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Abstract
Introduction: To strengthen the early infant diagnosis (EID) programmes and timeously identify and treat HIV-infected infants,
birth HIV-PCR for some/all infants has been recommended in the Western Cape, South Africa since 2014. Operational data
on the implementation of such programmes in low- and middle-income countries are limited.
Methods: Utilizing the electronic records platform at primary care facilities, we developed an electronic register which consol-
idated obstetric and HIV-related data, allowing us to track a cohort of HIV-infected/exposed mother/infant dyads longitudinally
from antenatal care through delivery to infant HIV-PCR. We assessed guideline implementation and impact on EID of three
sequential EID policies in a referral chain of facilities in Cape Town (primary-tertiary care). Birth HIV-PCR was indicated in
period 1 if symptomatic; period 2 if meeting high-risk criteria for transmission; and period 3 for all HIV-exposed neonates.
Results: We enrolled 2012 HIV-exposed infants; 89.2% had at least one HIV-PCR at any point. The majority of birth tests
were performed in hospital versus primary care regardless of policy period. Almost half of all infants (47.9%) had at least one
high-risk criterion for vertical infection; of these, 39.7% had a birth test. Infants with more risk factors were more likely to
have birth EID. Receipt of a birth HIV-PCR significantly reduced the likelihood of receiving a follow-up test at six to ten weeks,
even after adjusting for potential confounders (aOR 0.18 (0.12 to 0.26)). The proportion of infants tested at six to ten weeks
old dropped from 92.9% (period 1) to 80.2% in period 3 and those receiving birth HIV-PCR increased, peaking at 67.4% dur-
ing period 3. The proportion of positive birth tests was highest (2.9%) when birth tests were restricted to infants meeting
high-risk criteria, with a low proportion positive for the first time at six to ten weeks. During period 3, the proportion positive
at six to ten weeks was high (2.4%), highlighting the importance of follow-up to detect intrapartum and early postpartum
infections.
Conclusions: Over all policy periods, EID guidelines were incompletely implemented across all levels of care but especially in
primary care. Birth HIV-PCR reduced return for follow-up testing, such follow-up testing is critical for the effectiveness of the
programme.
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1 | INTRODUCTION

The introduction of birth HIV-PCR for HIV-exposed infants as
part of early infant diagnosis (EID) has been promoted as a
means of maximizing the effectiveness of EID programmes by
increasing testing coverage, and identifying in utero HIV-
infected neonates allowing early initiation of antiretroviral
therapy (ART) [1]. The World Health Organization (WHO)
included a conditional recommendation in the 2015 vertical
transmission of HIV prevention (VTP) guidelines for a diagnos-
tic nucleic acid test around birth (zero to two days), in addi-
tion to routine HIV testing at four to six weeks, either for all

HIV-exposed infants or for those determined to be at high
risk of vertical infection (targeted birth testing) [2].
It has been suggested that birth HIV-PCR will address some

of the challenges associated with achieving high coverage of
EID at the four- to six-week testing time-point which result in
EID gaps in many programmes in low- and middle-income
countries (LMIC). In 2015 operational delays, with attrition at
all points along the EID continuum, resulted in only an esti-
mated 51% of HIV-exposed infants receiving an HIV-PCR
before two months old in the WHO 21 priority countries [3].
Even fewer initiated ART [4]. Models suggest that the addition
of birth HIV-PCR to testing algorithms would increase the
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number of infants diagnosed with HIV and therefore life-years
saved [5,6].
Since birth HIV-PCR cannot detect infections due to intra-

partum and postnatal transmission, a subsequent early HIV
test is still required (e.g. at six to ten weeks). Indeed, models
suggest that the clinical and financial benefits of adding birth
HIV-PCR may be eliminated if loss to follow-up (LTFU) at sub-
sequent testing times exceeds 37% [5]. Given the cost implica-
tions of additional nucleic acid assays and the often poor
implementation of current EID guidelines, there is debate as
to the optimal number, and timing, of diagnostic tests [7,8].
This has prompted calls for operational data to evaluate birth
HIV testing in routine settings in LMIC [7].
In 2015, the South African (SA) Department of Health

