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ABSTRACT 

Only half the HIV-infected children in South Africa access antiretroviral treatment (ART), 

despite it being available for over 15 years. Translating infant diagnosis into early 

treatment and retention in care remains a key problem. This project aims to evaluate the 

new strategy of birth HIV polymerase chain reaction (PCR) testing in the context of 

point-of-care (POC) technology, thus enabling early treatment and linkage to care in the 

days after birth. The first paper of the thesis describes the advent of birth HIV PCR 

testing in a large maternity/delivery unit in Johannesburg, South Africa. High coverage 

(93%) and excellent uptake (>99%) were achieved in implementing the Roche COBAS® 

TaqMan® (Version 2.0) HIV-1 Qualitative central laboratory-based test (LABT) between 

June 2014 and December 2016. Overall, maternal HIV prevalence was 23%, and 1.6% 

of tested infants were found to be HIV-infected at birth. Of these, 16% were born to 

women newly diagnosed at delivery. The second paper evaluated the concurrent 

implementation of the Cepheid Xpert HIV-1 Qualitative POC test (POCT), run together 

with the LABT when staff capacity allowed. While only achieving 52% coverage, the 

POCT performed at sensitivity of 100% (95% CI 88·4–100) and specificity of 99·9% 

(95% CI 99·7–100) with a Cohen’s κ coefficient of 0·967 (95% CI 0·922–1·00). It 

enabled a higher proportion of result return (p<0.0001) than LABT alone (96% vs. 53%) 

in all infants and earlier initiation of ART (1 day of age vs. 6 days of age, p=0.0001) in 

infected infants. The third paper (diagnostic challenges) showed that 24% of initial non-

negative birth tests (i.e. positive or indeterminate) were indeterminate, and in 5% of 

cases a significant diagnostic uncertainty remained despite a protracted course of 

testing. The final paper outlines the one-year outcomes of confirmed HIV-infected 

infants diagnosed at birth. The diagnosis enabled 98% of infants to commence ART. 

The 12-month mortality was 0·14 (95% CI 0·08-0·24) and retention in care of those 

initiated on site, excluding deaths, was 78%, with 71% achieving viral suppression to 

<400 copies/ml. Although diagnostic dilemmas are a key challenge and keeping the 

cohort in care requires significant effort, this study nevertheless demonstrates that 

diagnosis at birth serves as an important avenue to improve ART coverage in children. 

In conclusion, birth HIV testing together with POC testing, if implemented strategically, 

can effectively increase access to ART for HIV-infected infants.   
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OVERVIEW 

1. Introduction 

In South Africa, the human immunodeficiency virus (HIV) and acquired immune 

deficiency syndrome (AIDS) epidemic remains a leading cause of child and adult 

mortality.(1) Although under-5 mortality, which peaked in 2003 (78.1 per 1000 live births) 

largely due to HIV, had declined to the lowest levels in two decades (40.5 per 100 live 

births) in 2015 (2), this is still almost double the 25 per 1000 live births target of the 

United Nations Sustainable Development Goals (SDG 3) by 2030.(3, 4) This is a clear 

indicator that, despite the many advances in reducing the impact of HIV, the challenge is 

far from over. 

 

In the context of the South African paediatric HIV epidemic, this project was undertaken 

from 2013 onwards and assimilates research on a new strategy of early infant diagnosis 

of HIV (EID) implemented at the birth time point. It also assesses point-of-care (POC) 

technology in this setting, and the implications of early diagnosis, such as diagnostic 

challenges and one-year outcomes. While the project commenced at a time when 

national EID protocols were in a state of flux, the work was predicated by extensive 

research in EID and prevention of mother-to-child transmission (PMTCT) at the site in 

question (5-12), namely Rahima Moosa Mother and Child Hospital (RMMCH). The site is 

an academic paediatric referral centre which also functions as the main delivery facility 

and obstetric referral site for complicated cases of a sub-district of Johannesburg, South 

Africa.  

 

This chapter provides critical contextual information on the HIV epidemic affecting 

women and children, the diagnostic issues affecting infants, and the programmatic 

challenges that exist around EID and subsequently providing HIV-infected infants with 

access to life-saving antiretroviral treatment (ART). This is followed by a brief discussion 

of each of the four manuscripts that form the basis of the thesis. Recommendations and 

lessons learnt conclude. 
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2. History and present status of the problem 

2.1 HIV and AIDS in children and the current response 

Increasing understanding, new discoveries, and developing technology are gradually 

changing the face of HIV and AIDS, and with it, global public health, as the world 

continues to improve the available modalities of dealing with the disease – igniting 

debates and creating awareness that challenge and transform the way the world thinks 

about sexuality, discrimination, and health care along the way. But still, the plight of 

children infected with HIV, particularly in lower-resourced settings, and the destructive 

effects of AIDS, both directly and by means of parental illness and death, are matched 

only by widespread war and famine.  

 

The first indications of what was to become the worldwide AIDS pandemic were 

recorded in 1981.(13-15) Soon it was noted that the condition was not limited to adults, 

but also affected infants.(16) The term “AIDS” was coined in 1982 (17, 18), and the 

actual virus was isolated in 1983 (19-21), but it was only named HIV in 1986 by the 

International Committee on the Taxonomy of Viruses. Cases of transplacental and 

breastmilk transmission were first published in 1984 and 1985 (22, 23), and in 1987, the 

Ministry of Health in Uganda declared a national emergency, which is seen as the first 

large-scale African response and acknowledgement of the problem.(24) In 1988, the 

Joint United Nations Programme on HIV and AIDS (UNAIDS) announced that there 

were more women infected than men in sub-Saharan Africa.(25)  

 

The first guidelines on the prevention of perinatal transmission of the virus causing AIDS 

were issued in 1985.(26) At this time, a total of 217 cases of paediatric AIDS had been 

reported in the USA and available data suggested that the mother-to-child transmission 

rate lay between 0% and 65%. The guidelines recommended counselling and testing, a 

repeat test towards the end of pregnancy, couples counselling and testing, delaying 

pregnancy in the event of a positive result, and the avoidance of breastfeeding. In 1994, 

the Centers for Disease Control and Prevention (CDC) published guidelines formalising 

the use of zidovudine (AZT) to prevent mother-to-child transmission following the 

findings of the Pediatric AIDS Clinical Trials Group (PACTG) 076 trial.(27, 28) Since 

then, many ground-breaking trials have been conducted, making the hope for virtual 
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elimination of paediatric disease a possible aspiration, as well as making safe 

conception and pregnancy a reality for HIV-infected women. 

