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

1.3.7 Characterizing maternal VL during pregnancy and postpartum periods in SSA 
 

A few studies have characterized maternal VL suppression rates during pregnancy and postpartum 

periods in SSA. The few studies which have documented maternal VL suppression among pregnant 

and postpartum women have reported high suppression rates using a VL <1 000 copies/mL threshold. 

In Rwanda, VL suppression rates of 85% (VL <1 000 copies/mL) and 50% (VL <1 000 copies/mL) were 

reported from women in their third trimester or within two weeks postpartum, with 76% of the cohort 

already on ART at fANC visit.72 In Uganda, >90% of 111 women maintained VL <400 copies/mL across 

periconception, pregnancy and the postpartum period.73 With such a small sample size and 

recruitment from a research site, high VL suppression rates were expected due to availability of 

resources for better patient management. Malawi was the first country to implement WHO Option B+ 

in 2011. After three to five years of implementation, 88% of the women enrolled in the donor-funded 

άNational Evaluation of Malawi's PMTCT Programmeέ ŎƻƘƻǊǘ had VL <1 000 copies/mL and 80% had 

VL <40 copies/mL four-six weeks postpartum.69 The above studies reveal gaps in data on maternal VL 

suppression patterns within routine settings in SSA. While findings from donor-funded projects and 

research sites are important, they are often limited by lack of generalizability to routine settings. 

Relying on these findings to guide policy making carries the risk of developing policies which are 

insensitive to the needs of routine practice, thus compromising  their efficacy.  

In South Africa (2014), a Western Cape study reported that of 38% of 1 521 women fell pregnant on 

ART, 13% had VL >1 000 copies/mL at fANC visit in routine settings.74 Among the remaining two thirds 
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of the ART naïve cohort at fANC visit, median VL was 10 000 copies/mL.74 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 at the time. As a result, maternal VLs were very high at first 

presentation for 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 sector. While this study 

provided useful information on extent of high maternal VLs at fANC visit, it did not provide information 

on maternal VL suppression rates at delivery and postpartum, the new frontiers for preventing MTCT.  

In a follow up study longitudinally evaluating maternal VL (from the fANC visit, through delivery and 

up to 12 months postpartum) in the Western Cape, the authors reported sustained VL suppression (VL 

<50 copies/mL) in 70% of the women, low-ƭŜǾŜƭ ǾƛǊŀŜƳƛŀ ƛƴ у҈ ŀƴŘ җм ƳŀƧƻǊ ǾƛǊŀŜƳƛŎ ŜǇƛǎƻŘŜ ό±[ 

>1 000 copies/ml) in 22% of the cohort throughout follow up.15 The majority of existing literature on 

maternal VL outcomes in South Africa is from the Western Cape province. However, the HIV epidemic 

and associated drivers differ in magnitude across the provinces in South Africa. As a result, findings 

may not be representative of the distribution of maternal VLs among pregnant women nationally. 

Studies from Gauteng and KwaZulu-Natal provinces have reported contrasting rates of maternal VL 

suppression at the fANC visit and delivery. A study from Gauteng province (n= 692) 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 2017.75 A 40%:60% ratio of pre-pregnancy to in-

pregnancy ART initiation may explain the lower rates of VL suppression amongst the cohort. However, 

generalizability of these results in Gauteng province or nationally is limited by the high proportions of 

women without VL data in the cohort which exceeded 50%. A study from KwaZulu-Natal province (n= 

82) reported VL <50 copies/ml for 82% of the cohort at fANC visit.67 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 delivery. Another study from KwaZulu-Natal province reported levels of maternal VL <50 

copies/mL for 82%, 77% and 76% from a cohort of pregnant WLHIV (n= 1 425) prior to pregnancy, 

during pregnancy and 12 months postpartum respectively.18 

In 2016, Macleod et al. conducted a spatial analysis of VL suppression within the national ART 

programme, at facility level in South Africa.76 The analysis provided VL outcomes among adult patients, 

children and adolescents, stratified by age and sex. The authors concluded that 79% of all females in 

the national ART programme had a suppressed VL <1 000 copies/mL.76 However, VL suppression rates 

for pregnant women were not explored separately. More recently, data from the Fifth South African 

National HIV Prevalence, Incidence, Behaviour and Communication Survey of 2017 showed that 89.9% 

of females aged 15-64 years and on ART had VLs <1 000 copies/mL.77 This was higher VL suppression 

than reported in Macleod et al.Ωǎ ǎǘǳŘȅΦ These data show that the national AIDS programme had 
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achieved the third 90 target for this population. However, VL suppression (VL <1 000 copies/mL) was 

lower among women of reproductive age and adolescent girls and young women at 66.7% and 47.1% 

respectively.77 Furthermore, proportions of VL suppression are expected to be lower when a VL 

threshold of <50 copies/mL is used, which is required for eMTCT. Again, VL suppression rates of 

pregnant women were not reported in this survey. Thus, it remains to be seen whether the 

programme has achieved the third 90 target for pregnant WLHIV or not.  

Findings from the 2017 National Antenatal Sentinel HIV Survey showed that 56% of pregnant women 

accessing care in routine settings had a VL <50 copies/ml during the third trimester (which can be 

interpreted as a proxy for VL at delivery), with 71% having initiated ART prior to pregnancy.37 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 importance of VL monitoring in all 

pregnant or postpartum women, as poor VL monitoring has the potential to reverse the gains of pre-

pregnancy ART initiation. Some studies report that VL monitoring during pregnancy or postpartum is 

biased towards women newly initiating ART during pregnancy or postpartum, with healthcare workers 

neglecting ART experienced women.78,79 These practices are based on the assumption that because 

they are not new on treatment, ART experienced women are adherent to their medication and do not 

need monitoring.78,79 For some women this assumption is inaccurate. Research shows that some ART 

experienced WLHIV have poorer treatment outcomes during pregnancy compared to pre-

pregnancy.80,82 South Africa has a high rate of unplanned pregnancies regardless of HIV status. Fertility 

intentions among WLHIV have also increased since the adoption of the UTT policy in South Africa (as 

much as 45%)83. However a fair amount of pregnancies among WLHIV are unplanned83-85 and 

unplanned pregnancies bring with them psychosocial stress which may compromise adherence to 

ART. Pregnancy itself is a major life event for some women and is associated with marriage in some 

instances. These major life events are associated with non-adherence to ART due to non-disclosure of 

HIV status and subsequently poor VL outcomes.86 Hence, ART-experienced 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 patient management for all 

pregnant or postpartum WLHIV regardless of duration on ART. 

1.3.8 Community VL suppression: A strategy for achieving eMTCT? 
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Community VL is an aggregate measure of HIV plasma VLs of a defined population of HIV-infected 

persons over a defined period of time.87,88. A community VL can be used ǘƻ ǉǳŀƴǘƛŦȅ ŀ ǇƻǇǳƭŀǘƛƻƴΩǎ 

exposure to ART and its effect on HIV transmission.87,88 As ART coverage increases, community VL is 

expected to decrease and so should incident HIV infection. Women of reproductive age constitute the 

largest proportion of patients in HIV programmes worldwide.44 Due to the scale-up of ART services 

and adoption of the UTT model of HIV care, many women are initiating ART prior to conception. 

Community VLs of women of reproductive age living with HIV can be used as a population level marker 

for vertical transmission risk.87,88 Thus, to fast-track progress towards eMTCT, it is critical that 

community VLs of all women of reproductive age are suppressed. Given the magnitude of the 

epidemic, this may be the quickest way of eliminating vertical transmission during pregnancy and the 

breastfeeding periods. The other strategies for fast-tracking eMTCT which include adoption of elective 

caesarean births and avoidance of breastfeeding among WLHIV are hindered by high costs and higher 

risk of infant death due to diarrhoeal diseases in the absence of breastfeeding respectively in settings 

like South Africa.47,48 As for the case of caesarean births, sustained maternal VL suppression during 

pregnancy reduces the risk of MTCT during vaginal delivery to a point where caesarean birth offers no 

advantage.67,89,90 However, both the national PMTCT and Maternity Care guidelines are not clear about 

delivery options for women with elevated VL at time of delivery. A potential game changer for eMTCT 

should consider elective caesarean births amongst mothers with elevated VL, detected by PoC HIV VL 

testing at time of delivery.  

1.3.9 Summary of literature review and research gaps 

 

From the literature review, there is limited data describing maternal virologic responses during 

pregnancy and postpartum periods within routine settings, both in South Africa and across SSA. This 

is a clear gap that requires urgent attention, considering the region is home to approximately 90% of 

global paediatric HIV. Inadequate laboratory infrastructure is often blamed for poor monitoring of 

maternal VLs, hence the need to supplement existing laboratory systems with PoC modalities. South 

Africa has committed to achieving eMTCT. Without data on maternal VL responses, it is difficult to 

assess progress towards eMTCT as well as the UNAIDS 90-90-90 targets. A larger proportion of existing 

studies reviewing maternal VL during pregnancy and postpartum periods were cross sectional by 

design and most involved small sample sizes. Cross sectional designs do not provide adequate 

information on maternal VL suppression throughout the continuum of PMTCT care, that is, during 

pregnancy to the end of breastfeeding period. Elimination of mother-to-child transmission of HIV 

requires maternal VL suppression prior to and during pregnancy as well as postpartum. Small sample 

sizes limit the generalizability of findings, particularly beyond the populations from which studies are 
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drawn. Moreover, the studies which contributed to literature on maternal VL suppression were either 

donor-funded projects or emanating from research sites. While findings from these studies are 

important, they have limited generalizability to routine practice and stakeholders run the risk of 

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

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

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

pregnant and non-pregnant WLHIV as the country moves towards eMTCT. 

1.4 Rationale for this study 

 

Despite the existence of low MTCT rates, achievement of eMTCT in South Africa is challenged by a 

high maternal seroprevalence rate. The PMTCT programme has been in existence for close to two 

decades, undergoing continuous changes aimed at setting the country on the path to eMTCT. Two of 

ǘƘŜ ǇǊƻǾƛǎƛƻƴǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ Ψ[ŀǎǘ ƳƛƭŜ Ǉƭŀƴ ǘƻ Ŝa¢/¢Ω ƛǎ ŀŘŘǊŜǎǎƛƴƎ bottlenecks along the PMTCT 

cascade and reaching out to high HIV burden areas.91 Viral load monitoring amongst pregnant and 

postpartum WLHIV appears to be a neglected area in PMTCT care. Programmatic data describing VL 

outcomes of pregnant and postpartum WLHIV nationally is lacking, therefore maternal VL suppression 

rates are unknown. This has dire implications for a programme that is in pursuit of eMTCT. The burden 

of maternal viraemia within the national PMTCT programme is not well described.  Therefore, research 

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

programme. A few studies have reviewed maternal VL suppression at sub-national level. The bulk of 

this research is from routine settings and research sites in the Western Cape province. It is well known 

that the HIV epidemic and response differs geographically in South Africa. As a result, performance of 

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

This research project sought to close the above gaps by evaluating VL suppression rates among 

pregnant and postpartum WRLHIV. It sought to provide a baseline for maternal virologic control during 

pregnancy and postpartum periods nationally. Sub-national level (province and district) evaluations 

aimed to identify hotspots of maternal viraemia to guide interventions for eMTCT. Guiding 

interventions can include understanding predictors of MTCT, the timing of maternal viraemia (when 

are WRLHIV most viraemic- during pregnancy or the postpartum period) in the era of UTT. Lastly, the 

study uses routinely collected laboratory test data used for surveillance purposes. This approach is in 

ƭƛƴŜ ǿƛǘƘ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ΨƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ǎǳǊǾŜƛƭƭŀƴŎŜΩΣ ǿƘƛŎƘ ŀŘǾƻŎŀǘŜǎ ŦƻǊ moving away from national 

surveys and sentinel surveillance which are often very expensive.92,93 Routine laboratory data from 

the National Health Laboratory ServƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊehouse (NHLS CDW) provides a cost-
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effective yet robust surveillance system for monitoring the public health response to HIV at national 

level in near real-time.38 This surveillance system does not require sampling, provides comprehensive 

coverage at all sub-national levels and requires minimal field work. The study also aims to provide 

insights into how to render the NHLS data user friendly to continuously improve monitoring of the 

eMTCT program going forward.  

1.5 Thesis framework 

 

Figure 1.2 illustrates the framework used in this study. The framework highlights critical points during 

pregnancy and the postpartum period for monitoring maternal VL and links unsuppressed maternal 

VL and paediatric HIV infection. Pregnant WLHIV are a subset of HIV-positive women of reproductive 

age, with some women transitioning between the two categories. Pregnant WLHIV enter the PMTCT 

care continuum either as newly diagnosed and ART naïve or known, ART-experienced patients. VL 

monitoring is essential for both groups in order to achieve virologic control. Virologic control is 

associated with improved health for the mother and lower risk of both horizontal and vertical 

transmission. While ART provision is the main strategy for controlling maternal VL during pregnancy 

and postpartum, there are several factors that affect maternal VL responses. For example socio-

economic factors (HIV status disclosure and employment), policy environment (access to care), and 

other clinical factors (comorbidities, ART drug efficacy, etc.) play a role. This study focused on clinical 

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 differences on 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. 

1.6 Aim of the study 

 

The study seeks to provide a national description of maternal viraemia as a key driver of mother-to-

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 elimination of MTCT in South Africa. 



19 
 

 

 



20 
 

Figure 1.2.  Framework illustrating factors that affect maternal VL during pregnancy and postpartum 

periods. 

Abbreviations: WRLHIV women of reproductive age living with HIV, ART antiretroviral therapy, VL viral load, 

PMTCT prevention of mother-to-child transmission of HIV 

 

1.6.1 Overall objective 

 

To define high prevalence regions (hotspots) of maternal viraemia and associated factors in pregnant 

and postpartum WRLHIV at district level in South Africa, to direct interventions to improve ante- and 

post-natal care to achieve eMTCT. 

1.6.2 Specific objectives 
 

1.6.2.1  To describe and map the burden of WRLHIV and adolescent girls and young women (AGYW) 

living with HIV by province in 2018 in South Africa 

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

postpartum) and among WRLHIV who were pregnant between Jan 2016-Dec 2017: 

a) describe and map the burden of high maternal VL nationally and by province  

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 

1.6.2.3  At sub-district level among WRLHIV who were pregnant between Jan 2016-Dec 2017:  

d) determine population-level risk factors for MTCT  

e) compare community VL of pregnant versus non-pregnant WRLHIV  

e) correlate maternal VL suppression rates with in utero HIV MTCT rates 

1.6.2. 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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1.7 Hypotheses and assumptions 

 

This project assumed that pregnant WRLHIV (and their ART status) can be readily identified from non-

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 at ±70% compared to the UNAIDS 90-90-90 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 non-pregnant 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 population level and 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  
 

2.1.1 Antenatal care in South Africa 

 

South Africa records approximately one million live births in a given year.1 Majority of these births 

occur to women who access ANC in the public health sector.2 At the fANC visit, pregnancies are 

confirmed ǳǎƛƴƎ ǘŜǎǘǎ ǎǳŎƘ ŀǎ .Ŝǘŀ ƘǳƳŀƴ ŎƘƻǊƛƻƴƛŎ ƎƻƴŀŘƻǘǊƻǇƛƴ ƘƻǊƳƻƴŜ όʲ-hCG) and pregnant 

women are required to commence ANC at local clinics or at Midwife Obstetric Units.3  These women 

subsequently undergo a series of health screening checks, including syphilis and HIV to improve 

maternal health and prevent adverse pregnancy outcomes.  

Maternal syphilis testing coverage was reported at >96% in 2017.4 Current guidelines for Sexually 

Transmitted Infections (STIs) in ANC recommend the reverse testing algorithm for syphilis screening.5 

Screening starts with a specific treponemal test such as a Treponema Pallidum antibodies (TPAb) or 

Treponema Pallidum Haemagglutination Assay (TPHA) followed by a Rapid Plasmin Reagin (RPR) for 

patients testing positive for the specific test. Since STI management in South Africa is syndromic, only 

a small proportion of syphilis tests are performed for clinical presentations of STIs. However, syphilis 

screening does constitute part of sexual assault investigation. Based on near universal syphilis testing 

coverage amongst pregnant women in the public health sector, syphilis-screening tests constituted 

part of our criteria for identifying pregnant women from our data source. Although majority of the 

tests for syphilis serology performed in the public sector are stored in the National Health Laboratory 

{ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ όNHLS CDW), some women are screened using rapid test kits, 

results of which are not captured on the NHLS CDW. 

With respect to HIV, newly diagnosed pregnant women living with HIV (WLHIV) initiate ART at the 

fANC visit or at confirmation of HIV-infection. 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 monitoring for all pregnant WLHIV follows previously described 

guidelines.6,7 Similar to syphilis, screening results of WLHIV diagnosed with rapid test kits are not 

captured on the NHLS CDW. However, HIV enzyme-linked immunosorbent assay (ELISA) results for 

diagnosis of HIV and longitudinal HIV test data (HIV VL and CD4 counts) are stored in the NHLS CDW.  

2.1.2 Methods  

 

This section provides an overview of methodology and data sources for the thesis by publication. 
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2.2. NHLS CDW synthetic cohort 

 

The national level synthetic 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 described elsewhere.8,9 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 number) and 

geographic location (province, district, sub-district) 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 patient linking algorithm. As the NHLS CDW lacks a national 

level unique identifier, the algorithm uses probabilistic matching of patient demographic information 

(name, surname, date of birth, facility number, etc.) to generate a unique ID and  assigns it to test data 

belonging to same individual.9 When the current patient linking algorithm was validated against a gold 

standard dataset in 2016, it was found to have a Type 1 error of 11% (over-matching probability) and 

Type 2 error (under-matching probability) of 15%  among adults patients.9 However, it has not been 

validated for record-matching in pregnant WLHIV who 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  
 

 2.2.2.1 Design 

 

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

centralized routine laboratory surveillance data. 

2.2.2.2 Study population 

 

Women of reproductive age, 15-49 years living with HIV (WRLHIV), who were in care and receiving 

HIV laboratory tests at any public health facility in South Africa during the study period. Women were 

considered to be living with HIV by virtue of ƘŀǾƛƴƎ җм IL± ±[ ƻǊ җм /5п Ŏƻǳƴǘ ƻǊ ŀ ǊŜŀŎǘƛǾŜ IL± 9[L{! 
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and deemed  pregnant and presenting at their fANC visit by virtue of a syphilis screening test, coupled 

with either a creatinine clearance and CD4 count or a VL to determine their HIV ART status.  

2.2.2.3 Creating the synthetic cohort  

 

Centralized routine data on multiple HIV, syphilis and pregnancy-related tests were used to create a 

synthetic cohort of pregnant WRLHIV. That is, a cohort that was created by applying a set of criteria 

to HIV- and pregnancy-related test data in order to identify pregnant WRLHIV. This was necessary due 

to a lack of a marker for pregnancy within the NHLS CDW. The first step involved identification of 

women of reproductive age using HIV-related tests conducted between 01 April 2015 to 31 March 

2019 from the NHLS CDW (data extraction period). This was achieved by extracting test records 

associated with HIV VLs, CD4 counts and HIV ELISA tests belonging to females, aged 15-49 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 pregnancy to demonstrate pre-pregnancy HIV-infection as well as to allow sufficient follow up 

time during the postpartum period.  

 WR[IL± ǿŜǊŜ ŘŜŦƛƴŜŘ ŀǎ ƛƴŘƛǾƛŘǳŀƭǎ ƘŀǾƛƴƎ җм IL± ±[ ƻǊ җм /5п Ŏƻǳƴǘ ƻǊ ŀ ǊŜŀŎǘƛǾŜ IL± 9[L{! CǊƻƳ 

this set, syphilis screening was applied as a proxy for pregnancy during the 2016/17 study period. 

WƻƳŜƴ ǿƛǘƘ җм ŜƭƛƎƛōƭŜ ǎȅǇƘƛƭƛǎ ǘŜǎǘ ςTPAb/ TPHA with or without an RPR test during the study period, 

were selected. Since syphilis screening also occurs in non-pregnant women, a set of additional criteria 

were applied to the cohort of potentially pregnant WRLHIV to identify women with a greater likelihood 

of being pregnant. Women with records of eligible syphilis and HIV VL tests requested from ANC, 

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

other pregnancy-related tests such as postpartum cervical smears, infant birth HIV PCR tests 

ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ǿƛǘƘ ƳŀǘŜǊƴŀƭ ŘŜǘŀƛƭǎ ŀƴŘ ǇƻǎƛǘƛǾŜ ʲ-hCG tests performed during the study 

period also identified WRLHIV with a greater likelihood of being pregnant. Women with test results 

suggesting sexual assault were excluded from this subset (for example syphilis test results from sexual 

assault clinics/centres)  This subset of women constituted the eligible analytical cohort, referred to as 

pregnant WRLHIV henceforth. 

Once the cohort of pregnant WRLHIV was identified, the date of the fANC visit was determined. The 

date of syphilis screening was used as a proxy for the fANC visit according to routine antenatal 

practice, which requires all pregnant women to be screened for syphilis at the fANC visit.3 Thus, timing 

of HIV VLs relative to syphilis screening, estimated delivery dates and postpartum periods for the 

cohort. The date of delivery was assumed to occur 5-7 months from the fANC visit, based on the fact  
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Figure 2.1. Criteria for identifying HIV viral load tests performed on pregnant women of reproductive 

age living with HIV, in the NHLS CDW between 1 January 2016-31 December 2017.  
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AbbreviationsΥ bI[{ /5² bŀǘƛƻƴŀƭ IŜŀƭǘƘ [ŀōƻǊŀǘƻǊȅ {ŜǊǾƛŎŜǎΩ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜΤ Ŧ!b/ ŦƛǊǎǘ ŀƴǘŜƴŀǘŀƭ 

care visit; VL viral load; ART antiretroviral therapy; PCR polymerase chain reaction; HCG human chorionic 

gonadotropin. 

that approximately 68% of ANC clients 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 public health facilities 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, maternal ART status at the fANC visit was determined by the timing of ART initiation relative to 

the date of the first syphilis screening test. The synthetic cohort was linked to any HIV VLs performed 

in the 12-18 months preceding the syphilis test. An HIV VL performed within 12-18 months prior to or 

within 1 month of the syphilis test defined pregnant WRLHIV 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 HIV 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 

/5²Σ ǊŜǎǳƭǘǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ Ψǘƻǘŀƭ ƭƛǾŜ ōƛǊǘƘǎ ǘƻ HIV-ǇƻǎƛǘƛǾŜ ǿƻƳŜƴΩ ŦǊƻƳ ǘƘŜ 5IL{ to assess 

geographic distribution of pregnant WRLHIV selected from the NHLS CDW.  

 

 

 

12-20 weeks 

gestation 

Cohort entry:  

Date of syphilis test 

(proxy for fANC visit) 

 

5-7 months from fANC visit (pregnancy period)  15 months from delivery (postpartum period) 

Estimated Delivery 

32-40 weeks 
 

88-96 weeks 

Follow up time  

Cohort exit: Date of 

latest VL (end of 

postpartum period) 

Figure 3. Definition of study follow up times among pregnant and postpartum WLHIV identified from the NHLS CDW. 

Abbreviations: fANC first antenatal care visit; WLHIV women living with HIV; NHLS CDW National Health Laboratory 

{ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜΦ 
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Figure 2.2. Definition of study follow up times among pregnant and postpartum WRLHIV identified 

from the NHLS CDW.  

Abbreviations: fANC first antenatal care visit; WRLHIV women of reproductive age living with HIV; NHLS CDW 

bŀǘƛƻƴŀƭ IŜŀƭǘƘ [ŀōƻǊŀǘƻǊȅ {ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜΦ 

 

2.2.2.5 Sample size  

 

All participants that mŜǘ ǘƘŜ ǎǘǳŘȅΩǎ ƛƴŎƭǳǎƛƻn criteria were included in the analyses. However, based 

on a million pregnancies per annum and a maternal HIV seroprevalence rate of 30%, the project  

anticipated identifying ±600 000 WRLHIV from a pool of 2 million pregnant women nationally between 

Jan 2016-Dec 2017. Given  >95% ART coverage among HIV-infected 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 CDW, a maximum eligible sample of ±450 000 pregnant WRLHIV nationally was 

anticipated during the study period. It was anticipated that laboratory monitoring according to 

guidelines would be less than perfectly implemented in routine settings hence the option to analyse 

data from a smaller sample size of WRLHIV but with a higher specificity for pregnancy was elected. 

