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ABSTRACT IMPLICATIONS AND

Purpose: Adolescent females aged 15-19 account for 62% of new HIV infections and give birth to CONTRIBUTIONS

16 million infants annually. We quantify the risk of early mother-to-child transmission (MTCT) of
HIV among adolescents enrolled in nationally representative MTCT surveillance studies in South Africa.
Methods: Data from 4,814 adolescent (<19 years) and 25,453 adult (>20 years) mothers and their

This secondary analysis
provides an opportunity to
understand the sociodemo-

infants aged 4-8 weeks were analyzed. These data were gathered during three nationally repre- graphic and antenatal
sentative, cross-sectional, facility-based surveys, conducted in 2010, 2011-2012, and 2012- profile, coverage of services,
2013. All infants were tested for HIV antibody (enzyme immunoassay), to determine HIV exposure. and outcomes of adoles-
Enzyme immunoassay-positive infants or those born to self-reported HIV-positive mothers were cents enrolled in a national
tested for HIV infection (total nucleic acid polymerase chain reaction). Maternal HIV positivity was prevention of mother-to-

inferred from infant HIV antibody positivity. All analyses were weighted for sample realization child transmission program.
and population live births.
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Results: Adolescent mothers, compared with adult mothers, have almost three times less planned

pregnancies 14.4% (95% confidence interval [CI]: 12.5-16.5) versus 43.9% (95% CI: 42.0-45.9) in
2010 and 15.2% (95% CI: 13.0-17.9) versus 42.8% (95% CI: 40.9-44.6) in 2012-2013 (p <.0001),
less prevention of MTCT uptake (odds ratio [OR] in favor of adult mothers = 3.36, 95% CI: 2.95-
3.83), and higher early MTCT (adjusted OR = 3.0, 95% CI: 1.1-8.0), respectively. Gestational age at
first antenatal care booking was the only significant predictor of early MTCT among adolescents.
Conclusions: Interventions that appeal to adolescents and initiate sexual and reproductive health
care early should be tested in low- and middle-income settings to reduce differential service uptake

and infant outcomes between adolescent and adult mothers.

Findings demonstrate that
adolescent mothers have
three times lower preven-
tion of mother-to-child
transmission uptake and
triple the early mother-
to-child transmission com-
pared with adults.

© 2017 Society for Adolescent Health and Medicine. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Adolescents aged 10-19 years account for 18% of the world’s
population [1]. Among the two million adolescents living with
HIV, 82% live in sub-Saharan Africa. Of the new HIV infections
in older adolescents aged 15-19 years, infections among girls
account for 62% [2]. Approximately 50% of adolescents living with
HIV live in just six countries: South Africa, Nigeria, Kenya, India,
Mozambique, and Tanzania [3]. Globally, 16 million births occur
annually to adolescent girls [4]. Sub-Saharan Africa accounts for
the highest adolescent pregnancy prevalence (28%): 19% of women
aged 20-24 years have given birth before their 18th birthday and
3% before they were 15 years old [5].

We were interested in quantifying the risk of early mother-
to-child HIV transmission (MTCT) among adolescents compared
with adults, given that adolescents are developmentally dis-
tinct from adults [6].

Without any prevention of mother-to-child HIV transmis-
sion (PMTCT) intervention, approximately 15%-25% of infants born
to HIV-infected women will be infected with HIV during preg-
nancy or delivery, whereas a further 5%-20% may be infected
during breastfeeding [7]. This proportion can be decreased to <5%
with the implementation of effective interventions during preg-
nancy, labor, delivery, and breastfeeding [8]. In 2014, South Africa
reported a final annual MTCT rate of 4% and >95% coverage of
triple antiretroviral treatment (ART) or prophylaxis during preg-
nancy and early breastfeeding [9]. Goga et al. [10], in a nationally
representative study conducted in 2012-2013, reported early (4-8
weeks postpartum) MTCT risk as 2.6%, which is a significant
decline from the 2009 rate of 15%. However, none of these studies
analyzed MTCT by age group. Age-disaggregated data in vulner-
able populations such as adolescent girls and young women is
essential to achieve the World Health Organization’s (WHO)
impact (<50 new pediatric infections per 100,000 live births and
a transmission rate of either <5% in breastfeeding populations
or <2% in nonbreastfeeding populations) and process targets (an-
tenatal care [ANC] coverage [at least one visit] of >95%; coverage
of HIV and/or syphilis testing of pregnant women of >95% and
ART coverage of HIV-positive pregnant women of >90%) for val-
idation of elimination of MTCT of HIV in a country [11]. Such data
are needed at national level and not just for one facility or district.