 

Presently in South Africa, maternal HIV prevalence is around 31% (30.8% point-estimate 

in 2015, highest in past five years), and prevalence in the population as a whole lies 

above 12%.(29, 30) The mother-to-child transmission rate has steadily declined from 20-

40% in the absence of prevention, to under 5% in 2010 and under 3% in 2013 (at four to 

eight weeks).(31-34) South Africa has adopted the stance of promoting breastfeeding, 

and no longer makes free breast milk substitutes available, except in isolated cases.(35) 

While previously highly risky, pregnancy in the context of HIV has become a 

manageable process that can be concluded safely for mother, father and child.  

 

Despite this progress in PMTCT, there are currently an estimated 2.1 million children (0-

14 years) living with HIV globally, 63% of which live in eastern and southern Africa 

(Figure 1.1). South Africa alone is reported to be home to 320,000 children with HIV; 

more than 10% of the global total. Although coverage estimates of interventions for 

paediatric care and prevention are slightly better for eastern and southern Africa 

compared to globally, paediatric ART coverage remains at only 51% in 2017 (Figure 1.2) 

and 55% for South Africa.(36)  

 

The key to paediatric treatment access is diagnosis. If a neonate acquires HIV, they 

have a 40% mortality risk at one year of life if they are not diagnosed and then 

treated.(37-39) In comparison, a new adult infection carries at least a ten-fold lower 

mortality risk.(40) Without an early diagnosis, the infected infant may often only be 

identified when presenting symptomatically ill, often with severe or life threatening 

diseases.(41) Up to a third of HIV-positive mothers may not know about the exposure as 

yet and themselves be newly diagnosed when the infant presents ill.(41) In the early 

years of the epidemic, a diagnosis of having HIV was tantamount to a death sentence, in 

that there was no effective treatment. Decades later, many South African infants and 

children face a similar fate; not because of the absence of treatment, but because of the 

failure to diagnose them in time. Nevertheless, amongst countries in eastern and 

southern Africa, South Africa has the highest percentage (80%) of infants born to 
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pregnant women living with HIV receiving a virological test for HIV within two months of 

age (Figure 1.3).(36) 

 

 

 

Figure 1.1 Estimated numbers of children with HIV in eastern and southern Africa 

Source: UNICEF analysis of UNAIDS 2017 estimates 
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Figure 1.2 Coverage of key interventions for preventing mother-to-child transmission of HIV and 

for paediatric care and treatment globally and in eastern and southern Africa (ESA), 2016 

Source: UNAIDS/UNICEF/WHO Global AIDS Response Progress Reporting and UNAIDS 2017 estimates  

 

 

Figure 1.3 Percentage of infants born to pregnant women living with HIV receiving a virological 

test for HIV within two months of birth, eastern and southern Africa, 2016  

Source: UNAIDS/UNICEF/WHO Global AIDS Response Progress Reporting and UNAIDS 2017 estimates 
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2.2 The evolution of HIV diagnosis – The birth test as a new strategy 

The first test for HIV was approved by the United States Food and Drug Administration 

in 1985. The test was based on the enzyme-linked immunosorbent assay (ELISA), a 

technique which was established in 1971.(42, 43) In 1987, the Western Blot was 

approved as a more specific test for HIV. In 1992, the first “rapid” HIV test kit was 

approved, followed by the first non-blood (oral) test in 1994. In 1996, the first home 

testing kit became available. These tests all detect antibodies in a person’s blood or oral 

fluid. 

 

Polymerase chain reaction (PCR) HIV tests, on the other hand, enable the qualitative 

and quantitative detection of virus directly, rather than antibodies, by detecting viral 

genetic material. PCR testing as a new technology for targeting genetic material was 

first discovered in 1983 by Mullis and Smith, who were awarded the Nobel Prize for 

Chemistry in 1993 for this work.(44, 45) The technology has grown over the past 20 

years, paving the way for a multitude of diverse medical work.(46) For example, viral 

load (VL) PCR testing, which provides a quantitative result of HIV, became available in 

1996, and has since become a tool for both diagnostic confirmation and HIV treatment 

monitoring. 

 

Whereas HIV diagnosis in adults is primarily based on the detection of antibodies, this 

cannot be applied to children under 18 months of age due to persistence of maternal 

antibodies. In the first months of life particularly, a definitive diagnosis can only be made 

by means of virological testing. Current South African and World Health Organisation 

(WHO) guidelines recommend the use of nucleic acid tests (NAT) for infant diagnosis, 

such as PCR or VL testing.(47-49) In more recent years, evidence has emerged that 

there may be even later seroreversion in HIV-exposed infants, and therefore virological 

testing, or at least confirmation, may need to be extended up to 24 months of age.(50)  

 

Apart from requiring virological testing rather than antibody testing, infants require 

multiple tests. Mother-to-child transmission of HIV occurs either in utero (HIV detectable 

in the first 48 hours of life), intrapartum (not detectable at birth, but detection possible by 

six weeks), or postpartum during the course of breastfeeding.(51) Given the high early 
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mortality of HIV, testing should not be delayed until all risks, such as breastfeeding, 

have ceased. It is therefore critical to develop EID protocols that accommodate these 

factors, enabling early detection of in utero infected infants as well as later detection in 

cases where the infection may only have happened intra- or postpartum. 

 

At the outset of this project, the National Department of Health guideline was limited to 

testing infants at six weeks of age. Testing before the age of six weeks was only 

recommended if infants were symptomatic, which included the “symptom” of prematurity, 

low birth weight, or symptomatic illness at birth.(52) The six-week time point was chosen 

because it presented a single test that could identify virtually all infections in the era of 

exclusive formula feeding. Before the advent of widespread PMTCT interventions, the 

majority of HIV-infected infants were infected in the intrapartum rather than in utero 

period (only an estimated 27%) (51, 53), which meant that the sensitivity of tests before 

six weeks of age was low. However, subsequent evidence suggested that it would be 

more effective to test HIV-exposed infants at birth because a higher proportion were 

infected in utero than intrapartum, even though the absolute number of infant HIV-

infections was declining.(9, 10, 41, 54-57) The question of whether this should become 

a national policy and guideline had therefore not yet been agreed at the outset of the 

project, but was integrated into the national policy in 2015 (Figure 1.4).(47) 

 

  

Figure 1.4 Current recommended algorithm of testing in HIV-exposed infants in Gauteng province, 

South Africa 
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Apart from being able to identify a higher proportion of cases at birth, reducing high 

mortality was a further reason to adopt birth testing. In a study conducted at RMMCH 

and surrounding facilities, mortality among 289 HIV-infected infants and children under 

24 months of age identified in the course of 2011 remained above 20%.(6) In this cohort, 

more than half the infants were ill at the time of diagnosis, even if this diagnosis was at 

six weeks of life. Marston et al estimated 20% mortality in perinatally-infected infants by 

90 days of life.(58) In the earlier infant diagnostic study at RMMCH, 25% of infants 

known to have been infected at birth died by 14 weeks of life.(9) Reducing this mortality 

seemed conceptually only possible if the age of diagnosis was reduced.  

