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It has been 20 years since Western Cape Province (WC), South Africa 
(SA), launched its first vertical transmission of HIV prevention 
(VTP) pilot programme in Khayelitsha, an urban township 50 
km from Cape Town city centre.[1] The programme, supported by 
Médecins sans Frontières, provided antenatal voluntary counselling 
and testing in primary care obstetric facilities with short-course 
zidovudine (AZT) from 36 weeks’ gestation. Initially, only ante- 
and perinatal prophylaxis was provided; continuity of care beyond 
delivery was poor, and postnatal services were fragmented.[1] At 
the time, national support for VTP was politically contentious and 
there was no infrastructure to facilitate testing. Since then, the WC 
VTP programme has expanded in range and efficiency, mirroring 
the World Health Organization (WHO) guidelines, and in 2013 the 
VTP programme adopted WHO Option B+: the provision of lifelong 
antiretroviral therapy (ART) to pregnant women irrespective of CD4 

count, antenatal viral load (VL) testing in women already on ART, 
and support for exclusive breastfeeding for up to 6 months.[2]

Since the inception of the first programme in 1999, VTP services 
and outcomes in Khayelitsha have been reviewed regularly.[1,3] These 
studies looked at single elements of the care cascade, e.g. maternal 
testing or maternal prophylaxis. More recently, early infant diagnosis 
(EID) and infant treatment have been investigated. Throughout this 
time, Khayelitsha has remained the WC subdistrict with the highest 
antenatal HIV seroprevalence. Here we present an updated analysis of 
the entire VTP cascade in Khayelitsha from maternal HIV diagnosis 
to ART, VL monitoring and vertical HIV transmission (VT) in an 
era of universal ART in pregnancy with the advantage of a novel data 
linkage system. The WC Provincial Health Data Centre (PHDC) is 
a health information exchange that harmonises all electronic health 
data linked via a unique patient identifier issued to users of WC 
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Background. The first vertical transmission of HIV prevention (VTP) programme in South Africa was launched in 1999 in Khayelitsha, 
Western Cape Province (WC). Since then, VTP guidelines have expanded in complexity and scope.
Objectives. To describe contemporary VTP uptake in Khayelitsha and quantify vertical transmission (VT) risk factors based on linked 
routine electronic health data.
Methods. In the WC, all patients at public health facilities have a unique identifier allowing linkage across electronic health platforms 
through a health information exchange hosted within the WC Department of Health. We conducted a cohort analysis of mother-infant pairs 
where the mother was living with HIV and attended any obstetric care in Khayelitsha in 2017. Descriptive statistics assessed VTP coverage 
along the care cascade, including maternal viral load (VL) testing and early infant diagnosis (EID). Logistic regression analysis quantified a 
priori-defined risk factors associated with VT.
Results. Antenatal HIV prevalence in the cohort was 31.3%, and VT was 1.8% by 12 months. Of women living with HIV, 88.3% knew of 
their positive status at the first antenatal visit and 77.9% were already receiving antiretroviral therapy (ART). Most women diagnosed prior 
to delivery (94.5%) were initiated on ART; 85.0% received an antenatal VL test, of whom 88.0% were virologically suppressed. Women 
who were not virally suppressed had a five-fold (adjusted odds ratio (aOR) 5.3; 95% confidence interval (CI) 2.5 - 12.3) increased VT risk 
compared with those who were suppressed. Women who attended no antenatal care were at higher risk of VT (aOR 1.6; 95% CI 0.7 - 3.6) 
than those who did attend. EID coverage was suboptimal: a birth HIV polymerase chain reaction (PCR) test was available for 79.2% of 
infants, and a low proportion with a negative birth test had a repeat test around 10 weeks (57.9%). Data linkage identified an additional 
15  infants living with HIV who were not detected by HIV-PCR testing alone.
Conclusion. Although most women presented to care already knowing their HIV status, ART initiation was suboptimal prior to the first 
antenatal visit but improved over the course of pregnancy. The VT rate based on laboratory HIV-PCR testing alone underestimated HIV 
transmission: linked data from multiple sources suggested higher VT than programme-reported rates based on HIV-PCR testing alone.
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public health services. Routine electronic programme data entered 
in real time into healthcare administrative, pharmacy and laboratory 
information systems are consolidated in the PHDC, generating 
a longitudinal individual-level population database.[4] Using this 
resource, we defined a cohort of pregnant and postpartum women 
living with HIV (WLHIV) linked to their infants that allowed for 
assessment of exposure (maternal HIV, ART, VL) and outcome (VT 
of HIV), and likely timing of transmission.