2.2.2.6 Study measures 

 

 Specific details of the measures analysed in the study are discussed per manuscript, in the relevant 

chapters of the results section. 

2.3 Gauteng cohort 

 

Since the main study cohort was a synthetic cohort of pregnant WRLHIV, created by applying a set of 

criteria to routine laboratory data, data from a known group of pregnant WLHIV (regardless of age) 

was analyzed to validate findings from the national level synthetic cohort and to test its 

representativeness. Data from the Gauteng cohort was used for the analyses presented in publications 

3 (Chapter 5) and 4 (Chapter 7). 

2.3.1. Data source  
 

Data for the validation study came from a study evaluating the feasibility of integrating point-of-care 

(PoC) VL testing into routine settings in Gauteng, South Africa.10  
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2.3.2 Study characteristics 
 

2.3.2.1 Study design and population 

 

This was a prospective study of all consenting, pregnant WLHIV presenting for delivery of their babies 

and admitted to labour or postnatal wards at four high volume, tertiary obstetric units (TOUs) in 

Gauteng province between 01 June 2018 and 31 March 2019. 

2.3.2.2 Study procedures 

 

Mothers and their newborn babies were offered a PoC VL and EID test respectively, around the time 

of delivery. Specimen collection was performed by routine clinical staff while dedicated PoC operators 

conducted testing at the study sites. Point-of-care testing and centralized laboratory testing were 

performed in parallel. That is, for each PoC test performed, a corresponding specimen was sent to the 

NHLS for routine testing. Both PoC and NHLS test results were captured by a study co-ordinator into a 

REDCapTM database and constituted study data. Maternal VL data at time of delivery from this cohort 

was subsequently compared with maternal viraemia from the national, synthetic cohort of pregnant 

WRLHIV from the NHLS CDW. In addition, the validation cohort was used to extract longitudinal VL 

test data associated with patient identifiers and maternal demographics of pregnant WLHIV delivering 

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

2.3.2.3 Study measures 

 

Further details on specific measures analysed are presented in the relevant results sections (Chapters 

5 and 7). 

2.4 Other data sources used in the thesis  

 

The Thembisa model and 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 

LƴǎǘƛǘǳǘŜ ŦƻǊ /ƻƳƳǳƴƛŎŀōƭŜ 5ƛǎŜŀǎŜǎΩ {ǳǊǾŜƛƭƭŀƴŎŜ 5ŀǘŀ ²ŀǊŜhouse were used to provide a cross-

sectional provincial distribution of WRLHIV and AGYW living with HIV in relation to intra-uterine 

transmission rates in the country in 2018 (publication 1, Chapter 3). The Thembisa model, which is a 

mathematical model that profiles the South African HIV epidemic and the impact of the HIV response 

in the country, was used as the primary data source for these analyses.12 Data from the Thembisa 



39 
 

model was triangulated with routine health and HIV related data for validation or to provide data in 

instances where data was not available from the Thembisa model. A detailed description of the 

routine data sources used in these analyses is presented in Chapter 3.  

2.5 Data analysis plan 

 

Table 2.1 provides the analysis plan per objective. 

Table 2.1. Overview of data analysis plan 

Objective Outcome Analysis Chapter  

1. To describe and map the burden of 
WRLHIV and adolescent girls and 
young women living with HIV by 
province in 2018 in South Africa   

Demographic profile 
of WRLHIV and 
AGYW (15-24 years) 
by province 

Frequencies and 
percentages. Hot spots 
analysis in ArcGIS using 
the Gertis-Ord Gi* 
statistic performed  

Chapter 3, 

Publication 1 

2.1 Among WRLHIV, pregnant and 
delivering between Jan 2016-Dec 2017, 
at first ANC visit, around delivery and 
within 15 months postpartum: 

   

a) describe and map the burden of 
high maternal VL nationally and by 
province 

Proportions of 
ƳŀǘŜǊƴŀƭ ±[ җрл ƻǊ 
±[ җ мллл ŎǇǎκƳ[ ŀǘ 
delivery 

Frequencies and 
percentages. 
Proportions described 
using ArcGIS  

Chapter 6, 
manuscript in 
preparation 

b) describe the evolution of maternal 
VL levels nationally and by province  

Maternal VL values; 
(Observed and 
predicted) 

Fractional polynomial 
models  

Chapter 4, 
Publication 2 

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

Maternal VL values 
(Observed and 
predicted) 

Piecewise (spline) linear 
regression 

Chapter 4, 
Publication 2 

2.2 Among WRLHIV, pregnant and 
delivering between Jan 2016-Dec 2017, 
at sub-district level: 

   

c) determine population-level risk 
factors for MTCT 

MTCT cases (from 
birth-24 months) 

Negative binomial 
regression 

Chapter 6, 
manuscript in 
preparation 

d) compare community VL of pregnant 
vs. non pregnant WRLHIV 

Median VL of 
aggregated VLs for 

Kruskall Wallis test Chapter 6, 
manuscript in 
preparation 
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pregnant and non-
pregnant WRLHIV 

e) correlate maternal VL suppression 
rates to total cases of MTCT  

Total MTCT cases 
(from birth-24 
months) 

Negative binomial 
regression 

Chapter 6, 
manuscript in 
preparation 

3. Describe VL suppression at delivery 
and coverage of VL monitoring in 
pregnant and postpartum WLHIV in 
Gauteng province in 2018 

Proportions of 
women with 1) VL 
test during 
pregnancy and 
postpartum   2) VL 
<50 cps/mL 

Descriptive statistics, 
Pearson Chi square test 

Chapter 7, 
Publications 3 
& 4 

 

Abbreviations: WRLHIV women of reproductive age living with HIV,  WLHIV women living with HIV, AGYW 

adolescent girls and young women, IU intra-uterine, ANC antenatal care, VL viral load, cps/ml copies/millilitre, 

MTCT mother-to-child transmission. 

 

2.4 Ethical considerations 

 

Permission to access data from the NHLS CDW was obtained from the NHLS Director of Academic 

Affairs Research and Quality Assurance (Appendix 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 Committee (HREC) of the University of the Witwatersrand (Appendix 2.2). Identifiable 

patient data from the NHLS CDW was extracted for the purpose of matching test sets. Matched data 

were subsequently de-identified prior to analysis, allocated a unique identifier and stored in password 

protected platforms to ensure confidentiality. Data was only accessible to the research team to 

maximize patient protection. Ethical clearance for sub-studies have been declared in the individual 

chapters in the results section.  

2.5 Research team and cŀƴŘƛŘŀǘŜΩǎ ǊƻƭŜ ƛƴ ǘƘŜ ǎǘǳŘȅ 

 

This study was conducted by the Paediatric HIV Surveillance team within the Centre for HIV and 

Sexually Transmitted Infections at the National Institute for Communicable Diseases (NICD). The 

Centre for HIV and Sexually Transmitted Infections is a knowledge resource and expertise centre 

serving South Africa and the continent with surveillance and research activities, including but not 

limited to HIV virology and immunology, HIV/STI epidemiology and diagnostics.11 The Paediatric HIV 
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Surveillance team is responsible for paediatric HIV surveillance, monitoring early infant diagnosis and 

linkage into care within the national PMTCT programme. This study was nested in a bigger project 

funded by the ELMA Foundation, which was implemented by the Paediatric HIV Surveillance team in 

order  to evaluate gaps within the PMTCT treatment cascade for eMTCT (Part 1) as well as to evaluate 

{ƻǳǘƘ !ŦǊƛŎŀΩǎ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ ǘƘŜ ¦b!L5{ фл-90-90 targets for the paediatric HIV programme at 

national level (Part 2). This study constituted Part 1 of the bigger project, with a focus on 

characterization of high maternal VL as a key driver of MTCT among pregnant and postpartum women 

WLHIV accessing PMTCT services in the public health sector South Africa.  

The candidate was a full-time employee within the Centre for HIV and Sexually Transmitted Infections 

unit and was the principal investigator for this study. The candidate submitted a full research protocol 

and an ethics application to the HREC of the University of the Witwatersrand. The candidate, in 

consultation with both supervisors was responsible for study design and providing technical guidance 

on the specifications of the data extractions and development of software coding for extracting study 

data from the NHLS CDW. The NHLS CDW architecture has had to cater for changes in the laboratory 

information system (LIS) over time e.g. different coding for test sets and facilities and changing health 

district boundaries. Thus, the data required multiple data balancing exercises and reliance on 

institutional knowledge of several NHLS departments for accurate data extraction and representation.  

The candidate was responsible for data management, data cleaning, analyses and was first author for 

all manuscripts, publications and conference presentations emanating from this work. For the 

validation study involving the Gauteng cohort, the candidate was also responsible for overseeing data 

collection, data management (including longitudinal record linkage), data cleaning and analysis. The 

supervisors provided critical review of all study outputs, mentorship and guidance to ensure 

completion of tasks in a timely manner. 
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3.1 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 who were aged 15-49 years and on antiretroviral therapy (ART) were female.2 In the same 

year, disparities in HIV prevalence by sex were most pronounced among young adults. HIV prevalence 

among 20-24 year olds was three times higher in females (15.6%) compared to males (4.8%).2 The 

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 in South 

Africa 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 prevention interventions and societal norms between provinces.4 These provincial 

variations in the profile of the HIV epidemic necessitate optimized allocation of resources and targeted 

interventions for HIV/AIDS programmes. This is particularly pertinent for the PMTCT programme, 

which has prioritized eMTCT.  

The national MTCT rate of 1.0% at birth in 2017 equalled just under 250 cases per 100 000 live births.6 

Sub-national level variations in MTCT rates also exist, with some districts reporting almost double the 

national MTCT rate at birth.6 The foregoing supports the need for contextualized and tailored 

responses to maternal and paediatric HIV in South Africa.  

We describe the distribution of women living with HIV of reproductive age (WRLHIV) 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 HIV-

negative women of reproductive age  and unplanned pregnancies among WRLHIV, that is, pillars 1-2 

of the South African PMTCT strategy.7 WRLHIV and sub-groups (adolescent girls and young women-

AGYW, aged 15-24 years) are priority populations for achieving eMTCT. These women can potentially 

become pregnant and transmit HIV to their infants. While the risk of vertical transmission of HIV is low 

in planned pregnancies, where WRLHIV fully access and utilize preconception and 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 addition, 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 
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conceiving on ART has been observed with the scale up of universal test and treat policy (UTT).10 

Consequently, understanding 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 DHIS and the NHLS.11 There are no 

accurate, national data sources for postnatal transmission rates, breastfeeding practices and maternal 

virological control during pregnancy and the postpartum period. An analysis of current data sources 

used for tracking eMTCT, their strengths and weakness, were 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 (IU) transmissions occur.  

3.2 Materials and Methods 

 

Data for these analyses were extracted from six independent sources for HIV-related and demographic 

indicators from the public health sector in South Africa. These were the Thembisa 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 sero-prevalence survey) and the National Institute for Communicable 

5ƛǎŜŀǎŜǎΩ {ǳǊǾŜƛƭƭŀƴŎŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ όbL/5 {5²ύΣ ŀ ŘƛǾƛǎƛƻƴ ƻŦ ǘƘŜ bI[{Φ ¢ƘŜ ¢ƘŜƳōƛǎŀ aƻŘŜƭ ǿŀǎ 

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 3.1).



48 
 

Table 3.1 Indicators used in the analyses by data sources. 

Indicators 

Data Sources 

Thembisa Model Stats SA DHIS 
ANC sero-
prevalence 
survey 

SABSSM NICD SDW 

Total Population estimates (males and females, all ages) V V  

Total Population for females (All ages) V V  

Total Population for females 15-49 years V V  

Total Population for females 15-24 years V V  

Number of live births V V V  

Total births to HIV-positive women V  V  

HIV prevalence in females 15-49 years V  

HIV prevalence in females 15-24 years V  

HIV prevalence in pregnant females 15-49 years  V  

HIV prevalence in pregnant females  V  

HIV prevalence in adults 15-49 years V V  V  

HIV PCR tests at age <7 days (Birth HIV PCR)  V 

Total fertility rate V V  

Reporting Unit 

National 
Province 

National 
Province 

National 
Province 
District 
Sub-district 
Facility 

National 
Province 
District 
 

National* National 
Province 
District 
Sub-district 
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;  ANC antenatal care;  NICD  National Institute 

for Communicable Diseases SDW Surveillance Data Warehouse; 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. 
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3.2.1 Description 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 strategies in the country.12 In addition, 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. 

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.  

c) 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 population as at 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. At the time of writing of the manuscript, the latest P0302 and P0305 

documents were released in 2018 14,15. 

d) National Antenatal Sentinel HIV & Syphilis Survey Report (ANC sero-prevalence survey) 

South Africa has been conducting the ANC sero-prevalence survey annually to monitor HIV & 

syphilis prevalence among pregnant women aged 15-49 years, attending antenatal clinics 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  

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 HIV across the 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 latest 2017 survey was available.2 

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

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

of about 260 laboratories as previously described.17 A single Laboratory Information System (LIS) 

used by all laboratories stores data pertaining 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 Warehouse (SDW) of the NICD. The NICD is a division of the NHLS and 

the NICD SDW also archives results of all pathology tests performed in the public sector in parallel 

to the NHLS CDW.  

3.2.2. Study measures   
 

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 ii) total population of WRLHIV (15- 49 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 nationally 

and by province and used to describe child-birth patterns by geographic location.  

c) 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 comparison, 

number of live 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 calculated by 

multiplying the total population of AGYW by the prevalence of HIV in females aged 15-24 years 

obtained from the Thembisa Model. 

e) 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-
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prevalence survey) and iii) number of HIV PCR tests performed 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 women as 

explained in 3.2.2c.  

f) IU  transmission rates: These were calculated as the number of de-duplicated 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 IU infections per 100 000 live 

births was also reported (IU 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) supplemented by manual matching to account for 

spelling errors. Because of availability of data, IU transmission rates were also calculated to 

district level. 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. 

3.2.3 Data analysis 
 

Frequencies and percentages were presented for indicators analysed by geographic level. Hot spot 

analysis using the Gertis-Ord Gi* statistic was performed to detect high burden areas of IU 

transmission at provincial level using districts as the unit of analysis.  

3.3 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 (Appendix 3.1). This clearance waives the 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.  

3.4. Results 

 

There were approximately 58 million people in South Africa in 2018 with half of the population (51%) 

being female (Figure. 3.1). Women of reproductive age constituted 27% of the total population, 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, the Eastern Cape and the 
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Western Cape (Figure. 3.2). The Northern Cape had the lowest number of females during the analysis 

period. A similar trend was observed for women of reproductive age (Figure. 3.3A) and AGYW (Figure. 

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

the analysis of the geographic distribution of WRLHIV (Figure. 3.3C) and HIV-infected AGYW (Figure. 

3.3D) 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. KwaZulu-Natal 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.  

  

Figure 3.1: 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 250 000-286 000 births 

occurred to women living with HIV in 2018 (Table 3.2). Limpopo province had the third highest number 

of live births in 2018 ahead of the Eastern Cape and Western Cape provinces (Table 3.2). This was in 

keeping with Limpopo province having the highest fertility rate throughout the country at (3.1%) 

(Table 3.2). KwaZulu-Natal province recorded the highest number of live births to women living with 

HIV, followed by Gauteng and the Eastern Cape respectively (Table 3.2). Similarly, KwaZulu-Natal had 

the highest HIV prevalence rate among pregnant women (Table 3.3) followed by Mpumalanga 

province (Table 3.3).  
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Figure 3.2: Population of females (all ages) by province 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 Statistics South Africa. 

 

The IU transmission rate for South Africa was 0.8%, translating into 241 cases of HIV-infected neonates 

per 100 000 live births (Table 3.4). Provincial IU transmission rates ranged from 0.6% in KwaZulu-Natal 

to 1.1% in Limpopo province. Districts IU transmission rates ranged from 0.4% to 1.7% with KwaZulu-

Natal districts recording IU transmission rates lower than the national average of 0.8% (Table 3.4). 

Provincial  IU 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 IU case rates had a greater spread, 

ranging from 87-415 cases per 100 00 live births (Table 3.4). Overall, the four provinces with the most 

WRLHIV yielded 1 417 (65.5%) of all IU infections in 2018. In ŀŘŘƛǘƛƻƴΣ [ƛƳǇƻǇƻΩǎ  ƛƴŦŜŎǘƛƻƴǎ 

contributed a further 264 (12.2%). Therefore focussing eMTCT efforts in five provinces has the 

potential to reduce 1 681 (77.8%) of all IU infections per annum, nationally. 
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Figure 3.3 Provincial distribution of percentages of: A) females of reproductive age B) adolescent girls and young women C) women of reproductive age 

living with HIV D) 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, NWNorth West, WC Western Cape.  

 

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

 

Prov 

 

Total 

Population 

Thembisa 

Model 

Number of Live births 

(Total) 
Live births to women living with HIV Fertility rates 

HIV PCR 

positive 

(<7 days) 

IU 

transmis

sion rate 

IU Case 

rate/100 

000 

Thembisa 

Model 

Stats SA DHIS Thembisa 

Model 

Stats SA DHIS NICD 

SDW 

(Stats SA) Thembisa 

Model 

NICD SDW 

EC 6 593 566 

(11.3%) 

126 530 

(10.8%) 

105 796 

(11.4%) 

104 016 

(11.0%) 

27 448 

(10.9%) 

31 950 

(11.9%) 

32 164 

(11.2%) 

31 316 

(11.7%) 

2,8% 2,5% 248 0,8% 

238 

FS 2 875 955 

(5.0%) 

57 744 

(5.0%) 

47 306 

(5.1%) 

47 062 

(5.0%) 

13 553 

(5.4%) 

14 097 

(5.3%) 

14 386 

(4.9%) 

14 963 

(5.6%) 

2,6% 2,5% 106 0,7% 

225 

GP 14 931 713 

(25.7%) 

280 597 

(24.1%) 

205 612 

(22.2%) 

219 958 

(23.2%) 

54 976 

(21.9%) 

62 095 

(20.6%) 

55 497 

(21.7%) 

56 340 

(21.0%) 

1,9% 2,0% 471 0,8% 

235 

KZN 11 214 103 

(19.3%) 

231 742 

(19.9%) 

190 923 

(20.6%) 

195 292 

(20.6%) 

70 126 

27.9%) 

84 770 

(29.2%) 

78 662 

(29.7%) 

75 195 

(28.1%) 

2,6% 2,3% 453 0,6% 

254 

LP 5 794 578 

(10.0%) 

140 604 

(12.1%) 

123 414 

(13.3%) 

122 932 

(13.0%) 

19 885 

(7.9%) 

26 781 

(9.4%) 

25 265 

(9.4%) 

24 978 

(9.3%) 

3,1% 3,1% 264 1,1% 

227 
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MP 4 650 305 

(8.0%) 

94 957 

(8.1%) 

77 353 

(8.3%) 

79 669 

(8.4%) 

24 708 

(9.8%) 

26 996 

(9.8%) 

26 558 

(9.5%) 

26 350 

(9.8%) 

2,7% 2,4% 245 0,9% 

325 

NW 3 914 669 

(6.7%) 

76 700 

(6.6%) 

55 094 

(5.9%) 

58 097 

(6.1%) 

17 119 

(6.8%) 

16 087 

(5.8%) 

15 746 

(5.6%) 

16 353 

(6.1%) 

2,7% 2,9% 157 1,0% 

283 

NC 1 154 340 

(2.0%) 

25 451 

(2.2%) 

24 195 

(2.6%) 

21 549 

(2.3%) 

3 024 

(1.2%) 

4 597 

(1.5%) 

3 970 

(1.6%) 

4 192 

(1.6%) 

2,6% 2,5% 42 1,0% 

179 

WC 6 809 913 

(11.7%) 

122 076 

(10.5%) 

97 298 

(10.5%) 

98 535 

(10.4%) 

14 389 

(5.7%) 

18 389 

(6.5%) 

17 395 

(6.4%) 

18 198 

(6.8%) 

2,0% 2,1% 176 1,0% 

183 

RSA 58 098 703 1 166 440 927 113 947 110 251 062 285 551 269 643 267 887 2,4% 2,4% 2 162 0,8% 241 

 

Abbreviations:  Prov province; EC  Eastern Cape; FS  Free State;  GP  Gauteng Province;  KZN  KwaZulu-Natal;  LP  Limpopo Province;  MP  Mpumalanga Province;  NC  Northern 

Cape;  NW  North West;  WC  Western Cape; RSA  South Africa;  Stats SA  Statistics South Africa;  DHIS District Health Information System;  NICD  National Institute for 

/ƻƳƳǳƴƛŎŀōƭŜ 5ƛǎŜŀǎŜǎΩ {ǳǊǾŜƛƭƭŀƴŎŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ. 
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Table 3.3 HIV prevalence rates by province in South Africa, 2018. 

Province HIV prevalence in 

females 15-49 

years (Thembisa 

Model 2018) 

HIV prevalence in 

pregnant females 

15-49 years (2017 

ANC survey) 

HIV prevalence in 

pregnant females  

(Thembisa Model 

2018) 

HIV prevalence in 

Adults 15-49 years 

(males and females, 

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% 

KwaZulu-Natal 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 care; SABSSM South African National HIV Prevalence, Incidence, Behaviour and 

Communication Survey.  
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Table 3.4 Intra-uterine transmission rates and intra-uterine case rates per 100 000 live births by geographic location in South Africa, 2018. 

