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Abstract

Objectives

About half of the pregnancies among women living with HIV (WLWH) receiving antiretroviral
therapy (ART) in sub-Saharan African countries are reported to be unintended. Unintended
pregnancy is associated with late initiation of antenatal care (ANC), and may delay provision
of viral load monitoring services, antenatal adherence counselling and support, and other
services that promote sustained viral suppression throughout pregnancy. This study exam-
ines the association between unsuppressed viral load during the third trimester of preg-
nancy and unintended pregnancy among women who initiated ART before pregnancy.

Methods

This was an analysis of data from a national antenatal survey conducted at 1 589 public
health facilities in South Africa between 1 October and 15 November 2019. Consenting
pregnant women aged 15—49 years attending ANC during the survey period were enrolled.
Demographic and clinical data were collected through interview and medical record review.
Pregnancy intention was assessed using two questions from the London Measure of
Unplanned Pregnancy, and responses were categorized as “unintended,” “undecided,” and
“intended.” Blood specimens were collected from all women and tested for HIV; and if posi-
tive, a viral load test was performed. A survey domain-based poisson regression model
examined the association between unsuppressed viral load during the third trimester of
pregnancy and unintended pregnancy among women who initiated ART before pregnancy.
Viral suppression was defined as viral load <50 copies/mL.
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Results

Of 10 901 WLWH with viral load data available, 63.3% (95% confidence interval (Cl):
62.4%-64.1%) were virally suppressed. Among the 2 681 women (representing 24.1% of all
WLWH with viral load data) who initiated ART before pregnancy and were in their third tri-
mester at the time of enrolment, 74.4% (95% Cl: 73.0%-75.8%) were virally suppressed. In
the same population, the proportion virally suppressed was lower among women whose cur-
rent pregnancies were unintended (72.1%, 95% Cl: 70.1%-74.1%) compared to women
whose pregnancies were intended (78.3%, 95% Cl: 75.9%-80.5%). In multivariable analy-
ses adjusted for age, gravity, marital status, education, location of facility and syphilis status,
unintended pregnancy was associated with unsuppressed viral load during the third trimes-
ter (adjusted relative risk: 1.3, 95% CI: 1.1-1.4) among women who initiated ART before
pregnancy.

Conclusion

The identified association between unsuppressed viral load and unintended pregnancy
among pregnant women who initiated ART before pregnancy highlights the need to
strengthen routine assessment of fertility preferences and provision of contraceptive ser-
vices to reproductive age WLWH receiving ART.

Introduction

The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimated that in 2020, 150
000 children globally acquired HIV from their mothers [1]. Without intervention, 20-35% of
children born to pregnant women living with HIV become infected at birth [2]. Early initia-
tion of antiretroviral therapy (ART) improves viral suppression at delivery and reduces the
risk of vertical HIV transmission [3]. Pre-pregnancy ART initiation, and viral suppression
(viral load <50 copies/ml) throughout pregnancy and breastfeeding is the most effective inter-
vention to eliminate the risk of vertical HIV transmission [3].

Globally, although ART initiation before pregnancy has substantially improved, a large per-
centage (up to 30%) of women receiving ART conceive with unsuppressed viral load [4-9].
Factors such as unintended pregnancy, low uptake of contraceptives, and poor access to safer
conception services may contribute to the high prevalence of pregnancy among women with
unsuppressed viral load. The South African guideline for safer conception recommends all
couples who intend to become pregnant should test for HIV before pregnancy and if positive
should attain viral suppression before trying to achieve pregnancy [10]. Planning pregnancy
offers those who are unaware of their HIV status the opportunity to test for HIV, and initiate
ART (if HIV-positive) before pregnancy. Conversely, unintended pregnancy is associated with
late antenatal care (ANC) booking, delayed initiation of ART during pregnancy, and increased
levels of stress [11-13]. Studies have shown increased level of stress associated with unintended
pregnancy can be a threat to the physical and mental health of the women and the well-being
of the unborn child [14, 15]. For women who initiate ART before pregnancy, late initiation of
ANC associated with unintended pregnancy may delay provision of viral load monitoring ser-
vices, antenatal adherence counselling and support, and other services that promote sustained
viral suppression throughout pregnancy [16].

South Africa has conducted Antenatal HIV Sentinel Surveys since 1990. The surveys con-
ducted prior to 2017 primarily monitored HIV prevalence. Since 2017, the survey tracks the
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progress towards meeting the UNAIDS 90-90-90 and 95-95-95 targets, which aim to ensure
90% and 95% of people living with HIV know their HIV status, 90% and 95% of people diag-
nosed with HIV receive sustained ART and 90% and 95% of people on ART have viral sup-
pression by 2020 and 2030, respectively. This translates to an overall target of 73% and 86%
viral suppression among all people living with HIV in 2020 and 2030, respectively. In the 2017
Antenatal HIV Sentinel Survey, it was found that only 56.2% of pregnant women had viral
suppression (viral load <50 copies/ml), and late ANC booking and late initiation of ART were
associated with poor viral suppression [17]. This highlighted the need to closely monitor viral
load, strengthen counselling, and support services for ART adherence. An important public
health concern is the high level of unintended pregnancy among women living with HIV
(WLWH) and its potential role in delaying viral suppression during pregnancy [18].

Studies that have been done to assess the magnitude and relationship between pregnancy
intentions and pregnancy outcomes have shown the high prevalence of unintended pregnancy
in sub-Saharan African (SSA) countries and the strong correlation between unintended preg-
nancy and late ANC booking [11-16, 18, 19]. A handful of studies have also shown correlation
between elevated viral load during pregnancy and unintended pregnancy [16, 19, 20]. How-
ever, these studies either were done in developed countries or only assessed the relationship
between viral load level at entry to ANC and unintended pregnancy. Several studies have
shown vertical HIV transmission is more likely to occur during the last trimester of pregnancy
than in the early stages of pregnancy [21-26]. Given the greater likelihood of vertical HIV
transmission during late pregnancy, better understanding of the relationship between viral
load level in the last trimester of pregnancy and unintended pregnancy is crucial for public
health practice, policies and strategies that target improvement in viral suppression among
pregnant women.

Using data from the 2019 Antenatal HIV Sentinel Survey, this study describes viral suppres-
sion among pregnant women living with HIV and examines the association between unsup-
pressed viral load during the third trimester of pregnancy and unintended pregnancy among
women who initiated ART before pregnancy. At the time of this study, the first line ART regi-
men for people living with HIV was an Efavirenz-based regimen.

Methods
Study design and participants

This study used data from the national Antenatal HIV Sentinel Survey conducted among preg-
nant women between the ages of 15-49 years attending ANC in public health facilities in
South Africa between 1 October and 15 November 2019. The antenatal survey is a cross-sec-
tional survey conducted in all 52 districts of South Africa every 1-2 years. The 2019 survey
enrolled 41 598 pregnant women attending either first ANC visit or follow-up visit in the cur-
rent pregnancy—from 1 589 sentinel sites.