 

Another crucial aspect of birth testing is that it may prevent future drug resistance to 

non-nucleoside reverse transcriptase inhibitor (NNRTI)-treatment. This is because HIV-

infected infants are at high risk of developing resistance to nevirapine (NVP), an NNRTI 

class of antiretroviral agent which is used as part of infant prophylaxis in the PMTCT 

programme. Resistance may even occur after a single dose, which is the standard 

recommendation (59), and as NVP is usually commenced immediately following birth in 

HIV-exposed infants, this compromises future treatment with NNRTI-based therapy.(60) 

However, if the diagnosis of HIV takes place at birth, and therefore before NVP 

commencement, this class of agents can be preserved for future treatment. With more 

than 90% of deliveries in South Africa occurring in institutions, this may be an optimal 

time to present this testing modality to HIV-exposed infants (61), although whether this 

will in fact prevent NVP exposure in infected infants remains to be seen. 

 

The case of the “Mississippi Baby”, named after the American state in which she was 

born, has raised hopes of an even greater benefit of very early initiation of treatment – 

that of a possible “functional cure” of HIV.(62-64) The HIV-infected newborn was started 

on aggressive ART 30 hours after birth, and treatment was continued for 18 months, 

after which she was lost to follow-up. However, despite treatment cessation, she 

maintained an undetectable viral load for over two years, at which point she experienced 

a viral rebound and was put back on ART. Nevertheless, the case sparked research into 

whether very early treatment (within hours of birth) may not only hold a key to lowering 
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or eliminating viral reservoirs and reducing HIV mortality and morbidity, but also open 

pathways for cure strategies. This served as further motivation to study very early 

diagnosis and initiation of ART. 

 

2.3 Point-of-care testing modalities 

Considering a standard PCR test requires a central laboratory step with a turnaround 

time of days, rather than hours, very early initiation of ART is often not possible. In some 

settings, the delays from time of phlebotomy to result return to mother/parents may even 

be weeks, depending on proximity and transport resources.(65, 66) The advent of POC 

PCR testing devices may yet provide a practical and feasible solution to this problem by 

enabling an immediate diagnosis and action. However, before recommending any 

devices for routine clinical care, rigorous testing both in the laboratory and in the field 

are required.  

 

There are a variety of POC testing platforms available, and four modalities have 

achieved Conformité Européene In Vitro Diagnostics (CE-IVD) approval: Alere™q HIV-

1/2 Detect, Cepheid Xpert®HIV-1 Qual, Diagnostics for the Real World’s SAMBA I HIV-1 

Qual Test, and SAMBA II HIV-1 Qual Whole Blood Test. The Alere™q HIV-1/2 Detect 

and Cepheid Xpert®HIV-1 Qual have also achieved WHO pre-qualification status (67), 

which aims to ensure that global standards of quality, safety and efficacy are met, and 

resources are used effectively to improve outcomes. Other modalities include the Liat 

HIV Quant (IQuum). Although there is laboratory evaluation data for a number of these 

assays (68-72), little data was available for field evaluation in neonates (73, 74), 

particularly at the time of birth. 

 

A new technology like POC, that changes the dynamics of result return, may also 

significantly affect the emotional response and improve coping of mothers in the context 

of infant HIV testing. Maternal stress in HIV-positive mothers is high, not only related to 

the actual result, but also because of the waiting time for the result.(5, 75-78) 

Acceptance of this technology by mothers and healthcare providers therefore needed 

consideration when assessing the performance of POC devices. 
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The term “point-of-care” theoretically suggests a bedside test that can be concluded in 

the ward. Running the above assays generally takes at least 60-90 minutes and the 

devices, although compact and available in different configurations, are sophisticated 

instruments that require maintenance. The practical implications of testing infants at 

delivery needs careful assessment to determine where devices should be placed and 

how they could be best maintained. This was important in order to strike a balance 

between having processes unfold close to the patient location while maintaining control 

of the instrument and monitoring its performance. 

 

2.4 Management of HIV-infected infants – Diagnostic challenges and treatment 

outcomes 

HIV PCR testing technology relies on the presence of virus in the blood. While high 

coverage of maternal ART during pregnancy and infant prophylaxis after birth has 

achieved major reductions in transmissions overall, this level of drug exposure is thought 

to mask some infections and may delay diagnosis.(10, 79, 80) Anecdotal reports 

suggest that some infected infants may have been missed at the six-week test after NVP 

exposure.(81) Timing of EID in relation to drug exposure is therefore another important 

consideration. The sensitivity of the six-week HIV PCR test in the context of daily dose 

NVP is not known, but there are strong indications that peripartum ART exposure can 

affect the sensitivity of the PCR test during the first six weeks.(79) In the earlier infant 

diagnostic study, the sensitivity of the two-week test was reduced to 83% by single dose 

NVP exposure at birth.(9, 10) These reports speak to the problems encountered at the 

six-week diagnostic time point. With the introduction of birth testing it was critical to 

investigate the prevalence and nature of diagnostic dilemmas and possible missed 

diagnoses.  

 

Left untreated, HIV will eventually progress to AIDS, and ultimately lead to AIDS-related 

death, in the vast majority of cases. Disease progression is more rapid in children, with 

mortality highest in the first months of life.(57, 82-84) However, when managed properly, 

HIV becomes a chronic illness that need not shorten life expectancy. Treatment typically 

consists of three antiretroviral drugs, which are now widely available in most countries. 

Although initial treatment guidelines for children were based on CD4 cell counts and 
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clinical staging as determinants of ART eligibility, having evolved over the last two 

decades, current guidelines recommend immediate treatment of all infected 

individuals.(47, 52, 85, 86) The landmark Children with HIV Early Antiretroviral Therapy 

(CHER) study was a key turning point in this regard, and saw the beginning of treatment 

upon diagnosis becoming the standard for children.(82)  

 

Most literature on infected infants consists of cohorts that commence at the time of 

diagnosis or the time of treatment initiation, and not the time of birth. There are therefore 

very limited cohort descriptions of infected infants identified at birth. There are some 

clinical trial cohorts, but these were largely gathered at a time when very early ART was 

not available. More data is available for infant cohorts in general from the time of 

diagnosis or treatment initiation and the literature review of this is presented in Table 

1.1. Since gauging the outcomes of infants routinely diagnosed at birth is challenging in 

this context, it is critical to establish a clear description of such a cohort in a context 

where birth testing became national policy. 

 

Studies of HIV natural history before early ART found that high peak viral loads were 

associated with more rapid disease progression, but that in utero infection was not 

necessarily associated with higher rates of rapid progression.(87-89) With birth testing, it 

would be possible to follow up and assess larger cohorts to distinguish in utero from 

later infection but, importantly, infant mortality would need to be assessed in the context 

of current PMTCT regimens and transmission rates. In addition, it will be crucial to better 

understand outcomes associated with the different timing of infection (in utero vs. later).  

