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ABSTRACT

South Africa’s Prevention of Mother-to-Child Transmission (PMTCT) programme is
critical for eliminating vertical HIV transmission and reducing infant mortality. Early
treatment of HIV-infection to curb infant deaths requires earlier diagnostic testing than the
currently recommended six-week test. This study describes the continuum of PMTCT care
at a Johannesburg hospital to identify interventions for improvement and investigates birth
HIV testing for infants. Data from a cohort study at the hospital evaluating diagnostic
assays in HIV-exposed infants were collated with routine clinical data, validated and
analysed. Among 838 mother-infant pairs, 38% of mothers attended antenatal clinics early
enough to receive optimal antenatal prophylaxis. Only 72% of infants accessed six-week
testing at the hospital; a further 10% underwent testing elsewhere. Of 38 HIV-infected
infants, 29 were infected in-utero and could have been identified at birth (sensitivity of
76.3% for birth testing), compared to only 26 (68%) diagnosed by six-week testing at the
hospital. Majority (88%) of these 26 infants accessed antiretroviral therapy, but treatment
was only initiated at a median age of 16.0 weeks and 43% of HIV-infected infants who
initiated treatment had defaulted or died before the end of the study. Mathematical
modelling demonstrated that birth testing would be superior to a six-week test to maximise
infants diagnosed and life years saved, with the ideal algorithm being a birth and ten-week
test. The PMTCT programme can be enhanced by earlier antenatal care for women and
earlier infant diagnosis. Birth testing would diagnose HIV-infection before infants die or
default from the PMTCT programme, thereby enabling effective monitoring of MTCT, and

would allow earlier treatment initiation to reduce early infant mortality.
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1. INTRODUCTION

Paediatric human immunodeficiency virus (HIV) infection is one of the major health
challenges facing South Africa and is responsible for significant infant morbidity and
mortality (1-3). In children under five years of age, the most common route of HIV-
infection is via mother-to-child transmission (MTCT) which can occur antenatally (in
utero (1U) transmission), during labour and delivery (intrapartum (IP) transmission) or via
breast feeding (postpartum (PP) transmission) (4). Thirty percent of pregnant women in
South Africa are infected with HIV (5) and their infants are therefore at risk of being
infected through MTCT. An effective Prevention of MTCT (PMTCT) programme to curb
vertical transmission of HIV-infection is thus essential to improve infant outcomes in
South Africa. The PMTCT programme has been given high priority by the National
Department of Health in order to achieve the two-thirds reduction in childhood mortality
prescribed in Millennium Development Goal four (6) and the elimination of MTCT

(eMTCT) by 2015 (7).

1.1 PREVENTION OF MOTHER-TO-CHILD TRANSMISSION

1.1.1 The need for an effective PMTCT programme: mortality and morbidity in HIV-
infected infants

Infants with HIV-infections are at significantly increased risk of mortality (8, 9), with an
early peak of HIV-related infant deaths at two to three months of age (3). Among untreated
infants who are infected by perinatal (1U or IP) transmission, 20% die by three months of

life and 48% die by one year (2). Infants with perinatal HIVV-infections have a significantly

1



higher risk of mortality compared to infants who acquire HIV later via breastfeeding, even
accounting for increased neonatal mortality (2). Younger infants are at increased risk of
dying, as are children with severe immunodeficiency and increased morbidity (including
tuberculosis, gastroenteritis and pneumonia) (10, 11). HIV-infected children with poor
growth, including those who are underweight, wasted or microcephalic, also have
increased odds of dying (10-12). Infant mortality can be decreased by initiating treatment
immediately after diagnosis of HIV-infection, as opposed to waiting for immunological or

clinical deterioration (13).

In addition to increased mortality, HIV-infected infants who do not access treatment are at
risk of rapid disease progression (1). Eighty five percent of untreated infants have severe
immunosuppression according to World Health Organisation (WHO) guidelines (CD4
levels <25% (14)) by six months of age (1). Furthermore, HIV-infected infants require
hospitalisation and repeated outpatient treatment for infections and thrombocytopenia (1).
Growth is impaired in infected infants, with reduced weight and length over time compared
to infants who are HIV-uninfected (12, 15-19). Such growth impairment may be related to

increasing viral load (VL) levels (20).

Whether disease progression differs in infants with 1U versus IP-infections, defined as
HIV-infection first detectable at the time of birth and within two to four weeks after birth,
respectively (8, 21, 22), is not entirely clear. Newell et al 2004 reported comparable
mortality in infants with U and IP-infections (8), but others have described increased risk
of mortality and disease progression in IU-infected infants (9, 23). In one setting, the

progression of infants with 1U-infection to Acquired Immune Deficiency Syndrome



(AIDS) or death was more than double that in IP-infected infants (relative risk of 2.5) (24).
If IU-infected infants are at risk of rapid disease progression, their need for early treatment
is all the more essential. This can only be achieved with an optimally functioning PMTCT

programme.

1.1.2 The PMTCT programme in South Africa

The national PMTCT programme in South Africa, outlined in Figure 1.1, aims to
implement a comprehensive strategy for reducing vertical transmission of HIV and
providing treatment, care and support for HIVV-infected women and children (25). Pregnant
women are encouraged to book at an antenatal clinic (ANC) as early in pregnancy as
possible (25). All pregnant women attending ANCs are routinely offered HIV counselling
and testing to establish their HIV status (25). Where a woman is HIV-infected, a CD4
count is performed on the same day as the HIV test and counselling regarding PMTCT
interventions, safe feeding options, family planning and partner testing is provided.
According to the 2008 national PMTCT guidelines, women with CD4 counts below 200 x
10%/1 were eligible to receive life-long Highly Active Antiretroviral Therapy (HAART),
while women with higher CD4 counts received zidovudine (AZT) prophylaxis from 28
weeks gestation (4). The 2010 guidelines stipulated that women were eligible for HAART
with a CD4 count below 350 x 10%/1 and AZT was initiated for women with higher CD4
counts from 14 weeks gestation (25). In both guidelines, AZT was also administered to the
mother during labour and delivery, together with single dose nevirapine (sdNVP) (4, 25).
New 2013 guidelines stipulate that all pregnant women should receive HAART,
irrespective of CD4 count, for the duration of pregnancy (26). In addition to maternal
PMTCT interventions, rapid administration of post-exposure prophylaxis to the neonate is

critical. Prior to 2008, only sdNVP was administered to the new-born (27). In 2008 a dual
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Figure 1.1 — The cascade of PMTCT care for HIV-infected mothers and their infants in

South Africa (4, 25, 26, 28).

(AZT, Zidovudine; CD4, Cluster of Differentiation 4; HIV, Humman Immunodeficiency Virus; HAART, Highly Active
Antiretroviral Therapy; PCR, Polymerase Chain Reaction; PMTCT, Prevention of Mother-to-Child Transmission; VL,
Viral Load)



therapy regimen was introduced where infants received seven days of AZT in addition to
sdNVP; 28 days of infant AZT was administered where mothers received less than four
weeks of antenatal AZT cover (4). The 2010 guidelines stipulated that infants receive NVP
daily for six weeks and continue for the duration of breastfeeding unless the mother was
receiving HAART (25). Daily-dose infant NVP for at least six weeks is also recommended
in the 2013 guidelines (26). The infection status of HIV-exposed infants is then determined
by HIV deoxyribonucleic acid (DNA) polymerase chain reaction (PCR) testing at six
weeks of age, as all infants are scheduled to attend an immunisation visit at this age (25,
26). A viral detection assay, as opposed to an HIV antibody detection assay is required, as
infant antibodies cannot be differentiated from transplacentally derived maternal HIV
antibodies. PCR testing is generally conducted using dried blood spot (DBS) samples that
have largely replaced whole blood in routine settings. Results of the six-week PCR test are
made available to the infants’ caregivers at the ten-week immunisation visit. If the PCR
test is positive, a confirmatory baseline VL test is performed together with a baseline CD4
count (28). As of 2010, all HIV-infected infants under one year of age were eligible to
receive HAART irrespective of baseline results (28). Subsequently, all children under five
years of age also became eligible for immediate treatment initiation irrespective of CD4
count (26). Infants receiving HAART must undergo regular follow-up to monitor treatment
adherence, clinical stage, development and CD4/VL results (28). On-going feeding support
is also essential — although exclusive formula feeding was supported prior to 2010, HIV-
infected mothers are now recommended to exclusively breastfeed their infants for at least

six months (29). These mothers receive HAART for the duration of breastfeeding (26).

The efficacy of South Africa’s PMTCT programme can only be assessed with on-going

monitoring and evaluation, particularly important when implementing new guidelines as



occurred in 2010 and is currently taking place in 2013. Evaluation of the PMTCT
programme in South Africa has shown that aspects of antenatal services are well
administered — the vast majority (>90%) of women reportedly access antenatal HIV testing
(30-35) and among HIV-infected women, over 78% reportedly access CD4 testing (30, 32,
33, 36) and over 80% receive some form of antiretroviral prophylaxis (30-33, 35). These
successes are reflected in the marked reduction in MTCT rates in infants successfully
accessing the PMTCT programme (30, 35, 37), with an estimated early vertical
transmission rate in South Africa of 2.8% in 2011 compared to 8.2% in 2008 (37).
Furthermore, majority of infants who access and remain in care achieve viral suppression
(70% to 80% after one year of treatment) (10, 38). The burden of HIV-related morbidity in
young infants therefore appears to be declining, with a decrease in HIV prevalence among

paediatric hospital admissions (39).

However, optimal implementation of the national PMTCT programme with a view to
eliminating MTCT is an on-going challenge. Women present late for antenatal care (33,
36, 40) for a variety of reasons, including fear of HIV testing, facility limitations and a lack
of understanding of the importance of antenatal care (41, 42). Late presentation at ANC is
a major concern, as MTCT is significantly increased in women who book for antenatal
care later in pregnancy and have shorter durations of antenatal PMTCT cover (43). Late
presentation for antenatal care and missing CD4 results (32, 33, 44) contribute to
inadequate PMTCT and HAART initiation in accordance with national guidelines, as has
previously been described (32, 36, 41, 45). In addition, follow-up of HIV-exposed infants
through the PMTCT care cascade (Figure 1.1) is poor. Only £70% of HIV-exposed infants
receive sdNVP or adequate dual therapy PMTCT according to national guidelines (41, 46).

Six-week PCR testing for early infant diagnosis (EID) has only been reported in 37% to



62% of exposed infants (33, 47, 48), with national coverage of PCR testing in 2010/2011
of 52% to 72% (34, 35). This will likely be an on-going problem, as only 35% of HIV-
infected women interviewed in a recent national survey indicated that they intended to
access six-week EID services (30). Factors which may hinder EID include the lack of
integration of healthcare services (44) and maternal factors, including poverty, lack of
social support and a lack of understanding about EID (47, 49). Only 57% of mothers
reportedly return to receive PCR test results (46). Once HIV-infection is diagnosed,
linkage to care is also problematic, with relatively few children initiating HAART
compared to women (50) — in 2010, almost a third of children with positive PCR results
were not linked to antiretroviral therapy services (51). Among infants who do initiate
treatment, retention in care is also a challenge (10), with losses to follow-up (LTFU) being
reported as early as three months after HAART initiation (52). Additionally, infant feeding
is an area of confusion for mothers (41), with 18% of HIV-infected mothers in South
Africa mixed-feeding during 2010 (30), significantly increasing their risk of PP

transmission (53, 54).

Many reasons have been cited for the failures within the PMTCT programme. A critical
concern is missed opportunities for the identification and care of HIV-infected mothers and
their infants at all points of the PMTCT cascade. Missed opportunities for antenatal HIV
testing, administration of PMTCT prophylaxis and HAART initiation among pregnant
women have been described (32, 36, 44, 45, 48). Failure of antenatal HIV testing may
account for 46% of missed opportunities for reducing MTCT, as HIV-infected women who
are not identified do not access antiretroviral prophylaxis and neither do their infants (45).
Similarly, missed opportunities for PCR testing of HIV-exposed infants (48) prevent the

identification of infected infants for care. In addition, lack of integration of healthcare



services is an often cited problem, with diagnostic and treatment services for HIV-exposed
and infected infants operating in a vertical manner to routine antenatal and postnatal
services, thus hindering the continuum of care (33, 44, 55). Furthermore, shortages of
resources, insufficient staff and a lack of clinical knowledge among healthcare workers
hinder HIV service delivery, while inadequate data and information systems prevent

meaningful monitoring and evaluation (44, 55-57).

As we aspire to eMTCT by 2015 (7), it is essential to prevent missed opportunities through
the PMTCT programme in order to improve coverage of PMTCT care for all HIV-infected
mothers and their infants. Additionally, infants who become HIV-infected, with or without
PMTCT interventions, need to access appropriate care for childhood mortality rates to be
reduced and Millennium Development Goal four (6) to be achieved. One way of improving
these outcomes is to evaluate implementation of the PMTCT programme to identify gaps
and barriers for targeted interventions. Since national data collection systems like the
District Health Information System are dysfunctional (56), reporting on local experience

currently offers the best insights.

1.2 DIAGNOSIS OF PERINATAL HIV-INFECTION IN INFANTS

1.2.1 Timing of early infant diagnostic testing

The recommendation to perform diagnostic testing at six weeks of age was based on the
finding that a single PCR test at six weeks detects virtually all U and IP transmissions of
HIV (58). Six-week testing was also programmatically sound, as a routine immunisation

visit is scheduled at six weeks of age. At the time the recommendation for six-week testing



was made, sdNVP was the only available prophylaxis and HAART was only initiated in

HIV-infected infants following immunological or clinical deterioration.

Diagnosing HIV-infection earlier than six weeks of age is an intervention for reducing
infant mortality that became obvious when the CHER study demonstrated that early
initiation of HAART at a median age of seven weeks significantly decreases infant
mortality and HIV progression (13). In response, paediatric treatment guidelines were
updated to recommend that all infants under one year of age initiate HAART as soon after
diagnosis as possible (28), but no evidence was available to inform programmes on how to
make an earlier diagnosis. In South Africa, results of the six-week PCR test are generally
only available at the ten-week immunisation visit and additional time is then required to
prepare the primary caregiver to administer HAART (28). In 2010, there was a five-week
delay from the time of the positive PCR to the first VL test performed as part of the
HAART work-up (51); therefore, the earliest time HAART could be initiated following a
six-week PCR test would be after 11 weeks of age. However, this is too late to influence
the peak of HIV-related deaths centred at eight to 12 weeks of age (3) or the 20% of
perinatally infected infants who die by 13 weeks (three months) of age (2). Initiating
treatment after 11 weeks of age is also more than four weeks later than the median age of
HAART initiation in the CHER Study (13). Earlier initiation of HAART to reduce infant
mortality can only be achieved by an earlier diagnosis and the recommendation for a six-
week PCR, made at a time when HAART was only commenced after clinical and

immunological deterioration, therefore requires reconsideration.

The timing of diagnostic testing in infants depends on how early in life vertically



transmitted HIV-infection can be detected. Prior to PMTCT interventions, most vertical
transmissions occurred IP, during late gestation or labour and delivery (59), and 1U
transmission detectable at birth only accounted for 38% of perinatal HIVV-infections (21).
However, with the provision of PMTCT interventions, the relative proportion of 1U to IP
transmission has changed. PMTCT prophylaxis administered in the late antenatal and
intrapartum periods, when IP transmission occurs, reduces IP-infections. Even in the
absence of antenatal cover, post-exposure infant prophylaxis for up to six weeks also
effectively reduces IP transmission (60). Therefore, with intensified cover during the mid-
late antenatal, intrapartum and postpartum periods to reduce IP transmission,
proportionately more perinatally infected infants are likely to be infected IU. This has been
reported in the context of sdNVP and post-exposure infant prophylaxis, where 1U-
infections comprise 69% to 74% of perinatal HIV transmissions detectable by four to eight
weeks of age (1, 27, 60). Similarly, in the United States, the proportion of 1U relative to IP
transmissions has increased over time from 27% in 1990-1992 to 80% in 1999-2001 (61).
In the context of prolonged and intensified PMTCT regimens, as are currently
recommended, a higher proportion of perinatal HIV-infections are U transmissions
detectable at birth. Performing PCR testing at birth would therefore provide the
opportunity to detect the majority of perinatal HIV-infections. Birth testing would also
assist in monitoring the PMTCT programme, as eMTCT can only be assessed if an HIV-
infection status is determined for all exposed infants. Since 28% to 48% of HIV-exposed
infants in South Africa do not undergo six-week testing (34, 35), likely due to LTFU or
death, the true vertical transmission rate cannot be determined. Performing EID at birth
would allow testing of HIVV-exposed infants before they die or are LTFU and would

therefore assist in more successful monitoring for eMTCT.
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In addition to increasing the proportion of IU-infections, multi-drug or extended PMCT
regimens to mothers and/or infants may delay the detection of IP-infections beyond four to
six weeks of age (60, 62-64). In the context of six weeks of postpartum infant AZT, with or
without other drugs, 32% of IP-infected infants detectable by three months of age were
PCR negative at four to six weeks (60). This concurs with findings of reduced VL levels in
the first week of life among IU-infected infants receiving perinatal NVP, with 38% of
these infants having VL levels below the limit of detection at five days of age (1). The
reduced sensitivity of diagnostic assays following PMTCT prophylaxis further emphasises
the need to re-evaluate the timing of the six-week PCR test, particularly in view of the
2013 national guideline recommendation for extensive maternal and infant PMTCT

prophylaxis (26).

1.2.2 Assays for early infant diagnostic testing

The earliest time at which HIV can be diagnosed in infants also depends on the assay being
used, as sensitivity for detecting HIVV-infection varies between different assays at various
ages. The Amplicor HIV-1 DNA PCR assay (Roche Molecular Systems Inc., Branchburg,
NJ) has been widely used for EID. Version 1.0 of this assay on DBS yielded sensitivities of
27.3% and 88.9% for detecting perinatal infections at less than four days and ten to 15 days
of age, respectively, with a specificity of 100% at both ages (65). This study was included
in a review of DNA PCR testing, together with other studies which used in-house PCR
assays on whole blood, prior to PMTCT therapy being available; the review yielded
sensitivities of 38% at birth, 93% at 14 days and 96% at 28 days (21). Later studies which
exclusively assessed the Roche HIV DNA PCR assay on whole blood demonstrated birth
sensitivities of 38% to 62% (66-68) and sensitivities by one week, two weeks and one

month of age of 29%, 67% and 67-92%, respectively (66, 67, 69). The assay was 100%
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specific at birth (excluding cord blood), one week, two weeks and one month of age (66,
68, 69). In some of these studies, selected women received antenatal AZT (66, 68). The
current HIV DNA PCR assay, Amplicor version 1.5, was 100% sensitive and 99.6%
specific using DBS samples at six weeks of age (70), but has not been evaluated prior to

six weeks.

Newer assays that are more sensitive than HIV DNA PCR may allow improved diagnosis
of HIV-infection prior to six weeks of age. Two such assays, which offer high sample
throughput and improved automation, are the COBAS AmpliPrep / COBAS TagMan
(CAP/CTM) HIV-1 assay (Roche Molecular Systems, Inc., Branchburg, NJ) and the
APTIMA HIV-1 Screening Assay (Gen-Probe Inc., San Diego, CA) (71, 72). These assays
use different technologies to the HIV DNA PCR assay to detect both HIV DNA and RNA.
The CAP/CTM and APTIMA assays Yielded sensitivities of 99.7% and 100%, respectively
and specificities of 100% and 97%, respectively using DBS samples from infants over six
weeks of age (71, 72). The manual version of the APTIMA assay was also sensitive and
specific on DBS in HIV-exposed infants and children (99.2% and 100%, respectively)
(73). Using serum samples, APTIMA was 100% specific in HIV-exposed, uninfected
children aged less than 18 months (74). Although the CAP/CTM and APTIMA assays have
demonstrated remarkable sensitivity, their performance for the diagnosis of HIV-infection

in infants prior to six weeks of age, including testing at birth, has not been assessed.

1.3 DETERMINANTS OF MOTHER-TO-CHILD TRANSMISSION

One of the key determinants of MTCT risk is the administration of antiretroviral
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prophylaxis to the mother-infant pair. Many studies have demonstrated the potent efficacy
of antenatal, intrapartum and/or postpartum prophylaxis in reducing MTCT of HIV. AZT
monotherapy administered during pregnancy, delivery and postpartum to the infant reduces
MTCT risk by 68% compared to placebo (75). Intrapartum interventions alone, with
sdNVP administered to mothers and infants at the time of delivery, also effectively reduce
HIV transmission by 50% (27). Short-course prophylaxis from 36 weeks gestation
successfully reduces perinatal infections versus placebo (76-78). However, short maternal
and infant regimens are inferior to long regimens in reducing perinatal HIV transmission
(79), with transmitting mothers having significantly shorter durations of antenatal PMTCT
cover (43). Combination therapy including AZT, lamivudine (3TC) and/or sUNVP
effectively decreases MTCT (80-83), though concerns regarding serious adverse events
and resistance to lamivudine have been raised (81). In the absence of antenatal cover, six
weeks of postpartum infant AZT combined with either NVP or nelfinavir and lamivudine
decreases IP transmission more effectively than AZT alone (60). HAART administered
antenatally and through the breastfeeding period is highly effective in reducing overall

MTCT in the perinatal and postnatal periods (84, 85).

Maternal PMTCT and HAART regimens reduce VL levels. Maternal VL is therefore also a
key determinant of MTCT, with higher antenatal and/or perinatal VL levels significantly
increasing the risk of perinatal HIV transmission (86-92), even after adjusting for other
predictors of MTCT (87, 88, 90-92). High VL levels are associated with low CD4 counts
(89) and MTCT has also been linked to low maternal CD4 levels. Increased transmission
has been recorded from mothers with CD4 counts below 200 x 10%/1 (83, 92-94) and
mothers with CD4 levels under 350 x 10%1 account for 76.6% of perinatal transmissions

(91). Some studies have demonstrated that this association is independent of other
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predictors of perinatal transmission (83, 91). However, in other cohorts, no significant

association between maternal CD4 count and MTCT could be demonstrated (87, 89, 90) or
the association was only significant if the analysis did not adjust for VL or other predictors
of MTCT (43, 88, 92). This suggests that CD4 count may not be the strongest determinant

of vertical transmission.

Although no significant association between maternal age and risk of MTCT has been
found (1, 87, 89, 92, 95), failed coverage of antiretroviral prophylaxis is more likely in
younger than older mothers (96, 97) which may in turn increase their transmission risk.
The odds of failed prophylaxis coverage are also increased where mothers have fewer
antenatal care visits (45, 96) and these mothers may be more likely to transmit HIV to their
infants (98). Later presentation for antenatal care also significantly increases the risk of

perinatal HIV transmission (43).

Intrapartum factors have been associated with transmission risk, with caesarean section
preventing MTCT (81, 99) and premature rupture of membranes significantly increasing
the risk of transmission (95, 100). A higher proportion of preterm deliveries occur from
HIV-infected women compared to uninfected women (32) and preterm deliveries have also

been associated with perinatal HIV transmission (43, 87, 101).

1.3.1 Predictors of 1U transmission
Although birth testing would detect the majority of perinatal HIV-infections, allow earlier

initiation of HAART and assist in monitoring for eMTCT, testing of all HIV-exposed
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infants at birth may not be appropriate in all settings. Predictors of 1U transmission, namely
a positive PCR test at birth, would assist in identifying HIV-exposed infants at increased
risk of 1U-infection who would benefit from an HIV test at birth. Both 1U- and IP-
infections have been associated with less optimal maternal antiretroviral cover (61),
increasing maternal VL levels (53, 61, 101-103), advanced clinical stage of maternal HIV
disease (102) and birth weight <2 500¢g (61). Some studies have also found that low
maternal CD4 count predicts for 1U (102) and IP (102-104) transmission. Unique
predictors of 1U versus IP-infection have also been described — IP transmission can be
predicted by duration of membrane rupture (24, 53, 61, 104) and pre-term birth (24, 53,
61), whereas IU-infections have been associated with delayed initiation of maternal AZT
prophylaxis (101) and maternal weight loss during pregnancy (105). Understanding the
unique predictors of 1U and IP transmission may direct targeted interventions to reduce
these infections and guide targeted testing aimed at identifying IU-infected infants who are

possibly at risk of rapid progression (9, 23, 24).

1.4 MATHEMATICAL MODELLING OF EARLY INFANT DIAGNOSIS

Clinical studies are limited by the number of subjects that can be recruited, funding, time
constraints and implementation concerns. Mathematical models can overcome these
limitations and have therefore been widely used to investigate the HIV epidemic and the
PMTCT programme (50, 106-113). None of these models have specifically investigated
the optimal time for EID prior to six weeks of age in terms of maximising the identification
of HIV-infected infants and reducing infant mortality. Investigating these questions in a
mathematical model would allow the impact of earlier testing at a national level to be

assessed before recommendations for earlier PCR testing are made.
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1.5 AIMS AND OBJECTIVES

Given the critical role of South Africa’s PMTCT programme in achieving eMTCT (7) and
reducing childhood mortality (6), the poor quality of national PMTCT monitoring and
evaluation data (56), the paucity of information regarding diagnosis of HIV-infection prior
to six weeks, the availability of new HIV test technologies (71, 72) and the evolution of
PMTCT programmes since the recommendation for six-week testing was made, this study

aims to:

» Describe the continuum of PMTCT care at an urban tertiary setting to identify
interventions to improve outcomes of the PMTCT programme.
» Investigate the optimal time for EID of HIV prior to six weeks of age, with a focus on

HIV diagnostic testing at birth.

Specifically, the study objectives are:

1. Describe the routine PMTCT programme at Rahima Moosa Mother and Child Hospital
(RMMCH) to identify interventions for improvement.
» Construct coverage cascades depicting antenatal PMTCT care to HIV-infected
mothers and postnatal PMTCT care to HIV-exposed infants.
»  Describe the demographic and clinical profile of HIV-infected women delivering at
RMMCH, and their antenatal and peripartum PMTCT care, in relation to MTCT.
» Describe the characteristics and outcomes of HIV-exposed infants born at RMMCH,

and PMTCT care received, in relation to HIV-infection status.

2. Evaluate and compare the performance of three HIV detection assays (namely, HIV

DNA PCR, CAP/CTM and APTIMA) on DBS for the diagnosis of perinatal (IU and IP)
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HIV-infection at time points prior to six weeks of age.

3. Determine whether antenatal or peripartum factors can predict IU-infection to identify a

subgroup of infants most likely to benefit from an HIV test at birth.

4. Using a mathematical model, determine the optimal time to perform early PCR testing to

detect perinatal (IU and IP) HIV-infection and minimise the HIV disease burden.
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2. METHODS

For the purpose of this dissertation, a secondary data analysis was performed. A master
dataset was compiled using multiple data sources, including laboratory data from the
Earlier Infant Diagnosis Study (EID Study) and clinical data from operational databases
maintained by RMMCH’s routine services. These data were collated and thoroughly

validated. This dissertation is an analysis of the newly compiled master dataset.

2.1 EARLIER INFANT DIAGNOSIS STUDY

A prospective, observational cohort study was conducted at RMMCH, Johannesburg,
South Africa to determine whether IU and IP HIV-infections could be identified prior to
six weeks of age. HIVV-infected women over 18 years of age who were aware of their HIV
status antenatally and planned to attend RMMCH for postnatal care were eligible to
participate in the study. Recruitment took place in the postnatal ward three mornings per
week, at which time written informed consent was obtained and a study number assigned
to the mother-infant pair. Demographic and clinical data, including information concerning
antenatal PMTCT care, were collected from women at the time of enrolment. Recruitment

took place from August 2008 to July 2010 and follow-up continued until December 2010.

All mother-infant pairs participating in the operational study were offered the routine
PMTCT care available at RMMCH as per national guidelines at the time. The 2008

guidelines, described in section 1.1.2, were applicable for most of the study period (4),
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with the 2010 guidelines only being implemented toward the end of the study (25, 28).
Routine peripheral blood HIV DNA PCR testing at six weeks of age determined the HIV
status of enrolled infants throughout the study (Amplicor HIV-1 DNA PCR, version 1.5;
Roche Molecular Systems Inc., Branchburg, NJ). Peripheral blood samples were taken as
opposed to DBS samples, as skilled phlebotomists were available at RMMCH. Test results
were provided to the infants’ caregivers at the ten-week immunisation visit in accordance
with national guidelines. HIV-uninfected infants were discharged from the programme;
HIV-infected infants were referred for HAART initiation at RMMCH and followed until

December 2010.

Study visits occurred at birth, two, four, six and ten weeks of age, at which time a medical
practitioner examined each infant. For study purposes, DBS samples were made at each
visit using Schleicher & Schuell 903 (S&S 903 W-041) filter paper cards, which were then
stored at RMMCH at ambient room temperature with desiccant sachets. Where the routine
six-week HIV DNA PCR test identified an infant as HIV-infected, stored DBS samples
from birth, two, four and six weeks were retrieved and retrospectively tested together with
samples from two age-matched, HIV-exposed, uninfected controls. DBS samples were
tested on three assays, namely: HIV DNA PCR, the quantitative CAP/CTM HIV-1 assay
(version 1.0; Roche Molecular Systems, Inc., Branchburg, NJ) and APTIMA HIV-1
screening assay with automated Tigris analyser (Gen-Probe Inc., San Diego, CA). Repeat
testing was conducted where invalid, equivocal or discrepant results were obtained at a

single time point and sufficient sample was available.

If an infant was LTFU before accessing routine six-week testing at RMMCH, PCR data
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from the National Health Laboratory Service’s (NHLS) Laboratory Information System
(LIS) were checked to determine if the infant had accessed routine diagnostic testing at any
other healthcare facility. Where the infant’s surname and date of birth matched, the PCR
result recorded on the LIS was used to assign an HIV status. At the end of the study, birth
DBS samples from all infants with an unknown HIV status were tested for the presence of
HIV using the APTIMA assay; positive results were confirmed with CAP/CTM and HIV
DNA PCR. This APTIMA screen identified all remaining IU-infected infants in the cohort.
In addition, all available stored DBS samples from the four-week visit that could be used to
assign a definitive HIV-uninfected status (114), as well as samples from infants known to
have died, were tested. All laboratory testing was conducted by accredited hospital-based

laboratories.

2.2 DATA COLLATION AND VALIDATION

2.2.1 Laboratory Database from the EID Study

HIV DNA PCR, CAP/CTM and APTIMA results had been recorded in a Microsoft Excel
workbook during the EID Study. All qualitative results were checked against the raw
laboratory data (viz. the quantitative output readings) to identify data capturing errors or
missing data. These were resolved using the original laboratory reports. Erroneous results
due to sample swops were also identified and the correct results from repeat testing
recorded. Negative results from the APTIMA birth screen had not originally been captured
in the Laboratory Database; these were added so that a complete set of birth data would be

available for analysis.
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2.2.2 Creating the Master EID Database

For the purpose of this dissertation, a Master EID Database containing all laboratory,
demographic and clinical data for mother-infant pairs enrolled in the EID Study was
created. The Master EID Database was compiled by collating the EID Laboratory Database

with data from multiple sources, namely:

» Clinical E-database: This operational Microsoft Access database was used in
RMMCH?’s routine clinic to record maternal and infant demographic and clinical data,
including findings at each study visit. Anonymous clinic identification numbers were
linked to EID Study numbers using a master list provided by study clinicians; patient
identifying details were not accessed at any time. Of 271 variables in the Clinical E-
database, approximately 201 were validated and analysed, including 45 new variables
that were added into the database (Appendix E). These new variables were re-coded
from the original variables, calculated from dates or figures in the database or imported
from other data sources (for example, the province and district where women lived and
where ANCs were located were imported from a Department of Health mapping
document).

» EID Study Records: These paper-based study records were the primary source
documents in which study clinicians noted demographic and clinical findings from
study visits. Reports from routine laboratory testing were also filed with these records.

» Patient Tracking Tool: This Microsoft Excel visit log was used during the EID Study
to record expected and actual visit dates, as well as follow-up of infants.

» Miscellaneous workbooks: The EID Study clinician provided a number of Microsoft
Excel workbooks with additional infant data, including details of hospital admissions,

antibiotic treatment and summaries of infant outcomes and testing.
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2.2.2.1 Data validation and coding

The Clinical E-database, which formed the majority of the Master EID Database, was
extracted to Microsoft Excel and thoroughly validated prior to being merged with the
Laboratory Database and other data sources. Outlying, missing or nonsensical values were
identified using histograms and Excel filters. Discrepancies were detected by comparing
variables that had been duplicated in the various data sources, for example, attendance at
study visits recorded in the Clinical E-database was compared to visit attendance in the
Patient Tracking Tool. Queries were discussed with the EID Study clinician and resolved
using the Study Records. Variables in the Clinical E-database that were particularly

problematic in terms of validity or coding included:

Maternal variables:

> ‘Gestational age at antenatal clinic booking’: In the original Clinical E-database,
gestational age was calculated using the reported date of last menstrual period.
However, study clinicians advised that this variable was highly inaccurate. Gestational
age at ANC booking was therefore calculated as follows:
- The antenatal booking date was subtracted from the infant’s date of birth to
calculate the number of weeks before delivery that the booking took place.
- Gestation was assumed to be 39, 36 or 41 weeks for term, preterm or postterm
deliveries, respectively, based on working definitions from the study clinician.
The number of weeks before delivery that the booking occurred was subtracted

from 39, 36 or 41, as applicable, to calculate the gestational age at booking.