We aimed to describe VT up to 12 months post partum and the 
associated risk factors in infants born to WLHIV who presented 
for antenatal care (ANC) or, in the absence of ANC, delivered in a 
public healthcare facility in the Khayelitsha subdistrict during 2017, 
in a setting with a well-established VTP presence and universal ART 
eligibility in pregnancy.

Methods
Using the PHDC, a cohort of WLHIV attending Khayelitsha obstetric 
services between 1 January and 31 December 2017 was defined, 
and linked mother-infant pairs were followed up until the infants 
reached 12 months of age. The cohort included women who attended 
ANC at any health facility in Khayelitsha (primary care or hospital), 
regardless of where they delivered, and those who delivered at any 
facility in Khayelitsha. Women who were diagnosed as living with 
HIV between delivery and 12 months post partum were included as 
a separate group (Fig. 1). A woman could enter the cohort at any date 
from her first electronic evidence of pregnancy up to 12 months post 
partum. This was defined as the index pregnancy period. Women and 
infants living with HIV were defined in the PHDC using multiple 
data sources including but not limited to laboratory test results, visits 
to HIV clinics, electronically captured ART start dates, and ART 
dispensing events.[4]

Prevention of VT of HIV in the WC
WHO Option B+ was implemented in the WC in 2013. This was 
superseded in 2016 by the introduction of a universal test-and-
treat policy, the provision of lifelong ART upon HIV diagnosis to 
people living with HIV, regardless of clinical or immunological 
stage.[4] In addition, the VTP guidelines recommended routine HIV 
screening for negative women at presentation to ANC and regularly 
thereafter until the end of breastfeeding.[2] From December 2015, 
EID guidelines recommended that all HIV-exposed infants receive 
an HIV polymerase chain reaction (PCR) test at birth (within 1 week 
of birth), and a repeat HIV-PCR test at 10 weeks if the first result 
was negative or inconclusive; an HIV-PCR test was also indicated 
at any point up to 10 weeks of age if the infant did not receive one 
at birth.[5] Post-exposure prophylaxis (PEP) is recommended for all 
HIV‑exposed infants, the regimen and duration differing according 
to the mother’s HIV transmission risk profile. HIV-exposed infants 
born to low-risk mothers (documented VL <1 000 copies/mL 
<12 weeks before delivery) received nevirapine (NVP) for 6 weeks, 
regardless of feeding choice. HIV-exposed infants born to high-
risk women are given NVP daily and AZT twice daily for 6 weeks, 
if the mother is not breastfeeding; breast-fed infants at high risk of 
VT receive NVP daily for at least 12 weeks and AZT twice daily for 
6 weeks (NVP only stops when the maternal VL has fallen to <1 000 
copies/mL).[5]

Data analysis
Analysis was performed using R statistical software (v 3.6.2) (R 
Foundation for Statistical Computing, Austria). Continuous variables 
were categorised according to pre-set thresholds (i.e. low birthweight 
(<2 500 g), viral suppression (VL <1 000 copies/mL), maternal age in 

10-year bands, and first/subsequent pregnancy). Categorical variables 
were described using proportions, and frequency tables were used for 
comparison.

Logistic regression analysis was used to estimate associations 
with VT. Risk factors (maternal age, number of pregnancies, ANC 
attendance, timing of ART initiation and virological suppression) 
were selected a priori. Mother-infant pairs in which the infant HIV 
status was unknown at the end of the index period, as well as pairs 
where the mother was diagnosed post partum, were excluded from 
the logistic regression analyses.

Ethical considerations
The study was approved by the University of Cape Town’s Human 
Research Ethics Committee (ref. nos HREC 817/2019 and HREC 
541/2015) and the Provincial Government of the WC Department 
of Health Research Committee. There was no recruitment process, 
as we used data collected and processed by the WC Department of 
Health as part of its service provision. As the study was based on 
anonymised routine data, a waiver of informed consent was granted.

