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Abstract

Background

Antiretroviral therapy (ART) use during pregnancy is essential to prevent vertical transmis-

sion of HIV, but it may also increase the risk of adverse birth outcomes. This study investi-

gated the impact of both maternal HIV infection and the timing of ART initiation on birth

outcomes in women living with HIV in South Africa.

Methods

This secondary data analysis examined the dataset from an earlier cohort study involving

1709 pregnant women living with HIV who delivered their babies at three major maternity

centres in the Eastern Cape province of South Africa between September 2015 and May

2018. The associations between adverse birth outcomes (stillbirth, preterm birth, very pre-

term birth, and low birth weight) and the timing of maternal ART initiation, peripartum CD4

count, and HIV viral load were examined using logistic regression analysis.

Results

The observed rates of stillbirth, preterm birth, very preterm birth, and low birth weight were

1.4%, 33.5%, 5.4% and 18.0%, respectively. In the multivariable analysis, low birth weight

was associated with ART initiated during the second trimester (adjusted odds ratio [aOR]

1.38; 95% confidence interval [CI], 1.03–1.85), low-level viraemia (21–999 copies/ml) (aOR,

1.62; 95% CI, 1.17–2.22), and high-level viraemia (�1000 copies/ml) (aOR, 1.66; 95% CI,

1.66–2.38) during the peripartum period. Preterm birth was associated with low-level virae-

mia (aOR, 1.44; 95% CI, 1.16–1.79) and a CD4 count of less than 200 cells/mm3 (aOR,
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1.35; 95% CI, 1.01–1.82). Very preterm birth was associated with detectable maternal

viraemia.

Conclusion

Adverse birth outcomes are common among pregnant women living with HIV, especially

those with unsuppressed viraemia. Clinicians and programme managers should prioritise

timeous ART initiation and virological suppression in all pregnant women living with HIV.

Introduction

The advent of antiretroviral therapy (ART) has significantly reduced the global rate of vertical

transmission of the human immunodeficiency virus (HIV). Despite the expansion and success

of programmes for the prevention of vertical transmission of HIV in South Africa, introduced

nationally in 2002 [1], HIV remains a significant contributor to under-five deaths and morbid-

ity [2], with a reported vertical transmission rate of 3% in 2022 [3].

In 2015, the South African government adopted the World Health Organisation (WHO)

Option B+ strategy, which entailed immediate initiation of lifelong ART for all pregnant and

breastfeeding women living with HIV, regardless of the disease stage or CD4 cell count [4].

This approach aims to improve the health outcomes of women and their babies by preventing

vertical transmission through the reduction of maternal viral load. The treatment for pregnant

women living with HIV aligns with the guidelines for ART for people living with HIV and

constitutes a woman-centred and rights-based approach to ART delivery [5]. The 2015 South

African National Guidelines for the prevention of vertical transmission of HIV recommended

a combination of tenofovir (TDF) plus lamivudine (3TC)/emtricitabine (FTC) plus efavirenz

(EFV) as the preferred first-line option for adults and adolescents [4]. The guidelines were

updated in 2019 [6] and 2023 [7], with the combination of TDF, 3TC and dolutegravir (DTG)

now the preferred first-line option, aligning with WHO treatment guidelines [5]. DTG offers

rapid viral suppression, a high genetic barrier to resistance and minimal side effects. It also has

a low drug interaction profile.

The effects of ART on birth outcomes have been studied over the years. While ART undeni-

ably offers significant benefits in reducing vertical transmission of HIV, like any medication, it

carries a potential risk for adverse effects. Most studies have outlined adverse effects such as

foetal growth restriction, neonatal mortality, prematurity, low birth weight, small for gesta-

tional age, birth defects, viral resistance, mitochondrial toxicity, and haematologic and hepatic

abnormalities [8–12].

As South Africa has a substantial population of women of childbearing age living with HIV

[3], coupled with a significant burden of neonatal and child morbidity and mortality [2,13], we

aimed to evaluate the impact of the timing of initiation of maternal ART, CD4 cell count, and

viral load on birth outcomes in the Eastern Cape, South Africa. The findings from our study

could offer valuable insights for shaping health policies and planning interventions to prevent

the vertical transmission of HIV in South Africa and other similar settings.