introduced birth HIV-PCR for all HIV-exposed infants, with a
second test at ten weeks old, becoming the first national pro-
gramme to do so in sub-Saharan Africa [9]. In the Western
Cape Province targeted birth testing had been policy since
August 2014.
We aimed to examine the uptake of infant HIV testing

under three different EID policies in a referral chain of facili-
ties in Cape Town (from primary care to district, secondary,
and tertiary level hospitals) using prospective, longitudinally
collected individual patient data. We assessed adherence to
provincial EID guidelines, the yield of HIV-PCR at birth at the
sites, and the impact on presentation for follow-up testing.

2 | METHODS

This study formed part of an implementation science project
aimed at assessing VTP coverage and effectiveness with an
active surveillance system in the form of an electronic register
(e-register). Using the digitized medical record platform in pri-
mary care facilities, the e-register prospectively consolidated
routinely collected clinical data from paper-based obstetric
and HIV registers. HIV-associated laboratory results and ART
prescriptions for each participant were integrated.

2.1 | Setting and participants

We included routinely collected data from birth onwards of HIV-
exposed live infants of women entered in the e-register. The
women had attended antenatal care (ANC) and/or delivered at
Mitchell’s Plain Midwife Obstetric Unit (MPMOU), an urban pri-
mary care facility and its referral centres in Cape Town, SA.
Between February 2014 and December 2015, all women pre-
senting to MPMOU for ANC with an expected or actual delivery
date before June 2016, regardless of HIV status, were enrolled.
Women who presented for the first time in labour (i.e. received
no ANC) were enrolled until June 2016. Deliveries were followed
through December 2016 and HIV-PCR results collected until
June 2017 for all participants. Uncomplicated vaginal deliveries
were managed by midwives at MPMOU. Approximately half of all
women were referred to hospital during pregnancy or intra-
partum. MPMOU referred to a District Hospital (with operating
theatres), a Level 2 Maternity Hospital (neonatal Intensive Care
Unit (ICU)), and a tertiary hospital (adult and neonatal ICU), based
on standardized criteria.
WHO Option B+ was the VTP policy in place over the study

period [10-12]. Women of negative/unknown HIV status were

offered HIV testing (rapid assay) at their first antenatal visit,
during the third trimester, and during labour/immediately
postpartum. HIV-infected women initiated life-long ART. HIV-
exposed infants received six to twelve weeks of daily nevirap-
ine (NVP) depending on whether the mother had received
≥8 weeks of ART before delivery or not. In 2015, these guide-
lines were amended so that neonates at low risk of vertical
transmission received six weeks of NVP; for high-risk infants
NVP was extended to twelve weeks with zidovudine added
for the first six weeks [10].

2.2 | EID testing periods

The Western Cape EID guidelines changed twice during the
course of the study, leading to three EID policy periods [10-
12]. During period 1 (May 2013-July 2014), birth HIV-PCR
was offered where there was clinical suspicion of HIV infec-
tion, in addition to the routine six-week test [11]. During
period 2 (August 2014-November 2015), additional birth HIV-
PCR was indicated in the presence of defined high-risk criteria
for vertical transmission; the six-week test remained routine
(Table 1)[12]. During period 3 (from December 2015) birth
HIV-PCR was indicated for all HIV-exposed infants regardless
of transmission risk, with an additional test at ten weeks old
in place of six weeks [10].