 

Birth testing holds the promise of being able to identify the majority of perinatally HIV-

infected infants at birth. If these infants could be initiated on ART immediately, the could 

provide an important avenue of improving paediatric ART coverage.
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Table 1.1: Cohorts of HIV-infected infants followed from birth and later 

Cohort 
category 

Author & years 
of cohort 

Cohort 
location 

Cohort description Guideline 

Includes 
diagnosis 

at birth 

Lilian et al (90) 
2008-2010 

Johannesburg, 
South Africa 

38 infected infants (29 tested positive at birth, 9 negative at birth and positive at 6 weeks) 
Enrolment shortly after delivery at one site. Enrolment depended on availability of study staff. Study occurred 
during the era before birth testing and was focussed on diagnostic strategy. 

WHO stage 3 or 4 
or CD4 criteria, 
South Africa 2008 
(86) 

Frigati (91) 2013-
2015 

Cape Town, 
South Africa 

26 infected infants  
Cohort of infected infants managed at one site. Allowed for referral from other sites and entry during the first 
month of life. The study occurred before introduction of routine birth testing and represents a descriptive 
cohort study. 

Treat on 
diagnosis. South 
Africa 2015 (47) 

Prendergast, 
Mphatswe (57, 
92) 2007-2008 

Durban South 
Africa 

63 infected infants randomised to 43 (30 in utero infected) infants received immediate ART 
And  20 (14 in utero infected) infants received deferred ART 
Enrolment started during antenatal care of the mother at two sites and focussed on ART strategy. 

Clinical Trial 

Diagnosis 
before 8 
weeks 

Sheahan (93) 
2008-2012 

Malawi, DR 
Congo 

121 infants diagnosed before 12 weeks 
Enrolment occurred from 4 sites over three years. The focus was on ART initiation following diagnosis. 

Treat upon 
diagnosis. WHO 
2008 (94) 

Violari (82) 2005-
2007 

Johannesburg 
and Cape 
Town, South 
Africa  

377 infected infants (252 infants started immediate ART, 125 deferred ART ) 
This study excluded infants who were clinically symptomatic at the time of potential enrolment and focussed 
on ART strategy and outcomes. 

Clinical Trial 

ART 
before 6 
months 

Shiau, Coovadia, 
Kuhn (95-97) 
2005-2007 

Johannesburg, 
South Africa 

54 infected infants started ART before 6 months of age 
The study focussed on ART strategy and occurred before birth testing was introduced. 

Clinical Trial 

Shiau (98) 2004-
2011 

Johannesburg, 
South Africa 

Three cohorts including infants started <6 months of age: 104 (cohort 1), 252 (Cohort 2), 102 (Cohort 3). 
This study focussed on ART outcomes before the introduction of birth testing and involved three cohorts. 

WHO stage 3 or 4 
or CD4 criteria, 
South Africa 

Porter (99) 2004-
2012 

Southern 
African 
collaboration  

4945 children initiating ART during infancy 
This was a large cohort study involving multiple sites. It focussed on characteristics at ART initiation and 
outcomes. 

Multiple National 
Guidelines 

ART 
before 12 
months 

Palumbo, Violari 
(60, 100) 

Southern 
Africa, India 

164 children, 123 <12 months of age (Cohort 1) 287 children, 77 <12 months of age (Cohort2) 
This study focused on ART outcomes comparing different populations. Enrolment required diagnosis. 

Multiple National 
Guidelines 

ART: antiretroviral treatment, WHO: World Health Organisation



13 
 

3. Problem statement  

HIV PCR POC testing platforms are new to the field of HIV diagnosis and monitoring. 

They offer hope of reducing turnaround times and potentially improving infant outcomes. 

However, little large-scale experience exists, particularly at the birth time point, and 

therefore thorough evaluation in the field is required to assess performance and 

feasibility of implementation.  

 

Likewise, birth testing as a new strategic component in the EID protocol also requires 

piloting and evaluation. As a new time point of testing, significantly different to the 

previous large out-patient clinic six-week testing, it is critical to evaluate coverage and 

uptake, as well as outcomes and implementation issues relating to the test. In addition, 

the prevalence and outcomes of diagnostic dilemmas and difficulties must also be 

evaluated.  

 

There are few cohorts of HIV-infected infants followed from birth in large numbers or in a 

routine clinical setting. In the context of earlier (birth) diagnosis and POC technology, it 

is vital that cohorts are followed carefully to assess outcomes beyond the time of 

diagnosis. Furthermore, the effect of a routine birth diagnosis, with or without POC 

testing, must be described. This will enable historical and future comparisons to 

establish if routine birth diagnosis can improve ART initiation and retention in care rates, 

and thereby reduce mortality. 
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4. Aims and objectives 

4.1 Aim 

The overall aim of this project was to implement birth HIV PCR testing and assess its 

outcomes. Linked to this, the accuracy and outcomes of POC testing were assessed in 

order to evaluate performance and draw implementation experience from the process. 

Following this, the aim was to describe diagnostic difficulties and one-year programmatic 

outcomes of infected infants. 

 

4.2 Objectives 

 

1. Assess the implementation metrics of coverage, uptake, test outcomes, and ART 

initiation rates of birth testing at the RMMCH delivery setting.  

2. Assess the performance of the Cepheid Xpert® HIV-1 Qualitative assay 

(Cepheid, Sunnyvale, CA) POC test (POCT) in terms of accuracy, turnaround 

time, and effect on timing of ART initiation when implemented at the birth time 

point. 

3. Describe the diagnostic challenges encountered in the process of large-scale 

birth testing at RMMCH. 

4. Describe the one-year mortality, retention in care, and virological suppression 

outcomes in a cohort of confirmed HIV-infected infants identified at the time of 

birth. 
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5. Overview of the research 

 

5.1 Article 1: Improving early identification of HIV-infected neonates with birth 

PCR testing in a large urban hospital in Johannesburg, South Africa: 

Successes and challenges 

  

5.1.1 Source of data and methods 

Based at RMMCH, this component of the work used routinely-collected data in the 

postnatal services shortly after birth, and spans the period June 2014 to December 

2016. Permission from the Department of Health was granted to trial routine universal 

birth HIV PCR testing at RMMCH specifically (Appendix A). This was subsequently 

introduced as national policy in June 2015.(47) HIV-exposed neonates were identified 

through maternal records and individual interviews and, where the documented maternal 

HIV status was negative or unknown, mothers were tested. Maternal testing was 

conducted pre-delivery where possible but mostly occurred in the immediate postnatal 

period. All women presenting with negative HIV status were offered retesting from 

January 2015, irrespective of when the last test had occurred but before 2015 only if the 

last test was done more than six weeks before. Infant HIV PCR tests were conducted 

using the Roche COBAS® TaqMan® HIV-1 Qualitative Test (Version 2.0).  

