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Abstract

Background

Accurate measurement of antenatal antiretroviral treatment (ART) coverage in pregnancy is

imperative in tracking progress towards elimination of vertical HIV transmission. In theWest-

ern Cape, South Africa, public-sector individual-level routine data are consolidated from

multiple sources, enabling the description of temporal changes in population-wide antenatal

antiretroviral coverage. We evaluated the validity of different methods for measuring ART

coverage among pregnant women.

Methods

We compared self-reported ART data from a 2014 antenatal survey with laboratory assay

data from a sub-sample within the survey population. Thereafter, we conducted a retrospec-

tive cohort analysis of all pregnancies consolidated in the Provincial Health Data Centre

(PHDC) from January 2011 to December 2020. Evidence of antenatal and HIV care from

electronic platforms were linked using a unique patient identifier. ART coverage estimates

were triangulated with available antenatal survey estimates, aggregated programmatic data

from registers recorded in the District Health Information System (DHIS) and Thembisa

modelling estimates.

Results

Self-reported ART in the 2014 sentinel antenatal survey (n = 1434) had high sensitivity

(83.5%), specificity (94.5%) and agreement (k = 0.8) with the gold standard of laboratory

analysis of ART. Based on linked routine data, ART coverage by the time of delivery in

mothers of live births increased from 67.4% in 2011 to 94.7% by 2019. This pattern of
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increasing antenatal ART coverage was also seen in the DHIS data, and estimated by the

Thembisa model, but was less consistent in the antenatal survey data.

Conclusion

This study is the first in a high-burden HIV setting to compare sentinel ART surveillance data

with consolidated individuated administrative data. Although self-report in survey conditions

showed high validity, more recent data sources based on self-report and medical records

may be uncertain with increasing ART coverage over time. Linked individuated data may

offer a promising option for ART coverage estimation with greater granularity and efficiency.

Introduction

Accurate measurement of antenatal antiretroviral treatment (ART) coverage in pregnancy is

imperative in tracking progress towards the elimination of vertical transmission [1–3]. To

monitor progress towards elimination of vertical transmission, the World Health Organization

(WHO) Elimination of Mother-to-Child Transmission Initiative requires countries to report

on three process measures with the targets that 95% of pregnant women attend antenatal care,

95% are tested for HIV and 95% of pregnant women living with HIV (WLWH) initiate ART

prior to or during pregnancy [1].

Antenatal HIV sentinel surveillance is one approach to measuring these process indicators,

and is a long-standing tool used in South Africa [4–7]. Since 1990, antenatal HIV sentinel sur-

veys have taken place annually or biennially in all provinces of South Africa. Until 2015, the

Western Cape province of South Africa extended the national survey to a larger proportionally

weighted sample to generate sub-district level estimates. WHO has recommended sentinel sur-

veillance be replaced by routine programmatic data, a shift that is reliant on accurate and com-

plete routine data [7, 8]. While the focus of sentinel antenatal surveys is HIV seroprevalence,

the widespread roll-out of ART and drive toward elimination of vertical transmission necessi-

tates the monitoring of ART coverage in conjunction with prevalence [9].

South Africa has a high antenatal coverage, with an estimated 94% of women in the West-

ern Cape province attending a health facility at least once for an antenatal visit [10]. While

coverage is high, coverage below 100% remains a risk in the context of VTP. All women,

regardless of HIV status, are offered an HIV test at first pregnancy visit. Those with

unknown HIV status are encouraged to test at first visit and at various other antenatal time

points, using an “opt-out” system [11]. Although test refusal amongst antenatal clients was

captured routinely in the past, these data are no longer captured. Available literature shows

high antenatal HIV testing coverage in South Africa since 2009 (above 90%), increasing to

98% by 2011 [12].

In 2013, the Western Cape province of South Africa adopted a policy of lifelong ART for all

pregnant WLWH (Option B+) [11, 13, 14]. Subsequently, the Western Cape Provincial

Department of Health (WCDOH) added an additional question on ART use to the 2014 pro-

vincial antenatal survey, which was also incorporated in national surveys [15–17]. This ques-

tion measured current ART use in the 3 days prior to survey participation [15]. The validity of

self-reported ART use as a method to evaluate ART coverage using existing sentinel surveil-

lance methods requires formal evaluation. An alternative method for measuring ART use is

using routine data. The WCDOHmakes use of two routine health information platforms.

Firstly, aggregated data from facility-based registers are captured in the District Health
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Information System (DHIS). Secondly, individuated electronic patient data are consolidated

by the Provincial Health Data Centre (PHDC). These include administrative, pharmacy and

laboratory data linked via a unique patient folder number, in the absence of electronic medical

records. ART coverage can therefore be estimated using pharmacy dispensing data of triple-

regimen ART or entries in HIV treatment registers.