Geographic 

Area 
District 

ANC prevalence 

among pregnant 

women* (ANC 

seroprevalence 

survey) 

Registered live 

births per year (Stats 

SA) 

Total PCR <7 days 
PCR Positive 

(<7 days) 

IU transmission 

rate 

IU Case rate/100 

000 

South Africa  30,8% 897750 267 887 2 162 0,8% 241 

Eastern Cape 

 

Total 30,2% 104325 31 316 248 0,8% 238 

Alfred Nzo 26,6% 18230 4 171 28 0,7% 154 

Amathole 28,3% 11070 3 092 23 0,7% 208 

Buffalo City Metro 31,2% 17468 4 156 30 0,7% 172 

Chris Hani 31,9% 11178 3 839 22 0,6% 197 

Joe Gqabi 28,3% 2475 1 476 9 0,6% 364 

Nelson Mandela Bay Metro 29,9% 16717 3 717 54 1,5% 323 

O R Tambo 33,3% 21847 9 068 63 0,7% 288 

Sarah Baartman 25,4% 5340 1 797 19 1,1% 356 

Free State 

Total 29,8% 47047 14 963 106 0,7% 225 

Fezile Dabi 26,5% 7353 2 570 15 0,6% 204 

Lejweleputswa 27,3% 9832 3 260 21 0,6% 214 

Mangaung Metro 31,7% 15559 4 475 29 0,6% 186 

Thabo Mofutsanyana 31,0% 12942 4 328 38 0,9% 294 

Xhariep 35,1% 1361 330 3 0,9% 220 

Gauteng 

Total 30,2% 200726 56 340 471 0,8% 235 

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 4 699 28 0,6% 363 

KwaZulu-Natal 

Total 44,4% 178456 75 195 453 0,6% 254 

Amajuba 39,7% 8199 3 303 22 0,7% 268 

eThekwini Metro 46,2% 55992 23 409 139 0,6% 248 

Harry Gwala 39,5% 8371 3 050 18 0,6% 215 

iLembe 44,3% 9170 4 616 27 0,6% 294 

Ugu 45,9% 12595 5 659 31 0,5% 246 

uMgungundlovu 46,2% 14523 7 173 47 0,7% 324 

uMkhanyakude 46,3% 13232 6 067 26 0,4% 196 

Umzinyathi 36,7% 11867 3 640 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 

Limpopo 

Total 21,7% 116276 24 979 264 1,1% 227 

Capricorn 21,6% 26133 5 847 61 1,0% 233 

Greater Sekhukhune 22,6% 25747 5 098 50 1,0% 194 

Mopani 24,5% 22170 5 335 53 1,0% 239 

Vhembe 16,8% 30009 4 560 54 1,2% 180 

Waterberg 25,8% 12217 4 139 46 1,1% 377 

Mpumalanga 

Total 34,9% 75369 26 350 245 0,9% 325 

Ehlanzeni 38,5% 39407 13 524 128 0,9% 325 

Gert Sibande 38,6% 15886 7 195 66 0,9% 415 

Nkangala 25,1% 20076 5 631 51 0,9% 254 

North West 

Total 29,2% 55392 16 353 157 1,0% 283 

Bojanala Platinum 33,8% 18421 6 299 54 0,9% 293 

Dr Kenneth Kaunda 30,9% 12291 3 618 37 1,0% 301 
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Dr Ruth Segomotsi Mompati 22,1% 9182 2 314 24 1,0% 261 

Ngaka Modiri Molema 23,9% 15498 4 122 42 1,0% 271 

Northern Cape 

Total 19,0% 23402 4 192 42 1,0% 179 

Frances Baard 24,3% 8957 1 733 15 0,9% 167 

John Taolo Gaetsewe 21,9% 5162 1 171 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 

Western Cape 

Total 18,9% 95997 18 199 176 1,0% 183 

Cape Winelands 15,2% 13354 2 127 25 1,2% 187 

Central Karoo 11,8% 1156 109 1 0,9% 87 

City of Cape Town Metro 21,6% 63800 13 288 121 0,9% 190 

Eden 15,7% 9062 1 415 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 SA Statistics South Africa; PCR polymerase chain reaction; ANC antenatal care; IU intra-uterine. *ANC sero-prevalence survey was used because the 

Thembisa Model does not provide district-level estimates. 
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3.5 Discussion 

 

Lƴ нлмуΣ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ƻŦ ру Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ ǿŀǎ ŜǾŜƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ ōŜǘǿŜŜƴ ƳŀƭŜǎ ŀƴŘ 

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 provinces; that is Gauteng, 

KwaZulu-bŀǘŀƭΣ ²ŜǎǘŜǊƴ /ŀǇŜ ŀƴŘ 9ŀǎǘŜǊƴ /ŀǇŜ ǇǊƻǾƛƴŎŜǎ όάǘƘŜ ōƛƎ ŦƻǳǊέύΦ !ƭǘƘƻǳƎƘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ 

of WRLHIV followed a similar trend, Mpumalanga and Limpopo 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%). Ten percent (477 798) of 

all AGYW were living with HIV in South Africa in 2018. Gauteng, KwaZulu-Natal, Eastern Cape and 

Mpumalanga, had the highest percentage of AGYW living with HIV at 32%, 30%, 13% and 12% 

respectively. Although the national IU 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 

IU case rates that were above the national average at 325, 283 and 254 cases per 100 000 live births. 

Districts IU case rates varied greatly and ranged from as low as 87 up to 415 cases per 100 000 live 

births. However, even districts with the lowest IU transmission 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 of WRLHIV (north eastern parts of the 

country) as well as those regions with the highest IU transmission rates and IU case rates while 

maintaining current levels of support elsewhere. Although early transmission rates are below the 

eMTCT 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 gaps5 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.  

!ǎ ŜȄǇŜŎǘŜŘΣ Ƴƻǎǘ ǿƻƳŜƴ ϧ !D¸² ǿŜǊŜ ǎƛǘǳŀǘŜŘ ƛƴ ǘƘŜ ΨōƛƎ ŦƻǳǊΩ ǇǊƻǾƛƴŎŜǎΦ IƻǿŜǾŜǊΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ 

the burden of HIV in women and AGYW was also pronounced in Limpopo 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 
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has a significant amount of WRLHIV 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 analysis of IU 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 IU transmission 

rates in this province and its districts to the larger denominator (total live births, Table 3.1) and/or a 

more effective PMTCT programme. The converse probably explains the high IU transmission rate in 

the Northern Cape and its districts, where smaller denominators result in higher IU rates. Poor de-

duplication of HIV PCR positive test data may also result in some provinces like the Western Cape 

having IU 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 

geographic levels18 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 IU 

case rates were fairly similar, it is necessary to tackle the IU case rates at district level where there is 

considerable variation. Districts with high IU case rates deserve special attention with respect to 

improving PMTCT services. We attempted to perform hotspot analysis to assess whether differences 

in IU transmission rates between provinces were significant, using district-level data as the unit of 

analysis and the results were inconclusive (Appendix 3.2) because of 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 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 infection7 and family planning particularly in 

AGYW. The proposed School Health Programme which caters for sexual and reproductive health 

education and HIV testing in schools among children aged җ12 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 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 viral load suppression rates at facility level 

in near real time to advance UNAIDS 90-90-9020 targets in women of reproductive age, particularly in 

high risk areas. Such monitoring will provide information on the true picture of viral load burden 

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

3.6 Study limitations 

 

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. 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 (Appendix 3.3). This may be because the 

Thembisa Model uses some of the data we triangulated with it, for example Stats SA. 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 at the time of writing was 2017, while the 

reporting period for these analyses was 2018 (Appendix 3.3). The laboratory based data lacks unique 

patient identifiers therefore de-duplication may be incomplete, resulting in over-estimation of 

transmission rates. Intra-partum transmission rates would be anticipated to be similar to IU 

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.    

3.7 Conclusion 
 

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 interventions for eMTCT on a 

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 VL monitoring & intervention among WRLHIV in general, as well as pregnant and breastfeeding 

women. The NHLS laboratory data have the potential to provide VL monitoring service near-real 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 public health 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% respectively.1 Thus, the 

national prevention of mother-to-child transmission of HIV (PMTCT) programme had achieved the first 

and second UNAIDS 90-90-90 targets for pregnant women.2 The early infant diagnosis programme 

demonstrated a national intra-uterine transmission rate of <1% by 2017.3 Hence the programme focus 

has shifted from PMTCT to eliminating mother-to-child transmission of HIV (eMTCT), defined as fewer 

than 50 cases per 100 000 live births at the end of the breastfeeding period.4 

Notwithstanding past programme successes, efforts towards eMTCT are challenged by several well-

described factors including an extremely high maternal seroprevalence rate of 30% where an MTCT 

rate of 1% equates to a paediatric HIV incidence five times greater than the eMTCT target.4 

Additionally, suboptimal viral suppression among pregnant women living with HIV (WLHIV)5 is 

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 among 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 poor.6 

In 2013, SA scaled up HIV VL testing as a monitoring strategy for the national HIV response.7 HIV 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 pregnancy.8 In 2015, 

the guidelines extended HIV VL monitoring to six monthly monitoring during pregnancy and 

breastfeeding for all WLHIV on ART.9 An HIV VL three months post ART initiation was recommended 

ŦƻǊ ²[IL± ƴŜǿƭȅ ŘƛŀƎƴƻǎŜŘ ŘǳǊƛƴƎ ǇǊŜƎƴŀƴŎȅ ƻǊ ǘƘŜ ōǊŜŀǎǘŦŜŜŘƛƴƎ ǇŜǊƛƻŘΦ CƻǊ ōƻǘƘ ƎǊƻǳǇǎΣ ŀ ±[ җмл00 

copies/mL prompted comprehensive adherence counselling and a repeat HIV VL test within one-two 

months. In October 2019, the guidelines were revised yet again, attempting to improve HIV VL 

monitoring among pregnant and breastfeeding WLHIV as follows: (i) HIV VL test at delivery for all 

pregnant WLHIV and (ii) HIV VL suppression threshold revised from <1000 to <50 copies/mL.10 The 

latter was, in part, aimed at minimizing MTCT risk associated with low-level and transient viraemia.11,12 

Regarding maternal ART 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 regimen.9 These regimens did not change during the study period. 
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Despite policy provisions, 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 months postpartum and reported 

HIV VLs of <50 copies/mL in 70-73% of pregnant WLHIV at delivery, low-level viraemia (50-<1000 

ŎƻǇƛŜǎκƳ[ύ ƛƴ у҈ ŀƴŘ җмллл ŎƻǇƛŜǎκƳ[ ƛƴ нн҈ ƻŦ ǘƘŜ ǿƻƳŜƴ ǘƘǊƻǳƎƘƻǳǘ Ŧƻƭƭƻǿ ǳǇ.13,14 Since the HIV 

epidemic in the Western Cape differs from the 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 WLHIV receiving care in the public health sector in SA.   

4.2 Materials and methods 
 

4.2.1 Setting 
 

The majority of pregnant WLHIV access ANC in the public health sector in South Africa. A detail of ANC 

services and management of pregnant WLHIV has been described previously (Chapter 2).  

4.2.2. Study design 
 

This was a retrospective cohort analysis of maternal viral load (VL) during pregnancy and up to 15-

months postpartum amongst WRLHIV (15-49 years) within the public-health sector between 2016 and 

2017. A detailed explanation of the creation of the study cohort has been provided in Chapter 2.  

 4.2.3 Study measures 
 

 Definition of main study variables:  

¶ First HIV VL during pregnancy: the first HIV VL performed at fANC visit for ART-experienced 

pregnant WLHIV or after three months of ART for pregnant WLHIV not on ART at fANC visit. 

¶ Virologic response thresholds: HIV VL results (copies/mL) were categorized into i) VL 

suppression (VL <50), ii) low-level viraemia (VL: 50-ғмлллύ ŀƴŘ ƛƛƛύ ƘƛƎƘ ±[ ό±[ җмлллύΦ 

¶ Postpartum VL: Any VL performed within 15 months postpartum. 

¶ Comorbidities during pregnancyΥ ²ƻƳŜƴ ǿƘƻ ǘŜǎǘŜŘ ǇƻǎƛǘƛǾŜ җм ŦƻǊ ǎȅǇƘƛƭƛǎ ƻǊ ǇƻƻǊ ƪƛŘƴŜȅ 

function or tuberculosis (TB) during the study period. Syphilis positivity was defined by any 

Rapid Plasmin Reagin (RPR) positive test excluding RPR positive tests with discordant 

Treponema Pallidum Haemagglutination Assay or Treponema Pallidum antibodies 

(TPHA/TPAb). Serum creatinine values >77·0 ˃ Ƴƻƭκƭ όл·87 mg/dl) identified pregnant women 
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with poor kidney function.15 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 pregnant WRLHIV from the NHLS CDW was assessed 

by determining the percentage of pregnant 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 pregnant WRLHIV, stratified by year of pregnancy. 

Analyses of maternal HIV 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 and iii) factors associated with 

HIV VL decline during follow up.  

For changes in HIV VL over time, observed values of log10 transformed quantifiable VLs were described 

using medians and interquartile ranges (IQR) stratified by ART status at fANC visit. Fractional 

polynomial models were used to predict mean log10 HIV VL values among study participants during 

follow up, with mean HIV VL values and associated 95% confidence intervals (CI) 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 copies/mL among women 

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

by ART status at fANC visit and compared using the Kruskall Wallis test. Piecewise linear regression 

models with splines at four, eight and 12 months were used to determine factors associated with HIV 

VL decline during follow up. Splines were set at <4 months after the fANC visit, at delivery, 8-<12 

months postpartum and late (12-15 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, Texas, USA). 

4.3 Ethics clearance 

 

Ethics approval for the study was obtained from the Wits Human Research Ethics Committee (HREC 

no. M180854).  

4.4 Results 
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4.4.1 Description of pregnant WLHIV in the synthetic cohort 
 

A synthetic cohort of 178 319 pregnant WRLHIV was created from the NHLS CDW data. When 

compared to total live births to HIV-positive women from DHIS, all provinces were represented in the 

study cohort with some under or over-representation (Table 4.1). However, the provincial distribution 

of pregnant WRLHIV in the country was comparable between DHIS and the study cohort (Figure 4.1).  

Among 178 319 pregnant WRLHIV in the synthetic cohort, 85 545 (48.0%) were ART-experienced, 

88 877 (49.8%) were not on ART, and ART status at fANC visit could not be determined for 3 897 (2.2%) 

(Table 4.1). Median maternal age at fANC visit was 29.2 years, (IQR: 24.8-33.9). Majority of women 

were from Gauteng and KwaZulu-Natal provinces, accounting for 29.6% and 23.5% of the cohort 

respectively (Table 4.1). Median CD4 count at fANC visit was 407 (IQR: 258-579) cells/mm3 for the 

entire cohort with 19 158 (16.4%) women showing levels consistent with severe immune compromise 

(<200 cells/mm3) and 41 ссн όорΦс҈ύ ƘŀǾƛƴƎ /5п Ŏƻǳƴǘǎ җрлл ŎŜƭƭǎκƳƳ3 at fANC visit.  

Syphilis seropositivity was 3.3% (n= 5 943) for the entire cohort and ranged from 1-5% by province. A 

total of 7 936 (4.5%) pregnant WRLHIV had a serum creatinine value >77.0 ˃ Ƴƻƭκƭ όл.87 mg/dl) and 

2 364 (1.3%) tested positive for TB during the current pregnancy. In total, 15 575 (8.7%) pregnant 

WR[IL± ƘŀŘ ŜǾƛŘŜƴŎŜ ƻŦ җм ŎƻƳƻǊōƛŘƛǘȅΦ 
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Table 4.1. Provincial distribution of pregnant WR[IL± ƛƴ ǘƘŜ ǎǘǳŘȅ ŎƻƘƻǊǘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 5IL{ ƛƴŘƛŎŀǘƻǊ Ψǘƻǘŀƭ ƭƛǾŜ ōƛǊǘƘǎ ǘƻ IL±-ǇƻǎƛǘƛǾŜ ǿƻƳŜƴΩ ōŜǘǿŜŜƴ 

Jan 2016- Dec 2017 in South Africa. 

 

Abbreviations: DHIS South African District Health Information System; WRLHIV women of reproductive age living with HIV. ϟ% represents pregnant WRLHIV in the study 

cohort as a proportion of total live births to HIV-positive women reported in DHIS. 

 

 

Province 

2016 

 

2017 

 

Total 

Live births 

to HIV+ 

WRLHIV 

Pregnant 

women in 

study 

ϟ% 

Live births  

to HIV+ 

WRLHIV 

Pregnant 

women in 

study 

% 

Live births  

to HIV+ 

WRLHIV 

Pregnant 

women in 

study 

% 

Eastern Cape 29 750 10 291 34.5% 31 299 8 383 26.8% 61 049 18 674 30.6% 

Free State 13 005 2 203 16.9% 13 882 1 520 10.9% 26 887 3 723 13.8% 

Gauteng 55 047 28 885 52.5% 55 308 23 875 43.2% 110 355 52 760 47.8% 

KwaZulu-Natal 67 162 21 583 32.1% 74 628 20 398 27.3% 141 790 41 981 29.6% 

Limpopo 23 871 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 5 513 21.5% 50 304 12 503 24.9% 

Northern Cape 3 912 1 242 31.7% 3 756 1 154 30.7% 7 668 2 396 31.2% 

North West 14 558 3 588 24.6% 15 235 3 312 21.7% 29 793 6 900 23.2% 

Western Cape 15 250 10 784 70.7% 16 673 8 356 50.1% 31 923 19 140 60.0% 

South Africa 247 197 96 801 39.2% 260 967 81 518 31.2% 508 164 178 319 35.1% 
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Figure 4.1. Percentage of pregnant WRLHIV by province in the study cohort compared to the South 

!ŦǊƛŎŀƴ 5IL{ ƛƴŘƛŎŀǘƻǊ ƻŦ Ψǘƻǘŀƭ ƭƛǾŜ ōƛǊǘƘǎ ǘƻ IL±-ǇƻǎƛǘƛǾŜ ǿƻƳŜƴΩ, demonstrating a similar 

distribution, with the study cohort being under-represented in some provinces (e.g. KwaZulu-Natal, 

Free State) and over-represented in Gauteng, Western Cape and Limpopo. 

Abbreviations: WRLHIV women of reproductive age living with HIV; DHIS District Health Information System. 

 

4.4.2 Changes in HIV VL values over time 
 

The cohort contributed 345 174 HIV VL measurements, median= 2.2 (IQR: 2-3) HIV VLs per woman 

during follow up. The first HIV VL performed during pregnancy (n= 47 631/74 066) had a mean 

predicted VL of 3.06 log10 VL copies/mL [95% CI: 3.05-3.08] decreasing to 2.55 [2.53-2.58] at delivery 

(n= 20 773/40 016) and 2.52 [2.51-2.54] post-partum (n= 34 881/72 673). Overall, proportions of 

ƻōǎŜǊǾŜŘ ǾƛǊŀŜƳƛŀ ό±[ җрл ŎƻǇƛŜǎκƳ[ύ ǿŜǊŜ оф 756 (53.6%) at first HIV VL measurement during 

pregnancy, 14 780 (36.9%) at delivery and 24 328 (33.5%) postpartum.  

Among 40 660 (47.5%) ART-experienced pregnant WRLHIV with an HIV VL at fANC visit, 17 450 (42.9%) 

ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀƴŘ у прм όнл.у҈ύ ƘŀŘ ŀ ±[ җмллл ŎƻǇƛŜǎκƳ[Σ ǿƛǘƘ ŀ ƳŜŘƛŀƴ ƭƻƎ10 VL copies/mL 

of 2.5 (IQR: 1.7-3.8) among women with quantifiable HIV VL at fANC visit. Among 32 325 (36.4%) 

pregnant WRLHIV not on ART at fANC visit with an HIV VL after the first three months of ART, 21 568 

(66.т҈ύ ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀƴŘ мп фмо όпс.м҈ύ ƘŀŘ ŀ ±[ җмллл ŎƻǇƛŜǎκƳ[ ό¢ŀōƭŜ 4.2) after a 
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median of 3.9 (2.2-5.8) months. Overall, 72 702 (40.8%) women received җм IL± VL during the 

postpartum period. Viraemia at the time of delivery and postpartum were similar in pregnant WRLHIV 

regardless of ART status at fANC. Figure 4.2 describes maternal HIV VL decline during follow up 

stratified by maternal ART status at fANC visit, overall (A) and for women with quantifiable HIV VL (B). 

Provincial differences in HIV VL decline during follow up were observed, Figure 4.3. 

 

Table 4.2. Demographic and clinical characteristics of pregnant WRLHIV in South Africa, comparison 

of NHLS CDW dataset 2016 versus 2017. 

Characteristic Total 
N= 178 319 

2016 
N= 96 801 

2017 
N= 81 518 

Age at fANC visit/(Years)    

Median (IQR) 29.2 (24.8-33.9) 29.0 (24.6-33.7) 29.5 (25.0-34.1) 

<25 46 653 (26.2%) 26 374 (27.3%) 20 279 (24.9%) 

25-<35 95 994 (53.8%) 51 849 (53.6%) 44 145 (54.2%) 

35-<45 34 672 (19.4%) 18 073 (18.7%) 16 599 (20.4%) 

45-49 1 000 (0.6%) 505 (0.5%) 495 (0.6%) 

Province    

Eastern Cape 18 674 (10.5%) 10 291 (10.6%) 8 383 (10.3%) 

Free State 3 723 (2.1%) 2 203 (2.3%) 1 520 (1.9%) 

Gauteng 52 760 (29.6%) 28 885 (29.8%) 23 875 (29.3%) 

KwaZulu-Natal 41 981 (23.5%) 21 583 (22.3%) 20 398 (25.0%) 

Limpopo 20 242 (11.4%) 11 235 (11.6%) 9 007 (11.1%) 

Mpumalanga 12 503 (7.0%) 6 990 (7.2%) 5 513 (6.7%) 

Northern Cape 2 396 (1.3%) 1 242 (1.3%) 1 154 (1.4%) 

North West 6 900 (3.9%) 3 588 (3.7%) 3 312 (4.1%) 

Western Cape 19 140 (10.7%) 10 784 (11.1%) 8 356 (10.3%) 

ART status at fANC visit    

ART experienced 85 545 (48.0%) 45 128 (46.6%) 40 417 (49.6%) 

Not on ART 88 877 (49.8%) 48 525 (50.1%) 40 352 (49.5%) 

Unknown 3 897 (2.2%) 3 148 (3.3%) 749 (0.9%) 

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

   

Median (IQR) 436 (279-607) 420 (269-585) 456 (291-632) 

<500 28 827 (60.1%) 16 071 (63.0%) 12 576 (57.7%) 

җрлл 19 169 (39.9%) 9 432 (37.0%) 9 737 (43.3%) 

CD4 count at fANC visit among WRLHIV 
not on ART at fANC visit  

   

Median (IQR) 383 (244-551) 383 (244-547) 385 (244-556) 

<500 45 613 (68.3%)  24 422 (68.7%) 21 191 (67.8%) 

җрлл 21 174 (31.7%) 11 129 (31.3%) 10 045 (32.2%) 

First HIV VL* during pregnancy among 
ART experienced WRLHIV at fANC visit 

   

Median log10 VL cps/mL (IQR) 2.5 (1.7-3.8) 2.5 (1.7-3.9) 2.4 (1.7-3.8) 

<50 23 210 (57.1%) 11 227 (55.8%) 11 983 (58.4%) 
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50-<1 000 8 999 (22.1%) 4 548 (22.6%) 4 451 (21.7%) 

җм ллл 8 451 (20.8%) 4 362 (21.7%) 4 089 (19.9%) 

First HIV VL* during pregnancy among 
WRLHIV not on ART at fANC visit 

   

Median log10 VL cps/mL (IQR) 3.7 (2.5-4.6) 3.7 (2.6-4.5) 3.6(2.4-4.6) 

<50 10 757 (33.3%) 4 945 (31.2%) 5 812 (35.3%) 

50-<1 000 6 655 (20.6%) 3 237 (20.4%) 3 418 (20.8%) 

җм ллл 14 913 (46.1%) 7 669 (48.4%) 7 244 (44.0%) 

HIV VL* at delivery    

Median log10 VL cps/mL (IQR) 2.1 (1.5-3.2) 2.2 (1.6-3.2) 2.0 (1.5-3.1) 

<50 25 236 (63.1%) 13 301 (61.0%) 11 935 (65.5%) 

50-<1 000 9 047 (22.6%) 5 214 (23.9%) 3 833 (21.0%) 

җм ллл 5 733 (14.3%) 3 280 (15.1%) 2 453 (13.5%) 

Comorbidities during pregnancyϞ    

None 162 744 (91.3%) 88 355 (91.3%) 74 389 (91.3%) 

Present  15 575 (8.7%) 8 446 (8.7%) 7 129 (8.8%) 
 

*Observed HIV VLs. Abbreviations: fANC first antenatal care visit; IQR interquartile range; ART antiretroviral 

therapy; VL viral load; cps/mL copies per millilitre; ϞComorbidities defined by positive test for at least one of the 

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

{ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ, WRLHIV women of reproductive age living with HIV. 

 

 

Figure 4.2 Viral load decline over time by ART status at first antenatal visit (A) Overall: HIV VL 

measurements n= 338 688; Observed HIV VLs that were lower than the detectable limit of the assay 

were assigned a value of zero (B) Among WRLHIV with quantifiable VL: HIV VL measurements n= 

192 140.  

Abbreviations: VL viral load; ART antiretroviral therapy; fANC first antenatal visit; CI confidence interval; WRLHIV 

women of reproductive age living with HIV.  
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4.4.3 Time to HIV VL <1000 copies/mL among pregnant women with high VLs  
 

Among 23 904 (32.2%) pregnant WR[IL± ǿƘƻǎŜ ŦƛǊǎǘ IL± ±[ ŘǳǊƛƴƎ ǇǊŜƎƴŀƴŎȅ ǿŀǎ җм 000 copies/mL, 

16 951 (70.9%) had a subsequent VL during pregnancy or postnatal period. Among those with a 

subsequent VL, 8 980 (53.0%) had a VL <1 000 copies/mL at the next HIV VL test with a median time 

of 3.7 (IQR: 2.6-6.0) months between the two tests. There was no difference in median time to VL 

<1 000 copies/mL between pregnant WRLHIV who were ART experienced, 3.7 (IQR: 2.7-5.9) months, 

and those not on ART at fANC visit, 3.7 (IQR: 2.5-6.1) months, respectively.  