Results
The PHDC identified 8 298 mother-infant pairs in which the mother 
had her first electronic evidence of pregnancy at a public sector 
health facility in Khayelitsha during the 2017 calendar year. In this 
group, 3 065 fetuses/infants (36.9%) were exposed to HIV during the 
index period (i.e. antenatally or up to 12 months postpartum). Of 
the WLHIV, 483 were excluded antenatally because the pregnancy 
ended in termination of pregnancy/miscarriage/stillbirth or the 
woman could not be linked to an infant (Fig. 1 and Table 1). The final 
cohort consisted of 2 576 mother-infant pairs (including multiple 
births) in which the infant’s mother was living with HIV during 
the index period. Of 2 576 infants, 41 (1.6%) had evidence of HIV 
infection, 2 286 (88.7%) had a negative HIV test result (HIV-PCR 
and/or serology) at some point over 12 months, and 249 (9.7%) had 
no electronic evidence of an HIV test result. Of these infants with an 
unknown HIV outcome, 53.8% (n=134) had no electronic evidence 
of a post-birth encounter with the health system, e.g. no evidence of 
well-baby or vaccination visits (Fig. 1). This figure represents 5.2% of 
the entire HIV-exposed cohort. The rate of antenatal VT was 1.4% 
(n=37/2 576 infants exposed to HIV antenatally). There were an 
additional 4 infants with a PHDC HIV episode where there was no 
electronic evidence of maternal HIV.

VT in the observation cohort was 45 infants (41 infants from 
mothers with an HIV episode in the PHDC and 4 infants whose 
mothers’ HIV status was unknown in the PHDC).

The median (interquartile range) age of the pregnant WLHIV 
was 30 (26 - 34) years. This was the first pregnancy recorded in the 
dataset (i.e. primigravida) in 46.9%, and most women had electronic 
evidence of ANC (81.8%), defined as first evidence of attendance at a 
healthcare facility at least 7 days before the date of delivery.

Eighty-eight percent (n=2 251) of WLHIV knew their HIV-
positive status at presentation to ANC, and 10.1% (n=257) were 
diagnosed during the index pregnancy. Seventy-eight percent 
(n=1  753) of those who knew their positive HIV status at the first 
ANC visit had started ART prior to this visit, and 94.5% (n=2 369) 
of the 2 508 women diagnosed prior to delivery started ART before 
delivery. Of the entire cohort (n=2 548), 80.6% received a VL test at 
some point during the index period (i.e. first evidence of pregnancy 
to 12 months post partum). Approximately 41% (n=922) of the 2 
251 women diagnosed prior to the first ANC visit received a VL test 
prior to the first ANC visit, and virological suppression was 92%. 
Among the 2 508 women diagnosed prior to delivery, 85.0% (n=2 
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131) received an antenatal VL test and 88.0% 
were virologically suppressed. Seventy-three 
out of 139 (52.5%) with no digitally recorded 
ART, who received a VL test antenatally, had 
a VL <1 000 copies/mL (Table 1).

There was little electronically documented 
infant mortality over the study period, with 
0.58% and 0.19% early and late neonatal 
deaths, respectively. Most infants (84.4%) 
had a normal birthweight (Table 1).

First HIV-PCR at birth
Most (79.3%) of the 2 537 in utero HIV-
exposed infants received a birth HIV-PCR 
test, of which 15 (0.7%) were positive 
(Table  2). Fifty-eight percent (n=1 156) of 
those who tested negative or indeterminate 
at birth (n=1 998) were re-tested around 10 
weeks, when 2 infants (0.2%) were positive. 
Of the 42.1% (n=842) who did not receive 
a repeat test at 10 weeks, 12.2% were tested 
beyond 10 weeks and 1 (1.0%) was positive 
(Table 2).

First HIV-PCR at 10 weeks
Five hundred and twenty-four eligible 
infants (20.7%) did not receive an HIV-PCR 

test at birth, of whom 71.2% received their 
first test around 10 weeks of age: 4 (1.1%) 
tested positive. One hundred and fifty-one 
infants with antenatal HIV exposure had no 
evidence of a laboratory-based test within 
12 months.

In the PHDC, infant HIV status was 
determined using multiple sources which 
identified an additional 15 infants living 
with HIV who would have been missed if 
evidence was limited to laboratory assays 
alone.

Risk factors for VT
The final cohort for logistic regression 
excluded infants with a missing HIV 
outcome (n=151) and those born to women 
who tested HIV positive post partum 
(n=40). Table  3 shows the results of the 
logistic regression analysis with VT outcome 
(HIV positive/negative) as the dependent 
variable. Maternal age category >34 years 
and a 10-year increase in maternal age 
both decreased the odds of VT by 20% in 
univariable analysis (odds ratio (OR) 0.8; 
95% confidence interval (CI) 1.0 - 4.0 and 
OR 0.8; 95% CI 0.3 - 2.3, respectively). 