For the current study, only WLWH with viral load data were included: specifically, in the
first part of the analysis describing viral suppression, all WLWH with viral load data were
included. In the second part of the analysis assessing association between viral suppression
during the third trimester and unintended pregnancy, women who initiated ART before preg-
nancy and were in their third trimester at the time of enrolment in the survey were included.
The sample size collected was adequate to estimate viral suppression among all WLWH at
national level within 1-2% precision. Assumptions for this calculation included expected viral
suppression rate of 55-60% (using viral suppression cut off point of <50 copies/mL), HIV
prevalence of 30%, design effect of 1.5, using 95% confidence interval (CI), and 10% error rate.
The sample size also allowed the detection of a >6% difference in viral suppression between
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participants who reported their pregnancy was intended and those who reported their preg-
nancy was unintended, among women initiating ART before pregnancy. The assumptions for
this calculation included: power 80%, significance level of 0.05, proportion of exposed versus
unexposed equal to 1, design effect of 1.5, 65% of WLWH initiate ART before pregnancy and
viral suppression of 75% at the third trimester among women with intended pregnancy. The
sample size was not adequate to assess association between unintended pregnancy and viral
suppression among women initiating ART during pregnancy.

Sampling and data collection procedures

Sentinel sites were selected from each of the 52 districts in South Africa using stratified (by dis-
trict) probability proportional to size (PPS) cluster sampling method using the ANC volume of
sentinel sites as proxy for size. During the study period, consenting pregnant women aged 15-
49 years, attending the antenatal clinic for the first time or for follow-up visits during their cur-
rent pregnancy were consecutively enrolled (regardless of HIV or ART status) until either the
required sample size was reached or until the end of the study. Health workers providing ANC
services in the selected facilities collected socio-demographic data (including participant’s edu-
cation level, race, relationship with the father of the child, gravidity, and pregnancy intent)
through interview. Data on age of the woman, gestational age on the day of interview, gesta-
tional age at first ANC visit, HIV test results, syphilis test results, timing of HIV diagnosis, and
ART initiation were extracted from participants’ medical records. Pregnancy intent was
assessed using two questions adopted from the London Measure of Unplanned Pregnancy
(LMUP)-a five item (Likert type scale) validated measure of the degree of intention of preg-
nancy (S1 Table) [27]. The two items included in this study were LMUP item 3 “Just before I
became pregnant. . .” with response options “I intended to get pregnant,” “My intentions kept
changing,” and “I did not intend to get pregnant” and LMUP item 5 “Before I became preg-
nant. ..” with response options “The father of the child and I had agreed that we would like me
to be pregnant,” “The father of the child and I had discussed having children together, but
hadn’t agreed for me to get pregnant,” and “We never discussed having children together.” A
blood specimen was taken from each woman regardless of prior knowledge of HIV status or
ART initiation. Detailed description of the study procedures is presented in the main survey
report [28].

»

HIV viral load testing

Blood specimens were tested for HIV using serial immunoassay (IA) tests: screening assay
(IA-1) and confirmatory assay (IA-2). Specimens that were reactive on both IA-1 and IA-2
were classified as HIV-positive and tested for viral load. A detailed description of the HIV
serological testing procedures is provided in the main report [28].

HIV viral load testing on all confirmed HIV-positive (plasma) specimens was carried out
using the COBAS AmpliPrep/COBAS TagMan (CAP/CTM) HIV-1 Quantitative test (Roche
Molecular Systems, Inc., Branchburg, New Jersey, USA) following the manufacturer’s instruc-
tions. In addition to the internal control, the assay included external controls in each run, a
low positive control, a high positive control, and a negative control. The viral load tests were
done on specimens collected at enrolment in the survey. Participants were at different gesta-
tional age at enrolment in the survey, therefore the viral load results reflect viral load of
women who were at different gestational age.

Description of variables and outcome measures

Two main outcome measures were assessed.
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Opverall viral suppression. For the part of the analysis aiming to describe viral suppres-
sion, the main outcome was viral suppression (defined as viral load <50 copies/ml) among all
WLWH with viral load data.

Association between viral suppression and unintended pregnancy. This part of the
analysis was restricted to women who initiated ART before pregnancy and were in their third
trimester at the time of enrolment. The main outcome for this section of the analysis was viral
suppression (defined as viral load <50 copies/ml) during the third trimester (gestational age
28-42 weeks). The main exposure variable was unintended pregnancy among women initiated
on ART before pregnancy. The two pregnancy intent questions were classified into the follow-
ing three categories: 1) unintended pregnancy by both questions, 2) intended pregnancy by
both questions and 3) ‘undecided about pregnancy’ which included responses where one
response indicated the pregnancy was intended and the other response did not (S1 Table).
Other key exposure variables included syphilis status, the woman’s age, education, marital sta-
tus, location of the health facility (i.e. urban/rural /peri-urban classification), and gravidity.
Syphilis status was based on the latest Rapid Plasma Regain (RPR) test results extracted from
the woman’s medical record. Syphilis test results were categorized into three categories: RPR
positive, RPR negative, and other—the option ‘other’ included syphilis status not in file or not
recorded and pending results. All women attending first ANC visit on the day of the survey,
excluding those who attended facilities that provide point-of-care syphilis testing, would have
pending syphilis test result, as specimens for syphilis tests are collected at first ANC visit and
sent to the local laboratories for testing, and results are returned in the next visit.

Data analysis

Data were analyzed using STATA 14 (StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP) [29]. Analysis took into account the survey design (i.e. clus-
tering within facilities, and stratification by district) and was weighted for the Statistics South
Africa mid-year population size of women of reproductive age (15-49 years) in 2019 at prov-
ince level and for sample size realization. Survey domain analysis was used for all subpopula-
tion level analysis. Given that sites were sampled using PPS, and that the sampling period was
fixed, this provided a self-weighted sample at district level. A finite population correction fac-
tor was added to adjust for the >5% of facilities sampled without replacement from a finite
population of about 4 000 public facilities.

Analysis describing overall viral suppression. For the first part of the analysis describing
the overall viral suppression among pregnant women living with HIV, all WLWH (per IA test)
who consented to participate in the survey, and had completed questionnaire and valid viral
load test results were included. The median viral load and interquartile range (IQR), and over-
all proportion with viral suppression was reported at national level and among women that ini-
tiated ART before pregnancy. In addition, viral suppression was reported in stratified groups
by gestational age (i.e. as first trimester: <12 weeks, second trimester: 13-27 weeks, and third
trimester: 28-42 weeks) in the overall sample (i.e. among WLWH) as well as among women
initiated on ART before pregnancy. All point estimates were reported with 95% confidence
intervals (CIs).

Analysis assessing association between viral suppression and unintended pregnancy.
For this part of the analysis, WLWH who were in their third trimester during the survey and
who had initiated ART before pregnancy were included. Viral suppression and early (first tri-
mester) ANC attendance was compared among participants whose pregnancy was intended,
unintended, and undecided. Chi-square tests were used to test significant associations in strati-
fied analysis. A survey domain based multivariable poisson regression model was fitted to
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examine the association between unsuppressed viral load during the third trimester and preg-
nancy intention. The robust poisson regression model was a preferred method for this study
over the log-binomial regression or logistic regression model as poisson model is less sensitive
to model misspecification and is appropriate for common outcomes [30]. The association
between viral suppression and unintended pregnancy was assessed only during the third tri-
mester of pregnancy because viral load during the third trimester is a good proxy for viral load
at delivery, which is an important predictor of vertical HIV transmission [24, 25]. The main
variable of interest (i.e. pregnancy intent: unintended pregnancy vs intended vs undecided)
and other covariates significant at P value cut off point of 0.05 and variables that have >10%
effect on the relative risk of the variable of interest were kept in the model. Factors considered
to be mediators (such as timing of ANC booking) between unintended pregnancy and unsup-
pressed viral load, were not included in the model.