We evaluated the validity of different methods for measurement of ART coverage by assess-

ing self-reported ART use in sentinel antenatal surveys and comparing sentinel survey esti-

mates with routine programmatic data estimates over a 10-year period.

Methods

This study was conducted in the Western Cape province of South Africa. The province is com-

prised of six districts: Cape Metro, Overberg, Garden Route, Central Karoo, West Coast and

Cape Winelands. The study was comprised of two parts: validation of 2014 self-reported ART

data with laboratory data, and the comparison of cross-sectional sentinel survey ART coverage

estimates as well as modelling estimates with routine data from 2011 to 2020. The datasets

used are described below.

Antenatal survey data

Antenatal ART coverage estimates for the Western Cape Province for 2014 and 2015 were

obtained from the Western Cape provincial sentinel antenatal survey. In 2016, the provincial

survey was discontinued and annual national surveys were replaced by biennial surveys. Ante-

natal ART coverage estimates for the Western Cape province for 2017 and 2019 were obtained

from the South African National Department of Health as reported in the national sentinel

antenatal survey reports.

Estimates were derived from data that included all pregnant women attending their first

antenatal visit in a public health facility during a 6-week period of a survey in years 2014

and 2015. In years 2017 and 2019, the national survey data included pregnant women

attending first antenatal visits or follow-up antenatal visits in a public health facility during

a 6-week period (in this current analysis, only data collected at first antenatal visit are

included). The survey question for current ART use in 2014, 2015 and 2017 surveys was:

“Have you taken ARVs in the last 3 days?”. This question measured ART use at enrolment

as a proxy for ART use prior to the pregnancy or by the time of conception, excluding any

prior treatment interruption. This question was discontinued in 2019. In 2017 and 2019,

participants were asked if they had ever taken ARVs and if so when, therefore measuring

any ART use (prior or current). From 2019, the health care worker asking the question was

further expected to verify the response with information in the participant’s medical records

if available.

Laboratory validation sub-sample

As part of a WCDOH analysis, a third of the HIV positive specimens from the 2014 provincial

antenatal survey were sampled, stratified by district, obtaining a sub-sample of 450 specimens.

These were tested by the University of Cape Town (UCT) Department of Pharmacology for

lopinavir, efavirenz and nevirapine, using a cut-off of 50ng/ml. At least one of these drugs

were included in all ART regimens in use in South Africa in 2014. These data were used to vali-

date the additional survey question on current ART use introduced in the 2014 provincial

antenatal survey.

PLOS ONE Evaluating the validity of different HIV antiretroviral data sources in theWestern Cape, South Africa

PLOSONE | https://doi.org/10.1371/journal.pone.0291844 April 18, 2024 3 / 16

https://doi.org/10.1371/journal.pone.0291844


Provincial health data centre (routine individual-level HIV program data)

A retrospective cohort of pregnancies was enumerated from the PHDC on 26 May 2022,

which included anonymised linked data of all pregnant women attending public health facili-

ties in the Western Cape between 2011 to 2020. All available pregnancies were linked to a

patient master index and allocated a quantitative confidence score to measure the degree of

confidence in the recorded information/data points, indicating a true pregnancy. Pregnancies

scoring 0.7 or higher out of a maximum of 1 were included as they have at least 1 high confi-

dence data point such as a rhesus antibody test (conducted routinely at first antenatal visit),

pregnancy test, International Classification of Diseases (ICD) Tenth Revision code indicating

pregnancy, antenatal visit or maternal discharge summary. The geographic location of the

facility of first pregnancy-related attendance was used to determine district of pregnancy.

Pregnancy outcome date and available information on gestational age were used to estimate

pregnancy period, with the date of the first evidence of pregnancy used to stratify pregnancies

by year. Within this cohort, administrative, laboratory and pharmacy evidence of HIV diagno-

sis before or during the estimated pregnancy period was used to determine antenatal HIV sta-

tus. Antenatal ART coverage was based on the proportion of women known to be living with

HIV during the antenatal period with evidence of ART initiation before or during pregnancy.

Women who interrupted treatment would be included as having started ART by enrolment.

District health information system (routine aggregated HIV program data)

Aggregated program data of women recorded as attending public antenatal facilities in the

Western Cape for the first time during their current pregnancy in 2011 to 2020 were included

in the DHIS dataset. For this analysis, the element “Known HIV positive client on ART at first

visit” was used to determine ART coverage at first antenatal visit among all those known with

HIV before pregnancy and diagnosed with HIV at first antenatal visit. This data element is

intended to measure ART use at conception and excludes women who had interrupted treat-

ment at the time of the first antenatal visit. The denominator combined the two elements

“Known HIV positive antenatal client” and “HIV positive PMTCT initial test”. Known HIV

positive antenatal client is captured by an HIV counsellor and includes a combination of self-

reported HIV and medical records confirming HIV diagnosis. HIV positive PMTCT initial

test includes those who tested HIV positive at first antenatal visit.

