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Background: Repeated monitoring of viral load (VL) among pregnant women living with HIV (WLWH) is critical in vertical 
transmission prevention. For women who are newly diagnosed with HIV during pregnancy, a subsequent VL is recommended three 
months after ART initiation, and for all women living with HIV, follow-up VL is required every six months throughout pregnancy and 
breastfeeding. Here, we describe the uptake and timing of VL testing and frequency and distribution of viraemic episodes during 
pregnancy.
Methods: We linked prospective cohort data from WLWH whose infants were born at Rahima Moosa Mother and Child Hospital 
(RMMCH) in Johannesburg, South Africa (2013–2018) to laboratory data from the National Health Laboratory Services national HIV 
cohort. We report the uptake and timing of VL testing, and frequency of viremia and viral suppression. We applied the log binomial 
regression, to explore factors associated with having at least one or more VL test. Crude relative risks (RR) and adjusted relative risks 
(aRR) with 95% confidence intervals (CI) relative risk were reported.
Results: Data from 4064 women with known dates of entry into antenatal care and delivery during the study period were analysed. 
Overall, less than half (46%) completed VL testing during pregnancy. Most VLs were conducted during the third trimester (67%). 
Only 5% (n = 100) were during the first trimester and 11% within 7 days of delivery. Three-quarters of tests during pregnancy 
indicated viral suppression (VL < 400 copies/mL), 7% viraemic (VL 400–1000 copies/mL), and 19% high-grade viraemia (VL > 1000 
copies/mL). We found that being older (≥35) and being engaged in HIV care prior to pregnancy were significantly associated with VL 
testing during pregnancy.
Conclusion: With less than half of pregnant women living with HIV in this study having a VL measure during their pregnancy, and 
VL testing occurring late in pregnancy, this study highlights critical gaps in providing quality HIV care to women and prevention of 
vertical transmission.
Keywords: pregnancy, viral load, option B+, PMTCT, South Africa, pregnant women

Background
For pregnant women living with HIV, repeated monitoring of viral load (VL) is critical in vertical transmission 
prevention; every week a pregnant woman maintains an elevated viral load heightens the risk of vertical 
transmission.1 Progress towards elimination of vertical transmission requires sustained maternal VL suppression from 
conception through pregnancy to the postpartum period at the end of breastfeeding. Given the narrow window of 
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opportunity for intervention in case of an elevated maternal VL, there is a need to implement regular maternal VL 
monitoring and respond quickly to elevated VL.

For women who are newly diagnosed with HIV during pregnancy, a subsequent VL is recommended three months 
after ART initiation, and for all women living with HIV, follow-up VL is required every six months throughout 
pregnancy and breastfeeding.2 South Africa adopted the Option B+ policy in 2015, which expanded lifelong antiretro
viral therapy (ART) to pregnant women living with HIV, and expanded again to universal access in 2016. Maternal viral 
load testing guidelines recommended testing at pregnancy diagnosis, and VL was recommended at first antenatal care 
presentation regardless of when the last VL was done.2 In 2019, the guidelines were updated to include an additional VL 
test at delivery and three-monthly during breastfeeding.1 Prior to Option B+ (between 2013 and 2015); the WHO- 
recommended Option B approach was adopted in 2013, and recommended women to do a VL test at pregnancy 
confirmation at 6 and 12 months post-initiation.

In order to monitor treatment effectiveness and ensure the prevention of vertical transmission of HIV, timely VL 
testing is essential in the care of pregnant women living with HIV. VL monitoring enables clinicians to detect early 
virologic failure (HIV RNA ≥ 1000 copies/mL) and take the necessary action. In South Africa, entry to antenatal care 
(ANC) tends to occur later than the recommended first 12 weeks of gestation3,4 with the median gestational age at entry 
to ANC ranging from 14 to 23 weeks.5–9 Gestational age at ANC entry influences the timing of VL testing during 
pregnancy, especially for newly diagnosed and/or ART-naïve pregnant women yet this relationship is not well described 
in relation to policies of expanded access to ART.

