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Abstract 

Background

Timing of engagement in HIV care in relation to pregnancy impacts maternal out-

comes and the risk of vertical transmission of HIV. Option B+, a policy that mandates 

offering all pregnant women living with HIV (PWLH) lifelong antiretroviral therapy 

(ART) irrespective of their CD4 count, has been adopted across sub-Saharan 

Africa, including South Africa since 2015. This study aimed to assess the impact of 

expanded access to ART on engagement in HIV care and viral suppression among 

pregnant women in South Africa.

Methods

This observational study used data from pregnant women living with HIV who deliv-

ered at Rahima Moosa Mother and Child Hospital in Johannesburg, South Africa 

from 2013−2017. Linkage to a national HIV laboratory cohort (the NHLS National 

HIV cohort) was used to ascertain engagement in HIV care prior to antenatal care 

(ANC) entry and viral load outcomes. Analyses were stratified by the pre-Option B+ 

(2013−2014), Option B+ (2015−31 Aug 2016) and Universal Test and Treat (post-01 

Sept 2016) eras. We compared engagement rates before and during the Option B+ 

era and assessed factors associated with HIV care engagement and viral suppres-

sion. Risk ratios were estimated using log-binomial regression.
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Results

Among 4,865 PWLH, 65% had evidence of prior engagement in HIV care. Prior engage-

ment in care was higher during the Option B+ (64%) and UTT (71%) eras compared to 

the pre-Option B+ era (55%). Younger women (18–24 years) were less likely to engage 

in HIV care than those aged 25–34 years (aRR 0.8, 95% CI: 0.6–0.9). Women with CD4 

counts <200 cells/mm³ were less likely to have been engaged in care prior to pregnancy 

compared to those with CD4 ≥ 500 (aRR 0.6, 95% CI: 0.6–0.7). Primigravid women had 

a 30% lower likelihood of earlier HIV care engagement compared to those with 2–3 

pregnancies (aRR 0.7, 95% CI: 0.5–0.8). Overall viral suppression was higher in women 

reporting ART use prior to pregnancy compared to those with no prior HIV care (33% vs. 

19%, p < 0.001). During the four-year study period, the proportion of PWLH who had a 

viral load recorded but were not virally suppressed ranged from 22–36%.

Conclusion

We observed increased engagement in HIV care prior to pregnancy after implemen-

tation of policies that expanded access to ART. However, high prevalence of unsup-

pressed viral load across all policy eras highlights the need for continued monitoring 

and support to sustain the benefits of this policy. Pregnancy and antenatal care 

services remain an essential portal of entry to HIV care among PWLH in South Africa. 

Interventions to improve early ANC attendance and maternal engagement in HIV 

care prior to pregnancy are critical to eliminate vertical HIV transmission.

Introduction

Option B+, a policy that mandated offering all pregnant women living with HIV 
(PWLH) initiate lifelong antiretroviral therapy (ART) irrespective of their CD4 count, 
has been adopted by most treatment programmes in sub-Saharan Africa [1], includ-
ing South Africa in 2015 [2]. This policy aimed to reduce the risk of vertical transmis-
sion of HIV through suppression of HIV viral load (VL) during pregnancy, while also 
improving uptake and continuity of HIV care among women [3]. Option B+ adoption 
has dramatically increased the number of pregnant women initiating ART [4] and led 
to a substantial reduction in vertical transmission of HIV [5].

Though the implementation of Option B+ has also yielded high coverage of HIV 
testing at entry to antenatal care (ANC) [6], it is unclear whether it has affected the 
timing of engagement in HIV care in relation to ANC initiation. Engagement in HIV 
care prior to the start of ANC is critical to efforts to eliminate vertical transmission, as 
early engagement can ensure complete ART coverage and sustained suppression of 
HIV viral load throughout pregnancy, delivery and the postpartum period [7–9]. Data 
from South Africa’s National Antenatal HIV Sentinel Survey indicate that, compared to 
women initiating ART before pregnancy, women who initiated ART during pregnancy 
achieved lower rates of viral load testing (73% vs. 83%) and viral suppression (57% 
vs. 76%) [10].
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Despite the important potential benefits of early engagement in HIV care, many women still only learn their HIV status 
through routine antenatal testing and commencement of ART occurs late in pregnancy [11]. The impact of the imple-
mentation of Option B+ on engagement in HIV care and viral suppression at entry to antenatal care is unclear. Here, 
we estimate proportions of women with evidence of engagement in HIV care and viral suppression at entry to antenatal 
care. We also assess factors associated with engagement in HIV care prior to pregnancy. We then estimate the effect of 
prior engagement in HIV care on subsequent VL suppression during pregnancy and finally, stratify all analyses by vertical 
transmission policy era (prior to and during Option B+ era).