Methods
Study design
Data from three nationally representative, cross-sectional

facility-based surveys conducted in 2010 (June-December 2010),
2011-2012 (August 2011-March 2012), and 2012-2013 (October

2013-May 2014) were analyzed to estimate early MTCT risk
among adolescent mothers compared with adult mothers. For
each survey, a stratified multistage probability proportional to
size sampling methodology was used to develop a nationally rep-
resentative sampling frame from which 580 health facilities (34-
79 facilities per province) were randomly selected to yield the
desired survey sample size to provide nationally and provincial-
ly representative estimates of early MTCT. Participants (infants
aged 4-8 weeks receiving their first diphtheria-pertussis-
tetanus immunization and their mothers/caregivers) were selected
consecutively or systematically, depending on the size of the fa-
cility. More details about the sampling, methodology, and main
findings have been previously published [10,12]. The 2010 survey
was conducted during the implementation of the 2006 WHO
PMTCT guidelines (dual prophylaxis from 28 weeks of gesta-
tion or ART if the CD4 cell count is <250 cells/mm? with single-
dose nevirapine [NVP] to the infant) and the 2011-2012 and
2012-2013 surveys were conducted during the implementa-
tion of WHO PMTCT Option A, which recommended maternal
antiretroviral prophylaxis from 14 weeks of gestation if the CD4
cell count is >350 cells/mm? or ART if the CD4 cell count is <350
cellsymm?. All infants received NVP for 6 weeks if not
breastfeeding or until 1 week post breastfeeding cessation [13,14].
A summary table illustrating the PMTCT context has been pre-
viously published [12].

Data collection

Trained study nurses conducted face-to-face interviews with
consented mother-infant pairs who consented to the inter-
views. Self-reported data on pregnancy planning, uptake of ANC,
gestational age at first ANC visit, uptake of early postnatal care
(between birth and this interview), and uptake of HIV-related care
were collected. Heel prick infant dried blood spot (iDBS) samples
were drawn from all enrolled infants onto Munktell-TFN 5-spot
paper to determine infant HIV exposure and infection. Field-
work was monitored by trained supervisors.

Ethical considerations

Informed consent was obtained from all mothers for mater-
nal interview and/or iDBS sample collection in the language of
their preference. Ethical approval was obtained from the South
African Medical Research Council’s ethics committee and rele-
vant provincial research ethics committees. Approval was obtained
from the U.S. Centers for Disease Control and Prevention (Atlanta,
GA) Center for Global Health Associate Director for Science.
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Laboratory methods

The iDBS samples were tested at the National Institute for
Communicable Diseases, Johannesburg, using standardized ac-
credited procedures. Details have been published previously
[10,12]. An HIV ELISA test Genscreen HIV1/2 Ab enzyme immu-
noassay (EIA) (Version 2; Bio-Rad Laboratories, Marnes-la-
Coquette, France) was used for HIV antibody testing. All positive
HIV ELISA samples were retested using a second antibody test,
Vironstika (bioMérieux, Marcy I'Etoile, France) and with Western
blot if there was any discordance. All confirmed antibody-
positive samples (two positive EIA tests or positive EIA and
Western blot tests) and samples from self-reported HIV-positive
mothers were tested for HIV total nucleic acid using poly-
merase chain reaction to determine infant HIV infection (COBAS
AmpliPrep/COBAS TagMan Qualitative Assay, Version 1.0; Roche
Diagnostics, Branchburg, NJ). Infants with confirmed antibody-
positive iDBS were regarded as HIV exposed, and we assumed
that their mothers were HIV infected, given that infants retain
maternal HIV antibodies for longer than 10 weeks postpartum.

Statistical analysis

Weighted survey analysis was undertaken. For each survey, data
were weighted for sample ascertainment and South African live
births, nationally and provincially. During data analysis, mothers
were categorized as adolescents (self-reported age <19 years) or
adults (self-reported age >20 years). Age was rounded off to the
nearest whole. Gestational age at first ANC visit was obtained by
maternal self-report, in complete weeks and classified as first tri-
mester (<13 weeks), second trimester (>14-27 weeks), and third
trimester (>28 weeks). Infants brought by caregivers other than
the mother, or infants with equivocal, indeterminate, or rejected
HIV antibody results were excluded from this analysis. Any PMTCT
intervention was defined as self-reported ingestion of maternal
ART or antiretroviral prophylaxis during pregnancy or labor or
infant NVP. PMTCT prophylaxis only was defined as self-reported
maternal ingestion of antiretroviral drugs during pregnancy or labor
and/or infant NVP, without maternal ART.