Materials andmethods

Study design and setting

In September 2022, we conducted a secondary analysis of data from the East London Prospec-

tive Cohort study [14]. The study was a cross-sectional survey carried out between September
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2015 and May 2016 in three major maternity centres in the Buffalo City Metropolitan/Amat-

hole districts of the Eastern Cape province of South Africa. These health facilities collectively

serve a population of approximately 1.7 million residents. The national guidelines on the pre-

vention of vertical transmission of HIV were already uniformly implemented across the region

at the time of the survey. All pregnant women diagnosed with HIV during their first antenatal

visit received adherence counselling and commenced ART in accordance with the national

guidelines. The database of the East London Prospective Cohort study contains sociodemo-

graphic, clinical and laboratory data, as well as birth outcomes for 1709 women living with

HIV who delivered their babies at the maternity centres of the participating hospitals. During

the survey period, the prevalence of HIV in the general population and among pregnant

women in the region was 12.7% and 30%, respectively [14].

The methodology of the East London Prospective Cohort study has been previously

described in detail [14]. The study examined the effectiveness of implementing the WHO

Option B+ strategy in preventing the vertical transmission of HIV in the region. The sample

size was determined based on the estimated proportion of pregnant women with HIV retained

in care one year after delivery in the study population. This resulted in an estimated sample

size of 1,709 participants, adjusted for a probable 10% loss to follow-up within the first six

months post-delivery, and allowing for a 2.5% margin of error with a 95% confidence level. All

pregnant women living with HIV who attended the maternity centres of the selected hospitals

during the study period were eligible to participate. Participants were recruited consecutively

in the postnatal wards within 24 hours of vaginal delivery or 72 hours of caesarean section

delivery. None of the approached participants refused to participate. Trained research assis-

tants conducted face-to-face interviews using a structured questionnaire. Research nurses

checked the participants’ viral loads and CD4 counts and drew venous blood from those who

did not have a documented viral load and CD4 count within the month of delivery. All viral

load assays were performed by the National Health Laboratory Services according to standard

protocols. Clinical data were gathered through the interviews, which included information on

awareness of HIV serostatus at the first antenatal visit, gestational age at the first antenatal visit

(categorised by trimester based on last normal menstrual period and/or obstetric ultrasound),

and duration on ART. Adherence to ART was evaluated using self-reports, timely pharmacy

refills, and records of ART defaults, verified through medical records.

Data collection

The following data were extracted from the database: maternal demographics, HIV serostatus

at first antenatal visit, maternal ART regimens and duration on ART, CD4 cell count and HIV

viral load at delivery, and newborn characteristic (weight, gestation age, and death). The tim-

ing of ART initiation was described in gestational weeks; participants who began ART before

their last normal menstrual period were considered to have received preconception therapy.

The ART regimens at time of delivery were categorised (according to pre-2023 national guide-

lines) [4] as first-line regimen (TDF/FTC/EFV), other first-line regimen (i.e., two nucleoside

reverse transcriptase inhibitors plus one non-nucleoside reverse transcriptase inhibitor [2

NRTIs + NNRTI]), or second line (ritonavir-boosted lopinavir [LPV/r] regimens). Maternal

viraemia was categorised as undetectable (HIV viral load� 20 copies/ml), low-level viraemia

(21–999 copies/ml), or high-level viraemia (� 1000 copies/ml).

Outcomes and definitions

To assess the effects of maternal HIV characteristics on newborns, the following outcome mea-

sures were used: stillbirth (defined as death occurring after 28 weeks of pregnancy but before
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or during birth, based on the definition of stillbirth in South Africa and the United Nations

report on global stillbirth rates) [13]; preterm birth (defined as delivery before 37 completed

weeks of gestation); very preterm birth (defined as delivery between 28 and less than 32 weeks

of gestation); and low birth weight (defined as birth weight of less than 2500 grams irrespective

of gestational age).