 

Maternal diagnosis and testing outcomes are presented as a basis for calculating the 

coverage of HIV PCR birth testing of HIV-exposed neonates. Details are then provided 

about the HIV PCR test outcomes, followed by result return rates (to mothers of their 

neonate’s test result) and ART initiation rates of neonates found to be infected. 

 

5.1.2 Summary of results 

Among 30,591 women who delivered in the time period, 7,085 (23.2%) were found to be 

HIV-infected, comprising 6,864 women known to be infected before arriving for delivery 

and 221 women newly diagnosed at the time of delivery. A total of 6,695 (92.9%) infants 

were tested (6,377 enrolled and 318 not enrolled), with coverage improving rapidly over 

time from 72.9% in June 2014 to 99.1% in the second quarter of 2015. Reasons for not 
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enrolling tested infants included inability of research staff to reach mothers before 

testing/discharge. Uptake of testing when the test was offered was >99% throughout. 

Weekend and public holiday cover was an important factor determining birth testing 

coverage. 

 

Infants were tested at a median age of 14 hours (IQR: 8-21) and laboratory turnaround 

time was 44 hours (IQR: 32-58). Final diagnostic outcomes of the 6,377 enrolled infants 

were 99 (1.6%) infected, 6,261 (98.4%) uninfected, one infant who posed a diagnostic 

dilemma, and 16 infants with an error result. Of the 99 infected infants, 88 (89%) 

returned to the site at a median age of 8 days (IQR: 6-13 days) and 7 followed up 

elsewhere. In total, 95 (96%) of the 99 infected infants started ART, in four cases lost to 

follow-up from the site it was uncertain if ART was ever started. Of note is that the 221 

mothers newly diagnosed as HIV-infected at delivery gave birth to 16 (16%) of the 99 

infected infants. 

 

5.1.3 Main discussion points and contribution to the field 

This study showed that within two and a half years of implementation, an HIV PCR birth 

testing coverage of >90% could be achieved. This success went hand-in-hand with an 

effective maternal HIV testing programme at delivery. Maternal testing and identification 

of newly diagnosed mothers was a critical component, since almost a fifth (16%) of 

infected infants were born to newly diagnosed mothers. These achievements were a 

major public health success and showed that birth testing was feasible and could 

provide an avenue for very early diagnosis of in utero infected infants to start ART. 

 

We showed our in utero transmission rate to be ~1.6%, which confirmed findings of 

others and demonstrated that major strides in PMTCT had been achieved. This rate did 

not change significantly during the study. This population of infants is often considered 

very high risk for early mortality and it was reassuring that >90% of infected infants were 

able to receive their diagnosis and start ART largely within the first two weeks of life.  
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We noted that indeterminate first HIV PCR results were common, making up almost a 

quarter of combined positive and indeterminate results. More detailed discussion about 

this phenomenon is provided in the third paper. 

 

Important questions remained. What would the effect of POC technology be on these 

result return and ART initiation dynamics? What were the diagnostic challenges 

encountered? And how would very early ART initiation translate into one-year 

outcomes? 

 

5.2 Article 2: Xpert HIV-1 point-of-care test for neonatal diagnosis of HIV in the 

birth testing programme of a maternity hospital: A field evaluation study 

 

5.2.1 Source of data and methods 

This component fell within the above mentioned study period and, as such, was a sub-

study, which aimed to investigate the performance of the Cepheid Xpert HIV-1 

Qualitative POCT run concurrently with the Roche COBAS TaqMan HIV-1 standard 

laboratory-based test (LABT). From October 2014 to April 2016, POCT was run from an 

additional ethylenediamine tetraacetic acid (EDTA) sample collected at the time of birth 

testing when staff capacity allowed.  

 

The paper describes the field evaluation of the performance of the POCT in terms of 

sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), 

and Cohen’s κ coefficient. Although the POCT was not run with the intention of testing 

every HIV-exposed infant, there was an attempt to include as many as possible. 

Weekend coverage was not possible throughout. Testing of infants who were admitted 

due to neonatal problems immediately after birth, such as very premature infants, was 

also not always possible. Their first blood tests usually occurred at the time of their 

admission compared to well neonates, whose mothers were interviewed and consented 

for neonatal testing during their postpartum recovery. This created a group of 1) POCT 

and LABT tested infants, and 2) LABT only tested infants. Result return, ART initiation, 

and coverage between the two groups were then compared. 
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5.2.2 Summary of results 

Of 18,268 women delivering between 1 October 2014 and 30 April 2016, 4,336 HIV-

exposed infants were identified, of which 3,970 were enrolled on the study and tested. In 

total, 2,238 (56%) had a POCT and LABT birth HIV PCR, and 1,732 (44%) only had a 

LABT. Within the POCT/LABT group, we found POCT sensitivity of 100% (95% CI 88·4–

100) and specificity of 99·9% (95% CI 99·7–100), with a Cohen’s κ coefficient of 0·967 

(95% CI 0·922–1·00). Although we found a 5% error rate on the first run of POCTs, this 

could be reduced to <1% on re-running error samples. The error rates were operator 

dependant, with the laboratory technician achieving the lowest (4.3%), followed by the 

project manager (7.0%) and the nurses (9.2%, p=0.022). 

 

When we compared result return rates between the POCT/LABT vs. LABT only groups, 

we found that overall result return rates were much higher with the POCT/LABT group, 

at 96% vs. 53% (p<0.0001). When disaggregating this by infant birth test result, the 

difference remained for negative PCR results, but result return rates to mothers of PCR-

positive infants was high in both groups (100% vs. 89%, p=0.10) as positive results 

without POCT prompted active tracing. We found ART initiation rates for PCR-positive 

infants to be equivalent between the groups (p=0.10), but infants with POCT results 

were initiated significantly earlier (1 day of age vs. 6 days of age, p=0.0001). 

 

Even though full POCT coverage was not the primary aim, important implementation 

data was collected. Doing POCT on 55% of the study days, we achieved an overall 

coverage of 52%. The highest monthly coverage achieved was 81%, but end-of-year 

periods saw rates of <40%. While implementing the POCT, we ran a median of six (IQR: 

5-8) tests a day and learnt that the median duration required (blood sampled to result 

returned to mother) was 170 minutes. This meant that the 90-minute process within the 

instrument made up only half the turnaround time, with transport to the lab and back to 

the mother being major components (40 minutes and 16 minutes) of the average 

turnaround time, with the rest made up of time processing in the satellite laboratory.  
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5.2.3 Discussion points and contribution to the field 

This study showed near perfect concordance between POCT and LABT at birth and 

demonstrated that the POCT performed reliably within a busy postnatal maternity setting 

of birth testing, a context which had not previously been evaluated in this manner for this 

technology. This was therefore a significant contribution to the field.  