4.4.4 Factors associated with HIV VL decline during follow up 
 

Sustained maternal HIV VL decline ŘǳǊƛƴƎ Ŧƻƭƭƻǿ ǳǇ ǿŀǎ ǇǊŜŘƛŎǘŜŘ ōȅ ƘŀǾƛƴƎ ŀ /5п Ŏƻǳƴǘ җрллΣ ±[ ғрл 

copies/mL and absence of comorbidities at baseline (Table 4.3ύΦ hƭŘŜǊ ƳŀǘŜǊƴŀƭ ŀƎŜ όҗнр ȅŜŀǊǎύ ǿŀǎ 

also associated with HIV VL decline, despite lack of statistical evidence for differences in virological 

ŎƻƴǘǊƻƭ ōŜǘǿŜŜƴ ǘƘŜ ғнр ȅŜŀǊǎ ŀƴŘ җпр ȅŜŀǊǎ ŀƎŜ ƎǊƻǳǇǎΦ ¢ƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜŎƭƛƴŜ ƛƴ ƭƻƎ10 VL 

occurred between the fourth month after fANC and the time of delivery, with increased HIV VL in the 

late postpartum period (Table 4.3).  
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Figure 4.3. Viral load decline over time by province. Log10 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 load; fANC first antenatal care visit; EC Eastern Cape; FS Free State; GP Gauteng province; 

KZN KwaZulu-Natal; LP Limpopo province; MP Mpumalanga; NC Northern Cape; NW North West; WC Western 

Cape. Vertical line: Estimated time of delivery (maximum 7 months from first ANC visit).  
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Table 4.3. Results from a piecewise linear regression model predicting log10 VL decline from the 

first ANC visit up to 15 months postpartum among pregnant WRLHIV in South Africa, Jan 2016-Dec 

2018. 

Predictors Number of HIV VL measurements= 128 279  

Coefficient 
(log10 VL) 

95% CI P value 

Time from fANC visit    

<4 months 1.0 Reference - 

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

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

12-15 months 0.27 0.24-0.30 <0.001 

Maternal age at fANC visit/ Years    

<25 1.0 Reference - 

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

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

45-49 0.04 -0.05 to 0.14 0.390 

First HIV VL during pregnancy 
(cps/mL ) 

   

<50 1.0 Reference - 

50-<1 000 1.19 1.16 to 1.20 <0.001 

җ1 000 2.31 2.30 to 2.32 <0.001 

CD4 count at fANC visit    

<500 1.0 Reference - 

җрлл -0.28 -0.34 to -0.22 <0.001 
ϞComorbidities during pregnancy    

None 1.0 Reference - 

Present 0.12 0.09 to 0.14 <0.001 

ART status at fANC visit    

ART experienced 1.0 Reference - 

Not on ART -0.18 -0.19 to -0.16 <0.001 

Province    

KwaZulu-Natal 1.0 Reference - 

Eastern Cape 0.29 0.26-0.31 <0.001 

Free State -0.09 -0.13 to -0.04 0.001 

Gauteng 0.12 0.10 to 0.14 <0.001 

Limpopo 0.31 0.29 to 0.34 <0.001 

Mpumalanga 0.08 0.05 to 0.12 <0.001 

Northern Cape -0.01 -0.05 to 0.04 0.842 

North West 0.05 0.01 to 0.09 0.010 

Western Cape 0.01 -0.02 to 0.03 0.667 
 

Missing data excluded from multivariate analysis. Abbreviations: CI confidence interval; fANC first antenatal 

care visit; VL viral load; mL millilitre; ϞComorbidities defined by having җ1 of the following conditions (poor kidney 

function, tuberculosis or syphilis); ART antiretroviral therapy WRLHIV women of reproductive age living with 

HIV.  
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4.5 Discussion 

 

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 increase towards the end of the postpartum period. A decreasing trend in 

ǇǊƻǇƻǊǘƛƻƴǎ ƻŦ ǾƛǊŀŜƳƛŎ ǿƻƳŜƴ ό±[ җрл ŎƻǇƛŜǎκƳ[ύ ŦǊƻƳ рп҈ ŀǘ ŦƛǊǎǘ IL± ±[ ƳŜŀǎǳǊŜƳŜƴǘ ŘǳǊƛƴƎ 

pregnancy to 37% at delivery and 34% during the postpartum period was observed. At fANC visit, 43% 

of ART-experienced pregnant WR[IL± ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ǿƘƛƭŜ ǘǿƻ ǘƘƛǊŘǎ ƻŦ ǇǊŜƎƴŀƴǘ ²RLHIV 

ƴƻǘ ƻƴ !w¢ ŀǘ Ŧ!b/ Ǿƛǎƛǘ ǎǘƛƭƭ ƘŀŘ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀŦǘŜǊ ǘƘǊŜŜ ƳƻƴǘƘǎ ƻƴ !w¢Φ Provincial differences 

in sustaining HIV VL suppression (VLS) into the postpartum period were noted. HIV VL decline during 

Ŧƻƭƭƻǿ ǳǇ ǿŀǎ ǇǊŜŘƛŎǘŜŘ ōȅ ƘŀǾƛƴƎ ŀ /5п Ŏƻǳƴǘ җрллΣ ±[ ғрл ŎƻǇƛŜǎκƳ[Σ ƳŀǘŜǊƴŀƭ ŀƎŜ җнр ȅŜŀǊǎ ŀƴŘ 

absence of comorbidities at fANC visit.  

These findings support previous reports from smaller, localised studies in SA.13,14,16 A review of 

maternal HIV VLs from routine care settings in the Western Cape province reported a predicted mean 

pre-ART HIV VL of 4.0 log10 VL copies/mL at fANC visit, decreasing to 1.7 log10 VL copies/mL after 

approximately three months of ART use and 73% of the cohort achieving VL <50 copies/mL at 

delivery.13,14. A mean of 3.7 log10 VL copies/mL after three months on ART was predicted for women 

not on ART at fANC visit in this study. The higher VLs and lower proportion of VLS at delivery (63%) in 

this study were attributed to the heterogeneity of virologic control across provinces. However, the 

national VLS of 63% at delivery concurs with reports from cross-sectional studies examining maternal 

viraemia at delivery, reported at around 63-64%.1,16 Findings suggest that despite >95% coverage for 

the first two UNAIDS 90-90-90 targets, the third 90 target in pregnant women at delivery (and 

ǇƻǎǘǇŀǊǘǳƳύ ƛǎ со҈ ŀƴŘ ус҈ ŦƻǊ ±[ җрл ŀƴŘ җмллл ŎƻǇƛŜǎκƳ[ ǘƘǊŜǎƘƻƭŘǎ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

Although a decreasing trend in maternal viraemia was observed, an increase in the late postpartum 

period was noted. This raises concern for late postnatal transmission.13,14,17,18 Studies from both low- 

and high-income countries have reported poor virologic control during the postpartum period, 

particularly among WRLHIV already on ART before pregnancy.19-22 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 women to viraemia.22,23 Alternatively, the higher 

proportion of viraemia among ART experienced women may be due to misclassification error 

introduced by the study algorithm of assigning ART status at fANC visit. However, DHIS showed that 

proportions of ART-experienced women at fANC visit were 45.8% and 55.7% for 2016 and 2017 

respectively, suggesting that the study algorithm performed adequately in this regard. Adjusted 
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analyses showed quicker HIV VL decline during follow up in women not on ART at fANC visit compared 

to ART-experienced women. This is likely an effect of susceptibility of maternal virus to ART among 

women newly initiating ART during pregnancy compared to ART-experienced women. Even so, two 

ǘƘƛǊŘǎ ƻŦ ǿƻƳŜƴ ƴƻǘ ƻƴ !w¢ ŀǘ Ŧ!b/ Ǿƛǎƛǘ ƘŀŘ ±[ җрл ŎƻǇƛŜs/mL after three months of ART use. Because 

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 follow up could not be assessed.  

Similar to other studies14,19, younger maternal age (<25 years) at baseline was associated with viraemia 

during follow up. A quarter of pregnant WRLHIV were aged <25 years in this study representing a 

significant proportion of pregnant WRLHIV who require targeted care packages to ensure VL 

suppression for eMTCT. Almost 70% of CD4 counts at fANC visit were <500 cells/mm3, likely reflecting 

the gradual transition from CD4 count based ART eligibility criteria towards test and treat during the 

study period. Low CD4 counts may also be attributed to hemodilution that occurs during pregnancy.24 

Comorbid conditions were associated with high VLs during follow up. Pregnant WRLHIV co-infected 

with TB or syphilis are reported to have a 2-2.5 times higher risk of MTCT compared to their negative 

counterparts.25,26 Thus, screening and treating all pregnant and postpartum WRLHIV co-infected with 

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

4.6 Study limitations 

 

This study had several 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 setting as opposed to clinical 

trial study populations. Our data are reported nationally and sub-nationally enabling inter-provincial 

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

Findings are based on a synthetic cohort created from routine 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 WRLHIV as pregnant. We anticipate that our inclusion criteria were highly 

specific and excluded majority of non-pregnant 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 studies1,13,14,16 suggesting that our cohort is 

representative of pregnant WRLHIV in SA. We acknowledge the uneven representation of provinces 

in the cohort when compared to number of live births to HIV positive women from DHIS. However, 

this provincial distribution may reflect the extent of VL monitoring in pregnant WRLHIV across the 
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provinces. Nonetheless, the data reveal a huge gap between the first and second UNAIDS 90-90-90s 

of >95% and a third 90 of 63% that does not bode well for achieving eMTCT. Subsequent to 2017, the 

third 90 may have improved and the NHLS CDW should be harnessed for more real-time reporting of 

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

4.7 Conclusion 

 

!ƭǘƘƻǳƎƘ {!Ωǎ ƴŀǘƛƻƴŀƭ ta¢/¢ ǇǊƻƎǊŀƳƳŜ Ƙŀǎ ǊŜŀŎƘŜŘ ǘƘŜ ŦƛǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ¦b!IDS 90-90-90 targets 

for pregnant women, the 3rd 90 remains elusive. Despite high ART coverage during pregnancy, only 

63% of pregnant WRLHIV attained VL <50 copies/mL by delivery. Among pregnant WRLHIV with first 

IL± ±[ ŘǳǊƛƴƎ ǇǊŜƎƴŀƴŎȅ җмллл ŎƻǇƛŜǎκƳ[Σ ŀ third had no evidence of subsequent VL monitoring. 

Findings highlight the need for strengthening ART adherence, increased VL monitoring and rapid 

reaction to high VL. Better longitudinal data on pregnant and postpartum WRLHIV, including linkage 

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

Antiretroviral therapy (ART) coverage amongst antenatal clinic clients is estimated at >95% within the 

public health sector in South Africa.1 The public health sector is the major health care provider, serving 

>80% of the South African population.2 ART coverage amongst pregnant and postpartum women has 

increased steadily with the evolution of the Prevention of Mother-to-Child Transmission (PMTCT) of 

HIV policy in the country. The success of the PMTCT programme is well documented.3ς6 Currently, 

PMTCT services are available in >95% antenatal and maternal facilities in the public health sector.6 

Between 2004-2014, early infant HIV transmission rates dropped from >20% to <2% among infants 

aged <2 months.7 More recently, the programme has managed to maintain the national intra-uterine 

(IU) transmission rate at <1.5% since 2015, in spite of high maternal HIV prevalence rates.8,9 

Notwithstanding the tremendous progress achieved to date, gaps in the programme remain. High 

rates of seroconversion and poor viral suppression among women initiated on ART during pregnancy 

and the postpartum period contribute significantly towards ongoing mother-to-child (MTCT) 

transmission of HIV.9 Pregnancy has been associated with poor viral suppression.10 Underlying factors 

vary from biological to social.10,11 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 periods,10 which may be related to VL monitoring only recently introduced into national 

PMTCT guidelines.12-15  

MTCT of HIV occurs when women with unsuppressed VLs transmit HIV to their children in utero, during 

labour or during breastfeeding postpartum.16ς18 Treatment duration and maternal VL have been 

identified as the strongest predictors of MTCT risk.16ς18 Depending on the baseline VL, a maximum of 

12-16 weeks is deemed sufficient to suppress plasma VL in pregnant women.16ς20 An 8% reduction in 

the odds of HIV transmission with each additional week of treatment among women initiating ART 

during pregnancy has been reported.16 Zero in utero and intrapartum HIV transmission has been 

documented among infants born to women who conceived on ART, continued treatment during 

pregnancy and delivered with a plasma VL <50 copies/ml.20 However, HIV transmission has been 

shown to occur among women with low-level viraemia (50-400 copies/ml) around the time of 

delivery.20 Thus, ensuring WLHIV have a VL <50 copies/ml prior to conception 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 (eMTCT) ς defined as an overall MTCT rate of <5% among 

breastfeeding children and a case rate of <50 HIV infections per 100 000 population.21 Maternal 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 potential.10,16  

National PMTCT guidelines since 2015 have recommended a first-line 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 to six monthly intervals, with 

±[ǎ җм ллл ŎƻǇƛŜǎκƳ[ ǇǊƻƳǇǘƛƴƎ ŎƭƛƴƛŎŀƭ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǘƻ ƛƳǇǊƻǾŜ ±[{Φ22 However, this has proven 

difficult to implement since women present for antenatal care at different stages of their pregnancy 

and VLS needs to be achieved in a relatively 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 WLHIV.23  

Centralized laboratory HIV VL testing remains standard of care in South Africa. Unlike many countries 

in Sub-Saharan Africa, South Africa benefits from having an established national laboratory network 

through the National Health Laboratory Service (NHLS).24 The NHLS has approximately 260 

laboratories across the country.23 However, only 16/260 (6.2%) of the laboratories offer HIV VL 

testing.24 This often results in the laboratories operating at maximum capacity with extended result 

turn-around times that can lead to patients never receiving their results and being lost to care.24 This 

in turn may contribute towards preventable MTCT. Point-of-care (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 clinic.25,26 This provides opportunity 

for rapid clinical management and reduces the number of clinic 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 care.25 PoC HIV VL testing may be one of the game changers to 

fast-track eMTCT 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 low-risk prophylaxis for neonates. Furthermore, PoC early infant diagnosis (EID) testing 

at birth provides the opportunity to identify IU-infected 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 WLHIV and HIV-exposed neonates around the time of delivery at four 

sites in Gauteng Province, South Africa. 

5.2 Materials and methods 
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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 

obstetric units (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 district. A routine birth testing program for all 

HIV-exposed neonates was already in place at all sites as per national guidelines22 but maternal VL 

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

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

of delivery using Xpert® HIV-1 VL (Cepheid, Sunnyvale, California, USA), which has a quantifiable range 

of 40 ς 10 000 000 RNA copies/mL. Similarly, all HIV-exposed neonates were eligible for PoC EID testing 

at birth, defined as <72 hours after delivery, using either Xpert® HIV-1 (Cepheid, Sunnyvale, California, 

USA) or m-PIMATM (Abbot, Chicago, Illinois, USA) EID assays. PoC testing was restricted to working 

hours (08h00-16h00) on weekdays. Mother-neonate 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 born 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 maternal and neonatal 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 on leftover 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 (NHLS) for 

centralized laboratory testing. 

Upon completion of PoC testing, neonates of mothers with a VL <1 000 copies/mL received low-risk 

prophylaxis of daily nevirapine for 6 weeks, as per standard of care.22 Mothers of neonates with a 

negative EID PoC result were counselled to follow-up for a routine 10-week HIV PCR test at their local 

clinic. Hospital paediatric and obstetric staff were alerted via a mobile phone SMS (short messaging 

ǎȅǎǘŜƳύ ǘƻ ƳŀǘŜǊƴŀƭ ±[ǎ җм ллл ŎƻǇƛŜǎκƳ[ ŀƴŘ ǇƻǎƛǘƛǾŜ 9L5 ǊŜǎǳƭǘǎ ŦƻǊ ƛƴǘŜǊǾŜntion. Mothers with a VL 

җм ллл ŎƻǇƛŜǎκƳ[ ǊŜŎŜƛǾŜŘ ŀŘƘŜǊŜƴŎŜ ŎƻǳƴǎŜƭƭƛƴƎ ŀƴŘ ǘƘŜƛǊ ƴŜƻƴŀǘŜǎ ǿŜǊŜ ǇǊŜǎŎǊƛōŜŘ ƘƛƎƘ-risk 

prophylaxis - either daily nevirapine for 12 weeks or dual prophylaxis (nevirapine and zidovudine) for 

6 weeks, according to guidelines at the time of data collection.22 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 (collection date and 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 REDCapTM database and imported into STATATM for analysis. 

Analysis was restricted to participants with a 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 time-sensitive outcomes of the implementation study; 

namely testing coverage, turn-around times and result return rates.  

5.2.3 Study measures 
 

¢ƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾƛǊŀŜƳƛŎ ǿƻƳŜƴ ŀǘ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǘ ±[ ǘƘǊŜǎƘƻƭŘǎ ƻŦ җрлΣ рл-<1 

ллл ŀƴŘ җмллл ŎƻǇƛŜǎκƳ[ ŀƳƻƴƎ ǿƻƳŜƴ ǿƛǘƘ ŀ ǾŀƭƛŘ ±[ ǊŜǎǳƭǘΦ ¢ƘŜ IU transmission rate was 

calculated as the proportion of positive EID results in relation to the total EID PoC tests with a valid 

ǊŜǎǳƭǘΦ tǊƻƎǊŀƳƳŀǘƛŎ IL± t/w Řŀǘŀ ŦǊƻƳ ǘƘŜ bI[{Ω Corporate Data Warehouse (NHLS CDW) were used 

to determine routine IU transmission rates for each TOU site. PoC testing coverage was defined as the 

ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŜƭƛƎƛōƭŜ ƳƻǘƘŜǊǎ ŀƴŘ ƴŜƻƴŀǘŜǎ ǿƛǘƘ ŀ ǾŀƭƛŘ ±[ ƻǊ 9L5 tƻ/ ǊŜǎǳƭǘΦ ¢ƘŜ ŎƻǳƴǘǊȅΩǎ 5ƛǎǘǊƛŎǘ 

IŜŀƭǘƘ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳ ό5IL{ύ ƛƴŘƛŎŀǘƻǊ Ψǘƻǘŀƭ ƭƛǾŜ ōƛǊǘƘǎ ǘƻ IL±-positive womenΩ ǿŀǎ ǳǎŜŘ ŀǎ ŀ 

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 HIV-positive women whilst a second estimate used only total live births to HIV-positive 

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 maximum coverage (i.e. assuming PoC testing was available every day of the week). 

5.2.3 Data analysis 
 

¢ƘŜ tŜŀǊǎƻƴΩǎ /Ƙƛ ǎǉǳŀǊŜŘ ǘŜǎǘ ǿŀǎ ǳǎŜŘ ǘƻ ǘŜǎǘ ŦƻǊ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŎŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜǎΣ 

ƻǘƘŜǊǿƛǎŜ CƛǎŎƘŜǊΩǎ ŜȄŀŎǘ ǿŀǎ ǳǎŜŘ ŦƻǊ ǎǇŀǊǎŜ ŘŀǘŀΦ [ƻƎƛǎǘic regression was used to assess the 

ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ƘŀǾƛƴƎ ŀ ƘƛƎƘ ±[ ό±[ җм ллл ŎƻǇƛŜǎκƳ[ύ ŀǊƻǳƴŘ ǘƘŜ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅ ŀƴŘ ƛύ ǉǳŀǊǘŜǊ 

of the year when PoC test was performed after PoC implementation and ii) TOU in which the PoC test 

was performed. Variables were included in the adjusted model based on purposeful selection (p-value 

cut-off of 0.нл ŀǘ ǘƘŜ р҈ ƭŜǾŜƭ ƻŦ ǎƛƎƴƛŦƛŎŀƴŎŜ ŘǳǊƛƴƎ ǳƴƛǾŀǊƛŀǘŜ ŀƴŀƭȅǎƛǎύΦ ¢ƘŜ ΨǉǳŀǊǘŜǊ ƻŦ ǘƘŜ ȅŜŀǊ ǿƘŜƴ 

tƻ/ ǘŜǎǘ ǿŀǎ ǇŜǊŦƻǊƳŜŘΩ ǿŀǎ ƛƴŎƭǳŘŜŘ a priori.   
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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 at the site. 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.  

5.3 Ethics clearance 

 

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 (50/2018) (Appendix 5.1). Patient identity was protected by de-identifying data 

prior to analysis. Maternal clinical data were available for study participants from the Johannesburg B 

site because of a data-sharing agreement routinely used at that facility, HREC clearance number 

M170778. 

5.4 Results 

 

Over the period of 10 months, the four sites had 8 147 live births to WLHIV of whom 2 769 (34.0%) 

had a valid VL result (Table 5.1) and 4 333 (53.2%) neonates had a valid EID result (Table 5.2). Testing 

coverage of maternal VL and EID varied considerably across the TOU sites with overall maximum 

coverage of 48.6% and 76.0%, respectively (Table 5.1 and 5.2). The median maternal VL around the 

time of delivery at all sites was <40 copies/mL, with an overall interquartile range of 0ς398 copies/mL. 

Figure 5.1 shows 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 (57.0%) were quantifiable with 571 (20.6%) having results of <50 

ŎƻǇƛŜǎκƳ[Φ hǾŜǊŀƭƭΣ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǿƻƳŜƴ ǿƛǘƘ ŀ ±[ җрлΣ 50-ғм ллл ŀƴŘ җм ллл ŎƻǇƛŜǎκƳ[ ǿŀǎ 

36.4% (n= 1 007), 13.9% (n= 386) and 22.4% (n= 621), respectively (Table 5.1). Similar trends in 

proportions of viraemic women were observed for the three Johannesburg units while higher 

proportions were observed for the Tshwane unit at 45.1%, 16.6% and 28.р҈ ŦƻǊ ±[ җрлΣ рл-<1 000 and 

җм ллл ŎǇǎκƳ[Σ ǊŜǎǇŜŎǘƛǾŜƭȅ ό¢ŀōƭŜ 5.1, p=0.001). The proportion of IU-infected neonates ranged 

between 0.9% - 1.5% for the Johannesburg units while the Tshwane unit had an IU rate of 2.7% 

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

between the two districts, a similar trend was noted with 40/3420 (1.2%) for Johannesburg and 
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25/913 (2.7%) for Tshwane (p=0.002). Percentage positivity rates calculated from programmatic NHLS 

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

generalisability (p=0.705). 

 

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

Obstetric Units in Gauteng, South Africa. 

Variables 
Total 
N= 2 769 

Location of Tertiary Obstetric Unit 

Johannesburg 
B  
n= 1 230 

Johannesburg 
D 
n= 693 

Johannesburg 
F  
n= 309  

Tshwane  
n= 537 

P-value 

Total live births to WLHIV 8 147  2 103  3 324  1 543 1 177  

Minimum PoC VL testing 
coverage* 

34.0% 58.5% 20.8% 20.0% 45.6% <0.001 

Maximum PoC VL testing 
coverage! 

48.6% 90.0% 28.2% 28.6% 62.5% <0.001 

VL suppression threshold       <0.001 

<50 cps/mL 1 762 (63.6%) 815 (66.3%) 445 (64.2%) 207 (67.0%) 295 (54.9%)  

җ50 cps/mL 1 007 (36.4%) 415 (33.7%) 248 (35.8%) 102 (33.0%) 242 (45.1%)  

VL suppression threshold      0.001 

50-<1 000 cps/mL 386 (13.9%) 161 (13.1%) 92 (13.3%) 44 (14.2%) 89 (16.6%)  

VL suppression threshold      0.001 

<1 000 cps/mL 2 148 (77.6%) 976 (79.4%) 537 (77.5%) 251 (81.2%) 384 (71.5%)  

җ1 000 cps/mL 621 (22.4%) 254 (20.7%) 156 (22.5%) 58 (18.8%) 153 (28.5%)  

Quarter of the year#      <0.001 

Jul-Sep 2018 862 (34.5%) 448 (41.1%) 144 (22.9%) 96 (34.0%) 174 (34.6%)  

Oct-Dec 2018 802 (32.1%) 317 (29.1%) 199 (31.7%) 141 (50.0%) 145 (28.8%)  

Jan-Mar 2019 838 (33.5%) 324 (29.8%) 285 (45.4%) 45 (16.0%) 184 (36.6%)  

 

*Denominator includes the total number of live births to WLHIV during the study period; !Denominator includes 

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

number;  VL, viral load;  cps/mL, copies per millilitre;  WLHIV, women living with HIV;  PoC, point-of-care. #June 

2018, the first month of study initiation is excluded (n= 267 (9.6%) overall). 
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Table 5.2. Neonatal Point-of-Care Early Infant Diagnosis at Four Tertiary Obstetric Units in Gauteng, 

South Africa. 