Statistical analysis

Categorical data were presented as frequency counts and percentages, while numerical data

were summarised as means with standard deviations (SD) or medians with interquartile

ranges (IQR), depending on the degree of skewness in the distributions. Categorical outcome

frequencies were compared using the Chi-square test. Logistic regression was used to assess

bivariate associations between birth outcomes (stillbirth, very preterm, preterm, and low birth

weight) and the timing of maternal ART initiation, peripartum CD4 count, and HIV viral

load. Two-sided P-values less than 0.05 were considered statistically significant for all analyses.

Only variables with P-values less than or equal to 0.05 were included in the multivariate analy-

sis. The model was adjusted for age, employment status, educational level, alcohol use, smok-

ing, and duration on ART. All covariates were determined a priori. Analyses were performed

using Stata version 17 (Stata Corporation, College Station, Texas, USA). In an earlier sensitiv-

ity analysis of the East London Prospective Cohort, no statistically significant differences were

found in the sociodemographic and clinical characteristics between participants with and

without missing birth outcome data [15].

Ethical considerations

The current study was approved by the Walter Sisulu University (South Africa) Ethics Com-

mittee (Reference number: 025/2022) and conducted in accordance with the Helsinki Declara-

tion and local institutional policies on human research. Each participant in the East London

Prospective Cohort study gave written informed consent for voluntary participation. Partici-

pants under the age of 18 were assisted by their legal guardians and provided assent for their

involvement in the study [14]. In our current study, all data from the East London Prospective

Cohort study were fully anonymised before being accessed.

Results

Maternal characteristics

The study cohort comprised 1709 pregnant women living with HIV, aged between 14 and 47

years, with a mean age of 29.6 (SD, 6.2) years. The majority of the pregnant women were single

(69.5%), unemployed (74.7%), resided in semi-urban settings (46.3%), and had two or more chil-

dren (69.5%). Tables 1 and 2 present the sociodemographic and clinical characteristics of the

cohort, respectively. Most of the women (80.9%) living with HIV were aware of their status at the

time of their first antenatal visit. In total, 5.5% reported a negative serostatus, and 13.6% had never

undergone an HIV test prior to their first antenatal visit. Both of these groups tested positive at

first antenatal visit and were initiated on ART on the same day. Among those living with HIV

who were aware of their status (n = 1392), 72.2% were on already on ART at the time of their first

antenatal visit (n = 998). The most common ART regimen (84.1%) at the time of delivery was the

combination TDF/FTC/EFV (first-line regimen). Among women with available peripartum viral

load results (n = 1463), undetectable, low-level, and high-level HIV viraemia were recorded in

56.9% (832/1463), 25.2% (369/1463) and 17.9% (262/1463) of participants, respectively. The

majority (88.1%; 1298/1474) had a peripartum CD4 count of over 200 cells/mm3 (Table 2).
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1. Newborn characteristics

There were 24 (1.4%; 24/1700) stillbirths. The median birth weight of the recorded 1676 live

births was 3034 (IQR, 2649–3400; range, 735–4950) grams. In total, 18.0% (302/1676) had low

birth weight. Gestational age was available in 1618 live births, with a mean of 37.6 (SD, 644;

range 26–42) weeks. The majority (66.5%; 1076/1618) of babies were delivered at term with a

median birth weight of 3200 (IQR, 2920–3500) grams. Of the 542 (33.5%; 542/1618) preterm

births, 87 (5.4%; 87/1618) were very preterm (Table 2).

Association between maternal HIV-related factors and adverse birth
outcomes

Logistic regression analysis revealed no significant association between the timing of maternal

ART initiation and preterm birth. While ART initiation during the first trimester initially

appeared to be positively associated with very preterm birth, this association disappeared after

Table 1. Sociodemographic of the participants (N = 1709).

Characteristics n (%)

Age (years), mean ± SD (range) 30 ± 6.2 (14–47)

Marital status

Married 312 (18.3)

Single 1187 (69.5)

Co-habiting 186 (10.9)

Divorced/separated 24 (1.4)

Place of residence

Rural 585 (34.2)

Semi-urban 792 (46.3)

Urban 332 (19.4)

Level of education

No formal education 5 (0.3)

Grade 1–6 115 (6.7)

Grade 7–12 1479 (86.5)

Tertiary 110 (6.4)

Smoking status

Non-smoker 1529 (89.5)

Smoked during pregnancy 100 (5.9)

Quit during pregnancy 80 (4.7)

Alcohol use

Never drank 1043 (61.0)

Drank during pregnancy 235 (13.8)

Stopped during pregnancy 431 (25.2)

Employment status

Unemployed 1277 (74.7)

Employed 432 (25.3)

Parity

1 521 (30.5)

�2 1188 (69.5)

Data are presented as n (%) unless otherwise indicated.