 

However, the study also found that the practical introduction of POCT into a 

maternity/neonatal setting was challenging, and required significant staff and operational 

support. Nevertheless, error rates and false positive results could be mitigated by 

repeating samples that yielded positive or error results on the same specimen, thus 

reducing the overall error rate and improving the PPV. The fact that we observed inter-

operator differences was an important finding and, together with the reasons for the 

errors, highlighted that ongoing training and support are needed when implementing this 

technology at scale. 

 

Although POCT provided higher immediate result return rates and earlier access to ART 

for infected infants, the ultimate rate of ART initiation was similarly high among those 

infected infants not tested by POCT. So while the ability to shorten the cascade from test 

to ART initiation by eliminating an additional visit was beneficial, it was not clear if this 

would carry long-term benefits or adverse consequences.  

 

POCT did, however, improve overall (positive and negative) result return rates 

significantly and enabled >95% of mothers to receive their infant’s result, whereas only 

half the mothers whose infants did not have POCT received their infant’s negative 

results back. This meant that we were able to provide more holistic care, including 

reassurance and counselling of the mother on adherence, infant feeding, how to keep 

her infant negative, and were able to remind her to return for her infant’s next HIV PCR 

test. 
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5.3 Article 3: Prevalence and outcomes of HIV-1 diagnostic challenges during 

universal birth testing – an urban South African observational cohort 

 

5.3.1 Source of data and methods 

While implementing and evaluating birth testing, every infant required individual 

management. Within this context, multiple cases of diagnostic dilemmas emerged, and 

understanding these and providing guidance for their management was a critical 

component of EID at this time point. The paper provides a detailed account of these 

cases.  

 

This component of the work involved analysis of all non-negative PCR results received, 

which included positive and indeterminate birth results. According to national and WHO 

guidelines the diagnosis of an infant as HIV-infected requires two conclusive positive 

results on separate samples. Confirmatory testing was therefore conducted using the 

qualitative (HIV total nucleic acid [TNA] PCR) and quantitative (VL) versions of the 

COBAS® AmpliPrep/COBAS® TaqMan (CAP/CTM) HIV-1 Test, version 2.0 (Roche 

Molecular Systems, Inc., Branchburg, NJ, USA). A positive result could include a 

positive qualitative result or a detectable quantifiable quantitative result. All infants with a 

non-negative result were actively traced and followed up on site as far as possible. 

Infants were categorised as: 

 

 Positive HIV-1 infection status, based on two clearly positive virological results 

from samples taken at two different time points; 

 Negative HIV-1 infection status, defined as an isolated indeterminate result 

followed by at least two negative confirmatory virological results taken at two 

different time points while not on combination ART; 

 Uncertain HIV-1 infection status, defined as neonates with non-negative 

virological results that did not meet criteria for confirmed positive or negative 

infection status after repeat testing; 

 Loss to follow-up (LTFU), defined as patients who did not have sufficient follow-

up testing to meet any of the above criteria. 
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We assessed whether screening or final results were associated with factors such as 

maternal VL, CD4 count, or treatment duration or with infant factors such as age at test, 

VL, and NVP exposure.  

 

5.3.2 Summary of results 

Following 5,743 (91%) tests in 6,309 HIV-exposed infants born between June 2014 and 

August 2016, we found 104 (1.8%) with an initial non-negative result. Of 102 with 

laboratory data, 78 (76%) were positive and 24 (24%) were indeterminate on their first 

result. Upon confirmatory testing and further follow-up, these infants were categorised 

as 83 (81%) infected, 8 (8%) uninfected, 5 (5%) uncertain status, and 6 (6%) LTFU. 

 

Infants with an initial indeterminate result had a significantly longer time to final 

diagnosis than those with an initial positive result (31 vs. 2 days, p<0.0001), and had 

only a 43% chance of achieving a clear diagnosis compared to 99% of infants with an 

initial positive PCR result. Both the infant and maternal VL results were significantly 

lower in infants with initial indeterminate results compared to those with initial positive 

results.  

 

5.3.3 Discussion points and contribution to the field 

This study highlighted that initial and final diagnostic uncertainty are important and 

relatively frequent problems. While a clear diagnosis could be made for the majority of 

infants with initial indeterminate results (24%), a minority (5%) remained with uncertainty 

despite a prolonged diagnostic phase of management. We identified that maternal and 

infant VL were important factors associated with diagnostically uncertain cases.  

 

Our findings raise important questions about the effects of infant antiretroviral 

prophylaxis and maternal treatment within the context of our currently available testing 

modalities. Despite the overall transmission rate at birth (1.4%) demonstrating marked 

improvements compared to past eras, significant support for dealing with diagnostic 

challenges is still required as EID expands, and includes birth testing. The WHO’s 2018 

guidelines for EID recognise and address these EID diagnostic dilemmas and have 

called for additional data on their definition and management. In particular, their concern 



22 
 

centres around children testing indeterminate that are uninfected and the propensity for 

initiating them on lifelong ART. 

 

5.4 Article 4: Twelve month outcomes of HIV-infected infants identified at birth: 

An observational cohort study at one maternity site in Johannesburg, South 

Africa 

 

5.4.1 Source of data and methods 

All confirmed HIV-infected infants identified during the period from September 2013 until 

June 2016 where included. This period was subdivided into three eras: September 2013 

to May 2014 (Era 1) was a period where only “high risk” HIV-exposed infants were 

offered HIV birth testing. During the period June to October 2014 (Era 2), universal birth 

HIV testing occurred and included all HIV-exposed infants born at RMMCH. Between 

October 2014 and June 2016 (Era 3), POC testing was available and added to universal 

birth testing where staff capacity allowed. Time to ART initiation, mortality, retention in 

care, and viral suppression after one year were reported. 

  

5.4.2 Summary of results 

Era 1 included 13 confirmed HIV-infected infants, while 11 infants were confirmed HIV-

infected in Era 2 and 64 in Era 3. Of the latter, 35 were POC co-tested and 29 were not. 

Of 88 confirmed infected infants, the majority (98%) started ART, and as birth testing 

became more established over the three eras, so time to ART initiation reduced from a 

median of nine days to two days. POC testing enabled ART initiation before 48 hours 

after birth in >80% of cases with co-testing.  

 

By 12 months, the mortality was 0·14 (95% CI 0·08-0·24) overall, and there were no 

significant differences between eras of testing and POC co-testing. An important 

association of higher mortality and pre-ART VL of >100,000 copies per ml was 

described. Infants with VL >100,000 copies/ml had a mortality of 0·28 (95% CI; 0·14, 

0·49) vs. 0.07 (95% CI; 0·02, 0·19, p=0.0105) mortality in those with pre-treatment VL 

<100,000 copies/ml.  
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Among 72 infants who initiated ART at the site, retention in care was 77·8%, and 71·3% 

of those retained had a VL <400 copies/ml at 12 months. No significant differences were 

noted when comparing eras to each other and when stratifying by POC testing. 