Methods

Vertical transmission policies in South Africa

South Africa’s policy for providing antiretroviral therapy (ART) to PWLH has evolved over time, following World Health 
Organization (WHO) recommendations. In April 2008, a dual-therapy PMTCT programme was implemented through 
which women were offered Zidovudine starting at 28 weeks’ gestation or ART at a CD4 count of <200 cells/µL [12]. In 
2010, Option A was introduced with Zidovudine starting at 14 weeks’ gestation for women with a CD4 count of >350 cells/
µL or triple-drug ART for women with a CD4 count of ≤350 cells/µL [13]. The Option A regimen was replaced in 2013 by 
the WHO-recommended Option B approach, where women were offered triple-drug therapy throughout pregnancy, with 
postpartum withdrawal after cessation of breastfeeding for those ineligible for lifelong treatment [14]. The progression from 
Option B to Option B+ in 2015 was one of the key developments in the South African national HIV policy. Under Option 
B+, pregnant WLWH were offered lifetime ART regardless of CD4 count [2]. In September 2016, the Universal Test-and-
Treat (UTT) policy expanded lifelong ART eligibility to all people living with HIV regardless of CD4 count [15].

Study population and data sources

This observational study uses two data sources. First, we used data from all adult (>18 years) pregnant women living with 
HIV who delivered at Rahima Moosa Mother and Child Hospital (RMMCH) in Johannesburg, South Africa, from 2013–
2017. The RMMCH Cohort, supported by the Empilweni Services and Research Unit collects maternal and infant data 
including demographics, antenatal care, HIV treatment, delivery, early infant diagnosis of HIV, and maternal ART use [16].

Second, we used data from a national HIV cohort constructed using routine laboratory data from South Africa’s National 
Health Laboratory Service (NHLS), the sole provider of public sector laboratory services, serving 80–90% of the uninsured 
population. This cohort includes records of HIV-related tests used for treatment initiation and monitoring since 2004 [17]. 
Using an anonymized unique patient identifier previously developed and validated, individuals were followed longitudinally 
through their laboratory results as they progress through the HIV care and treatment cascade [18].

We used deterministic record linkage procedures using laboratory sample barcodes to link the RMMCH maternal 
cohort data to laboratory data from the NHLS National HIV Cohort. These alphanumeric barcodes are centrally allocated 
by NHLS and affixed to biological specimens by healthcare workers at the point of collection, usually clinics and hospitals. 
The barcode is the same across all the tests performed on the same person’s biological specimen and were captured in 
both NHLS and RMMCH databases. We manually validated a sample of linked data (1,200 records) comparing patient 
surname, first name and date of birth to ensure barcode linkages were correctly linking individuals across the two data-
sets. This process yielded exact matches for 87% of records and likely matches with minor typographical mismatches for 
an additional 9% [19].

Study variables

Primary exposure variable: For this analysis, our primary exposure was prior engagement in HIV care at entry to ANC. 
We used the two data sources described above to ascertain if a woman had accessed HIV care prior to entry to antenatal 
care: 1) self-reported ART use prior to entry to antenatal care in the RMMCH maternal records (the mother stated she was 
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on treatment at the first antenatal visit for the current pregnancy); or 2) evidence of HIV-associated laboratory data (CD4 
count and/or HIV viral load) observed in the NHLS national HIV cohort between three months prior to date of entry to ante-
natal care and known date of entry to antenatal care. We defined a engagement in HIV care prior to entry to ANC by either 
or both of these data sources indicating a woman had accessed HIV care prior to entry to antenatal care for the current 
pregnancy (i.e., either the woman self-reported ART use OR laboratory data indicated HIV care-associated laboratory test 
results). If neither data source indicated prior access to HIV care (i.e., woman did not report ART use AND no HIV- 
associated blood test results were observed in the NHLS National HIV Cohort prior to entry to antenatal care), then we 
classified that woman as not engaged in HIV care at the start of antenatal care for the current pregnancy.