Weighted univariate analysis was conducted for each survey
year, describing the two populations (adults and adolescents) and
comparing early MTCT risk. Continuous variables were com-
pared between adults versus adolescents using two-sample t tests
or Wilcoxon rank-sum test, depending on the distribution of the
data; categorical variables were compared using chi-square tests
or the Fisher exact tests, where the smallest cell had less than
five observations. Stata 14 (StataCorp LLC, College Station, TX)
was used for all analyses. Thereafter, data from the 2010, 2011-
2012, and 2012-2013 surveys were pooled to examine access to
PMTCT interventions and early MTCT risk in adolescents versus
adults across all surveys. Multivariable analyses were also con-
ducted to determine factors associated with adolescent MTCT.
Sociodemographic and antenatal variables were dropped from
the final multivariable model if they were not significant at p =.05.

Results

Data from 4,814 adolescent mothers (1,746 from 2010, 1,680
from 2011-2012, and 1,388 from 2012-2013) and 25,453 adult
mothers (8,808 from 2010, 8,391 from 2011-2012, and 8,254 from
2012-2013) with interview and valid iDBS data were included.

Maternal sociodemographic characteristics

Although >45% adolescents were 17-18 years old (51.6%, 46.3%,
and 48.8% in 2010, 2011-2012, and 2012-2013, respectively), a
considerable percentage were 16 years or younger (13.6%, 17.2%,
and 14.1% adolescents in 2010, 2011-2012, and 2012-2013, re-
spectively; Table 1). Most adult mothers were >25-35 years old.
Adolescent mothers enrolled in the 2010 and 2011-2012 surveys
had spent significantly more time in school, with more high school
education, compared with adult mothers (Table 1). Despite this
finding, adolescent mothers were significantly more socially and
economically disadvantaged (Table 1).

Maternal antenatal characteristics

Across all three surveys, adolescent median parity was 1 com-
pared with 2 in adult mothers (Table 2). Regardless of age group
and survey year, less than 50% of pregnancies were planned.
However, adolescent pregnancies were significantly less often
planned than adult pregnancies (14.4% [95% confidence inter-
val {CI}: 12.5-16.5] versus 43.9% [95% CI: 42.0-45.9], p <.0001,
in 2010; 14.4% [95% CI: 12.3-16.9] versus 42.9% [95% CI: 40.9-
44.8], p<.0001, in 2011-2012; 15.2% [95% CI: 13.0-17.9] versus
42.8% [95% CI: 40.9-44.6], p <.0001, in 2012-2013). Both ado-
lescent and adult mothers reported attending ANC, with similar
median numbers of ANC visits. Except for the 2010 survey, ad-
olescent mothers compared with adult mothers were significantly
more likely to have their first ANC visit in the second trimester
(>14-27 weeks) of their pregnancy (62.1% [95% CI: 59.1-65.0]
versus 58.6% [95% Cl: 57.3-59.9], p=.03, in 2011-2012; 62.3% [95%
Cl: 59.1-65.3] versus 57.6% [95% CI: 56.4-58.8], p=.006, in 2012-
2013). Most adolescent and adult mothers delivered in either a
hospital or a clinic; however, significantly more adolescent preg-
nancies were delivered by nurses or midwives, whereas
significantly more adult pregnancies were delivered by doctors.
Adolescent and adult mothers received antenatal support from
community health workers, and an increasing proportion in both
groups received support from groups such as mothers to mothers
between 2010 and 2012 (Table 2).

Coverage of prevention of mother-to-child transmission services
among adolescent and adult mothers

Access to prepregnancy HIV testing increased significantly
among adolescents between 2010 and 2012-2013. Notwith-
standing this, access to HIV testing before pregnancy was
significantly lower in adolescents compared with adults (14.7%
[95% CI: 4.7-37.9] versus 40.9% [95% CI: 33.0-49.3], p=.0081, in
2010; 20.9% [95% CI: 7.5-46.1] versus 64.9% [95% CI: 53.5-
74.8], p<.0001, in 2011-2012; 59.0% [95% CI: 55.5-62.4] versus
76.3% [95% ClI: 74.8-77.8], p <.0001, in 2012-2013). With the ex-
ception of the 2010 survey, significantly fewer adolescent mothers
disclosed their HIV status. Perceptions of community discrimi-
nation increased significantly over time among adolescents but
not among adults. Among mothers with HIV-exposed infants, sig-
nificantly fewer adolescents compared with adult mothers had
a CD4 test result in 2010 and 2012-2013 (66.1% [95% CI: 56.8-
74.4] versus 75.3% [95% Cl: 73.4-77.2], p=.047, in 2010; 73.1%
[95% CI: 64.8-80.0] versus 78.0% [95% CI: 76.2-79.7], p = .2206,
in 2011-2012; 44.6% [95% CI: 35.0-54.7] versus 66.5% [95% CI:
64.6-68.4], p <.0001, in 2012-2013). HIV-positive adolescent
mothers were significantly less likely be on any antenatal PMTCT