However, this effect did not persist in the 
multivariable models (Table 3). WLHIV who 
did not attend any antenatal services but 
presented to the health facility for the first 
time for delivery had double the risk of VT 
in the univariable model (OR 2.1; 95% CI 
1.0 - 4.0), although the effect was attenuated 
after adjustment for potential confounders 
(adjusted OR (aOR) 1.6; 95% CI 0.7 - 3.6).

Women who were not virologically 
suppressed antenatally had more than five 
times higher VT risk compared with those 
who were suppressed antenatally in both 
the univariable (OR 5.5; 95% CI 2.4 - 12.6) 
and multivariable (aOR 5.3; 95% CI 2.5 
- 12.3) models, whereas women with no 
virological assessment antenatally had a six-
fold increased VT risk (aOR 6.1; 95% CI 2.7 - 
12.3). There was no evidence of an increased 
risk of VT in the small proportion of women 
with no definitive evidence of antenatal 
ART. As the dataset may overestimate the 
proportion of women who did not attend any 
ANC, we performed an analysis excluding 
this variable (model 2). This increased the 
adjusted odds of VT in women who were 
not virologically suppressed, indicating that 
non-attendance of ANC is a confounder in 
the association between VT and maternal 
viral suppression.

Discussion
We present an updated analysis of the VTP 
programme in Khayelitsha, more than 20 
years after its launch as the first such initiative 
in SA in 1999. At that time, antenatal HIV 
prevalence was between 16.0% (January 1999 
- May 2000) and 20.3% (June - December 
2000), and VT was estimated to be 20 - 30% 
without intervention[6] and 12.5% with short-
course AZT.[7] WHO Option B+ had been 
implemented in 2013 and was updated to 
include birth HIV-PCR for all HIV-exposed 
infants by 2015.[5] While antenatal maternal 
HIV prevalence had increased from 16% in 
1999 to 31.3%, this prevalence was similar 
to the national prevalence (30.7%) reported 
in the 2017 National Antenatal Sentinel 
HIV Survey report (ANSUR).[7] The VTP 
programme had matured significantly, 
reaching more women by 2017. More 
WLHIV were aware of their status (88.9%) 
before their first ANC visit, slightly higher 
than the provincial and national estimates 
(70.0% and 60.8%, respectively) reported 
in the ANSUR. Ninety-five percent of those 
diagnosed before delivery had initiated ART 
prior to delivery and most (85.0%) received a 
VL test antenatally, 88.0% being virologically 
suppressed. VTP decreased from 20 - 30% 
in 1999 to 1.8% in 2017. While not yet 
meeting the 95-95-95 UNAIDS targets for 

All mother-infant pairs in which the mother attended her �rst pregnancy-related 
visit at a public health facility in Khayelitsha in the 2017 calendar year,

n=8 298

All mother-infant pairs in which the mother 
had a PHDC HIV episode during the index 

pregnancy (i.e. on/before �rst evidence 
of pregnancy up to 12 months post partum),

n=3 065 (36.9%)

All mother-infant pairs in which the mother 
did not have a PHDC HIV episode during 

the index pregnancy (i.e. on/before �rst evidence 
of pregnancy up to 12 months post partum),

n=5 233 (63.1%)

n=483 excluded:
• Termination/miscarriage, 
 n=105
• Delivered with unknown 
 live/still status, n=207
• Stillbirth, n=52
• Liveborn, unlinked, 
 n=121

n=907 excluded: 
• Termination/miscarriage, 
 n=200
• Delivered with unknown 
 live/still status, n=418
• Stillbirth, n=85
• Liveborn, unlinked, 
 n=206

All linked mother-infant pairs in 
which the liveborn infant’s 

mother had a PHDC HIV episode 
during the index pregnancy,

n=2 576 mother-infant pairs/n=2 549 mothers

All linked mother-infant pairs in 
which the liveborn infant’s 

mother did not have a PHDC HIV episode 
during the index pregnancy,

n=4 323 mother-infant pairs/n=4 285 mothers

All HIV-exposed 
infants with a 

PHDC HIV episode 
at 12 months 
post partum,
n=41 (1.6%)