This calculation led to a number of negative results, uncovering incorrectly captured

booking dates. These were corrected using the EID Study Records. Where the correct
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date could not be ascertained, ‘Gestational age at booking’ was not calculated.

‘Maternal PMTCT’: Maternal PMTCT was highly variable, comprising 59 codes for
the various combinations of sSANVP, AZT and HAART (Appendix F). In some
instances, the PMTCT code indicated that HAART had been administered even though
a HAART initiation date had not been recorded. These PMTCT regimens were
checked in the EID Study Records and appropriately re-coded. Three additional
variables relating to maternal PMTCT were added to the Master EID Database:
PMTCT rank: The EID Study clinician had ranked the 59 PMTCT regimens from least
to most optimal; these rankings were incorporated using Excel’s VLOOKUP function.
Ordinal categorisation: PMTCT regimens were categorised as follows:
- Suboptimal: No antenatal prophylaxis.
- Intermediate: Less than ten weeks of antenatal AZT or HAART.
- Optimal: Ten or more weeks of antenatal AZT or HAART.
A ten week cut-off was used as the 2008 PMTCT guidelines recommend that women
initiate AZT from 28 weeks gestation (4), equating to ten to 12 weeks of treatment.
Length of antenatal treatment: Each PMTCT regimen detailed in Appendix F was
translated into a binary variable indicating whether or not SUNVP had been received
and continuous variables indicating how many weeks of antenatal AZT and/or
HAART had been administered. Where a woman had received pre-conception
HAART, the number of weeks of antenatal treatment was based on the duration of
gestation (39, 36 or 41 weeks for term, preterm or postterm deliveries, respectively).
‘Antenatal CD4 count’: CD4 counts were measured using single platform pan-
leukogate technology. Two sets of antenatal CD4 counts were recorded in the Clinical
E-database, namely ‘Last recorded count’ (the count closest to delivery) and ‘Second

last recorded count’ which was performed earlier in pregnancy. These were combined
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into a single variable indicating the earliest antenatal CD4 count. Where antenatal CD4
counts had not been captured, every effort was made to find the missing data. The
study numbers of mothers without CD4 counts were sent to a clinician at RMMCH
who populated each mother’s first name, surname, date of birth and delivery date. The
NHLS data warehouse unit then identified women with matching details who had had
CD4 tests within 40 weeks of the delivery date. These antenatal counts, which were
relinked to anonymous study numbers by the NHLS data warehouse unit, were added
to the Master EID Database. ‘Gestational age at CD4 test’ was calculated as described
above for ‘Gestational age at booking’.

‘Maternal VL’: Some mothers had plasma samples stored at delivery and VL testing
was performed on these samples using the CAP/CTM HIV-1 assay (Roche Molecular
Systems, Inc., Branchburg, NJ). VL testing was performed retrospectively; it was
therefore not possible to check results that were not credible, for example, where VL
levels were undetectable in women who had only received sdNVP and three to four
weeks of antenatal AZT. Undetectable VL results that were not plausible in the context
of the PMTCT regimen were excluded from all analyses. Where undetectable VL

results were included in the analyses, they were assigned a value of zero.

Infant variables:

‘Infant PMTCT’: This variable originally comprised 13 codes (Appendix F) which
were categorised in the Master EID Database as follows:
- Suboptimal: no PMTCT, sdNVP only, sdNVP and less than one week of AZT
- SdNVP and one to two weeks of AZT
- sdNVP and four weeks of AZT
- Daily-dose NVP
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> ‘Date of 1° PCR’: Where an infant was more than seven weeks of age or less than 5.5
weeks of age at the time of PCR testing, the test date was checked in the EID Study
Records. The records were also consulted where the date was obviously incorrect, for
example, where a test was recorded before a date of birth. Age at first PCR test was
calculated so that the spread of ages at which infants were first tested could be
described.

> ‘Date of 2" PCR?’: Initially, a number of second PCR test dates indicated projected
booking dates. Projected dates were deleted so that dates were only recorded where
PCR testing actually occurred.

> 1%Y2"93" PCR results’: Some infants had incorrect ‘intermediate’ PCR results or had
no PCR results despite test dates being recorded. In one case, a PCR result had been
entered without a date and it was ascertained that this result had been captured against
the incorrect infant. In all instances, the EID Study Records were consulted and the
PCR results correctly captured.

» Growth measurements: Weight, length and head circumference at birth were recorded
twice in the Clinical E-database (under birth details and the first study visit). These
were compared and discrepant measurements corrected. Across all study visits, missing
weight, length and head circumference measurements were captured from the Study
Records and outlying z-scores used to identify measurements that had been incorrectly
captured. Where a growth measurement was corrected, the corresponding z-score was
re-calculated using the WHO Anthropometric Calculator (version 3.2.2; WHO,

Geneva, Switzerland) available at http://www.who.int/childgrowth/software/en/.

Z-scores were also re-calculated where a study visit date was corrected, as these scores
are based on infant age at the time of the measurement.

» ‘Age at study visits’: This variable was calculated by subtracting infant date of birth
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from the visit date. A number of negative ages were recorded, uncovering incorrect

birth and/or study visit dates that were corrected using the EID Study Records.

2.2.2.2 Classification of study visits

A number of visit dates in the Clinical E-database were not actual visits where infants
attended RMMCH, but rather dated notes (for example, a date that a PCR result had been
found on the NHLS LIS). An additional ‘Information only’ section was therefore added to
the Master EID Database so that these dates would not be confused with visit dates. The
LTFU status of each infant was then compared to the visits recorded in the database. For
example, all five scheduled study visits should have been captured for infants who were
not classified as LTFU. Where necessary, the EID Study Records were consulted and

missing study visits manually entered into the Master EID Database.

The timing of all visits was checked to ensure that they had been captured in chronological
order. Particular attention was paid to visits where infants were more than one week older
or less than one week younger than the expected visit age. The six- and ten-week visits
were not classified by age, but rather as ‘PCR’ and ‘results’ visits (viz. the visits at which
routine PCR tests were performed and test results given, respectively). The spread of ages
at which infants presented for the six-week visit and returned for results could then be

analysed.

2.2.2.3 Assigning infant HIV status

Infant HIV status was classified as follows in the Master EID Database:
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» HIV-infected — Infants who had a positive routine HIV DNA PCR test or at least two
positive test results on different assays using study DBS samples.

» HIV-uninfected — Infants who had a negative routine HIV DNA PCR test or at least
two negative results on study DBS samples at four weeks of age or older, in accordance
with WHO guidelines (114).

» Unknown but no IU-infection — Infants who had a negative HIV DNA PCR test or
negative study DBS results under four weeks of age, thereby excluding 1U-infection,

but no later test results to confirm a diagnosis.

HIV-infected infants were further classified according to the timing of transmission:

» lU-infected infants had at least two positive test results on different assays at birth.

» IP-infected infants had negative test results at birth, but tested positive on two or more
assays by six weeks of age.

» PP-infected infants tested negative at birth and six weeks of age, but had a positive
HIV DNA PCR test thereafter in the context of breastfeeding. It is possible that infants

with an early PP transmission are included in the IP-infected group.

2.2.2.4 Determining the method of infant diagnosis

The HIV status of infants enrolled in the EID Study was established in one of three ways:

» Diagnostic PCR testing was conducted through RMMCH’s routine PMTCT
programme as part of the EID Study. In this scenario, mothers were fully compliant
with the study requirements.

» Some infants were LTFU from RMMCH but had accessed routine PCR testing at
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another healthcare facility and were identified by searching the NHLS’s LIS. In this
scenario, mothers were partially compliant with the study’s PMTCT care requirements.
» Some infants did not access diagnostic PCR testing at any facility (non-compliant) and

DBS study samples were therefore tested, where possible, to assign an HIV status.

It was initially difficult to determine the method of infant diagnosis, as the Clinical E-
database did not differentiate PCR tests that were performed as part of the EID Study from
those that were found by trawling the NHLS LIS. Various documents, including the Patient
Tracking Tool, were therefore consulted. Where an infant had attended a study visit on the
date the PCR sample was drawn, the PCR test was recorded as having been performed at

RMMCH as part of the study.

2.2.2.5 Classification of infants’ final outcomes — LTFU and death

The Clinical E-database originally classified infants’ final outcomes as in care, discharged,
LTFU, transferred out (n = 1) or died. However, these outcomes were not mutually
exclusive; for example, an infant could have died after being LTFU from the study. LTFU
status and death were thus re-coded as two separate variables so that both could be
recorded for each infant. The ‘discharged’ outcome was not required, as HIV-uninfected
infants who were not LTFU were known to be discharged from the study. Whether HIV-
infected infants accessed care was recorded separately in the database of HIV-infected

infants (see section 2.2.3 for details).

LTFU status was based on visit attendance once all missing study visits had been captured

from the EID Study Records. A date of LTFU was recorded where required. The
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‘Alive/Dead’ variable detailed whether each infant was alive at the end of the study
(December 2010). This was ascertained using multiple source documents, including the
Clinical E-database, Patient Tracking Tool, EID Study Records and additional summaries
compiled by the study clinician. A second variable was created in the Master EID Database
indicating whether infants were alive or dead at ten to 14 weeks of age (viz. the end of the

study for each infant). A date of death was recorded for infants who died.

2.2.3 Creating the Database of HIVV-Infected Infants
In addition to the Master EID Database, a second database was compiled to record the

follow-up of HIV-infected infants. Data were collated from the following sources:

» Empilweni database: In addition to the Clinical E-database, a second operational
database was obtained from RMMCH. This database recorded the routine follow-up
care of HIV-infected infants attending Empilweni Clinic, the treatment clinic at
RMMCH, including details of HAART treatment and CD4/VL results to 31 December
2010. Anonymous Empilweni Clinic identification numbers were linked to EID Study
numbers using a master list provided by Empilweni clinicians.

» Two additional databases detailing the follow-up of HIV-infected infants, including
HAART treatment and laboratory (CD4 and VL) results, were also available. These
databases had been compiled from patient records, one by the Empilweni Medical

Officer and the other by the EID Study clinician.

Whether infants had initiated HAART and the date of treatment initiation was ascertained
from the three databases of HIV-infected infants. Data were considered confirmed where at

least two of the three data sets concurred; Empilweni clinicians were contacted to resolve
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any discrepancies. Infants were classified as having remained in care if they attended
Empilweni Clinic in the last nine months of the study. This time period was chosen as
virologically suppressed children required VL testing every six months (28) and an
additional three-month leeway was provided. Viral suppression was achieved when VL

levels dropped below 400 copies/mL as per South African Guidelines at the time (28).

CD4 and VL measurements over time were collated and validated using the three
databases of HIV-infected infants. CD4 counts were measured using a single platform pan-
leukogate technology. Viral load testing was initially performed with the NucliSENS
EasyQ HIV-1 assay (version 1.2 (bioMerieux, Boxtel, Netherlands) until November 2009
and version 2.0 (bioMerieux, Marcy L’Etoile, France) from November 2009 to September
2010), followed by CAP/CTM HIV-1 testing during the last three months of the study
(Roche Molecular Systems, Inc., Branchburg, NJ). Where the CD4/VL test was performed
prior to the date of HAART initiation or where the infant did not initiate HAART, the test
was considered to be a baseline measure. For CD4/VL tests performed after HAART
initiation, the time (in months) from treatment initiation to the test date was calculated.
Tests were then grouped into six-monthly intervals (viz. tests performed zero to six months
after HAART initiation, six to 12 months after HAART initiation etcetera). Where more

than one test was performed in a single six-month period, only the first test was included.

2.3 DATA ANALYSIS
All statistical analyses were performed using Microsoft Excel 2010, Statistica 10 (StatSoft

Inc., Tulsa, OK) and STATA 12.0 (StataCorp LP, College Station, TX) using data from the
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Master EID Database and Database of HIV-Infected Infants. o was set at 0.05, viz. two-

tailed p-values < 0.05 were considered significant.

Categorical variables were described using frequencies and proportions. Mean + standard
deviation and median (range and interquartile range) were used to describe normal and
non-normal continuous variables, respectively. Normality was assessed using Shapiro-

Wilk’s Test, where p>0.20 indicates a normal distribution.

Categorical variables were compared with Chi? or Fisher’s exact tests, as appropriate.
Where multiple comparisons between groups were performed, the level of significance was

adjusted using a Bonferroni correction, viz. a/the number of comparisons.

Mann-Whitney U test was used to compare two groups of independent, continuous
variables that were not normally distributed. Non-parametric comparisons of three or more
independent groups were performed with Kruskal-Wallis Analysis of Variance (ANOVA).
Where the ANOVA was significant, two-by-two comparisons with the Mann-Whitney U
test identified which of the groups were significantly different; the significance level was
adjusted using a Bonferroni correction. A Friedman ANOVA was used for non-parametric
comparisons of three or more groups of repeated measures, namely outcomes that were not
independent, to determine whether the outcome changed significantly over time (a time-

effect).
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Differences between three or more groups of continuous measures that were not
independent but were normally distributed were assessed using an ANOVA for repeated
measures. Mauchley’s Sphericity Test was performed to check that the assumption of
sphericity, namely equal variances of the differences between all possible combinations of
the groups, was not violated. Where this assumption had been violated (p<0.05 with
Mauchley’s Test), a Greenhouse-Geisser correction was applied. Greenhouse-Geisser
adjusted p-values were calculated for the time-effect and for between-group comparisons

to detect differences between two or more groups over time.

Box-plots were used to present median and interquartile range of non-normal, continuous
variables that were grouped by categorical parameters. Scatterplots were used to visually
compare two continuous variables. Spearman’s correlation coefficient (rs) was calculated

to assess the correlation between non-normally distributed continuous variables.

Time-to-event analyses were performed using Kaplan Meier survival curves and log rank
tests to compare overall survival between groups. Hazard ratios with 95% confidence
intervals (CI) were calculated using cox regression analysis where the assumption of

proportional hazards had not been violated.

2.3.1 Objective 1 - RMMCH’s PMTCT programme and the study cohort

2.3.1.1 The antenatal and postnatal PMTCT coverage cascades
Antenatal care provided to HIV-infected women enrolled in the EID Study was depicted in

a coverage cascade. This presented the proportion of women who accessed care at key
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points in the PMTCT programme, namely attendance at an ANC, antenatal CD4 testing
and receipt of PMTCT prophylaxis. Data were not available for other antenatal cascade
indicators, including HIV testing. Since ANC attendance is the entry point into the
antenatal cascade, the correlation between how soon women booked for antenatal care and
their PMTCT cover and VL levels was investigated. The antenatal cascade was then
stratified according to the three methods of infant diagnosis which indicate compliance
with the PMTCT programme (section 2.2.2.4), allowing the link between antenatal health

seeking behaviours and compliance with infant PMTCT care to be investigated.

The postnatal follow-up of HIV-exposed infants was also depicted in a coverage cascade,
indicating how many infants accessed care at each step of the PMTCT programme
(including NVP prophylaxis, PCR testing, receipt of results and for HIVV-infected infants,
HAART initiation, retention in care and virological suppression). Data for cotrimoxazole
administration were not available. The postnatal PMTCT cascade was stratified by method
of infant diagnosis and the performance of RMMCH’s routine PMTCT programme in
providing diagnostic services for HIV-exposed infants and treatment for HIV-infected
infants described. Time to initiation of treatment was calculated from the ten-week result
visit to the date of HAART initiation. For infants who received HAART, trends in VL
levels and CD4 counts at six-monthly intervals following HAART initiation were
evaluated using a Friedman ANOVA. Infants could only be included in this analysis where

CD4 and VL results were recorded consistently in every six-month period.

2.3.1.2 Maternal characteristics by MTCT status

Maternal demographic and clinical characteristics, antenatal PMTCT care, peripartum and
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delivery characteristics and infant feeding practices were compared in 1) mothers of 1U-
and IP-infected infants versus mothers of HIV-uninfected infants and 2) mothers of 1U-
infected infants versus mothers of IP-infected infants, using the statistical methods

described above.

2.3.1.3 Infant characteristics by HIV-infection status
Infant gender, birth anthropometry, PMTCT prophylaxis, morbidity (as measured by
hospital admissions and treatment with antibiotics) and mortality were compared in: 1) 1U-

and IP-infected versus uninfected infants and 2) 1U-infected versus IP-infected infants.

Deaths were investigated using Kaplan Meier survival analysis. For infants who died, the
event time was imputed as the age at death. For infants who did not die, follow-up time in
the study was calculated and data were right censored. Calculation of follow-up time
yielded a result of zero for infants who were only seen at birth; a follow-up time of 0.01
days was assigned in these instances, as values of zero are excluded from STATA survival
analyses. Only deaths to 14 weeks of age were compared in infected and uninfected
infants, as all infants, irrespective of HIV status, were followed to this age and deaths
would therefore have been equally detected. When comparing deaths in 1U-infected and
IP-infected infants, all deaths to December 2010 were included as all HIV-infected infants

were followed to the end of the study.

Weight, length and head circumference z-scores over time (at the birth, two-, four-, six-

and ten-week visits) were compared in 1U- and IP-infected versus uninfected infants using
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an ANOVA for repeated measures. Only infants with growth measurements at every visit
could be included in the analysis. The calculation of z-scores takes infant age into account
and thus made allowance for infants who were slightly younger or older than expected at a
study visit. Preterm infants were excluded from the analysis, as many had very low z-
scores and this parametric analysis was sensitive to outliers. Growth could not be
compared in IU-infected versus IP-infected infants due to the small number of IP-infected

infants with repeated measures over time.

2.3.1.4 Implementation of the national PMTCT guidelines over time

The 2008 national PMTCT guidelines (4) were released six months before the first mother-
infant pair was enrolled in the EID Study. In order to assess the implementation of these
guidelines over time, the proportions of women presenting early for antenatal care and
accessing optimal PMTCT from +28 weeks gestation were compared in women enrolled in
the first and second halves of the study. The proportion of infants receiving one month
compared to one week of AZT prophylaxis, as an indicator of the length of maternal AZT
cover, was also compared. Additionally, IU and IP transmission and time to infant HAART
initiation in the first and second halves of the study were evaluated. An improvement in
these indicators in the second half of the study would suggest that the guidelines were
being implemented over time. The implementation of the 2010 recommendation for
exclusive breastfeeding was considered in terms of the proportion of women who elected

to exclusively breastfeed. The two cases of mixed feeding were excluded for this analysis.

2.3.2 Objective 2 — Diagnosis of 1U and IP HIV-infection under six weeks of age

The performance of the HIV DNA PCR, CAP/CTM and APTIMA assays in identifying
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IU- and IP-infected and HIV-uninfected infants prior to six weeks of age was assessed.
Results from DBS study samples tested with each assay at birth, two, four and six weeks
were compared to the final HIV status of each infant (the reference standard). Sensitivity
(true-positive results/(true-positive + false-negative results)) and specificity (true-negative
results/(true-negative + false-positive results)) were calculated with 95% CI using the
Wilson score method. This method was chosen as the normal Gaussian approximation is ill
suited for calculating Cls for sensitivity and specificity of diagnostic tests (115). Positive
predictive values (PPV) (true-positive results/(true-positive + false-positive results)) and
negative predictive values (NPV) (true-negative results/(true-negative + false-negative
results)) were also calculated to determine the proportion of infants with positive and
negative results, respectively, with a correct diagnosis. Predictive values were computed as

opposed to likelihood ratios, as the prevalence of HIV did not vary in each age group.

Equivocal results obtained with the HIV DNA PCR assay, defined as optical density
readings between 0.2 and 1.5 as per the NHLS Standard Operating Procedure (116), were
excluded from the sensitivity and specificity analyses. Repeat tests performed for false
negative or false positive results were also excluded. Results from repeat testing performed
following a sample swop or an initial failed or invalid result were included in the analyses,

as routine laboratory practice stipulated that such samples be retested.

2.3.3 Objective 3 — Predictors of 1U transmission
Characteristics of mothers of IU-infected infants were compared to those of mothers whose
infants were not infected IU. Mann Whitney U test was used to compare continuous

variables and Chi? or Fisher’s exact tests were used for categorical variables. Logistic
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regression was then performed to determine whether antenatal or peripartum factors could
predict for IU-infection. Variables that were investigated included maternal age, antenatal
CD4 count, maternal PMTCT prophylaxis, peripartum maternal VL, preterm delivery,
mode of delivery and premature rupture of membranes. The latter two variables were
included to investigate whether the decreased risk of IP transmission with caesarean
section (99) and increased risk of IP transmission with premature rupture of membranes
(24, 61, 100, 104) would proportionately alter the risk of 1U transmission. Infant

characteristics were not investigated in this analysis.

Univariate logistic regression was performed with each predictor variable and unadjusted
odds ratios (OR) were calculated. These indicated whether predictor variables were
protective (OR < one) or risk factors (OR > one) for the outcome, namely 1U-infection.
Predictor variables with p<0.20 in the univariate analysis were included in the multivariate

model where adjusted ORs were computed. All ORs were calculated with 95% CI.

Interactions between predictor variables in the multivariate model were investigated to
ensure independence of these variables. Where predictor variables were correlated, the
multivariate model was run with and without an interaction term, the product of the two
correlated variables. The -2 log likelihood values, which are overall test statistics, in the
two models were then compared. Where there was no difference between the -2 log
likelihood statistics in the models with and without the interaction term, the correlation
did not impact on the model and the interaction term was excluded from the final

analysis.
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2.3.4 Objective 4 — Mathematical model of early infant diagnosis

A mathematical model of paediatric HIV incidence and survival in South Africa was
developed and published by Dr Leigh Johnson (University of Cape Town) (109-111). In
collaboration with Dr Johnson, the model was used to determine the optimal time to
perform PCR testing to detect perinatal (IU and IP) infections and minimise the HIV
disease burden. To adapt the model for this purpose, data were collated from the EID
Study and published literature to estimate: 1) the proportion of perinatal transmissions
detectable at birth and 2) the impact of antiretroviral prophylaxis on the diagnosis of
perinatal HIV-infections. Dr Johnson used these estimates to modify and run the model.
Details of the methodology used in the original and adapted models are available in Dr

Johnson’s working paper (109) and Appendix G, respectively (Appendix H).

2.3.4.1 Assumptions regarding perinatal transmissions detectable at birth

The proportion of perinatal transmissions detectable at birth in the presence of various
PMTCT regimens was estimated from findings of the EID Study and published literature
(8,9, 21, 27, 53, 60, 75-85, 88, 93, 117-123). These studies were highly variable in terms
of the duration of PMTCT prophylaxis, rate of caesarean section, timing of diagnostic
testing, assays used, study location and whether the population was predominantly breast
or formula fed. It was therefore difficult to merge the findings from these studies for a
definitive conclusion regarding the rate of 1U relative to IP transmission. An approach was
thus taken to focus on landmark studies and those with larger cohorts that used PMTCT
regimens similar to those recommended in South Africa. Studies that used commercial or
standardised testing technologies and performed testing at comparable time intervals to the
EID Study (viz. birth and four- to six-week testing) were also considered. Table 2.1 details
the key studies used to determine the proportion of 1U transmission in the context of

various PMTCT regimens for inclusion in the model. 38



Table 2.1 Proportion of perinatal transmissions detectable at birth by level of PMTCT cover.

Study Reason Feeding | Country | PMTCT regimen Assay Definition of 1U (IP) | IU infection as a proportion of
for infection perinatal infections
inclusion
1. No PMTCT cover | \ \
Dunnetal | Landmark | Non- Multiple In-house DNA IU: PCR positive on | 38%
1995 (21) | study breast (review PCR, except Roche | the day of birth or (This is £ in the middle compared to:
feeding | of 12 Amplicorinl day after birth Bertolli 1996 (117) - 16/61 = 26.2%;
cohorts) instance Shaffer 1999 (78) placebo group -
13/37 = 35.1%;
ZVITAMBO 2004 (9) - 89/193 =
46.1%)
Proportion used in model: 38%
2. IP PMTCT cover
Guay etal | Landmark | Breast Uganda sdNVP group: NVP to mothers at RNA PCR - Roche | IU: HIV-infectionat | sdNVP group
1999 study feeding onset of labour & to infants within 72 Amplicor Monitor | day 1-3 IU/(all infected by 6-8 wks) = 25/35
(HIVNET hrs of birth v1.0 + added =71.4%
012) (27) primers and then
v1.5 primers
Moodley South Mix of South 1) sdNVP group: Roche Amplicor IU: PCR positive 62-68%
etal 2003 | African feeding | Africa a. Mothers: sdNVP in labour & DNA and RNA within 72 hrs of birth | 1) sANVP group:
(SAINT study practices additional dose 24-48 hrs post-partum PCR v 1.0 initially | IP/early PP (ePP): IU/(1U + IP + ePP) = 45/73 = 61.6%
trial) (82) b. Infants: SANVP 24-48 hrs after birth | & v 1.5 thereafter PCR negative within | 2) Short course AZT/3TC group:
2) Short course AZT/3TC group: 72 hrs of birth, then IU/(1U + IP + ePP) = 38/56 = 67.9%
a. Mothers: IP AZT+3TC through positive 4-wk test
delivery and post-partum for 1 wk ePP: PCR negative
b. Infants: AZT+3TC for 1 wk at 72 hrs and 4 wks,
then positive 6-8 wk
test
Chaselaet | Large Breast Malawi, | sdNVP to mothers and infants RNA: bioMerieux IU: Positive test at IU/(1U + IP/ePP) = 153/281 = 54.4%
al 2008 number feeding | Tanzania, | (HIVNET 012 regimen (27)) NucliSens NASBA | birth (within 48 hrs)
(118) of infants; Zambia in Malawi and IP/ePP: First
testing at Zambia; Roche positive test at the 4-
same Amplicor Monitor | 6 week visit
intervals v 1.5 in Tanzania

Proportion used in model: 65%
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Study Reason Feeding | Country | PMTCT regimen Assay Definition of 1U (IP) | IU infection as a proportion of
infection perinatal infections
3. IP and antenatal PMTCT cover
Lallemant | Similar Non- Thailand | All mothers: AZT initiated at median of | Roche Amplicor IU: Test positive for | 50-58%; combined cases 29/55=53%
etal 2004 | PMTCT breast 28.7 wks gestation through delivery DNAPCRV 15 HIV within 3 days 1) NVP-NVP group
(Perinatal regimens | feeding All infants: AZT for 1 wk; PLUS after birth IU/(all infected infants) = 7/14 =
HIV 1) NVP-NVP group 50.0%
Prevention a. Mothers: sdNVP at labour onset 2) NVP-placebo group
Trial) (80) b. Infants: sdNVP 48-72 hrs after birth IU/(all infected infants) = 11/19 =
2) NVP-placebo group 57.9%
a. Mothers: sdNVP at labour onset 3) Placebo-placebo group
b. Infants: placebo IU/(all infected infants) = 11/22 =
3) Placebo-placebo group 50.0%
a. Mothers: placebo
b. Infants: placebo
Shapiro et | Similar Mix of Botswana | 1) AZT + maternal sdNVP Roche Amplicor Birth positive: PCR | 62-87%; combined cases 21/28=75%
al 2006 PMTCT feeding a. Mothers: AZT from 34 wks DNA PCR positive within 15 1) AZT + maternal sdNVP
(88) regimens | practices gestation, through delivery & sdNVP days, but median Birth positive/(1 mo positive) =
during labour time to birth testing 13/15 =86.7%
b. Infants: sANVP at birth & 1 mo AZT in both groups =1 2) AZT + maternal placebo
2) AZT + maternal placebo day; 99% infants in Birth positive/(1 mo positive) =
a. Mothers: AZT from 34 wks SANVP group & 98% | 8/13 = 61.5%
gestation, through delivery in placebo group had
b. Infants: sANVP at birth & 1 mo AZT birth testing <4 days
Dabisetal | Testingat | Mix of Cote 1) AZT + sdNVP group Real-time PCR IU: Day 1-4 64-77%; combined cases 24/35=69%
2005 same time | feeding | d’Ivoire a. Mothers: AZT from 36 wks gestation | (quantitative specimen positive 1) AZT + sdNVP group
(ANRS intervals; | practices AZT + sdNVP at labour onset Tagman IP/ePP: Day 1-4 All lU/(All IU + IP/ePP) = 14/22 =
1201/1202 | similar b. Infants: sUNVP (day 2) & 1 wk AZT | technology) specimen negative 63.6%
DITRAME | PMTCT 2) AZT + sdNVP + 3TC group but week 4-6 2) AZT + sdNVP + 3TC group
PLUS regimen a. Mothers: AZT + 3TC from 32 wks specimen was Al TU/(AILTU + IP/ePP) = 10/13 =
Study in group gestation; AZT + sdNVP + 3TC at positive 76.9%
Group) 1 labour onset; AZT + 3TC for 3 days PP
(83) b. Infants: sANVP (day 2) & 1 wk AZT
Proportion used in model: 76%*
/] AAR

IU/IP split not known

Proportion used in model: 80%}

* The EID Study, which also provided IP and antenatal cover, found that 76% of perinatal infections were detectable at birth.
+ Conservative estimate — only slightly higher than that used in the context of IP and antenatal cover.
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2.3.4.2 Assumptions regarding detection of perinatal HIV-infections in the context of
antiretroviral prophylaxis

The model was designed to be consistent with the 2010 South African PMTCT guidelines
which recommend prolonged, daily-dose infant NVP for at least six weeks (25). Although
initial studies of AZT monotherapy did not find significantly delayed diagnosis of infant
HIV-infection or reduced VL levels (68, 75, 124), more recent studies have found that
prolonged and/or multi-drug prophylactic regimens do delay diagnosis of HIV-infection
beyond four to six weeks and dampen VL levels in HIV-infected infants (60, 62-64, 125).
In the context of six weeks of postpartum infant AZT, with or without other drugs, 32% of
IP-infected infants detectable by three months of age were PCR negative at four to six
weeks (60). In the case of NVP, even a single perinatal dose reduced VL levels below the
limit of detection in 38% of IU-infected infants at five days of age (1). Consistent with this
finding, 17% of 1U-infected infants detectable at birth in the EID Study had false negative
results at two weeks of age — a two-week sensitivity of only 83% — most likely due to
sdNVP at birth. Prolonged daily-dose NVP may similarly adversely impact detection of
HIV-infected infants at six weeks of age. Based on the two-week sensitivity of 83% among
IU-infected infants receiving sdNVP in this cohort, sensitivity of PCR testing for detecting
IU-infections at six weeks of age was assumed to be 85% in the context of daily-dose
NVP. A lower six-week sensitivity of 70% was assumed for detecting IP-infections, as
these infections are being established at the time of daily-dose NVP and would therefore be
more susceptible to NVP’s dampening effect. The 70% sensitivity for detecting IP-
infections also concurs with findings of the HPTN 040 study (60). PCR sensitivity was

assumed to recover over time as NVP resistant strains accumulate.

2.3.4.3 Model of PCR testing and infant mortality
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The adapted model estimated infant outcomes in a cohort of 240 000 HIV-exposed infants;
this is the estimated number of exposed infants born in South Africa in 2010 as per the
ASSA2008 AIDS and Demographic model (126). The number of IU- and IP-infected
infants diagnosed by a single PCR test at birth, six weeks and ten weeks of age was
compared to the number diagnosed using two PCR tests, with the first test at birth and the
second at six, ten or 14 weeks of age. These ages were chosen because they correspond to
routine healthcare visits according to the immunisation schedule in South Africa. Testing
at ten and 14 weeks also allowed for delayed diagnosis of perinatal HIV-infection beyond
the currently recommended six-week test. The number of HIV-infected infants diagnosed
at each time point was indicative of those who received PCR test results (Appendix G,
Table G2). When calculating the number of PCR tests required at each age, testing of
symptomatic children and routine screening post-cessation of breastfeeding was taken into
account. The number of life years and quality-adjusted life years (QALYS) saved by testing
at each time point was also estimated (calculation of QALYSs is described in Appendix G).

For the purpose of this analysis, postnatal transmission rates were set to zero.

A number of sensitivity analyses were performed to compare outcomes in the baseline

scenario to alternative scenarios with different assumptions:

» The baseline scenario was consistent with the 2010 South African PMTCT guidelines
which prescribed antenatal AZT for pregnant women not eligible for HAART and
daily-dose NVP for HIV-exposed infants (25). The latter was assumed to reduce
sensitivity of PCR testing (60, 62-64). The baseline scenario assumed equal mortality
in IU- and IP-infected infants (8).