The multivariable analysis was restricted to those who initiated ART before pregnancy,
because the mechanism by which unintended pregnancy affects viral suppression was thought to
be different by timing of ART initiation. Among women initiating ART during pregnancy, unin-
tended pregnancy is likely to be associated with delayed initiation of ART [19], whereas for
women who have already initiated ART before pregnancy, unintended pregnancy does not affect
timing of ART initiation. Thus, the multivariable analysis assessing association between viral
suppression and unintended pregnancy was fitted separately for women initiating ART before
pregnancy. Analysis examining association between viral suppression and pregnancy intention
was not done for women initiating ART during pregnancy due to inadequate sample size.

Ethical considerations

Participation in the survey was voluntary, requiring written informed consent. A waiver of
parental permission has been obtained from the local IRB for participants in the age between
15 and 17 years [31]. To protect the confidentiality of participants’ information, the data col-
lection form was submitted without patient identification. Participants could withdraw from
the study at any time and this did not influence their treatment. Participants were not compen-
sated for their participation. Ethical approval was obtained from the University of the Witwa-
tersrand Human Research Ethics Committee (Medical), and the nine provincial health
research ethics committees. The study was reviewed in accordance with the U.S. Centers for
Disease Control and Prevention (CDC) human research protection procedures and deter-
mined to be research, but CDC investigators did not interact with human subjects or have
access to identifiable data or specimens for research purposes.

Results
The demographic and clinical characteristics of participants

Of a total of 41 598 participants enrolled in the survey, 11 518 participants were HIV-positive
(by IA test performed for the survey), of which 94.6% (10 901) participants had a specimen
tested for viral load, and were therefore included in the analysis describing viral suppression
(Fig 1). Of the 10 901 women with viral load data available, 62.4% (6 807) initiated ART before
pregnancy, of whom 39.2% (2681) (representing 24.1% of all WLWH with viral load data)
were in their third trimester at the time of enrolment therefore were included in the analysis
assessing association between viral suppression during the third trimester and unintended
pregnancy among women initiated ART before pregnancy. There was no statistically signifi-
cant difference in demographic characteristics (such as age, marital status, location of facility,
and gestational age) and the prevalence of unintended pregnancy between participants with
missing viral load data and those with viral load data.
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Total enrolled
41 598

39 (0.1%) out of age range (<15 years
and >50 years)

176 (0.4%) data collection forms lost
44 (0.1%) specimens lost

50 (0.1%) refused to participate

4 015 (9.7%) specimens rejected

158 (0.4%) participants with discrepant,
equivocal or indeterminate HIV test
result, and

25 598 (61.5%) HIV negative
participants were excluded

v

11 518 (27.7%) HIV-positive

390 (3.4%) no viral load
test (specimen inadequate)

v

10 901 (94.6%) viral load test done
[

| |

For 1270 (11.7% timi
§ 807 (62.4%) women 2 824 (25.9%) women or ) (‘ L7 ©) women timing
initiated ART before L . of ART initiation was unknown

initiated ART during o
pregnancy or not initiated on ART at
pregnancy .
, enrolment in survey
974 (14.4%) were 2902 (42.7%) 2681 (39.2%) were For 250 (3.7%)
in their 1st were in their 2" in their 3" trimester gestational age
trimester at the trimester at the at the time of was unknown
time of enrolment time of enrolment enrolment

All percentages are unweighted.
Fig 1. Flow chart of observations excluded from the analysis, the 2019 antenatal HIV Sentinel Survey, South Africa.

https://doi.org/10.1371/journal.pone.0265124.9g001

The demographic and clinical characteristics of participants are presented in Table 1. Most
characteristics were similar between all WLWH with viral load data and participants who initi-
ated ART before pregnancy and were in their third trimester at enrolment. The characteristics
described in this section were observed in both groups. The majority (>75%) of participants
were between 25 and 49 years old and had been pregnant at least once before the current preg-
nancy. More than 95% of participants were Black. About one-half of participants reported
their pregnancy was unintended. More than 3% of participants tested positive for syphilis
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Table 1. Demographic and clinical characteristics of participants, antenatal HIV Sentinel Survey, 2019, South

Africa.
Description All participants with viral load | Participants initiated on ART before pregnancy
data (n =10 901)* Number (%) | and were in their third trimester at the time of
enrolment (n = 2681)* Number (%)
Age in years
15-19 447 (4.2) 63 (2.4)
20-24 1823 (18.0) 352 (13.5)
25-29 2974 (29.4) 693 (27.7)
30-34 2773 (27.9) 811 (32.8)
35-49 2027 (20.5) 587 (23.7)
Population group
Black African 10 398 (96.5) 2581 (97.6)
Other (Coloured, White, 445 (3.5) 88 (3.4)
Asian)
Education
No or primary 1473 (14.4) 349 (13.2)
Secondary 8215 (75.7) 2082 (77.4)
Tertiary 1050 (10.0) 238 (9.4)
Marital status
Married 1548 (14.4) 388 (14.6)
Cohabiting 3146 (31.2) 774 (30.6)
In a non-cohabiting 5661 (50.9) 1389 (50.9)
relationship
Single 375 (3.5) 106 (3.9)
Province
Eastern Cape 1967 (12.2) 440 (11.2)
Free State 918 (5.5) 259 (6.4)
Gauteng 1504 (25.2) 314 (21.8)
KwaZulu-Natal 3306 (28.7) 924 (33.4)
Limpopo 509 (6.3) 119 (6.1)
Mpumalanga 953 (7.8) 247 (8.2)
North West 710 (6.0) 162 (5.7)
Northern Cape 336 (1.5) 78 (1.4)
Western Cape 698 (7.0) 138 (5.8)
Location of facility
Urban 6446 (63.1) 1467 (58.4)
Rural 3488 (28.8) 941 (32.3)
Peri-urban 967 (8.1) 273 (9.3)
Gravidity
Primigravida (1) 1666 (15.3) 252 (9.3)
Multigravida (2+) 8996 (84.7) 2392 (90.7)
Pregnancy intention
Intended 3351 (34.0) 818 (33.2)
Undecided 1456 (14.2) 354 (13.9)
Unintended 5382 (51.8) 1379 (52.9)
Syphilis infection status
during pregnancy
Positive 378 (3.6) 86(3.2)
Negative 8164 (80.2) 2393 (91.7)
(Continued)
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Table 1. (Continued)

Description All participants with viral load |Participants initiated on ART before pregnancy
data (n =10901)* Number (%) | and were in their third trimester at the time of
enrolment (n = 2681)* Number (%)

Age in years

Other (result pending, not 1459 (16.2) 117 (5.1)
in file)
Median gestational age at 15 weeks (IQR: 10-20) 17 weeks (IQR: 12-22)

first ANC visit (IQR) T+

*This table presents the characteristics of women with viral load data (n = 10 901) and women who initiated ART
before pregnancy with viral load data during the third trimester (n = 2681). The characteristics of both groups of
participants needed to be described in this table as each were the study target population for the different sections of
the analysis. As one data is a subset of the other, the focus is not to compare these two groups but to describe each
data independently. Weighted percentages; missing data not included when calculating percentages.