2.3 | Procedures and measurements

The e-register provided a single longitudinal record for each
mother-infant dyad and included HIV testing and ART history
from first antenatal visit through to infant HIV-PCR. A woman
was considered to seroconvert during pregnancy if she tested
positive for HIV after an initial negative antenatal result.
Results of maternal viral load testing performed during preg-
nancy or within two weeks of delivery were included. No
study-related investigations were included in the analyses; all
test results in the e-register are from those conducted rou-
tinely by health care staff. Infant HIV-PCR were deemed “birth
tests” if they occurred within seven days of birth and as “six-
to ten-week tests” if they occurred between four and fourteen
weeks old. This window included the follow-up testing time-
points across all policy periods. A positive birth HIV-PCR indi-
cated in utero infection. Intrapartum transmission was defined
as a negative HIV-PCR at birth but subsequently positive in
the absence of breast-feeding. Postpartum infection was
defined as HIV-PCR negative at birth and six to ten weeks old

Table 1. High-risk criteria for vertical transmission of HIV[12]

Maternal factors Infant factors

Diagnosed with HIV after

28 weeks of gestation

Born before 37 completed

weeks of gestation

HIV seroconversion during pregnancy Birthweight below 2500 g

Less than 12 weeks of

ART before delivery

Plasma viral load greater

than 1000 copies/mL
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but subsequently positive in the presence of breast-feeding
[4].

2.4 | Linking maternal and infant data

According to standard procedures at MPMOU, key delivery
elements were entered by midwives onto a digitized medical
records system generating an infant identifier which linked
the mother-infant pair. A linked infant folder number was simi-
larly generated at the hospitals. This linkage was distinct from
the e-register. The sample was limited to those mother-infant
pairs that could be linked (96.6% live-born HIV-exposed
infants in the cohort).

2.5 | Analysis

Analysis was performed using STATA v.15.0 (Stata Corporation,
College Station, TX, USA). Continuous variables were summa-
rized using means and confidence intervals (CI) or medians and
interquartile ranges (IQR) for normally and non-normally dis-
tributed variables respectively. Categorical variables were
described using proportions, and frequency tables used for
comparison. Significance was tested using a two-sample t-test
or Wilcoxon rank-sum test depending on the distribution for
numerical data and the v2 test or Fishers Exact test for categor-
ical data. The predictors of follow-up HIV-PCR were assessed
using logistic regression. Multivariate models were fitted includ-
ing known or suspected risk factors for the primary outcomes.

2.6 | Ethics

The study was approved by the University of Cape Town
Human Research Ethics Committee and the Provincial

Government of the Western Cape Department of Health
Research Committee.
A waiver of consent was granted for the e-register since

the data were collected as part of routine care by the health
services and entered on the provincial medical records plat-
form falling within formal protection policies. Assessments of
guideline implementation were presented to facilities during
the course of the study to reduce missed opportunities for
infant testing.

3 | RESULTS

We included 2012 HIV-exposed infants, 272 (13.5%) born in
period 1, 1391 (69.1%) in period 2, and 349 (17.4%) in period
3. The proportion of infants receiving a birth HIV-PCR
increased over the study period with rapid increases following
guideline changes (Figure 1). Median age at birth HIV-PCR
was zero days (IQR 0 to 1.4).

3.1 | Risk factors

Over the study period, 47.9% of mother-infant pairs had at
least one risk factor for vertical HIV transmission (Table 2).
Viral load was available for 1346 women (66.9%) and was
>1000 copies/mL in 201 (14.9%). The number of risk factors
per infant remained stable over time but the proportion of
infants whose mothers were diagnosed with HIV during preg-
nancy (including seroconversion) decreased from 3.7% in per-
iod 1 to 1.4% in period 3. Similarly, the proportion of women
who received <12 weeks of ART prior to delivery dropped:
28.3% in period 1, 21.5% in period 2 and 12.6% in period 3.
Time on ART prior to delivery increased from a median of
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Figure 1. The number of HIV-exposed infants and the percentage receiving birth HIV-PCR during the three policy periods.
Change in EID policy is indicated by the black arrows. Generation of infant numbers at MPMOU was poor at the start of period 1, affecting link-
age of infants and their mothers. Some exposed neonates were therefore not included. Few infants were born to enrolled women after March
2016 (antenatal recruitment having ceased in December 2015).
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20.1 weeks (IQR 10.6 to 39.9) to 21.1 weeks (12.1 to 85.7)
and 25.3 weeks (12.6 to 88.9), in periods 1 to 3 respectively.
By mid-2016, over 40% of HIV-infected women had conceived
on ART. The percentage of infants born <37 weeks of gesta-
tion or with birthweight <2500 g remained stable over peri-
ods 2 and 3 (6.7% and 5.2%, and 14.1% and 12.3%
respectively) but was lower in period 1 (1.5% and 7.0%).
The proportion of infants receiving a birth HIV-PCR