» Scenario one assumed that NVP prophylaxis did not reduce PCR sensitivity.
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» Scenario two investigated the impact of changing maternal prophylaxis to antenatal
HAART for all HIV-infected women (WHO option B (127)), as was implemented in
South Africa from April 2013 (26).

» Scenario three assumed that IP-infected infants progressed less rapidly than infants
infected IU. Based on reported cumulative mortality rates of 0.29 and 0.42 in IP- and
IU-infected infants, respectively (9), the rate of progression in IP-infected infants was

assumed to be 0.70 times that of |U-infected infants.

2.4 ETHICAL CONSIDERATIONS

The original EID Study was approved by The University of the Witwatersrand’s Ethics
Committee in 2008 (M080626; Appendix 1) and written informed consent was obtained
from all study participants. An application to conduct a secondary data analysis for degree
purposes was subsequently approved by the Ethics Committee (Medical) of the University
of the Witwatersrand (M10366; Appendix J). Missing antenatal CD4 counts were
identified using the NHLS LIS under the ethics approval for the PMTCT programme at
RMMCH (Appendix K). Patient identifying details were not accessed at any point during

the analysis and reporting process.

2.5 FUNDING
The EID Study and secondary data analysis were funded by the NHLS, the President’s
Emergency Plan For AIDS Relief (PEPFAR) and United Nations Children’s Fund

(UNICEF).
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3. RESULTS

3.1 OBJECTIVE 1 - RMMCH’S PMTCT PROGRAMME AND THE STUDY

COHORT

3.1.1 The antenatal and postnatal PMTCT coverage cascades

3.1.1.1 Cascade of antenatal PMTCT care

A convenience sample of 848 mother-infant pairs was enrolled in the EID Study. Ten
mother-infant pairs withdrew during the course of the study and have been excluded from
all analyses. The remaining 838 infants included nine sets of twins; a total of 829 mothers

were therefore enrolled.

Majority (97.5%) of the 829 enrolled women lived in City of Johannesburg, the Gauteng
district where RMMCH is located, and 92.9% attended ANC:s in the district. Two percent
of enrolled women had not booked at any ANC. Only 21.8% of the 829 mothers attended
an ANC before 20 weeks gestation and 4.8% attended before 14 weeks (Figure 3.1). After
presenting for antenatal care, majority of mothers underwent antenatal CD4 testing
(86.5%) and received some form of antenatal PMTCT prophylaxis (89.4%). However, only
38.0% accessed optimal PMTCT from 28 weeks gestation as stipulated in the 2008

guidelines (Figure 3.1).
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Figure 3.1 — Coverage cascade of antenatal PMTCT care provided to study participants.

Women who booked at antenatal clinics later in pregnancy (median of 29 weeks gestation)
were less likely to access CD4 testing than women who booked earlier at a median of 25
weeks (p<0.001). Women who booked later in gestation also accessed less optimal
PMTCT prophylaxis (rs = 0.46, p<0.001, Figure 3.2). These women tended to have higher
peripartum VL levels (rs = 0.17, p = 0.003, Figure 3.3), as VL levels increase with
deteriorating PMTCT rank (rs = 0.43, p<0.001, Figure 3.4). Thus, women who booked at
antenatal clinics late in pregnancy were less likely to undergo CD4 testing, accessed less
optimal PMTCT, tended to have higher VL levels, and most early transmissions, indicated

by red dots in Figures 3.2 to 3.4, occurred from these women.
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Figure 3.2 — Relationship between timing of antenatal clinic booking and maternal

PMTCT (rs = 0.46, p<0.001).
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Figure 3.3 — Relationship between timing of antenatal clinic booking and peripartum

maternal VL (rs = 0.17, p = 0.003). Mothers with undetectable VL levels (VL log = 0.00; n

= 10) had all initiated HAART pre-conception.
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The antenatal PMTCT cascade and related maternal characteristics were stratified
according to the method of infant diagnosis as an indicator of compliance with infant
PMTCT care (see section 2.2.2.4) (Table 3.1). Mothers who were fully compliant in
bringing their infants back to RMMCH for diagnostic testing were also the most compliant
with their own antenatal care. Compared to mothers who were less compliant with their
infants’ PMTCT care, a greater proportion of fully compliant mothers attended an ANC
<20 weeks gestation (p = 0.005), underwent CD4 testing (p<0.001) and accessed antenatal
PMTCT prophylaxis (p<0.001) (Table 3.1). This difference was particularly significant
when comparing mothers who were fully compliant to those who were not compliant at all.
Furthermore, a significantly greater proportion of compliant mothers accessed optimal
antenatal PMTCT from 28 weeks gestation (p = 0.006); consequently, their VL levels
around the time of birth were significantly lower (p<0.001) (Table 3.1). Mothers who were
not compliant with their infants’ PMTCT care were younger (p = 0.002) and fewer were
South African (p<0.001) (Table 3.1). Thus, infants born to mothers with poor antenatal
health seeking behaviours, who were younger and of a foreign nationality, were at greatest
risk of being lost to follow-up from the PMTCT programme and of not accessing an HIV

diagnosis.

3.1.1.2 Cascade of postnatal PMTCT care for the diagnosis and treatment of infants
with early (IU and IP) HIV-infections

The cascade of postnatal PMTCT care for infants enrolled in the EID Study is depicted in
Figure 3.5. All but one infant (99.9%) received NVP at birth. All 838 enrolled infants
should have undergone diagnostic PCR testing at RMMCH and received their test results
at ten weeks. Instead, only 72.3% (n = 606) accessed routine diagnostic testing at RMMCH

and 67.4% (n = 565) returned for the ten-week result visit, though the latter represents the
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Table 3.1 — The antenatal PMTCT cascade and maternal characteristics by method of
infant diagnosis as an indicator of compliance with infant PMTCT care.?

1 - Fully 2 — Partially 3 —Non- Overall 2-by-2
compliant: compliant: compliant: | comparison | comparisons:
mothers of mothers of mothers of | (1vs2vs 3): p-value®

infants infants infants not p-value®
diagnosed at | diagnosed tested
RMMCH elsewhere routinely
n
Mothers 602 82 145
Infants 606 85 147

Antenatal clinic 1vs2:0.230

visit <20 weeks 1?28452%8 (1154709) 1&’213;) 0.005 | 1vs3:0.002

gestation ' ' ' 2vs 3:0.223

Antenatal clinic 1vs 2:0.607

visit <14 weeks 3(‘;/ 585)’8 (3478% 3(’21‘1‘? 0.180 1vs 3:0.088

gestation ' ' ' 2vs 3:0.670

Accessed antenatal |  551/602 68/82 98/145 cool | Lz
CD4 testing (91.5) (82.9) (67.6) 2 vs 3: 0.012

Accessed any 1vs 2:0.087

antenatal PMTCT 5?52/62(;2 Z81é862) 1(175é19‘;4 <0.001 | 1vs3:<0.001
prophylaxis ' ' ' 2vs 3:0.203

Accessed antenatal 1vs 2:0.849

PMTCT from +28 2;%64(;2 321/852) 3&2213)4 0.006 1vs 3: 0.002

weeks gestation ' ' ' 2vs 3:0.019

CD4 <350 & on 1vs2:0.156

HAART / total 1?523{206;8 (155357) (2397’50‘; 0.054 | 1vs3:0.032

with CD4 <350 ' ' ' 2vs 3:0.736

CD4 <200 & on 1vs2:0.494

HAART / total (7755’%5; (2’61% (161‘{177) 0.495 1vs 3:0.373

with CD4 <200 ' ' ' 2 vs 3: 1.000

Peripartum 3.73 4.16 4.84 1vs 2:0.005

maternal VL (log)® | (0.00-5.72; | (0.00-5.48; | (4.38-5.59; <0.001 1vs 3:<0.001
- median (range; n) 259) 43) 8) 2vs 3:0.023

Maternal age 28.3 27.4 26.5 1vs2:0.248

(years) - median (18.2-44.8; | (18.6-42.1; | (16.2-41.1; 0.002 1vs 3: <0.001
(range; n) 602) 82) 145) 2vs 3:0.186

Maternal 1vs 2:0.568

nationality: South 3?5‘(;56%4 ?577’832) %13)8 <0.001 | 1vs3:0.<001
African ' ' ' 2vs 3:0.028

% Data are n/total (%) except continuous variables where data are median (range; n) as indicated. The
total number of mothers varies due to missing data.
® Chi? or Fisher’s exact test for binary and categorical variables; Kruskal Wallis ANOVA for continuous
variables. Significant p-values are indicated in bold (p<0.05).
° Chi® or Fisher’s exact test for binary and categorical variables; Mann Whitney U test for continuous
variables. Significant p-values are indicated in bold (p<0.017, Bonferroni correction).
9310 VL results were included in this analysis. An additional 20 undetectable VL results (6.1% of the
original 330 VL tests) were not plausible in the context of the antenatal PMTCT regimen and were

therefore excluded.
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Figure 3.5 - Postnatal coverage cascade for the diagnosis and treatment of infants with
early (IU and IP) HIV-infections, stratified by method of infant diagnosis.
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majority of infants who were tested (565/606 = 93.2%) (Figure 3.5). Infants ranged from
1.7 to 11 weeks of age at their first PCR test, with a median age of 6.5 weeks (Figure 3.6
a). HIV-uninfected and infected infants underwent testing at comparable ages (median of
6.4 and 6.6 weeks, respectively). In total, 60 (9.9%) of the 606 infants tested at RMMCH

had two PCR tests, most often as a result of clinical concern. Majority of the 565 infants

who returned to RMMCH for their results did so timeously, at a median age of 10.6 weeks

(range 6.6 — 20.9 weeks) (Figure 3.6 b). HIV-infected and uninfected infants received their

PCR results at the same median age of 10.6 weeks.
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Age at 10-week results visit (weeks)

Figure 3.6 — Timing of a) the first PCR test and b) the result visit for HI\VV-exposed infants

accessing diagnostic testing at RMMCH.
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In addition to the 606 infants who underwent routine PCR testing at RMMCH, the LIS
search identified an additional 85 infants who had accessed diagnostic testing at other
healthcare facilities (Figure 3.5). It is not known whether these infants received their PCR
results, but it is likely that some did. The routine PMTCT programme therefore provided a
definitive diagnosis for 82.5% (n = 691) of the 838 infants in the cohort through testing at
RMMCH and other facilities. In addition to routine PCR testing, a further 19 infants were
diagnosed by testing DBS study samples (Figure 3.5). A definitive diagnosis was thus

available for a total of 710 (84.7%) infants in the cohort.

Of the 606 infants who were tested at RMMCH, 26 were diagnosed as HIV-infected,
comprising 18 1U and eight IP-infections (Figure 3.5). The LIS search identified an
additional four HIV-infected infants (three 1U and one IP) and testing of birth samples
identified a further eight 1U-infected infants, bringing the total number of 1U- and IP-
infected infants in the cohort to 38 (Figure 3.5). Thus, a total of 29 IU-infected infants
could have been identified through birth testing, in comparison to the 26 infected infants
diagnosed by RMMCH’s routine six-week testing programme. Compared to the total
number of early HIV-infections (n = 38), RMMCH’s PMTCT programme identified 68.4%
of infected infants (Figure 3.5) i.e. a third of all early HIV-infections in this cohort were

missed by six-week testing at RMMCH.

Of the 11 IU-infected infants who did not present for routine six-week testing at RMMCH
(Figure 3.5), six were LTFU before accessing a diagnosis, three died, one returned for care
and one reportedly moved to Malawi. Thus, of these 11 infants who could have been

diagnosed at birth, nine (81.8%) were completely lost from the PMTCT programme
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(assuming that the infant who moved to Malawi did access treatment). Although birth
testing would not have identified the nine IP-infected infants in the cohort, four of these
infants presented with clinical symptoms. Two were symptomatic at six weeks, one with
significant adenopathy and the other with suspicion of tuberculosis and poor weight gain.
An additional two were symptomatic between seven and ten weeks, with wasting and
significant adenopathy being the most common symptoms. Thus, clinical stigmata should
have prompted HIV testing in four (44.4%) of the nine IP-infected infants, even if six-
week testing was not routine. In this cohort, a birth diagnosis together with clinical follow-
up of symptomatic infants at the routine six- and ten-week visits would have identified the
highest number of HIV-infected infants — testing at birth would have detected the 29 IU-
infections and clinical stigmata should have prompted testing of four IP-infected infants.
Thirty three (86.8%) of the 38 HIV-infected infants could therefore have been identified,

compared to 26 (68.4%) diagnosed by RMMCH’s routine six-week testing programme.

HAART was initiated in 24 1U- and IP-infected infants in the cohort (Figure 3.5). One
infant who had accessed testing at a facility other than RMMCH later returned to the
hospital for HAART initiation at 20.1 months of age. The remaining 23 infants who
initiated treatment had been diagnosed through RMMCH’s routine programme. These
infants represent 88.5% of the 26 infants diagnosed at RMMCH, but only 60.5% of the
total early HIV-infections in the cohort. Infants initiated HAART at a median age of 16.0
weeks (range 6.3 — 30.3 weeks) due to a delay of 6.1 weeks from the ten-week result visit
to HAART initiation (range -3.3 — 20.3 weeks) (Lilian et al 2013 (128) Figure 3; Appendix
C). The 23 infants who initiated HAART were followed up for a median of 51.6 weeks
(range 0.0 — 112.1 weeks) and by the end of the study, ten (43.5%) were not in care —seven

were LTFU and three had died shortly after initiating treatment (Figure 3.5).
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For those infants who remained in care at RMMCH, treatment with HAART was
successful in suppressing viral replication and reversing immunosuppression. Prior to
treatment, median baseline VL was 5.4 log (range 3.0 — 7.0 log) and baseline CD4
percentage was 25.7% (range 9.2 — 38.2%). Among infants with repeated VL and CD4
measures, VL decreased significantly over time (p = 0.002), with a corresponding increase
in CD4 percentage to levels over 40% (p = 0.033) (Figure 3.7). In total, viral suppression
was achieved in 14 (60.9%) of the 23 infants who initiated HAART through RMMCH’s

routine programme; this equates to only 36.8% of the 38 infected infants in the cohort

(Figure 3.5).
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Figure 3.7 —a) VL and b) CD4 measurements over time in HIV-infected infants who
initiated HAART at RMMCH and had repeated measures at six-monthly intervals.
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3.1.2 Mother-to-child transmission of HIV in the EID cohort

In addition to the 38 confirmed cases of early (IU or IP) transmission, five more instances
of MTCT occurred in the cohort (Figure 3.8). Three infants who defaulted from the study
before the two-week visit were HIV-uninfected at birth and were first diagnosed as HIV-
infected at six months or older. Since these infants did not undergo routine six-week
testing, it is unclear whether the infections were vertical IP transmissions or occurred later
as a result of breastfeeding (PP transmission). These three infants have therefore been
excluded from the cohort of IP-infected infants. An additional two reportedly breastfed
infants acquired HIV through PP transmission. These are two of the 669 infants who had
negative six-week PCR results, but repeat tests at 9.4 and 15.6 months of age were
positive. No definitive diagnosis was available for 128 infants, though 1U-infection was

excluded by virtue of negative tests on birth study samples (Figure 3.8).

838
mother-infant pairs

| |
710 infants: 128 infants:
HIV status known HIV status unknowny
| |
38 HIV positive | | 3 HIV positive | |669 HIV negative

by +£6 weeks | Junknown timing* at 6 weeks
29 9 667 2 later PP
IU-infections| | IP-infections HIV negative] | infections

T Six-week HIV status unknown, but negative test results on birth samples excluded 1U-infection in these infants.
* These infants tested negative at birth, defaulted from the study at two weeks and first tested positive after six months of
age. It is therefore unclear whether they were infected IP or later as a result of breastfeeding (PP transmission).

Figure 3.8 — Mother-to-child transmission in the 838 mother-infant pairs enrolled in the
EID Study.
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3.1.3 Maternal characteristics by MTCT status

Table 3.2 compares the characteristics of mothers of 1U- and IP-infected infants to mothers
of infants who were uninfected at six weeks of age. Mothers of infected infants were
significantly younger (p = 0.007) and had had fewer pregnancies compared to non-
transmitting mothers (p = 0.031). Few mothers declared drinking alcohol or smoking and
few had clinical illnesses, irrespective of transmission. The proportion of preterm
deliveries and caesarean sections did not differ in mothers of infected and uninfected
infants (p = 0.523 and 1.000, respectively). A significantly higher proportion of
transmitting mothers intended to breastfeed and ultimately did breastfeed their infants (p =

0.007 and 0.002, respectively).

Mothers of perinatally infected infants presented for antenatal care significantly later in
pregnancy than non-transmitting mothers (p = 0.002) (Table 3.2). It thus follows that
transmitting mothers underwent CD4 testing later in pregnancy (p = 0.023), fewer accessed
optimal PMTCT or HAART (p<0.001) and for a shorter duration (p<0.001); consequently,
their peripartum VL levels were higher (p<0.001) (Table 3.2). Transmission from mothers
who received intermediate antenatal PMTCT of less than ten weeks was not significantly
different to transmission from mothers who received no antenatal cover (p>0.017),
indicating that more than ten weeks of prophylaxis was required to protect against
transmission. However, if a ten-week cut-off was not applied to the data and duration of
PMTCT was instead analysed continuously, it was evident that a median of eight weeks of
antenatal prophylaxis was also protective against transmission (p<0.001) (Table 3.2). The
apparently higher rate of transmission from mothers who received sdNVP (p = 0.018) is
indicative of increased risk in the absence of HAART, as sdNVP was administered to

mothers who had not received HAART.
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Table 3.2 — Maternal characteristics of 1U- and IP-infected versus uninfected infants.

Mother-infant pairs

Mother-infant pairs

Maternal characteristics with 1U or IP with no transmission vaFI)l_Jea
transmission (n=38) | at 6 weeks (n=669)
Age (years) - median (range; n) 26.1 28.3 0.007
(18.9 - 37.6; 38) (16.2 - 44.8; 669)
Nationality: South African - n/total (%) 19/37 (51.4) 391/652 (60.0) 0.299
Parity (viable births) - median (range; n) 2.0 2.0 0.142
(1.0 - 4.0; 38) (1.0 - 10.0; 669)
Gravidity (pregnancies) - median (range; n) 2.0 2.0 0.031
(1.0-4.0; 38) (1.0 - 10.0; 669)
NVP in a previous pregnancy - n/total (%) 2/38 (5.3) 61/646 (9.4) 0.566
Clinical history - n/total (%)
Alcohol 1/38 (2.6) 15/669 (2.2) 0.591
Smoking 0/37 (0.0) 6/669 (0.9) 1.000
Syphilis 0/34 (0.0) 9/643 (1.4) 1.000
Diabetes 0/38 (0.0) 1/669 (0.1) 1.000
Hypertension 1/38 (2.6) 43/669 (6.4) 0.504
Tuberculosis 2/37 (5.4) 42/665 (6.3) 1.000
Antenatal factors
Gestational age at antenatal booking (weeks) 28.2 25.0 0.002
- median (range; n) (6.4 - 38.9; 38) (2.6 - 39.0; 652)
Antenatal CD4 testing
Accessed a CD4 test - n/total (%) 33/38 (86.8) 602/669 (90.0) 0.577
Gestational age at CD4 test (weeks) - 28.1 26.0 0.023
median (range; n) (4.0-38.9; 33) (4.0 - 39.0; 601)
CD4 count (x 10%1) - median (range; n) 291.0 356.5 0.089
(58.0 - 760.0; 33) (24.0 - 1221.0; 602)
PMTCT: ordinal categorisation - n/total (%) <0.001°
Suboptimal (no antenatal prophylaxis) 10/38 (26.3) 49/669 (7.3)
Intermediate (<10 wks AZT/HAART) 25/38 (65.8) 342/669 (51.1)
Optimal (>10 wks AZT/HAART) 3/38 (7.9) 278/669 (41.6)
PMTCT: length of treatment
Antenatal AZT or HAART (weeks) - 3.0 8.0 <0.001
median (range; n) (0.0-12.0; 38) (0.0 - 41.0; 666)
Mothers receiving HAART
Number on HAART - n/total (%) 2/38 (5.3) 193/669 (28.8) 0.001
Most common WHO stage at initiation Stage 1 Stage 1
Facilities most commonly providing Witkoppen Clinic, Witkoppen Clinic,
HAART antenatally and postnatally Helen Joseph RMMCH, Helen
Hospital Joseph Hospital
Delivery
PMTCT: sdNVP - n/total (%) 33/38 (86.8) 454/666 (68.2) 0.018
Peripartum viral load (log) - median 4.65 3.73 <0.001
(range; n) (2.78 - 5.60; 38) (0.00 - 5.70; 269)
Gestation: preterm delivery - n/total (%) 4/38 (10.5) 50/669 (7.5) 0.523
Mode of delivery: caesarean - n/total (%) 5/38 (13.2) 102/669 (15.2) 1.000
Premature rupture of membranes - n/total 1/29 (3.4) 24/614 (3.9) 1.000
(%)
Feeding - n/total (%)
Feeding intention: breastfeeding 10/38 (26.3) 70/668 (10.5) 0.007
Final feeding practice: breastfeeding 10/38 (26.3) 57/669 (8.5) 0.002

 Mann-Whitney U test for continuous and discrete variables; Fisher’s exact or Chi® test for binary and

categorical variables. The total number of mothers varies due to missing data.

b Significant at p<0.017 for suboptimal vs optimal and intermediate vs optimal (Bonferroni correction).




Antenatal CD4 count was not significantly lower in mothers of 1U- and IP-infected infants
compared to mothers of uninfected infants (p = 0.089) (Table 3.2). Almost half the
enrolled mothers had CD4 counts below 350 x 10%/1 (44.4%) and 20 1U/IP transmissions
occurred from these women (Figure 3.9). A comparable proportion of mothers had high
CD4 counts (45.4%) and there were 13 instances of 1U/IP transmission (Figure 3.9). Thus,
of the 33 perinatal infections from mothers who had accessed CD4 testing, 60.6% occurred
from mothers with CD4 counts below 350 x 10%/1, giving a comparable rate of transmission
from mothers with high and low CD4 counts (p = 0.213). This may be due to the
comparable peripartum VL levels in both groups of women (median of 4.47 and 4.73 log
in mothers with high and low CD4 counts, respectively; p = 0.726). Maternal VL testing
was performed in 43.3% (n = 139) of women with high CD4 counts and 44.9% (n = 141)

of women with low CD4 counts and thus appears representative in both groups.

707
mother-infant pairs*

Antenatal 321 314 72
CD4 CD4 >350 CD4 <350 no CD4 test
count (45.4%) (44.4%) (10.2%)
Infant
HIV status 13 HIV+ 308 HIV- 20 HIV+ 294 HIV- 5 HIV+ 67 HIV-
by 6 wks (4.0%) (6.4%) (6.9%)
of age

* Excludes mother-infant pairs where infant HIV status or timing of transmission were unknown.

Figure 3.9 — Early (IU and IP) mother-to-child transmission stratified by antenatal CD4

count.

Demographic characteristics, clinical and obstetric history, antenatal and peripartum
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factors and feeding practices, as detailed in Table 3.2, were also compared in mothers of

IU-infected infants versus mothers of IP-infected infants. No significant differences could

be demonstrated in any of these characteristics (data not shown).

3.1.4 Infant characteristics by HIV-infection status

Characteristics of the 38 IU- and IP-infected infants compared to the 669 infants

uninfected at six weeks of age are detailed in Table 3.3.

Table 3.3 — Characteristics of IU- and IP-infected versus uninfected infants.

IU- and IP- Infants not
Infant characteristics infected infants infected at 6 p-value?
(n=38) weeks (n=669)
Gender: male - n/total (%) 18/38 (47.4) 345/669 (51.6) 0.614
PMTCT - n/total (%) 0.019°
Suboptimal 0/38 (0.0) 11/669 (1.6)
sdNVP and 1-2 week AZT 20/38 (52.6) 474/669 (70.9)
sdNVP and 4 weeks AZT 16/38 (42.1) 130/669 (19.4)
Daily-dose NVVP 2/38 (5.3) 54/669 (8.1)
Birth weight
Weight (kg) - median (range; n) 2.8 3.0 0.076
(1.1-3.7; 38) (0.9 -4.4; 669)
Weight-for-age z-score - median (range; n) -1.0 -0.6 0.072
(-5.7-1.1; 38) (-6.1 - 1.8; 669)
Birth length
Length (cm) - median (range; n) 48.5 50.0 0.039
(38.0-57.0; 38) | (33.0-59.0; 667)
Length-for-age z-score - median (range; n) -0.6 -0.0 0.038
(-6.0-3.7; 38) (-8.8 - 4.8; 667)
Birth head circumference
Head circumference (cm) - median 34.0 34.0 0.770
(range; n) (27.0-38.0; 38) | (24.0 - 39.0; 667)
Head circumference-for-age z-score - -0.2 0.0 0.631
median (range; n) (-5.8 - 3.4; 38) (-8.4 - 4.3; 667)
Hospital admissions - n/total (%) 7/38 (18.4) 67/669 (10.0) 0.104
Antibiotic treatment - n/total (%) 5/38 (13.2) 42/669 (6.3) 0.100
Deaths (to 14 weeks of age) - n/total (%) 5/32 (15.6) 5/573 (0.9) <0.001

® Mann-Whitney U test for continuous variables; Chi” or Fisher’s exact test for binary and categorical
variables. The total number of infants varies due to missing data.
® Significant at p<0.008 for sANVP and 1-2 weeks AZT versus sdNVP and 4 weeks AZT (Bonferroni

correction).
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PMTCT prophylaxis of 1U- and IP-infected versus uninfected infants

Majority of infants (90.5%) received sdNVP and one to four weeks of AZT (Table 3.3).
Very few (7.9%) received daily-dose NVP, as this regimen was only implemented toward
the end of the study. A significantly higher proportion of HIV-infected infants received
four weeks of AZT compared to HIV-uninfected infants who mostly received one to two
weeks of AZT (p<0.008) (Table 3.3). A month of infant AZT was only administered where
mothers had received less than four weeks of antenatal AZT cover, indicating that mothers
of HIV-infected infants were less compliant with their own PMTCT care. This confirms
maternal findings that shorter courses of maternal antenatal PMTCT place infants at

increased risk of transmission.

Growth of 1U- and IP-infected versus uninfected infants

HIV-infection did not appear to markedly affect anthropometric measurements at birth.
Median birth weight and head circumference were comparable in infected and uninfected
infants (p = 0.076 and 0.770, respectively) (Table 3.3). Although birth length and length-
for-age z-scores were significantly lower in infants with IU- or IP-infections (p = 0.039
and 0.038, respectively), this was reportedly a measuring artefact (personal
communication, K. Technau). In order to determine whether HIV status had an effect on
growth over time, an ANOVA for repeated measures was performed. Weight-for-age z-
scores in infected infants were consistently lower than in uninfected infants (p<0.001)
(Figure 3.10). They dropped from -1.00 at the four-week visit to -1.53 at the ten-week visit,
unlike weight-for-age z-scores in uninfected infants which improved over time. In contrast,
neither length nor head circumference z-scores to ten weeks differed significantly between

HIV-infected and uninfected infants (p = 0.521 and 0.292, respectively), nor did they
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change significantly over time (p = 0.197 and 0.207, respectively) (data not shown).
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Figure 3.10 — Weight-for-age z-scores in HIV-infected (red) and uninfected (blue) infants
over time. Vertical bars denote 95% confidence intervals.

Outcomes of 1U- and IP-infected versus uninfected infants

Increased illness, as measured by hospital admissions and treatment with antibiotics, did

not show a sicker population in HIV-infected compared to uninfected infants (p = 0.104

and 0.100, respectively) (Table 3.3). However, significantly more IU- and IP-infected

infants died under 14 weeks of age compared to those who were uninfected (p<0.001)

(Table 3.3). This is depicted in the Kaplan Meier curve of infant deaths (Figure 3.11)

which illustrates the significantly higher mortality rate in infected infants (log rank test,

p<0.001). Uninfected infants were 92% less likely to die than infants with an 1U- or IP-

infection (unadjusted hazard ratio (cox regression) = 0.08, 95% CI 0.02-0.30, p<0.001).

Only a single infected infant was known to have died after 14 weeks of age; this occurred

in an IU-infected infant aged 39.0 weeks.
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Kaplan-Meier survival estimates
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Figure 3.11 — Kaplan Meier survival curve of deaths to 14 weeks in 1U- and IP-infected
versus uninfected infants (log rank test, p<0.001). The five deaths in infected infants
occurred at 4.0, 5.0, 12.0, 13.1 and 13.6 weeks of age and those in uninfected infants at
5.3,5.6, 6.9, 7.0 and 13.1 weeks of age.

IU- & IP-infected Uninfected

Characteristics of 1U- versus IP-infected infants

Gender, PMTCT prophylaxis and birth anthropometry, as detailed in Table 3.3, were also
compared in IU-infected versus IP-infected infants. No significant differences were found
(data not shown). There was also no evidence to suggest that infants with 1U-infections
progressed more rapidly than those with IP-infections — hospital admissions, antibiotic
treatment, deaths, WHO stage at diagnosis and baseline VL were all comparable in 1U- and

IP-infected infants (p = 1.000, 1.000, 0.647, 0.468 and 0.254, respectively).

3.1.5 Implementation of the national PMTCT guidelines over time

Compared to women enrolled in the first half of the study, significantly more women
enrolled in the second half presented for antenatal care before 20 weeks gestation (p =
0.016) and accessed PMTCT from 28 weeks as per the 2008 guidelines (p<0.001) (Figure

3.12 a). Similarly, significantly fewer infants enrolled in the second half of the study
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received AZT for four weeks (p = 0.001), indicating that their mothers were more

compliant with their antenatal PMTCT care (Figure 3.12 b). MTCT decreased from 6.1%

to 4.4% in the first and second halves of the study, respectively, but this decrease was not

significant (p = 0.325) (Figure 3.12 b). The improvements in antenatal PMTCT care and

the trend to decreasing transmission indicate that the 2008 guidelines were slowly being

implemented over time. However, in the second half of the study, over 18 months after the

2008 guidelines had been released, only 47.8% of women received PMTCT prophylaxis

from 28 weeks gestation (Figure 3.12 a). Furthermore, there was no improvement in the

time it took infants to initiate HAART from the ten-week result visit (median delay of 5.8

and 6.2 weeks in infants enrolled in the first and second halves of the study, respectively; p
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The proportion of women at RMMCH who elected to exclusively breastfeed was low, but

increased over time to 21.2% in women enrolled in the final quarter of the study when

exclusive breastfeeding was supported (Figure 3.13).
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Figure 3.13 — Proportion of women choosing to exclusively breastfeed versus exclusively

formula feed by timing of enrolment.

3.2 OBJECTIVE 2 - DIAGNOSIS OF IU AND IP HIV-INFECTION UNDER SIX

WEEKS OF AGE

3.2.1 EID Study visits and sample testing

Study visits attended by the 710 infants with a known HIV status are detailed in Table 3.4.

Of the 606 infants who underwent diagnostic PCR testing at RMMCH during the EID
Study (Figure 3.5), 595 attended the six-week visit. The remaining 11 infants had earlier
PCR tests that provided a definitive diagnosis and therefore did not attend the visit at six

weeks. Between the birth and six-week visits, 115 (16.2%) infants were LTFU, 12 of

whom were IU- or IP-infected (Table 3.4). The prevalence of infected infants at each visit
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was consistent at 4.4% to 5.4%. A total of 366, 365 and 403 samples from 1U- and IP-
infected and HIV-uninfected infants were tested with the HIV DNA PCR, CAP/CTM and

APTIMA assays, respectively (Table 3.4).

Table 3.4 — Description of study cohort and total number of samples from HIV-uninfected
and in utero- and intrapartum-infected infants tested with each diagnostic assay (Lilian et
al 2012 (129) Table 1; Permission to reproduce these data given in Appendix B).

No. of samples tested with each

Study cohort diagnostic assay”
. _ Median ol N6 ) HIV HIVDNA
Time of visit no. of . a CAP/CTM APTIMA
age (wk) infants infected PCR
Birth 0.1 710 38 (5.4) 107 107 144°
2 wk 2.1 566 25 (4.4) 86 86 86
4 wk 4.6 556 25 (4.5) 88 88 88
6 wk 6.6 595 26 (4.4)° 85 84° 85
Total 710 38 (5.4) 366 365 403

% In utero and intrapartum infections. HIV infection status was determined retrospectively where the
routine 6-week PCR test identified an infant as HIV-infected.

® Samples were obtained from infants later determined to be HIV-infected, together with two age-
matched uninfected controls, as well as from infants who died; birth samples were also obtained from
infants of an unknown status.

° The screen of birth samples from infants with an unknown HIV status using the APTIMA assay
accounts for the additional APTIMA tests.

9 Samples were not prepared for two HIV-infected infants who attended the 6-week visit.

® One 6-week sample produced an invalid CAP/CTM result and could not be retested.