Primary outcome variable: Our primary outcome was observed HIV viral load (VL) test result which we classified into 
two groups: 1) VL suppressed was defined as an observed VL test result <400 copies/mL; 2) VL unsuppressed was 
defined as VL test results ≥400 copies/ml. This threshold was the upper limit of detection for VL testing assays available in 
South Africa during the early part of study period. We chose this VL value threshold to allow for direct comparisons of VL 
outcomes between different policy eras.

Primary analysis: Our primary analyses estimated the effect of accessing HIV care prior to entry to antenatal care on 
VL outcomes. We measured this effect at two key time points for viral load testing during pregnancy: 1) entry to antenatal 
care (here we included any VL test within six months prior to date of entry to ANC), and 2) the pregnancy period between 
date of entry to ANC and delivery date.

Vertical transmission policy eras: We then defined three policy eras: 1) the period 1 January 2013 to 31 December 
2014 was defined as “Prior to implementation of Option B+ policy”; 2) the period 1 January 2015 to 31 August 2016 was 
defined as “Option B+ era” and 3) the period from 1 September 2016 onwards as “Universal test and treat strategy (UTT) 
era.” We explored if the implementation of the Option B+ policy modified the effect of prior engagement in care on VL 
outcomes by further stratifying our primary analyses by vertical transmission policy era.

Statistical analysis

We commence the analysis by summarizing characteristics of mothers at entry to antenatal care using frequencies and simple 
proportions. We summarise rates of engagement in HIV care and describe characteristics of women with and without evidence 
of prior engagement in HIV care stratified by treatment policy era. We report frequency of VL testing at first antenatal care visit 
and during pregnancy and summarise proportions with viral suppression by engagement in care prior to pregnancy or during 
pregnancy. To assess for effect measure modification of vertical transmission policy era on effect of prior engagement in care 
on VL results at entry into ANC and during pregnancy, we stratify the proportion engaged in care prior to pregnancy achieving 
viral load suppression by policy era. Log-binomial regression is used to report crude and adjusted relative risks (aRR) and 95% 
confidence intervals (95%CI) of factors associated with study outcomes after adjusting for potential confounders.

Ethical considerations

This study was approved by the Human Research Ethics Committee (HREC) of the University of Witwatersrand. This is a 
secondary analysis of de-identified data collected as part of routine care and no direct participant interaction occurred.

Results

Characteristics of study participants at entry to antenatal care

A total of 4,865 pregnant women living with HIV included in the RMMCH Maternal HIV Cohort delivered infants at RMMCH 
during the study period 2013–2017 and were included in analyses (Fig 1).

Participant characteristics are shown in Table 1. The median maternal age at entry to antenatal care was 31 (IQR:26–
35) years and median gestational age at entry to antenatal care was 21 (IQR:15–26) weeks. Overall, the median CD4 
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count cell count was 393 cells/mm3 (IQR:252–554). Overall, 17.0% of women had CD4 counts <200 cells/mm³ (advanced 
HIV disease). Stratification by gestational age at entry to ANC revealed that 11% of women booking in the first trimester 
had CD4 counts <200 cells/mm³, increasing to 18% in the second trimester and 19% in the third trimester. At first ANC 
visit, approximately half (51%) of women were in their second trimester while >80% had at least one other child. The 
majority of mothers were initiated onto standard first line as efavirenz based ART regimens with tenofovir and either lami-
vudine or emtricitabine.

Engagement in HIV care prior to entry to antenatal care

Overall, we found evidence of prior engagement in HIV care before entry to ANC for 65% of women (n = 3148). Of these, 
10% (315/3148) self-reported prior ART use, 39% (1223/3148) had laboratory evidence of prior ART and 51% (1610/3148) 
had both. Fig 2 depicts trends in engagement in HIV care from 2013–2017. Overall, we found increasing evidence of 
engagement in HIV care prior to pregnancy by year through the study period, particularly among multigravida women. 
Proportions with prior engagement in HIV care increased from 17% in 2013 to 53% in 2017 among primigravid women 
and from 49% in 2013 to 73% in 2017 among multigravid women. More women engaged in HIV care before the first ANC 
visit during Option B+ era, compared to the period prior to Option B+ implementation (66% (2803/4,241) versus 55% 
(345/624), respectively).

