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Background. Congenital HIV infection has declined in South Africa with an expanded programme to decrease perinatal HIV transmission.
Understanding the challenges within this programme can identify opportunities for improvements. There is an opportunity with birth
HIV DNA polymerase chain reaction testing to expedite very early treatment of neonates born with HIV in referral hospitals.
Objectives. This study was aimed at describing the characteristics of mothers of neonates born with HIV as well as the evaluation of the
access and availability of birth HIV DNA PCR results within a referral hospital.
Method. This study was a retrospective chart review of all documented neonates born with HIV delivered between 1 January 2017 and
30 June 2019 at King Edward VIII Hospital, Durban, KwaZulu-Natal. The birth HIV DNA PCR results provided through institutional
programmes were analysed, and the clinical characteristics of mothers of neonates born with HIV were described.
Results. Review of hospital-based records, during the 30-month study period, identified 6 902 (40.02% of 17 243 total live births) birth HIV
DNA PCR tests having been done. During the sample period, documented positive, rejected or indeterminate results were analysed. These
results indicated only 37 (0.54%) of known HIV-exposed neonates who were tested, to have a documented positive birth HIV DNA PCR
result. Fifty-nine neonates had either indeterminate or rejected results. Negative HIV DNA PCR results could not be verified. Analysis of
the mothers of neonates with documented HIV-positive results indicated high mean viral loads of these mothers (52 343 copies/mL) and
most were diagnosed in the current pregnancy or at delivery.
Conclusion. Review of the characteristics of mothers of neonates born with HIV within a public referral hospital reiterates that late HIV
diagnosis is common in this high-risk group. Birth HIV DNA PCR results may fail to adequately identify all positive neonates timeously
for very early initiation of antiretroviral treatment.
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South Africa (SA) has among the highest antenatal HIV
seroprevalence rates in the world, ranging from 16.9 to 37.4 %, with
KwaZulu-Natal (KZN) being the province with the highest rates.[1,2]
Specific areas in KZN, particularly the urban sections of eThekwini
(Durban municipality), have antenatal HIV seroprevalence rates
of 40.1%.[3] Programmes to decrease perinatal HIV transmission
have evolved over the past few years in SA to achieve improved
accessibility and have been relatively successful in decreasing the
paediatric HIV disease burden.[4] Repeat antenatal HIV testing,
simplification to single-dose antiretroviral treatment (ART), and
widespread availability of viral load testing are some of the changes
that have occurred.[5] Challenges, however, remain with various
components in these programmes.[4] At-risk mothers generally book
late, or are newly diagnosed with acute HIV infections and often
have poor social and economic support.[6,7]
Maternal viral load is a strong independent predictor of the risk
of transmission, regardless of timing.[8] Maternal factors that are
associated with suppression of HIV viral load, however, can vary
across geographical socioeconomic areas, and these factors need to
be further understood within the operational context of large, busy
referral hospitals.
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Referral hospitals generally cater to high-risk deliveries, who are
either referred or who bypass primary care facilities. Follow-up
of HIV care and treatment, including reviewing birth HIV test
results, is often compromised in the referral hospital as mothers and
neonates are down-referred back to primary care facilities.
Much of the public health guidelines is primarily based on
evidence from clinical trials, and translating evidence from these
trials into operational practice is often difficult, particularly in
resource-limited settings.[9] Evaluation of prevention programmes at
an operational level is therefore needed.
An additional key change in the SA programme is the early
diagnosis of neonates who acquired HIV by vertical transmission.[5,10]
For very early initiation of ART in neonates born with HIV, it would
be ideal that this occurred as soon as possible after delivery at an
institution that has the capacity to provide neonatal ART treatment.
Most SA women deliver within institutions, and this affords the
opportunity where, if HIV DNA polymerase chain reaction (PCR)
testing is available at birth and results accessed timeously, very early
ART treatment can be commenced prior to discharge from these
institutions.[11,12] At referral hospitals, the very early treatment of
neonates born with HIV can be expedited as the capacity to treat
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neonates with ART is present. Very early initiation of ART has been
shown to significantly reduce the risk of mortality in children with
the additional possibility of reducing the size of the latent reservoir
in infected children.[13] The evaluation of the access to birth HIV
DNA PCR testing and timeous availability of results at the referral
hospital, to which mothers are often transferred for largely obstetric
reasons, need to be understood.
The primary objective of this study was thus to describe the
maternal characteristics of neonates born with HIV within a referral
hospital in an area with very high antenatal HIV seroprevalence.
A secondary objective of the study was to evaluate whether birth
HIV DNA PCR testing within referral hospitals can support the
very early initiation of ART in neonates identified with HIV, by
determining access to and availability of HIV DNA PCR results.