3.2.2 Assay performance to six weeks of age

HIV DNA PCR was the only assay that yielded equivocal results, three from HIV-infected
infants (one at four weeks and two at six weeks) and four from HIV-uninfected infants
(two at birth, one at two weeks and one at four weeks). Equivocal results were omitted

from the sensitivity and specificity analyses.
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3.2.2.1 Detection of 1U- and IP-infected infants

At birth, CAP/CTM and APTIMA were the most sensitive assays for identifying HIV-
infected infants, detecting 76.3% of all early HIV-infections detectable by six weeks of age
(Table 3.5). HIV DNA PCR was less sensitive (68.4%), missing three IU-infected infants.
The sensitivities of all three assays declined at two weeks of age, with four infants having
positive tests at birth but negative two-week results. This occurred on a single assay for
two infants (one each on the CAP/CTM and APTIMA assays) and on two assays for the
other two infants (CAP/CTM and APTIMA for one and CAP/CTM and HIV DNA PCR
for the other). The four-week CAP/CTM and APTIMA results were positive in all four
cases, though HIV DNA PCR still yielded a negative four-weeks result for one 1U-infected
infant; no six-week HIV DNA PCR sample was available for this infant. All four 1U-
infected infants with negative two-week results had received sdNVP at birth. By four
weeks of age, CAP/CTM and APTIMA were 96.0% sensitive, missing a single IP-infected
infant (Table 3.5). This infant, who was reportedly exclusively formula fed, was only
detectable by any assay from six weeks of age. At six weeks, all three assays were 100%
sensitive and therefore had NPVs of 100% (Table 3.5). However, two IP-infected infants
had equivocal HIV DNA PCR results which would have necessitated repeat testing before

a definitive diagnosis could be made.

Only one equivocal HIV DNA PCR result at six weeks was retested. The repeat test
yielded a false negative result; however, the six-week CAP/CTM and APTIMA tests for
this infant were both positive. Repeat testing following false-negative results in 1U-infected
infants was conducted for three samples (one each from CAP/CTM and APTIMA at two
weeks and one from HIV DNA PCR at four weeks). All three remained negative upon

repeat testing, with no obvious reasons for the false negative results.
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Table 3.5 — Performance of the HIV DNA PCR, CAP/CTM and APTIMA assays in identifying in utero- and intrapartum-infected and HIV-

uninfected infants in the first 6 weeks of life (Lilian et al 2012 (129) Table 2; Permission to reproduce these data given in Appendix B).?

Infection
status and
time of
visit HIV DNA PCR CAP/CTM APTIMA
Infected Total No.with % Sensitivity PPV Total  No.with % Sensitivity PPV Total No.with % Sensitivity PPV
no. of true- (95% CI) (%) no. of true- (95% CI) (%) no. of true- (95% CI) (%)
infants  positive infants  positive infants  positive
tested” result tested result tested result
Birth 38 26 68.4 (52.5-80.9) 100 38 29 76.3 (60.8-87.0) 100 38 29 76.3 (60.8-87.0) 935
2 wk 25" 16 64.0 (44.5-79.8) 84.2 25° 15 60.0 (40.7-76.6) 100 257 16 64.0 (44.5-79.8) 100
4 wk 24 21 87.5(69.0-95.7) 91.3 25 24° 96.0 (80.5-99.3) 100 25 24° 96.0 (80.5-99.3) 100
6 wk 22 22 100 (85.1-100) 91.7 24 24 100 (86.2-100) 100 24 24 100 (86.2-100)  96.0
Uninfected Total  No.with % Specificity = NPV Total  No.with % Specificity NPV Total  No.with % Specificity NPV
no. of true- (95% CI) (%) no. of true- (95% CI) (%) no. of true- (95% CI) (%)
infants  negative infants  negative infants  negative
tested" result tested result tested result
Birth 67 67 100 (94.6-100) 84.8 69 69 100 (94.7-100) 88.5 106 104 98.1(93.4-99.5) 92.0
2 wk 60 57 95.0 (86.3-98.3) 86.4 61 61 100 (94.1-100) 85.9 61 61 100 (94.1-100) 87.1
4 wk 62 60 96.8 (89.0-99.1) 95.2 63 63 100 (94.3-100) 98.4 63 63 100 (94.3-100) 98.4
6 wk 61 59 96.7 (88.8-99.1) 100 60 60 100 (94.0-100) 100 61 60 98.4 (91.3-99.7) 100

& Superscripts denote numbers of HIV-infected infants with positive tests at birth but negative 2-week results. Cl, confidence interval; NPV, negative predictive value;
PPV, positive predictive value.
® Excluding 3 equivocal tests (n = 1 at 4 weeks and n = 2 at 6 weeks).

¢ Same IP-infected infant missed by CAP/CTM and APTIMA assays at 4 weeks.

9 Excluding 4 equivocal tests (n = 2 at birth, n = 1 at 2 weeks, and n = 1 at 4 weeks).
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3.2.2.2 Detection of HIV-uninfected infants

CAP/CTM was the best performing assay for detecting HIVV-uninfected infants, with a
specificity of 100% at all ages (Table 3.5). HIV DNA PCR was the least specific, yielding
seven false positive results between two and six weeks of age, five of which were from
testing on a single day. Retesting was performed for all false positive and three equivocal
HIV DNA PCR tests, yielding true negative results in all cases. The APTIMA assay
produced two false positive results at birth and one at six weeks (specificities of 98.1% and
98.4%, respectively) (Table 3.5). All false positive APTIMA results were negative upon

repeat testing.

3.3 OBJECTIVE 3-PREDICTORS OF IU TRANSMISSION

3.3.1 Characteristics of mothers of 1U-infected infants

The characteristics of mothers of 1U-infected infants were comparable to those described
above for mothers of IU- and IP-infected infants (Table 3.2), as IU-infections comprised
the majority of early transmissions (29/38 = 76.3%). In comparison to mothers of infants
who were not infected 1U, IU-transmitting mothers were significantly younger (p = 0.018),
booked at antenatal clinics later in pregnancy (p = 0.004), had less optimal PMTCT (p =
0.001), higher peripartum VL levels (p<0.001) and breastfed more often (p = 0.030) (Table

3.6).

3.3.2 Predictors of 1U transmission

3.3.2.1 Univariate analysis
Logistic regression was performed to determine if antenatal or peripartum factors could
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Table 3.6 — Maternal characteristics of IU-infected infants versus infants not infected 1U.

Mother-infant

Mother-infant

Maternal characteristics pairs W!th. U pairs With no U P- a
transmission transmission value
(n=29) (n=809)
Age (years) - median (range; n) 26.1 28.1 0.018
(18.9 - 37.6; 29) (16.2 - 44.8; 809)
Nationality: South African - n/total (%) 13/28 (46.4) 450/785 (57.3) 0.253
Parity (viable births) - median (range; n) 2.0 2.0 0.262
(1.0 - 4.0; 29) (1.0 - 10.0; 809)
Gravidity (pregnancies) - median (range; n) 2.0 2.0 0.088
(1.0 - 4.0; 29) (1.0 - 10.0; 809)
Nevirapine in a previous pregnancy - n/total (%) 2/29 (6.9) 70/784 (8.9) 1.000
Clinical history - n/total (%)
Alcohol 0/29 (0.0) 16/808 (2.0) 1.000
Smoking 0/29 (0.0) 6/807 (0.7) 1.000
Syphilis 0/26 (0.0) 10/773 (1.3) 1.000
Diabetes 0/29 (0.0) 2/809 (0.2) 1.000
Hypertension 1/29 (3.4) 55/809 (6.8) 0.715
Tuberculosis 0/28 (0.0) 48/804 (6.0) 0.400
Antenatal factors
Gestational age at antenatal booking (weeks) - 29.3 25.6 0.004
median (range; n) (19.7 - 38.9; 29) (2.6 - 39.0; 787)
Antenatal CD4 testing
Accessed a CD4 test - n/total (%) 25/29 (86.2) 699/809 (86.4) 1.000
Gestational age at CD4 test (weeks) - median 28.1 26.1 0.096
(range; n) (4.0 - 38.9; 25) (4.0 - 39.0; 698)
CD4 count (x 10%1) - median (range; n) 286.0 354.0 0.175
(58.0 - 674.0; 25) | (11.0 - 1221.0; 699)
PMTCT: ordinal categorisation - n/total (%) 0.001°
Suboptimal (no antenatal prophylaxis) 7/29 (24.1) 80/808 (9.9)
Intermediate (<10 wks AZT/HAART) 19/29 (65.5) 414/808 (51.2)
Optimal (>10 wks AZT/HAART) 3/29 (10.3) 314/808 (38.9)
PMTCT: length of treatment
Antenatal AZT or HAART (weeks) - median 3.0 8.0 <0.001
(range; n) (0.0-12.0; 29) (0.0 - 41.0; 805)
Mothers receiving HAART
Number on HAART - n/total (%) 1/29 (3.4) 217/809 (26.8) 0.002
Most common WHO stage at initiation Stage 1 Stage 1
Delivery
PMTCT: sdNVP - n/total (%) 27/29 (93.1) 557/805 (69.2) 0.004
Peripartum viral load (log) - median (range; n) 4.60 3.78 <0.001
(2.78 - 5.59; 29) (0.00 - 5.72; 281)
Gestation: preterm delivery - n/total (%) 3/29 (10.3) 63/809 (7.8) 0.493
Mode of delivery: caesarean section - n/total (%) 4/29 (13.8) 117/809 (14.5) 1.000
Premature rupture of membranes - n/total (%) 1/22 (4.5) 28/736 (3.8) 0.581
Feeding
Feeding intention: breastfeeding - n/total (%) 7/29 (24.1) 96/806 (11.9) 0.076
Final feeding practice: breastfeeding - n/total (%) 7/29 (24.1) 84/806 (10.4) 0.030

® Mann-Whitney U test for continuous and discrete variables; Fisher’s exact or Chi” test for binary and
categorical variables. The total number of mothers varies due to missing data.
b Significant at p<0.017 for suboptimal vs optimal and intermediate vs optimal (Bonferroni correction).
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identify mothers at greatest risk of U transmission whose infants would benefit most from

a birth diagnosis (Table 3.7). In univariate analysis, maternal sdNVP increased the risk of

IU transmission six-fold (OR = 6.01, 95% CI 1.42 — 25.47, p = 0.015), indicative of

increased risk in the absence of HAART. Maternal peripartum VL was also a risk factor

for 1U transmission, with each log VL increase more than doubling the risk of 1U

transmission (OR =2.19, 95% CI 1.38 — 3.46, p = 0.001). Each additional week of

antenatal AZT or HAART reduced the risk of 1U transmission by 15% (OR = 0.85, 95% ClI

0.77 - 0.93, p = 0.001). Maternal age was also a protective factor, with the probability of

IU transmission decreasing by 9% with each additional year (OR = 0.91, 95% C1 0.84 —

0.99, p = 0.021).

Table 3.7 — Odds ratios for IU transmission according to antenatal and peripartum factors

(logistic regression).

Univariate regression

Multivariate regression

Unad Just_ed 95% ClI p- Adjuste_d 95% ClI p-
odds ratio value | odds ratio value
Maternal age (years) 0.91 0.84-0.99 | 0.021 0.93 0.86-1.01 | 0.093
Antenatal CD4 count 0.44 0.11-1.73 | 0.238
Maternal PMTCT
sdNVP 6.01 1.42 -25.47 | 0.015
AZT or HAART (weeks) 0.85 0.77-0.93 | 0.001 0.97 0.88-1.07 | 0.588
Maternal peripartum viral
load (log) 2.19 1.38-3.46 | 0.001 2.03 1.25-3.28 | 0.004
Preterm delivery 1.37 0.40-4.64 | 0.617
Caesarean section 0.95 0.32-2.77 | 0.920
Premature rupture of 1.20 0.16-9.27 | 0.858

membranes

3.3.2.2 Multivariate analysis

The multivariate model included maternal age, duration of AZT or HAART and

peripartum VL (Table 3.7). Antenatal HAART was included in place of sdNVP. The

interaction between duration of AZT or HAART and VL did not significantly affect the

model (-2 log likelihood ratios of -87.2 and -87.6 with and without the interaction term,
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respectively). In the final multivariate model, the only independent predictor of 1U
transmission was VL, with the likelihood of 1U transmission doubling with each VL log

increase (adjusted OR = 2.03, 95% CI 1.25 — 3.28, p = 0.004) (Table 3.7).

3.4 OBJECTIVE 4 - MATHEMATICAL MODEL OF EARLY INFANT

DIAGNOSIS

3.4.1 Baseline scenario

3.4.1.1 Single PCR test for early infant diagnosis

Testing at six weeks of age, as is currently recommended, would identify double the
number of perinatal HIV-infections compared to a scenario where no routine testing was
performed (Table 3.8). However, a single PCR test at six weeks of age would diagnose the
fewest perinatally infected infants compared to routine testing at any other age, reflecting
reduced assay sensitivity at six weeks due to NVP prophylaxis, early infant deaths and
LTFU. Testing at six weeks would also save the least total number of life years and
QALYSs, and would therefore be the least effective time to perform a single PCR test for
early infant diagnosis. Compared to six-week testing, a single PCR test at birth would
diagnose a comparable number of HIV-infected infants (Table 3.8). However, since the
number of HIV-exposed infants available for testing would be higher at birth that at six
weeks, a higher total number of PCR tests would be performed at birth. Birth testing would
therefore be less efficient than six-week testing in terms of new diagnoses, life years saved
and QALYSs saved per additional PCR. Compared to birth and six-week testing, a single
PCR test at ten weeks would identify the highest number of infected infants and save the

most life years and QALYs in total and per additional PCR (Table 3.8). Nevertheless,
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almost 62 000 fewer PCR tests would be performed at ten weeks than at birth, as fewer
HIV-exposed infants would be available for diagnostic testing at ten weeks because of
early mortality and LTFU. Birth testing would deliver only minimally less than ten-week
testing — at birth, only 161 fewer HIV-infected infants would be diagnosed and 5-7% fewer
life years and QALY would be saved. However, birth testing would only diagnose 1U-
infected infants, compared to testing at ten weeks where both 1U- and IP-infected infants

could be detected.

Table 3.8 — Impact of PCR testing at different ages on identification of 1U- and IP-infected
infants and life years / quality-adjusted life years (QALYS) saved in 240 000 HIV-exposed
infants (baseline scenario).

No 1 routine PCR test at ages 2 routine PCR tests at ages
routine . Birth + | Birth + | Birth+
testing* Birth 6wks | 10wks 6wks | 10wks | 14 wks

Total PCR tests 18001 | 256 515+ | 207 461 | 194 535 | 442 797 | 430 462 | 418 224

Total HIV-infected 3467 7139 6 962 7 300 8979 9 257 9 085
infants diagnosed

New HIV diagnoses per 0.0154 | 0.0184 | 0.0217 | 0.0130 | 0.0140 | 0.0140
additional PCR

Life years saved 44107 | 40258 | 46999 | 66121 | 69494 | 66938

Life years saved per 0.1849 | 0.2125 | 0.2662 | 0.1558 | 0.1686 | 0.1674
additional PCR

QALYs saved 21167 | 19337 | 22360 | 31680 | 33384 | 32098

QALYs saved per 0.0887 | 0.1021 | 0.1267 | 0.0746 | 0.0810 | 0.0803
additional PCR

Figures in blue are the highest in each row with 1 routine PCR test; figures in red are the highest in each row

with 2 routine PCR tests.

* PCR testing only performed post cessation of breastfeeding or where a child was symptomatic. These PCR
tests were included as a baseline at all other ages.
+ Total PCR tests exceeds 240 000 as screening performed post cessation of breastfeeding and for
symptomatic children was also included.

3.4.1.2 Two PCR tests for early infant diagnosis: birth testing in conjunction with testing
at older ages

Birth testing, which detects 1U-infections, would need to be followed by a second test at an
older age to detect IP-infections. Performing the second test at six weeks of age would
diagnose the fewest perinatally infected infants and save the least number of life years
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(Table 3.8). The ideal time for the second test to diagnose the highest number of perinatal
HIV-infections would be at ten weeks of age, when IP-infected infants not detectable at six
weeks due to NVP prophylaxis would also be identified. Birth and ten-week testing would
therefore also save the maximum number of life years and QALY's. Even though the
dampening effects of NVP prophylaxis would be further reduced by 14 weeks of age, a
higher number of infected infants would be LTFU or would have died; birth and 14-week
testing would therefore be less effective than a birth and ten-week test in detecting
perinatal transmission and saving lives (Table 3.8). Testing at birth and ten weeks would
diagnose 1 957 (26.8%) more infants than a single test at ten weeks by virtue of detecting
IU-infected infants before they are LTFU or die. This would have a considerable impact on
infant mortality, with 22 495 (47.9%) additional life years and 11 024 (49.3%) additional
QALYSs saved by testing at birth and ten weeks compared to testing at ten weeks alone
(Table 3.8). The expected rate of perinatal transmission in the model was 5.02%, equating
to 12 048 1U- and IP-infected infants. Compared to this expected number of infections, the
ideal testing scenario with a birth and ten-week test would only detect 76.8% of perinatal
infections; the remaining infants would have died, been LTFU, failed to receive test results
or escaped detection due to reduced assay sensitivity in the context of NVP prophylaxis.
Nevertheless, this exceeds the 60.6% of expected perinatal HIV-infections that could be

diagnosed with a single PCR test at ten weeks of age.

3.4.2 Sensitivity analyses

Scenario one: If it was assumed that NVP prophylaxis had no impact on PCR sensitivity,
two PCR tests at birth and six weeks would diagnose the highest number of perinatal HIV-
infections and save the most life years and QALY (Table 3.9). In the baseline scenario,

the lowest sensitivity due to NVP prophylaxis occurred at six weeks of age; scenario one
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Table 3.9 — HIV-infected infants diagnosed, life years saved and quality-adjusted life years

(QALYSs) saved under different scenarios.

1 routine PCR test at ages

2 routine PCR tests at ages

Scenario . Birth + | Birth+ | Birth +
Birth 6 wks 10 wks 6wks | 10wks | 14 wks
Baseline
HIV-infected infants diagnosed | 7 139 6 962 7 300 8979 9 257 9085
QALYs saved 21167 | 19337 | 22360 | 31680 | 33384 | 32098
Life years saved 44107 | 40258 | 46999 | 66121 | 69494 | 66938
1. No loss in PCR sensitivity due
to NVP prophylaxis
HIV-infected infants diagnosed | 6 815 7594 7219 9578 9333 9112
QALYs saved 19985 | 23989 | 22104 | 35556 | 34108 | 32439
Life years saved 41284 | 49848 | 46171 | 72873 | 69887 | 66475
2. WHO option B
HIV-infected infants diagnosed | 4 708 4759 5025 6 094 6 320 6 185
QALYs saved 14944 | 13581 | 15292 | 21705 | 23213 | 22206
Life years saved 31483 | 28068 | 31737 | 44761 | 48007 | 45745
3. Lower mortality in IP-infected
children
HIV-infected infants diagnosed | 6 696 6 755 7104 8 804 9126 8972
QALYs saved 20514 | 18484 | 20886 | 30535 | 32551 | 31396
Life years saved 41892 | 37913 | 42887 | 63755 | 68114 | 65762

Figures in blue are the highest in each row with 1 routine PCR test; figures in red are the highest in each row

with 2 routine PCR tests.

therefore had the greatest impact at this age, with six-week testing diagnosing more HIV-

infections and saving many more life years compared to baseline. In the remaining two

scenarios, like in the baseline scenario, six-week testing was the least effective for

minimising the HIV-disease burden:

» Scenario two: If all HIV-infected women received HAART during pregnancy, the

overall transmission rate would be reduced; PCR testing at any age would therefore

diagnose fewer infants and save fewer life years compared to baseline (Table 3.9). In

this scenario, like in the baseline scenario, ten-week testing alone or in combination

with birth testing would be most effective in diagnosing perinatal HIV-infections and

saving lives. However, combined birth and ten-week testing would be most effective

by virtue of saving the lives of 1U-infected infants who would otherwise fall ill, die or

be LTFU. Birth and 14-week testing would only diagnose 135 fewer HIV-infected
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infants than testing at birth and ten weeks, but would be less effective in saving life
years and QALYSs.

Scenario three: If IP-infected infants were assumed to have a lower mortality than
infants with IU-infections, birth and ten-week testing, and to a lesser extent birth and
14-week testing, would diagnose the most HIV-infected infants (Table 3.9). Testing at
birth and ten weeks would save the most life years and QALYS. In this scenario, fewer
life years and QALY would be saved at each time point compared to baseline, as the
reduced mortality would result in fewer life years lost due to HIV-infection and

therefore fewer available life years to be saved with improved HIV diagnostic testing.
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4. DISCUSSION

The EID Study successfully enrolled 838 mother-infant pairs over two years, representing
approximately one third of the HIV-infected women expected to deliver at RMMCH over a
two-year period (130). The women who were recruited knew their HIV status antenatally,
possibly creating a more adherent sample, as these women are more likely to return for
follow-up than women identified as HIV-infected at the time of delivery (130). This
sample may therefore not be representative of all HIV-infected women delivering at
RMMCH. Furthermore, exposed infants born to HIV-infected women identified through
perinatal counselling and testing would not have been included in the cohort. Fewer HIV-
infected infants may therefore have been identified than were available at RMMCH at the
time. However, among the infants who were enrolled, it is likely that the study identified
all HIV-infected and uninfected infants who would have accessed diagnostic testing
through routine PMTCT services, as 82% of enrolled infants accessed testing at RMMCH
or other routine facilities. This is equivalent to the reported 2010 - 2011 coverage for early
infant diagnostic testing of 76% - 85% in Gauteng, the province where RMMCH is located
(37). The overall early transmission rate in the study (5.4%) is comparable to that of 4.4%

reported for South Africa in 2010 (37).

4.1 OBJECTIVE 1 - RMMCH’S PMTCT PROGRAMME AND THE STUDY

COHORT

4.1.1 The antenatal and postnatal PMTCT coverage cascades

Consistent with previous findings (33, 36, 40), the antenatal PMTCT care cascade
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highlighted the significant problem of women presenting at ANCs late in pregnancy,
thereby hampering effective antenatal PMTCT care. Even in the second half of the study,
less than a third of women presented for antenatal care before 20 weeks gestation and only
half accessed optimal PMTCT cover from 28 weeks in accordance with the 2008
guidelines (4). MTCT and/or infant deaths are increased with later booking at ANC and
shorter durations of antiretroviral cover during pregnancy (43, 131). Women who book late
for antenatal care thus represent critical missed opportunities for achieving eMTCT (7) and
reducing infant mortality. Efforts need to ensure that women access antenatal care earlier
in pregnancy, especially in view of the 2013 PMTCT guidelines which call for all HIV-
infected women to receive HAART for the duration of pregnancy (26). Earlier presentation
for antenatal care has been achieved in other settings by means of quality improvement
programmes with enhanced resource allocations and improved processes for linking

women to antenatal services (40).

Majority of enrolled women who presented for antenatal care underwent CD4 testing and
accessed some form of antenatal PMTCT cover, consistent with findings in other settings
of high uptake of CD4 testing (32, 36) and antenatal prophylaxis (30-33, 35). Even though
CD4 testing was a prerequisite for PMTCT cover, more women in this cohort received
PMTCT prophylaxis than underwent CD4 testing. This may be due to prophylaxis being
commenced while waiting for CD4 results, which were then never followed up, or due to
data problems, where antenatal CD4 tests and/or results were not documented. Both these
scenarios have been reported elsewhere — in one setting, 97% of HIV-infected mothers
initiated dual therapy prophylaxis at their first antenatal visit independent of CD4 results
(32) and in another, 78% of HIV-infected mothers reported having blood taken for CD4

testing, but a result was only recorded for 34% of these women (33). Improved data
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management, including follow-up and recording of test results, is required.

The postnatal cascade also demonstrated good coverage of PMTCT prophylaxis, with NVP
being administered to all but one enrolled infant. However, almost a third of HIVV-exposed
infants were subsequently lost from RMMCH’s PMTCT programme prior to accessing
routine testing, despite all enrolled mothers expressing intention to return to RMMCH for
postnatal care. Comparable testing rates of 62% and 83% have been reported at other
PMTCT sites in the country (47, 132) and the Interagency Task Team for monitoring
progress towards eMTCT presented an equivalent rate of EID in South Africa of 72%
during 2011 (35). However, testing rates as low as 37% in an Eastern Cape local service
area (48) and 52% nationally during 2010/2011 (34) have also been described. Lower
testing rates in routine settings may be expected, as antenatal care, delivery and EID
generally take place at different sites and HIV-exposed infants are therefore not so readily
identifiable for testing. In contrast, enrolled infants born at RMMCH were known to be
HIV-exposed and were scheduled to return to the same site for diagnosis. It is reassuring
that in this cohort some defaulting infants did access diagnostic testing at other healthcare
facilities, as identified through the LIS search, and this likely also occurs with defaulting
infants in other settings. However, efforts to reduce missed opportunities for testing HIV-
exposed infants at all sites are critical. Early infant diagnosis is an essential component in
reducing infant morbidity and mortality (13) and improved coverage of PCR testing can

facilitate greater survival benefits from early HAART initiation (110).

Interventions to improve coverage of PCR testing have been successfully implemented in

other settings, including enhanced referral to EID services (service integration) which
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improved the odds of infants returning for EID three-fold (133) and enhanced
identification of HIV-exposed infants through a data-based, quality improvement
intervention which increased six-week testing from 24% to 68% (134). Data from this
study suggest that LTFU prior to diagnostic testing can be reduced by providing increased
counselling, support and follow-up to young, foreign mothers, who present late for
antenatal care with no CD4 results, as infants born to these women are at increased risk of
being LTFU prior to accessing a diagnosis. These findings concur with previous studies
which demonstrate that infants born to young mothers (47, 49) who present late for
antenatal care (132) with poor PMTCT prophylaxis adherence (47, 135) are less likely to
remain in the PMTCT programme and/or access HIV diagnostic testing. Furthermore,
foreign mothers are a particularly vulnerable group who may not access EID services due
to prejudice, lack of knowledge or financial constraints, and these women also require
intensified counselling with active infant follow-up. This in line with the call by the Joint
United Nations Programme on HIV/AIDS (UNAIDS) for increased efforts to better health

services for vulnerable groups (136).

Losses to follow-up from the PMTCT cascade prior to diagnostic testing can also be
addressed by performing testing at birth. Currently, routine EID is only performed if an
infant returns for the six-week immunisation visit and is identified as being HIV-exposed
(25, 26). This relies on a mother or caregiver presenting patient-held health records or
volunteering the infant’s HIV-exposure status. In contrast, HIV-exposed infants are readily
identified at birth, as maternal HIV status should be determined at the time of delivery so
that intrapartum PMTCT prophylaxis can be administered (4, 25, 26). Birth testing would
therefore target a captive population, particularly in South Africa where majority of infants

are born in healthcare facilities (137). In this cohort, more HIV-infected infants were
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identified at birth (n = 29) than at six weeks (n = 26), as birth testing enabled the
identification of infants before they were LTFU from the PMTCT programme or died.
Even though a birth diagnosis would not have identified IP-infected infants, testing
prompted by clinical stigmata at the routine six- or ten-week visits could have identified
44% of IP-infected infants. Offering PCR testing to all HIV-exposed infants at birth and to
children with clinical features suggestive of HIV-infection would have identified the
highest number of perinatally HIV-infected infants in the cohort without increasing testing
costs (assuming only a single early routine PCR test was available per HIV-exposed
infant). This would therefore be a highly effective intervention for improving the diagnosis
of HIV-infected infants. HIV testing prompted by clinical features or acute illness is the

standard of care in South Africa (26, 28) but needs to be reinforced in routine settings.

Almost 90% of HIV-infected infants diagnosed by RMMCH’s routine programme initiated
HAART. This linkage to care is higher than the 68% to 71% reported for PCR positive
infants in the Western Cape between 2008 and 2010 (51). LTFU rates were potentially
reduced in the EID cohort, as RMMCH offered both treatment and diagnostic services;
such service integration is known to improve paediatric enrolment in care (138). However,
the timing of HAART initiation at RMMCH at a median age of 16.0 weeks was concerning
and did not improve in the second half of the study. Although a five-week delay between
PCR testing and attendance at an ART clinic was reported in the Western Cape (51),
suggesting treatment initiation from 11 weeks of age following six-week testing, this does
not take into account the delay between presentation for care and HAART initiation. Such
delays may be substantial, with a median 2.5-week delay for HIVV-infected infants in this
cohort presenting for care at RMMCH (Lilian et al 2013 (128) Figure 3; Appendix C).

HAART initiation may therefore be delayed well beyond 11 weeks of age, as demonstrated
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in this study. Commencing treatment around 16 weeks of age is too late to save the infants
who die in the early peak of HIV-related mortality at eight to 12 weeks of age (3) or the
20% of perinatally infected infants who die by 13 weeks of age (2). In order to reduce
infant mortality, the CHER Study demonstrated that HAART should be initiated at a
median age of seven weeks (13). Even if the PMTCT programme were optimised to reduce
delays to HAART initiation, it is unlikely that treatment could be commenced by seven
weeks of age if diagnostic testing is performed at six weeks. Earlier initiation of

treatment can therefore only be achieved with an earlier diagnosis, such as testing at

birth.

The need for an earlier diagnosis to ensure earlier initiation of treatment is further
emphasised by the median baseline CD4 percentage of 25.7% in infants initiating HAART.
This indicates that at the time of treatment initiation, at least half the infants in this cohort
were already severely immunosuppressed according to the WHO threshold of 25% (14).
There is therefore clearly a need for earlier initiation of HAART to prevent disease
progression, as late initiation of treatment in infants who are already symptomatic may

hinder the survival benefits of HAART (11).

Over half (61%) of the infants who initiated treatment at RMMCH achieved viral
suppression, slightly lower than that reported in other settings of 70% to 80% after one
year of treatment (10, 38). However, compared to the total number of HIV-infected infants
in the EID cohort, only 37% were known to achieve suppression. The remaining HIV-
infected infants were either not diagnosed by the PMTCT programme, thus representing

missed opportunities for identifying infected infants for HAART initiation, or if they did
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access diagnostic testing, were LTFU or died prior to initiating HAART or achieving
suppression. Retention in care following HAART initiation was particularly problematic,
with 43% of infants who initiated treatment dying or defaulting before the end of the study.
It is essential to enhance retention in care if outcomes of HIV-infected infants are to be
improved. Interventions that may reduce attrition of children on treatment include
implementing community-based adherence support (10), developing or strengthening
home-based services (138) and implementing active tracing of infants who are LTFU

(139).

4.1.2 Maternal characteristics by MTCT status

Compared to non-transmitting mothers, mothers of 1U- and IP-infected infants were
younger and had had fewer pregnancies. Transmitting mothers presented for antenatal care
significantly later in gestation and therefore accessed less optimal antenatal HAART
and/or PMTCT prophylaxis, concurring with previous studies where shorter durations of
antenatal cover were associated with MTCT (43, 95, 97). These findings further emphasise
the need for increased counselling and follow-up of younger mothers with poor antenatal
health-seeking behaviours — infants born to these women are not only more likely to be lost
from the PMTCT programme prior to accessing a diagnosis, but are also at increased risk
of acquiring HIV via MTCT. Although HAART initiation should occur prior to 20.4 weeks
gestation to achieve undetectable VL levels by delivery (140) and the 2010 guidelines
recommend antenatal prophylaxis from 14 weeks of pregnancy (25), this study
demonstrates that prophylaxis for a median of eight weeks still protects against
transmission. Similarly, in the setting of antenatal HAART, transmission only occurs from
mothers receiving less than eight weeks of antenatal cover (97). Thus, for mothers

presenting late in pregnancy, initiating PMTCT prophylaxis up to 30 or 32 weeks gestation
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may still be protective. Beyond this time, additional infant prophylaxis may be necessary.

The link between low antenatal CD4 count and transmission could not be demonstrated in
this cohort. There is evidence to suggest that maternal VL is the strongest predictor of
perinatal transmission (43, 91, 92) and it is therefore possible that low maternal CD4 count
is a surrogate marker for high VL levels when low CD4 is associated with MTCT. This is
supported by studies which demonstrate that maternal CD4 count no longer predicts for
transmission in multivariate analyses that adjust for maternal VL (43, 88, 92). If the
association between maternal CD4 and MTCT is in fact a proxy for the link between
maternal VL and MTCT, then low CD4 counts will only predict for transmission if they
are associated with high VL levels. However, this may no longer hold true in the context of
increasingly prolonged and/or multidrug PMTCT prophylaxis. Such PMTCT regimens
may interfere with the CD4-VL relationship by potently decreasing VL levels to reduce
transmission, while having a less potent impact on CD4 counts which recover more slowly
over time. Low VL levels may therefore no longer be associated with high CD4 counts and
vice versa. This is supported by studies in which majority of women received HAART, a
potent VL lowering regimen, and no association between CD4 and perinatal HIV

transmission could be demonstrated (90, 97).