Thembisa model

Thembisa is an integrated demographic and HIV model, developed for South Africa. The

model is applied at both national and provincial levels; the estimates used in this study are

from version 4.6 of the Western Cape model [18]. The provincial model is calibrated to a num-

ber of HIV data sources: age-specific HIV prevalence data from antenatal clinic surveys and

household surveys, recorded numbers of deaths by age and sex, total numbers of ART patients

and age/sex distributions of ART patients, and antiretroviral metabolite data. Assumptions

about fertility rates in HIV-positive women and the effect of ART on fertility are informed by

Western Cape PHDC data [18, 19]. The model makes assumptions about rates of ART inter-

ruption and re-initiation, which make it possible to estimate both current ART coverage and

proportions of WLWH ever initiated on ART at the time of conception.

Analysis

Data were analysed using Stata 17 (Stata Corporation, College Station, Texas, USA). Descrip-

tive characteristics of the laboratory validation sub-sample were tabulated. Given the higher

PLOS ONE Evaluating the validity of different HIV antiretroviral data sources in theWestern Cape, South Africa

PLOSONE | https://doi.org/10.1371/journal.pone.0291844 April 18, 2024 4 / 16

https://doi.org/10.1371/journal.pone.0291844


validity of laboratory-based ART testing [20], this dataset functioned as the gold standard for

comparison with the newly introduced survey question in 2014 [9]. Discordance between self-

report and laboratory ART was calculated. Demographic risk factors for discordance were ana-

lysed using logistic regression. Sensitivity, specificity, positive predictive value and negative

predictive value were calculated to validate the survey question on ART use. Agreement

between self-report and lab ART detection was quantified using the kappa statistic.

Given the 10-year duration of the PHDC cohort (2011–2020) and the notable changes in

ART guidelines and data availability over this time period, descriptive characteristics of the

cohort were tabulated across all years and for the 2019 cohort specifically, as the most recent

year pre-COVID19, to reflect the most recent characteristics.

ART-specific survey data and time trends from 2014 to 2019 were compared with PHDC,

DHIS and Thembisa 4.6 estimates. The 2014 and 2015 provincial antenatal survey measured

current ART use (excluding treatment interruption). The 2017 and 2019 national antenatal

surveys measured any ART use before pregnancy (which may include treatment interruption).

ART coverage estimates from the surveys were compared with PHDC estimates for women

initiating ART before pregnancy among those with prenatal or antenatal evidence of HIV

diagnosis (includes treatment interruption). The survey data were similarly compared with

DHIS data which were limited to first visit ART coverage (excluding treatment interruption).

The survey estimates, PHDC ART coverage estimates before pregnancy and DHIS estimates

were further compared with ART at conception estimates from the Thembisa mathematical

model estimates for the Western Cape, with and without treatment interruption [18].

PHDC estimates for women initiating ART before or during pregnancy among those with

prenatal or antenatal evidence of HIV diagnosis (both with live births or any pregnancy out-

come) were further compared with Thembisa estimates of ART at delivery among those with

live births. A sensitivity analysis including moderate-low confidence pregnancies was con-

ducted to determine the contribution of these pregnancies to ART coverage. The PHDC data

were analysed further for estimates of ART coverage by district and age-group. These analyses

were limited to a 5-year period (2015–2020) when the test and treat ART policy was fully

implemented and individuated electronic data systems were better established.

Ethical considerations

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

(HREC 083/2021) and the Western Cape Provincial Health Research Committee. All antenatal

HIV survey data, DHIS and Thembisa data were provided in aggregated form. Verbal consent

was obtained from survey participants as per survey protocol, however only aggregated survey

data were provided for this study. The PHDC and DHIS data used in the study include uncon-

sented, de-identified routine service data housed by the Western Cape Department of Health.

Data from the PHDC were de-identified before study release according to the Western Cape

Department of Health Data Access Policy Guidelines. Use of these routine, unconsented, de-

identified service data was approved by both the University of Cape Town Human Research

Ethics Committee and the Western Cape Provincial Health Research Committee.

Results

From 1 January 2011 to 31 December 2020, 977 800 and 989 568 pregnancies were recorded

by the PHDC and DHIS, respectively, with the PHDC enumerating more pregnancies than

DHIS from 2015 onwards. Sample sizes for the provincial surveys in 2014 and 2015 were 7470

and 7517, respectively. Following the discontinuation of provincial surveys, the Western Cape

sample size of the national surveys in 2017 and 2019 were 3571 and 3943, respectively.

PLOS ONE Evaluating the validity of different HIV antiretroviral data sources in theWestern Cape, South Africa

PLOSONE | https://doi.org/10.1371/journal.pone.0291844 April 18, 2024 5 / 16

https://doi.org/10.1371/journal.pone.0291844


The descriptive characteristics of the laboratory sub-sample were comparable to the 2014

survey population with HIV (Table 1). Within the sub-sample, 13 participants (2.9%) did not

disclose ART status.