Despite widespread implementation of antiretroviral therapy (ART) among pregnant women, maintaining viral 
suppression throughout pregnancy remains a key challenge for preventing mother-to-child transmission (MTCT) and 
ensuring maternal health. Viral load (VL) monitoring provides a direct measure of ART effectiveness, yet evidence on 
how VL testing is implemented and how viraemia evolves during pregnancy under routine programmatic conditions is 
still limited. Myer et al highlight that while VL monitoring is critical during pregnancy and breastfeeding, there is an 
urgent need to understand the optimal timing and frequency of VL testing, as well as the patterns and management of 
viraemic episodes in this population.5 Current knowledge largely derives from controlled research settings, with minimal 
real-world data describing the frequency and temporal distribution of VL testing and viraemic episodes during pregnancy. 
Addressing this gap is essential to inform programmatic strategies that ensure timely detection and management of 
viraemia, optimize maternal treatment outcomes, and reduce the risk of vertical HIV transmission.

The NHLS National HIV Cohort includes the laboratory data of nearly all patients receiving HIV care in the public 
sector in South Africa since 2004. Compared to clinical cohorts, the NHLS National HIV Cohort offers benefits. The data 
are extracted from patient charts into databases straight from the source testing platforms, making them less prone to data 
input errors and the cohort represents trends of treatment-seeking in the public sector since the data include all lab- 
monitored HIV patients receiving care in that sector.6

Here, we linked an established maternal cohort to routinely collected laboratory records and describe the frequency 
and temporal distribution of VL testing and viraemic episodes among pregnant WLWH attending ANC in Johannesburg, 
South Africa.

Methods
Study Design and Data Sources
Rahima Moosa Mother and Child Hospital (RMMCH) is a large academic obstetrics, gynaecology and paediatric referral 
centre and functions as the primary delivery facility of a sub-district of Johannesburg, South Africa.7 The Department of 
Paediatrics and Child Health offers both in-hospital admissions as well as outpatient facilities. RMMCH provides care to 
patients from its immediate catchment area but also acts as a regional referral centre for high risk or complex neonatal, 
paediatric and obstetrics/gynaecology cases. There were 13,072 infants delivered in 2018 at RMMCH.

The Rahima Moosa Maternal cohort collected maternal and infant data from approximately 10,000 WLWH 18 years 
and older attending ANC at RMMCH between 2013 and 2018, and captured detailed clinical information, including 
ANC booking date, delivery date, HIV testing dates, early infant diagnosis testing, prophylaxis and maternal blood 
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results relevant to HIV captured at the point of delivery. Approximately 18% of women delivering at RMMCH are living 
with HIV.8

The National Health Laboratory Service (NHLS) provides diagnostic laboratory and pathology services to approxi
mately 80% of the South African population via public-sector facilities. Previously, graph-based linkage techniques have 
been applied to HIV monitoring laboratory records from the NHLS to create the NHLS National HIV Cohort; 
a longitudinal cohort of people living with HIV accessing care in South Africa’s public sector.6 The cohort included 
the laboratory data of nearly all persons receiving HIV care in the public sector since April 2004. Individuals were 
included in the cohort if their laboratory records include at least one CD4 count or HIV RNA VL test. Data collected 
include age, sex, facility location and test results for HIV-associated monitoring and care.

Data Linkage and Validation
The NHLS centrally allocates alphanumeric barcodes for all biological samples submitted to its laboratories. All tests 
conducted on an individual biological specimen are identified through these unique barcodes in both the NHLS and 
RMMCH cohorts. For this analysis, we applied deterministic record linkage procedures to link maternal records from the 
RMMCH cohort to the NHLS National HIV Cohort using test sample barcodes. The barcode linkage procedure was 
validated through a random sample (n = 1200) of records using patient surname, first name, and date of birth. In this 
manually matched set of RMMCH records, 96% were confirmed matches in the NHLS cohort; and the remaining 4% of 
records were not linked to any NHLS data barcode. All women who booked for ANC at RMMCH and had records linked 
to the NHLS National HIV Cohort were included in the analysis.