Exclusive formula feeding was supported for most of the study period (4) and only one-
fifth of women therefore elected to breastfeed in the final quarter of the study when
breastfeeding was endorsed. A significantly higher proportion of 1U- and IP-transmitting
mothers intended to breastfeed and did ultimately breastfeed their infants compared to non-

transmitting mothers. This was surprising, as feeding choice is known to impact PP, as
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opposed to perinatal, transmission. This finding may suggest that transmitting mothers in
the cohort were poorer and may therefore have elected to breastfeed as they did not meet
the AFASS criteria, which required that formula feeding be Affordable, Feasible,
Accessible, Safe and Sustainable (4). Poverty and low socioeconomic status have been
directly associated with MTCT (141, 142), a link which is further supported by findings of
reduced access to NVP prophylaxis in women of lower socioeconomic status (86). The
possibility that IU- and IP-transmitting mothers were socioeconomically disadvantaged
suggests that increased efforts in targeting women of low socioeconomic status may be

beneficial in reducing MTCT.

4.1.3 Infant characteristics by HIV-infection status

Many previous studies have failed to demonstrate significant differences in weight, length
and head circumference in HIV-infected versus uninfected infants at birth (1, 15-17, 19,
95, 143). Furthermore, there does not appear to be any relationship between antenatal
HAART and in utero growth retardation (144). In agreement with these findings, birth
weight and head circumference did not differ in HIV-infected and uninfected infants in this
cohort. The impact of HIV-infection on birth length was difficult to assess due to a
reported measurement bias with this subjective measure — the tape measure used by
midwives in the labour ward was often not properly aligned along the flexed neonate and
birth length was therefore reportedly prone to inaccuracy (personal communication, K.
Technau), as has been acknowledged in other settings (143). Since HIV-infection status
likely does not affect birth length (15-17, 19) and birth weight (a more objective measure)
did not differ in HIV-infected and uninfected infants in this cohort, the lower birth length

in infected infants was likely a measuring artefact.
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Due to the relatively small number of infected infants in the cohort, this study was not

powered to detect differences in growth in HIV-infected versus uninfected infants over

time. Nevertheless, lower weight z-scores in HIV-infected infants to ten weeks of age were

demonstrated, concurring with previous findings of reduced weight and length in HIV-

infected infants over time (12, 15-19). Low weight-for-age z-scores independently increase

the risk of mortality in children starting HAART (10) and it is therefore important to
identify HIV-infected infants early in order to address nutritional deficits that may impact

on mortality.

Mortality was significantly higher in HIV-infected infants in this cohort compared to

uninfected infants, as has been well established (8, 9). Since perinatally infected infants are

at greater risk of mortality than infants with PP-infections (2), it is essential to focus on
reducing early, perinatal transmissions of HIV if infant mortality is to be curbed. This in
line with the call by UNAIDS for the elimination of MTCT by 2015 (7). For infants who
nevertheless do become infected with HIV, mortality can only be reduced by the
immediate initiation of HAART following an early diagnosis (13). In this cohort, no
difference in mortality could be demonstrated in 1U- versus IP-infected infants, nor were
there any indications that IU-infected infants were more prone to rapid progression.
However, with the small number of IP-infected infants in the cohort, the study was not
powered to detect these differences. If IU-infected infants are indeed at increased risk of
mortality (9, 24), efforts need to focus on diagnosing infants with IU-infection at birth.
This would allow rapid initiation of treatment before the infants die or progress to

symptomatic illness which may reduce the survival benefits of HAART (11).
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4.2 OBJECTIVE 2 - DIAGNOSIS OF IU AND IP HIV-INFECTION UNDER SIX
WEEKS OF AGE

HIV DNA PCR was the least sensitive assay for EID prior to six weeks of age using DBS.
It only achieved a sensitivity greater than 95%, the minimum sensitivity for virological
assays recommended by WHO (114), at six weeks of age. In comparison, CAP/CTM and
APTIMA achieved this threshold at the four- and six-week visits, in line with WHO
guidelines to diagnose HIV-infection in exposed infants from four to six weeks of age
(114). Although HIV DNA PCR was the first assay used for EID in the South African
PMTCT programme and was in routine use at the time of the EID Study, it has

subsequently been replaced by the CAP/CTM assay in routine settings.

At birth, the CAP/CTM and APTIMA assays identified 76.3% of perinatal HIV-infections
detectable by six weeks of age. Although version 1.5 of the HIV DNA PCR assay was
more sensitive than earlier versions for the detection of perinatal infections at birth (65), it
was still less sensitive than the CAP/CTM or APTIMA assays for birth testing. The 76.3%
of perinatal infections detectable at birth in this cohort is higher than earlier estimates of
27.3% to 62% (21, 65-68). The earlier studies used older viral detection assays in
populations receiving little or no PMTCT prophylaxis, in contrast to the EID Study which
used newer assays in the context of improved PMTCT regimens. Enhanced late antenatal,
peripartum and postpartum prophylaxis reduce IP transmission, proportionately increasing
IU transmission. Together with increased sensitivity of newer assays, this may have
resulted in a higher proportion of 1U relative to IP-infections in this cohort. This proportion
is equivalent to that of 71% and 74% in populations receiving IP and postpartum PMTCT
prophylaxis, respectively, which are expected to reduce IP transmissions (27, 60).
However, the proportion of 1U to IP infections in the context of the new 2013 PMTCT
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guidelines, which prescribe HAART for the duration of pregnancy for all HIV-infected
women (26), is unclear. Perinatal infections will occur in the context of the new guidelines
where PMTCT coverage is not 100%. Eventually, the only infections in mothers will
represent very early infections (IU transmission), non-adherence (IU or IP transmission) or

resistance (IU or IP transmission).

The EID Study was biased to detect IU-infections, as all IU-infected infants in the cohort
were identified by testing birth DBS samples which were available for all enrolled infants.
In contrast, IP-infected infants who defaulted from the study could only be identified using
the LIS search if they accessed diagnostic testing at other facilities; it is therefore possible
that some IP-infected infants were missed. Nevertheless, this reflects the reality in routine
South African settings, where IU-infected infants are available for testing at birth by virtue
of the high delivery rate in health institutions (137) and IP-infected infants are at risk of
defaulting prior to six weeks, representing missed opportunities for EID. In this cohort,
birth testing using any of the three assays would have detected a higher total number of
infected infants compared to six-week testing, as infected infants would have been
identified before they defaulted from the study or died. Diagnostic testing at birth would
therefore be recommended to improve identification of perinatally infected infants for

care.

The lowest sensitivity of all three assays occurred at two weeks of age, with four 1U-
infected infants having false negative results on one or more assays. All four infants had
received sUNVP at birth which likely resulted in the reduced two-week sensitivity,

concurring with previous reports of reduced VL levels in IU-infected infants within one
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week of receiving sANVP (1). This raises concerns regarding the impact of daily-dose
NVP, as prescribed in the 2010 and 2013 guidelines, on the sensitivity of diagnostic testing
at six weeks of age. Evidence supporting this concern is mounting, as delays in the
detection of perinatal HIV-infection beyond four to six weeks of age in the context of
prolonged or multidrug maternal and/or infant prophylaxis are reported (60, 62-64). The
sensitivity of diagnostic assays at six weeks may be further reduced once antenatal
HAART for all HIV-infected women is implemented (26). Studies addressing this concern
are essential to ensure reliable and accurate diagnosis of HIV-infected infants in the
context of changing PMTCT regimens. In the interim, assay sensitivity may be improved
by using plasma samples, as HIV detection tends to be higher in plasma than DBS (145),
or by using newer assays such as the Roche CAP/CTM version 2.0 which has improved
sensitivity and VL quantification compared to version 1.0 (146, 147). However, these
options may be difficult to implement in the field where venesection skills and funding for

new, expensive assays are seldom available.

CAP/CTM was the only assay which demonstrated 100% specificity for detecting HIV-
uninfected infants at all ages and is the confirmatory assay of choice for infants younger
than six weeks of age. The APTIMA assay Yielded false positive results at birth and six
weeks, likely due to low level contamination from the manual sample preparation, but
achieved specificities above the 98% threshold recommended by WHO at all ages (114).
HIV DNA PCR was the least specific assay, yielding a lower six-week specificity than
previously reported for this technology (70). The false positive results in this study may
have been caused by contamination due to the manual nature of this assay, as 71% of the

false positive results occurred from testing on a single day.
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4.3 OBJECTIVE 3 -PREDICTORS OF IU TRANSMISSION

In the univariate analysis, longer duration of antenatal AZT or HAART decreased the risk
of IU-infection, as has previously been reported for perinatal (43, 95, 97) and IU (79, 101)
transmission. This emphasises the importance of initiating maternal PMTCT prophylaxis
early enough in pregnancy to reduce maternal VL to undetectable levels, thereby
decreasing the risk of transmission. The univariate analysis also demonstrated reduced U
transmission with increasing maternal age. These findings again emphasise the need for
increased counselling and follow-up of younger mothers with poor antenatal care to curb

MTCT.

However, the only independent predictor of IU-infection in this cohort was maternal
peripartum VL, concurring with previous findings that VL is the strongest and sometimes
only independent predictor of perinatal and 1U HIV-infection (53, 88, 92). Since maternal
VL also predicts for IP-infections (53, 101-103), no prediction could be made regarding
which mother-infant pairs were at increased risk of 1U transmission. It would therefore
have been unclear which infants to target for birth, as opposed to later, testing. However,
since most perinatal infections in the cohort occurred 1U, targeting all infants born to
mothers with high VL at delivery may have been an option to identify 1U-infected infants.
No comment can be made regarding the suggestion to target low birth weight infants

(<2 500q) for birth testing (personal communication, G. Sherman: National PMTCT
Guidelines Working Group), as infant characteristics, including low birth weight, were
not investigated in the regression analysis. In addition, this study was not powered to
analyse the predictors of IP transmission, having too few IP-infected infants in the

cohort.
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4.4 OBJECTIVE 4 - MATHEMATICAL MODEL OF EARLY INFANT
DIAGNOSIS

If perinatal HIV-infections are to be diagnosed with a single PCR test, mathematical
modelling demonstrates that the least effective time to perform the test would be at six
weeks of age. Birth testing would diagnose a comparable number of perinatal HIV-
infections as six-week testing, but would be less efficient per PCR due to the higher
number of tests that would be required at birth. The relatively fewer tests required at six
weeks illustrates the deaths and losses to follow-up that would have accumulated by this
age and therefore represents critical missed opportunities for diagnosing perinatal
infections in HIV-exposed infants who are lost from the PMTCT programme. Six weeks is
also the age which is most sensitive to the dampening effects of daily-dose NVP, as this
regimen is administered until at least six weeks of age (25, 26). Although six-week testing
would be the most effective if it is assumed that there is no loss in PCR sensitivity due to
daily-dose NVP, this scenario is highly unrealistic considering the increasing evidence of
delayed diagnosis with multi-drug or extended prophylaxis (60, 62-64). PCR testing at six
weeks of age is therefore the least effective time for EID — it is too late to detect the infants
who default or die early in life and is too early to detect IP-infections that may be

suppressed by daily-dose NVP prophylaxis.

The model suggests that if a single PCR test is to be performed for EID, testing at ten
weeks of age would maximise the number of perinatal HIV-infections diagnosed, thereby
minimising infant mortality. However, many of the infants missed at ten weeks would
likely die, considering the peak of HIV-related infant mortality at eight to 12 weeks of age
(3) and the 20% of untreated infants who die by 13 weeks of age (2). In contrast, IP-

infected infants who are missed by birth testing may be detected at a later stage if they
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present with symptoms suggestive of HIV-infection that prompt PCR testing. For birth
testing to be as effective as a ten-week test, an additional 161 IP-infected infants would
need to be detected by later testing. Even though the model did allow for limited testing of
symptomatic infants, operational data from the EID cohort demonstrate that 44% of IP-
infected infants would be symptomatic by ten weeks of age. It is therefore not unrealistic to
assume that almost half the IP-infected infants missed by birth testing could be detected by
virtue of clinical symptoms at a later stage. Birth testing in conjunction with testing of
symptomatic infants, as is routinely recommended (26, 28), may therefore be as, or more,
effective than a single ten-week test. Nevertheless, programmatically it would be more
challenging to introduce testing at birth than at ten weeks, as the latter, like six weeks, is an
established immunisation visit and clinic staff are therefore trained to perform EID. In
contrast, birth testing would require EID to take place in postnatal wards where staff are
not aware of EID protocols. The programmatic advantage of performing a single test at
birth is the centralisation of PCR testing, which would minimise the need for extensive
courier services that collect DBS samples from thousands of immunisation clinics

throughout the country.

The most effective way to influence neonatal and infant mortality and effectively monitor
for eMTCT is to perform at least two PCR tests early in infancy, with the first test at birth
and the second at ten weeks of age. Compared to ten-week testing alone, combined birth
and ten-week testing would identify 27% more HIV-infected infants and save almost 50%
more life years and QALY's by virtue of detecting IU-infected infants who would
otherwise die or be LTFU. South African guidelines already recommend two PCR tests for
diagnosing HIV-infection, one at six weeks of age and the second after cessation of

breastfeeding (4, 25, 26). If rapid HIV tests are introduced to exclude HIV-infection in
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breastfed infants (148, 149), the two currently recommended PCR tests could instead be
used at birth and ten weeks to diagnose perinatal HIV-infections. Rapid HIV tests exclude
HIV-infection in over 80% of HIV-exposed, uninfected infants from eight months of age
(149) and these infants would not require a follow-up PCR test. With only a minority of
HIV-exposed infants requiring a PCR test post-cessation of breastfeeding, the cost of
performing two PCR tests early in infancy to detect perinatal HIV-infections would be

roughly comparable to the cost of the currently recommended testing algorithm.

Compared to the expected number of perinatally HIV-infected infants in the model, a ten-
week test would only diagnose 61% of infections and the ideal algorithm with two PCR
tests at birth and ten weeks would only diagnose 77%. Previous studies demonstrating that
a single PCR test at six weeks of age could diagnose 98.8% of 1U- and IP-infected infants
(58) were performed under study conditions in a defined cohort of infants with known HIV
status. In contrast, the proportion of perinatally infected infants diagnosed in the model
was calculated out of the total number of expected HIV-infections, taking into account
infected infants who would not have accessed a diagnosis. This represents the real-life
scenario where not all HIV-exposed infants are available for testing due to LTFU and early
deaths, and among those who do present for testing, results may not always be received by
caregivers and HIV-infection may not always be detectable due to the dampening effects
of NVP prophylaxis. Additionally, not all mothers access adequate PMTCT cover. The
model assumed a lower proportion of 1U- relative to IP-infections from mothers who
received less optimal PMTCT prophylaxis; sub-optimal PMTCT coverage would therefore
result in fewer infected infants detectable by a birth test. With a higher proportion of IP-
infected infants, LTFU and death prior to testing and reduced test sensitivity due to NVP
prophylaxis would be more likely. In view of these factors, 23% of infants with perinatal
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HIV-infections would be missed even with the ideal scenario of birth and ten-week testing.
In order to reduce the number of infections that would be missed, it is critical to improve
the performance of the PMTCT programme. Coverage of PMTCT prophylaxis needs to be
improved, losses to follow-up need to be reduced by actively following up HIV-exposed
infants for diagnostic testing, infants with positive PCR results need to be actively traced to
ensure that test results are received and lifesaving HAART immediately commenced, and
healthcare workers need to be vigilant for HIV-exposed infants who test PCR negative but

later develop clinical features suggestive of HIV-infection.

Conclusions drawn from the mathematical model are sensitive to the assumptions used in
the model. The assumption of 85% and 70% sensitivity at six weeks for detecting NVP-
exposed 1U- and IP-infected infants, respectively, was based on findings in this cohort of
83% sensitivity at two weeks for detecting IU-infections in the presence of sdNVP.
However, this does not take into account the possibility of resistance to daily-dose NVP
which may reduce the number of 1U-infected infants missed at six weeks by virtue of an
increasing VL. Conversely, the 70% sensitivity for detecting IP-infections may be
overestimated, as a 71% sensitivity for detecting IP-infected infants at four to six weeks of
age has been reported in the context of six weeks of infant AZT monotherapy and no
antenatal PMTCT prophylaxis (60). Since South African mothers receive antenatal
prophylaxis from early in pregnancy and infants receive six weeks of NVP (25, 26), a more
potent VL lowering drug than AZT, sensitivity for detecting IP-infections at six weeks may
be reduced beyond 70%. As with all the assumptions used in the model, the PCR
sensitivity figures will need to be updated as more data become available. However, the
model clearly demonstrates that six weeks is no longer the optimal time to diagnose

perinatal HIV-infection in infants. Birth testing, with a later test to detect IP-infections,
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would be the ideal diagnostic algorithm, but must be coupled with improved performance

of the PMTCT programme.

4.5 STUDY LIMITATIONS

Even though all data analysed in the study were collected prospectively, the Master EID
Database and Database of HIV-Infected Infants were collated retrospectively. Though
every attempt was made to thoroughly validate and cross-check the data, there were some
queries that could not be resolved and the data in question therefore had to be excluded.
Some data were also not available for all mother-infant pairs, such as peripartum maternal
VL. Furthermore, the EID cohort may not be representative of all HIV-infected women
delivering at RMMCH or other routine PMTCT facilities, as this was a single centre,
hospital-based study that enrolled women who were aware of their HIV status antenatally.
These women are more likely to return for follow-up care than women first diagnosed as
HIV-infected at the time of delivery (130), possibly creating a more adherent sample. In
addition, no record was kept of how many women were eligible to participate in the study
but declined to enrol. Delivery and postnatal care in the EID Study all occurred at
RMMCH, in contrast to routine settings where delivery, diagnostic and treatment services
often take place at different facilities; coverage of EID testing and linkage to care may
therefore be lower in routine services, as referral to different facilities may increase the
likelihood of LTFU. Additionally, an HIV status could not be established for 15% of
infants enrolled in the study. Some instances of IP-infection may therefore have been
missed, as IP-infected infants who defaulted from the study could only be detected if they
presented for testing at another facility. In contrast, all 1U-infected infants in the cohort

were detected, therefore biasing the study to detect IU-infections. It is also possible that IP-
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infections include early PP transmissions where mothers elected to breastfeed. In addition,
the relatively small sample size of HIV-infected infants, particularly infants with IP-
infections, limited conclusions regarding the characteristics and outcomes of mother-infant
pairs with 1U versus IP transmission. Finally, the unknown outcomes of defaulting infants
are a limitation in this study. The impact of birth testing would depend on the outcomes of
IU-infected infants who could be diagnosed at birth (for example, whether they accessed
care or died). Since a proportion of these infants were LTFU, their outcomes were
unknown. Similarly, it is unknown whether HIV-infected infants who defaulted from the
study accessed treatment elsewhere and HAART coverage for infants diagnosed at

RMMCH may therefore be higher than reported.

4.6 CONCLUSIONS AND RECOMMENDATIONS: INTERVENTIONS TO
IMPROVE SOUTH AFRICA’S PMTCT PROGRAMME

Although successes have been achieved in implementing the PMTCT guidelines, as
demonstrated by improved antenatal care and the trend to reduced MTCT over the course
of the study, missed opportunities for identification and care of mother-infant pairs
throughout the PMTCT cascade are widespread. Interventions are needed to improve
implementation of the programme if eMTCT is to be achieved and infant mortality is to be
reduced. Analysis of RMMCH’s PMTCT programme has highlighted specific areas that

should be targeted to improve outcomes of South Africa’s programme, namely:

» Target area 1: Timing of diagnostic testing for HIV-exposed infants
Six-week testing is no longer the optimal time to diagnose perinatal HIV-infections.
Testing at six weeks is too late to detect HIV-infected infants who default or die early

in life and is too early to detect IP-infections that may be dampened by extended, daily-
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dose NVP prophylaxis. Birth testing with newer, more sensitive assays in the context
of enhanced PMTCT regimens would diagnose more HIV-infected infants than a six-
week test and would increase EID coverage. Performing diagnostic testing at birth is
also essential to allow for earlier initiation of HAART to reduce infant morbidity and
mortality. The ideal algorithm for EID to enable detection of all 1U- and IP-infections
early enough to influence infant mortality and monitor for eMTCT would include two
PCR tests early in infancy, with the first test at birth and the second at ten weeks of
age. However, identification of HIV-infected infants can only be maximised with
improved performance of the PMTCT programme, including rapid follow-up of HIV-

exposed infants who develop clinical features suggestive of HIV-infection.

Target area 2: Coverage of PCR testing and diagnosis of HIV-infected infants, with
a focus on at-risk mother-infant pairs

Coverage of EID needs to be increased in order to improve identification of HIV-
infected infants. Targeted interventions to improve EID coverage include:

Improved counselling and education of HIV-infected women to emphasise the
importance of EID and address concerns surrounding infant testing. Young, foreign
women who first present at antenatal clinics late in pregnancy and display poor
compliance with their antenatal care need additional counselling, as these women are
less likely to bring their infants back for diagnostic testing and are more likely to
transmit HIV to their infants. Targeting socioeconomically disadvantaged mothers for
additional counselling and follow-up may also improve infant outcomes.

Education of healthcare workers to actively seek out HIV-exposed infants who require

PCR testing among infants who present for routine healthcare and immunisation visits.
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» Target area 3: Timely initiation of antenatal PMTCT prophylaxis
Women present for antenatal care too late in pregnancy and therefore receive
suboptimal durations of antenatal PMTCT cover, increasing the risk of MTCT. Key
interventions to ensure that women present for antenatal care earlier in pregnancy
include:

a. Improved social mobilisation to educate women of childbearing age about the PMTCT
guidelines and the importance of antenatal care for maternal and child health.

b. Training and education of healthcare workers who come into contact with women in all
areas of the healthcare system to raise awareness of the PMTCT guidelines and
improve linkage of pregnant women to antenatal services.

c. Capacity building to ensure that the necessary resources are available, including

increased availability of AZT and/or HAART for antenatal prophylaxis.

As the HIV epidemic evolves, so do the PMTCT guidelines. On-going monitoring and
evaluation of the evolving PMTCT programme is critical in order to achieve eMTCT and a
two-thirds reduction in childhood mortality by 2015. Particular attention needs to be drawn
to the key entry points into the antenatal and postnatal PMTCT cascades, including
presentation of pregnant women at antenatal clinics and identification of HIV-exposed
infants for diagnostic testing. A pro-active approach toward implementing changes
recommended by routine monitoring is essential in order to enhance outcomes of South

Africa’s PMTCT programme.
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First publication arising from this study (129).

RJCM

Joumais ASM.org

Early Diagnosis of In Utero and Intrapartum HIV Infection in Infants
Prior to 6 Weeks of Age

Rivka R. Lilian,” Emma Kalk,>** Kapila Bhowan,” Leigh Berrie,“ Sergio Carmona,®* Karl Technau,” and Gayle G. Sherman®<*
Paediatric HIV Diagnostic Syndicate, Wits Health Consortium, Johannesburg, South Africa®; Empilweni Services and Research Unit, Department of Paediatrics, Rahima
Moosa Mother and Child Hospital, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa®; Centre for HIV/STls, National Institute for
Communicable Diseases, Johannesburg, South Africa; National Health Laboratory Service, Johannesburg, South Africa®; and Department of Molecular Medicine and
Haematology, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa®

Early initiation of antiretroviral therapy reduces HIV-related infant mortality. The early peak of pediatric HIV-related deaths in
South Africa occurs at 3 months of age, coinciding with the earliest age at which treatment is initiated following PCR testing at 6
weeks of age. Earlier diagnosis is necessary to reduce infant mortality. The performances of the Amplicor DNA PCR, COBAS
AmpliPrep/COBAS TagMan (CAP/CTM), and Aptima assays for detecting early HIV infection (acquired in utero and intrapar-
tum) up to 6 weeks of age were compared. Dried blood spots (DBS) were collected at birth and at 2, 4, and 6 weeks from HIV-
exposed infants enrolled in an observational cohort study in Johannesburg, South Africa. HIV status was determined at 6 weeks
by DNA PCR on whole blood. Serial DBS samples from all HIV-infected infants and two HIV-uninfected, age-matched controls
were tested with the 3 assays. Of 710 infants of known HIV status, 38 (5.4%) had in utero (n = 29) or intrapartum (n = 9) infec-
tions. By 14 weeks, when treatment should have been initiated, 13 (45%) in utero-infected and 2 (22%) intrapartum-infected
infants had died or were lost to follow-up. The CAP/CTM and Aptima assays identified 76.3% of all infants with early HIV infec-
tions at birth and by 4 weeks were 96% sensitive. DNA PCR demonstrated lower sensitivities at birth and 4 weeks of 68.4% and
87.5%, respectively. All assays had the lowest sensitivity at 2 weeks of age. CAP/CTM was the only assay with 100% specificity at
all ages. Testing at birth versus 6 weeks of age identifies a higher total number of HIV-infected infants, irrespective of the assay.

Human immunodeficiency virus (HIV) infection is a signifi-
cant cause of pediatric morbidity and mortality in resource-
limited settings, where the majority of HIV infection occurs. The
CHER study demonstrated that early initiation of highly active
antiretroviral therapy (HAART) at a median age of 7 weeks re-
duces infant mortality and HIV progression by 76% and 75%,
respectively (21). However, early initiation of treatment is depen-
dent on an early diagnosis of HIV infection. The identification of
HIV-exposed infants for testing and the diagnosis of pediatric
infection remain challenges in resource-limited settings. Strate-
gies to implement accurate and timely diagnostic testing are crit-
ical to improve infant outcomes.

Prevention of mother-to-child transmission (PMTCT) guide-
lines in South Africa stipulate that diagnostic testing in infants be
performed at 6 weeks of age because this coincides with the 6-week
immunization visit and detects virtually all HIV infections ac-
quired during pregnancy (in utero (IU]) or during labor and de-
livery (intrapartum [IP]) (11, 15). Testing is performed with a
viral detection assay since HIV antibody detection assays cannot
distinguish transplacentally acquired maternal from infant HIV
antibodies. Test results are communicated to the infants’ caregiv-
ersat the 10-week immunization visit. If an infant is HIV infected,
additional time is required to prepare the primary caregiver to
initiate HAART (11). Initiation of treatment therefore generally
occurs at 12 to 14 weeks of age, too late to impact the early peak of
HIV-related deaths in South Africa, centered at 8 to 12 weeks of
age (1). Diagnostic testing prior to 6 weeks is thus required to
initiate HAART earlier, thereby reducing infant mortality.

One of the most widely used assays for early infant diagnosis is
the Amplicor HIV DNA PCR assay (Roche Molecular Systems
Inc., Branchburg, NJ). Version 1 of this assay was assessed on
dried blood spot (DBS) specimens from infants less than 4 days
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and 10 to 15 days of age (3). The sensitivities in detecting all IU and
IP infections were found to be 27.3% and 88.9%, respectively, and
the specificities at both ages were 100% (3). This study was subse-
quently included in a review by Dunn et al. in 1995, together with
other studies which used in-house PCR assays on whole blood (5).
The overall sensitivities of DNA PCR were found to be 38% at
birth, 93% at 14 days, and 96% at 28 days (5). Subsequent studies
exclusively assessing the Roche Amplicor assay on whole blood
yielded birth sensitivities ranging from 38% to 62% (7, 9, 24) and
sensitivities by 1 week, 2 weeks, and 1 month of age of 29%, 67%,
and 67 to 92%, respectively (2, 7, 9). The assay was 100% specific
using whole blood at birth (excluding cord blood) and at 1 week,
2 weeks, and 1 month of age (2, 7, 24). Antenatal zidovudine
(AZT) was provided to selected women in some of these studies
(7, 24). The current Roche Amplicor assay, version 1.5, was not
assessed on whole blood prior to 6 weeks but has been assessed on
DBS samples at 6 weeks of age, yielding a sensitivity and specificity
of 100% and 99.6%, respectively (17).

Newer viral detection assays may prove more sensitive for ear-
lier detection of HIV infection in infants. Two such technologies
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have been assessed using DBS samples from pediatric populations,
namely, the Roche COBAS AmpliPrep/COBAS TagMan (CAP/
CTM) HIV-1 assay, which detects both HIV-1 RNA and DNA,
and the Gen-Probe Aptima HIV-1 screening assay with an auto-
mated Tigris analyzer (18, 19). These assays were highly sensitive
(99.7% and 100%, respectively) and specific (100% and 97%, re-
spectively) at 6 weeks of age and older (18, 19). The manual ver-
sion of the Gen-Probe Aptima assay using DBS samples was also
sensitive and specific (99.2% and 100%, respectively) for HIV-
exposed infants and children (6). Using serum samples, Aptima’s
specificity was 100% for HIV-exposed, uninfected infants
younger than 18 months old (13). However, neither the CAP/
CTM nor the Aptima assay has been evaluated for HIV diagnosis
in infants before 6 weeks of age.

This study aimed to compare the performances of the Ampli-
cor DNA PCR, CAP/CTM, and Aptima assays using DBS samples
to identify IU- and IP-infected infants up to 6 weeks of age.

MATERIALS AND METHODS

A prospective, observational cohort study was conducted at Rahima
Moosa Mother and Child Hospital (RMMCH) in Johannesburg, South
Africa, from August 2008 to December 2010. HIV-infected women over
18 years of age, admitted to the RMMCH postnatal ward, who were iden-
tified during antenatal testing and who planned to attend RMMCH for
follow-up PMTCT care were eligible to participate in the study. The Ethics
Committee of the University of the Witwatersrand approved the study,
and written informed consent was obtained from all mothers prior to
enrollment. Mother-infant pairs enrolled in the study continued to re-
ceive the routine PMTCT care offered at RMMCH according to national
PMTCT guidelines at the time. Initially, single-dose nevirapine (sdNVP)
together with maternal AZT from 28 weeks’ gestation and infant AZT for
1 week was the recommended PMTCT regimen. If maternal PMTCT care
was suboptimal, defined as less than 4 weeks of AZT, the infant received 28
days of AZT. Women with CD4 counts of =200 were eligible for HAART.
The PMTCT guidelines were updated during 2010 to commence maternal
AZT from 14 weeks’ gestation and provide HIV-exposed infants with a
daily dose of NVP for 6 weeks or for the duration of breast-feeding.
Women with CD4 counts of =350 were eligible for HAART. At the time of
the study, most women at RMMCH elected to exclusively formula feed.

Infants were enrolled at birth in the postnatal ward and seen at 2, 4, 6,
and 10 weeks of age. A medical practitioner examined the infant at each
visit. The 6- and 10-week visits coincided with routine PMTCT care visits.
Infants underwent DNA PCR testing (Amplicor HIV-1 DNA PCR, ver-
sion 1.5; Roche Molecular Systems Inc., Branchburg, NJ) on peripheral
blood at 6 weeks, and test results were provided to the infants’ caregivers
at the 10-week visit (11). Where the PCR result was negative, the mother
was counseled regarding the risk of postnatal transmission of HIV and the
infant discharged. Where the PCR result was positive, a confirmatory
baseline viral load (VL) test and a CD4 count were performed and the
infant was referred for HAART initiation.

For study purposes, DBS samples were obtained from the infants at
each visit. At birth and 2 weeks, blood was collected by heel prick onto
Schleicher & Schuell 903 (S&S 903 W-041) filter paper cards, and at the 4-
and 6-week visits, blood was collected by venesection and spotted onto
filter paper cards. Each DBS card was stored at RMMCH at ambient room
temperature in a ziplock plastic bag with a desiccant sachet.

Where an infant was identified as being HIV infected by the routine
6-week PCR test, stored DBS samples from birth and 2, 4, and 6 weeks
were retrieved and retrospectively tested together with samples from two
age-matched, HIV-exposed, uninfected controls at the same time points.
Laboratory testing was conducted by accredited hospital-based laborato-
ries using 3 assays: HIV DNA PCR, CAP/CTM HIV-1 (version 1; Roche
Molecular Systems, Inc., Branchburg, NJ), and the Aptima HIV-1 screen-
ing assay with an automated Tigris analyzer (Gen-Probe Inc., San Diego,

2374 jcm.asm.org

CA). Samples were retested where discrepant or equivocal results were
obtained at a single time point and additional DBS sample was available;
however, only the initial test results were included in the analysis. Infants
with at least 2 positive DBS test results on different assays at birth were
considered to have an IU infection. IP infection was considered to have
occurred where the birth results were negative, followed by at least 2
positive test results on different assays by 6 weeks of age. Postpartum (PP)
transmission was documented when the birth and 6-week test results were
negative, followed by a positive PCR result in the context of breast-feed-
ing. The possibility that infants infected by early PP transmission are
counted in the IP-infected group cannot be excluded.