 

5.4.3 Discussion points and contribution to the field 

In the context of >90% birth testing coverage, we achieved >95% ART initiation in HIV-

infected infants identified at birth. This is a significant finding as it shows how birth 

testing (thought to identify the majority of HIV-infected infants at a single time point in 

South Africa) can result in ART access for most infants. Contrasted with the national 

55% rate of overall infant ART coverage, this is a very encouraging achievement, which, 

if brought to scale, may make high paediatric ART coverage in a setting like South Africa 

a reality. 

 

We found an overall mortality at one year of 14% and 13% in those started on ART, with 

no significant effect of POCT. An important finding was the association with a high pre-

treatment VL, which resonates with early natural history work suggesting that high VL 

and not primarily timing of infection result in poor outcomes and rapid progression. The 

mortality of 13-14% is still high and may yet be an underestimate due to loss to follow-

up. It is at similar to lower levels to what had been observed previously, and shows that 

early diagnosis and ART are not able to prevent all mortality. Nevertheless, at the very 

least a larger proportion of infected infants are able to access the opportunity when they 

may often have been missed, progressed without ART or died in the past. 

 

In our cohort, pre-ART VL levels were lower than previously observed, consistent with 

reports of declining baseline viraemia in the EID programme.(101)  

 

Retention in care on site was 77.8%, excluding the known deaths. We found that 

maintaining the cohort in care was challenging, and was only possible with relatively 

individualised efforts of tracking and support. Many mothers experienced socio-

economic difficulties and this, together with the low transmission rate, suggested to us 

that the mothers who had transmitted HIV to their infants would be at higher risk of 

problems such as poor health-seeking behaviour. Many mothers had to travel in the 
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months after delivery and it became apparent that accurate hand-held transfer notes 

and better links with surrounding facilities may be able to provide support for mothers 

and better follow-up information.  

 

Overall, we did not find that POCT made a significant difference in one-year outcomes, 

but this may be a reflection of the high level of tracking that was done in the absence of 

POCT. The main benefit of POCT was the earlier initiation of ART. Facilities without our 

resources to track and recall patients may yet benefit from POCT, which warrants further 

research. 
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6. Limitations  

The study was conducted at a single site, which limits generalisability and makes it 

difficult to draw recommendations for national guidelines. However, although a limitation, 

it is also a strength in that the site represents a single large birth cohort of HIV-exposed 

and HIV-infected infants.  

 

The site is a university teaching hospital that is relatively well resourced, including a 

team able to do tracing telephonically and, occasionally, where required, to do home 

visits; a research unit with a satellite laboratory facility and, more importantly, funding for 

additional staff support; and a convenient location in an urban area, close to the large 

reference laboratories and the university. All of these factors make generalisability 

difficult, particularly to rural settings. At the same time, the benefit of this particular 

setting was that it has the third highest number of deliveries in Johannesburg and 

accounts for ~5-7% of deliveries in Gauteng; thus, catering for a large routine 

population.  

 

The presence and advocacy of local “champions” has previously been noted as a 

limitation further impeding generalisability. This is a double-edged sword, as larger-scale 

research at a public facility is not possible without direct local leadership and 

involvement. Doing the work on site and gaining the necessary research outputs 

capacitates the site as a whole to function as a centre of excellence and provide advice 

and guidance to sites further afield. 

 

As a central delivery facility, the site did not offer follow-up testing for the HIV-exposed 

birth-uninfected infants, and this made it difficult to present the important numbers of 

later infections. However, work on gathering this data is ongoing, although it was beyond 

the scope of this thesis.  
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7. Conclusion and recommendations 

7.1 Conclusion 

While high coverage (>90%) and excellent uptake (>99%) of laboratory-based birth HIV 

PCR testing are achievable in a large routine clinical setting in South Africa, it is 

important to bear in mind that the nature of birth testing as a strategy is different to 

routine testing at out-patient well baby clinics, in that it must cover seven days a week 

and all hours within the delivery unit. This has significant implications for existing staff 

members who have to accommodate this function. Birth testing requires additional 

counselling and phlebotomy to what was done before. Any additional activity must be 

reported correctly in order to assess performance and outcomes and accurate collection 

of routine data is an important further task. Given the numbers involved this can be time 

consuming. Weekend and public holiday cover are challenges which, in the absence of 

contingency planning, may result in lower coverage.   

 

POC testing is more labour intensive, and in our setting we achieved just above 50% 

coverage with the resources we had in place. The main additional resource was staff 

and important functions included counselling, phlebotomy, data collection and 

conducting the tests. We learnt important implementation lessons and developed 

confidence in the technology because of the concordance with LABT results. 

Importantly, our work highlighted that the name “point-of-care” does not simply mean 

bedside care, but required a monitored and supervised environment on site.  

 

A major benefit of POCT was the return of results to mothers; >95% of mothers whose 

infants were tested received the results before discharge, while only half the mothers of 

infants who underwent only LABT returned for their results. These findings were 

recognized by the WHO in 2017.(102) Whereas laboratory PCR testing requires a 

second visit for results return or for results return to be done at the referral health facility 

by other staff, POCT makes it possible for the same staff to return results on the same 

day. Results were usually returned by the same individual who performed the 

phlebotomy. Not only was this useful for both HIV-positive and HIV-negative babies, and 

their mothers, it also provided an opportunity for access to further same day counselling 

and support. We did not have formal data on the perception of mothers but found 
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anecdotally that mothers were relieved to hear their infant’s result on the same day. 

There were no costs to mothers, occasionally mothers had to remain in hospital for a 

short while longer but waiting for results was often concurrent with waiting for other 

midwife/obstetric activities and neither mothers nor hospital staff were delayed 

significantly. HIV-infected infants could be initiated on the same day of result return, 

again obviating the need for a separate result return date. Our site had excellent 

tracking capacity, something unique that may not be available at other sites, and 

therefore even the majority of infected infants who did not have POCT were started on 

ART, albeit a few days later. 

 

The birth time point includes a proportion (15-25%) of neonates requiring admission 

straight after birth, for example, in cases where they are premature, low birth weight, or 

have congenital infections. This requires attention of the admitting clinicians to 

accommodate birth testing. We observed that these neonates were thus less likely to 

have the POCT done, given that their PCR testing usually occurred immediately at the 

time of admission, something that could not be accommodated in our study due to the 

need for informed consent required for research. POCT could potentially still be done if 

samples collected at night are stored to be run in the morning or POCT is conducted 

afterhours. However, even though these infants were harder to reach with POCT, they 

had a high chance of still being admitted at the time when the LABT result became 

available. This was generally within two to three days and therefore did not unduly delay 

ART initiation. 