No risk factors for discordance between the laboratory sub-sample and 2014 survey popula-

tion were noted on bivariable and multivariable analyses. Self-reported ART use (35%) was

similar to ART detected on lab analysis (37.2%), with 2.2% absolute difference. Self-reported

ART was further compared to laboratory markers showing a sensitivity of 83.5% (95% CI

77.0–88.9) and a specificity of 94.5% (95% CI 91.1–96.9), positive predictive value of 90.1%

(95% CI 84.2–94.4) and negative predictive value of 90.5% (95% CI 86.5–93.6). Agreement

between self-report and laboratory markers was also high at 90.4% (kappa statistic 0.8,

p<0.001).

Descriptive characteristics of the PHDC cohort are summarised in Table 2. The majority of

women (69.8%) having no electronic record of HIV status, suggests either HIV negative (most

commonly given high antenatal HIV testing coverage) or unknown status. Of those with elec-

tronic records of positive HIV status, 7.7% had no record of ART (Table 2). Of all pregnant

women with HIV in the 10-year cohort, 72.6% had records of ART initiation before or during

pregnancy and 87.2% in 2019.

Among those living with HIV, survey, DHIS, PHDC and Thembisa estimates show that

ART coverage before pregnancy increased over time, however a slight decrease is noted in the

survey estimate in 2019 (Table 3 and Fig 1). The 2014 laboratory and PHDC estimates of ART

coverage were similar (37.2% v 37.4%, respectively). The 2015 survey estimate of 44.2% was

similar to the PHDC estimate of 42.8%. The 2017 survey estimate of 62.3% was higher than

PHDC data (58.4%), but lower in 2019 (61.2%) compared to PHDC (69.5%), when comparing

ART coverage before pregnancy. DHIS estimates were notably higher than Thembisa esti-

mates, excluding treatment interruption, and more aligned to PHDC estimates which included

treatment interruption. Thembisa estimates of those ever on ART prior to conception (includ-

ing treatment interruption), were higher than PHDC until 2016 and thereafter reasonably

close to PHDC estimates. From 2015 to 2020, Thembisa estimates of ART at delivery were

higher than PHDC estimates of ART at delivery, however the difference between estimates is

lower when restricting PHDC estimates to live births only. A sensitivity analysis to assess the

contribution of moderate-low confidence pregnancies to ART coverage did not materially

impact the PHDC estimates and associated comparisons.

Fig 2 presents Western Cape antenatal ART coverage among those with HIV over a 10-year

period according to PHDC data. ART coverage prior to pregnancy amongst WLWH increased

over time from 42.8% in 2015 to 72.6% in 2020. Higher coverage was observed in older age

groups, with coverage as high as 81.1% in the 35–39 age group in 2020 (Fig 1). An increasing

proportion of women are shown to be on ART before pregnancy and from 2015 onwards ART

coverage exceeds 90% before or during pregnancy. ART coverage during the antenatal period

(ART commenced before or during pregnancy) was high amongst pregnant WLWH in all dis-

tricts, except Central Karoo, and across all years. Over time, there was variability of coverage

estimates in Central Karoo, Overberg andWest Coast, with Cape Metro having the most con-

sistent increase in coverage.

Discussion

Our study is the first to assess and compare different methods of antenatal ART coverage

ascertainment in the Western Cape province. All datasets documented the increasing ART

coverage in pregnant women over time. The challenges in dataset comparisons where numera-

tors and denominators are disparate were highlighted.
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Table 1. Characteristics of HIV-positive women in the laboratory validation sub-sample compared to antenatal survey, 2014.

Lab sub-sample

(N = 450)

2014 Antenatal Survey

(N = 1434)