Factors associated with engagement in HIV care among pregnant women accessing ANC services are summarized in 
Table 2. Younger women (age 18−24) were 20% less likely to have evidence of HIV care engagement prior to ANC com-
pared to those 25−34 years (aRR 0.8; 95% CI:0.5–0.9). Those with very low CD4 (<200 cells/mm3) were 40% less likely to 
have evidence of earlier HIV care, compared to those with a CD4 of ≥500 cells/mm3 (aRR 0.6; 95% CI: 0.6–0.9). Women 
who were primigravid were also less likely to engage in HIV care early, compared to those with 2−3 pregnancies, (aRR: 
0.7; 95%CI: 0.4–0.6). Women were 28% more likely to engage in HIV care early during the UTT era (aRR: 1.28; 95% CI: 
1.18–1.38).

Fig 1.  Study eligibility flow chart of cohort of pregnant women living with HIV delivered infants at RMMCH during the study period 2013-2017.

https://doi.org/10.1371/journal.pone.0314182.g001

https://doi.org/10.1371/journal.pone.0314182.g001
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HIV Viral load monitoring and viral suppression

A total of 4,910 viral loads were observed between entry to ANC and delivery among the 4,865 study participants. Of 
these, 41% (2002/4865) women had a VL test at entry to ANC, and 60% (2908/4865) had at least one VL observed 
between ANC booking date and delivery date.

Overall, 48% (n = 1520) of the 3148 women with evidence of engagement in prior HIV care had an observed VL at entry 
to ANC (Fig 3A). Of these, 61% (922/1520) were virally suppressed. In contrast, of the 1717 women with no evidence 

Table 1.  Characteristics of study participants at entry to antenatal care (n = 4,865).

Characteristics Total (N = 4865)

Mothers age (years), Median (IQR) 31.0 (26.0, 35.0)

Mothers age

  18–24 years 870 (17.9%)

  25–34 years 2906 (59.7%)

  35–44 years 1073 (22.1%)

   ≥ 45 years 16 (0.3%)

CD4 count (cells/mm³), Median (IQR) 393.0 (252.0, 553.5)

CD4 count categories

   < 200 cells/mm3 672 (17.0%)

  200- < 349 cells/mm3 1026 (25.9%)

  350–499 cells/mm3 981 (24.8%)

   ≥ 500 cells/mm3 1271 (32.3%)

Gestational age (weeks), Median (IQR) 21.0 (15.4, 26.4)

Gestational age, Categories (weeks)

  First trimester (1–13) 566 (13.7%)

  Second trimester (14–27) 2091 (50.7%)

  Third trimester (≥28) 1470 (35.6%)

Parity, median (IQR) 2.0 (2.0, 3.0)

Parity categories

  0 3 (0.1%)

  1 758 (15.6%)

  2-3 3320 (68.4%)

  4-5 726 (14.9%)

   > 5 50 (1.0%)

Gravidity, Median (IQR) 3.0 (2.0, 3.0)

Gravidity categories

  1 563 (11.6%)

  2-3 3181 (65.5%)

  4-5 1006 (20.7%)

   > 5 106 (2.2%)

Regimen at ART initiation

  TDF/FTC/EFV 3809 (80.8%)

  TDF/3TC/EFV 332 (7.0%)

  TDF/3TC/Aluvia 44 (0.9%)

  TDF/3TC/NVP 115 (2.4%)

  AZT/3TC/EFV 48 (1.0%)

  Other 366 (7.8%)

https://doi.org/10.1371/journal.pone.0314182.t001

https://doi.org/10.1371/journal.pone.0314182.t001
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of prior HIV care at ANC, 482 (28%) had a VL test at entry to ANC and 32% (153/482) of these were virally suppressed. 
Overall, viral suppression at ANC among pregnant women reporting prior ART use was 29% (922/3148). Overall popula-
tion level VL suppression at entry to ANC was 22% (1075/4865).