SD–standard deviation.

https://doi.org/10.1371/journal.pone.0308374.t001
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Table 2. Maternal clinical characteristics and birth outcomes (N = 1709).

Characteristics n (%)

Maternal clinical characteristics

Gestational age at first antenatal visit

First trimester 210 (12.3)

Second trimester 1229 (71.9)

Third trimester 270 (15.8)

Self-reported HIV status at first antenatal visit

Positive 1382 (80.9)

Negative 94 (5.5)

No prior HIV test 233 (13.6)

Timing of ART initiation

Preconception 998 (58.4)

First trimester 103 (6.0)

Second trimester 487 (28.5)

Third trimester 121 (7.1)

ART regimen during delivery

First-line regimen (TDF/FTC/EFV) 1437 (84.1)

Other first-line regimen (2NRTIs + 1 NNRTI) 71 (4.2)

Second-line regimen 35 (2.0)

Not recorded 166 (9.7)

Peripartum viral load, copies/ml

Undetectable (� 20) 832 (48.7)

Low-level viraemia (21–999) 369 (21.6)

High-level viraemia (� 1000) 262 (15.3)

Not recorded 246 (14.4)

Peripartum CD4 count, cells/mm3

< 200 176 (10.3)

200–499 739 (43.2)

� 500 559 (32.7)

Not recorded 235 (13.8)

Newborn characteristics

Birth outcomes

Stillbirth 24 (1.4)

Live birth 1676 (98.1)

Not recorded 9 (0.5)

Gestational age (weeks), mean ± SD (range)a 37.6 ± 2.7 (26–42)

Full-term birtha 1076 (66.5)

Preterm birtha 542 (33.5)

Birth weight (grams), median (IQR)b 3034 (2649–3400)

Normal birth weight (� 2500 g) 1374 (82.0)

Low birth weight (< 2500 g) 302 (18.0)

Birth weight (grams), median (IQR) by gestational age

Full-term 3200 (2920–3500)

Preterm 2690 (2060–2900)

Data are presented as n (%) unless otherwise indicated.

ART–antiretroviral therapy; EFV–efavirenz; FTC–emtricitabine; HIV–human immunodeficiency virus; IQR,

interquartile range; NNRTI–non-nucleoside reverse transcriptase inhibitor; NRTI–nucleoside reverse transcriptase

inhibitor; SD—standard deviation; TDF–tenofovir disoproxil fumarate.
a Gestational age was documented in 1618 out of the 1676 live births.
b Birth weight of 1676 live births.

https://doi.org/10.1371/journal.pone.0308374.t002
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adjusting for age, employment status, educational level, alcohol use, smoking, and duration on

ART (Table 3).

Preterm birth was associated with low-level peripartum maternal viraemia (adjusted odds

ratio [aOR], 1.44; 95% confidence interval [CI], 1.16–1.79; p< 0.01) and a peripartum mater-

nal CD4 count of less than 200 cells/mm3 (aOR, 1.35; 95% CI, 1.01–1.82). However, there was

no association between peripartum CD4 count and very preterm birth. Both low-level (aOR,

2.29; 95% CI, 1.37–3.85) and high-level (aOR, 3.34; 95% CI, 1.93–5.78) maternal viraemia were

associated with a higher risk of very preterm birth. No significant differences were detected in

the association between peripartum maternal viraemia and birth outcomes, regardless of

whether adjustments were made for maternal CD4 count.

There were no significant associations between stillbirth and the timing of maternal ART

initiation, peripartum HIV viral load, and CD4 count. The initiation of ART during the second

trimester was associated with a higher risk of low birth weight (aOR, 1.38; 95% CI, 1.03–1.85)

than initiation of ART pre-conception. Similarly, low-level (aOR, 1.62; 95% CI, 1.17–2.22) and

high-level (aOR, 1.66; 95% CI, 1.66–2.38) maternal viraemia were associated with low birth

weight (Table 3).