Where an infant was lost to follow-up before undergoing routine
6-week testing at RMMCH, the National Health Laboratory Service’s
(NHLS) Laboratory Information System (LIS) was searched to determine
whether the infant had accessed PCR testing at another facility. If the
surname and date of birth matched, the PCR test result from the LIS was
used to assign an HIV infection status at 6 weeks of age. At the end of the
study, all birth DBS samples of infants with an unknown HIV status were
tested using the Aptima assay to identify all remaining IU-infected infants
in the cohort. All positive Aptima tests were confirmed with a CAP/CTM
and HIV DNA PCR test. Additionally, all stored DBS samples available for
enrolled infants known to have died were submitted for testing.

Statistical analyses were performed using Microsoft Excel 2010. Sen-
sitivity [true-positive results/(true-positive + false-negative results)] and
specificity [true-negative results/(true-negative + false-positive results)]
were calculated with 95% confidence intervals by following the Wilson
score method. Positive predictive values [true-positive results/(true-pos-
itive + false-positive results)] and negative predictive values [true-nega-
tive results/(true-negative + false-negative results)] were calculated to
determine the proportion of infants with positive and negative results,
respectively, who were correctly diagnosed.

RESULTS

A convenience sample of 848 mother-infant pairs was enrolled.
Ten withdrew during the course of the study. Of the remaining
838 HIV-exposed infants, 128 (15.3%) were excluded from all
analyses because they were lost to follow-up or died before an HIV
status could be established. Of the remaining 710 mother-infant
pairs, 557 (78.5%) received optimal maternal PMTCT care, de-
fined as 4 weeks or more of AZT or HAART. sdNVP with various
durations of AZT was administered to 653 (92.0%) infants, 56
(7.9%) infants received daily-dose NVP, and a single infant did
not receive any PMTCT prophylaxis. Antenatal CD4 counts were
available for 638 women (median count of 354.5 X 10%liter;
range, 24 X 10%/liter to 1,221 X 10%/liter). A CD4 count of =350 X
10%/liter was recorded for 316 (49.5%) women, accounting for
60.6% of vertical transmissions.

The HIV status of 606 (85%) and 85 (12%) of the 710 infants
was determined by the 6-week PCR performed at RMMCH and
searching the NHLS LIS, respectively. The remaining 19 (3%) in-
fants had their HIV status established from testing stored DBS
samples. Of the 710 infants with a known HIV status, 38 (5.4%)
were determined to have been infected either IU (n = 29) or IP
(n = 9) (Table 1). IU transmission accounted for 76.3% of infec-
tions detected in the first 6 weeks of life. Positive test results were
first documented at the 4- or 6-week visit for 8 of the 9 IP-infected
infants. For the remaining infant, who was reportedly exclusively
formula fed, the first positive test was at 10.7 weeks of age, when
the infant was admitted to RMMCH having defaulted after the
birth visit. Daily-dose NVP had been administered to 2 (6.9%) IU-
and no IP-infected infants. An additional 5 infants from the study
cohort were diagnosed as infected by the routine HIV service but
are not included in the analysis. Two of these infants who were
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TABLE 1 Description of study cohort and total number of samples from HIV-uninfected and in utero- and intrapartum-infected infants tested with

each diagnostic assay

Study cohort No. of samples tested with each diagnostic assay”
Median age Total no. No. (%) HIV HIV DNA
Time of visit (wk) of infants infected” PCR CAP/CTM Aptima
Birth 0.1 710 38 (5.4) 107 107 144°
2wk 21 566 25 (4.4) 86 86 86
4wk 4.6 556 25 (4.5) 88 88 88
6 wk 6.6 595 26 (4.4)¢ 85 84° 85
Total 710 38 (5.4) 366 365 403

“ In utero and intrapartum infections. HIV infection status was determined retrospectively where the routine 6-week PCR test identified an infant as HIV infected.
" Samples were obtained from infants later determined to be HIV infected, together with two age-matched uninfected controls, as well as from infants who died; birth samples were

also obtained from infants of an unknown status.

¢ The screen of birth samples from infants with an unknown HIV status using the Aptima assay accounts for the additional Aptima tests.

¥ Samples were not prepared for 2 HIV-infected infants who attended the 6-week visit.
“ One 6-week sample produced an invalid CAP/CTM result and could not be retested.

reportedly breast-fed demonstrated PP transmission, as their
6-week PCR tests were negative but repeat PCR tests at 9.4 and
15.6 months of age were positive. Three other infants tested neg-
ative at birth, defaulted at 2 weeks of age, and had their first pos-
itive test at 6 months or older. Since it was unclear whether HIV
transmission had occurred IP or PP, they were excluded from the
cohort of IP-infected infants. Two had reportedly been breast-fed,
and 1 had reportedly received mixed feeding.

Only 26 (68%) of the 38 IU- and IP-infected infants presented
for routine DNA PCR testing at 6 weeks as part of the study (Table
1). Of these 26 infants, 18 were IU infected. Of the 12 infants who
did not attend the 6-week visit, 11 (92%) were IU infected. By 14
weeks of age, 23 (61%) of the 38 IU- and IP-infected infants were
in care to commence treatment. Of these 23 infants, 16 were IU
infected. Of the 29 IU- and 9 IP-infected infants identified, 13
(45%) TU- and 2 (22%) IP-infected infants had died or were lost to
follow-up before HAART could be commenced.

The sensitivities of the HIV DNA PCR, CAP/CTM, and Ap-
tima assays in identifying IU- and IP-infected infants are depicted
in Table 2. Equivocal test results were obtained only with the HIV
DNA PCR assay and were omitted from this analysis. At birth, the
CAP/CTM and Aptima assays identified 76.3% of all infants with
early infections detectable by 6 weeks of age. The DNA PCR assay
demonstrated a lower sensitivity (68.4%), missing 3 IU-infected
infants. At 2 weeks, all the assays showed reduced sensitivity. Four
HIV-infected infants had positive tests at birth that became nega-
tive at 2 weeks of age and became positive again at 4 weeks of age.
All 4 infants had received sdNVP at birth. Two infants tested neg-
ative at 2 weeks on a single assay (viz., one each on the Aptima and
CAP/CTM assays), and 2 infants tested negative on 2 assays (CAP/
CTM and Aptima assays in one instance and DNA PCR and CAP/
CTM assays in the second). By 4 weeks, the CAP/CTM and Ap-
tima assays demonstrated 96.0% sensitivity, missing 1 IP-infected
infant who was only identifiable by any assay from 6 weeks of age.
This infant could have undergone an early PP transmission but
was reportedly exclusively formula fed. Furthermore, the infant
received sdNVP prophylaxis, so the delay in diagnosis could not
be attributed to viral suppression as a result of daily-dose NVP. At
6 weeks, all the assays demonstrated 100% sensitivity; however,
the diagnosis of 2 HIV-infected infants would have been delayed
with the DNA PCR assay due to equivocal results that would have
required retesting.
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CAP/CTM was the only assay to demonstrate 100% specificity
for identifying HIV-uninfected infants of all ages (Table 2). The
Aptima assay yielded 3 false-positive results that were all negative
upon repeat testing. DNA PCR demonstrated the poorest speci-
ficity at all ages except birth, with 5 of the 7 false-positive results
occurring on a single day. All false-positive and equivocal DNA
PCR results that were retested yielded true-negative results.

DISCUSSION

The Amplicor HIV DNA PCR, CAP/CTM, and Aptima assays
were assessed in infants born to a population of women predom-
inantly infected by subtype C, with 50% having antenatal CD4
counts over 350 X 10%/liter and 79% having received at least 4
weeks of antenatal PMTCT prophylaxis. Over 90% of infants in
this cohort received sdNVP at birth. In this setting, 29 (76%) of the
38 HIV-infected infants diagnosed at 6 weeks of age were identi-
fiable at birth.

The CAP/CTM and Aptima assays were more sensitive and
specific than DNA PCR for identifying IU- and IP-infected and
HIV-uninfected infants at any age up to 6 weeks using DBS sam-
ples. The World Health Organization (WHO) recommends test-
ing of all HIV-exposed infants at 4 to 6 weeks of age and requires
that viral detection assays have a minimum sensitivity of 95% and
a specificity of 98% (23). At 4 weeks of age, the CAP/CTM and
Aptima assays were 96% sensitive and 100% specific, fulfilling
WHO requirements, yet failed to identify one HIV-infected in-
fant. The sensitivity of the DNA PCR assay complied with the
WHO standards only at 6 weeks of age. There were a number of
false-positive DNA PCR results at all ages besides birth, yielding
specificities below the WHO-recommended threshold of 98%
(23). This is likely a result of contamination, which can be a con-
sequence of the manual nature of the DNA PCR assay. However,
these results are not necessarily representative, since higher spec-
ificities have previously been reported (17). The Aptima test also
demonstrated false-positive results, most likely due to low-level
contamination which may have occurred during the initial sample
preparation, which is performed manually. CAP/CTM was the
only assay with a specificity of 100% at all ages and would be the
best confirmatory assay for infants under 6 weeks of age.

At birth, the CAP/CTM and Aptima assays identified 76.3% of
all HIV-infected infants detectable at 6 weeks. This is higher than
previous descriptions of 27.3% to 62% using earlier viral detection
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% 2 assays in populations receiving little, if any, PMTCT prophylaxis

S - 5 B — (3, 5, 7, 9, 24). Possible explanations include a reduction in IP

S s88g & Spwd transmission due to enhanced PMTCT prophylaxis, resulting in a
. e oy | proportionate increase of IU-infected infants in the first 6 weeks of
& i -3 % 288 q life, and/or improved sensitivity of newer viral detection assays.
s =5 i T2 13 g ) T 2 Version 1.5 of the DNA PCR assay using DBS samples achieved a
4 % g 8 igg g S 2333 better sensitivity at birth than earlier versions of the assay (3) but
S AS mg9g HT oo is not as sensitive as CAP/CTM or Aptima at this age.
b g RTR= & R==8 The benefits of a birth diagnosis need to be considered in the
& b & ) context of the high rate of loss to follow-up in routine settings
2 g = v _E where infants do not return for 6-week testing or test results (16).
5 £ :% = 'g %5 H At RMMCH, the current 6-week testing program identified 26
g Z g e e &F g = 3 HIV-infected infants, whereas testing at birth would have identi-
= “ A2J] =z S888|E fied 29 HIV-infected infants without the need for an additional
2 5 " £ health care visit or risking the demise of infants prior to testing. Of
E e é T g é B 2 the 12 (32%) HIV-infected infants who did not return for testing
£ Elagg . 2EB Z at 6 weeks, 11 (92%) infants could have been identified through
a 2|8 2883 & Se83%|% birth testing. Whether IU-infected infants are at higher risk of
E _ = 3 rapid disease progression than IP-infected infants remains con-
= g £ = troversial (8, 12), but if true, then early identification and HAART
= 2 2888 ; b % initiation in this group of infants would be especially important in
2 = A= ® ol s reducing infant mortality. The disadvantage of birth testing is the
o 28 ng sssalf need for a second test for early identification of IP-infected in-
£ z & i ﬁ i §| £ §| = §| g 4 fants, substantially increasing the costs of early infant diagnosis
2 232 g5g38 £ :é ; i 81 é & programs. Considering the 2010 WHO infant feeding policy of
& 88 S55= &8 Soocle exclusive breast-feeding (22), which requires additional testing 6
£ 8 ces58 2 8888 £ weeks after weaning, IP-infected infants would be identified later
lé " 4 E in life but delayed testing will put them at increased risk of mor-
< B . g bidity and mortality.
§ 52 5 = é 5 2 A limitation of this study is that the findings are skewed in favor
N : g 8 ) : &3 g of identifying TU- compared with IP-infected infants. All IU-in-
g - A233 z 235 88|° fected infants in the cohort were identified, since birth DBS sam-
;‘:_1 % . £ ples were available for testing. In contrast, the LIS lookup could
a é s g sZy g identify only IP-infected infants who accessed diagnostic testing
-] 15 €3 = £ 3z ¢ after defaulting from the study, and the true number of IP-in-
E g !§ “wlhnx E T Tageglt fected infants is therefore unknown. However, this mimics the
5 _ B reality in routine settings, where IP-infected infants who default
@ 2 E ? by 6 weeks do not access an early diagnosis, whereas [U-infected
E E gan 2 2xog E % infants who are in the health care system at the time of birth
E. & =S3Ia zZ TBRENE ¢ represent missed opportunities for early identification. This as-
- e~ = - sumes that the majority of births occur in health care facilities, as
g = S258 »_ 82333 fr  isthecaseinSouth Africa (20).
2z Z0 E ‘é é 1 20 ¢ :'.'j é i £33 The lowest sensitivity in all 3 assays occurred at 2 weeks of age.
8} 22 BETe8 g g $22E|3% %‘ 2 Wespeculate that this is a consequence of the sdNVP prophylaxis
2 ‘; e % g E 8 § < 23 ; § 5 g % administered to the infants at birth. Daily NVP, as reccommended
< - 2 E~E: by current South African PMTCT guidelines (10), was adminis-
o2 : ; 2l B : p 2
9 E E EE35E tered to 2 IU-infected infants but not to any of the IP-infected
S = ; w5 = £ o g g é " infants in this cohort. Delayed diagnosis as a result of this regimen
a £273% 93 i 4 =  wasnot demonstrated, but the study was not designed to assess
2 S Sfevan ] R R sneald L B £ this possibility. However, the possibility that daily NVP may sup-
= é i o Eag s press viral replication and delay the diagnosis of IP infections be-
= <9 wu % Bt = K yond 6 weeks of age cannot be excluded and requires further in-
- Z E & 3 _g :g_ : 22 g 2 vestigation. The 2-week results may be improved with the newer
g 2|88 __ .., £E S S £2 = version of the quantitative CAP/CTM assay (Roche CAP/CTM,
g A fiEs orele, B eges & g Z g version 2), which has improved sensitivity and viral load quanti-
*;2 3 3 % 'g g. fication compared to version 1 (4, 14). This remains to be assessed
5|83 E B e e eion, the CAP/CTM and Aptima technologies &
dl2E |B Ty 2 5% g5 5 In conc usion, e CAP/ and Aptima technologies dem-
CIRRE" 8 Ba<eo 8 aLrsclene k] onstrated superior performance to the HIV DNA PCR assay at all
=15 &8%5I|E =] Lot ages, detecting 96% of all early HIV infections by 4 weeks and 76%
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at birth. Infant diagnosis at 4 weeks is an option but will lead to
earlier treatment only if turnaround times improve to guarantee
the availability of test results by 6 weeks. Testing at 4 weeks, how-
ever, may not be viable in the context of daily-dose NVP that could
potentially delay the diagnosis of IP infections; this requires fur-
ther study. Alternatively, birth testing can be conducted to identify
1U-infected infants who are in the health care system at the time of
birth, with IP infections being detected by a later test. Birth testing
would ensure that more HIV-infected infants access testing and
would enable treatment to be initiated early enough to improve
outcomes and reduce infant mortality.
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Second publication arising from this study (128).

P! 10J J2qeyqr Bud[g
JOIq pue UOTIEJIPAp JIaY) 10 ‘ninZ iy pue adajag [N Jenonued ur ‘urea) Apms
ay ‘Apmis sip ut Sunedidnied oy s19A1321e0 112Y) pUB SJUBJUT [[B YURY) SIOYINE Y|

"SI9pUnj ) JO 350Y) 193[Ja1 A[LILSSIIIU 10U Op UIIY

passaidxa suoruido ay |, “eouyy yInog ‘3ingsauuryof *3d1A1ag 1018108 T YIEIH
[euonEN 2 pue JHIINN Aq papraoid uoddns [eouruy G 23PIMOUNIE sIOqINE
Y1, "PaIL[IP 1521211 JO SIIJUOD ON :FUTPUN JO 3OIM0G PUE 15919)0] JO SPIPUO)

UOISSTUISURI) PIYd-0}-1aYjouw

uoneutwrd Areuow Huejut 'sisouerp ‘snura L5usdyapounww uewny :SPIoA
Jlqe[reAe 0N =

AIH Jo sisouSerq yuy, .. o

SIUBJUJ Ul UONDAYU] ATH JO sisouSei(] yuig I PareiAMNgq

qinog ‘31nqsauteyof ‘G |7 ‘POOMIIPUIS ‘ZT Joyine urpuodsanio))

ey qinog I 2 JO Ansiaatun
‘$20U21D§ YIeay Jo Kinoe ‘ASojoreur IPIN Je[RIR[O JO 1uauedaq
By W ngsd 115§ K101210QE YI[EH [BUONEN ,

uJy YInog ‘SIngsauueyof ‘purISIANEMIA

[eay Jo Ainoe ‘[endsoH piryD pue 1o

BSOON uaunredaq] MU Yoreasay pue sadiARg wampidurg 4
By
yinog ‘3ngq ‘WNMIOSUOD) [BIH SIA ‘A1BIIPUAS dnsouBei(] ATH dWeIpaRg

*pre0Ud ‘AW ‘UBULYS "D AR puE ‘ IS AW ‘MEUYIRL
Jwno-pey ‘. A4d ‘AN AIBY BWwy ‘10§pawolg g ‘uerr] Y eARy
UOISSTWISUEL |, PIY)-01-19YI0JN JO UOHBUTUI[ 10] J0)UOIN
Ppue )I[E1I0J\ JUBJU] 2INPIY 0) SJUBJU] U0 UONIIJUT ATH JO stsoudel(q g
97Z906781€2€1090 ANI/L601 01 ©10Q

WL JO PEAYY YSTRJ [EWwnof ISEISIC] SNONSJUY ILIBIPIg YL

103



pajiaiyold sI 30IUE SIY) JO uononpoidal PAZUOLINRUN "SUMIIAA ® SWEIIA Hoeouiddi €10 WyBLIAC

A11e2 Jo souenodunt 3y parensuowap Apms YFHD Y.L "P3ueyd ARy SI0108) [RINLID

[12A3s ‘apews sem Funsa) ansouderp yoom-9 10j UONEPUIWIWIOIAI Y] DUIS “IIAIMOH

*PALINGI0 UONEIOLIANIP [ed1Fo[ounuru 35uo AJu

Q

painiul sem LYV pue pap sem 3uIpas) e[nuLIO) AISNIXA ‘stxe[Ayd

Jqe[reAe Ajuo oy sem (JANPS) 2uideraau asop a[3uts ‘awn ay) 1y AT
snewwresdoxd e woiy [eonoeid 10§11 SEM PUR JISIA UONRZI i 2159

UE (1M SDPIDUI0D OS[E $H22M XIS “FUMas 201n0sa1 Mo] © u1 1531 A[IS00 pue x 02

WDd 2[3UIs B 1BY) ST UONEPUIUILOAI STY) P 1191591 (4Dd) uondeas
ureyd asexowAkjod YN AIH ue Suisn 1sa) ansouderp odrapun

pinoys syuejut pasodxa-A[H ‘seurjopingd 0) SuIpI020Y "UONAJUI-ATH JO

sisouderp A[own pue ajemno: BONLD S1 LYV JO UONENIu] ROV
YINOS UT JUIPIAD

A Jey (LAV) iU 9101 UIP[IYd AQIBILD JO %8 AT *ATIeqoID

"ATH im paioajul

e Ul 10J JuduNeaN A[1d IPIACId PUR UOISSTUISUR) [RITLIA VW] 1BY)
sweadoud (LD L) LO.LW JO uonuaaaid 2A1995J2 yim pagqind aq Ajuo ueds pue mown
Jo squuow ¢ 01 Z 1 syead Aenow wejul paiejai-ATH N..a& 1 Aq Suikp %8 pue 31|
Jo sqpuowr ¢ £q Suidp syuejur paidajur Kjpereunad pajeanun Jo %07 Pim | Aneuow
JO ysu paseazour Apuesyrudis 1e are (LD LJA) UOISSTWISURT] P[IYd-0)-1YI0W BIA

AIH Yynm paiajur are oym siuejup “Arjerow pue Aipiqiow sueipad o) Apuesyyudis

SAINQLIUOD BILJY (INOS Ul J1wapida (ATH) STUIA ASUSIDIJOPOUNII] UBWINF] YL,

| SIU] J 1Ny 121 Pa, uineur DIIAA 8 SWEI AL Boouiddin WwbuAdo

“"LOL JO uoneurury | pue Ajjenouwt
jJuRjUl 20npa1 0) paxinbai are ared ur uonulal paaoidun pue sisouSerp Jarre
“SIUBJUL pa1odJui-ATH Af[ereuniad Jo yijiy-auo passtur pue AijeHow JuBjul parea1

-AIH £ Jo awm ay) puokaq uonentut [y pake[ap Funsa) yoam-xIg :suoisnpu

[ereuaue eundo ssa passasoe pue udia1o) aq o) Ajay1f 210w ‘1a3unok

12y L, ‘Sunsa) aunnoi Aq uonesynuapi padessa ‘patp woym jo
-AIH (% 17) W31 "PAIp PeY p PUE JANR] S9M 89 JO UBy
nq ‘$29M (°9[ Jo IFe ULIpaW € 1B [V pareniut pue 3 $3008 sjuejul
PARJUI-ATH (%6L) AUIYL "PIYNUIPI 1M )
up "SIURJUT (%€°G1) 8T U UMoOUYuUN pau 01s Sunsa £q (%€°7)
61 ‘SNI[IOL) JAYIO WO SINSAI 159) Fuissa: | *a1s Apms 2y 1e Junsa)
£q (%€7L) 909 10§ PAUIULIANAP SEA Sjuejul PA[[OIUI BER JO SHNSIY

“2UIYMIS[D

Bunsa) pass: sjuejur BJP JO SINSAI YD 10 WISAS UONBULIOJUT
K101e10GR] [RUOT T PUE $Y99M 9 PUE YUIq U2IMIaQ PAIoaf[0d sajdures
18IS AIH WURJUJ "BOLYY YIN0S ‘SIngsauueyor ul 3IAIS
e - DL Paseq-eidsoy ‘aunnos e e Apnis LI0yod [BUONBAIISGO

2AN02dsOIe ur pajjoIua axom sIaYIOW 1Y) pue syuejul pasodxa-ATH [SPOYIIA
‘sawo2no axoxduwi 01 sanmunuoddo Kynuapr 01 (17 uo snooj pue wesdoxd (LD LAND)
UOISSTWSURL], P[IYD-01-JAYIOJA JO UONUIAIJ JUNNOJ € Jo uoneuawapdu ayy aquosap
M “ANEMIOW JURJUT PAIR[AI- A [H 290Pal 0] [BINLID ST pue (7)) sisouderp juejur

Apea ue uo spuadap (1Y) Adesoy) [exaonamue jo uonentut ey punoidyoeg

LOVILSEV

104



0) JIUT[D JUSUNEAI) AY) 0] PALIDJAI 1M pur pauriotad 159) p(1)) UIAsEq pue peof [eIiA
K1oreuLiyuod e pey siuejut 2anisod ¥4 “weifoid ayy woxy padreydsip a1am sjuejul
9ATRFAU YD | NSIA UONEBZIUNWIWI Y2IM-(| Y & SIIAIFILI 0) PAjEOIUNUILIOd

UM pUE SNIEIS ATH SIUBJUT 3Y) PIULJIP 1531 YD NOM-9 UnNOI 3y} JO SINSI]

1o (TN *3InquouRIg *du] SWANSAS IR0 Y20y 16'] UOISIA “YDd VN -

10011dwry) 23e Jo s)eam g 1 poolq [esayduad uo Sunsa) YDd VNG

1O SYOoM { UBY) SSI] PAAIIOAI PRY IayIow M sAep 87 ' 1ZV Jo skep

L PUR YuIq 18 JANPS PIAI20I SjuBju| aum Y1 1® JANPS pue uone)sad

1 350Y) LYV PAIBOIUL 007 MOJOq

ping [euoneu 1ad se HOWNY 1® J[qe[ieAe

Apms ay) ut pajjosus sired Juejur-Jayow [y

pasoidde 0)) SOIYIF S PUBISINEMIIA Y] JO ANSIDATUN) YL, ‘(T J2qUIAIA(]
[un panunuod dn-mojjoy pue ()1 (0z A[nf 01 §OOZ 1Sn3ny woly parnidal a1am sired
wejur-1yIo “edonred 01 3[qidie a1om ared 1D LN [eewsod loj rendsoy ay
puane 0) pauueld pue A[[eieuajue smeis aANIsod ATH 1) JO AIRME 219m Oym ‘3¢ Jo
SIBIK Q[ 19A0 USWOA "BOLYY (inog ‘Singsauueyor ut (HOWWY) [eidsoH piy) pue
IDYIO] BSOO BUITYRY 18 PAIONPUOD SEM APNIS LIOY0D [RUONBAIISGO *aandadsord v

SAQOHIAW ANV STVIAILVIN

'$201AI3S (19 01 10adsa1 yuim Apwnonued ‘syuejur pasodxa- A[H ur sawooino pasoxdurt

10y santunuoddo Kynuapr 01 edUyy yInog ‘Sing o ut fendsoy onwapese ue

Qrd 1,

LOLJ 2ur ® Jo uor [dwit 5y $2qLIOSIP APMIS S ], *IOURULIO,

wesdord 1D LA Jonuow A[21eIndoe pue sawodino juejul aziundo o)

-21 99 01 PAAU SIVNAIS (I ,,'ST0T A9 (LOLIN3) LOLIA JO uone

se wesSod 1D LA 2y Suuoiiuow 1oj parinbas ospe s11nq ‘Kifenio o)
LYV Jo uoneniut A[auin 1oy siuejut paodjui-ATH Ajnu. enu staig
‘padueyoUN PIUTBLIAI JARY SWIYIL UOIIAUD (1) SisouSerp

JuRjuI K122 3 JO UOTIN[OAD J[GRIIPIS! 1ds am Suimop[oj suonoajur

[eremsod apn[oxa 0) 1591 Yaam-9

Pe Ul 159) YDd Puodas e sasmbax
AA1SN[OX3 Jo Adrjod Ay “‘asounayLIng

9[qr122)ap 21e sjurjul pardjul Affereunad

entuy ‘suonaajur 41 Juronpar Apreuortodord

sny ‘(pouad wnuedenui ay pue A>ueudaid | Suunp 1) uorssnusuen

82194 JO sarer Y31y im pareroosse siutod awn e 19400 sndejAydosd Surpiaord

o dAN SE [[24 5B (LZV) auipnaopiz aieodioout 0) papuedxa azom saurjopms
LOLd "SYIeap juejur 2onpal o) uoneniut Yy Area 1oy paau ay Juiziseydura soyuny
¢ PazIuB0da1 sem 23k Jo syiuow ¢ 01 7 1 ANfenow urjul palepRI-ATH ut yead v

=_.b=u:oE pue A)IpIGIOW JURJUT 30NPaAI 0 $YIM / JO 258 UBIPaW © B UONENIUT [ YV

105



?iqiyosd si 3 E SIY) JO ualdNf

idr €102 © wbuAd PaqILOId S1 2[1U. SIY) 10 U poIdal pazuouineu UIIIAA 8 SWel||Ip noouiddin g0

> ® WbLAdos

I91] 219M SIUBJUT PAAXJUI-ATH S [RUONIPPE UY “(] 21nS1L]) (SUONIYUT J]) SYaM ‘palsa) os[e a1om so[dures Apmys
9 £q aansod 1nq yuiq 12 9ANESIU 210M OYM 6 Pue (SUONIUI (]) YUIq 1€ dAmisod NPoM-p J[QRITBAR [[Y "HOYOD JY) Ul SIuBJul p1ddjul-()] Suturewsas KJnuapt o) paisa)
Pa1sal oYM sjuegul (%9,) 67 Jursudwion Loy Y1 Ul PAYNUIPT AUIM SIURJUT PAROAJUT 19M SMIBIS ATH UMOUYUN ue yiim sjuejur woxy sajdwes Sgq yuiq [ ‘Apnis ay) Jo
~AIH 8¢ ‘[€10 U] 'SY99M-9 J& SMEIS A[H J19Y) QUIULIDIOP 01 A[qe[eAr 21om sad! PUD Y1 1Y “JUBJUI 3Y) JOJ SMEIS ATH U USISSE 0) pasn sem SJ Y1 UO 1[NSAI YD) 2
ou 1nq ‘sinsa1 S Yu1q 2anedau jo anuia £q syuejur Sunineyep gz | Sutum ‘PAYdIEW YUIIq JO ABP PUB JWRWINS Y] UYL “AN[IOR] (I[eay JAyIoue 18 Sunsal y;
AY) Ul PIPN[IXD SeM UONIJUL-()] "SIURJUT PI[[OIUD JO (O L) %S8 10 d[qe[TeAe PASSAOIT PRY JUBJUI Y} JAYIAYM JUTULIDNAP 0] Paydreas sem (S]]) waiskg uol
sem smeis A[H uy ‘sasodind Apms 10§ pa10ayjoo sajdues § o 30T H A10110qR7T §,991A198 K101I0GR] (I[RIH [BUONEN] ) ‘PIULIOLX PI 1$3)

Aq Apmis ay) woy paj[Nejap oYM SIURJUI G| [RUONIPPE U 1O; 53 SB S }99M-9 2UNNOI 210§3q HOWINY Wwoy (N41T) dn-moj[oy o1 150] seatjueyur ue

3unsa) onsoudeip passador sjuBJUI PI[[OIUD G *Apmis 3y Jo syyuow 6 18] 3 WY Papiidne Aoy J1 ared

Ul PAUTBWIAI DARY 0] PAIIPISUOD AIIM SJURH! u2 ay) [(nun dn pamojjoy

J0 9598 ‘U210 219M % ¢ PUL UMO!

1M HOWARY 18 2180 SuIssaooe s) 10 3e Jo syoom g Aq sAesse

“PAI[OIUD DM UIOM PAIAJUI-ATH ‘SUIM) JO S19S § PapN[oul SjuBjul JUAIAJJIP 7 uo 2ANIsod pajsa) Inq yuiq 1e. 3ou pey siuejur paroojur-wnued
8€8 Suturewsar ayy 2duIg s oY) J oy Suunp marpyim uaf ‘(] 2mnJrg) -enuj ‘sAesse WUAIJJIp sapdwes yuiq a19ym pardajul-n] se
pajjoaua sem sired S wes 20udIUAAUOD © ‘pouad 1eak-Z B 10AQ 1 Joud paynuapt aq pinod sjuejul pajdAJuL
TNSaTA 1 D ‘0Far( ues “auf 2qoid-uan) ‘Aesse Furuadios

‘[0A9] duedIIUSIS Aesse Jomau 7 pue YD VN AIH 218 jo prepuess oy 3uisn

ay asnl fidde sem uonoauiod wouajuog v ‘pauiopad a1om sdnoid usamiaq pAasal wes asay ], sapdwes (S () 10ds poojq paup paiols pue pajdafjod
suostredwod adnjnw a1y Ay YuedLjIUSIS parapisuod sem go0>d ‘Kjpandadsal PUR JISIA OB JE SjuRjul ) paurnuexa auonnoeld [eoipaw v -ade jo syaam-()| pue
'$3[qRLIBA SNONUNUOD J10W 10 7 dreduiod 01 pasn A1om YAONY SI[BAA [EYsnIy -9 ‘- ‘-7 1e pue prem [e1ewsod Y1 Ul YuIq 18 UIS 1M Ss1uBjul ‘Apms oy Jo ued sy

10159 ) ASWIYAL UURJN SIQRLIEA [2OLIOSAIRD UIIMIDG SIOUIJIP 19319P O] Pasn Sem
1891 14D V(XL ‘uonei§ a39][0D ‘4T dropeiels) 0°'z1 VLV.LS PUe (NO ‘BS[L “ouf 1 Tw/s31dod (0 Uey) SSI] SeA PEO] [EIIA S JURJUI UE USYM PIAIIOR
1JOSILIS) (O BINSHEIS *0 0T [99XH JOSOOIN Yum pauuiopsad a1om sasK[eue [eonsnels sem uoissaiddns [eaiA “sKep 1w212)y1p uo un1 ing Kjroey aures ay woiy Aeiddo

HOWAY 1® $901A19s dnsouderp pue juaunean ay ], L1 UonEnIul [y Joj aredard

106



paliqiyosd si 3|pIpe siy) Jo uoonpoidas pazuoyineun SUiIn  SWeIlIAA Heouwddn £1L0Z © Wb

*A1PAN2adsa1 ‘sY9am 9°(] pue 9°9 Jo saSe UBIPaUI 1B 1ISIA 1[Nsal Ay pue 3unsa YOd
10§ paruasord syuejur pa1dagu] “¢ 2aneg ur pdrdap st HOWINY 18 PAYNUSPI Siuejur

paRJuI-ATH Suowr wesFoid 1D 1Ad 94 jo uoneuawajdui oy jo urwn ay,

*SUOISSTWISURT) )] 219M SUONJUI §

PUT HOWINY WO1) (1L 2194 OYM SIURJUI PIIOJUI Z] 341 JO (%L9) § 10

s1ayiow asay |, “weadord D LN S.HOWIWY woyy N1 u
18 219M SI01ARYRq Suryaas yi[eay [ereudiue 100d yiim sIayo
01 wioq swejur ‘sny ([ qeL) (100°0>d) ueouy 11 S53] a1om

pue (00 0 = d) 123unok azom pajnejap oym sjue; SISYIOW 31qe.L) (9000

=d) uoneisad syeam gz woiy ared [H LN ) 0 paA1adal 10 ( 100 0>d)
Funsa) p(1D) [IBUAIUR PASSIIE (SO0’ = e ()7 210J2q 218D [RIRUAUR
10 paiuasald Jamaj ey ut ‘HOWIARY 1® M OYM SIUBJUT JO SIAYIOW WO}
Apueoyiudis paroyyip wresd; LA NLALT 219M Oym s1URJuL JO SIDYIOW

‘uMouyun e g Fururewar

Y JO s -3de M '] PUE (G 18 PIIp SIuRjul § 353Y) JO (%GT) OM L
1q€109) OJAIAY) PUE SUOISSIWISURL ()] AIIM SUONIJUI § [[V (7 2nS1])
Anproey 14 JUISI) JUNNOI SSIIOL 10U PIP PUB APMS Y} WOLJ PANEJIP SIURJUT
Pa122jul g [BUONIPPE UY “PIIP SIUBJUT (%€ |) { JO [B10) B PUE ‘SYIM L°[9 JO URIpaW
© 10j dn pamoj[oj u2aq Suraey ‘Apms ) Jo pud Ay 18 e Ul oM §| ‘weaSoxd

@

LOLd 241 y3noays sisouseip e p OUM SIUBJUL O A1 JO ‘AI0JAIA L, “UMOUNUN

AIe sjurjul 7 FUIUTEWRI AL} JO SAWODINO Y} PUe APMIS Y1 JO PUD Y} 18 1B Ul
SEM pu® 938 JO SIUOW ['(Z 1B JUSWIEAN J0J HOWINY 01 pawnial | *a3e Jo syoam 'y

12 [endsoy ur paip siuejul { 353yl Jo auQ) ‘(7 21n31y) 2Ioymas[a pasouserp atom pue

{04 SI BOIUE SiY) JO UOIINE 31 PBZUIOY) | UD|IAA 8 SWURIIIA Hoouddi £1L02 WBLAdO!