Variables 
Total 
N= 4 333 
 

Location of Tertiary Obstetric Unit 

Johannesburg 
B 
n= 1 292 

Johannesburg 
D  
n= 1 305  

Johannesburg 
F  
n= 823  

Tshwane  
n= 913  

P-value 

Total live births to WLHIV 8 147 2 103 3 324 1 543 1 177  

Minimum PoC EID testing 
coverage* 

53.2% 61.4% 39.3% 53.3% 77.6% <0.001 

Maximum PoC EID testing 
coverage! 

76.0% 94.5% 53.0% 76.2% >99.0% <0.001 

n (%) Positivity  65 (1.5%) 19 (1.5%) 14 (1.2%) 7 (0.9%) 25 (2.7%) 0.005 

IU transmission, n (%) by 
VL threshold in mother-
neonate pairs testedϞ 

34 (52.3%) 14 (73.7%) 8 (57.1%) 3 (42.9%) 9 (36.0%) <0.001 

<50 cps/mL 3 (0.3%) 1 (0.2%) 0 (0.0%) 0 (0.0%) 2 (2.0%)  

50-<1 000 cps/mL 6 (3.2%) 2 (1.6%) 1 (4.0%) 1 (7.1%) 2 (8.7%)  

 җ1 000 cps/mL 25 (7.9%) 11 (5.6%) 7 (14.9%) 2 (10.5%) 5 (9.6%)  

Total EID tests <3 days 
(Birth) 

8 728 
(100.0%) 

2 387 (27.3%) 3 369 (38.6%) 1 713 (19.6%) 1 259 
(14.4%) 

 

% IU transmission 
(Programmatic) 

149 (1.7%) 39 (1.6%) 52 (1.5%) 20 (1.2%) 38 (3.0%) <0.001 

 

Ϟn= 1 449; mothers of twin babies were counted twice as the mother contributed in two EID PCR events. 

*Denominator includes the total number of live births to WLHIV during the study period; !Denominator includes 

the number of live births to WLHIV during weekdays only during the study period; EID, early infant diagnosis;  

Abbreviations: N, number, WLHIV, women living with HIV; PoC, point-of-care; IU, intra-uterine;  VL, viral load. 

 

Percentage neonatal positivity was associated with high maternal VL around the time of delivery. 

Among 1 449 (33.4%) mother-neonate pairs with both a valid PoC VL and EID result, n (%), [95% 

confidence interval], 3/946 (0.3%) [0.1%-1.0%], 6/187 (3.2%) [1.4%-7.0%] and 25/316 (7.9%) [5.4%-

11.5%] IU infections occurred among women with a delivery VL threshold of <50, 50-ғм ллл ŀƴŘ җм 

000 copies/mL, respectively (Table 5.2, p<0.001). All three of the IU infections occurring in the VL <50 

copies/mL threshold occurred to women with an HIV-1 RNA detectable VL result. A search for previous 

±[ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ bI[{Ω CDW showed that two of these women did not have a documented VL prior 

ǘƻ ŘŜƭƛǾŜǊȅΣ ǿƘƛƭŜ ƻƴŜ ǿƻƳŀƴ ƘŀŘ ŀ ±[ җм ллл three months prior to delivery. 
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Figure 5.1. Distribution of maternal VL amongst women with detectable VL around the time of 

delivery by tertiary obstetric unit, n= 1 578 (57.0%) of maternal PoC VL results comprising 1 007 VL 

җрл ŎƻǇƛŜǎκƳ[ ŀƴŘ ртм ±[ғрл Ŏopies/mL but detectable. ±[ ǊŜǎǳƭǘǎ ΨIL± ƭŜǎǎ ǘƘŀƴ ŘŜǘŜŎǘŀōƭŜΩ ǿŜǊŜ 

assigned values of 0 (n= 1 191).  

Abbreviations: VL, viral load; Jhb, Johannesburg; PoC, point-of-care. 

 

Proportions of high maternal VL remained constant during the study period suggesting similarity in 

participants tested throughout the implementation period despite low testing coverage (Table 5.3).  

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 VL test in Tshwane were almost two times more likely to 

have a high VL compared to the site in Johannesburg F (AoR=1.88, 95% CI: [1.31-2.71]). 
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Table 5.3. Factors Associated with High Viral Load (VL җ1 000 copies/mL) around the Time of Delivery 

at Four Tertiary Obstetric Units in Gauteng, South Africa. 

Variable N (%) 
Univariate OR 
(95% CI) 

P-value 
Adjusted OR (95% 
CI) 

P-value 

Quarter of the year#      

Jul-Sep 2018 197 (35.6%) Reference Reference Reference Reference 

Oct-Dec 2018 183 (33.1%) 0.99 [0.79-1.25] 0.99 1.01 [0.80-1.20] 0.95 

Jan-Mar 2019 173 (31.3%) 0.88 [0.70-1.11] 0.27 0.84 [0.67-1.07] 0.16 

Location of TOU      

Johannesburg F 58 (9.3%) Reference Reference Reference Reference 

Johannesburg D 156 (25.1%) 1.26 [0.90-1.76] 0.18 1.34 [0.93-1.97] 0.11 

Tshwane 153 (24.6%) 1.72 [1.22-2.43] 0.002 1.88 [1.31-2.71] 0.001 

Johannesburg B 254 (40.9%) 1.13 [0.82-1.55] 0.46 1.18 [0.84-1.65] 0.35 
 

#June 2018, the first month of study initiation is excluded from this analysis (n= 267 (9.6%) overall). 

Abbreviations: OR, odds ratio; CI, confidence interval; VL, viral load; N, number; mL, millilitre; TOU, tertiary 

obstetric unit 

 

Results of the sub-analysis of demographic and clinical characteristics of women who delivered at the 

Johannesburg B site showed that high VL at delivery was predicted by younger maternal age: (age <25 

years, n= 191/1 129), (AoR= 2.17, 95% CI: [1.13-4.18]) and shorter duration on ART: (on ART for <3 

months, n =61/375),  (AoR= 4.11, 95% CI: [2.20-7.66]. 

5.5 Discussion 

 

These findings 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 

ǘƘŜ ŦƻǳǊ ¢h¦ǎ ƛƴ DŀǳǘŜƴƎ ƘŀŘ ŀ ±[ җм ллл ŎƻǇƛŜǎκƳ[ ǿƛǘƘ ос.4% havƛƴƎ ŀ ±[ ƻŦ җрл ŎƻǇƛŜǎκƳ[Φ !ƳƻƴƎ 

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 viraemic women were seen at the Tshwane site. A similar trend was observed 

for the neonatal IU transmission rate, which ranged from 0.9%-1.5% in the Johannesburg sites but was 

2.7% in Tshwane. Overall and site-specific IU transmission rates approximated programmatic IU 

transmission rates suggesting generalisability of these findings to these sites. Data to investigate the 

reasons for the statistically significant differences observed in 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 of migrant patients who are more likely to have poorer treatment outcomes.27-28 

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 testing coverage 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 programme has reached 

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

know their status and 90% of these are on ART.29 In spite of very high ART coverage during antenatal 

care in the public sector, our findings reveal 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 

ŎƘƛƭŘōŜŀǊƛƴƎ ǇƻǘŜƴǘƛŀƭ ƛǎ ƛƳǇŜǊŀǘƛǾŜΦ ¢ƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾƛǊŀŜƳƛŎ ό±[ җм ллл ŎƻǇƛŜǎκƳ[ύ ǿƻƳŜƴ ŀǘ ǘƛƳŜ 

of delivery was much higher than has been reported for WLHIV oƴ !w¢ ƛƴ ƎŜƴŜǊŀƭ ƻŦ Ғ мл҈Φ30 This likely 

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 their first 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 availability of 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. 

5.6. Study limitations 

 

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 population.16-18 However, results of the Johannesburg 

B site sub-analysis confirmed what is already known. Younger maternal age and shorter duration on 

ART were significantly associated with high VL at delivery.16 Regardless of patient level factors, 

conducting a PoC VL test at delivery within the high volume TOUs identified a third of women with 

ŘŜǘŜŎǘŀōƭŜ ±[ǎ ŦƻǊ ƛƴǘŜǊǾŜƴǘƛƻƴΦ DƛǾŜƴ ǘƘŜ ƳŀǘǳǊƛǘȅ ƻŦ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ta¢/¢ ǇǊƻƎǊŀƳƳŜ ŀƴŘ ǘƘŜ ƴŜŜŘ 

for potential game changers to achieve eMTCT, this study demonstrates the utility of PoC VL around 

the time of delivery within a high-burden setting. 
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Since the VL testing coverage was poor, the effect of targeted testing of high-risk mothers on our 

findings cannot be excluded. We may have disproportionately enrolled unbooked mothers, sick 

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 included in the study 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 result, clinical 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 clinically indicated without 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 obtain 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 findings 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 culminated 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 Western Cape.31-

32 This suggests that pregnant and postpartum WLHIV require close VL monitoring throughout 

pregnancy and during breastfeeding to minimize the risk of transmission. A follow-up study, describing 

the evolution of virologic control in pregnant and postpartum WLHIV at a national level would be 

helpful to develop evidence-based 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) such as the ones currently used 

for linking HIV PCR positive infants to care9 can 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 monitoring, (ii) ART adherence support 

and (iii) intervention for pregnant and breastfeeding WLHIV with unsuppressed VLs will be required. 

5.7. Conclusion 
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Despite >95% antenatal ART coverage of pregnant WLHIV, approximately a third of WLHIV had a 

detectable VL around the time of delivery, thereby increasing risk of vertical transmission of HIV. 

Among mother-neonate pairs with valid PoC test results, 91% of IU infections occurred where 

ƳŀǘŜǊƴŀƭ ±[ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅ ǿŀǎ җрл ŎƻǇƛŜǎκƳ[Φ /ƭƻǎŜǊ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ±[S rates among pregnant 

ŀƴŘ ōǊŜŀǎǘŦŜŜŘƛƴƎ ²[IL± Ƴŀȅ ŀŘǾŀƴŎŜ ǘƘŜ ta¢/¢ ǇǊƻƎǊŀƳƳŜΩǎ ǇǊƻǎǇŜŎǘǎ ƻŦ ŀŎƘƛŜǾƛƴƎ Ŝa¢/¢ ŀƴŘ 

will be more informative than ART coverage rates. Maternal PoC VL testing during pregnancy and at 

delivery may facilitate VLS and reduce MTCT transmission 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 well-established and mature prevention of mother-to-child transmission of HIV 

(PMTCT) programme in existence for close to two decades.1 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 2017.1,2 In the same year, the proportion of first 

antenatal care (fANC) bookings occurring before 20 weeks gestation had increased to 67% nationally, 

up from 54% in 2014.3 These data show that the national PMTCT programme had met targets for 

process indicators for validation for the elimination of mother-to-child transmission of HIV (eMTCT) in 

2017, defined as җ95% coverage for antenatal care, HIV testing of pregnant women and ART initiation 

among HIV-positive pregnant women.4,5 Since inception of the PMTCT programme in the early 2000s, 

the national early MTCT transmission rate (4-6 weeks of age) has declined significantly from an 

infection rate of 25%-30% in 2001 to approximately 1.4% in 2016.1 By 2017,the national intra-uterine 

(IU) rate (<7 days of life) had decreased to 0.9%.6 These 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 eMTCT require reduction of MTCT rates to <50 cases per 100 000 live births at 

cessation of breastfeeding.4,5 An IU transmission rate of 0.9% equates to a case rate of approximately 

240 per 100 000 live births excluding intra- and postpartum transmissions in South Africa. This is 

attributable to a high maternal seroprevalence rate, which has plateaued at 30% since 2003.7 

Moreover, maternal seroconversion during pregnancy and the breastfeeding period is common. 

Further reduction of MTCT rates to levels sufficient to meet 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 (WRLHIV).8 This strategy should also be extended to non-pregnant 

WRLHIV to ensure virological suppression at the time of conception. Sustained maternal viral load (VL) 

suppression (VL <50 copies/mL) regardless of pregnancy status will fast-track eMTCT. However, VL 

monitoring among pregnant and breastfeeding WRLHIV has been suboptimal.9,10  

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 in order to fast-track eMTCT in South Africa.11,12 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 2017, 30%-35% of pregnant 

WRLHIV delivering in the public sector in South Africa have been reported as having a VL җ50 

copies/mL at time of delivery.13,14 Women who have unplanned pregnancies, adolescent girls and 
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young women (AGYW) and migrant mothers have been identified as high risk groups for unsuppressed 

VLs as a result of factors including newly acquired infection, late booking and diagnosis and sub-

optimal adherence to ART.15-17 Geospatial differences in terms of HIV prevalence, ART coverage and 

viral suppression rates exist in South Africa.18  Some provinces have higher proportions of WRLHIV and 

AGYW living with HIV than others.19 However, at the time of writing (December 2020) there has been 

no assessment of the geospatial distribution of high maternal VL during pregnancy and the postpartum 

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. Using a national laboratory dataset and other routine HIV-related data 

sources, we describe population-level factors associated with cases of MTCT (from birth to <24 months 

postpartum) at sub-district level in South Africa. 

6.2 Materials and methods 

 

6.2.1 Study design 
 

Ecological analysis of routine laboratory HIV-related 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 the evolution of maternal VLs during pregnancy, delivery 

and postpartum in the public health sector in South Africa. The data source and creation of the study 

cohort have been described elsewhere.20 In brief; a cohort of WRLHIV (15-49 years) was identified 

ŦǊƻƳ ǘƘŜ bŀǘƛƻƴŀƭ IŜŀƭǘƘ [ŀōƻǊŀǘƻǊȅ {ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜ όbI[{ /5²ύ ōŜǘǿŜŜƴ нлмс-

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 HIV-related tests such as CD4 counts and VLs were 

applied to the routine data to differentiate pregnant WRLHIV from non-pregnant WRLHIV.20 For 

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

date), through delivery and up to 15 months post-delivery.20 All VLs performed during follow up were 

included. Eligible VLs were categorized into 1) cohort entry VL: defined by the first VL performed 

during pregnancy, that is, at fANC visit for ART-experienced pregnant WRLHIV or after three months 

of ART use for pregnant WRLHIV not on ART at fANC visit 2) delivery VL (5-7 months after the fANC 

visit) and 3) cohort exit VL defined by the most recent VL measurement within the 15 month 

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 compared VLs of pregnant WRLHIV to 

non-pregnant WLRHIV at comparable time points. For non-pregnant 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, the cohort entry VL constituted the first VL performed during the study period and the most 

recent VL measurement during the study period constituted the cohort exit VL. In both groups, de-

duplication of test records was performed by a validated, automated patient-linking algorithm that 

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

location) within the NHLS CDW.21 Figure 6.1 describes follow up times stratified by pregnancy status.  

 

Other routine indicators known to be associated with MTCT of HIV were extracted from the South 

African District Health Information System (DHIS) for the period 2016-2018. The DHIS has been 

described previously.19 Data on relevant indicators extracted at sub-ŘƛǎǘǊƛŎǘ ƭŜǾŜƭ ǿŜǊŜ ΨAntenatal first 

visit <20 weeks ǊŀǘŜΩ ό!b/ ŜŀǊƭȅ ōƻƻƪƛƴƎύ ŀƴŘ Ψ!ƴǘŜƴŀǘŀƭ ŎƭƛŜƴǘ ǎǘŀǊǘ ƻƴ !w¢ ǊŀǘŜΩ ό!w¢ ŎƻǾŜǊŀƎŜ ŀƳƻƴƎ 

women initiated prior to and during pregnancy). Lastly, district-level HIV prevalence rates among 

pregnant women were obtained from the latest National Antenatal Sentinel HIV & Syphilis Survey 

Report (2017).7 Due to unavailability of disaggregated data, district-level ANC HIV prevalence 

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

variables (indicators) and their sources.  

 

Table 6.1. Population level variables, description and data sources. 

Population level 
variable 

Description Source Data availability 

Antenatal first visit 
before 20 weeks rate 

Proportion of pregnant women with 
first ANC booking before 20 weeks 
gestation from all first ANC visits 
recorded 

DHIS District and sub-
district level 

ANC ART coverage Proportion of pregnant women 
receiving ART during pregnancy from 
all ANC attendees living with HIV 

DHIS District and sub-
district level 

ANC HIV prevalence 
rate 

Proportion of HIV-positive pregnant 
women  from all ANC attendees 

National Antenatal 
Sentinel HIV & 
Syphilis Survey 
Report 

District level 

Maternal age <25 years Number of WRLHIV aged <25 years at 
fANC visit/cohort entry stratified by 
pregnancy status 

NHLS CDW District and sub-
district level 

Viraemia of pregnant 
and non-pregnant 
WRLHIV 

Number of WRLHIV with VL җ50 
copies/mL  at specific time points 
during follow up 

NHLS CDW District and sub-
district level 

MTCT cases Number of children testing HIV PCR 
positive at <24 months of age 

NHLS CDW District and sub-
district level 
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Abbreviations: ANC antenatal care, ART antiretroviral therapy, MTCT mother-to-child transmission; DHIS district 

Health Information System, WRLHIV women of reproductive age living with HIV, NHLS CDW National Health 

[ŀōƻǊŀǘƻǊȅ {ŜǊǾƛŎŜΩǎ /ƻǊǇƻǊŀǘŜ 5ŀǘŀ ²ŀǊŜƘƻǳǎŜΦ 

 

6.2.3 Study measures 
 

6.2.3.1 Study outcome 

The study outcome was number of MTCT cases, defined as the number of HIV PCR positive children 

<24 months between 2016 and 2018 in the public health sector. These test data were de-duplicated 

using the age at which the child first tested HIV PCR positive. De-duplication of test data was achieved 

by automated probabilistic matching of patient demographics supplemented by manual linkage of 

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

6.2.3.2 Study exposures 

 

The main exposure variables for this study were the numbers of WRLHIV with VL җ50 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 pregnancy status and geographic location. Patient-level data of 

pregnant and non-pregnant WRLHIV was aggregated and analysed at sub-district level. The geographic 

location of study participants was assigned to the sub-district where the entry VL was performed. 

Pregnant WRLHIV are a highly mobile population across healthcare facilities in South Africa.22 Mobility 

of the cohort across sub-districts 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 and non-pregnant 

WRLHIV respectively. Analysis was restricted to participants with at least two VL measurements during 

follow up



105 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Abbreviations: WRLHIV women of reproductive age living with HIV, fANC first antenatal care visit, VL viral load.

Å First visit date during study period 

(01 January 2016 ς 31 December 

2018) 

Å Entry VL: first VL performed during 

study period 

Å  

  

Å 5-7 months from fANC visit for 

pregnant WRLHIV 

 

Å Date of exit VL  

Å Exit VL: most recent VL after 

estimated delivery date 

 

 

Å Date of exit VL 

Å Exit VL: most recent VL performed 

during study period 

 

Å fANC visit date, defined by syphilis 

test date 

Å Entry VL: defined by first VL 

performed during pregnancy 
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6.2.4 Data analysis 

 

Percentages, medians [interquartile ranges (IQR)] were used to describe the population-level 

variables. ArcGIS was used to describe the geospatial distribution of maternal viraemia at delivery, 

expressed as percentage maternal VL җ50 or җ1 000 copies/mL by district. A negative binomial 

regression model was used to determine the association between cases of MTCT and the number of 

WRLHIV with unsuppressed VL at specific time points that is; at cohort entry, delivery (for pregnant 

WRLHIV) or cohort exit controlling for sub-district-level proportions of pregnant women with early 

ANC booking, ART coverage during ANC, ANC HIV prevalence and number of women aged <25 years 

at fANC visit or cohort entry (study covariates). Variable selection was achieved by backward stepwise 

regression using a statistical significance level of 20%. Since younger maternal age is associated with 

vertical transmission of HIV23, the number of WRLHIV aged <25 years at cohort entry were included 

into the model a priori.  

Two sensitivity analyses were performed, comparing the ability of different models in predicting an 

eMTCT target of 50 MTCT cases adjusting for study covariates at sub-district level. The first analysis 

compared a negative binomial regression model using absolute numbers of maternal VL >50 

copies/mL at specific time points adjusting for study covariates (Model 1) versus a model using 

proportions of maternal VL >50 copies/mL at specific time points adjusting for study covariates (Model 

2). The second analysis compared Model 1 to a model using absolute numbers of maternal VL >50 

copies/mL at specific time points as a covariate unadjusted (Model 3). Model comparison in either 

scenario relied on comparison of the area under the Receiver Operating Characteristic (ROC) curves 

at the 5% level of significance. 

6.3 Ethics clearance 

 

Ethical clearance was obtained from the Human Research Ethics Committee (HREC) of the University 

of the Witwatersrand (M180854). Access to data from the national Early Infant Diagnosis programme 

was covered by ethical clearance issued to the National Institute for Communicable Diseases 

(M160667). 

6.4 Results 

 

6.4.1 Description of pregnant and non-pregnant WRLHIV included in the study  
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A total of 3 386 507 WRLHIV from 262 sub-districts were identified from test records archived in the 

NHLS CDW of whom 178 319 (5.3%) met criteria for pregnancy and 3 208 188 (94.7%) did not. Median 

age at fANC visit was 29.4 (24.6-33.7) years for pregnant WRLHIV and 34.0 (33.0-35.0) years at cohort 

entry for non-pregnant WRLHIV respectively, p value <0.001 (Table 6.2). During the study period, the 

median proportion of women with early first booking during ANC (<20 weeks gestation) was 68.2% 

(62.9%-72.8%) at sub-district level. At the same time, the median ANC HIV prevalence rate per district 

was 31.5% (23.4%-35.7%). Antiretroviral therapy coverage during ANC was almost universal with a 

median coverage rate of 94.8% (89.7%-97.8%).  

6.4.2 Unsuppressed VL among pregnant and non-pregnant WRLHIV   
 

Overall, the median sub-district level proportion of WRLHIV with VL җ50 copies/mL at cohort entry 

was 41.7% (27.8%-57.8%). When stratified by pregnancy status, the median sub-district level 

proportion of pregnant WRLHIV with VL җ50 copies/mL at cohort entry was 42.9% (38.3%-59.3%) 

versus 35.0% (25.9%-49.0%) for non-pregnant WRLHIV at cohort entry (p value <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 VL җ50 copies/mL of 38.2% (27.3%-52.1%). 

However, maternal VL җ50 copies/mL at cohort exit remained higher when compared to non-pregnant 

WRLHIV with a median of 36.3% (25.0%-48.4%) versus 29.6% (21.0%-42.6%), respectively (p value 

<0.001) (Table 6.2). A total of 4 535 children <24 months tested HIV PCR positive representing a 

median total case rate of 1 372 (914-2 077) per 100 000 live births at sub-district level during the study 

period. 