Table 1
Sociodemographic characteristics of mothers enrolled in the 2010, 2011-2012, and 2012-2013 prevention of mother-to-child transmission surveys, South Africa
Characteristics Categories 2010 2011-2012 2012-2013
Adolescents? Adults® Adolescents? Adults® Adolescents? Adults®
Sample size N=1,746 N =8,808 N=1,680 N=8,391 N=1,388 N=8,254
Weighted N=204,701 Weighted N=1,062,303 Weighted N=196,755 Weighted N=991,028 Weighted N=181,637 Weighted N = 1,033,227
Weighted % =16.2 Weighted % = 83.5 Weighted % = 16.6 Weighted % = 83.3 Weighted % =14.3 Weighted % = 85.6
Median age (IQR) 18(2) 27 (8) 18(2) 27 (8) 18(2) 27(9)
Age breakdown (%)  Adolescents: <16y 13.6(11.8-15.6) 17.2(15.3-19.3) 14.1(12.2-16.3)

Education® (%)

Marital status (%)

Source of income*
(%)

Access to piped
water (%)

Access to flush
toilet (%)

Adults: 20-25 years

Adolescents: 17-18 y

Adults: >25-35y

Adolescents: 19y

Adults: >35y

Primary and less

p Value

High school and more

p Value

Single (ever had a life partner)

p Value

Ever had a life partner
(married/cohabiting/
widowed/divorced/
separated)

p Value

Own employment

p Value

Child support grant/disability
grant

p Value

Partner/husband/ex-husband/
other family member/other

p Value

Yes

p Value

Yes

p Value

51.6 (48.8-54.3)
34.8(32.3-375)

13.6 (11.6-15.9)
<0001
86.4 (84.1-88.4)
<0001
95.0 (93.6-96.1)
<0001
5.0(3.9-6.4)

<0001
2.0(1.3-3.1)

<0001
4.6(3.4-6.3)

<0001
92.9(90.9-94.4)

<0001
70.8 (66.4-74.8)

.01
44.5 (40.3-48.7)

<0001

43.8 (42.6-45.0)
46.1 (44.9-47.4)

10.0(9.3-10.9)
17.6 (16.4-18.9)

82.0(80.7-83.3)
70.8 (68.6-72.8)

29.2 (271-314)

8.4(7.4-9.4)

9.3 (8.4-10.3)

81.8 (80.5-83.1)

75.0(72.3-77.5)

54.7 (51.6-57.5)

46.3 (43.6-48.9)
36.5(33.9-39.1)

131 (11.2-15.2)
<0001

86.8 (84.7-88.7)
04

94.6 (93.2-95.8)
<0001

5.4(4.2-6.8)
<0001
8(4-14)
<0001
41(31-5.4)
<0001

94.7 (93.3-95.9)

<0001
69.3(65.1-73.2)
002
40.5 (36.5-44.6)
<0001

43.0 (41.8-44.2)
45.5 (44.3-46.7)

11.5(10.8-12.3)
15.1 (13.9-16.3)

84.7 (83.5-85.9)
70.2 (68.1-72.3)

29.7 (27.7-31.8)

7.8 (6.8-8.9)

9.3(8.4-10.3)

82.7 (81.3-84.0)

74.1(71.0-76.9)

52.1(49.1-55.2)

48.8(45.9-51.7)
371 (34.3-39.9)

14.2 (11.9-16.8)
69
85.8 (83.2-88.0)
49
94.5 (92.6-96.0)
<0001
5.5 (4.0-7.4)

<0001
1.9(11-31)
<0001
5.5 (4.2-7.3)

<0001
92.1(89.9-93.9)

<0001
68.0 (63.3-72.4)
<0001
43.0(38.8-47.3)
<0001

42.8(41.6-43.9)
46.0 (44.9-47.3)

111 (10.4-11.9)
14.7 (13.5-15.9)

84.9(83.7-86.1)
72.3 (70.6-74.0)

27.6(25.9-29.3)

10.5(9.1-12.1)

9.7 (8.4-11.1)

79.3 (77.4-811)

75.8(73.0-78.4)

54.4(51.3-57.5)

IQR = interquartile range.
4 Adolescents defined as mothers <19 years.

b

Adults defined as mothers >20 years.