increased from 11.8% in period 1, to 34.5% in period 2 and
67.4% in period 3. Over the study period, 39.7% of neonates
with one or more high-risk criterion received birth EID. The
association between having a high-risk criterion and receiving
a birth test was strongest in period 2.

3.2 | Facility of birth

The majority of the infants (41.7%) were born at MPMOU
with the numbers dropping as the level of care increased
(Table 3). At all sites, the proportion of HIV-exposed infants
receiving birth HIV-PCR increased with the guideline changes.
Most of the birth tests were performed in hospital and not at
the primary care site, even in period 3 where coverage of
birth testing at the primary care site was only 35%.

3.3 | Timing of HIV-PCR and follow-up testing

Most (89.2%; 95% CI 87.7% to 90.5%) HIV-exposed infants
had at least one HIV-PCR, 88.1% (95% CI 87.0 to 90.0) at six
to ten weeks (Table 4). This dropped from 93.2% (95% CI
89.3 to 96.1) of infants having HIV-PCRs at six weeks in per-
iod 1 to 80.2% (95% CI 75.3 to 84.5) in period 3. No HIV-
PCR result could be found for 218 (10.8%) infants; death was
confirmed in three. Among 656 infants who tested HIV-PCR
negative at birth, 526 had a follow-up HIV-PCR per guideline
recommendations (80.2%).

3.4 | HIV transmission

HIV transmission in all infants for whom an HIV-PCR result
was available was 1.8% (32/1794). This included in utero, intra-
partum and postpartum infections (Table 4). The median age
at HIV diagnosis was 6.4 weeks. The in utero transmission rate
(i.e. proportion of infants with birth tests in whom HIV infec-
tion was detectable at birth) was 3.6% in period 1 (n = 1) and

2.3% in period 2. There were no positive birth HIV-PCR
results in period 3. Overall, 34.4% of all HIV infections were
identified at birth – the proportion being highest in period 2
(40%). In period 3 100% of HIV infections were detected at
six weeks or later.
Of all birth HIV-PCRs (n = 667), 11 (1.7%) were positive,

654 (98.0%) were negative, and two were indeterminate
(0.3%). Both of these infants subsequently tested negative at
6.1 and eight weeks respectively. Eleven (0.7%) infants were
identified as HIV infected at the six- to ten-week time-point,
1553 (98.4%) tested negative and 15 (0.9%) indeterminate.
Of the latter, all but one for whom no further results were
found were negative on later testing. Five of the 11 infants
first identified as HIV-infected at six to ten weeks had had a
negative birth HIV-PCR indicating intrapartum or early post-
natal transmission.
Seven of 450 infants (negative/unknown status) who had

HIV-PCR after 14 weeks old were HIV-infected giving a trans-
mission rate of 1.6% at this time-point (median age at diagno-
sis 51.2 weeks (IQR 32.0 to 64.1)). Two infants had negative
birth and six- to ten-week HIV-PCR results, four had negative
six- to ten-week results (no birth test) and the remaining
infant was testing for the first time after fourteen weeks old.

3.5 | Predictors of six-week HIV-PCR testing

Maternal characteristics associated with transmission risk
(Tables 1 and 5) were also associated with not receiving a six-
to ten-week HIV-PCR in both univariable and multivariable
analyses. Infants who received EID at birth were 82% less
likely to receive a follow-up HIV-PCR than those who did not,
after adjusting for policy period, low birthweight and prematu-
rity, and maternal characteristics associated with not undergo-
ing a six- to ten-week HIV-PCR (aOR 0.18 (95% CI 0.12 to
0.26))(Table 5).