Apris 3y woij paynejap sIuRJul pAIdAYUI H ‘HOWIAY 18 pasouserp a1om oym sjuejur
PAIAJUI-ATH 9T 24 01 uonippe uf “uoissaiddns [exia Suradnyoe pue (%88) uoneniu
LAV U22M12q A[[eonRWRIp PIsealoap Ing ‘1ed J0j JISIA JIUID ISIIj AY) [NUN J[GRUOSLI
SEM SJUBJUL PAIOJUT-ATH JO 18D Ul uonua)y ‘uoissaiddns Furaaryoe jo ssaooxd ayy
sem | pue passaiddns AjeorSojonia a1om | ‘ared ut syurjul ¢ 9y1 JO " LYV Sunen
19)5e ATUOYs Palp siuejul ¢ pue ) [ 21om ‘Juaunean uo uoissaiddns fesia
PRY WoyMm JO 7 ‘SyuRjul £ IsNeddq APMmS Y1 JO pua 3y e LD Ul Jou

J0 (%€p) UBL (S499M |'T] [~)°Q 2BURI) $H29M 9" [ G JO URIPIW B

LYV Paieniul oym suejul €7 AL " LYV Surousuuwos 210§ swo

3UO PUE (1.4 [T 2194 JUIWILIN IALNIUL 10U PIP OYM 1'¢ 9y Jo oME" LAV pareniur

(%88) £ PUE SINSAI YD PIAIAI (%96) § YHUPT SIURJUI PajORjuI
3y JO *(z 2n3Lg) PAJUI ATH 2194 ( z 194 9A12931 0] PAUINIAIL

(%€6) $9S ‘HOWIAY 1 3unsa) on 01 PISSIOIT OYM SIUBJUT 99 Y}
JO "PRII[J0D 10U 1M U0 ® [0 1105 Suipredal eieq "dANPS PaAIad21

WOYoD Ay u sueyuI (% 1) 68 Ut pavodar

0] pap Aquo ‘Burpagjisealq dAISN[IXT

e AN PIAIIDI (%6'66) SIURJUT PA[[OIUD ¢ Y1 JO [ Inq [[Y

‘SIUBJUL PIOAJUI-J] JO LOYOD

Y woly papnoxa are Ay ‘Suipaay qQ JO 1[Nsa1 B se Je| 10 wnued-enul parajul
QIIM SIUBJUL ISIY) JIYIAYM TEI[OUN ST 1T DUIS “JIPJO 10 SYIUOW § I8 51531 YD 2anisod
pey pue 23 Jo sYeam 7 1k ApmIs dy) Wolj paijnejap ‘Yuiq 1k 2anesou paysa) sjueyur

€ Jeuonippe uy ‘(uoissiwsuen [eremsod) Furpaajisealq Jo 1xAW0d sy ur danisod

WD Pa1sa) 191e] 38 JO $HIIM § 18 PAIDAJUTUN- ATH 2IIM OYM SIUBJUT OM ] ‘PAIJIIUPI

107



)igiycid S| a[oIue Siy) JO uononpoldal pazuoyineun SUyipn 2 su

, Sdnoi3 ajqesauina 10§ s201A19s EaY dmeIpad pue [euIRw
Jo 9819400 2A01dwI 0 S1I0JJ2 BIXI 1SIAUT 01 SATYN Aq [[8 941 It duIf Ul ST STy
‘paxmbai axe ‘syuejur asay jo dn-mojjoj aanase-oxd se [jom se ‘woddns pue urjesunod

[ewsajew pasealouy *201pnfaid 10 siaureq oFenue| ‘Sa0UAIAYYIP [RINND ‘SIUTRNSU

[erouRULy ‘a3pagmouy Jo Yor[ Y3noIy) IAYIAYM ‘BILY YINOS UT LD [RIBUD),
Burssaoor sanpnoiyyip 2oe) Kew oym dnoid J[qeIauna € aq 01 pud) SfEUONE!
‘2I0ULIAYUN,] "SANT[IIB) [RIRUIIUR J[GRIIBAR Y} JO JIBME SSI] P Ul §S9|

sdeysad are uawom Junox a.&ﬁ.»ﬁoi LOLIA 01 20ua1 ode

Yorym saIpnIs I2YI0 YIim Inouod sFurpury
10U JO YSLI PISBAIDUI 18 IR S)UBJUT J1D
(D OU YIIM 2IBD [BIBUAIUE I0J B IS yow ugralof Jo Suno g uresdord

LO.LIA 241 wouj ssoj J ySiy e T AJNUIpI UBD SINSLIANILIRYD [BUIARIA

o1 LOLW? 10§ BuLiojuow
T [ereunad Suumseaw pue Ayrenown Juejur Juronpar 10§

RONLID Juasaxdal s)uBjul 9SAY ], ‘UMOUUN I SjuRjul Sunnejop

PASSANOE OYM SIURJUI ()¢ dY) FUOWE % ¢ | JO AR YIEAP Y] J[GNOP 1SOW[e ‘PaIp
JARY O) UMOUY 2I0M SIURJUT 35 JO (%S7) OM I, "YMIq 18 d[qesouderp 210§2131) pue

Pa1dajuL-N [[2 21am Funsa) JUNNOI SSIDOR JOU PIP OYM SIUBJUT PAIIAJUI-ATH 8 UYL

‘paxinbai s1 ajqisuodsal s10198) Y purISISPUN O] UONEINSIAUL

I2YUINJ pUR UOTIENIUT [V JAIJe [BWITXRW SeM SJURJUT Paidajul-ATH JO SSOf 9y

"PIIP PRY (%91) 9 PUB (LT 21oM SIURJUT PINJUI (% L) 81 ‘Apmis as Jo pua 3y Ag
‘passaiddns A[ea130[011A 219m OM1 ING € ‘SYIIM 89 JO UBIPIW E 1B 218D Ul PIUTeIdl
1om syl (%.L€) 1 AJuo ydnoyyy ‘weidoid sunnos ay) Aq passiur A101dwod arom
(%17) 8 pue SINI[198] 12410 10 HOWIAY 18 UOHIJUI-ATH 10J PA1sal 21om (%6L)
‘syurjul parodjui-ATH Afpereunad g¢ oyl JO PALNUAPI 21am Funsa) AUNNOT PIsS?;
JARY PINOM OYM LIOYOO ) UT SYUBJUI PAJOAJUIUN PUB PAIJUL-ATH [[e ¥
210ja13Y1 ST o “PAILIO] ST HOWINY 212ym uorfar ayy ‘soutaoxd 3u X odax
1Y) 01 JudeAinba st a3e10A00 (17 SIYL 93¢ Jo $yeam g 18 Funsaraunnos J 1A

Aq smeis AJH UB PAAIdOaI LI0Y0d STy ut sjuejul pasod Jo Aydig

‘(¢ 2an31,) uoissaiddns eardoy 1UAUNRAN AW YY) WO}
pasde| syeam '] JO UBIPIUI B {SHoM G TPAW € 1B SYUBJUT PAIdAJUT (% HS)
2194 AJU0Ys patp Inq 23k Jo syoom

17 10410 2y, "Apmis a1 Jo pua ay1 1e 21ed

21d pey siuejut 25uQ) "a1ed 10J uoNEIUASAId ISIIY 01 1ISIA 1NSa1 AP

=
H 2

WOIJ $HPAM |7 JO [BAIIUI W) URIPIW B (IIM ‘DIUI[d Ay 01 U 1
A1 WO PALIDJAI UM SIUBJUT UYM PALINIIO sAe[R(] “(¢ 2inT1) sinsa1 jo 1drasax
Wwoly $Y29M ['9 pue Funsa) YOd JO W ) WO SYam [ Jo Ae[op uvipaw v

— $Y99M (°9[ JO 93 UBIPIW B 18 05 PIP LYV PACNIUI OYM SIUEJUI €7 AL (S¥09M (0T
~£'9 d3url) $Y2am 9°([ JO 2Fe URIPAW ¥ 1B SINSAI PIAIIOAI PUB (SYoam [ [—L'| 2Fuer)

S¥9am 9 Jo aFe ueipaw djqeredwon v e Junsa) JUIMIIPUN SIURJUT PAOIJUTUN-ATH

108



yqiyoid s1 3pPIYE Sy} JO UoNPoIdas pazuoyiINeun “SUNIAA 9 SWEIIA Hoauidd] ¢
§ k | | V

Pa10Jul-q] [euonIppe ey d[qissod st ‘SIT [euoneu ay) Suryareas q saniioe) 190
12 (JIF PISSIIIB OYMm SIUBJUT AJIUIPI 0] PBUI AUM SLI0JJR YSnoyI[y "SIuBJuI PIjoIud
JO %G| 10J PAUIULIDIP 3G 10U PINOD SMILIS A[H UE *A[[EUONIPPY "SAIS JUAIJJIP
1B IND00 SAOIAIAS (J]F PUe KIDATIP ‘[ereuaiue a1aym sTumas Jayio ur 1aydiy aq Ae
dn-mo[[o] 01 $3550] "pamays A[qrioae) aq Kew sajes dn-mof[oy o2 SIOAI[IP 1B P12
-AIH se pasouderp 1s1j uowom uey) dn-mo[[oy 10§ winya1 0} A[2y1] 210w
259y 20Ul ‘A[[RIBUIIUER SMIBIS JIAY) JO AIBME 1M SISYIOW PI] wy

JUIWOIUS 10§ 3[qIB1[d 219m 21ed [Erewisod 10§ HOWAY 0 wmaT o) pauueddym

siuaned asoy A[uo se ‘[endsoy ay) uaA 10 ANunod Y woo! aAneIuasardal
3q 10U 210j2131) ABW pUE S[EUONEU UL 0 uoniodoxd g8ty v yum Apmis
paseq-[endsoy ‘121uad ajFurs e sem 1| ‘Aprus4Hl 01 s 1 JO JoquInu © are A1y,

‘2qIseay aq Aew suonsajui [eremsod ap 59) prdes pue suonoajur gy 19919p

1q ».e.m___voo,:ﬁub JO uonessad 1ayye

o

591 4Dd TP 321 Aprale saur[apy

nq ‘SUTRNSU0d 221nosal uo Furpuadap 1apy1p Aew swiyiuod|y

Oyut AJ[eO1AA [[B JO UONDAIP 2unsud 01 parinbai aq [ yuq 1aiye
$159) [euonIppe pawn AjfewndQ ‘siuejul paajuI-gJ [[¢ 19919p 01 K183 00} 3q 21021}
Aew 3unsa) yoom-9 pue o742 129M 9 01  puokaq pake[ap aq Kew sixeAydoxd
Papua)IXa 10 Frup-ninw FurA1a0a1 siuejut pardajut jo sisouderc] ‘pasmbar aq pinom
YuIq 1e 9ANE39U 153) OYM SIURJUT 1O 153) YD Pu0aas e pue A[eremsod 1o 4] paroayur
sjuejul AJNUIP! 10U PInom Funsa) YUIq ‘JIDAIMOY “uoneniul [y 10j Aifenow A jo

st 1say31y 1e siuegur 2 KJNUSp! pinom YO YUIq B udyl . *Afeniow pue Aipigrow

JNUE SIY] JO U ) J3) pazuoyiney SUD{|IAA '8 Stuei|ipg Booulddil €102 WBLAC

paseanut pue uotssasdoid prder pim pajerdosse st uondayui-n Ji ‘wesford 1HLNG

g woyy 417 2q Apuanbasqns A3y pinoys 21ed 01 payui| pue padses) aq pnod Funsay

YuIq Aq PayNUSPI s1URIUT PAOAJUI-ATH ,, " LOLIN? 10) uoIsstwsuen jo Juuiojuous
deanooe d1ow dp1aoid pue wreidoid WALINO Y YIIm SYoIM § £q 1SO] AIE OYM SIUR),
P103Jul 350} JO UONBIYNUIPT aInsud ‘Kyeuow A1ed uo 1eduwi 01 YV 10§ y3no

Aprea .. swuegut paajui- ATH Aqrereunsad jo o,6/F Ajnuapt pinom yuiq 1 3ut

Furuopiag 131 ¥2am-9 Ay uey) 28e12A00 (I JYS1y AaIyoE P
210§2194) _*SINI[IDL AULIYIEAY UI IDAI[IP UIWOM JO (%68) Auofe

o StxejAydord 1D Nd wnreduad 2A12001 01 sprem K ut 13q pinoys

SIDYIOUI PAIAJUI-ATH [[B S© ‘YuIq 18 AJruapy 122 2q pnoyd§iuejur pasodxa

-AIH “VSIA UONRZIUNWWI ¥29m-9 ay) 1e Fun u1 pasodxa- ATH Ajnuapt
01 21qissod sABM[E 10U S 11 *SPI0dAI )[R 1 pl pray-1uaned paoejdsiun

10 239[dWOdUT puE WASAS rRIY[LIY a1 jo uoneuawely a1 0) ancy

‘sisoudeip

fur 1V Ja1rea sannbar ATH 01 pajear Afenow

(B2 ARNIUT SIURJUT PI)IIJUT JBY) 2INSUD 0] )R] 00) SI pue E»vam
YHHD 241 ut uoneniul 1Yy Jo a3e UBIPIW ) URY) JANR| SYOIM { ST SIY] JIAIMOH
'$Y29M [ [F 01 P2NPaI 3q P[NOO UONENIUL YV 18 288 udy (Syoam 9) uoneniui

LAV 01 11S1A 1[NS31 ) WOIJ pue (SY29M ) 11STA 1[nsax 3y 0) aanisod JYDd Sunsay woiy
sfeAsaut oum ay1 Jutafey £q paznundo 2 pinod wexSoid (I Ay JI 'SYIM (9] JO

23 uRIpaW ® 1B paLNI00 A[Uo HOWAY 18 SIUBJUL PAdaJUI-ATH UT LYV JO uoneniuy

109



paliiyold st 3poiue siy) jo uononpoidal pazuoyineun SURIAA 9 SWEIIAA Hooud

"€L11-801 1:01:S00T Yi0aH 1] pay do4 ;d]qepiojyeun

sawwresdoxd uoissiusuen pIyd 01 AYIOW Jo uot id p Appood

ul sjuejut Jo unsa) ATH A[Fea S| "Y' SQUOf ‘DI BINGISIBIA ‘OO UBULIdYS
"L66-€66:4T-S00T [ S1 122fu] 41v1pad "s3un:
90INOSAI MO UI ADUBJUT UT UONOAJUT STUTA ADUIIDLJIPOUNWIWI UeWNy JO ST
10} UOTIORAI UTRYD ISRIDWA[O] “[B 12 ‘HY BIPRAOO)) ‘Y 12d00)) *
‘010T BHORIJ “(UOISSIWSURL], PIYD-01-1ay)

LOLINd :S2Ul[oping [o1uI]) “BOLyY (In0S Jo Y[eaH Jo uof

"800T A1eniga, || ‘eHoja1g “awiures

Wd | nejuawajdun

ayy Joj sautfaping pue Ad1jog eIV YInog b revoneN 9
0T PO AIH [ 4V yinos

"T10Z - $00T ‘BOLYY INOS UT juaun 0155900y "JTuosuyof g
"T10T ‘BASUID

“onwaprda s SAIVNN :Modax [2qo[D "SATYNN R4

901 WV qInog ut SAIV/AIH 01 anp Aijenous juejui

Apea, 7 2 12 1] Apoag ‘W uosdwoy ], ‘5 dwnog '
"96€-S8E-0Y: 1 10T Joruapidy [ ] "edUyy uereyeg

-qns npiAIput jo sisAfeue pajood e :uaIp[iyd paoajui-ATH A[f d

pue Ajereunad Jo [eAIAINS 19N ‘[2 19 ‘g BqRZ “Y 1onboag ‘W uoisiey

T

"08T-ELT81H00T

SPIV “9MQRQUIIZ ‘3IRIRH UL 31| JO SYIUOWI § 1SI1) Y1 Ul AN[EHOW JUBjul PUR [-ATH JO

UOISSIWISURN PIIYO-01-1Yiow Jo SUIuLY, ‘2 12 *d JJII ‘H'T UONNOI ‘ST YeuafiZ

N AT

1

*Kieuow juejut

ss2apPE 9 01 padu [[im ‘uoneniut [y uimoijoy Ajrenonsed

yoe| pue Kouejur ut 1a1e| Sunsa) [UONIPPE ‘19AIMOH " LO.LINR

Funsa) rd ‘Ainjenow yuejur £11ea 20npal 0) AW Ul [ Yy J0J SIURJUI PAlddjul ATH
Aqrereunad (e Aynuapt 01 1apio uf dnwapide AJH SuiA[oAa ue ut sawodino aziwmdo

< .

01 pannbai st ‘saonoeid (g Surpnpour ‘sar jo

3 3uo3-uQ

AUAYMIS[D [V PSSR aAry Aew sjurjur Funjnejap auios se

‘pauodas uey 1yS1y aq Aew sjuBJUT PAIdAJuI J0J FRIAA0D [V ‘PISSIUW UM SIURJUT

poaulddin €10z @ WbuAdd

2

110



p31qiyoad

Y} JO uononpoidal pazuoineun INIAA 2 € nddin ¢

19¥SRTEE10T
[ 81 122fuy 1p1pa g sixejAydoad Snupnnuw Fura1e021 ATH 01 2nsodxa [ereuad
im sjuegut ur 3unsa) J130[0MIA “(H [BPUIMOT ‘Y uRISINY ‘AW Ajouuo) 97

o

“110Z AInf 0Z-L1 *Afe)] w0y ‘uonuaAalg pue L °St ned

U0 22UAJUOD) SVI Y9 U] “[€0ZOAV L 10BNSqY ] WOPSUTY Paiun Ay pue euems)

“BOLJY YINOS ‘PUB[TRY], UT SLOYOD WOIJ BIep JO SISK[RUR SATRIOGR][0D © *

AIH g-uou Apueurwopaid yim suonendod ur syueyur pay:

-uou ur udun3ax ondejAydoid [eiraonaInue JuRjul/ELIANEW 0) FUF

ue(q ‘W predmg  pg

:§LT:9661 vwf “dnoip Apmg

N

Apereunad aarssaidord
Appides ur sonsu): [ se[3a), ‘W predmg ‘(N xnekepy €7
nog - Anunoo £q uoneuuojul ‘JADINN 7T
DIPIV PIOY “UOISSTWSURI P[IYI-0]-IAIOW JO 1XQU0D
P u [BIIA ATH BUIUTULINP SI010E "D OQUIR[N *Y o712 *[T
TI-S91-¢ 2 SAIV "eAuaY [PINY Ul UONIIJUI ATH JO stsouFerp wueyur Kjed
JO SUTRNSUOD pue sOIWRUA(] ‘[2 19 ‘WH BIOMQEN ‘H BMYES ‘SY uessey "0
O1TITIOT

ADIPad DG “BIUJY (INOS ‘[RIEN-NNZEMY ul [eaidsoy ueqn ue ur swweidord

UOISSIWSURT) P[IY9-01-IAYI0W JO uonuaAaid e ur aJ1] Jo syuow g 151y oY) ut

siuejut Juoure dn-moj[[oj 01 $SO] pue AlI[eLIOW ‘UOISST STuIA £ouanatjapc

L

uewny jo Apmis 2anoadsonar v “[e 12 ‘[ Appro ‘s WY (L Anoy) 61

‘TI0T AINf LT-TT VSN *Od uoi3uryse g “2duasajuo))
SA1V [euonewuy XX U] [1699dL.L 10eNsqy] oLy inog ul (LOLN)
wes3oxd uorssiwsuen pliyd 01 1ayioul jo uonuaAaid ay Fuuojiuow 10§ [nyasn st LIEP

(SI'D) waysAs uoneuLiojur AIOLIOQERT ‘[& 19 ‘J UOLIRg Yy URI[I] ‘DO) UBULIDYS

o

"010T "eU01214 "UIP[IYD Ul ATH JO
241 10§ SAUAPING “BILYY YINOS JO [EAH Jo Juduireday [euone
102
‘BARUID) “dAI[E s1ayiow J1ay) Suidaay pue §|(z Aq uarp[iyo Fuoult suonoay! H

MU JO UONBUTWI]? A Spremo) uefd [2qo[o) :019Z 0} uno; 91

‘0107 JAFUD) “30uapIAD
JO Arewnuns e pue ATH JO 1X2)U0d ) U )} SUOTIEPUIWIWOIAI pue
sajdiouug “Futpas) juejut pue AJH U0 sau 10 YIEAH PHOM S

PITYT 10T LN WD [ 4y ym: nog ut Suipaajiseaiq Joj woddns
JO uoneredp duemys, HERI] Suo)) Jurpaagisealg [euoneN al
"6LET-89ET99€°T10T

P (48 N 1 wnuedenut Juaaaid 01 suawidal [eiaonamue

1 "DA 0SOPPA “HA SNEM Y SAUIRG-USPIN "€
"LLET-ELET0S'TI0T

01 110 [ *23® Jo syPam 9 01 Joud sjurjul Ul UONAJUT ATH winuedenur
pue 0191 ut Jo sisouserp Kseg ‘[ 12y uemoyg H AN WP uer] 7l
“11-L4:6'S661 SP1V "uoissiusuen wnued-enui pue duudIn-enut

JO SuUONNQLIUOd 2ANE[AI 3Y) pue pouad [RIRUOAU Y1 UT UONORAI UTRYd IseidwAjod
VNQ [-ATH JO ANADISUIS YL, '8 19 'Y JUIALY ‘D puelg ‘Lquung ]
"PYTT-EETT6S€°800T PIW [ 15UF N “SWIJUT p1d3Jul-ATH Fuowe Aijepow

pue Kdesoy [eiraonamue Kjred ‘e 19 ‘WA 491D ‘AN UON0D 'V LR[OIA 0]

111



yoid s 3joILE SIY) JO uoINpoIdal pazuoyineun SUiip 2 SWelip noauiddr] €10 WBLAd

*¢ pue 7 sdnoad usamiaq 20u:
“Z pue | sdnoid udomiaq 2
*¢ pue | sdnosd usomiaq
219m uosLreduiod [[I2A0 A ut sisal uedyudis [y sdnoid ¢ [ jo
‘mep Swissiu 01 anp
YL, 'SIGRLIBA SNONUNUOD J0) (U ‘2FULI) UBIPIU PUE SIQELIEA [BD)
[e3IdSOH PIIYD) PUT DO BSOO BUITYRY ‘HO)
JO UONUAARILJ ‘ [DLIN SIA AOURML2poUntu] URWNE

(3=u (gp=u
£000>  65°S8€°Y) 8°5-00°0)
P8y 9y

9000 (¥'92) <1 uoneISdB SYOIM §TF
prI/8E woly IDLNd [eeuauy
100°0> (6°6L) (Tz6) sixejAydosd 11 Nd

ve1/STT T09/SSS [PIRUAUR KUR Passady

(S'16) Funsa pad
2097188 [BIRUIIUER PassIY
@TsD) uoneisad sYIm (7=
88S/8¢1 MSIA J1UTPD [RIRUUY
909

[e20] :AijeUoneN

TSIy PRS/PSE
(zg=u (To9=u
98l T8l (sxeak) 23y
'L £'8C
8 14 9T SIUBJUT PAISOJUI-ATH
Lyl <8 909 siuejup
svl (4] w9 SRYIOW

Lo om oo sopmwwy | SRR

Jonpea-d  wouy paynejp e pasouderp syueu jo
SIMOW |

*ySisouderp
JURJUT JO POYIaW Aq SONSLIORIRYD [BUIdIEW PUR 1ed [ LA [BIRUauy [ Jqe],

palgiyc S| 2PIUE SIY) JO UonaNPoIdal pazZuoyineun) Suniing ' Swelipg joauidd €102 WBUAUC

'600T ‘PUBISINEMIA

Ly yinos) dingsauuryof ‘s20uai0g yiwag Jo Kynov.y
unsa) Aj1es ‘uonuasaid ATH 01 $s9998 A01dw uawom Joy
201108 FUT P Juifjasunod AJH wnued-uad aunnoi e ue) "OY NRUYIL ‘67
TLTLITIETIOT [ 51 122fuf 4wipad -2And20qo

[EOIUI[D AU FAIYIE 0] 1531 B FUNDII[IS UAIP[IYD pue SIULJul Ut poojq sjoym Juisn

$159) ATH pides ¢ jo aouruiopiad Ay "HY BIPPACOD ¥y U ‘DO UBULAYS ‘8T
"6YT-YYT:SSITIOT 1041A Ul [ Fumas 221n0sa1

-MO[ ® Ul Syiuow > page uaIp[iyo pur sjurjul FUOWR UONAJUL [-A[H PN[OXD

01 51591 Apoqnue prdes jo Awpnp ‘e 19 ‘g sowy ‘g wipeN ‘Wy ueueyong L7

112



2ARESaU PaIsat YUIG Ie PINa|[0d sa[dwes 10ds POO[q PALIP SE LONdJUI-(] OU INq ‘Umoyun aFe Jo sYPam 9 18 smelg §
19p|0 JO Sthuow 9 1e SIS YO 2Anisod pey Auo pue aFe Jo sam Z 18 ApMIs a1 WOy PANEAP ‘YuIq 18 JANESIU pASI] ,
‘sasodind Aprus 10§ pa10a[|0o sajdures jods poojq paup ajqejiear Sunsa) q paysijqeisa smiels ATH 4
[BNdSOH PI1y) pue JAYIOW BSOORN PUWIYEY ‘HOWINY ‘0421/)
uy *n ‘wnpedenuy gy aaneSau sruip Aouaoyapounui] uewNg ‘-ATH dAisod stuiA Kousidyapounuwy uewWNg ‘+ATH

Hﬂ.u-.u—---—mn» . _nn H s griE HBn:ﬂ.uE—.E-uB M-M-m e 9 Spemo (a8 LS
umo S|
e SATHTT “ATHSL -AIH 08§ +AIH 9T
ATHSZT AIHE
L 1 L 1
1 1
11521 Jou pIp SNI[198] JAYI0 18 Pajsa) HOININY 3 Paisa)
SJUBJUL L b1 SJUBJUL 63 SITRUI 909
T T T
- ssps 01

payoua sured JUETUT-ISYION 81§

“[eNdsoH PIYD) PUB JOYIO BSOOJ BIIYRY 8 PINTUP! SIIGJUT Po1oajul

=AlIH 10J uaunean pue s)nsai jo 1diooal ‘Juysa) YO d 1e 938 URIPIN °€ d4nT1y

‘uorssaiddns Furadryor Jo ssa001d A UK 2I9A SIUBJUT 7 10110 oY) pue passaiddns
A[e0130[011A 219M HOWIAY 18 pasouSerp 380y JO g{ ‘2180 ul Sururewal sjueyul | ay)
JO “Apmis 3y JO pud Y} 1B 2IBY Ui U IARY PINOM SIUBJUI PAJOJUI JO %7 WNWIXBW

B UDY) 218D Ul PAUIRWIS] PUR JUSLIEL) SS00R PIP SANI[IOR] A0 1B pasouderp

219M 1R SOWONO WMOUUN Y)IM SIURJUT PAIOAJUI-A[H 7 Y1 SUILNSSY 218D

Ul PAUTBUIAT 9%pE PUE JUIWIIEON) PABNIUI %[ 9 “HOWIAY 18 PISOUBeIp 21am %89 (8¢
= u) syuejul papajul Affeieuriad jo pquinu [101 ) 0) paredwio)) HOY0d ) Ul SHUBJUL
SE8 [B1019Y1 JO 9,9 AJuo Juasa1dar JISIA NS AY) PIPUINE OYM SIUBJUI G9G Y|
(HOWAR) [eNdSOH piyD pue Japopy

BSOOJ\ BWIYRY 18 Woq Suejul pasodxa- A [H J0j 9peases a1ed | D) A “Z dandiy

“HOY0d Apnis Ay} ul SUBJUL JO SMEIS A [H ) JO UONBUTULINA( * | d4nd1q

SANIODAT HANODI

113



pajquyo.d st apipe siyl Jo uonanposdal pszuoyIneun Subjiifn 2 SWEIAA noouiddiy €102 & WbuAdon

€T

&

O

(£'%9- 0'8) 81 UOISS3)ddNS [EIIGOONA O UORRIIUI ¥y ——

(021 -6°L7) ST voneniul | 4y 01 318 10} USIA ISiY |—
(€02~ €€) 19 UOTRHIUI L}V O ISIA UNS3I ¥Od ——
(€02~ ¥0) 1 Z 2782 10} SIA 1S4 O} ¥SW UNSa) ¥Od H
(E%Z-6'4) 10} ‘VOREMIUI [HV 011531 ¥Od
(abue1) ueipaw (SHaam) STRADIUI B |
(sx99m) 3By

S 05 S¥ Or SE 0 S 0 Sk 0§
(T 7 (O

2

¥dd Adesayy 18v

Snﬂa&na&o!sﬂ_

vonens v [ |

a0 smisng [
wwnsarod [
sund [l

S9%E

L

INIAA 9 SWEYIAA poouddin ¢

\VO

rendsopy

1L PIND-OF- 11O JO UONUIAIL * 1 ) LINd ‘UONIEY UTEY) ISEIoK|0d

dl *surA Asuaroyapounuuy wewny ‘AH “Sdesayy, feaonamuy ‘Lyy

2aed Ul Luvy (di3 i) panal ¥d Yy uioq sruejul
paujewsy paen| Pa1RJuI-AIH sunsa1ydd  opmsouseiq 1B dAN pasodxa-AIH
o L L L 0
s oot
or 00z
c
a3 ooe
o
=X
o 3 oot
5
5 5 00§
@
8
oz B 009
5
s § g 00z
2
_ @
gc abunt| o 008
88 13bID
o 006
125411 J0 % e se wei3o.ud aunnos HOWIWY %
welSoid 19 1IN 2UBN0I HIWINY =
HOWINY Uey} Jsy1o0 Aljoey e 1e sisoudeiq m
sajdwes Apnis Jo Sunss] m

SJUBUL JO JaqUINN

114



APPENDIX D

Permission to include Pediatric Infectious Disease Journal publication (Appendix C) in

dissertation.