+ ANC: antenatal care.

11 IQR: interquartile range.

https://doi.org/10.1371/journal.pone.0265124.t1001

during pregnancy. Almost all syphilis positive participants (>95%) received syphilis treatment
as part of routine care during a prior or current ANC visit.

Viral suppression among all women with viral load data

In the overall sample (n = 10 901), close to half (45.1%) of WLWH had undetectable (i.e. below
assay limit of quantification) viral load. Among the remaining 54.9% (n = 5984) of women
with detectable viral load, the median viral load was 235 copies/mL (IQR: 66-3 819). Viral sup-
pression was achieved by 63.3% (95% CI: 62.4%-64.1%) of participants including those with
undetectable viral load (note: participants with undetectable viral load had below 50 copies
/mL therefore were counted with groups that have achieved viral suppression) (Table 2). Of
the participants who had viral load data, 14.1%, 44.4%, and 41.5% were in their first, second

Table 2. Viral suppression of women by gestational age and among women initiated on ART before pregnancy in
the 2019 South African antenatal HIV Sentinel Survey.

Viral suppression <50 cps/mL (95% CI)*

Description All women with viral load data | Among women initiated on ART before

% (95% CI) ** pregnancy % (95% CI)
Overall 63.3 (62.4-64.1) 73.3 (72.3-74.2)
Among participants in their first 57.7 (55.8-59.6) 73.3(71.1-75.4)
trimester
Among participants in their 61.6 (60.3-62.9) 72.5(71.0-73.9)
second trimester
Among participants in their 67.4 (66.1-68.6) 74.4 (73.0-75.8)

third trimester

*“The denominators for the first column from top row to bottom row are: 10 901, 1460, 4604 and 4327 respectively.
The denominators for the second column from top row to bottom row are: 6807, 974, 2902, and 2681 respectively.
Viral suppression among women initiated ART during pregnancy was not reported in this study as this topic is
outside the scope of the current study, but as reported previously in the 2017 survey, in the 2019 survey as well, viral
suppression was substantially lower (46.2%, 95% CI: 44.8%-47.7%) among women who initiated ART during
pregnancy compared to those initiated ART before pregnancy (73.3%).

**CI: confidence interval.

https://doi.org/10.1371/journal.pone.0265124.t1002
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and third trimester, respectively, at the time of enrolment. Viral suppression was 57.7% (95%
CI: 55.8%-59.6%) among participants who were in their first trimester, 61.6% (95% CI: 60.3%-
62.9%) among participants who were in their second trimester, and 67.4% (95% CI: 66.1%-
68.6%) among participants who were in their third trimester.

Viral suppression among women initiated on ART before pregnancy

Among women initiated on ART before pregnancy, viral suppression was 73.3% (95% CI:
72.3%-74.2%) regardless of gestational age at enrolment. In this population, viral suppression
did not vary by gestational age: viral suppression was 73.3% (95% CI: 71.1%-75.4%) among
women who were in their first trimester, 72.5% (95% CI: 71.0%-73.9%) and 74.4% (95% CI:
73.0%-75.8%) among women in their second and third trimester respectively (Table 2).

Association between unsuppressed viral load in the third trimester and
unintended pregnancy among women initiated on ART before pregnancy

Women whose pregnancy was unintended had significantly lower viral suppression during the
third trimester (72.1%, 95% CI: 70.1%-74.1%) compared to women whose pregnancy was
intended (78.3%, 95% CI: 75.9%-80.5%) (Table 3). Attendance of ANC in the first trimester
was higher (30.1%) among women whose pregnancy was intended compared to women
whose pregnancy was unintended (23.2%); and a higher percentage (13.1%) of participants
whose pregnancy was unintended attended their first ANC visit in the third trimester com-
pared to participants whose pregnancy was intended (7.8%) (p value <0.01).

In a bi-variable analysis, unintended pregnancy was associated with a 30% increase in the
risk of unsuppressed viral load during the third trimester (Table 3). In a multivariable analysis
(adjusting for age, education, marital status, gravidity, location of facility, and syphilis infec-
tion status), unintended pregnancy was significantly associated with unsuppressed viral load
during the third trimester (adjusted relative risk—ARR: 1.3, 95% CI: 1.1-1.4). There was no
significant association between being undecided about their pregnancy and viral suppression.
Other covariates influential on unsuppressed viral load in multivariable analyses included:
attending ANC in health facilities located in rural areas (compared to urban areas), no or pri-
mary education compared to tertiary education, being in a cohabiting relationship compared
to being married, and pending syphilis result and results not in file compared to syphilis nega-
tive result-about 50% of pending syphilis results were for women who booked ANC on the
day of the survey (i.e. during the third trimester).

Discussion

This study aimed to determine viral suppression among pregnant women nationally and
explore an association between viral suppression during the third trimester of pregnancy and
unintended pregnancy among pregnant women who initiated ART before pregnancy using a
national survey conducted in 2019 in South Africa. The findings showed that just under two-
thirds of pregnant women living with HIV were virally suppressed, with higher viral suppres-
sion rates achieved among women who initiated ART before pregnancy. Unintended preg-
nancy was associated with an increase in the risk of unsuppressed viral load during the third
trimester after controlling for demographic and clinical factors.

In this study, both overall viral suppression (63.3%) and viral suppression during the third
trimester (67.4%) were below the UNAIDS target of 73% viral suppression in the overall sam-
ple. The UNAIDS target was achieved among women who initiated ART before pregnancy
(74%) highlighting the importance of ART initiation before pregnancy. Viral suppression is
the most important predictor of vertical HIV transmission. In high HIV burden countries like
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Table 3. Association between unsuppressed viral load during the third trimester of pregnancy and unintended pregnancy among women who initiated ART before

pregnancy in the 2019 antenatal survey.

Sample distribution n = 26817 Unadjusted relative risk (RR) (95% CI)+ Adjusted RR (95% CI)
Pregnancy intention*
Intended 818 (33.2) Ref Ref
Undecided 354 (13.9) 1.1 (0.9-1.3) 1.0 (0.9-1.3)
Unintended 1379 (52.9) 1.3 (1.1-1.5) 1.3 (1.1-1.4)
Age group (in years)
15-19 63 (2.2) 1.4 (1.0-1.8) 1.2 (0.9-1.7)
20-24 352 (12.5) 1.2 (1.0-1.5) 1.2 (1.0-1.4)
25-29 693 (25.7) 1.0 (0.9-1.2) 1.0 (0.9-1.2)
30-34 811 (30.4) 1.0 (0.8-1.1) 0.9 (0.8-1.1)
35-49 587 (22) Ref Ref
Age not reported 175 (7.2) 0.9 (0.7-1.1) 0.9 (0.7-1.2)
Education
No or primary 349 (13.2) 1.5 (1.2-1.9) 1.5(1.2-1.9)
Secondary 2082 (77.4) 1.3 (1.0-1.5) 1.2 (1.0-1.5)
Tertiary 238 (9.4) Ref Ref
Marital status
Married 388 (14.6) Ref Ref
Co-habiting 774 (30.7) 14 (1.2-1.7) 1.3 (1.1-1.6)
In a non-cohabiting relationship 1389 (50.9) 1.3 (1.1-1.6) 1.2 (1.0-1.4)
Single 106 (3.9) 1.4 (1.0-1.8) 1.2 (0.9-1.7)
Gravidity
Primigravida (1) 252 (9.3) 1.1 (0.9-1.3) 1.1 (0.9-1.3)
Multigravida (2+) 2392 (90.7) Ref Ref
Syphilis status
Negative 2393 (91.7) Ref Ref
Positive 86 (3.7) 1.1 (0.8-1.5) 1.0 (0.8-1.4)
Result pending, not in file) 117 (5.1) 1.5 (1.2-1.9) 1.5(1.2-1.8)
Location of facility
Urban 1467 (58.4) Ref Ref
Rural 941 (32.3) 1.3 (1.12-1.4) 1.3 (1.2-1.5)
Peri-urban 273 (9.3) 1.0 (0.9-1.3) 1.1 (0.9-1.3)

190.2% (2 417/2 681) of observations included in multivariable analysis.