4 | DISCUSSION

To the best of our knowledge this is the first study using lon-
gitudinal data to demonstrate the real-world implementation
of the progressive introduction of birth HIV-PCR to an EID
programme in a routine setting. The majority of infants (89%)
received at least one HIV-PCR, most around six weeks old. As

Table 3. The proportion of infants with birth HIV-PCR born in each facility per policy period

Facility

Total n = 2012 Period 1 n = 272 Period 2 n = 1391 Period 3 n = 349

Total n (%) Birth n (%)a Total n (%) Birth n (%)a Total n (%) Birth n (%)a Total n (%) Birth n (%)a

MPMOU 838 (41.7) 150 (17.9) 126 (46.3) 6 (4.8) 548 (39.4) 87 (15.9) 164 (47.0) 57 (34.8)

MPDH (level 1) 710 (35.3) 301 (42.4) 83 (30.5) 1 (1.2) 520 (37.8) 207 (39.8) 107 (30.7) 93 (86.9)

MMH (level 2) 343 (17.1) 141 (41.1) 59 (21.7) 20 (33.9) 235 (16.9) 82 (34.9) 49 (14.0) 39 (79.6)

GSH (level 3) 98 (4.9) 61 (62.2) 3 (1.1) 1 (33.3) 75 (5.4) 46 (61.3) 20 (5.7) 14 (70)

Other 23 (1.1) 14 (60.9) 1 0 13 (0.9) 6 (46.4) 9 (2.6) 8 (88.9)

All facilities 2012 667 (33.2) 272 (13.5) 28 (10.3) 1391 (69.1) 428 (30.8) 349 (17.4) 211 (60.5)

GSH, Groote Schuur Hospital (level 3); MPMOU, Mitchell’s Plain Midwife Obstetric Unit; MPDH, Mitchell’s Plain District Hospital (level 1); MMH,
Mowbray Maternity Hospital (level 2); Other, MOUs and hospitals in the Western Cape outside the study facilities. aThe proportion of infants
born at each facility who received birth HIV-PCR.
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the indications for birth HIV-PCR expanded, the proportion
receiving birth EID and more than one test increased and the
median age at testing decreased, but there was no change in
the proportion of infants receiving at least one HIV-PCR, indi-
cating that further improvement in EID uptake is needed. In
addition, receipt of birth HIV-PCR significantly reduced fol-
low-up testing. While coverage of birth HIV-PCR during per-
iod 3 (indicated in all HIV-exposed infants) was high overall
(67%), it was considerably lower at the primary care facility
(~35%) where >40% of deliveries occurred in this cohort
(Table 3). This suggests that even in a relatively well-

resourced setting like the Western Cape, implementation of
birth EID guidelines is challenging in primary care, the setting
where most facility-based deliveries are likely to occur in sub-
Saharan Africa.
Data presented in a review of the first year of the SA

National EID Programme demonstrated an increase in birth
EID coverage from 39% (high-risk) to 93% within 12 months
of the national guideline change to universal birth testing with
a corresponding drop in six-week testing (to 19%); the
increase in ten-week tests was modest [13]. In our study, the
majority of all birth testing occurred in infants born in hospi-
tal. During the first two policy periods, this could be expected
owing to the definition of certain high-risk criteria (prematu-
rity, low birthweight). This is reflected in an analysis of Wes-
tern Cape laboratory data in which, while the number of
facilities offering birth EID increased during period 2 (high-
risk indication), the majority of tests continued to be
performed in hospitals: 67% versus 33% sent from primary
care [14]. The national programme data [13] were not strati-
fied by level of care and there are still limited data on how
the EID recommendations are implemented in primary care
facilities and in rural areas across SA.