WOLTERS KLUWER HEALTH LICENSE

TERMS AND CONDITIONS
May 07, 2013

This is a License Agreement between Rivka R Lilian ("You") and Wolters Kluwer Health
("Wolters Kluwer Health™) provided by Copyright Clearance Center ("CCC"). The license
consists of your order details, the terms and conditions provided by Wolters Kluwer Health,
and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number
License date

Licensed content publisher

Licensed content publication

Licensed content title

Licensed content author
Licensed content date
Volume Number

Type of Use

Requestor type

Author of this Wolters
Kluwer article

Title of your thesis /
dissertation

Expected completion date
Estimated size(pages)
Billing Type

Billing address

Total

3143520611872

May 07, 2013

Wolters Kluwer Health

Pediatric Infectious Disease Journal

Birth Diagnosis of HIV Infection on Infants to Reduce Infant
Mortality and Monitor for Elimination of Mother-to-Child
Transmission

Rivka Lilian, Emma Kalk, Karl-Gunter Technau, et al
Jan 1, 9000

Publish Ahead of Print

Dissertation/Thesis

Individual

Yes

Identifying Interventions to Improve Outcomes of the South African
Prevention of Mother-to-Child Transmission Programme

Jun 2013

140

Invoice

PO BOX 95280

Grant Park

Johannesburg, South Africa 2051
South Africa

0.00 USD

115



Variables in the Clinical E-database: Variables that were analysed are indicated in blue

APPENDIX E

text. New variables that were added into the database during the analysis are highlighted

in pink.

A WO

0 ~No O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Mother clinic identification number

Date interviewed

Blood taken on mother at birth? (yes / no)

DBS taken on infant at birth? (yes/ no)

MATERNAL DEMOGRAPHICS, OBSTETRIC/CLINICAL HISTORY

Mother date of birth

Mother age at delivery (years)

Race (Black / Coloured / Indian / White / unknown)

Avrea living

Location of area living (province, district)

Area originating from

Nationality (local / foreign)

Antenatal clinic viz. booking clinic

Location of antenatal clinic (province, district)

Booking date at antenatal clinic

Number of weeks before delivery woman booked

Gestational age at booking (wks)

Status disclosed to partner (yes / ho / unknown)

Partner tested (yes / no / unknown)

Feeding intention (breast / formula / mixed / unknown)

Parity

Gravidity

Number of children alive

Previous miscarriage (yes / no / unknown)

Previous premature baby (yes / no / unknown)

Was pregnancy planned (yes / no / unknown)

Syphilis (positive / negative / unknown)

Alcohol (yes / no / unknown)

Smoking (yes / no / unknown)

Diabetes(yes / no / unknown)

Hypertension (yes / no / unknown)

Other illnesses (yes / no / unknown)

Tuberculosis ever (yes / no / unknown)

MATERNAL PMTCT / HAART

Nevirapine given in a previous pregnancy (yes / no / unknown)

Maternal PMTCT (coded as per Appendix F)

Maternal PMTCT - rank

Maternal PMTCT - ordinal categorisation with 10 week cut-off (suboptimal / intermediate / optimal)

Maternal PMTCT - sdNVP (yes / no)

Maternal PMTCT - number of weeks of antenatal AZT

Maternal PMTCT - number of weeks of antenatal HAART

Maternal PMTCT - number of weeks of antenatal AZT or HAART

WHO stage at initiation of HAART

Comment on stage

Date of maternal HAART initiation

1st regimen

Changed regimen? (yes / no)

Date of regimen change

Reason for regimen change (Side effect / teratogen / failing / other)

New regimen

Experienced side effects? (yes / no)

1st side effect

Date 1st side effect

2nd side effect

Date 2nd side effect

HAART stopped (yes / no)

HAART interrupted (yes / no)

Date HAART stopped

Date HAART restarted
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58
59
60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

93
94
95
96
97
98
99
100
101
102

103
104
105
106
107
108
109
110
111

112
113
114
115
116
117

Clinic providing HAART antenatally

Clinic providing HAART antenatally - decode

Clinic providing HAART postnatally

Clinic providing HAART postnatally - decode

MATERNAL TESTING

CD4 nadir: count

CD4 nadir: date of test

Last recorded antenatal CD4 count prior to delivery: count

Last recorded antenatal CD4 count: category (<200 / 200-350 / 350-500 / 500-750 / >750)

Last recorded antenatal CD4 count: # of weeks before delivery count performed

Last recorded antenatal CD4 count: date of test

Second last antenatal CD4 count prior to delivery: count

Second last antenatal CD4 count: category (<200 / 200-350 / 350-500 / 500-750 / >750)

Second last antenatal CD4 count: # of weeks before delivery count performed

Second last antenatal CD4 count: date of test

Earliest antenatal CD4 count prior to delivery: count

Earliest antenatal CD4 count: category (<200 / 200-350 / 350-500 / 500-750 / >750)

Earliest antenatal CD4 count: # of weeks before delivery count performed

Earliest antenatal CD4 count: gestational age at test (wks)

Earliest antenatal CD4 count: date of test

1st postnatal CD4 count: count

Ist postnatal CD4 count: category (<200 / 200-350 / 350-500 / 500-750 / >750)

1st postnatal CD4 count: # of weeks after delivery count performed

1st postnatal CD4 count: date of test

2nd postnatal CD4 count: count

2nd postnatal CD4 count: category (<200 / 200-350 / 350-500 / 500-750 / >750)

2nd postnatal CD4 count: # of weeks after delivery count performed

2nd postnatal CD4 count: date of test

1st recorded haemoglobin

Date of 1st recorded haemoglobin

2nd recorded haemoglobin

Date of 2nd recorded haemoglobin

Plasma VL (copies/mL)

VL log

Valid VL? (yes / no)

Date of VL test

INFANT BIRTH

Infant clinic identification number

Infant date of birth

Gender (male / female)

Place of birth

Gestation (term / preterm / postterm)

Gestational age (wks)

Birth defects

Mode of delivery (vaginal delivery / caesarean section)

Premature rupture of membranes (yes / no / unknown)

Infant PMTCT (coded as per Appendix F)

Infant PMTCT groups (suboptimal / sdNVP & 1-2 weeks AZT / sdNVP & 4 weeks AZT / daily-dose
NVP)

PMTCT Comment

Birth weight (kg)

Birth length (cm)

Birth head circumference (cm)

Apgar comment

Apgar - 1 minute

Apgar - 5 minutes

Apgar - 10 minutes

INFANT FINAL / TESTING

Final status (infected / uninfected / unknown but no 1U infection)

Method of infant diagnosis (tested during study / found result on NHLS LIS / other)

Status positive: timing of transmission (IU / IP / PP / IP,PP)

Final outcome (in care, discharged, LTFU, transferred out, died)

Alive/dead at end of 2010 (alive / dead / unknown)

Alive/dead at 10-14 weeks (alive / dead / unknown)
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118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

167-191

192-216

217-241
242

243-267

268
269
270
271

Date of death

Age at death (weeks)

LTFU status (yes / no)

Details of LTFU

Date of LTFU

Hospital admissions (yes / no)

Antibiotics (yes / no)

WHO stage of infant if positive

Date 1st PCR test

Age at 1st PCR test (weeks)

1st PCR result (positive / negative / error)

Gave 1st PCR result (yes / no / unknown)

Needed 2nd PCR test (yes / no)

Reason for 2nd PCR test (rejected / clinical concern / post breastfeeding / other)

Date 2nd PCR test

Age at 2nd PCR test (weeks)

2nd PCR result (positive / negative / error)

Date 3rd PCR test

Age at 3rd PCR test (weeks)

3rd PCR result (positive / negative / error)

Date of infant CD4 test (incomplete)

Result of infant CD4 - absolute (incomplete)

Result of infant CD4 - percentage (incomplete)

Final feeding practice (exclusive breast / exclusive formula / mixed / unknown)

INFANT VISIT 1 (BIRTH, 0 DAYS)

Date of visit

Age at visit (weeks)

Feeding practice (breast / formula / mixed / unknown)

Visit number according to access database

Weight (kg)

Length (cm)

Head circumference (cm)

Weight for age z-score

Height for age z-score

Weight-for-height z-score

Head circumference for age z-score

Clinical health (well / mild symptoms / sick)

Clinical impression (positive / negative / unsure)

Wasted (yes / no)

Eczema (yes / no)

Hepatomegaly (yes / no)

Splenomegaly (yes / no)

Significant lymphadenopathy (yes / no)

Localised lymphadenopathy (yes / no)

Asymptomatic thrush (yes / no)

Symptomatic thrush (yes / no)

Signs (yes / no)

Comment

DBS taken (yes / no)

Blood taken (yes / no)

INFANT VISIT 2 (2 WEEKS, 14 DAYS)

As per Infant Visit 1 (variables 142-166)

INFANT VISIT 3 (4 WEEKS, 28 DAYS)

As per Infant Visit 1 (variables 142-166)

INFANT VISIT 4 (6 WEEKS, 42 DAYS)

As per Infant Visit 1 (variables 142-166)

Visit date match to PCR test date? (yes / no)

INFANT VISIT 5 (10 WEEKS, 70 DAYS)

As per Infant Visit 1 (variables 142-166)

INFORMATION ONLY (DATES DO NOT INDICATE VISITS)

Date

Comment

Date 2

Comment 2
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APPENDIX F

Original coding of maternal and infant PMTCT regimens in the Clinical E-database.

Table F1: Original coding of maternal PMTCT.

CODE | MATERNAL PMTCT REGIMEN
1 none
2 sdNVP only
3 AZT stat only
4 sdNVP and stat AZT
4.1 sdNVP and 2 days AZT
4.2 sdNVP and 4 days AZT
4.3 sdNVP and 5 days AZT
4.4 sdNVP and 1 wk AZT
4.41 | sdNVP and 10 days AZT
4.5 sdNVP and 2 wks AZT
4.6 sdNVP and 3 wks AZT
5 sdNVP and 4 wks AZT
5.1 sdNVP and 5 wks AZT
5.11 AZT 4 wks; no NVP
5.12 | 4 wks AZT then 3 wks nothing
5.2 sdNVP and 6 wks AZT
5.3 sdNVP and 7 wks AZT
5.4 sdNVP and 8 wks AZT
5.41 AZT 8 wks; no NVP
5.5 sdNVP and 9 wks AZT
5.6 sdNVP and 10 wks AZT
5.7 sdNVP and 11 wks AZT
5.8 sdNVP and 12 wks AZT
5.81 AZT 12 wks; no NVP
5.82 | AZT 18 wks; no NVP
5.9 sdNVP and 13 wks AZT
5.91 sdNVP and 16 wks AZT
5.92 sdNVP and 20 wks AZT
5.93 sdNVP and 22 wks AZT
6 HAART 2 days
6.1 HAART 4 days
6.2 HAART 5 days
6.3 HAART 1 wk
6.4 HAART 2 wks
6.5 HAART 3 wks
6.6 HAART 4 wks
6.7 HAART 5 wks
6.8 HAART 6 wks
6.9 HAART 7 wks
7 HAART 8 wks
7.1 HAART 9 wks
7.2 HAART 10 wks
7.3 HAART 11 wks
7.4 HAART 12 wks
7.41 HAART 12 wks then stopped 4 wks
7.5 HAART 13 wks
7.51 HAART 14 wks
7.52 HAART 15 wks
7.6 HAART 16 wks
7.7 HAART 17 wks
7.8 HAART 20 wks
7.81 HAART 24 wks
7.9 HAART 28 wks
8 HAART 36 wks
9 4 wks AZT then 6 wks HAART
9.1 4 wks AZT then 2 wks HAART
9.2 6-9 wks AZT then 4 wks HAART
12 HAART preconception
13 unknown

Table F2: Original coding of infant PMTCT.

CODE | INFANT PMTCT REGIMEN

1 none
2 sdNVP

2.1 sdNVP and stat AZT

2.2 sdNVP and 2 days AZT

2.4 sdNVP and 4 days AZT
3 sdNVP and 1 wk AZT

3.1 sdNVP and 10 days AZT
4 sdNVP and 2 wks AZT
5 sdNVP and 3 wks AZT (n = 0)
6 sdNVP and 4 wks AZT
7 NVP 6 wks

7.1 NVP 5 wks
8 NVP while breast feeding

119



APPENDIX G

The adapted mathematical model described below was designed to assess several PCR
testing scenarios for the diagnosis of perinatal HIV-infection in infants. Only birth, six-
week, ten-week and 14-week diagnostic testing in the context of selected sensitivity
analyses were investigated for this MSc.

Description of Early Infant Diagnosis model

Dr Leigh F. Johnson
Centre for Infectious Disease Epidemiology and Research, University of Cape Town

February 2013

The approach adopted here is to simulate the outcomes in a cohort of 240,000 infants born to HIV-
infected mothers, under a number of different PCR testing scenarios. Each mother-infant pair is
randomly assigned a different set of characteristics, based on the observed distribution of
characteristics in the South African population. The outcomes in which we are interested are those
that are needed to calculate the total survival time of the infant (over their whole life) and the
length of time each infant spends in different HIV disease stages if they become infected. This
enables us to calculate the total life years saved and quality-adjusted life years (QALYS) saved
when comparing different PCR testing strategies, as well as the number of QALY saved per PCR
test.

Demographic assumptions

A sex is randomly assigned to each infant at the point of birth, with the proportion of male births
being set at 0.5039, the proportion assumed in the ASSA2008 AIDS and Demographic model [1].
A time to non-HIV death is also randomly assigned to each infant, at the point of birth. The age at
death is determined to be the lesser of the time to non-HIV death and the time to AIDS death (if the
child acquires HIV). The time to non-HIV death is randomly assigned based on life tables
calculated from HIV-negative mortality rates in South Africa in 2005, which are obtained from the
ASSA2008 AIDS and Demographic model.

Model of mother-to-child transmission

The assumptions about mother-to-child transmission of HIV are adapted from those in a
previously-published model [2]. We consider intrauterine transmission and intrapartum
transmission; for the purpose of this analysis, postnatal transmission rates have been set to zero.
Table G1 summarizes the assumptions regarding intrauterine and intrapartum transmission, under
different forms of antiretroviral prophylaxis. The assumed proportions of women who are receiving
different forms of prophylaxis are based on a South African survey of women who were
interviewed and tested for HIV at immunization clinics, conducted in 2010 [3]. The assumed
combined intrauterine and intrapartum transmission risk is based on various studies that have
evaluated the efficacy of different forms of antiretroviral prophylaxis, reviewed elsewhere [4, 5].
The fraction of this transmission that is intrapartum is greatest in the absence of antiretroviral
prophylaxis, which is relatively more effective in preventing intrauterine transmission than in
preventing intrauterine transmission.
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Table G1: Rates of intrauterine and intrapartum transmission, under different forms of
antiretroviral prophylaxis

Combined % of combined

% of mothers intrauterine and transmission
accessing intrapartum that is

transmission intrapartum
No prophylaxis 8% 20% 62%
Single-dose nevirapine 5% 12% 35%
Single-dose nevirapine + AZT 54% 4% 24%
Highly active ART (HAART) 33% 2% 20%

Although postnatal transmission is not considered in this analysis, assumptions about the duration
of breastfeeding determine the proportion of infants who are receiving extended nevirapine
prophylaxis and hence the sensitivity of the PCR (discussed below). It is assumed that 20% of
pregnant women who are diagnosed HIV-positive choose not to breastfeed, that 55% choose to
breastfeed exclusively and that 25% of women practise mixed feeding (these assumed rates of
breastfeeding are higher than those observed historically [6, 7], because of the current phasing out
of free formula milk in public sector clinics). The duration of exclusive breastfeeding (EBF) is
randomly assigned, in those women who choose this feeding strategy, by sampling from an
exponential distribution with a median of 2 months and resetting any sampled values greater than 6
months to 6 months (the assumed maximum duration of EBF). Similarly, the duration of mixed
feeding is randomly assigned by sampling from an exponential distribution with a median of 7
months and limiting the maximum duration of mixed feeding to 36 months. In those women who
elect to practise EBF initially, 30% are assumed to practise abrupt weaning at the end of the
simulated EBF period and the remaining 70% combine breastfeeding with other feeds (mixed
feeding), with the duration of the remaining mixed feeding period being simulated in the same way
as in women who practise mixed feeding from birth. These breastfeeding assumptions for women
who are diagnosed HIV-positive are based on various South African data sources, reviewed
elsewhere [4].

It is assumed that all infants born to HIV-diagnosed mothers receive at least 6 weeks of nevirapine
prophylaxis, in line with recent South African guidelines [8]. (In a sensitivity analysis we will
consider the effect of reducing this proportion to 50%, to assess the possible effect of imperfect
compliance with guidelines.) The proportion of breastfeeding women who receive HAART s
assumed to be the same as the proportion of women who receive HAART antenatally (33%). If
breastfeeding women are not on HAART but do receive the standard 6 weeks of nevirapine
prophylaxis, the assumed probability that they will continue prophylaxis for the entire duration of
breastfeeding is set at 40% (this is an arbitrary assumption, as we do not currently have data on the
proportions of breastfeeding women who are receiving extended nevirapine prophylaxis). We also
consider a sensitivity analysis in which the 40% assumption is replaced with 90%.

The assumptions have been set to be consistent with the South African PMTCT programme prior to
December 2012. However, it has recently been announced that South Africa will switch from
WHO option A to WHO option B in future, meaning that triple-drug regimens will be
recommended for all HIV-positive pregnant women (regardless of their CD4 count) and continued
throughout breastfeeding [9]. We therefore consider a sensitivity analysis in which it is assumed
that 92% of pregnant women initiate HAART during pregnancy (and remain on HAART
throughout breastfeeding) and the remaining 8% receive no prophylaxis.

Model of HIV survival

The assumptions about survival in HIV-infected children are the same as those in a previously-
described model [10]. Briefly, children are assumed to progress through two disease stages prior to
dying from AIDS, in the absence of ART; the first stage represents children who have not yet met
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the criteria for ART eligibility specified in the 2006 WHO paediatric ART guidelines [11], and the
second stage represents children who have met the eligibility criteria. The rates at which children
progress from the first stage to the second stage are assumed to be very high during the first few
months of life, but drop to lower levels thereafter. Similarly, the rates of untreated mortality in the
second stage are assumed to be highest during the first few months of life but drop to relatively low
levels at later ages. Children who start ART when in the second stage of HIV disease are assumed
to be at a high risk of AIDS mortality during the first 3 months of ART, but then experience a 90%
lower mortality rate once they have stabilized on ART. Perinatally-infected children who start ART
when in the first stage of HIV disease are assumed not to go through an initial high risk” phase and
are also assumed to have a lower mortality rate during the ‘low risk’ phase than that in children
who started ART while in the second HIV stage, with these parameters being set to match the
observed difference in mortality between early ART and deferred ART groups in the CHER trial
[12]. The extent of this difference reduces as the age at early ART initiation increases, in line with
the results of the PREDICT trial [13].

The default assumption is that children infected intrauterine and children infected intrapartum have
the same mortality rates, based on a pooled analysis of African cohorts [14]. However, there is
some evidence to suggest that children infected intrauterine may have higher rates of mortality than
children infected intrapartum [15]. This is potentially important to consider, as PCR testing at birth
would have more benefit (relative to testing at other durations) if the infants with detectable HIV at
birth have a relatively high mortality risk. In a sensitivity analysis, we therefore consider the effect
of setting the relative rate of progression to ART eligibility, comparing intrapartum-infected
children to intrauterine-infected children, to 0.7, consistent with the observed cumulative mortality
rates at 6 months of 0.29 and 0.42 in intrapartum- and intrauterine-infected infants respectively
[15].

Although the modelled rates of disease progression and mortality in untreated HIV-infected
children are consistent with South African data sources [12, 16, 17], the resulting estimates of
survival are substantially higher than those observed in other African cohorts [18]. We therefore
include a sensitivity analysis in which the rates of progression to the ART-eligible state and the
rates of mortality are all multiplied by a factor of 1.5, which yields overall estimates of survival
more consistent with those estimated by Marston et al in a pooled analysis of African paediatric
HIV data [18].

Model of PCR screening

We consider 6 possible times for PCR screening with a single PCR test: at birth, 6 weeks after
birth, 10 weeks after birth, 14 weeks after birth, 6 months after birth and 9 months after birth.
These correspond to the infant ages at which South African women routinely visit health centres
for immunization and postnatal care. We also consider routine PCR screening with 2 tests, the first
at birth and the second 6 weeks after birth, 10 weeks after birth or 14 weeks after birth. In addition,
it is assumed that HIV testing can occur 6 weeks after weaning (with either a PCR or an antibody
test if testing is performed after the age of 18 months). It is further assumed that if ART is initiated
prior to 18 months (without the child having being diagnosed at one of the standard screening
visits), PCR testing would have been performed 1 month previously.

Table G2 summarizes the model assumptions regarding test uptake, test collection and test
sensitivity, for each of the possible screening times. We assume that if screening is performed at
birth, all women would receive the test. However, if screening is performed at 6 weeks, we assume
that only 80% of HIV-diagnosed mothers would bring their children for testing [19-21]. We
assume that the fraction of women bringing their infants for testing would decrease the longer the
time to the screening visit, although there are no local data to support this assumption. Based on a
study conducted in KwaZulu-Natal [22], we assume that HIV-positive test results are received in
66% of cases; this proportion is roughly consistent with proportions observed in other African
settings [23]. In most situations the PCR is assumed to have 100% sensitivity in detecting
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paediatric HIV [24]. However, if the test is performed immediately after birth, it is assumed that it
would not detect HIV that has just been acquired intrapartum. In addition, it is assumed that the test
would have reduced sensitivity if it is performed in children who are receiving nevirapine
prophylaxis, based on (a) unpublished data relating to intrauterine-infected infants in South Africa
and (b) data relating to intrapartum-infected infants in a multicentre study, who received forms of
prophylaxis other than nevirapine [25]. It is assumed that sensitivity would be lower in intrapartum
infections than in intrauterine infections (since the latter are more established at the time that
nevirapine is initiated) and that the sensitivity increases as the time since starting nevirapine
increases (the longer the time since prophylaxis was started, the greater is the likelihood that the
virus will have mutated and become detectable). We also consider a sensitivity analysis in which
the PCR sensitivity in children receiving nevirapine prophylaxis is assumed to be the same as that
in children who are not receiving prophylaxis.

Table G2: Assumed rates of PCR uptake and PCR sensitivity

. . . 6 10 14 6 9
Time of PCR screening Birth weeks weeks weeks months months
% of children who get tested 100% 80% 75%  70% 65% 60%
% of caregivers receiving test results,

if test is performed 66% 66% 66% 66% 66% 66%

PCR sensitivity: intrauterine infection
Child is receiving NVP prophylaxis  100% 85% 91%  95% 98% 100%
Child not receiving NVP prophylaxis 100% 100% 100% 100% 100%  100%
PCR sensitivity: intrapartum infection
Child is receiving NVP prophylaxis 0% 70% 80% 89% 95% 98%
Child not receiving NVP prophylaxis 0%  100% 100% 100% 100%  100%

There is little current data on the proportion of HIV-positive mothers who take their children for
HIV testing after ceasing breastfeeding, although the proportion is believed to be low. In light of
this uncertainty, we have conservatively assumed that only 10% of breastfeeding HIV-positive
mothers take their children for HIV testing following weaning, but we also consider a sensitivity
analysis in which it is optimistically assumed that all HIV-positive mothers take their children for
testing following weaning. As with routine PCR screening, we assume that only 66% of mothers
who get their children tested after weaning actually receive the test results. PCRs are assumed to be
conducted only if the child is brought for testing before the age of 18 months; at older ages children
would be tested using rapid tests, which are assumed to be 100% sensitive.

Model of timing of ART initiation

There is assumed to be a 2-week delay between the collection of PCR specimens and the return of
test results. In addition, there is assumed to be a 2-week delay between the return of a positive test
result and the initiation of ART (assuming that the child is HIV-positive and still alive). We
optimistically assume that if the caregiver receives the HIV-positive diagnosis, the infant would
always be started on ART. However, we also consider a scenario in which it is more conservatively
assumed that only 50% of the children who receive an HIV diagnosis actually start ART, more in
line with data from other African countries [23]. Guidelines for paediatric ART initiation in South
Africa have recently changed and it is now recommended that all children under the age of 5 years
should be started on ART as soon as they are diagnosed HIV-positive.

In addition to HIV diagnosis through screening, the model allows for HIV diagnosis following the
development of HIV-related symptoms. In the interests of simplicity, we assume that if ART is
initiated as a result of the diagnosis of HIV-related symptoms, this occurs after the child has
progressed to the second HIV stage (ART-eligible according to 2006 WHO criteria), at a rate that
is proportional to their AIDS mortality risk. It is assumed that the probability of ART initiation
following the diagnosis of HIV-related symptoms would be 0.5 if there was no routine PCR
screening. For each HIV-infected child we simulate the time to ART initiation following screening
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(if the child receives a positive screening result) and the time to ART initiation following diagnosis
of HIV-related symptoms (if the symptoms lead to HIV diagnosis). The actual time of ART
initiation is the minimum of the two, or is undefined if neither of the conditions for ART initiation
are met.

The assumption that there is a 50% chance of ART initiation following the diagnosis of HIV-
related symptoms is based on previous modelling work in South Africa [10], but this assumption
may be too conservative in light of recent evidence of high rates of ART uptake in South African
adults and children [26]. We therefore consider a sensitivity analysis in which the assumed chance
of starting ART following the diagnosis of HIV-related symptoms is increased to 90%.

QALY calculations

Based on the review of Tengs and Lin [27], we assign a quality of life weight of 0.94 to children
who are untreated and HIV-positive, who have not yet met the 2006 WHO criteria for ART
eligibility, and a weight of 0.7 to untreated HIV-positive children who have met the 2006 WHO
criteria for eligibility. The same weight is assumed to apply to children who are in the ‘high risk’
phase following ART initiation, but a higher weight of 0.85 is assumed to apply to children once
they have stabilized on ART [28]. A discount rate of 3% per annum is used in calculating QALYs
saved. In calculations of life years saved, we do not apply any quality of life weights or use any
discounting.

Summary of sensitivity analyses
The scenarios that we consider in the sensitivity analysis can be summarized as follows:

e Scenario 1 (Baseline): This represents current South African policy in November 2012,
prior to the announcement of the switch to WHO option B.

e Scenario 2 (Lower uptake of 6-week course of NVP): The fraction of HIV-positive
mothers who provide nevirapine prophylaxis to their infants is reduced from 100% to 50%.

e Scenario 3 (Higher uptake of extended NVP): The fraction of breastfeeding HIV-positive
mothers initiating the 6-week course of nevirapine, who continue the nevirapine
prophylaxis after 6 weeks, is increased from 40% to 90%.

e Scenario 4 (WHO option B): The proportion of HIV-positive mothers who receive
HAART during pregnancy is increased to 92% (and the same proportion continue HAART
during breastfeeding). The remaining 8% of women are assumed to receive no antenatal
prophylaxis.

e Scenario 5 (Lower mortality in children infected intrapartum): The rate of progression to
the ART-eligible state in children infected intrapartum is assumed to be 0.7 times that in
children who are infected intrauterine.

e Scenario 6 (Higher HIV-related mortality): The rates of progression to the ART-eligible
state and the rates of mortality are assumed to be 1.5 times those in the baseline scenario.

e Scenario 7 (No loss in PCR sensitivity due to NVP): The PCR in children receiving
nevirapine prophylaxis is assumed to be the same as that in children who are not receiving
prophylaxis.

e Scenario 8 (Higher uptake of PCR screening after weaning): The assumed proportion of
mothers who take their children for PCR testing 6 weeks after weaning is increased from
10% to 100%.

e Scenario 9 (Low linkage to care): The assumed proportion of HIV-diagnosed children who
start ART 2 weeks after diagnosis is reduced from 100% to 50%.

e Scenario 10 (Higher ART access in absence of screening): The assumed fraction of HIV-
infected children who would start ART in the absence of routine PCR screening is
increased from 50% to 90%.
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APPENDIX H

Certificate of attendance, Infectious Disease Modelling Course: In addition to
collaborating with Dr Johnson, a one-week Infectious Disease Modelling Course was
attended to gain a greater understanding of the modelling process.
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University of Pretoria
Faculty of Health Sciences
School of Health Systems and Public Health

Third Annual Summer School in Biostatistics

This is to certify that

RR Lilian

has attended the

Course on
Infectious Disease Modelling

22 to 26 October 2012

G eor— Aoou

Chairperson General Manager: CE at UP
School of Health Systems and Public Health
200499 2013-06-05

P002851-001-2012
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APPENDIX I

Ethics approval to perform the Earlier Infant Diagnosis Study at Rahima Moosa Mother
and Child Hospital.

UNIVERSITY OF THE WITWATERSRAND, JO ESBURG
Division of the Deputy Registrar (Research) . &
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)

R14/49 Sherman

CLEARANCE CERTIFICATE P MBER M
PROJECT Diagnosing Human Immunodeficiency

Virus (HIV) infection earlier than six
weeks of age with a single HIV PCR test

INVESTIGATORS Dr G Sherman

DEPARTMENT Paediatric Haematology

DATE CONSIDERED 08.06.27

DECISION OF THE COM EE* Approved unconditionally

Unless otherwise specified this ethi valid for 5 years a ew n
DATE 08.08.04 CHAIRPERSON .....

*Guidelines for written ‘informed consent’ attached where applicable

cc:  Supervisor :

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

1/We fully understand the conditions under which | am/we are authorized to carry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the

Committee. 1 agree to a completion of a yearly progress report.
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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APPENDIX J

Ethics approval to perform a secondary data analysis for degree purposes using data from
the Earlier Infant Diagnosis Study.

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG

Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
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PROJECT Identifying Interventions to Improve Outcomes
of the South African Prevention of Mother-to-

Child

Transmission Programme (revised title)

INVESTIGATORS Ms Rivka Lilian

DEPARTMENT Molecular Medicine & Haematology

DATE CONSIDERED 26/03/2010

DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 vears and may be renewed upon
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(Professor P E Cleaton Jones)
*Guidelines for written ‘informed consent’ attached where applicable

cc: Supervisor : Prof G Sherman

DECLARATION OF INVESTIGATOR(S)
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Senate House, University.
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research and 1/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the

Committee. I agree to a completion of a vearly progress report.
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APPENDIX K

Ethics approval for Rahima Moosa Mother and Child Hospital’s PMTCT programme to
search the National Health Laboratory Service’s Laboratory Information System for
maternal and infant laboratory test results.

A
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of the Witwatersrand,
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Human Research Ethics Committee: (Medical) ‘0, as®
FWA Registersd No IRB 0000122 Aaniny

SECRETARIAT Some 189, Private Bag x2600, Houghton 2041, South Africa + Ted +27-9 12745000 « Fax: »27-11-274 081

23 August 2010
Prof Ashraf Coovadia

Head of Pasdiatric HIV Services (Empilweni Clinic)
Department of Paediatrics and Child Health

Rahima Moosa Mother and Child Hospital (Previously Coronation)
University of the Wiatwatersrand

Fax 0116734905
Dear Prof Coovadia,

The University of the Witwatersrand, Human Research Ethics Committee (Medical) heraby
approves the request from Prof Coovadia to request the data from NHLS on a regular basis.

w:mmmmwcmwumnmmmm
of Mother to Child (PMTCT) and Paediatric Antiretroviral (ARV) Treatment services and is a
source of 'best practice models’ for implementation of national paediatric HIV policies for the
Department of Health (DOM)

The HIV prevention and treatment services have expanded significantly in terms of numbers
over the last 5-10 years and the sites experience in the clinic has shown the following
challenges:

1. HIV treatment as a lng-term undertaking by both patient and heatthcare provider
often sees patients relocating during the course of their follow-up, Many times this
results in break of continuity in lerms of accurate history especially with regard fo lab
results (patients are also referred 1o our centre for expert advice and this requires
detaded of past results which are not always easily available)

2 In the context of CT pregnant wormen migrate during thelr pregnancy of
shortly afier, e.g. they deliver in the city and move 10 their rural home soon. This
makes follow up of the mother and her infant aimost Impossible. Many women now
have also deliverad thelr second or third infant at RMMCH with repeated tesis (e.g.
CD4 counts) being done while they still report unknown status or CD4 counts. There is
thus a significant amount of testing that is repeated as results from the past are not
readily accessible.
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The patient population attending RMMCH services is dynamic in that antenatal care is
accessed at surrounding primary health care faciities or at RMMCH; babies are delivered at
RMMCH; postnatal care occurs either at RMMCH or at a primary health care clinic and
ongaing wed care usuaily occurs at clinics unless children become 1l requiring
admission fo R . Furthermore, patients seek healthcare from various andina
variety of provinces depending on their circumstances. It is therefore difficult to collate
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update their electronic patient database with this information. There may be other options for
accessing the data from NMLS that can be explored with the NHLS data warehouse
manager. As is current practice, only data captwers/managers and clinicians working in the
PMTCTNARvmmeMMmeWMMhm
In a secure and locked area, with restricted acoess,
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ultimately their services to patients and reporting to Department of Health. Reports will be on
aggregated data and not contain any patient identifying details whatscever. In Prof
Coovadia's position as head of the HIV programme at RMMCH. it is important to document
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Gauteng PMTCT working group, it is apparent that and National Departments of
Health require assistance in accurately monitocing and evaluating the cutcomes of these
sarvices.

Please liaise with Prof Wadee regarding your application to the NHLS,

cc ~ Professor Ahmed Wadee - Head of the School of Pathology, University of the
Witwatersrand,

Kind regards
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