*as pregnancy intention has three categories, a test was conducted to assess the overall effect of pregnancy intention and the test showed the overall effect of ‘pregnancy

intention’ was significant (P value <0.01).

+CI: confidence interval.

https://doi.org/10.1371/journal.pone.0265124.t003

South Africa, viral suppression rates need to be higher than 90% in order to achieve the elimi-
nation of vertical HIV transmission target of reducing vertical HIV transmission case rates to
50/100 000 livebirths. According to Statistics South Africa and UNAIDS, in the year this survey
was conducted (i.e. in 2019), 954 532 livebirths and 10 000 new child infections (vertical HIV
transmission) occurred in South Africa which translates to about a 1000 vertical HIV transmis-
sion cases /100 000 livebirths. Assuming this case rate (i.e. 1 000 vertical HIV transmission
cases /100 000 livebirths) was achieved with the 67.4% national viral suppression rate (during
third trimester) that is reported in this study for the same year, a much higher viral suppres-
sion rate will be needed to reduce the current (1000 /100 000 live births) vertical HIV
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transmission cases rate to the targeted vertical HIV transmission case rate of 50/100 000 live-
births for elimination of vertical HIV transmission [32, 33].

As South Africa has a large population of reproductive age WLWH, one important strategy
to eliminate pediatric HIV in South Africa is to ensure people living with HIV receiving ART
(both men and women) have access to and awareness about safer conception methods and
contraceptive services to prevent unintended pregnancy. With the rapid scale up of the ‘treat
all’ policy, accessible and integrated contraceptive services targeting reproductive age women
receiving ART could avert a significant number of unintended pregnancies among WLWH
and the associated risk of vertical HIV transmission. In South Africa, the majority of pregnan-
cies among WLWH are unintended and a substantial percentage of women receiving ART
before pregnancy conceive on unsuppressed viral load, which shows missed opportunity for
contraceptive and safer conception services at ART clinics [34, 35].

This study found unintended pregnancy was associated with lower probability of viral sup-
pression among women who initiated ART before pregnancy. Other studies have found that
unintended pregnancy may be associated with increased levels of stress and depression [36].
Lack of peer/social support during this stressful time, especially among women who do not
have support systems and unmarried women, could result in poor treatment adherence and
viral rebound [37]. Our data underscore the importance of engaging WLWH receiving treat-
ment in reproductive health discussions so that their contraceptive needs are met and unin-
tended pregnancies are prevented. It is also beneficial to provide peer support and counselling
on stress coping mechanisms to women whose pregnancies are unintended as high stress levels
associated with unintended pregnancy could lead to poor adherence to treatment and low
viral suppression.

Despite the significant association between unintended pregnancy and unsuppressed viral
load in this study, unintended pregnancy was not the only factor associated with viral suppres-
sion. In this study, we found that pregnant women who attended ANC in rural health facilities
and those who had a pending syphilis test result at the third trimester (which was a proxy for
late attendance of ANC) had higher odds of unsuppressed viral load compared to women
attending ANC in urban health facilities and women who had a syphilis test result. This may
indicate the need for a multifaceted approach to address multilevel factors influencing viral
suppression. This includes health service level factors (such as human resources, and system
challenges) that may create differences in quality of services between rural and urban facilities,
and at individual level, knowledge and perception of pregnant women about early initiation of
ANC. In addition, the literature shows addressing client level broader factors including man-
agement of co-morbidities, and addressing socioeconomic inequalities as well as strengthening
service provision, such as early linkage and initiation of effective ART, regular viral load moni-
toring, and enhanced adherence counselling could improve viral suppression during preg-
nancy [38]. The transition to Dolutegravir (DTG)-based regimen could also improve viral
suppression as it is highly effective and has a high genetic barrier to drug resistance.

This study has some limitations. Participants were enrolled from public health facilities,
which may limit the generalizability of the findings to women attending private facilities.
Given the cross-sectional design of the survey, causal association between unintended preg-
nancy and viral suppression could not be determined. The study has not collected information
on the type of antiretroviral regimen participants received and the timing of ART initiation—
although all participants initiated ART before pregnancy and were presumably on ART until
the third trimester (i.e. for at least 7 months)—those who have been on ART for a longer dura-
tion are more likely to achieve viral suppression than those who started ART in the preceding
months before pregnancy. This cross-sectional survey measured viral suppression at one point
during pregnancy, which may not be representative of women’s continuous viral load burden.
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The definition for unintended pregnancy included the partner’s intention because the partner
involvement (or lack of involvement) in the planning of pregnancy may influence the psycho-
logical and economic support the woman receives from the partner during pregnancy, and
this may affect her adherence to ART and viral suppression. The pregnancy intention ques-
tions were self-reported by the woman—the woman’s understanding of her partner’s intention
could be biased towards her own intention. In a separate analysis published recently from the
same data, we showed the woman’s self-reported partner intention was largely similar to her
intention [18]. Social desirability bias could also result in under reporting of unintended preg-
nancy. There may be risk factors /confounders that contribute to poor viral suppression that
this study has not accounted adequately in the multivariable analyses: this may include co-
infection with other STTs, disease stage, baseline viral load, the quality of adherence counselling
and support provided during pregnancy, and psychosocial and socio-economic factors, which
could contribute to poor viral suppression. Future studies could include these factors in assess-
ing the association between viral suppression and unintended pregnancy.

In conclusion, overall, viral suppression among pregnant women in 2019 was below the
UNAIDS target of 73% viral suppression. The UNAIDS target has been met among women
who initiated ART before pregnancy. Low viral suppression was associated with unintended
pregnancy among pregnant women who initiated ART before pregnancy. Routine assessment
of fertility preferences and provision of contraceptive services at HIV clinics need to be
strengthened to prevent unintended pregnancy as well as other factors that are associated with
poor virologic suppression.

Supporting information

S1 Table. London measure of unplanned pregnancy (LMUP) questions and categorization
of responses in the 2019 national antenatal HIV Sentinel Survey.
(DOCX)

Acknowledgments

We thank Dr G. Hunt and Ms E. Cutler from NICD for coordinating all laboratory aspects of
the survey as well as facilitating the setup of the Optical Mark Recognition (OMR) software for
electronic capturing of data and for overseeing data capturing. We thank all data clerks and
their managers (Ms K. Richards and Ms C. Harrison) for their superb job in performing data
quality checks on completed data collection forms and communicating data quality problems
in a timely manner to the central team. We thank Dr H. Vreede and Dr T. Bell for extracting
the laboratory data bi-weekly from the NHLS lab information system. We thank Ms L. Janke-
lowitz and Ms M. Sibanyoni from South African HIV Clinicians Society (SAHCS) for their
role in organizing and facilitating the training of provincial survey coordinators, recruiting
data clerks, and providing telephonic technical support to provincial survey coordinators dur-
ing the implementation of the survey.