Variable Median, Percentage 95% Confidence

interval†

Median, Percentage 95% Confidence

interval

District Cape Winelands 12.0% 9.3–15.4 11.9% 10.3–13.6

Central Karoo 0.5% 0.1–1.8 0.5% 0.2–1.0

Cape Metro 61.9% 57.3–66.3 62.1% 59.5–64.5

Garden Route 14.0% 11.1–17.6 14.0% 12.3–15.9

Overberg 4.5% 2.9–6.8 4.4% 3.5–5.6

West Coast 7.1% 5.1–9.9 7.2% 6.0–8.6

Age in years (median; IQR) 28 IQR 24–33 29 IQR 24–33

Age category 10–14 0.2% 0.03–1.6 0.1% 0.01–0.5

15–19 5.5% 3.7–8.0 4.3% 3.3–5.5

20–24 20.7% 17.2–24.8 22.8% 20.7–25.1

25–29 29.8% 25.7–34.3 30.1% 27.7–32.5

30–34 27.6% 23.6–31.9 27.7% 25.4–30.0

35–39 13.7% 10.8–17.2 12.7% 11.1–14.6

40–44 2.3% 1.2–4.2 2.2% 1.6–3.1

45–49 0.2% 0.03–1.6 0.1% 0.04–0.6

Age of partner in years (median; IQR) 32 IQR 28–32 32 IQR 28–37

Gravidity 1 22.4% 18.8–26.5 19.2% 17.6–21.7

2 37.4% 33.1–42.0 35.5% 33.0–37.9

3 25.1% 21.3–29.4 28.7% 26.4–31.0

4 10.3% 7.8–13.5 12.0% 10.3–13.7

5 3.6% 2.2–5.8 3.2% 2.3–4.1

6 0.9% 0.3–2.3 1.0% 0.6–1.7

>6 0.2% 0.03–1.6 0.4% 0.1–0.8

Population group Black African 85.7% 82.1–88.6 85.8% 83.9–87.5

Coloured* 14.3% 11.4–17.9 13.9% 12.2–15.8

Level of education None 3.0% 1.7–5.1 2.2% 1.6–3.2

Finished primary 52.5% 47.8–57.2 52.1% 49.5–54.8

Finished secondary 42.0% 37.5–46.7 43.2% 40.6–45.8

Finished tertiary 2.5% 1.4–5.1 2.5% 1.8–3.4

Marital status Single 75.8% 71.6–79.6 76.1% 73.8–78.3

Married 21.9% 18.3–26.0 22.3% 20.2–24.6

Widow 1.4% 0.6–3.0 0.7% 0.3–1.2

Divorced 0.9% 0.3–2.4 0.9% 0.5–1.5

Awareness of HIV status Yes 91.0% 88.0–93.4 90.3% 88.6–91.7

No 9.0% 6.6–12.0 9.7% 8.3–11.4

Self-reported ART use** 35.0% 30.7–39.6 35.5% 33.0–38.1

ART detected on lab

analysis

37.2% 32.8–41.8

Lopinavir (LPV) 3.3% 2.0–5.5

Efavirenz (EFV) 31.2% 27.1–35.6

Nevirapine (NVP) 2.7% 1.5–4.7

Overall discordance 9.6% 7.2–12.8

Discordance–ART self-reported but not

detected

3.4% 2.1–5.6

Discordance–ART detected but not self-

reported

6.2% 4.3–8.9

†95% confidence intervals were calculated using the normal approximation to the binomial distribution

*This term is applied by the national survey for purposes of service delivery redress

**Sensitivity 83.5% (95% CI 77.0–88.9), specificity 94.5% (95% CI 91.1–96.9), kappa 0.8 (p<0.001), NPV 90.5% (95% CI 86.5–93.6), PPV 90.1% (95% CI 84.2–94.4)

https://doi.org/10.1371/journal.pone.0291844.t001
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Table 2. Descriptive and HIV-specific characteristics of PHDC cohort (2011–2020) compared to PHDC cohort
2019.

PHDC Cohort 2011–2020 (n = 977800)
Percentage

PHDC Cohort 2019§ (n = 123907)
Percentage

Prior electronic evidence of
pregnancy*

1 60.3% 52.4%

2 27.2% 29.7%

3 9.2% 12.4%

4 2.5% 4.0%

5 or more 0.8% 1.5%

Age (median; IQR) 27.4 27.2

Age Category

<15 0.5% 0.5%

15–19 12.0% 11.1%

20–24 26.6% 25.7%

25–29 27.4% 27.3%

30–34 20.1% 20.8%

35–39 10.4% 11.5%

>39 3.0% 3.1%

District**
Cape Winelands 13.4% 13.1%

Central Karoo 0.8% 1.2%

Cape Metro 70.2% 65.7%

Garden Route 8.3% 9.2%

Overberg 3.0% 4.3%

West Coast 3.7% 5.5%

No district recorded 0.6% 1.1%

Pregnancy Outcomes

Delivered 83.4% 81.1%

Ectopic pregnancy 1.4% 1.7%

Termination 5.4% 7.2%

Stillbirth 1.5% 1.3%

Miscarriage 3.4% 4.9%

Mother died prior to delivery 0.02% 0.02%

Outcome unknown 4.9% 3.8%

Evidence of HIV status

HIV status unknown† 69.8% 71.6%

HIV status known 30.2% 27.9%

HIV evidence timing

HIV positive before or during
pregnancy

16.7% 18.5%

HIV positive postnatally 4.0% 1.4%

HIV negative 9.5% 8.3%

HIV unknown 69.8% 71.8%

ART (n = 202575) (n = 24644)

HIV Positive but no evidence of
ART

7.7% 5.9%

Antenatal ART (before or during
pregnancy)

72.6% 87.2%

Postnatal ART 19.7% 6.9%

(Continued)
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Table 2. (Continued)

PHDC Cohort 2011–2020 (n = 977800)
Percentage

PHDC Cohort 2019§ (n = 123907)
Percentage

Antenatal ART (n = 163649)‡ (n = 22910)

ART started before pregnancy 54.7% 69.5%

ART started during pregnancy 35.2% 24.3%

No antenatal ART 10.1% 6.2%

§2019 reflects the most recent characteristics pre COVID-19

*Gravidity estimates (number of times a woman has been pregnant, including current pregnancy) in the PHDC are

not reliable since historic data are incomplete. Prior electronic evidence is used as a proxy to provide a full

description of the cohort.