Methods

This study was a retrospective cohort study utilising data from
in-hospital HIV results, inpatient records and laboratory provided
results. The study was conducted in King Edward VIII Hospital (KEH)
in Durban, KZN, SA. KEH is a regional/tertiary referral hospital
that drains a large population base of both urban and semi-urban
communities with a high HIV seroprevalence.
Ethics approval from the University of KwaZulu-Natal (UKZN)
Biomedical Research Ethics Committee (BREC ref no. BE 415/18),
and gatekeeper permission from the KZN Department of Health and
KEH was obtained prior to data collection and verification. The initial
protocol indicated a study period of two years (1 January 2017 31 December 2018) but, following the small sample size of identified
HIV-positive neonates, ethics approval was extended till June 2019.
For the period of the study from 1 January 2017 to 30 June 2019,
the total number of live births was obtained from ward-based records
in two areas (labour ward and neonatal unit). Data for HIV-exposed
deliveries were also obtained from these two separate ward-based
records based on admission data. These obtained data were then
cross-referenced with institutional records maintained by the facility
information officer who sources institutional data through a different
mechanism that is based on patient records. The number of HIVexposed deliveries was also further cross-referenced with the National
Health Laboratory System (NHLS) laboratory records.
The birth HIV DNA PCR results of all known HIV-exposed
infants were reviewed. These birth HIV DNA PCR results are
provided weekly to the institution by the NHLS. Three sources were
then used to identify and verify these positive results. These were
neonatal records, institutional HIV treatment clinic records, and
NHLS records. The data from all three sources were cross-referenced.
Results from the NHLS, which are provided each week, include a list
of positive, indeterminate and rejected samples. Once results were
cross-referenced and checked, they were then entered into a Microsoft
Excel spreadsheet and coded for either positive, indeterminate or
rejected results.
The birth PCR DNA results done at or soon after the birth of
known HIV-exposed neonates were included. Repeat samples, or
samples taken after inpatient admission to the institution, were not
evaluated. This inclusion criterion was specifically used to simulate
the operational practice in most referral hospitals and keeping with the
second objective of the study, to evaluate the access to and availability
of the first birth HIV DNA PCR test and results.
The negative birth HIV DNA PCR results of all HIV-exposed
neonates could not be cross-referenced from NHLS monthly records
as only positive, indeterminate and rejected results are provided. All
negative results are either recorded within patient charts prior to
discharge on a patient-to-patient basis if available, and these records
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Total live births,
n=17 243

Number of HIV
DNA PCR tests,
n=6 902 (40.0%)

HIV-negative
(assumed),
n=6 806 (98.6%)

Rejected
samples,
n=53 (0.8%)

Number of deliveries where
birth HIV tests not
documented,
n=10 341 (60.0%)

Indeterminant
results,
n=6 (0.9%)

HIVpositive,
n=37 (0.6%)

Charts analysed,
n=29

Missing files,
n=8

Fig. 1. Breakdown of all HIV results of live births at KEH between 1 January
2017 and 30 June 2019. (KEH = King Edward VIII Hospital.)

are hospital records only. Only these results were used as a means to
determine negative results.
It must be noted that if weekly results provided by the NHLS did not
include a positive, rejected or indeterminate result, and the neonate
and mothers were eligible for discharge, that mother could have been
discharged to verify the assumed negative result at a local clinic.
However, all positive, rejected and indeterminate results are actively
traced and called back to the institution through the institutional HIV
treatment clinic.
This limitation in validating negative results is noted and, additionally,
some neonates would not have been tested post delivery as their mothers
could have tested HIV-negative but still been in the window period.
The primary investigator then reviewed all the inpatient records
of all known neonates confirmed to have been diagnosed with HIV,
as well as their mothers’ records during this period. Information
regarding maternal antenatal bookings, number of antenatal visits,
demographic and socioeconomic information, date of HIV diagnosis
and HIV viral load, CD4 cell count and haemoglobin (Hb) were
obtained. For all known positive neonates’, information on the
mode of delivery, gender, need for additional medical care (need
for oxygen and ventilation), as well as the average length of stay and
mortality, was also extracted from inpatient records and entered into
to the Excel spreadshseet (Microsoft Corp., USA).