Discussion

This current study sought to examine the birth outcomes of HIV-exposed neonates delivered

to women receiving ART in the Eastern Cape, South Africa. In addition, it investigated the

effects of peripartum maternal CD4 cell count, viral load, and the timing of maternal ART

Table 3. Multivariate analysis of maternal risk factors associated with adverse birth outcomes.

Stillbirth Preterm Birth Very Preterm Birth Low Birth Weight

Variable OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Timing of ART initiation

Preconception 1 1 1 1 1 1 1

First trimester 2.17 (0.61–
7.70)

1.91 (0.48–
7.68)

0.94 (0.77–
1.15)

0.99 (0.80–
1.23)

2.80 (1.31–5.99)
*

1.56 (0.68–3.60) 1.83 (1.11–
2.30)*

1.53 (0.92–
2.56)

Second trimester 0.87 (0.33–
2.28)

0.76 (0.28–
2.08)

0.95 (0.87–
1.04)

0.97 (0.88–
1.06)

1.56 (1.00–2.43) 1.52 (0.95–2.44) 1.49 (1.13–
1.96)*

1.38 (1.03–
1.85)*

Third trimester 0.57 (0.07–
4.40)

1.14 (0.13–
9.89)

0.97 (0.84–
1.13)

0.98 (0.83–
1.14)

0.94 (0.39–2.25) 1.17 (0.47–2.95) 1.32 (0.82–
2.13)

1.11 (0.68–
1.81)

Peripartum maternal viral load, copies/ml

Undetectable (� 20) 1 1 1 1 1 1 1 1

Low-level viraemia (21–
999)

0.14 (0.02–
1.04)

0.16 (0.02–
1.6)

1.46 (1.17–
1.80)**

1.44 (1.16–
1.79)**

2.26 (1.35–3.79)
**

2.29 (1.37–3.85)
**

1.57 (1.15–
2.14)*

1.62 (1.17–
2.22)*

High-level viraemia
(� 1000)

0.78 (0.26–
2.36)

1.00 (0.34–
2.92)

1.30 (1.01–
1.68)*

1.25 (0.96–
1.63)

3.24 (1.89–5.54)
***

3.34 (1.93–5.78)
***

1.76 (1.25–
2.48)*

1.66 (1.16–
2.38)*

Peripartum maternal CD4 count, cells/mm3

� 500 1 1 1 1 1 1 1 1

200–499 1.19 (0.46–
3.10)

1.23 (0.47–
3.22)

1.08 (0.88–
1.32)

1.09 (0.89–
1.33)

0.70 (0.44–1.11) 0.71 (0.44–1.14) 1.00 (0.75–
1.34)

1.04 (0.78–
1.40)

< 200 0.90 (0.19–
4.37)

1.19 (0.23–
6.08)

1.30 (0.97–
1.74)

1.35 (1.01–
1.82)*

1.10 (0.57–2.21) 1.19 (0.61–2.33) 1.25 (0.82–
1.91)

1.37 (0.89–
2.12)

ART–antiretroviral therapy; aOR–adjusted odds ratio; CI–confidence interval.

*P < 0.05.

** P < 0.01.

*** P < 0.001.

https://doi.org/10.1371/journal.pone.0308374.t003
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initiation on adverse birth outcomes. We observed several adverse birth outcomes within the

cohort: stillbirths occurred in 1.4% of cases, very preterm births in 5.4%, preterm births in

33.5%, and low birth weight in 18% of all newborns.

The rate of stillborn infants in the cohort is within the South Africa’s national average of

13.9–18.9 stillbirths per 1000 total births and similar to the global average of 13.9 stillbirths per

1000 total births [13]. Consistent with other studies [16,17], the risk of stillbirth in our study

did not differ significantly between women who took ART preconception and those who initi-

ated ART after conception. While a low maternal CD4 count has been linked to an increased

risk of stillbirth due to poor maternal immune status [17–19], we did not observe this associa-

tion in our study. This lack of association in our cohort may be partly attributed to the low

number of stillbirth events.