Study Variables
We considered the pregnancy period as the period between recorded date of first ANC visit and date of delivery. We 
report three primary outcomes related to VL testing during pregnancy. First, uptake of VL testing was defined according 
to VL test records in either the NHLS cohort or RMMCH cohort datasets during the pregnancy period and were 
categorised as no VL test observed and at least one VL test observed. Second, we classified timing of VL testing during 
pregnancy according to dates of VL test results recorded in the NHLS or RMMCH cohort datasets and categorized 
timing of test as either: first trimester (gestation: weeks 1 to 13 weeks, 6 days), second trimester (gestation: weeks 
14 weeks to 27 weeks, 6 days) or third trimester (gestation: weeks 28 to delivery), using trimester definitions established 
by the American College of Obstetrics and Gynaecologists.9 Our third outcome was VL test result. For this outcome, 
each VL test result was classified into one of three categories: 1) suppressed VL (VL < 400 copies/mL); 2) low-grade 
viraemia (VL 400–1000 copies/mL) or 3) high-grade viraemia (VL > 1000 copies/mL). The VL test outcome was 
estimated at earliest test during pregnancy. We also assessed if changes in the South African national ART policy 
impacted observed maternal VL testing. National policy eras were categorised as “Prior to Option B+” for the period 
between January 2013 and December 2015, while the “Option B+ era” is defined as the period from January 2015 to 
dataset censor date (April 2018). We also defined prior engagement in HIV care at entry to ANC as either: 1) self- 
reported ART use prior to entry to antenatal care in maternal records or 2) evidence of HIV- associated laboratory data 
(CD4 count, and viral load) observed in the NHLS national HIV cohort between three months prior to date of entry to 
antenatal care and 30 days after entry to antenatal care. Lastly, we explored factors associated with having at least one VL 
test using log binomial regression to estimate the relative risk (RR) and corresponding 95% confidence interval.

Statistical Analysis
The characteristics of pregnant women included in the analysis at the time of delivery were described using frequencies 
and simple proportions. We then summarised the frequency of VL testing between first ANC visit and delivery stratified 
by gestational age at VL test. Frequency of VL outcomes during pregnancy were described with simple frequencies. 
Next, we summarised the VL result categories by gestational age at test and time to first observed VL during pregnancy 
with medians and report interquartile ranges. We report two estimates for viral load results: 1) a “population level” viral 
load which aggregates viral load results among all women in the cohort regardless of whether a VL test was observed or 
not and 2) VL results restricted to those with an observed viral load test. To explore factors associated with having at 
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least one VL test, we applied log binomial regression. Crude relative risks (RR) and adjusted relative risks (aRR) with 
95% confidence intervals (CI) relative risk were reported. The change in estimate (CIE) approach was applied to identify 
the factors to include in the final model. Factors that were considered are: maternal age at delivery, parity, gravidity, prior 
to pregnancy engagement in HIV care and gestation at entry into antenatal care. Predictors were retained in the final 
model if their addition altered the estimate of the primary exposure by more than 10%, indicating a meaningful 
contribution to the model. The impact of policy era on each outcome was assessed using log binomial regression 
model. Estimated risk differences (RD), crude relative risks (RR) and adjusted relative risks (aRR) with 95% confidence 
intervals (CI) relative risk stratified by policy era were reported after a priori adjustment.

Ethical Considerations
This study is performed in accordance with the study protocol, the Declaration of Helsinki (October 2013) and the WHO 
Handbook for Good Clinical Practice (July 2002). This study was approved by the Human Research Ethics Committee 
(HREC) of the University of Witwatersrand and Boston University. This is a secondary analysis of existing data collected 
as part of routine care. Permission for anonymised patient laboratory records in NHLS was obtained from the NHLS. 
Informed consent was obtained from patients in RMMCH cohort.

Results
Of 4671 women who had their records linked to the NHLS HIV cohort, 40 (<1%) were missing a date of delivery and 
565 (12%) had VL tests observed outside the pregnancy period; these were excluded from the final analysis. We analysed 
data on 4064 mothers with known dates of entry into antenatal care and delivery during the study period, the analysis was 
limited to VL during pregnancy and delivery. Characteristics of women at entry to antenatal care are summarised in 
Table 1. The median maternal age was 30 years (IQR:26–34); median gestation at birth was 39 weeks (IQR: 38–40); 
median antenatal CD4 was 394 cells/mm3 (IQR:248–554); median parity was 2 (IQR: 2–3); median gravidity was 3 
(IQR: 2–3) and 80% of the women were on a standard first-line regimen of tenofovir, emtricitabine and efavirenz (TDF/ 
FTC/EFV).10

Timing of Entry into Antenatal Care
Median gestation at entry into ANC was 20 weeks (IQR:15–26). Overall, 19% (758) of women first attended ANC in the 
first trimester, 61% (2480) during the second trimester and 20% (808) during the third trimester (Table 1). The proportion 
of women presenting for ANC in trimester 3 dropped from 69% in 2014 to 60% in 2015 (Supplementary Figure 1).