All HIV-exposed 
infants without  a 
PHDC HIV episode 

at 12 months 
post partum,

n=2 286 (88.7%)

All HIV-exposed 
infants with no
 HIV outcome 
at 12 months 
post partum,

n=249 (9.7%)

All HIV-exposed 
infants with 

no HIV outcome 
at 12 months, 

and no postpartum 
encounter,

n=134 (53.8%)

All infants with 
a PHDC episode 

at 12 months 
post partum,
n=4 (0.1%)

All infants without 
a PHDC episode 

at 12 months 
post partum,

n=4 321 (99.9%)

Fig. 1. Flow diagram summarising the cohorts and HIV outcomes. (PHDC = Western Cape Provincial 
Health Data Centre.)
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2030,[8] antenatally coverage by the VTP 
programme was high, reflecting the long 
history of engagement and activism around 
HIV in Khayelitsha.[1,3]

Antenatal ART uptake and 
effectiveness
The proportion of women on ART at 
presentation to ANC (77.9%) was slightly 
lower than the provincial and national 
estimates (81.4% and 91.1%, respectively) 
reported in the 2017 ANSUR.[7] This could be 
a result of selection bias of individuals who 
chose to participate in the survey (i.e. patients 
who attend clinic) and may have better ART-
seeking practices, or the effect of pooled 
samples where better-performing regions 
increased the overall percentage.[7] However, 
rates of ART at delivery were similar to 
the survey national estimate (98.2%).[7] The 
2017 ANSUR did not report on virological 
suppression; however, we reported both 
higher coverage and suppression rates than 
a study on maternal HIV VL testing (around 
the time of delivery) from four obstetric units 
in Gauteng Province, which reported a 34.0% 
testing coverage, and 77.5% with a VL <1 000 
copies/mL.[9]

Early infant diagnosis
The present study showed relatively good 
coverage of birth HIV-PCR testing (79.3%), 
but poor uptake of the repeat test around 
10 weeks of age. The birth HIV-PCR coverage 
was lower than the provincial estimates for 
the WC reported by the National Health 
Laboratory Service (NHLS) between April 
2016 to March 2017 (87.9%) using laboratory 
data only.[10] This difference could be attributed 
to de-duplication and disaggregation of HIV-
PCR data by the PHDC, compared with 
duplicated and aggregated NHLS data,[11] 
which allowed for better ascertainment of 
the timing of HIV-PCR uptake and prevented 
double-counting in our cohort. Overall 
coverage of any HIV-PCR by 10 weeks was 
92.7%, similar to that reported by Kalk 
et  al.[12] in nearby Mitchell’s Plain and to 
the 93% national EID coverage reported by 
Moyo et  al.[13] in their review of the 2015 
routine HIV birth testing in the South African 
National Consolidated Guidelines.

VT of HIV
VT at 12 months post partum was 1.8%, 
which is similar to the 1.6% reported in 
the ‘Closing the gaps’ study conducted at 
Khayelitsha’s site B community health centre 
in 2014.[14] The slightly higher rates in the 
present study may reflect our use of the 
multiple linked data sources used to identify 
infants and WLHIV, i.e. limiting evidence of 

Table 1. Baseline characteristics of mother-infant pairs in the final cohort
Variable n (%)
Maternal age (years) (n=2 548)  

<25 462 (18.1)
25 - 34 1 506 (59.1)
>34 580 (22.8)

Delivery method (n=2 548)  
Vaginal or assisted 1 797 (70.5)
Caesarean section 751 (29.5)

First pregnancy (n=2 548)  
Yes 1 195 (46.9)
No 1 353 (53.1)

Evidence of ANC (n=2 548)  
Attended ANC 2 084 (81.8)
Did not attend ANC 464 (18.2)

Mother HIV status (n=2 548)  
Positive prior to index pregnancy 2 251 (88.3)
Positive during index pregnancy 257 (10.1)
Positive after pregnancy outcome within 12 months post partum 40 (1.6)

Mother ART experience 
Positive prior to antenatal care (n=2 251)

Started ART prior to antenatal care 1 753 (77.9)
Started ART during pregnancy 498 (22.1)

Positive prior to end of index pregnancy (n=2 548)
Started ART before pregnancy 1 753 (68.8)
Started ART during pregnancy 566 (22.2)
Started ART post partum up to 12 months 69 (2.7)
No ART during observation period 160 (6.3)