Table 6.2. Description of population-level estimates related to mother-to-child transmission risk 

amongst women of reproductive age living with HIV in South Africa, 2016-2018 (N= 262 sub 

districts).                                                        

 
Variable 

Sub-district level estimates: Median (IQR) 

Overall Pregnant WRLHIV Non-pregnant 
WRLHIV 

P value 

Age at cohort entry 33.4 (27.8-39.6) 29.4 (24.6-33.7) 34.0 (33.0-35.0) <0.001 

fANC visit <20 weeks gestation rate (%) - 68.2 (62.9-72.8) - - 

ANC HIV prevalence (%) - 31.5 (23.4-35.7) - - 

ANC ART coverage (%) - 94.8% (89.7-97.8) - - 

MTCT case rate /100 000 live births - 1 372 (914-2 077) - - 

HIV VL җ50 copies/mL (%):     

At cohort entry  41.7 (27.8-57.8) 42.9 (38.3-59.3) 35.0 (25.9-49.0) <0.001 

At delivery - 38. 2 (27.3-52.1) - - 

At cohort exit 34.6 (21.6-44.1) 36.3 (25.0-48.4) 29.6 (21.0-42.6) <0.001 
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HIV VL җ1000 copies/mL (%):     

At cohort entry 19.8 (14.6-26.4) 35.8 (28.7-42.1) 18.3 (14.4-24.7) <0.001 

At delivery - 15.6 (12.5-21.6) - - 

At cohort exit 13.3(10.1-17.5) 15.4 (11.3-20.0) 13.8 (10.1-19.2) <0.001 
 

Abbreviations: WRLHIV women of reproductive age living with HIV, fANC first antenatal care visit, IQR 

interquartile range, ART antiretroviral therapy, MTCT mother-to-child transmission, mL millilitre. *Among 

WRLHIV who were ART experienced at fANC visit, Ϟamong pregnant WRLHIV regardless of HIV status at fANC 

visit 

 

6.4.3 Geospatial distribution of maternal viraemia at delivery by district 
 

At delivery, 36.9% and 14.3% pregnant WRLHIV wŜǊŜ ǾƛǊŀŜƳƛŎ ŀǘ ±[ җрл ŀƴŘ җмллл copies/mL, 

respectively at national level. At district level, proportions of pregnant WRLHIV with VL җ50 copies/mL 

at delivery varied greatly, ranging from 18%-61%. Proportions of maternal viraemia at delivery were 

highest in Limpopo province, with at least 50% of WRLHIV having VL җ50 copies/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 State province (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 VL җ50 copies/mL at delivery probably due to very 

low numbers of pregnant WRLHIV. District-level proportions of maternal VL җ1 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 KwaZulu-Natal province (Figure 6.2). 
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Figure 6.2. Maternal viraemia at delivery by district, 2016-2017 in South Africa.  

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

vertical transmission of HIV from birth to <24 months of age in South Africa, 2016-2018. 

Variable 

Full Model  
(Backward elimination) 

Selection cut-off: 
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 Included a priori 

Number of  pregnant WRLHIV with VL җ50 cps/mL at cohort entry 0.372 Excluded 

Number of pregnant WRLHIV with VL җ50 cps/mL at delivery 0.677 Excluded 

Number of  pregnant WRLHIV with VL җ50 cps/mL at cohort exit <0.001 Included 

Number of non-pregnant WRLHIV aged <25 years at cohort entry 0.090 Included 

Number of  non-pregnant WRLHIV with VL җ50 cps/mL at cohort entry 0.969 Excluded 

Number of non-pregnant WRLHIV with VL җ50 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 women of reproductive age living with HIV, fANC first antenatal care visit, VL viral load, 

cps/mL copies per millilitre, ART antiretroviral therapy 

 

6.4.4 Population-level factors associated with vertical transmission of HIV 
 

Viraemia during the postpartum period (for both pregnant WRLHIV and non-pregnant WRLHIV), ANC 

HIV prevalence rate and ANC first booking <20 weeks gestation rate were associated with number of 

MTCT cases in the univariate analysis (Table 6.3). In the adjusted analyses, for every 100 WRLHIV with 

VL җ50 copies/mL postpartum, the number of MTCT cases increased by three at sub-district level 

(Figure 6.3). Maternal HIV prevalence also positively correlated with number of children testing HIV 

PCR positive. That is, a 100% increase in sub-district level maternal HIV prevalence increased the 

number of children testing HIV PCR positive by 2 (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 100% increase in proportion of WRLHIV booking at gestation age <20 weeks 

decreased the number of children testing HIV PCR positive by 2 at sub-district level (Figure 6.3). An 

increase in ART coverage was also associated with increase in cases of MTCT, suggesting increasing 

ART coverage among women presenting late in pregnancy and or cases of incident maternal HIV 

during pregnancy. A separate model adjusting for maternal VL threshold җ1 000 copies/ml at the same 

time points during follow up yielded similar results. 

 Results from the sensitivity analyses demonstrated that there was no difference in the accuracy of 

predicting the eMTCT target of 50 cases using the model including absolute numbers of maternal 
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viraemia versus the model using % maternal viraemia at specific time points as a covariate in the 

adjusted analyses (ROC p value =0.789), Figure 6.4a. The model using absolute numbers of maternal 

VL at specific time points adjusting for study covariates was superior to the model using maternal VL 

at specific time points unadjusted. However, the difference was not statistically significant (ROC p 

value =0.166), Figure 6.4b. 

 

 

 

Figure 6.3. Negative binomial regression model showing sub-district level factors associated with 

vertical transmission of HIV from birth to <24 months of age in South Africa, 2016-2018 (n =204ϟ sub 

districts). 

Abbreviations: WRLHIV women of reproductive age living with HIV, fANC first antenatal care visit, VL viral load, 

cps/mL copies per millilitre, ART antiretroviral therapy, ϟsub districts with missing data excluded (Listwise 

deletion) 
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Figure 6.4 Sensitivity analyses: ROC curves comparing: A) Model 1 (using absolute number of 

maternal VL җ50 copies/mL) versus Model 2 (% maternal VL җ50 copies/mL) at specific time points 

as a covariate adjusted for other study 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 analysis evaluating sub-district level determinants 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 non-pregnant WRLHIV throughout follow up. For example, median 

proportions of women with viraemia (VL җ50 copies/mL) were 43% versus 35% at cohort entry (p value 

<0.001) and 36% versus 30% at most recent VL measurements (p value <0.001) for pregnant and non-

pregnant WRLHIV respectively. Maternal viraemia during the postpartum period correlated positively 

with cases of vertical transmission, with every 100 viraemic postpartum WRLHIV increasing the 

number of MTCT by three cases. Furthermore, higher rates of HIV prevalence among ANC clients was 

associated with a higher number of MTCT cases, whereby a 100% increase in maternal HIV prevalence 

resulted in an increase of MTCT cases by 2 at sub-district 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 children. District-level differences in 
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proportions of maternal viraemia (VL җ50 or җ1 000 copies/mL) at delivery were noted across the 

country.  

These findings are among few examining population-level determinants of vertical transmission of HIV 

within the national PMTCT programme in the era of near universal rates of maternal ART coverage. 

Previous studies and surveys using data ranging from 2010-2013, reported a positive association 

between early MTCT rates and suboptimal PMTCT service coverage (provincial maternal ART coverage 

rate <80% and insufficient health-care personnel in facilities)24 and recommended early treatment of 

maternal HIV as a way of reducing vertical transmission.24 Almost 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 may have contributed to the further decline in early (4-8 weeks postpartum) 

MTCT rates from 3.5%1,25 to 1.5% (7days-<10 weeks postpartum) between 2010 and 2017. Early ART 

initiation during pregnancy is known to be protective against MTCT of HIV.26,27 However in this study, 

results of the adjusted regression model showed increased vertical transmission with increasing ART 

coverage among pregnant women. This finding is suggestive of increased ART coverage among women 

newly diagnosed during pregnancy due to seroconversion. Approximately 1 in 2 pregnant WRLHIV 

included in the study were ART naïve at the fANC visit20 and these figures were similar to reports from 

the DHIS during the study period. As a result, even though ART coverage during pregnancy was high, 

women initiating ART (particularly late in pregnancy) or seroconverting during pregnancy would not 

have had sufficient time to suppress their VL, hence transmitting HIV to their children. Moreover, high 

levels of viraemia have been documented from ART-experienced women at the fANC visit from a 

separate analysis using the same data as this study.20 Hence, ART coverage does not equate to reduced 

MTCT as it does not take into account VL suppression. Achieving eMTCT will require early diagnosis of 

HIV and early ART initiation 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 relevant within the 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 throughout pregnancy and postpartum to facilitate early ART initiation 

to prevent MTCT.26-28 

Findings showed that maternal viraemia during the postpartum period was associated with MTCT of 

HIV and was the main driver of vertical transmission at sub-district level. This finding concurs with 

reports from other studies which show higher rates of MTCT during the postnatal period within 

routine settings.23,29,30 This emphasizes the need for continued engagement in PMTCT care and VL 
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monitoring among postpartum WRLHIV to prevent 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 non-adherence to ART.31-33 In South Africa, this has important 

programmatic implications given the extended breastfeeding period of up to 24 months among 

WRLHIV on ART.34 In order to achieve eMTCT the programme requires better systems for tracking 

WRLHIV throughout pregnancy and postpartum period to enable retention in care and efficient VL 

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 was 2.2 (interquartile range: 2-3) per woman during follow 

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

vertical transmission at sub-district level and requires further study.  

Ensuring all WRLHIV are virally suppressed is probably one of the most practical ways of fast-tracking 

eMTCT in South Africa given 1) the magnitude of the programme 2) inadequacies of other methods 

for fast-tracking eMTCT in these settings (cannot avoid breastfeeding and universal caesarean births 

not feasible).34,35 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 physiological reasons why pregnancy should correlate with lack 

of viral suppression36, psycho-social factors related to pregnancy are known to impact maternal 

adherence to ART and subsequently lead to lack of VL suppression.36 Thus, a patient centred approach 

towards managing pregnant WRLHIV is recommended to improve viral suppression rates and prevent 

vertical transmission. This can be achieved by scaling up mentor-mother and community health care 

programmes to assist women adhering to treatment from within their communities. 

Lastly, varying proportions of maternal VL җ50 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. Pregnant WRLHIV 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 district-level differences in maternal viraemia highlight high burden areas for maternal 

viraemia in the country and the need for targeted responses. As for KwaZulu-Natal, despite having 

optimal maternal VL suppression rates overall, the province still had higher cases of MTCT on account 

of a high maternal seroprevalence rate. These data concur with results of the adjusted regression 

model whereby higher maternal seroprevalence rates correlated positively with number of MTCT 

cases. This further emphasizes the need for targeted responses in order to achieve eMTCT. It is also 

worth noting that maternal VL suppression 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 mother-child pairs during the 

postpartum period, since the postnatal period is the new frontier of MTCT.37,23 In addition the 

introduction of Dolutegravir into standard first line therapy may improve maternal VL suppression 

rates during pregnancy and the postpartum period.37 

6.6 Study limitations 

 

Interpretation of these findings requires acknowledgement of a number 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 for 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 small number of 

women identified as pregnant during the study period. As a result, some pregnant WRLHIV were 

misclassified as being non-pregnant. However, results emanating from this study cohort are similar to 

results from other studies which enrolled known pregnant WRLHIV from routine settings.13,38  

The lack of a unique patient identifier in the NHLS CDW may have resulted in poor linkage of VL test 

data, thus leading to under-estimation of VL suppression for both pregnant and non-pregnant 

WRLHIV. In addition, VL monitoring within the PMTCT programme was not 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 individual-level data 

potentially minimized this bias. 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 age were tested using HIV PCR. 

The national PMTCT guidelines required HIV PCR testing in <18 month year olds and rapid HIV tests 

җ18 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 MTCT cases between the 18-24 months age group.  

On a population-level, the analysis was based on 262 data points representing sub-districts in the 

country. A facility-level analysis would have provided a larger dataset, with greater geographical 

variability in the exposures 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 is, findings from a population level analysis 

may not apply to a patient level analysis. For example, sub-district 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 significant predictor of vertical transmission of HIV in these settings.23,27 Nonetheless, the data 
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provide useful insight on population-level parameters that require addressing in order to fast-track 

eMTCT in South Africa. 

6.7 Conclusion 

 

Despite near universal coverage 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 with higher maternal sero-

prevalence rates, women initiating ART late in pregnancy and/or incident maternal HIV during 

pregnancy are significant population level predictors of vertical transmission within the national 

PMTCT programme. Scale up of HIV prevention like family planning services is required to lower 

maternal HIV prevalence while expanded access to HIV testing will fast-track ART initiation among 

WRLHIV. Retention in care and increased VL monitoring, with prompt clinical action for abnormal 

results, among pregnant and postpartum WRLHIV is critical to improve VL suppression rates and 

maternal health throughout the continuum of PMTCT care for eMTCT. 
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7.1 Introduction 
 

Maternal viral load (VL) is closely associated with the risk of mother-to-child transmission of HIV 

(MTCT).1-3 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 limited time for identifying 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 Mother-to-Child Transmission of 

HIV (PMTCT) programme has evolved to 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 already on ART, 

irrespective of when the last VL was done.4 For 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. In November 2019, the guidelines were revised 

ǘƻ ƛƴŎƭǳŘŜ ŀ ±[ ŀǘ ŘŜƭƛǾŜǊȅ ŦƻǊ ŀƭƭ ²[IL±Σ ŀƴŘ ǘƘŜ ±[ ǘƘǊŜǎƘƻƭŘ ǿŀǎ ƭƻǿŜǊŜŘ ŦǊƻƳ җм ллл ǘƻ җрл 

copies/mL for instituting intensified adherence support and/or regimen changes.5 

Despite the existence of a robust PMTCT policy framework, minimal attention has been placed on 

maternal VL monitoring during pregnancy and the postpartum period in South Africa.2 Previous 

reports have found VL testing coverage as low as 30% during pregnancy or the breastfeeding period6, 

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

newly initiating ART during pregnancy.7,8 CǳǊǘƘŜǊƳƻǊŜΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нл҈ ƻŦ ƳŀǘŜǊƴŀƭ ±[ǎ ǿŜǊŜ җм 

000 copies/mL during antenatal and postpartum care9, while up to 37% of pregnant WLHIV have VL 

җрл ŎƻǇƛŜǎκƳ[ ŀǘ ŘŜƭƛǾŜǊȅ ƛƴ ǘƘŜ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǎŜŎǘor.10-12 This has important implications for vertical 

transmission, as elimination of mother-to-child transmission of HIV (eMTCT) requires sustained 

suppression of maternal VL at <50 copies/ml throughout pregnancy, delivery and the breastfeeding 

period. The foregoing suggests that the programme is far from achieving UNAIDS 90-90-90 and eMTCT 

targets.13,14 

{ƻǳǘƘ !ŦǊƛŎŀΩǎ ǇǳōƭƛŎ ƘŜŀƭǘƘ ǎŜŎǘƻǊ ǇǊƻǾƛŘŜǎ ǊƻǳǘƛƴŜ IL± ±[ ǘŜǎǘƛƴƎ Ǿƛŀ ŀ ǿŜƭƭ-established, centralized 

laboratory network which is accessible to 4 300 ANC facilities nationally.15 However, delays exist from 

specimen collection to testing and ultimately the return of results to patients.2 Point-of-care (PoC) HIV 

VL testing has been proposed as a game changer for fast-tracking eMTCT in South Africa. Point-of-care 

VL testing can reduce gaps along the VL monitoring cascade by accelerating return of results to 

patients and facilitating prompt clinical management in cases with elevated maternal VL.16-18 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 laboratory-based systems and address site-level 

health system factors.15 

This article reviews compliance of VL testing with national guidelines and suppression 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. 

7.2 Methods 

 

Between June 2018 and February 2020, PoC HIV VL testing was piloted at four tertiary obstetric units 

in Gauteng Province- three in the City of Johannesburg and one in Tshwane District. All pregnant 

WLHIV presenting at labour or postnatal wards were eligible 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 08h00-16h00. 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 performed, a corresponding 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 

ǘƘŜ bI[{Ω /ƻǊǇƻǊŀǘŜ 5ŀǘa Warehouse (CDW) generated 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 delivery were used as a 

proxy for VL monitoring during the antenatal period. Record linkage within the NHLS CDW relied on a 

validated probabilistic patient-linking algorithm which uses patient demographics (name, surname, 

date of birth, etc) for linking test records to unique individuals.19  

7.2.1 Study outcomes and analysis 
 

The analysis evaluated proportions 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 pre- and post-delivery. Proportions of pregnant 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 determine the impact of PoC HIV VL testing on rate of retention 

ǇƻǎǘǇŀǊǘǳƳ ŀƴŘ ƛƛύ ƳŀǘŜǊƴŀƭ ±[ җрл ŎƻǇƛŜǎκƳ[ ǾŜǊǎǳǎ ±[ ғрл ŎƻǇƛŜǎκƳ[ ŀǘ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅΦ ¢ƘŜ 
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tŜŀǊǎƻƴΩǎ /Ƙƛ ǎǉǳŀǊŜŘ ǘŜǎǘ ǿŀǎ ǳǎŜŘ ǘƻ ǘŜǎǘ ŦƻǊ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ŎŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ 

CƛǎŎƘŜǊΩǎ ŜȄŀŎt in the case of sparse data.  

7.3 Ethics approval 

 

Ethics approval for the study was obtained from the Wits Human Research Ethics Committee (HREC) 

(M1711115) and from the Faculty of Health Sciences Research Ethics Committee of the University of 

Pretoria (50/2018). 

7.4 Results 

 

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 to discharge from the hospital and 1 318 (26.4%) did not. Median maternal 

age was 31.1 years (interquartile range: 26.6-35.6) (Table 7.1). A total of 917 (18.4%) women had a 

ŘƻŎǳƳŜƴǘŜŘ ±[ ŘǳǊƛƴƎ ǘƘŜ ŀƴǘŜƴŀǘŀƭ ǇŜǊƛƻŘ ƻŦ ǿƘƛŎƘΣ оор όосΦр҈ύ ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ and 165 

όмуΦл҈ύ ƘŀŘ ŀ ±[ җм ллл ŎƻǇƛŜǎκƳ[ όCƛƎure. 7.мύΦ !ǘ ŘŜƭƛǾŜǊȅΣ м фмм όоуΦо҈ύ ǿƻƳŜƴ ƘŀŘ ŀ ±[ җрл 

ŎƻǇƛŜǎκƳ[ ŀƴŘ м лну όнлΦс҈ύ ƘŀŘ ŀ ±[ җм ллл ŎƻǇƛŜǎκƳ[Φ ! ǘƻǘŀƭ ƻŦ снт όмнΦс҈ύ ǿƻƳŜƴ ƘŀŘ ŀ 

ŘƻŎǳƳŜƴǘŜŘ ±[ ǿƛǘƘƛƴ ƴƛƴŜ ƳƻƴǘƘǎ ǇƻǎǘǇŀǊǘǳƳΣ ƻŦ ǿƘƛŎƘ ноп όотΦо҈ύ ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀƴŘ фо 

όмпΦу҈ύ ƘŀŘ ŀ ±[ җм 000 copies/mL (Table 7.1). 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 postpartum, 216 (23.6%) 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 the antenatal 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, Table 7.1). A significant proportion of younger women (age <25 years) 

ƘŀŘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀǘ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅ ό¢ŀōƭŜ 7.1). When compared to women with VL <50 

ŎƻǇƛŜǎκƳ[Σ ǿƻƳŜƴ ǿƛǘƘ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀǘ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅ ƘŀŘ ŦŜwer VLs during the antenatal 

period (265/1 911 (13.8%) versus 652/ 3 078 (21.2%); p value = 0.001) and tended to have 

ǳƴǎǳǇǇǊŜǎǎŜŘ ±[ǎ ƛŦ ǘƘŜȅ ƘŀŘ ŀ ±[ ŘǳǊƛƴƎ ǘƘŜ ŀƴǘŜƴŀǘŀƭ ǇŜǊƛƻŘ ό±[ җрл ŎƻǇƛŜǎκƳ[ ŦƻǊ ннлκнср όуоΦл҈ύ 

versus 115/652 (17.6%) women, p value <0.001) (Figure. 7.1). Rates of postpartum VL monitoring were 

ǎƛƳƛƭŀǊ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ƎǊƻǳǇǎ ŀǘ нрм όмоΦм҈ύ ŦƻǊ ǿƻƳŜƴ ǿƛǘƘ ŀ ±[ җрл ŎƻǇƛŜǎκƳ[ ŀƴŘ отс όмнΦн҈ύ 
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for women with a VL <50 copies/mL at time of delivery (p value = 0.341). However, women with VL 

җр0 copies/mL at time of delivery were more likely to remain unsuppressed at postpartum follow-up 

compared to women with VL <50 copies/mL at time of delivery (Figure. 7.1). 
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Table 7.1: Demographic and clinical characteristics of WLHIV who received a PoC HIV VL test at delivery from four tertiary obstetric units in Gauteng 

Province, June 2018-February 2020. 

 
 
Variables 

 
Total 
N= 4 989 

PoC Result receipt at delivery PoC HIV VL category at delivery (copies/mL) 

Not received 
n= 1 318 

Received 
n= 3 671 

P-value  VL <50 
n= 3 078 

 ±[ җрл  
n= 1 911 

P-value 

Maternal age at delivery     0.416   <0.001 

Median (years) 31.1 (26.6-35.6) 31.0 (26.2-35.4) 31.1 (26.5-35.5) 0.402 32.2 (27.6-36.1) 29.8 (25.1-34.6) <0.001 

<25 616 (12.3%) 139 (10.5%) 477 (13.0%)  296 (9.6%) 320 (16.7%)  

25-34 1 855 (37.2%) 377 (28.6%) 1 478 (40.3%)  1 148 (37.3%) 707 (37.0%)  

35-44 990 (19.8%) 200 (15.2%) 790 (21.5%)  692 (22.5%) 298 (15.6%)  

җпр 16 (0.3%) 2 (0.2%) 14 (0.4%)  11 (0.4%) 5 (0.3%)  

missingϞ 1 512 (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 4 072 (81.6%) 1 132 (85.9%) 2 940 (80.1%)  2 426 (78.8%) 1 646 (86.1%)  

VL at ANC (copies/mL)    0.663   <0.001 

Median* (IQR) 20 (0-222) 20 (0-423) 20 (0-182) 0.158 20 (0-28) 718 (0-14 059) <0.001 

<50  582 (63.5%) 113 (60.8%) 469 (64.2%)  537 (82.4%) 45 (17.0%)  

50-<1 000 170 (18.5%) 36 (19.4%) 134 (18.3%)  75 (11.5%) 95 (35.9%)  

җм 000 165 (18.0%) 37 (19.9%) 128 (17.5%)  40 (6.1%) 125 (47.2%)  

±[ ǘŜǎǘ Җ9 months postpartum    <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%) 1 660 (86.9%)  

±[ Җ9 months postpartum     0.055   <0.001 

Median (IQR) 0 (0-66) 0 (0-70) 20 (0-66) 0.092 0 (0-20) 107 (20-4 697) <0.001 

<50 393 (62.7%) 83 (60.1%) 310 (63.4%)  322 (85.6%) 71 (28.3%)  

50-<1 000 141 (22.5%) 26 (18.8%) 115 (23.5%)  46 (12.2%) 95 (37.9%)  

җм 000 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 quantification was assigned where HIV RNA was detected but below 

the lower limit of quantification of the VL assay. ϞMissing age category excluded from bivariate analyses. Abbreviation (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 cohort.  
 