Table 1 Characteristics of Women Included in the Analysis (n = 4064)

Characteristic N (%)

Age at delivery Median (IQR) 30 (26–34)

15-19 78 (1.9)

20-24 664 (16.3)

25-29 1174 (28.9)

30-34 1252 (30.8)

35-39 703 (17.3)

40-44 181 (4.5)

45+ 12 (0.3)

(Continued)
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Uptake and Timing of VL Testing
Overall, 2184 (54%) women had no VL observed at any time between ANC booking and delivery, while 1880 (46%) 
women had at least one VL observed during the same period (Table 2). Two-thirds (67%) of VL testing occurred during 
the third trimester with a peak at 34 weeks’ gestation (Figure 1). Although 19% of women attended antenatal care in the 
first trimester, only 5% of VL tests (n = 100) occurred during the first trimester. Delivery testing was low: 11% had a VL 
within 7 days of delivery and 69 (4%) completed a VL at delivery. The median gestational age for the first VL test for 

Table 1 (Continued). 

Characteristic N (%)

Parity Median (IQR) 2 (2–3)

1 626 (15.4)

2 1614 (39.7)

3 1177 (29.0)

4 459 (11.3)

5-9 179 (4.4)

Missing 9 (0.2)

Gravidity Median (IQR) 3 (2–3)

1 467 (11.5)

2 1387 (34.1)

3 1286 (31.6)

4 606 (14.9)

5-10 309 (7.6)

Missing 9 (0.2)

Gestational age at birth (weeks) Median (IQR) 39 (38–40)

Gestational age at entry into antenatal care (weeks) Median (IQR) 20 (15–26)

Timing of entry into antenatal care Trimester 1 758 (18.7)

Trimester 2 2480 (61.3)

Trimester 3 808 (20.0)

Antenatal CD4 (cells/µL) Median (IQR) 394 (248–554)

Regimen at entry into antenatal care among those on ART FDC (TDF/FTC/EFV) 3250 (80.0)

TDF/3TC/EFV 254 (6.3)

TDF/3TC/Aluvia 30 (0.7)

TDF/3TC/NVP 96 (2.4)

AZT/3TC/EFV 40 (1.0)

Other combinations 276 (6.8)

Missing 118 (2.9)

HIV/AIDS - Research and Palliative Care 2026:18                                                                                https://doi.org/10.2147/HIV.S560792                                                                                                                                                                                                                                                                                                                                                                                                       5

Jinga et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



women who initiated ART during ANC was higher than for women who initiated ART before ANC: 34 weeks (IQR: 
29–37) vs 28 weeks (IQR: 21–35) (Table 2). There were no significant changes in the proportion of women getting their 
first VL in each trimester over the period 2014 to 2017 (Supplementary Figure 2).

The proportion of women with no VL testing observed decreased over the study period 2014–2017 (87% in 2014 and 
52% in 2017), though uptake was still insufficient to meet program targets by the end of the study period at 68% 
(Figure 2).

VL Results During Pregnancy
Overall, three-quarters of VL tests observed during pregnancy indicated viral suppression, 7% showed low-grade 
viraemia, and 20% high-grade viraemia. At the population level, this translates to overall VL suppression rate of 34% 
during pregnancy.

Figure 3 summarizes the distribution of the first VL result by gestational age after entry into ANC during the 
pregnancy period. The proportion of high-grade viraemia varied by gestational age, peaking at nearly 30% at around 
17 weeks’ gestation. The proportion of women with first suppressed VL test during pregnancy increased from 61% in 
trimester 3 in 2014 to 73% in trimester 3 in 2017 (Supplementary Figure 3).

Table 2 Uptake of Viral Load Testing Guidelines During the Study Period 
(2013–2018)

N (%)

Median gestational presentation (IQR) 20 (15–26)

% on ART and presentation to antenatal care 3977 (98%)

Median time between ANC booking and observed VL (days) (IQR) 1 (1–51)

Median time from ANC booking to first suppressed VL (days) 43 (1–107)

Uptake of observed VL monitoring N=4064

No VL observed during pregnancy 2177 (54%)

At least 1 VL observed during pregnancy 1869 (46%)

Only 1 test 1742 (43%)

More than 1 test 127 (3%)

Timing of observed VL monitoring n=1869

Trimester 1 100 (5%)

Trimester 2 563 (30%)