ART experience and VL for WLHIV diagnosed before birth (n=2 508)
Positive antenatally, no evidence of ART antenatally 139 (5.5)

No recorded ART, no virological assessment 60 (43.2)
No recorded ART, VL <1 000 copies/mL 73 (52.5)
No recorded ART, VL ≥1 000 copies/mL 6 (4.3)

Positive antenatally, evidence of ART antenatally 2 369 (94.5)
ART recorded, no virological assessment antenatally 316 (12.6)
ART recorded, virologically suppressed antenatally (n=2 053) 1 806 (88.0)
ART recorded, virologically not suppressed antenatally (n=2 053) 247 (12.0)

Infant vital status (n=2 576)  
Early and late neonatal death 20 (0.8)
Alive at 12 months 2 556 (99.2)

Infant low birthweight (<2 500 g) (n=2 576)  
ELBW (<1 000 g) 13 (0.5)
VLBW (1 000.001 - 1 500 g) 39 (1.5)
LBW (1 500.001 - 2 500 g) 324 (12.6)
NW (>2 500 g) 2 200 (85.4)

Infant received PCR test <12 months of age (n=2 576)  
Yes 2 543 (98.7)
No 33 (1.3)

Infant HIV status at 12 months (n=2 576)  
Positive (entire cohort) 41 (1.6)

Positive (excluding infants with missing outcomes), denominator = 2 327 41 (1.8)
Positive (mother diagnosed prior to antenatal care), denominator = 2 273 31 (1.4)
Positive (mother diagnosed antenatally), denominator = 263 6 (2.3)
Positive (mother diagnosed postnatally), denominator = 40 4 (10.0)

Negative 2 286 (88.7)
Unknown (missing outcome) 249 (9.7)

ANC = antenatal care; ART = antiretroviral therapy; WLHIV = women living with HIV; VL = viral load;  
ELBW = extremely low birthweight, VLBW = very low birthweight, LBW = low birthweight; NW = normal weight;  
PCR = polymerase chain reaction.
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HIV to laboratory parameters alone underestimated the rate of VT. 
Dependence on laboratory tests alone (HIV-PCR) would have missed 
an additional 15 infants living with HIV (who were identified by 
ART initiation in an HIV register, VL testing, and HIV rapid assays). 
In addition, we included WLHIV who were diagnosed antenatally 
and up to 12 months post partum (which includes 6  infants whose 
mothers were first identified during pregnancy and 4 infants born to 
women with no evidence of HIV before the infant’s diagnosis).

We included diagnoses of 4 infants whose mothers were not 
identified as HIV positive by the PHDC (i.e. no maternal HIV 
episode) during the index period, suggestive of postpartum 
seroconversion or missed antenatal testing.[15] Results from 
mathematical modelling developed to simulate changes in VT 
over time in SA suggest that mothers who seroconvert during 
pregnancy and breastfeeding contribute substantially to VT. Model 
simulations suggest that postnatal transmission contributes to VT 
more than perinatal transmission, and the significance of VT from 
maternal seroconversion is therefore likely to depend on duration of 
breastfeeding.[15]

Consistent with the literature,[16] virological suppression had the 
biggest impact on VT. Compared with WLHIV who were virally 
suppressed antenatally, women who were not suppressed antenatally 
and those with no virological assessment had a five- and six-fold 
increase in VT risk, respectively. The increased risk indicates missed 
opportunities to optimise HIV treatment antenatally.

Study strengths and limitations
The consolidated data environment in the WC (PHDC) enabled 
high levels of ascertainment of exposures and outcomes. Previous 
assessments of the VTP programme often relied solely on laboratory 
data[10,17] and acknowledged difficulties in linking infants with 
maternal exposures, and in the de-duplication of results.[11] Within 
the PHDC, we were able to use additional data sources to identify 
infants living with HIV.[6] The cohort has the advantage over previous 
studies that maternal exposures (such as the timing of HIV diagnosis 
and ART initiation, as well as maternal VL test outcomes) could be 
linked to the infant’s outcome.