Data analysis

Captured data were analysed by a statistician using the Statistical
Package for Social Science version 25 (IBM Corp., USA).
Descriptive statistics, such as frequencies and percentages, were
used to summarise categorical variables. Central tendency and
dispersion of data were measured using means and standard
deviations for normally distributed variables and medians and
interquartile ranges for skewed variables.

Results

There were 17 243 live births documented in the institution during
the study period, A total of 6 902 initial DNA birth PCR tests were
done during this same period, indicating 40.02% of live births were
identified as HIV exposed at birth and for which testing was done
in this study period. A total of 6 750 mothers were documented
to be HIV-positive in this same study period. The additional 152
DNA birth PCR tests done as compared with the number of known
HIV-exposed mothers were accounted for by multiple pregnancies,
inter-hospital neonatal transfers and immediate repeat testing
within the seven-day period.
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During the study period, only 37 birth HIV DNA PCR results
were identified as positive (0.54% of all HIV-exposed deliveries),
6 (0.09%) were indeterminate, and 53 results were categorised as
rejected. The rejected results included samples that were rejected
owing to technical errors in the collection (compromised sample
cards because of sampling techniques used, or insufficient/incorrect
information provided on the requisition forms).
All of these results were available by day 7 following delivery. The
number of negative results could not be verified within these 7 days
as only positive, indeterminate and rejected results were provided
by the NHLS weekly as part of the programme. Negative results
had to be sourced on a patient-to-patient basis and entered into the
patient folders.
The data extracted from the 37 neonates with positive HIV DNA
results with available records have been tabulated in Table 1.

Maternal characteristics

Table 2 displays the clinical characteristics of mothers of neonates
with positive HIV DNA results. Over half (55.2%) of the mothers of
the neonates with documented positive HIV DNA PCR results had a
documented anaemia during pregnancy.

Maternal viral load and CD4 counts

In this study, maternal viral loads were high in the majority of the
mothers (65.5%), with a mean viral load of (52 343.7 copies/mL).
Ten of the mothers had an unknown viral load. The mean CD4 count
of this cohort of mothers was 346.
Table 3 shows the mean values of the CD4 cell counts and viral
loads of this cohort of mothers.

Maternal socioeconomic characteristic

There were gaps in information on the socioeconomic characteristics
of mothers. In the available results, 51.7% of mothers in this
cohort were unemployed, and 41.4% indicated the absence of a
supportive partner. Table 4 lists the maternal and socioeconomic
Table 1. Clinical characteristics of HIV-positive neonates in
the study period
Variables
Category N=29, n (%) 95% CI*
Gender
Mode of delivery
Place of delivery
Gestational age†
Respiratory support
Respiratory conditions
Use of antibiotics
Presence of proven
infections

Male
Female
NVD
C/S
KEH
BBA
Term
Preterm
IPPV
Nil
Nil
HMD
No
Yes
No
Yes

14 (48)
15 (52)
16 (55)
13 (45)
24 (83)
5 (17)
23 (79)
6 (21)
1 (3)
28 (97)
28 (97)
1 (3)
26 (90)
3 (10)
27 (93)
2 (7)

44 - 56
47 - 69
44 - 66
44 - 56
76 - 86
11 - 19
76 - 86
21 - 36
2-6
93 - 98
93 - 98
2-6
81 - 90
7 - 14
91 - 96
4 - 10

CI = confidence interval; NVD = normal vaginal delivery; C/S = caesarean
section; KEH = King Edward VIII Hospital; BBA = born before arrival;
IPPV = intermittent positive pressure ventilation; HMD = hyaline membrane
disease.
*If CI contains zero = statistically significant.
†
Mean gestational age = 36.79 weeks (SD 3.36).
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characteristics of the mothers of HIV-positive neonates in the study
period.