¢ Category not shown: do not know.
d Category not shown: does not receive money.
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Table 2

Maternal antenatal characteristics of mothers enrolled in the 2010, 2011-2012, and 2012-2013 prevention of mother-to-child transmission surveys, South Africa

Characteristics Categories 2010 2011-2012 2012-2013
Adolescents? Adults® Adolescents? Adults® Adolescents? Adults®

Sample size N=1,746 N = 8,808 N=1,680 N=8,391 N=1,388 N=28,254
Weighted N=204,701 Weighted N=1,062,303 Weighted N=196,755 Weighted N=991,028 Weighted N=181,637 Weighted N=1,033,227
Weighted % =16.2 Weighted % = 83.5 Weighted % = 16.6 Weighted % = 83.3 Weighted % = 14.3 Weighted % = 85.6

Median parity 1 2 1 2 1 2

Planned pregnancy (%) Yes 14.4 (12.5-16.5) 43.9 (42.0-45.9) 14.4 (12.3-16.9) 42.9 (40.9-44.8) 15.2 (13.0-17.9) 42.8 (40.9-44.6)

p Value <.0001 <.0001 <.0001

Median (IQR) number

of ANC visits

Gestational age at first

ANC visit (%)

Place of child’s birth

(%)

Birth attendant (%)

Support during
pregnancy (%)

First trimester

p Value

Second trimester

p Value

Third trimester

p Value

Hospital/clinic

p Value

Home/other

p Value

Doctor

p Value

Nurse/midwife/health worker

p Value

TBA/other

p Value

Community health worker

p Value

Traditional support

p Value

Mothers support/ other
support

p Value

4.0(3)

25.7 (23.1-28.5)
38

59.6 (56.5-62.7)
76

14.7 (12.6-17.1)
52

94.8 (93.2-95.9)
15
5.2 (4.0-6.8)
15

23.4(211-25.9)

002

715 (68.7-74.1)

001
51(3.9-6.6)
24

67.9 (63.0-72.4)
02
6.1(4.3-8.7)
58

25.9(21.6-30.8)

.03

5.0(3)
27.0(25.9-28.2)
59.1 (57.8-60.4)
13.9(12.6-17.1)
93.7 (92.9-94.4)

6.2(5.6-71)
27.6(26.1-29.2)
66.4 (64.9-67.9)

5.9(5.2-6.8)
72.3 (68.8-75.6)
5.7 (4.6-6.9)

21.9 (18.8-25.4)

5.0(3)

24.9(22.4-276)
.0002
62.1(59.1-65.0)
.03
13.0 (11.1-15.2)
.07
96.6 (95.2-97.5)
.05
3.4(2.5-4.8)
.05
22.4(20.2-24.9)
<0001
741 (71.5-76.6)
<0001
3.4(2.4-4.8)
.09
51.8 (45.9-57.6)
74
2.6(1.6-4.2)
.06
45.6(39.8-51.4)

.83

50(2)
30.3 (29.2-31.5)
58.6 (57.3-59.9)
11.0 (10.2-11.9)
95.3 (94.6-95.9)
4.7 (41-5.4)
28.2(26.8-29.6)
67.5 (66.1-68.8)
44(3.8-51)
52.4 (47.8-56.9)
17 (1.2-2.3)

45.9 (41.3-50.6)

5.0(3)

27.8(25.0-30.8)
.0002
62.3(59.1-65.3)
.006
9.9(8.2-11.9)
224
97.2(95.9-98.1)
11
2.8(1.9-4.1)
11
247 (21.7-27.9)
.001
73.0 (69.7-75.9)
<0001
2.4(1.5-3.6)
.06
491 (43.0-55.1)
57
1.6 (.9-2.9)
68
49.3 (43.2-55.4)

.50

50(2)
33.7 (32.5-34.9)
57.6 (56.4-58.8)
8.7 (8.0-9.4)
96.3 (95.7-96.8)
3.7 (3.2-4.3)
29.8 (28.4-31.3)
66.8 (65.4-68.2)
3.3(2.8-3.9)
50.2 (45.5-54.8)
1.8(1.5-2.2)

48.0 (43.4-52.7)

ANC = antenatal care; IQR = interquartile range.
4 Adolescents defined as mothers <19 years.
b Adults defined as mothers >20 years.
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intervention compared with adult mothers (58.1% [95% CI: 50.3-
65.5] versus 77.0 [95% CI: 75.4-78.7], p <.0001, in 2010; 67.9%
[95% CI: 60.3-74.6] versus 76.5 [95% CI: 74.7-78.1], p=.02, in
2011-2012; 81.4% [95% CI: 73.6-87.3] versus 89.3 [95% CI: 81.1-
90.5], p=.025, in 2012-2013; Table 3). This differential PMTCT
access did not vary significantly by survey year. Among adoles-
cent and adult mothers on ART, significantly more adult mothers
compared with adolescent mothers were initiated onto ART before
their current pregnancy in 2011-2012 (15.5% [95% CI: 6.3-
33.1] versus 36.0% [95% CI: 32.8-39.3], p=.0027) and in 2012-
2013 (27.6 % [95% CI: 16.1-42.9] versus 42.7% [95% CI: 40.0-
45.3], p=.036; Table 4). There was no significant difference
between ART initiation among adolescent mothers compared with
adult mothers during pregnancy.