During pregnancy, VL testing was observed for 58% (n = 1825) of the 3148 women with evidence of engagement in 
prior HIV care (Fig 3B). Of these, 58% (1066/1825) were virally suppressed. Overall, rates of viral suppression during 
pregnancy were higher among pregnant women reporting prior ART use compared to suppression rates observed among 
women reporting no HIV care prior to entry into ANC (33% (1066/3148) vs 19% (322/1717). Overall population level VL 
suppression during pregnancy was 29% (1388/4865).

Fig 4 represents trends in viral suppression among women from 2014 to 2017 during pregnancy. In 2014 and 2015, a 
substantial proportion had suppressed VL (76% and 78%, respectively). However, in 2016, there was a notable increase 
in unsuppressed VL, rising to 36%; there was a slight recovery in 2017, with 67% suppressed. Overall, we observed 
higher viral suppression in 2014 and 2015 than 2016 or 2017.

Factors associated with viral load suppression between ANC until delivery from multivariate log-binomial regression 
models are presented in Table 3. Women who started ART prior to pregnancy were more likely to achieve viral suppres-
sion than those who starting ART during ANC (aRR 1.10; 95% CI:1.11–1.33). Women initiating ART with higher CD4 count 
(≥500 vs < 200) were also more likely to achieve viral load suppression (aRR 1.61; 95% CI:1.40–1.72).

Aligned with this, likelihood of VL suppression improved as policy eras shifted towards expanded access to ART (14% 
prior to Option B+, 29% during Option B+ and 33% during UTT; Table 3). In analyses stratifying the proportion engaged 
in care prior to pregnancy achieving viral load suppression by policy era, we found that engagement in HIV care prior to 
entry to ANC was associated with a higher probability of viral suppression across all policy eras (Table 4).

Discussion

Universal access to HIV care and treatment has been a reality for pregnant women in South Africa for over a decade 
[20]. Despite this, engagement in HIV care remains below treatment targets [21]. This observational study describes the 
engagement of pregnant women living with HIV in care prior to pregnancy and its impact on viral load monitoring and sup-
pression, particularly in the context of changing HIV care policies. We report several key findings concerning engagement 
in HIV care prior to pregnancy. First, despite expanded access to HIV care, antenatal services continue to be a critical 
entry point for HIV care. In 2017, nearly half of primigravid women had no prior exposure to HIV care at their ANC book-
ing, posing significant risks to their health and increasing the likelihood of vertical transmission to their infants. However, 
the expansion of access to ART as implemented under the Option B+ and UTT policies appears to have had a positive 

Fig 2.  Engagement in HIV care before and during Option B+ era among (A) primigravid pregnant women and (B) multigravida pregnant 
women.

https://doi.org/10.1371/journal.pone.0314182.g002

https://doi.org/10.1371/journal.pone.0314182.g002
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impact on engagement in care. More women (66%) engaged in HIV care before the first ANC visit during the Option B+ 
era, compared to 55% before Option B+. Similar improvements in engagement in care have been observed in the region, 
including a Malawian study that reported more women living with HIV entering ANC already on ART after introduction of 
Option B+ (18.7% pre- versus 30.2% post-Option B+) compared to the era prior to Option B+ implementation [22]. Data 
from Zambia also showed an increase in those on ART at first ANC visit from 9% in 2011, before Option B+, to 74% in 
2015 during Option B+ [23]. Timely engagement in ANC may be influenced not only by structural barriers, in terms of 
access to care, but also dissemination of information about timely HIV care [24].

Secondly, early access to ART remains a critical step towards eliminating vertical transmission of HIV [21], as sustained 
viral suppression through continuous ART use is essential for this goal. Our findings highlight that increased maternal 
engagement in HIV care prior to pregnancy, particularly through early ART initiation, is crucial. We found that pregnant 
women who reported prior ART use had increased uptake of viral load testing and a higher proportion of viral suppression 
during pregnancy compared to those who initiated ART during pregnancy. Hence, interventions are needed to improve 
maternal engagement in HIV care before pregnancy to ensure sustained viral suppression and reduce the risk of vertical 
transmission. This findings are consistent with a previous study among participants initiating ART prior to pregnancy hav-
ing had higher viral suppression [25].

Table 2.  Engagement in HIV care prior to antenatal care and predictors of prior engagement in HIV care.