Trimester 3 1206 (65%)

Within 7 days of delivery 212 (11%)

On the day of delivery 69 (4%)

Median gestational age at test (initiated ART before entry to ANC) 28 (21–35)

Median gestational age at test (initiated ART during ANC) 34 (29–37)

VL result during pregnancy (VL for the first test) n=1869

Suppressed <400 copies/mL 1376 (74%)

Viraemic episode 400–1000 copies/mL 132 (7%)

Unsuppressed >1000 copies/mL 361 (19%)
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Factors Associated with Having a VL Test During Pregnancy
The frequency of VL testing also improved with increasing maternal age (Figure 4). Compared with younger women, 
women aged 35–44 were almost 20% more likely to have at least one VL during pregnancy (aRR = 1.2, 95% CI: 1.1–1.3) 
(Table 3). Evidence of prior engagement in care was significantly associated with having a VL test during pregnancy 
(aRR = 1.6, 95% CI: 1.5–1.9). Parity, Gravidity, timing of entry into ANC, gestation at entry into ANC and year of VL 
testing were not associated with having a VL test. (Table 3).

Figure 2 Viral load suppression category stratified by year of test. 
Notes: Blue – No VL. Orange – One VL test. Grey – Two VL tests. Yellow – Three VL tests.

Figure 1 Frequency and timing of VL testing during pregnancy. 
Notes: Blue – Trimester 1. Orange – Trimester 2. Grey – Trimester 3.
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Impact of Option B+ Policy Implementation on VL Testing
The occurrence of an observed VL during pregnancy (adjusted for CD4 at entry into ANC, gestational age at delivery 
and maternal age at entry into ANC in the second trimester), was three times more likely during Option B+ compared to 
prior to Option B+ (aRR = 3.04, 95% CI: 2.34–3.94) (Table 4). The proportion of women with no VL observed decreased 
during the Option B+ era, compared to before the policy implementation (aRR = 0.69, 95% CI: 0.62–0.78) (Table 4). 
Compared to the pre-Option B+ era, the completion of VL testing improved more than two-fold during the Option B+ era 
(20% vs 49%, respectively).

Figure 4 Uptake of VL testing by age group. 
Notes: Blue – No VL. Orange – One VL test. Grey – Two VL tests. Yellow – Three VL tests.

Figure 3 Viral load suppression category stratified by gestational age at test. 
Notes: Blue – Suppressed (400 copies/mL). Orange – Low viraemia (400–1000 copies/mL). Grey – High viraemia (>1000 copies/mL).
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Table 3 Factors Associated with Having at Least One VL Test During Pregnancy

One or More VL Observed 
During Pregnancy (N=1869)

Crude RR (95% CI) Adjusted RR (95% CI)

Maternal age at delivery (n, %)

15-24 270 (14%) Ref Ref

25-34 1133 (60%) 1.29 (1.16–1.42) 1.17 (1.05–1.40)

35-44 460 (25%) 1.43 (1.28–1.61) 1.28 (1.13–1.44)

45+ 6 (0%) 1.37 (0.77–2.43) 1.50 (0.87–2.61)

Parity (n, %)

Low multi-parity (1–3) 1834 (98%) Ref

Grand multipara (4–9) 338 (18%) 1.01 (0.92–1.10)

Gravidity (n, %)

1 192 (10%) Ref Ref

2 611 (33%) 1.07 (0.99–1.21) 0.93 (0.83–1.04

3 614 (33%) 1.17 (1.03–1.31) 0.91 (0.81–1.02)

4 294 (16%) 1.19 (1.04–1.36) 0.89 (0.78–1.01)

5-10 153 (8%) 1.21 (1.04–1.42) 0.85 (0.73–1.00)

Engagement in care (n, %)

No prior engagement in care 459 (25%) Ref Ref

Evidence of prior engagement in care 1393 (75%) 1.81 (1.67–1.97) 1.72 (1.58–1.88)

Gestation at entry into ANC (n, %)

< 21 weeks 1106 (59%) Ref Ref

≥ 21 weeks 763 (41%) 0.67 (0.63–0.72) 0.72 (0.68–0.77)

Table 4 Uptake of Viral Load Testing Guidelines Stratified by Option B+ Era

Prior to Option B+ 
Era (2013–2014)

Option B+ Era 
(2015–2018)