4.1 | Risk factors for vertical transmission

Almost half of all infants presented with at least one high-risk
factor for vertical transmission, yet only 30.8% received birth
HIV-PCR during period 2, the majority of those being prema-
ture and low birthweight infants (i.e. likely to be born in hospi-
tal). Although the likelihood of receiving a birth test increased
with increasing number of risk factors, many high-risk infants
were missed. In a recently published EID study in Botswana,
16% of the cohort presented with maternal high-risk criteria
and all in utero transmission could be ascribed to receipt of
<8 weeks of antenatal ART or known lack of viral suppression
[15].

Table 4. Timing of HIV-PCR by policy period and HIV transmission

Total n = 2012 Period 1 n = 272 Period 2 n = 1391 Period 3 n = 349

At least one HIV-PCR n (%; 95% CI) 1794 (89.2; 87.7 to 90.5) 238 (87.5; 83.0 to 91.2) 1242 (89.3; 87.5 to 90.9) 313 (89.7; 86.0 to 92.7)

Single HIV-PCR onlya n (%; 95% CI) 1149 (64.0; 61.8 to 66.3) 182 (76.5; 70.6 to 81.7) 829 (66.7; 64.0 to 69.4) 138 (44.1; 38.5 to 49.8)

Age at first PCR, weeks median (IQR) 6.0 (0.1 to 6.6) 6.3 (6.0 to 6.9) 6.1 (0.1 to 6.6) 0.1 (0 to 6.1)

Birth HIV-PCR present n (%;95% CI) 667 (37.2; 34.9 to 39.5) 28 (11.8;0.1 to 16.6) 428 (34.5;31.8 to 37.2) 211 (67.4;61.9 to 72.8)

Six to ten weeks HIV-PCR

presenta n (%; 95% CI)

1578 (88.6;87 to 90) 221 (93.2;89.3 to 96.1) 1106 (89.8;88 to 91.5) 251 (80.2;75.3 to 84.5)

Follow-up HIV-PCR ever

after birth testa n (%)

526 (78.8; 75.6 to 81.9) 21 (75;55.1 to 89.3) 337 (78.7;74.6 to 82.5) 168 (79.6; 73.5 to 84.8)

Age F/U HIV-PCRa, weeks

median (IQR)

6.5 (6.1 to 8.3) 6.3 (6.1 to 6.6) 6.4 (6.0 to 7.1) 8.6 (6.4 to 10.7)

HIV-PCR positive ever n(%; 95% CI) 32 (1.8; 1.2 to 2.5) 1 (0.4;0.01 to 2.3) 25 (2.0; 1.3 to 3.0) 6 (1.9; 0.7 to 4.1)

Overall transmission rate 1.8 0.4 2.0 1.9

In utero transmission rate (95% CI) 1.7 (0.8 to 2.9) 3.6 (0.1 to 19) 2.3 (1.1 to 4.3) 0

Transmission rate at six to

ten weeksa (95% CI)

0.6 (0.3 to 1.0) 0 0.5 (0.1 to 1.1) 2.3 (0.9 to 5.1)

Median (IQR) age HIV-PCR

positive, weeks

6.4 (0.4 to 40) 0.1 6.0 (0.1 to 40.1) 6.8 (6.4 to 12)

aDenominator excludes those with positive birth HIV-PCR.

Table 5. Univariate and Multivariate analysis of predictors of

having a follow-up HIV-PCR as per guidelines (i.e. 4 to 14

weeks old)

Six to ten week PCR done ever

Crude OR (95% CI) AOR (95% CI)

Maternal age >35 years 1.47 (0.99 to 2.16) 1.32 (0.84 to 2.10)

HIV diagnosis during

pregnancy

0.71 (0.41 to 1.21) 1.10 (0.56 to 2.15)

Antenatal care – none 0.24 (0.15 to 0. 39) 0.25 (0.15 to 0.42)

Seroconversion during

pregnancy

0.24 (0.11 to 0.52) 0.33 (0.13 to 0.88)

Duration of art ART<12w 0.45 (0.33 to 0.61) 0.61 (0.42 to 0.88)