Abbreviations: PoC point-of-care, VL viral load in copies/mL 

 

7.5 Discussion 

 

We present findings from a review of compliance to national VL testing guidelines and suppression 

rates during the antenatal and postpartum 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 

±[ җрл ŎƻǇƛŜǎκƳ[ ǇǊƛƻǊ ǘƻ ŘŜƭƛǾŜǊȅΦ !ǘ ŘŜƭƛǾŜǊȅΣ оу҈ ŀƴŘ нм҈ ƻŦ ǘƘŜ ǿƻƳŜƴ ƘŀŘ ±[ җрл ŀƴŘ ±[ җм ллл 

copies/mL, respectively. Overall, the rate of VL monitoring within nine months postpartum was 13% 
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ŀƴŘ от҈ ƻŦ ǿƻƳŜƴ ǿƛǘƘ ŀ ±[ ǘŜǎǘ ǿƛǘƘƛƴ ƴƛƴŜ ƳƻƴǘƘǎ ǇƻǎǘǇŀǊǘǳƳ ƘŀŘ ±[ җрл ŎƻǇƛŜǎκƳ[Φ ²ƻƳŜƴ ǿƛǘƘ 

evidence of VL monitoring during the antenatal period were more likely to be virally suppressed at 

delivery and receive VL monitoring during the postpartum period. We observed that a significant 

ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǿƻƳŜƴ ŀƎŜŘ ғнр ȅŜŀǊǎ ƘŀŘ  ±[ǎ җрл ŎƻǇƛŜǎκƳ[ ŀǘ ŘŜƭƛǾŜǊȅ ŀƴŘ ǘƘŀǘ ǿƻƳŜƴ ǿƛǘƘ ±[ җрл 

copies/mL at delivery were less likely to be virally suppressed at postpartum follow-up compared to 

ǿƻƳŜƴ ǿƛǘƘ ±[ ғрл ŎƻǇƛŜǎκƳ[ ŀǘ ŘŜƭƛǾŜǊȅΦ {ƛƴŎŜ ǎƛƳƛƭŀǊ ǇǊƻǇƻǊǘƛƻƴǎ ƻŦ ±[ җрл ŎƻǇƛŜǎκƳ[ ǿŜǊŜ 

observed during the antenatal period (37%), delivery (38%) and within nine months postpartum (37%), 

findings show that a similar proportion of women are transitioning 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 determine the proportion of women consistently unsuppressed at all three time points. 

Elimination 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 had no evidence 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 

ǎǳǊǇǊƛǎƛƴƎ ǘƘŀǘ пл҈ ƻŦ ǘƘŜǎŜ ǿƻƳŜƴ ƘŀŘ ±[ җрл ŎƻǇies/mL at delivery. Findings speak to the need for 

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 provides 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 testing.15 Point-of-care VL utilization varied across  our study 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, higher proportions 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 within the 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 were beyond the scope of this study.    

Evidence from different studies show that approximately 30%-37% of women delivering in the public 

ǎŜŎǘƻǊ ƘŀǾŜ ±[ җрл copies/mL at time of delivery.9-11 We present similar findings for maternal viraemia 
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at delivery and within 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 VLs at time of 

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 HIV-exposed infants at a higher risk of MTCT during breastfeeding.20-22 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 patient 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 real-time surveillance of maternal VL during pregnancy, delivery and postpartum periods using 

the NHLS laboratory database can fast-track 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 delivery and the postpartum period by introducing the electronic gate keeping 

(EGK) codes C#PMTCT and C#DELIVERY to distinguish maternal VL testing at these three time points.5 

The EGK codes are meant to be captured on standard laboratory requisition forms for specimens 

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 on the importance 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 implementation of broad-based and programme-level 

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 explain 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 programme-level interventions and require extra services. While this 

approach may be time- and resource-intensive, the PMTCT programme can leverage on services 

ǇǊƻǾƛŘŜŘ ōȅ ΨaƻƳ/ƻƴƴŜŎǘΩ ŀƴŘ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƘŜŀƭǘƘ ŎŀǊŜ ǿƻǊƪŜǊ ǇǊƻƎǊŀƳƳŜ ǘƻ ŀŘŘǊŜǎǎ such 

needs.23 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. The targeted health messages aim 

at improving both maternal and infant health.23 Subscription to the service is on a voluntary basis and 

is free of charge. 
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7.6 Study limitations 

 

Interpretation of our findings requires consideration of certain limitations. We relied on 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 from laboratory 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 cohort monitoring 

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 demographics (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 postpartum24 and each facility 

may capture their personal identifiers differently. However, a manual search for longitudinal VL test 

results for 200 randomly selected participants was performed 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 performed 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 surveillance data from 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 study lacked information of when pregnant or breastfeeding women last received ART, 

whether they were on first- or second-line therapy, and whether any changes to therapy were made 

in response to the VL results. Lastly, 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 why 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. 

7.7 Conclusion 
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Less than 5% of WLHIV enrolled in this study 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 monitoring during 

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 closer monitoring 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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8.1 Introduction 

 

This chapter summarizes the main findings of the PhD research project and places the findings in the 

broader context of eMTCT in South Africa, sub-Saharan Africa and globally. The chapter also discusses 

the implications of the findings on eMTCT policy, programme implementation and operational 

research. This research project was based on a framework which places a direct link between maternal 

viraemia and mother-to-child transmission of HIV (MTCT) as presented in Chapter 1, Figure 1.2. This 

association is widely known.1-3 The framework relates maternal viral load (VL) suppression during 

pregnancy and the postpartum period to a number of factors such as socio-economic, policy 

environment and clinical factors. Thus, this research project sought to describe maternal viraemia as 

a key driver of vertical transmission of HIV to establish a baseline from which to improve virological 

control among South African pregnant and postpartum women of reproductive age living with HIV 

(WRLHIV) in order to fast-track eMTCT. The project focused on 1) clinical factors (timing of HIV 

diagnosis, duration of antiretroviral therapy (ART), comorbidities) 2) policy environment (compliance 

to ART and VL testing coverage during pregnancy and postpartum and 3) geospatial differences in HIV 

response and their impact on maternal VL suppression to direct interventions for the achievement of 

eMTCT in the country.  

8.1.1 Summary of key findings 

 

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 mother-to-child transmission of HIV (PMTCT) service coverage was 

near universal in the public sector during the study period, this research project found that rates of 

maternal VL suppression were suboptimal when using VL thresholds required for elimination of 

mother-to-child transmission of HIV (eMTCT) (VL <50 copies/mL), (Chapter 4, Publication 2). Data from 

a national level, synthetic cohort of pregnant WRLHIV showed that maternal VL was җ50 copies/mL 

for 54% of WRLHIV at first VL measurement during pregnancy, 37% at delivery and 34% during the 

postpartum period. Similar rates of maternal VL suppression at delivery were observed from a cohort 

of known, pregnant women living with HIV (WLHIV) delivering in the public health sector in Gauteng 

province, (Chapter 5, Publication 3). Importantly, the study found that approximately 45% of ART-

experienced WRLHIV at the first antenatal care (fANC) visit had a VL җ50 copies/mL at fANC visit 

nationally (Chapter 4, Publication 2). Moreover, proportions of maternal viraemia were higher in 

WRLHIV who were ART-naïve at fANC visit, with two thirds having VL җ50 copies/mL after 12 weeks of 

ART use. However, differences in maternal viraemia were not apparent between the two groups at 
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delivery and postpartum. A slight increase in viraemia was observed late postpartum (12-15 months 

after delivery) for ART-naïve WRLHIV at the fANC visit in comparison to their ART-experienced 

counterparts. Sustained decline in maternal viraemia during follow up was predicted by a CD4 count 

җ500, maternal age җ25 years, VL <50 copies/mL and absence of comorbidities at baseline. Provincial 

differences in rates of maternal VL suppression during pregnancy, delivery and postpartum periods 

were noted, with greater variation observed at district level. Higher rates of maternal VL suppression 

were observed in KwaZulu-Natal and Western Cape provinces while the poorer performing 

programmes were Limpopo, Gauteng and the Eastern Cape provinces during the study period.  

Results from a sub-district level ecological analysis (Chapter 6) demonstrated that maternal viraemia 

during the postnatal period, high maternal seroprevalence and women initiating ART late in pregnancy 

and/or incident maternal HIV during pregnancy were significant drivers of vertical transmission within 

the national PMTCT programme. Booking early (<20 weeks gestation) for ANC was associated with 

reduction in of number MTCT cases in the programme.  

Viral load monitoring according to national guidelines among pregnant and postpartum WLHIV was 

poorly implemented (Chapter 7, Publication 4), albeit at a time when VL monitoring had relatively 

recently been introduced into the national PMTCT program. A review of compliance to national VL 

testing guidelines for pregnant and postpartum WLHIV in Gauteng province showed that <5% of 

WLHIV with a VL at delivery received VL monitoring during antenatal and postpartum periods 

according to national guidelines. More than 80% of WLHIV delivering had no evidence of VL 

monitoring during the antenatal period and these women were more likely to be virally unsuppressed 

at delivery and receive no VL monitoring postpartum.  

8.2 Discussion points 

 

The discussion points for this thesis are based on factors that impact rates of maternal VL suppression 

as guided by the framework of the research project (Figure 1.2).   

8.2.1 Maternal VL suppression rates were suboptimal during pregnancy and postpartum 
 

Despite near universal PMTCT service coverage in the public health sector in South Africa4,5, rates of 

maternal VL suppression were poor during the study period. Over a third of WRLHIV had VL җ50 

copies/mL at delivery and postpartum, thereby increasing risk of transmission. Study 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, 50-<1 000 and җ1 000 copies/mL around the time of delivery. 

These findings confirmed reports from a smaller, cohort from the Western Cape province as well as 
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from a French cohort of WLHIV.1,3 Given >95% ART coverage among antenatal clients, the high 

proportions of viraemia observed in this study reflect gaps in maternal HIV diagnosis and subsequent 

late ART initiation or viraemia as a result of incident maternal infections.6,7 This may explain the 

observed positive association between increase in ART coverage and number of MTCT cases in the 

population level analyses, suggesting provision of ART late in pregnancy or in women seroconverting 

during pregnancy. Hence, some women did not have sufficient time on ART to suppress their VL and 

transmitted HIV to their children. Alternatively, suboptimal maternal VL suppression during pregnancy 

and postpartum could be attributed to poor quality of care at these times since more than 50% of 

pregnant WRLHIV in this study were already on ART at the fANC visit. Poor case management may also 

explain the suboptimal VL suppression observed in women newly diagnosed and starting ART during 

pregnancy, whereby two thirds of these women had VL җ50 copies/ml after three months of ART use. 

These findings emphasize that pregnant and postpartum WLHIV require close monitoring throughout 

the continuum of PMTCT care. Close monitoring needs to adopt a holistic approach, starting with 

ascertainment of maternal HIV and ART status at every contact with the health system, continuous 

assessment of adherence and frequent, timely VL monitoring for women on ART. This approach is 

labour intensive given high maternal HIV burden and shortage of human resources in the public health 

sector, which provides >80% of HIV care in the country.8,9 

The community health worker programme, which is already operational in South Africa can 

supplement PMTCT services to alleviate work load on mainstream health care providers.10 

Furthermore, engagement of community health care workers has potential to improve retention in 

care and VL suppression rates among pregnant and postpartum WLHIV by providing individualized, 

on-going patient support from within communities. Pregnant and postpartum WLHIV can also benefit 

from peer-mentor mother programmes such as Mothers2Mothers.11 In 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 as in Uganda.12,13 A patient-centred approach has 

potential to foster accountability and build relationships between health care workers, patients and 

the community to fast-track eMTCT. Regarding VL suppression, the guidelines of 2019 now 

recommend a triple regimen containing Dolutegravir (DTG) for first line therapy for all people on ART, 

including WRLHIV.14 Dolutegravir achieves VL suppression rapidly, has a high genetic barrier to 

resistance and is well tolerated.15,16 A randomized controlled trial comparing maternal VL suppression 

in women using DTG versus Efavirenz (EFV) reported that time to VL suppression reduced by half in 

DTG users compared to EFV.17 These attributes can improve maternal VL suppression within the 

programme towards achievement of eMTCT. Furthermore, the near universal access of DTG has 



139 
 

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 caesarean deliveries for all WLHIV. This model of care may have contributed to the achievement of 

eMTCT among countries that have achieved this 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 caesarean delivery to be effective at reducing MTCT among women presenting with 

high VL at time of delivery in resource limited settings.18 As of December 2020, there is guideline 

ambiguity around the mode of delivery for women presenting with high VL at time of delivery in South 

!ŦǊƛŎŀΣ ƘŜƴŎŜ ǘƘƛǎ ƳƻŘŜƭ ƻŦ ŎŀǊŜ ƛǎ ǇǊƻǇƻǎŜŘ ŦƻǊ ΨƘƛƎƘ ǊƛǎƪΩ ƳƻǘƘŜǊǎ ŀǘ ǘƛƳŜ ƻŦ ŘŜƭƛǾŜǊȅΦ  

8.2.2 Poor VL monitoring among pregnant and postpartum WRLHIV during the study period 
 

Maternal VL monitoring during pregnancy, delivery and postpartum was poor during the study period. 

Elimination of MTCT requires maternal VL <50 copies/mL prior to pregnancy, during pregnancy and 

the postpartum period and this can only be ascertained by frequent and timely VL monitoring.19,20 

Although it was suspected that VL monitoring was suboptimal, the very low proportions of ante- and 

postpartum women receiving VL monitoring were unexpected and are very concerning. In Gauteng 

province, <5% of pregnant WLHIV received VL monitoring according to national VL testing guidelines 

and majority (>80%) of the cohort had no evidence of VL monitoring during ANC. These findings 

emphasize the need for prioritizing VL monitoring for pregnant and postpartum WLHIV to prevent 

MTCT as well as to achieve the third 90 of UNAIDS 90-90-90 targets for this population.21 South Africa 

has a well-established PMTCT policy framework that provides for adequate VL monitoring among 

pregnant and postpartum WLHIV.14 However, recommendations of guidelines did not translate into 

practice in the field as shown by findings of this study. The 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 users. The programme also needs to educate WLHIV on 

the importance of VL monitoring and VL suppression to create demand for VL testing and to empower 

women to take charge of their health. These initiatives can be augmented by the mentor mother and 

community health worker programmes mentioned previously. Within the health system, a new model 

of care for pregnant and postpartum WLHIV can utilize mid-wives or obstetric services to continue 

providing care for WLHIV until cessation of breastfeeding before they transition back to routine 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 mother-infant pair versus standard of care which refers mothers 

for routine HIV care separately from infant services.22 Results 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 programme thereby confirming results from other studies that 

the postnatal period is the new frontier for MTCT in the country.23 This may be attributable to the 

disconnect between ante- and postnatal HIV care, which facilitates maternal attrition postpartum.24,25 

Thus, the approach of using mid-wives and obstetric services to continue providing HIV care to 

postpartum WLHIV will contribute positively towards eMTCT. 

 

Viral load monitoring and clinical management during pregnancy and postpartum can also be 

improved by scale up of point-of-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 HIV burden. The short duration from pregnancy to the time of delivery means there 

is limited window for intervention, necessitating quick turn-around-times from VL testing to receipt 

of results among pregnant WLHIV. The PMTCT programme can leverage PoC VL testing to lower result 

turn-around-times among pregnant and postpartum WLHIV and facilitate urgency in responding to  

elevated maternal VLs. This can be implemented in the form of targeted testing of high risk mothers 

as opposed to offering PoC for all WLHIV, which may not be feasible in large hospitals. In addition, 

availability of VL results before mothers leave the healthcare facility, has potential to improve 

retention in care.26 Findings from the Gauteng cohort showed 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 settings despite the availability of a large footprint of PoC instruments used for 

tuberculosis diagnosis in the country. This initiative has potential to improve maternal VL monitoring 

and retention in care during pregnancy and the postpartum period.27,28 However, benefits from PoC 

technologies are conditional on addressing health system level factors.28 

8.2.3 Community VL higher in pregnant WLHIV than non-pregnant WLHIV  
 

There are few studies that have compared VL suppression between pregnant and non-pregnant 

WLHIV in the context of eMTCT. Women living with HIV alternate between being pregnant and not 

and eMTCT requires VL suppression prior to pregnancy, maintained through pregnancy until 

breastfeeding cessation. Programmatically, this means that all WRLHIV need to be virally suppressed 

at all times to ensure they are in the best possible health prior to conception. Scale up of pre-
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conception services for women and couples living with HIV is needed. South Africa has a high rate of 

unintended pregnancies, regardless of HIV status.29-31 Different levels of VL suppression (VL <1 000 

copies/mL) have been reported for WLHIV in South Africa, ranging from 79% (all females), 90% (15-64 

years), 67% (15-49 years) and 48% for AGYW in HIV care.32,33 None of these studies reported on 

pregnant WLHIV, hence this study attempted to fill this gap, using VL thresholds required for eMTCT.  

Findings from this study demonstrated higher proportions of maternal VL җ50 copies/mL in pregnant 

versus non-pregnant WLHIV at comparable time points during follow up, proving the study hypothesis. 

This difference was apparent at the fANC visit, where proportions of maternal VL җ50 copies/mL were 

43% for ART-experienced, pregnant WRLHIV versus 35% for non-pregnant WRLHIV at cohort entry 

(p<0.001). Albeit using a different threshold, a Zimbabwean study reported similar findings of VL 

җ1 000 copies/mL at fANC visit in 22% versus 16% of pregnant WLHIV and non-pregnant WLHIV 

respectively.34 These data demonstrate that the period of pregnancy is a critical point in the lives of 

WRLHIV, which is prone to suboptimal viral control. Consequently, in order to achieve eMTCT, PMTCT 

programmes need to strength adherence support, monitor maternal VL timeously to improve 

maternal VL suppression and maternal health. In some instances, suboptimal VL suppression could be 

due to drug resistance.35,36 However, the introduction of DTG into national ART guidelines is 

anticipated to alleviate this problem due to it having a higher genetic barrier compared to EFV15, 

although concerns of weight gain associated with DTG use might discourage adherence.  

In this study, comorbid conditions were associated with high maternal VL during follow up. 

Approximately 10% of the national cohort of pregnant WRLHIV ƘŀŘ ŜǾƛŘŜƴŎŜ ƻŦ җм ŎƻƳƻǊōƛŘ ŎƻƴŘƛǘƛƻƴ 

(syphilis, TB and kidney disease) during pregnancy with syphilis seropositivity documented in 3% of 

the cohort. These findings concur with other reports on syphilis positivity among pregnant WLHIV 

from South Africa.37 It is known that pregnant WLHIV co-infected with TB or syphilis have a 2-2,5 times 

higher risk of MTCT compared to their negative counterparts.37,38 Thus, screening and treating all 

pregnant and postpartum WRHIV co-infected with TB or syphilis is critical for achieving eMTCT of both 

HIV and syphilis.  

8.2.4 Young mothers and vertical transmission in the era of eMTCT 
 

Youth pregnancies (15-24 years) are common in South Africa, with one in three 15-19 year old women  

reporting ever being pregnant.39-41 This same age group has the highest lifetime risk for HIV acquisition 

among females.42 In this study, patient-level analyses showed that maternal viral control during follow 

up was poor in younger mothers (<25 years at fANC visit) compared to older women. Younger mothers 

were 1) less likely to have documented evidence for VL monitoring during the ANC period ii) less  likely 
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to be virally suppressed at delivery and iii) less likely to be retained in care postpartum. These findings 

are not new.39-41 Adolescent and younger mothers are more likely to be unaware of their HIV status 

at programme entry, leading to a shorter duration of ART during pregnancy and therefore, have a 

higher risk of transmitting HIV to their children. Prior to the universal test and treat (UTT) strategy, 

antenatal testing was the main entry point for HIV diagnosis for many women43,44 and this is likely the 

case for most AGYW. Poor viral control in younger mothers is also attributed to slower uptake of 

PMTCT services due to social and behavioural issues, such as stigma and relational barriers with health 

care providers.45 However, population-level analyses in this study did not show any association 

between younger maternal age and vertical transmission. This may be attributable to less variability 

in proportions of pregnant women < 25 years of age at sub district level. 

Younger mothers constituted a quarter of WRLHIV accessing care within the national PMTCT 

programme in this study. These women represented a significant proportion of mothers that require 

attention, given they have the highest risk of MTCT. The mentor-mother programme has a place in 

facilitating adherence and social support for these women.12,13 For non-pregnant HIV-positive AGYW, 

the PMTCT programme needs to intensify family planning services to prevent unplanned pregnancies. 

Research shows that unplanned pregnancies are associated with MTCT.39-41 For HIV negative AGYW, 

scaling up sexual and reproductive health represents low hanging fruit for eMTCT. The DREAMS 

project and School Health Programme are necessary to empower AGYW and promote sexual 

reproductive health education in schools respectively.46,47 Pre-exposure prophylaxis (PreP) needs to 

be widely accessible to youth and to all other pregnant and breastfeeding HIV-uninfected women.48, 

According to modelling data from the Thembisa model, provision of PreP to HIV-uninfected pregnant 

and breastfeeding mothers would reduce cases of incident paediatric HIV infections by between 2.5% 

and 7.2% between 2020-2030 in South Africa.48 In 2020, provision of PreP to pregnant and 

breastfeeding HIV-uninfected mothers was not policy, nevertheless this approach would be 

recommended to assist in achieving eMTCT. Overall, HIV prevention services among HIV-uninfected 

women of reproductive age require prioritization to reduce maternal seroprevalence and rates of 

seroconversion during pregnancy and postpartum periods to fast-track eMTCT.  

8.2.5 Existence of geospatial differences in maternal viraemia during pregnancy and 

postpartum  
 

Geospatial differences in maternal viraemia during follow up were observed during the study period. 

Although provincial differences were noted, greater variation was observed at district level. Rates of 

maternal VL suppression at specific time points were higher in KwaZulu-Natal, Western Cape and Free 

State provinces, while higher proportions of virally unsuppressed WRLHIV were noted from Limpopo, 
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Gauteng and Eastern Cape provinces. Geospatial differences in maternal viraemia could be a result of 

challenges that are unique to PMTCT programmes at sub-national level, suggesting contextualized 

interventions for eMTCT. For example, migration 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 

these and other countries often seek care from the South African health system.49,50 Migrant mothers 

are more likely to be virally unsuppressed due to barriers to optimal care51,52 hence they may have 

contributed to maternal viraemia in these provinces. However, there is no published data quantifying 

the extent of HIV care provided to migrant mothers and their impact on the performance of provinces 

and/or districts in South Africa. Gauteng province on the other hand, has high rates of migration-inter-

provincially and internationally. High mobility of pregnant WRLHIV may disrupt continuity of care and 

contribute to poor maternal VL suppression.53  

At population-level, findings demonstrated increase in cases of MTCT with increase in maternal HIV 

seroprevalence rate at sub-district level. These results highlight the need for intensifying HIV 

prevention services to reduce maternal HIV prevalence. In the interim, sub-districts with maternal HIV 

prevalence above the national average should be prioritized for eMTCT resources.  

8.2.6 Routine monitoring of maternal VL suppression rates for eMTCT and UNAIDS 90-90-90 

targets 
 

In order to fast-track eMTCT, there is need for improved systems for tracking VL monitoring and 

suppression rates among pregnant and postpartum WLHIV. Current systems for following up pregnant 

and postpartum women in HIV care are weak.23,25 Inconsistent documentation of demographic details 

(such as names and surnames) when switching between clinics for ante- or postnatal care or errors in 

data capture may result in failure to accurately monitor longitudinal care among pregnant and 

postpartum WLHIV.24 In some instances, women change their demographic information when 

accessing care in multiple clinics and this is often associated with lack of HIV disclosure.54 Regardless 

of reasons for changes in demographic details, a disconnect between ante- and postpartum HIV care 

compromises longitudinal monitoring of care. Thus, the PMTCT programme will benefit from better 

systems for tracking of pregnant and postpartum WLHIV throughout the continuum of care, such as 

use of unique patient identifiers.55,56 At programme level, the  use of electronic gate keeping (EGK) 

codes associated with maternal VLs performed during pregnancy, delivery and the postpartum period 

enable accurate, routine surveillance from the NHLS.26 However, the success of this endeavor is 

dependent on uptake from stakeholders.  
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8.3 Study Strengths and limitations 

 

Findings of this study are based on a large, nationally representative cohort of pregnant and 

postpartum WRLHIV accessing PMTCT care within routine settings. These findings reflect real-life 

performance of the national PMTCT programme. The large sample size of the study maximizes 

representativeness and generalizability of findings to pregnant and postpartum WRLHIV in the 

country, as opposed to clinical trial populations.57 The study data were available at provincial and 

district level, allowing evaluation of study outcomes sub-nationally. However, the study was limited 

by several factors. 