One limitation, however, is that we were limited to electronically 
captured data by the various source information systems. We 
therefore had no control over the quality of data entered and could 
not account for missing data (i.e. missing electronic laboratory tests 
and/or electronic drug dispensing events, or missing or incorrect 
linkage of mother-infant pairs). However, missingness of infant HIV 
outcome data was very low. We also lacked information on women 
and infants who ‘drop out’ of the WC population and receive care 
in other provinces in SA (134 of the infants lost to follow-up (5.2% 
of the HIV-exposed cohort) had no electronic evidence of post-
birth encounters with the health system). Infants living with HIV, 
particularly those not initiated on ART, have relatively high mortality 
and are more likely to migrate out of the province.[18] Missing data on 
ANC attendance undermined our ability to fully assess the impact 

Table 2. Early infant diagnosis coverage and outcomes among infants exposed to HIV antenatally

 
First test at birth,  
n (%)

Repeat test at 10 weeks,  
n (%)

Repeat test beyond 10 weeks,  
n (%)

First test at 10 weeks,  
n (%)

Total eligible 2 537 1 998 842 524
Total tested 2 013 (79.3) 1 156 (57.9) 103 (12.2) 373 (71.2)
Positive 15 (0.7) 2 (0.2) 1 (1.0) 4 (1.1)
Negative 1 995 (99.1) 1 150 (99.5) 102 (99.0) 368 (98.7)
Indeterminate 3 (0.2) 4 (0.3) 0 1 (0.3)
Not tested 524 (20.7) 842 (42.1) 739 (87.8) 151 (28.8)

Table 3. Logistic regression results showing unadjusted and adjusted ORs for maternal vertical transmission risk factors among 
antenatally HIV-exposed infants
Covariate Unadjusted OR (95% CI) Model 1: Adjusted OR (95% CI) Model 2: Adjusted OR (95%CI)
Mother age category (years)

<25 Ref Ref Ref
25 - 34 1.0 (0.4 - 2.5) 1.3 (0.6 - 3.4) 1.3 (0.6 - 3.4)
>34 0.8 (0.3 - 2.3) 1.1 (0.3 - 3.2) 1.1 (0.4 - 3.4)

Previous pregnancies documented
Yes Ref Ref Ref
No 1.3 (0.7 - 2.6) 1.2 (0.6 - 2.5) 1.2 (0.6 - 2.5)

Delivery method Not included in model Not included in model
Vaginal delivery Ref
Caesarean section 0.5 (0.2 - 1.1)

Attended antenatal care Not included in model
Yes Ref Ref
No 2.1 (1.0 - 4.0) 1.6 (0.7 - 3.6)

VL suppression
Virologically suppressed antenatally Ref Ref Ref
�Virologically not suppressed 
antenatally

 5.5 (2.4 - 12.6) 5.3 (2.5 - 12.3) 7.2 (3.1 - 16.9)

No virological assessment antenatally  7.2 (3.3 - 15.9) 6.1 (2.7 - 14.2) 7.4 (3.3 - 16.8)
ART not started antenatally 0.6 (0.3 - 1.3) 0.5 (0.3 - 1.3) 1.6 (0.1 - 8.4)

OR = odds ratio; CI = confidence interval; VL = viral load.
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of this confounder on the association between VT and maternal 
antenatal VL.

In addition, the PHDC consolidates data from the public sector 
only; ~25% of the WC population are members of private sector 
medical schemes,[19] so these results are only representative of 
WLHIV who access the public sector health facilities, approximately 
two-thirds of the population in the WC.

Data on infant PEP and breastfeeding are poorly documented 
electronically and we were unable to determine adherence to and the 
impact of infant PEP on VT, and in particular the risks associated 
with breastfeeding. Similarly, gestational age data are not robust and 
were not included. Postpartum transmission was not possible to 
determine as a proportion, as not all women who were HIV negative 
antenatally were assessed for HIV postnatally, those with positive 
children being more likely to be tested.

Conclusion
We present an updated analysis using routine programme data 
of the implementation and outcomes of the WC VTP guidelines 
in Khayelitsha, an area with high antenatal HIV prevalence and a 
history of promotion of and engagement with HIV care. While the 
VTP uptake indicators remained below the UNAIDS 95-95-95 targets 
in 2017, there is evidence of an established HIV care programme 
effective for the majority of pregnant WLHIV, and VT has fallen 
dramatically since the first interventions in 1999. However, there 
remains a vulnerable group of women who are not supported by the 
VTP programme and may require more targeted interventions. VTP 
assessed through aggregate data from VTP registers, or solely from 
centralised laboratory data, may be under-estimated in the absence 
of unique identifiers and availability of other clinical data sources.
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