Studies on low birth weight and prematurity in HIV-exposed neonates have occasionally

shown conflicting findings as a result of numerous influencing factors such as maternal socio-

economic status, age, ethnicity, preeclampsia, cervical incompetence, and smoking [9]. How-

ever, maternal HIV viral load and CD4 count, as well as exposure to ART, have consistently

been linked with low birth weight and preterm birth [8,9,20–23]. We found higher rates of low

birth weight and prematurity compared to South Africa’s national averages of 16.6% for low

birth weight and 13% for preterm birth [24]. However, these findings are consistent with other

similar studies on HIV-exposed newborns [9,20–23,25].

The effects of the timing of maternal ART exposure on low birth weight is not clear. While

some studies have reported an increased risk of low birth weight in children exposed to ART

since conception [21,25], others have not found any association [9,16]. However, in our study,

we observed that ART initiated during the second trimester was associated with low birth

weight. The reason for this observation in our cohort is not clear. We also found a link between

detectable maternal HIV viral load and low birth weight. Uncontrolled maternal viral replica-

tion can lead to low birth weight through various and complex mechanisms, including dysre-

gulation of the maternal immune response, direct viral effects on foetal development, maternal

health complications, and opportunistic infections [26,27].

Furthermore, we found that pregnant women who had detectable HIV viral loads and a

CD4 count lower than 200 cells/mm3 were more likely to have delivered premature babies.

Low peripartum CD4 count has also been linked to preterm birth in similar studies [8,20]. In

our study, women with an HIV viral load of� 1000 copies/ml were three times more likely to

give birth to very preterm babies than those with undetectable viral loads. Evidence has explic-

itly shown that viral suppression with ART is an effective strategy to significantly reduced HIV

transmission at the population level [16,28,29].

Although all pregnant women in our cohort were taking ART in accordance with national

guidelines [4], the 48.7% rate of undetectable viral load is suboptimal for achieving the goals of

programmes aimed at preventing vertical transmission of HIV. Achieving undetectable virae-

mia should be the primary goal for all pregnant women living with HIV. Non-suppressed HIV

viral load in pregnant women should be considered an obstetric emergency, in order to pre-

vent vertical transmission of HIV. It should be noted that in our cohort, all parturient women

with high-level viraemia and their babies were managed in accordance with the national guide-

lines for preventing vertical transmission of HIV [4]. Undoubtedly, a comprehensive approach

is required to address potential risk factors for persistent vertical transmission in the country,

such as late HIV diagnosis and delayed initiation of ART among pregnant mothers [30].

Some limitations of this study should be acknowledged. The study was conducted in few

selected facilities within one province in South Africa and was limited to a specific timeframe.

As such, the findings may not be fully representative of the entire country. However, the three

health facilities chosen for the study reflect the diverse demographics and levels of healthcare
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in the province and country. Furthermore, we did not consider the influence of unrecorded

confounders or examine the effects of non-HIV risk factors for adverse birth outcomes. For

instance, data on other congenital infections, obstetric complications, anaemia, and maternal

malnutrition, which are common in sub-Saharan Africa [27], were not captured in the study

database. We also did not assess the impact of different ART regimens owing to the low num-

ber of patients on non-first-line therapies. Although, gestational age was determined using

self-reported menstrual history and/or obstetric ultrasound, there is a possibility that the accu-

rate gestational age was not recorded, especially for participants whose first antenatal visit

occurred late in pregnancy. However, categorising gestational age by trimester could have

minimised this inaccuracy. Lastly, a comparison of birth outcomes with mothers without HIV

would have enriched the findings of the study. Future studies should aim to enrol all newborns

in the region for comparison.

Conclusions

Adverse birth outcomes are common in pregnant women infected with HIV, especially those

with unsuppressed viraemia. Clinicians and programme managers should prioritise timeous

ART initiation and virological suppression in all pregnant women living with HIV. It is advis-

able for experienced clinicians to oversee the delivery of pregnant women living with HIV who

have low peripartum CD4 counts and high HIV viral loads to optimise birth outcomes.
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