Our appreciation goes to the provincial coordinators: Mr Z. Merile (Eastern Cape), Ms M.
Nophale, Ms M. Mothibi (Free State), Dr B. Ikalafeng (Gauteng), N. Mbana, Ms G. Khumalo
(KwaZulu-Natal), Ms F. Ngobeni, Ms M. Monwa (Limpopo), Mr J. Sigudla, Dr T. Mona
(Mpumalanga), Ms N. Kopang, Ms T. Nondanyana, Mr B. Mashute (Northern Cape), Ms M.
Motswasele, Ms N. Mangonyane (North West), Ms V. Mudaly (Western Cape) and their
teams who coordinated the survey in their respective provinces and districts. Sincerest grati-
tude is also extended to the National Health Laboratory Services (NHLS) and NICD testing
laboratories and coordinators: Ms B. Singh, Ms Z. Brukwe (NICD, Gauteng), Ms H. Vilakazi,

PLOS ONE | https://doi.org/10.1371/journal.pone.0265124 March 17, 2022 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265124.s001
https://doi.org/10.1371/journal.pone.0265124

PLOS ONE

Association between HIV viral suppression and unintended pregnancy

Mr P. Moyeni, Mr B Tembe (Eastern Cape), Ms M. Nkonyane, Mr P. Letanta, Ms H. Potgieter,
Mr M. D. Morobadi (Free State), Ms I. Chetty, Mr M. Ellapen (Inkosi Albert Luthuli Hospital,
University of KwaZulu-Natal), Ms R. Diokana, Mr J. Ngwenya (Dr George Mukari, Limpopo
and North West), Mr I. Mofokeng (Rob Ferreira Nelspruit, Mpumalanga), and Dr H. Vreede,
Mr Z. Isaacs and Ms A. Stewart (Groote Schuur Hospital, Western Cape and Northern Cape).

Author Contributions

Conceptualization: Selamawit Woldesenbet, Tendesayi Kufa, Samuel Manda, Kassahun Aya-
lew, Carl Lombard, Mireille Cheyip, Adrian Puren.

Data curation: Selamawit Woldesenbet.
Formal analysis: Selamawit Woldesenbet.
Funding acquisition: Selamawit Woldesenbet, Adrian Puren.

Methodology: Selamawit Woldesenbet, Tendesayi Kufa, Samuel Manda, Kassahun Ayalew,
Carl Lombard, Mireille Cheyip.

Project administration: Selamawit Woldesenbet.
Supervision: Adrian Puren.
Writing - original draft: Selamawit Woldesenbet.

Writing - review & editing: Tendesayi Kufa, Samuel Manda, Kassahun Ayalew, Carl Lom-
bard, Mireille Cheyip, Adrian Puren.

References

1.  UNAIDS data 2021 [cited: 17/01/2022]. Available from: https://www.unaids.org/en/resources/
documents/2021/2021_unaids_data

2. De Cock KM, Fowler MG, Mercier E, de Vincenzil, Saba J, Hoff E, et al. Prevention of mother-to-child
HIV transmission in resource-poor countries: translating research into policy and practice. JAMA. 2000;
283(9):1175-82. https://doi.org/10.1001/jama.283.9.1175 PMID: 10703780

3. Mandelbrot L, Tubiana R, Le Chenadec J, Dollfus C, Faye A, Pannier E, et al. No perinatal HIV-1 trans-
mission from women with effective antiretroviral therapy starting before conception. Clin Infect Dis.
2015; 61(11):1715-25. https://doi.org/10.1093/cid/civ578 PMID: 26197844

4. Global AIDS update 2020. Seizing the moment. Tackling entrenched inequalities to end epidemics.
[cited 16/11/20]. Available from: https://www.unaids.org/sites/default/files/media_asset/2020_global-
aids-report_en.pdf

5. Schwartz SR, Rees H, Mehta S, Venter WD, Taha TE, Black V. High incidence of unplanned pregnancy
after antiretroviral therapy initiation: findings from a prospective cohort study in South Africa. PLoS One.
2012; 7(4):e36039. https://doi.org/10.1371/journal.pone.0036039 PMID: 22558319

6. Westreich D, Maskew M, Rubel D, MacDonald P, Jaffray I, Majuba P. Incidence of pregnancy after initi-
ation of antiretroviral therapy in South Africa: a retrospective clinical cohort analysis. Infect Dis Obstet
Gynecol. 2012; 2012:917059. https://doi.org/10.1155/2012/917059 PMID: 22778536

7. Cooper D, Mantell JE, Moodley J, Mall S. The HIV epidemic and sexual and reproductive health policy
integration: views of South African policymakers. BMC Public Health. 2015; 15:217. https://doi.org/10.
1186/s12889-015-1577-9 PMID: 25879464

8. Milford C, Scorgie F, Rambally Greener L, Mabude Z, Beksinska M, Harrison A, et al. Developing a
model for integrating sexual and reproductive health services with HIV prevention and care in KwaZulu-
Natal, South Africa. Reprod Health. 2018; 15(1):189. https://doi.org/10.1186/s12978-018-0633-1
PMID: 30442150

9. Chagomerana MB, Miller WC, Tang JH, Hoffman IF, Harrington BJ, DiPrete B, et al. Prevalence of anti-
retroviral therapy treatment failure among HIV-infected pregnant women at first antenatal care: PMTCT
Option B+ in Malawi. PLoS One. 2018; 13(12):e0209052. https://doi.org/10.1371/journal.pone.0209052
PMID: 30543685

PLOS ONE | https://doi.org/10.1371/journal.pone.0265124 March 17, 2022 14/16


https://www.unaids.org/en/resources/documents/2021/2021_unaids_data
https://www.unaids.org/en/resources/documents/2021/2021_unaids_data
https://doi.org/10.1001/jama.283.9.1175
http://www.ncbi.nlm.nih.gov/pubmed/10703780
https://doi.org/10.1093/cid/civ578
http://www.ncbi.nlm.nih.gov/pubmed/26197844
https://www.unaids.org/sites/default/files/media_asset/2020_global-aids-report_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2020_global-aids-report_en.pdf
https://doi.org/10.1371/journal.pone.0036039
http://www.ncbi.nlm.nih.gov/pubmed/22558319
https://doi.org/10.1155/2012/917059
http://www.ncbi.nlm.nih.gov/pubmed/22778536
https://doi.org/10.1186/s12889-015-1577-9
https://doi.org/10.1186/s12889-015-1577-9
http://www.ncbi.nlm.nih.gov/pubmed/25879464
https://doi.org/10.1186/s12978-018-0633-1
http://www.ncbi.nlm.nih.gov/pubmed/30442150
https://doi.org/10.1371/journal.pone.0209052
http://www.ncbi.nlm.nih.gov/pubmed/30543685
https://doi.org/10.1371/journal.pone.0265124