Viral load>1000 copies/mL 0.51 (0.34 to 0.76) 0.68 (0.43 to 1.10)

Gestational age <37 weeks 0.56 (0.33 to 0.95) 1.12 (0.59 to 2.11)

Birthweight<2500 g 0.48 (0.33 to 0.69) 0.91 (0.56 to 1.47)

EID period 2 (vs. period 1) 0.63 (0.37 to 1.10) 0.92 (0.48 to 1.75)

EID period 3 (vs. period 1) 0.31 (0.18 to 0.55) 0.61 (0.30 to 1.47)

Birth HIV-PCR present 0.15 (0.11 to 0.20) 0.18 (0.12 to 0.26)

ART, antiretroviral therapy; EID, early infant diagnosis.
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Nevertheless, our data demonstrate the maturation of the
HIV treatment programme in Cape Town and some progress
towards addressing vertical transmission risk factors: over
28 months an increasing number of women entered ANC
known to be HIV-infected, had conceived on ART and were
on ART for longer durations before delivery.

4.2 | HIV transmission and follow-up testing

The number of HIV-infected infants in the cohort was low
(n = 32) so data need to be interpreted with caution. Overall
vertical HIV transmission rate was 1.6%. This compares with
a national rate of 1.4% at six weeks in 2016 down from
2.4% in 2012 [16,17]. In utero transmission was 1.7% on
average, highest during periods 1 (3.6%) and 2 (2.3%) when
a sample of high-risk infants was selected. A hospital-based
retrospective cohort study in Cape Town found a similar in
utero transmission rate of 3.8% [18], and the Botswana
cohort 3.3% [15] both under programmes of targeted birth
EID. When the sample of exposed infants tested at birth is
expanded to include those at low risk of infection, a reduced
transmission rate would be expected. The average in utero
transmission rate during the first year of the SA national
birth EID programme was 1.1%; when stratified by province
it was 2.6% in the Western Cape but the interval overlapped
both period 2 and period 3 suggesting that the sample may
have been biased towards high-risk infants and is closer to
that in period 2 [13]. The discrepancy may also be due to
the maternal HIV prevalence in our study sample (14.7% at
delivery) versus 18.9% for the whole province [19]. In a
Johannesburg hospital sample in utero transmission rate was
1.4% during period 3 [20].
The detection rate between birth and six to ten weeks was

lower than at birth (1%) except in period 3; this compares with
rates of 0.4 to 0.5% in a hospital cohort during the same period
of targeted birth testing [18]. During period 3 there were no
positive birth HIV-PCR results and the detection rate between
birth and six to ten weeks was 2.4% (vs. national rates of 1.4%
at six weeks [13].) Almost half of these infants had a negative
birth test indicating late intrapartum or early postnatal trans-
mission and reinforcing the necessity of follow-up testing.
Our study provides additional evidence that receipt of birth

HIV-PCR decreased the presentation for follow-up testing
[13,14,18]. Receipt of birth EID reduced the likelihood of sub-
sequent HIV testing after six weeks by 82%, even when con-
trolling for other risk factors. This concurs with a
retrospective analysis of a Cape Town hospital sample in
which infants who had birth HIV-PCR were 40% less likely to
present for follow-up testing [18]; when follow-up did occur in
the birth cohort it was at older ages than among those with-
out birth EID (8.6 vs. 7.1 weeks). We found that age at subse-
quent HIV-PCR was greatest during the period of maximum
birth testing, that is, 8.6 weeks in period 3; appropriate as the
time-point for testing had shifted from six to ten weeks. In a
sensitivity analysis to assess the influence of birth EID on the
likelihood of ever having a repeat HIV-PCR after four weeks
old (i.e. not restricted to the six- to ten-week window), the
direction of the associations remained unchanged. These find-
ings are concerning given that the modelling data that sup-
ported the introduction of birth EID in SA demonstrated a
loss of effectiveness if return for follow-up testing dropped