Early mother-to-child transmission of HIV

Early MTCT was significantly higher among adolescent mothers
compared with adult mothers in 2010, 2011-2012, and 2012-
2013 (Figure 1). Among infants of adult mothers, early MTCT was
measured as 3.2% (95% CI: 2.6-4.0) in 2010, 2.5% (95% CI: 1.9-
3.2) in 2011-2012, and 2.4% (95% CI: 1.8-3.1) in 2012-2013.
However, early MTCT among infants of adolescent mothers was
7.2% (95% CI: 4.2-12.2) in 2010, 5.8% (95% CI: 3.3-10.1) in 2011~
2012, and 6.9% (95% CI: 3.4-13.4) in 2012-2013. In 2010, MTCTs
among adolescents <16, 17-18, and 19 years, respectively, were
2.8% (95% CI: .4-18.8), 5.2% (95% CI: 2.1-12.2), and 10.0% (95%
Cl: 4.8-19.3). For age groups 17-18 and 19 years, respectively,
early MTCT was 4.5% (95% CI: 1.7-11.3) and 8.6% (95% CI: 4.1-
17.1)in 2011-2012 and 9.1% (95% CI: 3.5-22.0) and 5.2% (95% CI:
1.9-13.5) in 2012-2013 (no observations for the <16 age group
in 2011-2013).

Pooled analysis for the 2010, 2011-2012, and 2012-2013 surveys

Pooled analyses across all three surveys demonstrated that
adult mothers utilized PMTCT interventions three times more than
adolescent mothers (unadjusted odds ratio [OR] = 3.36, 95% CI:
2.95-3.83). The adjusted odds ratio of early MTCT in adoles-
cents compared with adults across all surveys was 3.0 (95% CI:
1.1-8.0), adjusting for PMTCT intervention, maternal education,
knowledge of partner’s HIV status, blood taken for CD4 cell count
and result available or missing, maternal income source, survey
year, and infant birth weight.

Risk factors for mother-to-child transmission among adolescents

Controlling for mothers’ education, marital status, partner’s
HIV status, perceived discrimination because of HIV status, support
during pregnancy, HIV test before pregnancy, receipt of any PMTCT
intervention (e.g., ART or antiretroviral drug), gestational age at
first ANC visit and infant birth weight, only gestational age at first
ANC visit was a significant predictor of MTCT in HIV-positive ado-
lescents (data not shown, n=198, 199, and 140 in 2010, 2011-
2012, and 2012-2013, respectively). Among HIV-positive
adolescents, every 1-week delay in gestational age at first booking
increased early MTCT by 10% (p =.000). The odds of MTCT among
HIV-positive adolescents undergoing any PMTCT intervention was
.2 (95% CI: .03-1.2, p=.07). However, the actual numbers of
transmissions among adolescents were less than 20 in each survey
year, thus limiting the feasibility of accurate modeling.

Table 3

Individual and community related characteristics and coverage of PMTCT services received by adolescent and adult mothers enrolled in the 2010, 2011-2012, and 2012-2013 PMTCT surveys, South Africa

2012-2013

2011-2012

2010

Categories

Characteristics

Adults®

Adolescents?

Adults®

Adolescents?

AdultsP

Adolescents?

8,254

N=

1,388

N=

N=28,391

1,680

N=

8,808

N=

17,46

N=

Sample size

Weighted N = 1,033,227

Weighted %

Weighted N = 181,637

Weighted %

=991,028
833

Weighted N
Weighted %

Weighted N =196,755

Weighted %

=1,062,303
83.5

Weighted N
Weighted %

=204,701
16.2

Weighted N
Weighted %

=85.6

14.3

=16.6

81.9 (79.7-83.9)

78.5 (75.2-81.5)

82.2(79.9-84.3)
.008

78.1 (75.0-80.8)

80.0(77.5-82.3)
002

75.8(72.2-79.1)

Yes
.0029

Knew about the PMTCT

program (%)

p Value
Yes

76.3 (74.8-77.8)

59.0 (55.5-62.4)

<.0001

64.9 (53.5-74.8)

20.9(7.5-46.1)

40.9 (33.0-49.3)
<0001

14.7 (4.7-37.9)

.0081

Tested for HIV before this

pregnancy (%)

p Value

21,5 (20.4-22.6)

8.6 (6.9-10.7)

<.0001

33.5(32.3-34.6)

12.4(10.5-14.5)

115 (9.7-13.5) 33.3(32.1-34.5)
<0001

<.0001

HIV positive
p Value

Yes

Self-reported status
antenatally (%)

80.5(78.1-82.7)

72.5 (64.4-79.4)

87.9 (86.1-89.5)

92.6 (86.8-96.0)

83.7(81.4-85.8)

78.3 (70.6-84.4)

11

Disclosed HIV status (%)

03
181 (111-282)

04
10.5 (5.9-17.8)

p Value
Yes

9.4(71-12.5)

8.7 (7.3-10.3)

8.5(7.1-10.1)

8.6 (4.7-15.0)

.84

Community discrimination

.01

.52

p Value

because of HIV status (%)

PMTCT

prevention of mother-to-child transmission.