PLOS ONE

Association between HIV viral suppression and unintended pregnancy

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Davies N, Ashford G, Bekker L, Chandiwana N, Cooper D, Dyer S, et al. Guidelines to support HIV-
affected individuals and couples to achieve pregnancy safely: Update 2018. Southern African Journal of
HIV Medicine 2018; 19(1). https://doi.org/10.4102/sajhivmed.v19i1.915 PMID: 30473876

Jinga N, Mongwenyana C, Moolla A, Malete G, Onoya D. Reasons for late presentation for antenatal
care, healthcare providers’ perspective. BMC Health Serv Res. 2019; 19(1):1016. https://doi.org/10.
1186/s12913-019-4855-x PMID: 31888616

Ebonwu J, Mumbauer A, Uys M, Wainberg ML, Medina-Marino A. Determinants of late antenatal care
presentation in rural and peri-urban communities in South Africa: A cross-sectional study. PLoS One.
2018; 13(3):e01919083. https://doi.org/10.1371/journal.pone.0191903 PMID: 29518082

Nattey C, Jinga N, Mongwenyana C, Mokhele |, Mohomi G, Fox MP, et al. Understanding Predictors of
Early Antenatal Care Initiation in Relationship to Timing of HIV Diagnosis in South Africa. AIDS Patient
Care STDS. 2018; 32(6):251-6. https://doi.org/10.1089/apc.2018.0023 PMID: 29851501

Lewinsohn R, Crankshaw T, Tomlinson M, et al. "This baby came up and then he said, "l give up!": The
interplay between unintended pregnancy, sexual partnership dynamics and social support and the
impact on women’s well-being in KwaZulu-Natal, South Africa. Midwifery. 2018 Jul; 62:29-35. https:/
doi.org/10.1016/j.midw.2018.03.001 PMID: 29631201

Khajehpour M, Simbar M, Jannesari S, Ramezani-Tehrani F, Majd HA. Health status of women with
intended and unintended pregnancies. Public Health. 2013; 127(1):58-64. https://doi.org/10.1016/].
puhe.2012.08.011 PMID: 23200101

Brittain K, Remien RH, Mellins CA, Phillips TK, Zerbe A, Abrams EJ, et al. Determinants of suboptimal
adherence and elevated HIV viral load in pregnant women already on antiretroviral therapy when enter-
ing antenatal care in Cape Town, South Africa. AIDS Care. 2018; 30(12):1517-23. https://doi.org/10.
1080/09540121.2018.1503637 PMID: 30047287

Woldesenbet SA, Kufa T, Barron P, Chirombo BC, Cheyip M, Ayalew K, et al. Viral suppression and fac-
tors associated with failure to achieve viral suppression among pregnant women in South Africa. AIDS.
2020; 34(4):589-97. https://doi.org/10.1097/QAD.0000000000002457 PMID: 31821189

Woldesenbet S, Kufa T, Lombard C, Manda S, Morof D, Cheyip M, et al. The prevalence of unintended
pregnancy and its association with HIV status among pregnant women in South Africa, a national ante-
natal survey, 2019. Sci Rep. 2021; 11(1):23740. https://doi.org/10.1038/s41598-021-03096-z PMID:
34887462

Brittain K, Phillips TK, Zerbe A, Abrams EJ, Myer L. Long-term effects of unintended pregnancy on anti-
retroviral therapy outcomes among South African women living with HIV. AIDS. 2019; 33(5):885-93.
https://doi.org/10.1097/QAD.0000000000002139 PMID: 30649049

Dude AM, Miller ES, Garcia PM, Yee LM. Unintended pregnancy and viral suppression in pregnant
women living with HIV. Am J Obstet Gynecol MFM. 2021; 3(2):100300. https://doi.org/10.1016/].
ajogmf.2020.100300 PMID: 33359637

Rouzioux C, Costagliola D, Burgard M, Blanche S, Mayaux MJ, Griscelli C, et al. Estimated Timing of
Mother-to-Child Human Immunodeficiency Virus Type 1 (HIV-1) Transmission by Use of a Markov
Model. American Journal of Epidemiology. 1995; 142(12):1330-7. https://doi.org/10.1093/
oxfordjournals.aje.a117601 PMID: 7503054

Lallemant M, Jourdain G, Le Coeur S, Kim S, Koetsawang S, Comeau AM, et al. A trial of shortened
zidovudine regimens to prevent mother-to-child transmission of human immunodeficiency virus type 1.
Perinatal HIV Prevention Trial (Thailand) Investigators. N Engl J Med. 2000; 343(14):982-91. https://
doi.org/10.1056/NEJM200010053431401 PMID: 11018164

Johnson EL, Swieboda D, Olivier A, Enninga EAL, Chakraborty R. Robust innate immune responses at
the placenta during early gestation may limit in utero HIV transmission. PLoS Pathog. 2021; 17(8):
€1009860—e. https://doi.org/10.1371/journal.ppat.1009860 PMID: 34432853

Fawzi W, Msamanga G, Renijifo B, Spiegelman D, Urassa E, Hashemi L, et al. Predictors of intrauterine
and intrapartum transmission of HIV-1 among Tanzanian women. AIDS. 2001; 15(9):1157-65. https:/
doi.org/10.1097/00002030-200106150-00011 PMID: 11416718

Jourdain G, Mary JY, Coeur SL, Ngo-Giang-Huong N, Yuthavisuthi P, Limtrakul A, et al. Risk factors for
in utero or intrapartum mother-to-child transmission of human immunodeficiency virus type 1 in Thai-
land. J Infect Dis. 2007; 196(11):1629-36. https://doi.org/10.1086/522009 PMID: 18008246

Chouquet C, Richardson S, Burgard M, Blanche S, Mayaux MJ, Rouzioux C, et al. Timing of human
immunodeficiency virus type 1 (HIV-1) transmission from mother to child: bayesian estimation using a
mixture. Statistics in medicine. 1999; 18(7):815-33. https://doi.org/10.1002/(sici)1097-0258(19990415)
18:7<815::aid-sim74>3.0.co;2-g PMID: 10327529

Barrett G, Smith SC, Wellings K. Conceptualisation, development, and evaluation of a measure of
unplanned pregnancy. J Epidemiol Community Health. 2004; 58(5):426—33. https://doi.org/10.1136/
jech.2003.014787 PMID: 15082745