 

The transmission rate at birth of 1.4-1.6% reflects success of PMTCT over time. Despite 

this low prevalence, the POCT performed exceptionally well. In the process of this 

evaluation, we established that re-running the test for samples with positive or error 

results was advisable to improve the PPV and the final error rates. The final PPV was 

excellent, and makes POCT an equal option to consider as a tool within the EID protocol 

in terms of performance compared to LABT. The final error rates, reduced by re-running 

of initial error yielding samples, were acceptable and comparable to error rates observed 

with LABT done in the reference laboratory. An important caveat is operational 
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feasibility. More work is required to understand whether the additional resources a site 

needs to run POC testing effectively would be a cost-effective intervention. 

  

A very important finding of this study was that the majority (>75%) of HIV-infected 

infants were well enough for discharge after birth and were not severely ill. This made it 

possible for HIV-infected infants identified at birth to be treated as relatively healthy 

outpatients. The concept that EID for the majority of infected infants can be moved to 

the birth time point where most of them are well is an important and encouraging 

opportunity for addressing the problem of low ART coverage in infants (currently 55% in 

South Africa) and infant survival. 

 

Given that diagnostic dilemmas were common, largely due to indeterminate LABT 

results, a prolonged diagnostic phase in infants was necessary. It is therefore vital that 

this phase be considered in the training of health care professionals to both equip them 

technically, and to support them and the families of affected infants with the necessary 

counselling skills.  

 

A minority of infants remained with an uncertain diagnosis, despite multiple later tests. 

As this is a critical component of EID, which can result in a complicated course for 

individual infants, clinicians and families, clear protocols should be in place to manage it, 

including later treatment cessation protocols if the diagnosis is still not confirmed but 

ART has been started. Difficulties of managing these cases include the extensive 

counselling that is required due to the complex nature of the cases as well as the 

important treatment decisions, e.g. starting ART without a confirmed diagnosis or 

stopping ART without having ruled out HIV definitively. In addition, we identified a link 

between lower VL values in infants with diagnostic dilemmas and mothers who are on 

ART, highlighting that the drawback to improved PMTCT and maternal ART coverage is 

that they significantly affect diagnostic sensitivity, which may worsen as preventative 

efforts improve. 

 

Another dilemma is that even though overall birth testing was achieved at a median of 

12-14 hours after birth, infants had generally received at least one to two doses of the 
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NVP prophylaxis by the time their first HIV PCR test was run anyway. This places HIV-

infected infants at significant risk of developing NVP resistance, with subsequent 

implications for their future regimen choices. On the other hand, it was felt that delaying 

the administration of NVP for all infants until POC testing was done was not in the 

interest of the majority, who were HIV uninfected, and that NVP administration 

immediately after birth should not change in order to avoid confusion and delays, 

particularly in busy settings. 

 

High rates of ART initiation were achieved irrespective of POC testing, reflecting 

excellent tracing ability of the site. POC testing did, however, enable earlier ART 

initiation, making it possible to start ART in >80% of infected infants before 48 hours of 

life. It will therefore be important to continue studying POC testing in sites without this 

tracing capacity, as it may yet show benefit with regard to ART initiation rates.  

 

Infants confirmed to be HIV-infected at birth had a mortality of 14% by one year, and we 

observed significant loss to follow-up. As previously described in the literature, a high 

VL, and not necessarily the timing of infection, was an important risk factor. More work is 

required to understand the effect of pre-treatment VL of infants and other factors that 

lead to poor outcomes. 

 

Due to the low transmission rate in this era of high maternal PMTCT coverage, the 

cohort of HIV-infected infants that were identified at birth does appear to represent a 

group at risk of poor socio-economic and health-seeking behaviour outcomes. Mothers 

who did not follow the full PMTCT protocol, experienced treatment interruptions during 

pregnancy, or were only diagnosed late in pregnancy were also likely to experience 

difficulties in infant ART adherence and supervision. Although the cohort is 

heterogeneous, we found that it was not an easy group to keep in care. Many infants 

were born to non-South African citizens, and obstacles in securing the correct 

documentation from authorities placed them under additional pressure, making access 

to some resources, like grants and food parcels, difficult. Patient mobility was another 

factor impeding continuity of care. Currently, there are a lack of links between sites and 

tracking infants across the country is challenging. This indicates a clear need for better 
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tracing facilities and technical advances to support tracking, such as unique patient 

identifiers. In addition, mothers and families require intensive support, ranging from help 

with partner disclosure and relationship problems, to socio-economic and administrative 

assistance. 

 

Efforts to completely eliminate paediatric HIV transmission continue and are of primary 

importance, but until such time as this is achieved, this project shows that EID at birth 

can significantly change the paediatric HIV landscape. In South Africa, where most 

deliveries occur in facilities and where PMTCT coverage is high, birth represents the 

single time point of identifying the largest number of infected infants. By incorporating 

birth testing, and possibly POC technology, this single time point presents the 

opportunity for most HIV-infected infants in South Africa to be diagnosed and treated at 

a time when they are still healthy, rather than await a later diagnosis and possible 

illness.  

 

7.2 Key recommendations 

1. Implement training of healthcare workers: 

 for EID and birth testing in general; 

 on the diagnostic phase of managing infants with unclear results (both the 

immediate protocol of testing, as well as for cases of protracted testing and 

monitoring where there is persisting uncertainty); 

 to support ART initiation and management in neonates (this must include 

counselling and support of mothers, families and health workers). 

2. Improve communication and linkage through better use of existing inter-facility and 

health worker communication about patients. This should emphasise correct use and 

completion of patient-held records and use of the unique identifier where possible 

(such as the new Road to Health Book barcode). 

3. Develop protocols that incorporate POCT into EID, and consider merging with the 

other uses of POCT, including monitoring of treatment (VL tests) and tests for other 

illnesses. 
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7.3 Important research questions that remain  

1. Describe the ratio of in utero vs. intra- and postpartum infections and their 

characteristics and outcomes. 

2. Analyse the risk factors of mortality and poor clinical outcomes to develop strategies 

to further reduce mortality and improve HIV-infected infants’ outcomes. 

3. Assess maternal outcomes in relation to infant outcomes in the context of their 

social-economic circumstances.  

4. Explore POCT in different settings, specifically those less resourced, to assess 

whether the benefits of POCT are not in reality greater than what could be shown in 

our setting. 

5. Study innovative strategies of POCT use, including multiplatform and targeted 

approaches to make it more feasible and development of protocols (such as well 

baby vs. sick baby, high risk vs. low risk). 

6. Full cost-effectiveness study of POCT vs. LABT.  

7. Qualitative work on maternal, family and healthcare provider wellbeing and coping in 

the context of EID and infant ART. 
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