No evidence of prior  
engagement in care (n = 1717)

Evidence of prior  
engagement in care (n = 3148)

Crude RR
95% CI

Adjusted RR
95% CI

Maternal age, median (IQR) 28 (25–33) 32 (28–35)

  18–24 years 471 (54%) 399 (46%) 0.67 (0.62–0.71) 0.81 (0.61–0.88)

  25–34 years 995 (34%) 1911 (66%) Reference Reference

  35–44 years 247 (23%) 826 (77%) 1.12 (1.08–1.17) 1.14 (1.10–1.22)

   ≥ 45 years 4 (25%) 12 (75%) 1.09 (0.82–1.45) 1.22 (0.91–2.11)

CD4 count, median (IQR) 360 (238–519) 411 (263–572)

   < 200 cells/mm3 281 (42%) 391 (58%) 0.58 (0.53–0.74) 0.61 (0.44–0.73)

  200- < 349 cells/mm3 438 (43%) 588 (57%) 0.75 (0.54–0.88) 0.60 (0.53–0.74)

  350–499 cells/mm3 361 (37%) 620 (63%) 0.71 (0.62–1.23) 0.83 (0.71–0.92)

   ≥ 500 cells/mm3 401 (31%) 880 (69%) Reference Reference

Gestational age at entry to antenatal 
care (weeks), Median, (IQR)

21.7 (16.3, 26.3) 20.4 (14.9, 26.4)

  First trimester (1–13) 166 (29%) 400 (71%) Reference

  Second trimester (14–27) 756 (36%) 1335 (64%) 0.90 (0.85–0.96)

  Third trimester (≥28) 555 (38%) 915 (62%) 0.88 (0.82–0.94)

Parity, Median (IQR) 2.0 (2.0, 3.0) 3.0 (2.0, 3.0) –

  One or less 412 (54%) 349 (46%) Reference

  Two or more 1304 (32%) 2792 (68%) 1.49 (1.37–1.61)

Gravidity, Median (IQR) 2.0 (2.0, 3.0) 3.0 (2.0, 4.0) –

  Primigravida 335 (60%) 228 (40%) 0.77 (0.67–0.82) 0.72 (0.63–0.83)

  Multigravida 1381 (32%) 2912 (68%) Reference Reference

Policy era, n (%)

  Prior eras (prior to 2015) 279 (45%) 345 (55%) Reference

  Option B+ (2015) 996 (36%) 1739 (64%) 1.15 (1.07–1.24)

  UTT (2016 onwards) 442 (29%) 1064 (71%) 1.28 (1.18–1.38)

Abbreviations: RR = Risk ratio.

https://doi.org/10.1371/journal.pone.0314182.t002

https://doi.org/10.1371/journal.pone.0314182.t002
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Fig 3.  HIV viral suppression at A) entry to ANC and B) during pregnancy stratified by use of ART prior to ANC entry.

https://doi.org/10.1371/journal.pone.0314182.g003

Fig 4.  Trends in viral load suppression rates during pregnancy, 2014-2017.

https://doi.org/10.1371/journal.pone.0314182.g004

https://doi.org/10.1371/journal.pone.0314182.g003
https://doi.org/10.1371/journal.pone.0314182.g004
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Thirdly, we found that maternal age is an important factor in patterns of engagement in HIV and antenatal care. 
Younger women in our study were less likely (20%) to engage in HIV care before ANC compared to those aged 26–34 
and older, consistent with other work indicating younger maternal age is a risk factor for poor HIV care engagement [10]. 
This pattern is closely linked with parity, as younger women are more likely to be experiencing their first pregnancy and 
thus new to both HIV care and ANC services. By the second pregnancy, rates of engagement in HIV care prior to ANC 
improve, as maternal age increases and women may have already been exposed to HIV care during a prior pregnancy 
[26]. Therefore, age on its own is not the sole driver of accessing care, but is influenced by prior exposure to care through 
earlier pregnancies.

Barriers to maternal HIV care engagement identified among younger mothers in other studies include instability in 
romantic relationships [27,28], difficulty accepting one’s HIV status [29], and fear of beginning lifelong treatment [30]. 
Efforts to support younger women in maternal HIV care should focus on strengthening social support networks, either 
by engaging existing supporters or introducing external peer supporters, such as other young women living healthy lives 
with HIV. Similarly, primigravid women were less likely to engage in prior HIV care compared to multigravida women. A 

Table 3.  Multivariate log-binomial regression model of factors associated with viral suppression among pregnant women during pregnancy.