The main study cohort is a synthetic cohort of pregnant WRLHIV, created by applying a set of criteria 

to routine HIV-test data from the NHLS CDW. This is because there was no marker for pregnancy within 

the NHLS CDW during the study period. Therefore syphilis screening, based on universal testing 

coverage at the fANC visit, in association with ward type and/or post-pregnancy cervical screening 

ŀƴŘκƻǊ ōƛǊǘƘ IL± ǘŜǎǘ ŀƴŘκƻǊ ǇƻǎƛǘƛǾŜ ʲ-hCG was used as a proxy for pregnancy (inclusion criteria).57 It 

is anticipated that the inclusion criteria were highly specific and excluded non-pregnant and some 

pregnant WRLHIV. This potentially explains the lower numbers of pregnant WRLHIV in the study 

cohort when compared to reported figures from the DHIS.57 However, the provincial distribution of 

pregnant WRLHIV in the study cohort was similar to DHIS.57 In addition, the ratio of ART-experienced 

versus ART-naïve 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 to DHIS. This difference may be attributable to the fact that the 

synthetic cohort was enrolled earlier in time (start of UTT) and focused on specificity for pregnancy.  

However, findings from the study cohort concurred with reports from similar studies, which enrolled 

known pregnant or postpartum WRLHIV.58 This suggested representativity of pregnant WRLHIV in 

South Africa by the study cohort.  

Longitudinal record linkage within the NHLS CDW relies on probabilistic matching of patient 

demographics due to lack of a unique identifier. This may compromise record linkage, especially where 

there is inconsistent documentation of patient demographics. Pregnant WRLHIV in South Africa are a 

mobile population and the fragmentation of ante- and postpartum HIV care forces women to access 

care at different facilities, sometimes in different provinces.59 In cases where demographics are not 

captured consistently, historical records of care cannot be linked. Thus, maternal VL suppression rates 

may have been under-estimated in this study due to suboptimal record linkage within the NHLS CDW. 

A previous validation of the performance of the NHLS CDW patient-linking algorithm against a gold 

standard dataset of adult ART patients yielded good results.32,60 However, the algorithm has not been 

validated for pregnant WRLHIV. Furthermore, the NHLS CDW is not a clinical database. This meant 
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that clinical data that were relevant to the study were not available. For example, information on 

maternal ART start dates and antiretroviral (ARV) regimens were not available to the study to evaluate 

impact of ART duration on maternal VL suppression. However, >95% ART coverage in the public health 

sector implies that the majority of women would have received ART at fANC visit. 

Maternal VL testing coverage 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 or during the postpartum period. In 

the case of this bias being substantial, these findings may have under-estimated rates of VL 

suppression. However, the fact that study findings concur with reports from other studies on similar 

work, suggests that study data were representative of VL outcomes of pregnant and postpartum 

WRLHIV.  

8.4 Implications for policy and next steps 
 

This study has succeeded in providing a baseline for maternal VL suppression rates during pregnancy, 

delivery and the postpartum period, nationally and sub-nationally. Overall, rates of maternal VL 

suppression were low during the study period in spite of high ART coverage. Findings suggest that the 

programme needs to focus efforts on achieving maternal VL suppression to achieve eMTCT. The study 

identified sub-national programmes with high maternal viraemia and those achieving VL suppression. 

Next steps need to investigate reasons for suboptimal performance in Limpopo, Gauteng and 

Mpumalanga provinces, whilst acknowledging that rates of VL suppression may have changed 

subsequent to 2017.  

The synthetic cohort utilized in this study is amongst the first cohorts to provide a longitudinal 

description of maternal viraemia during pregnancy, delivery and postpartum nationally. Currently 

there is no national cohort of 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, surveys are costly and time 

consuming while localized studies limit generalizability of their findings to other populations.61 With 

this study, algorithms and methodology utilized in the creation of the synthetic cohort, can be further 

refined to guide creation of a national cohort from routine laboratory data for on-going review of the 

programme as well as linking mother infant pairs for longitudinal surveillance. In addition, the use of 

a unique patient identifier would allow the laboratory database access to the PMTCT module in 

Tier.net for maternal clinical data such as ART start dates, ART regimens, comorbidities and 

information on drug resistance. Tier.net is an electronic patient management system for people living 
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with HIV, accessing care in the public health sector.62 Tier.net belongs to the South African National 

Department of Health and does not yet provide national coverage. The system relies on data being 

captured at health care facility level during patient visits. 

The PMTCT guidelines of 2019 have made provision 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 NHLS.14 Health care providers are required to capture two codes, 

C#PMTCT or C#DELIVERY on standard laboratory requisition forms for specimens belonging to 

pregnant WLHIV, submitted for processing by the NHLS. The C#DELIVERY code indicates VL testing at 

time of delivery. The C#PMTCT identifies VL testing during the antenatal or postnatal period. A 

pregnant WLHIV without a previous C#PMTCT code during her current pregnancy is assumed to be 

receiving an ANC VL test, while patient records with subsequent C#PMTCT codes following a 

C#DELIVERY code represent VL testing postnatally. Currently, the study methodology is being applied 

to the development of routine surveillance reports for near real-time monitoring of maternal VL 

suppression rates amongst pregnant, delivering and postpartum WLHIV within the NHLS CDW. The 

reports use maternal HIV VL EGK codes and ward type (labour, delivery or postnatal) to demonstrate 

VL suppression by geographic location (Appendix 8.1). Overall, this study highlights the utility of the 

NHLS CDW as a cost-effective and robust surveillance system for near real-time monitoring of 

maternal viraemia towards eMTCT. This surveillance system provides coverage at all sub-national 

levels, without any surveillance fieldwork except for writing the EGK codes on the laboratory 

requisition forms.   

8.5 Summary of key recommendations 

 

1. Improve VL monitoring among pregnant and postpartum WRLHIV 

Å Educate and train health care providers on provisions and implementation of PMTCT 

guidelines specifically the correct use of maternal VL EGK codes and HIV VL Results for Action 

reports to identify pregnant women with high VL requiring clinical action 

Å Improve systems for tracking pregnant and postpartum WLHIV for effective longitudinal 

monitoring by utilizing unique patient identifiers 

Å Integrate targeted PoC VL testing in routine settings 

Å Create demand for VL testing during pregnancy and postpartum by educating women in 

communities on the importance and implications of VL testing such as educational 

programmes offered by the Treatment Action Campaign63 
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Å Investigate whether all factors during pregnancy that cause suboptimal VL suppression in our 

local setting have been identified and intervene where possible 

2.  Improve case management of pregnant and postpartum WRLHIV to improve VL suppression rates 

Å Maternal HIV testing to be provided at every contact with the health system to facilitate early 

ART initiation 

Å Consider elective caesarean deliveries in WLHIV with high VL at time of delivery 

Å Engage community health care workers to allow for individualized care 

Å Provide on-going support throughout pregnancy and postpartum periods (peer-mentor 

mothers), particularly for younger mothers 

3. Prioritize HIV prevention among all women of reproductive age to lower maternal seroprevalence 

Å Scale up family planning services, particularly in geographic areas with high a burden of 

women of reproductive age 

Å Scale up PreP for all youth and other women of reproductive age 

Å Invest in school based sexual reproductive health programmes to lower maternal 

seroprevalence in future which is critical for eMTCT 

8.6 Conclusion 

 

Despite near-universal 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 case 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 investigation on how to 

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 initiating ART late in pregnancy and/or incident 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 to create 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 WRLHIV to achieve VL 

suppression to levels required for eMTCT. Findings from this research have informed the development 
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of routine surveillance reports for near real-time monitoring of VL suppression rates among pregnant 

WLHIV from the NHLS CDW for measuring progress to eMTCT and the UNAIDS 90-90-90 targets. 

  



149 
 

8.7 References 

 

1. Myer L, Phillips TK, McIntyre JA, Hsiao N-Y, Petro G, Zerbe et al. HIV viraemia and mother-to-child 

transmission risk after antiretroviral therapy initiation in pregnancy in Cape Town, South Africa. HIV 

Med. 2017;18(2):80-88. 

2. Mandelbrot L, Tubiana R, Le Chenadec J Dollfus C, Faye A, Pannier E et al. No perinatal HIV-1 

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

Dis. 2015;61(11):1715-25. 

3. Tubiana R, Le Chenadec J, Rouzioux C, Mandelbrot L, Hamrene K, Dollfus C et al. Factors associated 

with mother-to-child transmission of HIV-1 despite a maternal viral load <500 copies/ml at delivery: a 

case-control study nested in the French perinatal cohort (EPF-ANRS CO1). Clin Infect Dis. 

2010;50(4):585-596. 

4. Mnyani CN, McIntyre JA. Challenges to delivering quality care in a prevention of mother-to-child 

transmission of HIV programme in Soweto. S Afr J HIV Med. 2013;14(2):64-69. 

5. Pellowski J, Wedderburn C, Stadler JAM, Barnett W, Stein D, Myer L et al. Implementation of 

prevention of mother-to-child transmission (PMTCT) in South Africa: Outcomes from a population-

based birth cohort study in Paarl, Western Cape. BMJ Open. 2019;9(12):e033259. 

6. Moyo F, Mazanderani AH, Bhardwaj S, Mhlongo OB, Kufa T, Ngoma K  et al. Near-real-time tracking 

of gaps in the prevention of mother-to-child transmission of HIV in three districts of KwaZulu-Natal 

Province, South Africa. S Afr Med J. 2018;108(4):319-324. 

7. Phelanyane F, Boulle A, Kalk E. Prevention of mother-to-child-transmission (PMTCT) of HIV in 

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/jia2.25547. [Cited 29 December 2020]. 

8. Makhado L, Davhana-Maselesele M, Lebese RT, Maputle SM. Factors facilitating trained NIMART 

ƴǳǊǎŜǎΩ ŀŘƘŜǊŜƴŎŜ ǘƻ ǘǊŜŀǘƳŜƴǘ ƎǳƛŘŜƭƛƴŜǎΥ ŀ Ǿƛǘŀƭ ƳŀǘǘŜǊ ƛƴ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ¢.κIL± ǘǊŜŀǘƳŜƴǘ ƛƴ 

South Africa. BMC Nursing. 2020;19:77. 

9. Cameron D, Gerber A, Mbatha M, Mutyabule J, Swart H. Nurse initiation and maintenance of 

patients on antiretroviral therapy: Are nurses in primary care clinics initiating ART after attending 

NIMART training? S Afr Med J. 2012;102(2):98-100. 

10. Munshi S, Christofides NJ, Eeyles J. Sub-national perspectives on the implementation of a national 

community health worker programme in Gauteng Province, South Africa. BMJ Glob Health 

2019;4(10):e001564. 

11. Mothers2Mothers. Available from https://m2m.org/. [Cited 20 January 2021]. 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jia2.25547
https://m2m.org/


150 
 

12. Wynn A, Rotheram-Borus MJ, Leibowitz AA, Weichle T, le Roux I, Tomlison M. Mentor mothers 

program improved child health outcomes at a relatively low cost in South Africa. Health Aff. 

2017;36(11):1947ς1955. 

13. Igumbor JO, Ouma J, Otwombe K, Musenge E, Anyanwu FC, Mbule M et al. Effect of a mentor 

mother programme on retention of mother-baby pairs in HIV care: A secondary analysis of programme 

data in Uganda. Plos ONE. 2019;14(10):e0223332. 

14. 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/2019-

11/2019%20ART%20Guideline%20PRINT%20FINAL%2025%20Nov.pdf. [Cited 05 February 2020]. 

15.  Bailey H, Zash R, Rasi V, Thorne C. HIV treatment in pregnancy. Lancet HIV. 2018;5(8):e457ςe467. 

16. Kanters S, Vitoria M, Doherty M, Socias ME, 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):e510ςe20. 

17. Kintu K, Malaba TR, Nakibuka J, Papamichael C, Colbers A, Byrne K et al. Dolutegravir versus 

efavirenz in women starting HIV therapy in late pregnancy (DolPHIN-2): an open-label, randomised 

controlled trial. The Lancet. 2020;7(5):e332-e339. 

18. Egbe TO, Tchente CN, Mangala Nkwele G-F, Nyemb JE, Barla ME, Belley-Priso E. Cesarean delivery 

technique among HIV positive women with sub-optimal 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, Hsiao N-Y, Abrams EJ, Myer L. Optimal timing of viral load 

ƳƻƴƛǘƻǊƛƴƎ ŘǳǊƛƴƎ ǇǊŜƎƴŀƴŎȅ ǘƻ ǇǊŜŘƛŎǘ ǾƛǊŀŜƳƛŀ ŀǘ ŘŜƭƛǾŜǊȅ ƛƴ IL±πƛƴŦŜŎǘŜŘ ǿƻƳŜƴ ƛƴƛǘƛŀǘƛƴƎ !w¢ ƛƴ 

South Africa: a simulation study. J Int AIDS Soc. 2017;20(7):e25000. 

20. Myer L, Essajee S, Broyles LN et al. Pregnant and breastfeeding women: A priority population for 

HIV viral load monitoring. Plos 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 load suppression proportions reflect progress towards the 90-90-90 target in the 

population on antiretroviral treatment in Khayelitsha, South Africa? S A Med J. 2019;109(3):174-177. 

22. Myer L, Phillips TK, Zerbe A, Brittain K, Lesosky M, Hsiao N-Y et al. Integration of postpartum 

healthcare services for HIV-infected women and their infants in South Africa: A randomised controlled 

trial. PloS Med. 2018; 15(3):e1002547. 

23. Chetty T, Knight S, Giddy J, Crankshaw TL, Butler LM, Newell ML. A retrospective study of human 

immunodeficiency virus transmission, mortality and loss to follow-up among infants in the first 18 

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


151 
 

months of life in a prevention of mother-to-child transmission programme in an urban hospital in 

KwaZulu-Natal, South Africa. BMC Pediatr. 2012;12:146. 

24. Kerber KJ, de Graft-Johnson 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):1358ς

1369. 

25. Haskins JH, Phakathi SP, Grant M, Mntambo N, Wilford A, 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 during pregnancy 

and postpartum care in Gauteng Province, South Africa. S Afr Med J. 2020 (In press). 

27. Drain PK, Dorward J, Violette LR Quame-Amaglo J, Thomas KK, Samsunder N et al. Point-of-care 

HIV viral load testing combined with task shifting improve treatment outcomes (STREAM): findings 

from an an open-label, non-inferiority, randomised controlled trial. Lancet HIV. 2020;7(4):e229ςe237. 

28. Kufa T, Mazanderani Haeri A, Sherman GG , Mukendi A, Murray T, Moyo F et al. Point-of-care HIV 

maternal viral load and early 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;23(4):e25487. 

29. Adeniyi OV, Ajayi AI, Moyaki MG, Ter Goon D, Avramic 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(1):140. 

30. Davids EL, Kredo T, Matthews C. Interventions for preventing unintended pregnancies among 

adolescents. S Afr Med J. 2020;110(1):7-9. 

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 survey. S Afr Med J 2018;108(6):511-516. 

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 suppression by South African province, 

district, sub-district and facility (April 2014-March 2015). Available from 

https://openknowledge.worldbank.org/handle/10986/25399. [Cited 15 November 2020]. 

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_PDFA4.pdf. [Cited 28 May 2020]. 

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


152 
 

34. Maphosa T. Viral load suppression among pregnant woman presenting on ART in antenatal care; 

Chiredzi District Zimbabwe. Southern African HIV Clinicians Conference, Johannesburg South Africa. 

2018. Available from https://www.sahivsoc2018.co.za/wp-content/uploads/2018/11/22C_Talent-

Maphosa.pdf. [Cited 29 December 2020]. 

35. Ruperez M, Noguera-Julian M, Gonzalez R, Maculuve S, Bellido R, Vala A et al. HIV drug resistance 

patterns in pregnant women using next generation sequence in Mozambique. Plos ONE. 

2018;13(5):e0196451. 

36. Parades R, Marconi VC, Lockman S, Abrams EJ, Kuhn L. Impact of antiretroviral drugs in pregnant 

women and their children in Africa: HIV resistance and treatment outcomes. J Infect Dis. 2013;207(2): 

S93ςS100. 

37. Kufa T. Maternal screening for infections and Congenital syphilis. 8th FIDSSA Congress. Indaba Hotel 

Johannesburg, South Africa. Available from http://fi dssacongress.co.za/wp-

content/uploads/2019/12/Maternal-screening-for-infections-congenital-syphilis-Tendesayi-Kufa-

Chakezha.pdf. [Cited 05 February 2020]. 

38. Turnbull ER, Kancheya NG, Harris JB, Topp SM, Henostroza G, Reid SE. A  Model of Tuberculosis 

Screening for Pregnant Women in Resource-Limited 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 mother-to-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):874-880. 

40. Chetty T, Newell M-L, Thorne C, Coutsoudis A.  Viraemia before, during and after pregnancy in HIV-

infected women on antiretroviral therapy in rural KwaZulu-Natal, South Africa, 2010ς2015. Trop Med 

Int Health. 2018;23(1):79-91. 

41. Goga A, Sherman G, Chirinda W, Ngoma K, Bardwaj S, Doherty T et al. Eliminating mother-to-child 

transmission of HIV in South Africa, 2002ς2016: Progress, challenges and the Last Mile Plan. South 

African Health Review. Health Systems Trust. 2017;20(1):137-146. 

42. Pettifor AE, Rees HV, Kleinschmidt I, Steffenson AE, MacPhail C, Hlongwa-Madikizela 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):1525-1534. 

43. Lightfoot M, Dunbar M, Weiser SD. Reducing undiagnosed HIV infection among adolescents in sub-

Saharan Africa: Provider-initiated and opt-out testing are not enough. PLoS Med. 

2017;14(7):e1002361. 

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


153 
 

44. Ferrand RA, Munaiwa L, Matsekete J, Bandason T, Nathoo K, Ndlovhu CE et al. Undiagnosed HIV 

infection among adolescents seeking primary health care in Zimbabwe. Clin Infect Dis. 2010;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 care. J Commun Health. 2013;38(1):150-155. 

46. DREAMS initiative for adolescent girls and young women in South Africa. Available from 

https://www.unaids.org/en/resources/presscentre/featurestories/2015/november/20151117_drea

ms. [Cited 29 December 2020]. 

47. Sani SA, Abraham C, Denford S, Ball S. School-based sexual health education interventions to 

prevent STI/HIV in sub-Saharan Africa: A systematic review and meta-analysis. BMC Public Health. 

2016;16(1):1069. 

48. Davey DJ, Bekker L-G, 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 

Infections. Seattle Washington, 2018. Abstract no 776. Available from 

https://www.croiconference.org/abstract/modeling-impact-prep-pregnant-and-breastfeeding-

women-south-africa/. [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. 2015;10(6):430-438. 

50. Faturiyele I, Karlestos D, Ntene-Sealiete, 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(1):668. 

рмΦ bƛŎƘƻƭŀǎ tYΣ aŦƻƴƻ bΣ /ƻǊƭŜǎǎ L.Σ 5ŀǾƛŜǎ {aΣ hΩ.ǊƛŜƴ 9Σ tŀŘǳŀ W Ŝǘ ŀƭΦ IIV vulnerability in migrant 

populations in southern Africa: Sociological, cultural, health-related, and human-rights perspectives. 

Int J Afr Nur Scie. 2016;5:1-8. 

52. Kim H-Y, Dobra A, Tanser F. Migration and first-year maternal mortality among HIV-positive 

postpartum women: A population-based longitudinal study in rural South Africa. Plos Med. 2020; 

17(3):e1003085. 

53. tƘƛƭƭƛǇǎ ¢YΣ /ƭƻǳǎŜ YΣ ½ŜǊōŜ !Σ hǊŜƭƭ /Σ !ōǊŀƳǎ 9WΦ [ƛƴƪŀƎŜ ǘƻ ŎŀǊŜΣ Ƴƻōƛƭƛǘȅ ŀƴŘ ǊŜǘŜƴǘƛƻƴ ƻŦ IL±π

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, Sikkena 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):3945ς3956. 

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/


154 
 

55.  Mazanderani HA, Sherman GG, Moyo F, Goga AE, Feucht U. Leveraging the Road to Health booklet 

as a unique patient identifier to monitor the prevention of mother-to-child transmission programme. 

S Afr Med J. 2018;108(9):729-733. 

56. Hasman A, Rapp A, Brown DW. Revitalizing the home-based record: Reflections from an innovative 

south-south exchange for optimizing the quality, availability and use of home-based records in 

immunization systems. Vaccine. 2016;34(47):5697-5699. 

57. Moyo F, Mazanderani Haeri A; Murray T, Sherman GG; Kufa T. Achieving  maternal viral load 

suppression for elimination of mother-to-child transmission of HIV in South Africa. 

AIDS.2021;35(2):307-316. 

58. 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):589ς597. 

59. Clouse K, Pettifor A, Shearer K, Maskew M, Bassett J, Larson B et al. Loss to follow-up before and 

after delivery among women testing HIV positive during pregnancy in Johannesburg, South Africa. 

Trop Med Int Health. 2013;18(4):451-460. 

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 data: a cross-sectional study. BMJ 

Open 2018;8(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 surveillance. 2015. Available from: 

www.unaids.org/sites/default/files/media_asset/SurveillanceRoutineProgrammeData_en.pdf. [Cited 

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 reaction-positive 

in two districts in South Africa. S Afr Med J. 2019;109(9):686-692. 

63. Treatment Action Campaign. Available from https://www.tac.org.za/about-tacs-community-

health-advocacy-programme/. [Cited 20 January 2021]. 

  

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/


155 
 

 

 

APPENDICES 

 

  



156 
 

Appendix 2.1: Approval to access National Health Laboratory Service (NHLS) data 
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Appendix 2.2: Wits HREC Ethics clearance certificate 1 
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Appendix 3.1: Wits HREC Ethics clearance certificate 2* 

 

*Ethical clearance issued to the NICD which waives the requirement for patient consent for studies which audit 

routine programmatic data from the national HIV surveillance programme, that is, access to routinely collected 

HIV PCR data utilized in Chapter 3. 
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Appendix 3.2: Showing Optimized hot spot analysis of intra-uterine case rate per 100 000 by 

district in South Africa, 2018. 
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Appendix 3.3: 95% Confidence Intervals by indicator: Thembisa Model  

Province 
 

Total Population 

 

Number of live births 

Number of live births 

to HIV-positive 

women 

HIV prevalence in 

females 15-49 years 

HIV prevalence in 

females 15-24 years 

HIV prevalence in 

pregnant females 

 LL UL LL UL LL UL LL UL LL UL LL UL 

EC 6 480 370 6 712 180 124 781 127 933 25 712 29 088 23,8% 27,1% 9,3% 12,0% 20,6% 23,8% 

FS 2 838 470 2 922 610 57 221 582 44 12 702 14 289 26,0% 29,2% 9,9% 12,6% 22,2% 25,2% 

GP 14 754 600 15 161 000 278 769 282 459 50 225 59 785 21,8% 24,8% 8,1% 11,2% 17,9% 21,5% 

KZN 11 088 400 11 401 000 229 482 233 967 66 499 73 702 33,2% 36,7% 13,5% 17,0% 28,9% 32,4% 

LP 5 717 500 5 880 160 138 928 141 966 17 473 22 264 16,3% 20,3% 4,6% 7,3% 12,6% 16,4% 

MP 4 598 630 4 720 100 94 039 95 800 22 862 26 608 27,8% 31,4% 11,3% 15,2% 24,4% 28,6% 

NC 1 147 180 1 164 990 25 331 25 565 2 733 3 292 13,1% 15,3% 4,4% 6,1% 10,9% 13,2% 

NW 3 864 190 3 978 380 76 049 77 400 16 080 18 139 24,6% 27,5% 10,6% 13,2% 21,1% 24,1% 

WC 6 742 130 6 867 980 121 150 122 736 11 184 17 313 10,4% 16,0% 3,6% 6,9% 9,2% 14,4% 

RSA 57 546 600 58 766 100 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;  KZN  KwaZulu-Natal;  LP  Limpopo Province;  MP  Mpumalanga Province;  NC  Northern Cape;  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 priority population groups for the elimination of mother-to-child transmission of HIV in South Africa 
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Appendix 5.1: Wits HREC Ethics clearance certificate 3 
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Appendix 5.2: Achieving maternal viral load suppression for elimination of mother-to-child transmission of HIV in South Africa 

 