Crude RD (95% CI)a Crude RR (95% CI)a Adjusted RR (95% CI)b

Median gestational 
presentation

19 (13–26) 20 (15–26) 0.018 (−0.02–0.06) 1.03 (0.95–1.11) 0.91 (0.84–0.99)c

% on ART and presentation 
to antenatal care

443 (95%) 3534 (98%) 0.01 (−0.00–0.03) 1.01 (0.92–1.12) 1.01 (0.89–1.15)

Median time (ANC booking 
to first suppressed VL 
(days))

123 (79–167) 35 (1–105) −0.14 (−0.17 to −0.12) 0.84 (0.76–0.93) 0.88 (0.77–1.00)

Uptake of observed VL 
monitoring

n=462 n=3602

No VL observed during 
pregnancy

368 (80%) 1816 (51%) −0.29 (−0.29 to −0.30) 0.63 (0.60–0.66) 0.69 (0.62–0.78)

At least 1 VL observed during 
pregnancy

94 (20%) 1786 (49%) 0.29 (0.23–0.31) 2.48 (2.06–2.99) 3.04 (2.34–3.94)

(Continued)

HIV/AIDS - Research and Palliative Care 2026:18                                                                                https://doi.org/10.2147/HIV.S560792                                                                                                                                                                                                                                                                                                                                                                                                       9

Jinga et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
Despite the importance of routine and timely monitoring of VL during pregnancy, in this analysis of the completion and 
frequency of VL testing among pregnant women in South Africa from 2013 to 2018, we found several key areas of 
concern and opportunities for action. First, less than half of women studied had a VL measure during their pregnancy. 
Additionally, the overall VL suppression during pregnancy was 34%, far below suppression rates of 74% observed in the 
2019 South African Antenatal HIV Sentinel Survey of 8112 pregnant women aged 15 to 49.11 Although our results 
suggest an improvement in uptake of VL testing over the years and across policies, our findings indicate that considerable 
work is still needed to ensure VL monitoring is aligned with normative guidance and best practice. Monitoring of VL 
remains a critical gap in prevention of vertical transmission of HIV and optimising HIV care among pregnant women 
living with HIV. The low rates of VL testing coverage among pregnant women in our study, though worrying, is in 
keeping with other estimates of VL testing coverage during pregnancy. Other reports of VL testing indicate low coverage 
among pregnant women with estimates ranging from 30% in South Africa12 and 32% in Zimbabwe.13 In Kenya, 50% of 
pregnant women had a VL test during ANC, while 28% of women living with HIV did not have any documented VL 
testing by six months postpartum.14

Second, we noted that the majority of VL testing occurred late in pregnancy. Not surprisingly, women who initiated 
ART during ANC were more likely to have first VL test during the third trimester compared to women who started ART 
before entry to ANC. This increase in testing in the third trimester could be attributed to newly HIV-diagnosed women 
who only completed a first VL three months after entry into ANC, or due to women presenting late for ANC,15,16 or both. 
Presenting late for ANC delays not only VL monitoring during pregnancy, but also interventions such as enhanced 

Table 4 (Continued). 

Prior to Option B+ 
Era (2013–2014)

Option B+ Era 
(2015–2018)

Crude RD (95% CI)a Crude RR (95% CI)a Adjusted RR (95% CI)b

Only 1 test 91 (20%) 1660 (46%) 0.26 (0.20–0.28) 0.98 (0.98–0.98) 0.91 (0.68–1.21)

More than 1 test 3 (1%) 126 (3%) 0.03 (0.01—0.04) 3.19 (0.80–12.7) 5.72 (0.81–40.2)

Timing of observed VL 
monitoring

Total n = 94 Total n = 1786

Trimester 1 6 (6%) 94 (5%) −0.01 (−0.05–0.05) 0.80 (0.36–1.78) 1.22 (0.49–3.00)

Trimester 2 23 (24%) 545 (30%) 0.06 (0.03–0.10) 1.25 (0.86–1.82) 1.99 (1.05–3.80)

Trimester 3 65 (69%) 1147 (64%) −0.05 (−0.09–0.0.05) 0.92 (0.80–1.06) 0.78 (0.56–1.08)

Within 7 days of delivery 17 (18%) 196 (11%) −0.07 (−0.09–0.03) 1.46 (0.89–2.37) 2.07 (1.10–3.90)