Viral load suppression (n = 1388) Crude RR
95% CI

Adjusted RR
95% CI

Mothers age (years), n (%)

  18-24 210 (24%) 0.85 (0.75 −0.97)

  25-34 822 (28%) Reference

  35-44 324 (30%) 1.07 (0.96-1.19)

   ≥ 45 5 (31%) 1.10 (0.53-2.29)

CD4 count, n (%)

   < 200 cells/mm3 208 (31%) Reference Reference

  200- < 350 cells/mm3 488 (48%) 1.29 (1.12-1.31) 1.40 (1.20-1.70)

  350–499 cells/mm3 356 (36%) 1.42 (1.22-1.52) 1.51 (1.33-1.61)

   ≥ 500 cells/mm3 336 (26%) 1.40 (1.23-1.62) 1.61 (1.40 −1.72)

Gestational age categories (weeks), n (%)

  First trimester (1–13) 208 (15%) Reference

  second trimester (14–27) 700 (50%) 0.69 (0.68-1.22)

  Third trimester (≥28) 480 (35%) 0.54 (0.44-1.04)

Parity, n (%)

  One or less 248 (33%) Reference

  Two or more 1054 (26%) 1.2 (0.3-2.2)

Gravidity, n (%)

  Primigravida 139 (25%) Reference

  Multigravida 1249 (29%) 1.32 (0.11-1.41)

Timing of engagement in HIV care, n (%)

  Started ART at ANC 322 (23%) Reference Reference

  Started ART prior ANC 1066 (77%) 1.23 (1.11-1.41) 1.10 (1.11-1.33)

Policy era, n (%)

  Prior eras (prior to 2015) 87 (14%) Reference

  Option B+ (2015) 783 (29%) 2.05 (1.67-2.52)

  UTT (2016 onwards) 518 (33%) 2.47 (2.01-3.03)

Abbreviations: RR=Risk ratio, ANC=Antenatal care, ART=Antiretroviral treatment.

https://doi.org/10.1371/journal.pone.0314182.t003

https://doi.org/10.1371/journal.pone.0314182.t003
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recent study among women with an established HIV diagnosis at ANC found that those pregnant for the first time had an 
increased risk of poor care engagement, consistent with our findings [10]. This may be attributed to a lack of knowledge 
or experience with HIV testing and care services, fear of stigma or discrimination, and limited access to services [31,32]. 
Additionally, pregnancy and the postpartum period are high-risk times for HIV acquisition, further complicating engage-
ment in care.

Despite continually expanding access to ART for pregnant women, we noted persistence of advanced HIV disease at 
presentation. Overall, 17% of women entering antenatal care did so with a CD4 count <200 cells/mm3. Unsurprisingly, 
those with low CD4 at entry to care were less likely to have engaged in HIV care prior to the current pregnancy. A previ-
ous study of a retrospective cohort of adult women also found that those with pre-pregnancy ART were more likely to start 
ANC with CD4 count ≥500 [27]. Pre-pregnancy ART improves immunologic and virologic control during pregnancy and 
there is therefore a need for renewed efforts in HIV testing, linkage to ART and viral monitoring. Additionally, stratification 
by gestational age at entry to ANC revealed concerning trends: 11% of women booking in the first trimester had a CD4 
count <200 cells/mm3, while this proportion increased to 18% in the second trimester and 19% in the third trimester. These 
findings suggest that delayed ANC booking is associated with a higher likelihood of presenting with advanced immunosup-
pression. Thus, there is a pressing need to promote early ANC attendance, especially for women not previously engaged 
in HIV care, to reduce the burden of advanced HIV disease.