2 Adolescents defined as mothers <19 years.
b Adults defined as mothers >20 years.



Table 4

Coverage of PMTCT services among adolescent and adult mothers whose infants were EIA? positive in the 2010, 2011-2012, and 2012-2013 PMTCT surveys, South Africa

2012-2013

2011-2012

2010

Categories

Characteristics

Adults®

AdolescentsP

Adults®

Adolescents”

Adults®

Adolescents”

2,737
360,665

2,909 199 2,818 140
25,976 356,871 19,138

386,348

198
26,286

Actual

Sample size

Weighted
Yes

66.5 (64.6-68.4)

44,6 (35.0-54.7)

73.1 (64.8-80.0) 78.0(76.2-79.7)
2206 <0001

75.3 (73.4-77.2)

66.1 (56.8-74.4)

.047

Aware of CD4 cell count (%)

p Value
Yes

89.3 (81.1-90.5)

81.4(73.6-87.3)

.025

67.9 (60.3-74.6) 76.5 (74.7-781)
02

77.0 (75.4-78.7)

581 (50.3-65.5)

<.0001

On any antenatal PMTCT

p Value

interventiond (%)
Timing of the initiation of ART

42.7 (40.0-45.3)

27.6 (16.1-42.9)

.036

36.0(32.8-39.3)

15.5 (6.3-33.1)

.0027

24.7(10.6-49.2) 37.2 (33.6-40.9)

Before pregnancy

p Value

22
59.4 (36.4-78.9)

among those on ART (%)

59.5 (56.2-62.7) 69.3 (53.9-81.5) 55.3 (52.6-58.0)
054

70.2 (51.9-83.7)

56.7 (52.0-60.3)

During pregnancy

p Value
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21

81
15.9(5.2-39.5)

1.9(13-2.8)

3.0 (.6-12.2)

.62

4.4(3.2-6.0)

14.3 (5.9-30.7)

A1

6.1 (4.5-8.2)

After pregnancy

p Value

25

=enzyme immunoassay; PMTCT = prevention of mother-to-child transmission.

2 ART = antiretroviral treatment; EIA

b Adolescents defined as mothers <19 years.
¢ Adults defined as mothers >20 years.

d PMTCT intervention defined as mothers who received triple ART or antenatal azidothymidine or antiretroviral medication during labor or infant nevirapine.

Discussion

This paper demonstrates that adolescent pregnant women
have three times lower PMTCT uptake and thrice the early MTCT
risk compared with adult mothers, regardless of survey year and
PMTCT policy. However, adolescent mothers reported more years
of schooling (secondary or tertiary school attendance) than adult
mothers, but were economically and socially disadvantaged, pos-
sibly because they were too young to be involved in formal or
informal employment. Although unplanned pregnancy was
common in both age groups, adolescents were significantly more
likely to have an unplanned pregnancy across all three surveys.
However, both groups met the minimum of four ANC visits per
pregnancy in line with the South African basic antenatal care
guidelines for low-risk women [15]. This finding illustrates that,
despite their higher risk (related to their age and developmen-
tal stage), the median number of ANC visits was similar between
adolescents and adults, and more adolescent pregnancies (68%—
76%) were delivered by nurses/midwives, assuming low risk,
compared with adult pregnancies. The data demonstrate that
more than 70% of adolescent mothers in the survey were in the
17- to 19-year-old age range. There is no recent evidence base
to guide the classification of high-risk pregnancy by age. The basic
antenatal care guidelines defined young teenager as <16 years.
However, we demonstrate poor access to HIV diagnosis, PMTCT-
related care, and increased MTCT among adolescents <19 years.
We arbitrarily chose <16, 17-18, and 19 years in our analysis based
on what we thought is important: the very young school-going
teenager in grade 10 or less (<16 years); the young teenager in
her last 2 years of school (17-18 years), and the teenager who
should be out of school (19 years). Given our findings, we suggest
extending the high-risk age for adolescent pregnancy to <19 years,
as we demonstrate that poor access to HIV diagnosis, low uptake
of PMTCT-related care, and higher early MTCT among adoles-
cents <16 and <19 years.