Discussion

In the present study, based at a referral hospital with a high HIV
antenatal seroprevalence, the characteristics of documented mothers
of neonates born with HIV and the available birth HIV DNA PCR
test results during the study period are described.

Maternal diagnosis and awareness of HIV status

The late diagnosis of HIV is common in mothers of HIV-infected
neonates.[13] In a 2017 survey, 39.2% of HIV-positive pregnant
Table 2. Clinical characteristics of mothers of HIV-positive
neonates
Variables
Category
N=29, n (%) 95% CI
Maternal age category*
Parity
ANC booking
Haemoglobin
Syphilis screen

14 - 25
26 - 35
Multiparous
Primiparous
Yes
No
≤10.5
>10.5
Negative
Positive

15 (52)
14 (48)
22 (76)
7 (24)
20 (69)
9 (31)
16 (55)
10 (35)
27 (93)
2 (7)

51 - 69
33 - 49
74 - 80
18 - 28
57 - 69
20 - 38
52 - 61
22 - 35
92 - 100
4 - 11

ANC = antenatal care.
*Mean (standard deviation) age of mothers = 26.21 (4.97).

Table 3. Immunological and viral load results of the maternal
cohort (mothers of HIV-infected neonates)
Maternal
variable
N Min
Max
Mean
SD
Maternal
CD4 cell
count
Maternal
viral load

27

141.00
cells/µL

851.00
cells/µL

346.25

196.21

19

<50
copies/mL

255 000.00
copies/mL

52 343.73 77 397.41

Min. = minimum; Max. = maximum; SD = standard deviation.

Table 4. Socioeconomic characteristic of mothers of HIVpositive neonates
Variables
Category
N=29, n (%)
95% CI
Maternal
occupation
Supportive
partner

Employed
Unemployed
Unknown
Yes
No
Unknown

Table 5. Timing of HIV diagnosis
HIV diagnosis
n (%)
Before pregnancy
During antenatal
period
At delivery

4 (14)
15 (52)
10 (34)
3 (10)
12 (41)
14 (48)

9 - 16
51 - 59
23 - 35
7 - 12
36 - 45
31 - 52

95% CI

9 (31)
24 - 34
15 (52)
51 - 70
First trimester 2 (13.3%); second trimester 3
(20%); third trimester 10 (66%)
5 (17)
14 - 24

CI = confidence interval.
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women nationally were unaware of their HIV-positive status prior to
their first antenatal visit.[4] The present study found that most (68.9%)
mothers of neonates born with HIV had not been diagnosed with
HIV prior to antenatal care or delivery.
The average viral load of antenatal booked mothers in SA was
noted to be ≤1 000 copies/mL in keeping with targets to ensure that
90% of patients on ART have complete viral suppression.[6] While the
present study did not compare characteristics between the mothers
of HIV-infected neonates and those of HIV-uninfected neonates, the
mean viral load of mothers analysed was much higher than that of
the average antenatal booked SA mothers.[13,14]
The high maternal viral loads in the study cohort and the timing of
maternal HIV diagnosis with the majority of mothers diagnosed post
conception possibly suggests that this high-risk group could have
large numbers of acute HIV infections as documented in previous
studies.[15] Acute HIV infections are associated with significantly
elevated HIV burden in the plasma and genital secretions, thus
increasing the likelihood of transmission.[16] In a study in Botswana,
43% of all vertical transmissions were estimated to be transmissions
from mothers who seroconverted after their first antenatal screening
visit.[17] Moreover, Trepka et al.[18] found that late diagnosis of maternal
HIV infection appeared to be primarily the result of acute maternal
infections and inadequate prenatal care. Johnson et al.[19] found that
maternal seroconversion during late pregnancy and breastfeeding
contributed significantly to the paediatric HIV burden, and needed
greater attention in HIV prevention programmes.
Anaemia is a common problem among antenatal attendees in an
SA urban population. However, in the majority, it is mild normocytic
and normochromic (Hb 10 - 10.9 g/dL).[20] Tunkyi et al.[20] found
that anaemia was 2.5 times higher among HIV-infected pregnant
women than among uninfected ones. In the present study, maternal
documented anaemia (Hb <10.5 g/dL) was noted in more than half
of the mothers whose babies were diagnosed with HIV.
The results of this study highlight that despite the availability of
an accessible perinatal HIV prevention programme, there remains
a cohort of women who are unaware of their HIV status prior to
pregnancy. This remains an important opportunity that should not
be missed. Preconception and antenatal HIV testing remain essential
to identify HIV-infected women who need to start antiretrovirals
(ARVs) both to decrease the risk of perinatal HIV transmission and
to improve maternal health.
Social determinants of disease, including income level, employment
and partner support, play an important role in improving maternal
health outcomes in mothers living with HIV.[21] In the present study,
the trends supported the view that high-risk mothers who are
transmitting HIV have significant social factors that impede care.
Partner support is an issue that needs to be looked at within antenatal
care, and studies have shown that there are improved HIV outcomes
among couples via HIV counselling and testing.[22]