below 63% [5]. In addition, at least 11 HIV-infected infants in
this cohort (35.5%) were late intrapartum or postnatally
infected, emphasising the need for testing after the birth
time-point.
It has been suggested that receipt of a negative HIV-PCR

result at birth may provide false assurance to carers who then
feel additional testing is not required [18]. High-risk criteria for
HIV transmission were also associated with reduced follow-up
testing (Table 5). It is possible that these reflect poor health-
seeking behaviour in a group of women (for whatever reasons),
of which failure to present for follow-up infant testing is an
additional example. The data presented here do not permit fur-
ther speculation. In addition, the fragmentation of the South
African health systems and the mobility of the population
undermine the ability of health workers to identify HIV-exposed
infants for HIV-PCR (e.g. when they present for routine immu-
nization.) In contrast to the SA data, interim analysis of women
in Lesotho indicated that the majority of women who received
very early EID (0 to fourteen days) returned for results and fol-
low-up testing at six weeks [21,22].
The proportion of indeterminate results was low at all time-

points, but accounted for 15.4% and 55.6% of non-negative
results at birth and six to ten weeks respectively. Similar
results were reported in a review of birth EID in Johannes-
burg, 0.4% of all results, 24% of non-negative results were
indeterminate [23]. In the Johannesburg study, additional
resources were required to trace and retest these neonates. In
our cohort all the infants were negative on repeat testing, in
contrast to both the Johannesburg study and to a laboratory-
based cohort which demonstrated increased likelihood that
infants with indeterminate HIV-PCR result would be positive
on subsequent testing in a setting of intensified VTP regimens
[23,24]. It is possible that the subsequent negative HIV-PCR
results in our report were false negatives in the face of pro-
longed infant post-exposure prophylaxis and/or exposure to
ART in breast-milk. Unfortunately, the data in the e-register
(and alternative electronic sources) did not include reliable
infant prescription information beyond birth, and so we are
unable to determine adherence to infant postnatal prophylaxis
and assess risk factors for transmission in the postnatal period.

4.3 | Strengths and limitations

We present prospective individual longitudinal follow-up on a
cohort of HIV-exposed infants born at a primary care facility
as well as in hospital. The cohort has an advantage over the
aggregate laboratory data [13,14] in that HIV-PCR results
could be attributed to individual, linked mother-infant pairs.
One of the acknowledged challenges of using routine labora-
tory data for surveillance in SA is the lack of an unique patient
identifier and the inability to accurately de-duplicate data
[13,16]. Although the Western Cape has made substantial
progress with issuing unique identifiers to newborns, opera-
tional challenges remain, and our sample was limited to linked
mother-infant pairs, compromising numbers that could be
included, especially in period 1. While our study is strength-
ened by demonstrating real-world implementation of
expanded EID guidelines, it is consequently also dependent on
the quality of routine clinical sources and we were unable to
account for missing data. It is possible that not all the relevant
HIV-PCRs were recorded as an infant could have numerous
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alternative identifiers; we were also unable to determine
whether HIV-PCR tests occurred outside the Western Cape.
Some infants may have died before follow-up testing; prema-
turity and low birthweight contribute to infant mortality inde-
pendent of HIV infection. Similarly infants may have been too
acutely unwell to undergo birth EID.

5 | CONCLUSIONS

In this study, we assessed the impact of different birth EID
strategies, that of targeted birth testing of high-risk infants,
and universal testing of all HIV-exposed infants. Targeted birth
EID identified more HIV-infected infants early, some of whom
may otherwise have died before six weeks. However, universal
testing simplified the VTP guidelines and increased the pro-
portion of infants tested at birth. While our data demonstrate
an encouraging response to EID guideline changes, birth HIV-
PCR was not well implemented at primary care level. Birth
EID also compromised follow-up testing at six or ten weeks
and this LTFU may negate the model-predicted benefits of
birth HIV-PCR [5]. Additional intervention is required to
reduce risk factors for transmission, to expand birth EID at
primary care and to improve follow-up testing at the ten-week
time-point in SA.
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