**Unweighted
†HIV diagnosis is based on point-of-care tests that are not recorded electronically. Unknown HIV status therefore

includes those who tested negative on point-of-care tests and therefore have no subsequent electronic evidence of

HIV
‡Excludes women who only tested HIV positive postnatally

https://doi.org/10.1371/journal.pone.0291844.t002

Table 3. Western Cape antenatal ART coverage (%) amongst women living with HIV by dataset (2011–2020).

Before pregnancy At delivery

Antenatal
Survey

DHIS Thembisa 4.6 PHDC Thembisa 4.6 PHDC PHDC Thembisa 4.6

Year Antenatal
Survey (on
ART among
WLWH)

Lab
validation

Proportion on
ART among those
with HIV at
antenatal first visit
(excluding
treatment
interruption)

Antenatal ART
coverage prior to
conception
(excluding
treatment
interruption)

Proportion on ART
before pregnancy
among those
known with HIV
(including
treatment
interruption)

Antenatal ART
coverage prior to
conception
(including
treatment
interruption)

Antenatal
ART coverage
at delivery (all
pregnancy
outcomes)

Antenatal
ART coverage
at delivery
(live births
only)

Antenatal
ART coverage
at delivery
(live births
only)

2011 32.4 27.0 34.8 67.1 67.4 51.7

2012 36.0 33.7 39.2 72.8 73.9 62.3

2013 39.7 35.4 43.5 83.7 85.3 77.0

2014 35.5 (33.0–
38.0)*

37.2 (32.7–
41.7)*

43.4 37.4 47.6 88.9 90.6 88.6

2015 44.2 (41.6–
46.8)*

43.9 47.3 42.8 52.0 90.6 92.4 93.8

2016 51.4 51.0 51.6 56.5 91.4 92.9 95.3

2017 61.5 (57.7–
65.1)*

62.0 54.1 58.4 60.5 92.4 93.9 96.1

62.3 (58.5–
66.0)**

2018 62.9 57.1 63.6 64.1 92.6 94.0 96.4

2019 61.2 (57.2–
65.1)**

68.3 59.7 69.5 67.3 93.8 94.7 96.6

2020 70.1 61.3 72.6 69.5 93.5 94.1 96.7

*Current ART use (excludes treatment interruption)

** Includes treatment interruption. Stratified to first visit only. ART before pregnancy amongst first and follow-up attendees is 58.4 for 2017 and 58.2 for 2019.

https://doi.org/10.1371/journal.pone.0291844.t003
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The self-reported survey-based antenatal ART question was confirmed as a valid measure of

ART use by comparison to the gold standard of laboratory detection, with good overall concor-

dance. Discordance was higher amongst those self-reporting no ART use but having positive

laboratory detection of ART than vice versa. This may represent misunderstanding of the ques-

tion, false positive laboratory results or reluctance in disclosing ART use due to stigma or other

reasons. Interestingly, 15 participants who self-reported ART use had no laboratory evidence of

ART. In addition to question misinterpretation or false negative laboratory results, this may

also suggest poor recent medication adherence. Discordance proportions and agreement

between self-report and laboratory detection were in keeping with a similar study conducted in

the Kwazulu-Natal province, however non-disclosure of ART status (2.9%) was notably lower

in our cohort compared to this study (8.1%) [9]. Several other studies in sub-Saharan Africa

comparing self-report and biomarkers of current or previous ART use showed higher propor-

tions of ART non-disclosure, however these studies had smaller sample sizes and the study pop-

ulation was not restricted to pregnant women presenting for antenatal care [21–24]. While the

study by Huerga et al. in Kwazulu Natal found younger individuals were at higher risk of dis-

cordance, our study found no demographic risk factors for discordance [9]. The ART question

had high agreement beyond chance, and high specificity, sensitivity and positive and negative

predictive values, suggesting good performance of this question as a measure of ART use. Other

studies have shown a similarly high specificity and positive predictive value, however sensitivity

and negative predictive value are notably lower [25–27]. Reasons for better performance of self-

reported ART in our study may include lower social desirability bias due to lower perceived

stigma of ART use amongst those actively seeking antenatal care in a clinical setting. Further-

more, since the ART question was asked by clinicians during routine clinical care, more expla-

nation of the question may have been given compared to other study settings. Our findings

arguably support the continued use of the question in survey settings and the utility of survey

Fig 1. ART coverage before and during pregnancy by dataset (2011–2020).

https://doi.org/10.1371/journal.pone.0291844.g001
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ART estimates for further validation with routine data. However, we note that the question on

current ART use was discontinued after 2017 and replaced with a question “has the participant

ever taken ARV’s,” thereby including those not on ART at the time due to prior treatment inter-

ruption. Additionally, from 2019, survey questions were complemented with information from

medical records if available. Further validation of survey data is therefore recommended.