PLOS ONE | https://doi.org/10.1371/journal.pone.0265124 March 17, 2022 15/16


https://doi.org/10.4102/sajhivmed.v19i1.915
http://www.ncbi.nlm.nih.gov/pubmed/30473876
https://doi.org/10.1186/s12913-019-4855-x
https://doi.org/10.1186/s12913-019-4855-x
http://www.ncbi.nlm.nih.gov/pubmed/31888616
https://doi.org/10.1371/journal.pone.0191903
http://www.ncbi.nlm.nih.gov/pubmed/29518082
https://doi.org/10.1089/apc.2018.0023
http://www.ncbi.nlm.nih.gov/pubmed/29851501
https://doi.org/10.1016/j.midw.2018.03.001
https://doi.org/10.1016/j.midw.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29631201
https://doi.org/10.1016/j.puhe.2012.08.011
https://doi.org/10.1016/j.puhe.2012.08.011
http://www.ncbi.nlm.nih.gov/pubmed/23200101
https://doi.org/10.1080/09540121.2018.1503637
https://doi.org/10.1080/09540121.2018.1503637
http://www.ncbi.nlm.nih.gov/pubmed/30047287
https://doi.org/10.1097/QAD.0000000000002457
http://www.ncbi.nlm.nih.gov/pubmed/31821189
https://doi.org/10.1038/s41598-021-03096-z
http://www.ncbi.nlm.nih.gov/pubmed/34887462
https://doi.org/10.1097/QAD.0000000000002139
http://www.ncbi.nlm.nih.gov/pubmed/30649049
https://doi.org/10.1016/j.ajogmf.2020.100300
https://doi.org/10.1016/j.ajogmf.2020.100300
http://www.ncbi.nlm.nih.gov/pubmed/33359637
https://doi.org/10.1093/oxfordjournals.aje.a117601
https://doi.org/10.1093/oxfordjournals.aje.a117601
http://www.ncbi.nlm.nih.gov/pubmed/7503054
https://doi.org/10.1056/NEJM200010053431401
https://doi.org/10.1056/NEJM200010053431401
http://www.ncbi.nlm.nih.gov/pubmed/11018164
https://doi.org/10.1371/journal.ppat.1009860
http://www.ncbi.nlm.nih.gov/pubmed/34432853
https://doi.org/10.1097/00002030-200106150-00011
https://doi.org/10.1097/00002030-200106150-00011
http://www.ncbi.nlm.nih.gov/pubmed/11416718
https://doi.org/10.1086/522009
http://www.ncbi.nlm.nih.gov/pubmed/18008246
https://doi.org/10.1002/%28sici%291097-0258%2819990415%2918%3A7%26lt%3B815%3A%3Aaid-sim74%26gt%3B3.0.co%3B2-g
https://doi.org/10.1002/%28sici%291097-0258%2819990415%2918%3A7%26lt%3B815%3A%3Aaid-sim74%26gt%3B3.0.co%3B2-g
http://www.ncbi.nlm.nih.gov/pubmed/10327529
https://doi.org/10.1136/jech.2003.014787
https://doi.org/10.1136/jech.2003.014787
http://www.ncbi.nlm.nih.gov/pubmed/15082745
https://doi.org/10.1371/journal.pone.0265124

PLOS ONE

Association between HIV viral suppression and unintended pregnancy

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

Woldesenbet S.A., Lombard C., Manda S., Kufa T., Ayalew K., Cheyip M., et al. (2021). The 2019
National Antenatal Sentinel HIV Survey, South Africa, National Department of Health. [cited 13/07/
2021]. Available from: https://www.nicd.ac.za/wp-content/uploads/2021/07/Antenatal-survey-2019-
report_FINAL.pdf

StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.

Chen W, Qian L, Shi J, Franklin M. Comparing performance between log-binomial and robust Poisson
regression models for estimating risk ratios under model misspecification. BMC Med Res Methodol.
2018; 18(1):63. https://doi.org/10.1186/s12874-018-0519-5 PMID: 29929477

NDOH. National HIV testing services Policy 2016 [cited 8/ 4/2018]. Available from: http://www.hst.org.
za/sites/default/files/HT S%20Policy %2028 %20July %20final%20copy.pdf

Stats-SA. Key findings: P0305—Recorded live births, 2019 [cited 21/12/20]. Available from: http://www.
statssa.gov.za/?page_id=1854&PPN=P0305

UNAIDS. Progress towards Start free Stay free, AIDS free targets, 2020 report [cited 15/12/20]. Avail-
able from: https://www.unaids.org/en/resources/documents/2020/start-free-stay-free-aids-free-2020-
progress-report

Adeniyi OV, Ajayi Al, Moyaki MG, Goon DT, Avramovic G, Lambert J. High rate of unplanned preg-
nancy in the context of integrated family planning and HIV care services in South Africa. BMC Health
Serv Res. 2018; 18(1):140. https://doi.org/10.1186/512913-018-2942-z PMID: 29482587

Onoya D, Nattey C, Jinga N, Mongwenyana C, Sherman G. Time of HIV diagnosis, CD4 count and viral
load at antenatal care start and delivery in South Africa. PLoS One. 2020; 15(2):0229111. https:/doi.
org/10.1371/journal.pone.0229111 PMID: 32053679

Bahk J, Yun SC, Kim YM, Khang YH. Impact of unintended pregnancy on maternal mental health: a
causal analysis using follow up data of the Panel Study on Korean Children (PSKC). BMC Pregnancy
Childbirth. 2015; 15:85. hitps://doi.org/10.1186/s12884-015-0505-4 PMID: 25881099

Nachega JB, Uthman OA, Anderson J, Peltzer K, Wampold S, Cotton MF, et al. Adherence to antiretro-
viral therapy during and after pregnancy in low-income, middle-income, and high-income countries: a
systematic review and meta-analysis. AIDS. 2012; 26(16):2039-52. https://doi.org/10.1097/QAD.
0b013e328359590f PMID: 22951634

Nachega JB, Sam-Agudu NA, Mofenson LM, Schechter M, Mellors JW. Achieving Viral Suppression in
90% of People Living With Human Immunodeficiency Virus on Antiretroviral Therapy in Low- and Mid-
dle-Income Countries: Progress, Challenges, and Opportunities. Clin Infect Dis. 2018; 66(10):1487-91.
https://doi.org/10.1093/cid/ciy008 PMID: 29324994

PLOS ONE | https://doi.org/10.1371/journal.pone.0265124 March 17, 2022 16/16


https://www.nicd.ac.za/wp-content/uploads/2021/07/Antenatal-survey-2019-report_FINAL.pdf
https://www.nicd.ac.za/wp-content/uploads/2021/07/Antenatal-survey-2019-report_FINAL.pdf
https://doi.org/10.1186/s12874-018-0519-5
http://www.ncbi.nlm.nih.gov/pubmed/29929477
http://www.hst.org.za/sites/default/files/HTS%20Policy%2028%20July%20final%20copy.pdf
http://www.hst.org.za/sites/default/files/HTS%20Policy%2028%20July%20final%20copy.pdf
http://www.statssa.gov.za/?page_id=1854&PPN=P0305
http://www.statssa.gov.za/?page_id=1854&PPN=P0305
https://www.unaids.org/en/resources/documents/2020/start-free-stay-free-aids-free-2020-progress-report
https://www.unaids.org/en/resources/documents/2020/start-free-stay-free-aids-free-2020-progress-report
https://doi.org/10.1186/s12913-018-2942-z
http://www.ncbi.nlm.nih.gov/pubmed/29482587
https://doi.org/10.1371/journal.pone.0229111
https://doi.org/10.1371/journal.pone.0229111
http://www.ncbi.nlm.nih.gov/pubmed/32053679
https://doi.org/10.1186/s12884-015-0505-4
http://www.ncbi.nlm.nih.gov/pubmed/25881099
https://doi.org/10.1097/QAD.0b013e328359590f
https://doi.org/10.1097/QAD.0b013e328359590f
http://www.ncbi.nlm.nih.gov/pubmed/22951634
https://doi.org/10.1093/cid/ciy008
http://www.ncbi.nlm.nih.gov/pubmed/29324994
https://doi.org/10.1371/journal.pone.0265124