On the day of delivery 12 (13%) 57 (3%) −0.09 (−0.11–0.007) 0.30 (0.32–1.11) 1.00 (1.00–1.00)

Median gestational age at test 
(for women who initiated ART 
before entry to antenatal care)

30 (21–35) 28(21–35) −0.13(−0.23- −0.04) 0.80(0.63–1.03) 0.81(0.62–1.07)

Median gestational age at test 
(for women who initiated ART 
during antenatal care)

35(32–38) 34(29–37) −0.08(−0.11- −0.06) 0.90(0.80–1.02) 0.91(0.81–1.03)

VL result during pregnancy 
(VL for the first test)

Total n = 94 Total n = 1786

Suppressed <400 copies/mL 74 (79%) 1310 (73%) −0.05 (−0.09–0.04) 0.92 (0.83–1.03) 0.93 (0.67–1.29)

Viraemic episode 400–1000 
copies/mL

6 (6%) 127 (7%) 0.007 (−0.003–0.068) 1.30 (0.54–3.09) 3.33 (0.46–24.07)

Unsuppressed >1000 copies/mL 14 (15%) 349 (20%) 0.05 (−0.02–0.10) 1.26 (0.77–2.07) 0.98 (0.57–1.68)

Notes: aRD = risk difference; RR = relative risk; in all cases, the reference category is “Prior to Option B+” era. bAdjusted for maternal age at delivery, cd4 at entry into 
ANC and gestational age at entry into ANC. cAdjusted for maternal age at delivery, cd4 at entry into antenatal care (ANC).
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adherence counselling and regimen switching in case of treatment failure. Only 7% of VL tests were done within seven 
days of delivery since at this time, the guidelines had not been updated to include VL testing at delivery.1

The low coverage of VL testing and lack of adherence to guidelines during pregnancy is a cause for concern and 
future work should explore the specific barriers and challenges that pregnant women and/or clinics face in adhering to 
viral load testing guidelines. Low access and uptake of VL testing during pregnancy could be addressed by implementing 
innovative approaches like point-of-care viral load testing during ANC.17

Our results highlighted that younger mothers remain vulnerable to poor treatment outcomes during pregnancy. Our 
results showed that younger women were less likely to have a VL test during pregnancy compared to older women. 
Younger women are less likely to have a VL during pregnancy since they are less likely to be on ART.18,19 It is important 
for policies and programmes to have interventions that target younger women. Our findings also show that being engaged 
in HIV care prior to pregnancy improves the timely VL testing thereby improving prevention of vertical transmission.

Finally, the introduction of Option B+ significantly improved the uptake of VL test during pregnancy from 20% to 
50%. This is clinically meaningful since each additional week of uncontrolled viremia increases the risk of vertical 
transmission of HIV,20 but indicates that considerable work still is needed to ensure VL monitoring is aligned with 
normative guidance and best practice.

Our results should be interpreted in light of some limitations of our study. First, the study period data was limited to 
the period 2013–2018 which did not allow us to evaluate trends in maternal VL testing as universal access to ART was 
widely implemented in South Africa. Second, as this cohort represents a single facility, results may not be generalised 
more broadly to other settings in South Africa. Despite these limitations, this analysis was strengthened through linkage 
of maternal records to the NHLS National HIV cohort, a longitudinal cohort observing laboratory testing associated with 
HIV monitoring at the national level and robust to silent transfers. This improved the ascertainment of VL testing 
outcomes beyond the facility-level observations available in maternal records.6,21

Conclusion
With less than half of pregnant women living with HIV in this study having a VL measure during their pregnancy, this 
study highlights a critical gap in providing quality prevention of vertical transmission and HIV care to women. VL 
monitoring is a critical tool for assessing maternal and infant outcomes, but frequency has been alarmingly low 
throughout our study period. Coverage of VL testing remained incomplete and testing patterns do not always reflect 
what the guidelines recommend. The three-month lag in VL testing for newly diagnosed women results in the bulk of 
viral load testing occurring in the third trimester with low uptake at delivery and inadequate viral suppression rates. 
Additional years of data will provide information on how changes in the guidelines at delivery impacted VL testing 
patterns.

Data Sharing Statement
The data that support the findings of this study are owned by the NHLS and Rahima Moosa Mother and Child Hospital, 
and access is governed by policies and procedures in response to requests made directly to the Department and the 
hospital. As such, the study teams will not have authority to release the data to the public or other data-sharing 
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