Our study suggests lower completeness of PHDC data in earlier years when compared to

DHIS data. This finding is further supported by a recent study which compared live births

from Thembisa with PHDC data [19]. From 2015 onwards, however, the PHDC enumerated

more pregnancies than DHIS, suggesting good completeness of these data. Higher numbers in

the PHDCmay be due to inclusion of non-viable pregnancies and terminations of pregnancy,

which may not be captured in DHIS amongst antenatal service attendees. Lower enumeration

prior to 2015 is likely due to less well-established electronic systems in earlier years. Within the

PHDC cohort, 69.8% had no information of HIV status. This is likely representative of the

HIV negative antenatal population whose HIV status is determined solely by point-of-care

rapid HIV testing, the results of which are not captured electronically on routine information

systems [28]. Those with evidence of HIV negative status had laboratory confirmation via HIV

ELISA test results which are captured electronically on routine systems. Those testing positive

for HIV on point-of-care testing may have further validation of test results by laboratory HIV

ELISA testing as well as other laboratory, pharmacy and administrative evidences of HIV, thus

Fig 2. Temporal trends in antenatal ART coverage in theWestern Cape by timing, district and age (PHDC).

https://doi.org/10.1371/journal.pone.0291844.g002
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providing a complete dataset of antenatal patients with HIV in the public sector of the Western

Cape province [28].

Estimates of ART coverage in the antenatal population living with HIV were similar

across the survey and PHDC datasets for 2014 and 2015, although higher estimates were

expected in 2015 due to inclusion of treatment interruption in the PHDC dataset. The 2017

and 2019 antenatal surveys report ART use prior to pregnancy among women presenting for

their first antenatal visit, and therefore may include those who interrupted treatment [16,

17]. When compared to PHDC estimates of ART before pregnancy, PHDC estimates were

lower than survey estimates in 2017, but notably higher in 2019. The differences between sur-

vey estimates and PHDC may reflect sampling bias in the survey population as well as inter-

viewer-related differences in asking the survey question on ART use prior to pregnancy,

participant-related interpretation of the question as well as availability of relevant medical

records in 2019 survey participants. Whether the estimates include or exclude treatment

interruption may be dependent on how the survey question was interpreted by both inter-

viewer and participant.

Thembisa estimates of ART at delivery were higher than PHDC estimates, however the dif-

ference was slightly less when restricting PHDC estimates to live births only. This may indicate

that ART initiation is prioritised where transmission to an infant is possible, and less urgent in

non-viable pregnancies such as ectopic pregnancies. Additionally, pregnancies where the out-

come is unknown may represent those who are lost to the health care system for reasons such

as migration to a different province and therefore not recorded on ART within the PHDC.

The high ART coverage estimates reflected in the PHDC dataset is reassuring and in keeping

with recent literature [29]. These findings support the importance of antenatal first visits for

early engagement in HIV care and effective prevention of vertical transmission of HIV. ART

initiation prior to pregnancy amongWLWHwould, however, be most ideal in prevention of

vertical transmission as well as prevention of onward transmission to sexual partners [29].

Any engagement with health services for WLWH, regardless of pregnancy intention or out-

come, should be considered an opportunity for ART initiation in keeping with test and treat

guidelines. Systemic factors associated with delayed ART initiation requires urgent research in

order to optimise prevention of vertical transmission of HIV.

DHIS estimates of ART coverage amongWLWH at first antenatal visit are notably higher

than survey estimates and Thembisa estimates and more aligned to PHDC estimates, despite

differences in treatment interruption ascertainment. The reasons for these disparities may be

multifactorial and difficult to identify. It should be noted that Thembisa estimates include

both the private and public sector. When including treatment interruption, Thembisa esti-

mates are notably higher than PHDC estimates until 2016. PHDC estimates may be higher in

recent years and increasing over time due to greater ascertainment of patients using the public

sector for HIV services. Overall, PHDC estimates appear to track Thembisa estimates closely

in recent years. Since the Thembisa model uses many different sources for model calibration,

the uncertainty from these estimates is likely less than the uncertainty of individual estimates

used for calibration. The model estimates also show consistency and coherence over time

which is comparable to PHDC estimates from 2015 onwards. DHIS estimates include those

currently on ART (excluding those interrupting ART) and trends may further represent

changes in capturing of routine information on service-based registers or other contextual fac-

tors. While DHIS indicators are clearly defined, the exact question asked to ascertain current