Finally, we noted with concern, low rates of VL testing during pregnancy (58%). Though this estimate is higher than 
previous estimates reported 20% in Gauteng Province, South Africa [28], 30% in Mozambique [33], and 40% from three 
districts of Kwazulu-Natal Province, South Africa [29], low rates VL monitoring during pregnancy calls for renewed atten-
tion to VL testing efforts during ANC. Our overall population level VL suppression during pregnancy of 29% is substantially 
lower than the UNAIDS target of 73%. While increased monitoring is important, improving VL suppression rates requires 
enhanced adherence support, timely ART initiation before pregnancy, and targeted interventions to address barriers to 
sustained ART use among pregnant women [30]. The findings that women with higher CD4 counts at the start of ART 
had a 1.5 times higher likelihood of achieving viral load suppression and viral load suppression rates increased as poli-
cies of expanded access to ART were introduced are consistent with the well-established benefits of initiating ART early 
in the course of HIV infection [34]. While the effect of engagement in care on VL suppression rates did not differ across 
expanded access policy eras, our results underscore the importance of early diagnosis and linkage to care, which allows 

Table 4.  Effect measure modification analysis of the impact of Option B+ era on effect of prior engagement in care on viral load suppression 
at entry to ANC and during pregnancy.

Engaged in HIV 
care prior to ANC?

VL at ANC initiation VL during Pregnancy

Viral load 
suppression

Risk Ratio Viral load 
suppression

Risk Ratio

Before Option B+

Overall n = 79 n = 60 Overall n = 184 n = 128

No 19 (24%) 30 (50%) 1 56 (30%) 61 (47%) 1

Yes 60 (75%) 50 (50%) 1.58 (0.78-3.21) 128 (70%) 67 (53%) 1.47 (0.99-2.16)

Option B+ era

Overall n = 1 (101 n = 797 Overall n = 1665 n = 1 (168

No 304 (28%) 309 (39%) 1 497 (30%) 576 (49%) 1

Yes 797 (72%) 488 (61%) 1.84 (1.56-2.18) 1168 (70%) 592 (51%) 1.32 (1.16-1.49)

UTT era

Overall n = 822 n = 663 Overall n = 1059 n = 804

No 159 (19%) 259 (39%) 1 225 (24%) 397 (49%) 1

Yes 663 (81%) 404 (61%) 2.10 (1.64-2.71) 804 (76%) 407 (51%) 1.16 (0.99-1.35)

https://doi.org/10.1371/journal.pone.0314182.t004

https://doi.org/10.1371/journal.pone.0314182.t004
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for timely initiation of ART. By starting treatment at a higher CD4 count, the immune system is better preserved, and HIV 
can be suppressed more effectively. This not only improves health outcomes but also reduces the risk of transmission to 
others.

Our results should be interpreted in light of some limitations. Firstly, linking of maternal records to the National HIV 
cohort restricted our analysis to 2013–2017 since the NHLS cohort data are available until March 2018 but maternal 
records from RMMCH are through 2021. Secondly, while linking maternal and laboratory test datasets offers the oppor-
tunity to analyse laboratory results for ART clients beyond their originating facility, increasing the robustness of our esti-
mates for VL testing, there are still challenges related to the generalizability of our findings. The cohort primarily reflects 
the population and practices of a single facility, which may not be representative of all ART clients in different regions or 
settings, especially outside urban areas. Moreover, missing data, particularly in the form of incomplete records or dis-
crepancies between datasets, may introduce bias. This could potentially affect the accuracy of our estimates and should 
be considered when interpreting the findings. Lastly, we chose the VL threshold of <400 copies/mL as this was the assay 
detection threshold used in South Africa during the study period. We note that newer assays were introduced towards 
the end of the study period that were able to detect VL thresholds as low as 50 copies/mL and using the 400 copies/mL 
threshold would incorrectly classify test results with low level viraemia (50–400 copies/mL) as suppressed. We acknowl-
edge that even low level viremia may be associated with poor health outcomes and this is directly addressed in a sepa-
rate analysis [35].

Despite these limitations, our study leverages linking of maternal and laboratory test datasets which offers the opportu-
nity to analyse laboratory results for ART clients beyond their originating facility, increasing the robustness of estimates for 
VL testing.

Conclusion

Expanded access to HIV care and treatment for pregnant women living with HIV under the Option B+ and UTT policies 
appears to have increased rates of engagement in HIV care prior to entry to antenatal care. Despite this, pregnancy and 
antenatal care services remain an essential portal of entry to HIV care among women living with HIV in South Africa, and 
a large proportion of pregnant women living with HIV still present for HIV care with advanced HIV disease. Prior use of 
ART at entry to antenatal care is also associated with other positive treatment outcomes including timely monitoring of HIV 
viral load and also likelihood of viral suppression during pregnancy.
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