Neonatal characteristics

Preterm birth (born before 37 completed weeks) is associated with
a higher risk of perinatal HIV transmission, especially for those
born before 33 weeks.[23] A meta-analysis in 2015 showed that HIVinfected women were at higher risk of having low-birthweight infants
or preterm delivery infants compared with uninfected women.
Such associations did not change significantly over time or were
not significantly affected by the usage of ARVs, which were not
found to decrease risks of either low birthweight or preterm delivery
associated with maternal HIV exposure.[24] In the present study, 20%
of the study population were premature neonates with a median
gestational age of 36 weeks. As no comparisons were made in this
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study, this is an important factor that needs to be evaluated further
in larger studies.

Birth HIV DNA PCR testing

The relatively low percentage of documented positive results
accessed post delivery could partially reflect a decreasing perinatal
HIV transmission seen in SA.[25,26] However, cause for concern
is the number of rejected, indefinite results and the inability to
verify all negative results post discharge from a referral hospital.
With the use of maternal ARV treatment, lower HIV viral loads in
infants with true infection could potentially compromise an assay’s
ability to detect HIV in infected infants, leading to false-negative
or indeterminate test results.[27,28] Indeterminate test results require
repeat testing as it has been documented that half of those with an
indeterminate result were HIV-positive.[29] We postulate that in this
study, several neonates born with HIV were probably not identified
within a week post delivery. The failure thus to identify all neonates
born HIV positive could indicate a missed opportunity to start very
early ART in a vulnerable population.

Recommendations

High-risk mothers who are unaware of their HIV status need to
be prioritised in antenatal care and repeat HIV testing of negative
pregnant mothers must be prioritised.
HIV PCR DNA testing needs optimising with improvement in
techniques of sampling, urgent repeat testing for indeterminate
results, and timeous access to both positive and negative birth
results ideally prior to discharge of HIV-exposed neonates and their
mothers from referral institutions.

Study limitations

This study was specifically based on data that were accessed from
institutional recording systems and hence reflected the challenges
inherent with these systems of data keeping. The results might have
been affected by the retrospective nature of the chart review, as 8 files
of 37 postive neonates were missing.
The characteristics of mothers of HIV-positive, -negative,-exposed
and -unexposed neonates were not compared.
The present study evaluated perinatal HIV prevention programme
using available birth HIV DNA PCR results. This represented in
utero transmissions, and hence the true transmission rates need
to be evaluated by by assessing HIV DNA PCR results at 10 weeks
postnatally and post breastfeeding cessation.
The study was confined to one hospital, which receives referrals,
mainly, and does not reflect the district hospitals, primary healthcare
clinics and midwife-run obstetric units where follow-up is more
clearly defined.

Conclusion

The present study identifies two areas where opportunities exist for
improvement in programmes related to the care of mothers and
neonates infected with HIV in referral hospitals. The findings suggest
that many high-risk mothers who transmit HIV to their neonates
within the context of an accessible and expanded perinatal HIV
prevention programme had high HIV viral loads and were unaware
of their HIV diagnosis prior to being pregnant. The contribution
of acute HIV infections to poor HIV control requires further
investigation. The study further found that birth HIV DNA PCR
testing may not identify all possible HIV-positive neonates timeously.
While it holds an opportunity to fast-track early initiation of ART,
this finding suggests that HIV DNA PCR testing at birth needs
urgent review. This is especially true for referral hospitals, where
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availability of records and access to timeous results if often difficult/
problematic.
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