ART use at first antenatal visit may differ from clinician to clinician, resulting in variable

patient interpretation and responses. Where data is not collected for research purposes it is dif-

ficult to determine how a question is asked. Data sources based on responses therefore may be

uncertain, particularly with increasing ART coverage over time.
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Population-wide datasets from the PHDC allow better discernment of current ART versus

ever on ART and more detailed analysis such as district-level and age disaggregated temporal

trends, which the antenatal survey is underpowered to generate, while the DHIS is limited to

specific indicators. Age-group trends over time show an expected higher ART coverage prior

to pregnancy in older age groups who have likely had more opportunities for HIV diagnosis

and care than younger age groups (in whom HIV is likely to have been more recently

acquired). District-level trends are in keeping with provincial trends, showing a high ART cov-

erage during the antenatal period, with most districts above 90%. The lower coverage estimates

in Central Karoo are reflective of the smaller population and lower HIV prevalence in this

sparsely populated rural district. Other demographic characteristics associated with ART cov-

erage could not be evaluated as these are not routinely captured in health information systems.

Limitations

Routine data are subject to various caveats impacting both quality and completeness. Firstly,

routine public sector data exclude those who do not access public health services both due to

access issues and use of the private healthcare sector. ART coverage may therefore be overesti-

mated as pregnant WLHIV who do not access services are excluded from the denominator.

Given the wide range of information systems used and the diverse staff members involved in

data capturing, these data are subject to varying administrative and capturing errors. Com-

pleteness of data cannot be accurately quantified. Pregnancies enumerated in the PHDC prior

to 2015 were notably less than pregnancies in the DHIS over this time period, suggesting

incomplete data in the PHDC cohort in earlier years. Contextual factors at different facilities

may further impact the quality of data–this includes changes in capturing approaches, staff

training, staff turnover, and COVID-19 pandemic impacts. Ascertainment of both pregnancy

and ART use is dependent on how electronic systems are used in different facilities. However,

the PHDC approach to using multiple data sources to enumerate pregnancy and HIV ascer-

tainment, may mitigate against gaps in single data sources such as DHIS. ART coverage ascer-

tained from routine data is inferred through dispensing of ART from pharmacy. This does not

necessarily translate to administration and adherence to ART.

This study highlights the challenges in comparing datasets with differing numerators and

denominators, particularly with respect to treatment interruption. Routine data are limited to

variables captured routinely. Since information specific to the first antenatal visit is not rou-

tinely captured in all public health facilities, it was not possible to distinguish between first and

follow-up antenatal visits in the PHDC dataset. While first visit can be ascertained in DHIS,

aggregated data are susceptible to double counting if the patient attends multiple antenatal

clinics.

Detailed demographic and treatment characteristics are not captured, precluding a deeper

understanding of epidemiological trends. DHIS consists of data elements for both national

and provincial reporting purposes, some of which measure the same variable but are captured

in different registers and by different staff members. As such, different data elements may be

used for both numerator and denominator in order to calculate ART coverage. ART estimates

may therefore vary depending on the data elements selected.

Since the national antenatal survey is underpowered for detailed estimates, routine data

cannot be adequately validated at district, sub-district and age-group levels. Furthermore, the

findings on self-reported ART use in surveys reflect findings in the last decade. We recom-

mend repeating the validation to confirm if this concordance has persisted.

Lastly, it should be noted that while Thembisa estimates were used for comparison with

antenatal survey and PHDC estimates, the Thembisa model is partially dependent on estimates
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from the antenatal survey for model calibration and assumptions on fertility are derived from

the PHDC.

Conclusion

Our study demonstrates the validity and utility of antenatal ART coverage using routine indi-

viduated data. While laboratory detection is the most accurate measure of ART use, this is nei-

ther affordable nor practical at a population level. Routine individuated data provide an

efficient and less costly method of estimation compared to surveys and more accuracy and

granularity than aggregate data. Trends in the Western Cape province are reassuring in that

the large majority of WLWH are initiated on ART before or during pregnancy. This is sup-

portive of the province soon meeting the third target of the WHO Elimination of Mother-to-

Child Transmission Initiative of 95% of pregnant WLWH initiating ART prior to or during

pregnancy. Reasons for non-initiation during pregnancy require further investigation as this

has serious implications for prevention of vertical transmission and child morbidity and mor-

tality. Strengthening of routine information systems, including improved digitisation of point-

of-care HIV testing and ascertainment of treatment interruption, in addition to being invalu-

able tools to directly support patient care, may allow more accurate epidemiological trend

analysis for timely action and improved quality of HIV care.
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