The data demonstrate that, although prepregnancy HIV testing
uptake increased in both groups with time, adolescents had a sig-
nificantly lower prepregnancy HIV testing rate. We did not gather
qualitative data to ascertain the reason for this increase but pos-
tulate that the HIV counseling and testing campaign, which started
nationally in 2010, contributed to the increase across time and
that adults, whose median parity was 2, had tested during pre-
vious pregnancies, whereas most adolescents were primigravids
with unplanned pregnancies and thus had no prior perceived need
for prepregnancy care. Once they had entered ANC, adolescents
and adults had equal ART initiation rates and number of ANC
visits. Despite equal initiation rates upon diagnosis, adoles-
cents had lower uptake of antenatal PMTCT-related care. In the
absence of qualitative data among this group, we hypothesize that,
because adolescents had more unplanned pregnancies and were
more likely to have their first ANC visit later in pregnancy, that
is, in their second trimester, late antenatal booking explains the
lower any PMTCT coverage and higher early MTCT risk among
adolescents, as the time to protect against MTCT was reduced
despite the similar number of ANC visits between the two popu-
lations. Our multivariable analysis of factors associated with MTCT
among adolescents substantiates this hypothesis. Additionally,
adolescents were less likely to have had a CD4 test and be aware
of the result. These findings suggest that adolescents are either
not accessing HIV testing services or are accessing these ser-
vices but are deterred by barriers (such as intrapersonal health
system barriers or community discrimination) that prevent their



8 T. Ramraj et al. / Journal of Adolescent Health Bl (2017) HE-HE

] 6.7
4 7.2 [3.4-12.9]
[4.2-12.1] T
12 -
[3.1-10.5]
10
= 8
O
=
=
S 6
32
[2.6-4.0] 25 2.4
4 [1932] [1831]
2 -
0
2010 2011-12 2012-13
B Adolescents (<19 years) M Adults (=20 years)

Figure 1. Weighted early MTCT among adolescents compared with adult mothers in the 2010, 2011-2012, and 2012-2013 PMTCT surveys, South Africa.

return or receipt of results. Indeed, we demonstrate that an in-
creasing proportion of adolescents perceived community
discrimination with time. The reason for this is unclear; perhaps
it relates to adolescents becoming more confident to express their
perception over time, rather than a true increase. Geary et al. [16]
discusses several issues in the delivery of health services to ado-
lescents. These included judgmental and negative attitudes from
the health-care worker, absence of HIV and sexually transmit-
ted infection testing, and poor provision of information on
contraception. These barriers not only inhibit young people from
accessing health services but also prevent them from being re-
tained in health services, thereby influencing health outcomes.
We observed differences in the initiation of ART with more ado-
lescents accessing ART during and after pregnancy compared with
adults, who had higher rates of accessing services before preg-
nancy. The MTCT risk difference between adolescents and adults
illustrates that access to PMTCT interventions probably oc-
curred too late to prevent HIV transmission to infants of
adolescents, which is consistent with the finding that later ANC
in adolescents was a significant predictor of MTCT. This illus-
trates the critical importance of preconceptual and early antenatal
interventions, including HIV testing for adolescents and young
girls before pregnancy and sexual and reproductive health in-
terventions. One very interesting finding, which differs from other
researchers, is that despite having more years of education, ad-
olescent uptake of care was lower and MTCT was higher: Although
our survey questionnaires were not designed to measure source
of education, content, or subsequent translation into sexual and
reproductive health changes, evidence from other studies sug-
gests that education is associated with better health outcomes.
MacPhail et al. reported that among sexually experienced males,
having completed high school (OR = 1.58, 95% CI: 1.17-2.12) was
an independent correlate of HIV testing [17]. Secondary analy-
sis of the 2012 South African HIV Prevalence, Incidence and

Behaviour Survey showed that secondary education among ad-
olescent girls (15-19 years) and tertiary education among young
women (20-24 years) was protective against HIV infection [18].
In our context, this was not substantiated and could highlight the
fact that translation of education into protective behaviors is not
linear but influenced by several other factors, including gender-
based inequalities and violence. More research is needed to
understand these dynamics and to ascertain how education could
translate into protective sexual and reproductive behaviors among
adolescents.

The findings from the present study on PMTCT uptake are com-
parable with findings in other low- and middle-income settings.
Data from four of Kenya’s eight provinces demonstrated a sig-
nificantly lower proportion of HIV-infected pregnant adolescents
accessing PMTCT services compared with the proportion who re-
ceived prenatal care (67% compared with 84%), signifying missed
PMTCT opportunities, even though guidelines emphasize the im-
portance of providing these services to HIV-infected pregnant
women [19]. Our data show significantly more unplanned preg-
nancy among adolescents, fewer ANC visits among adolescents,
with later initiation of ART among adolescents, possibly relat-
ing to delayed adolescent HIV diagnosis. This was corroborated
by the finding that gestational age at first booking was signifi-
cantly predictive of early MTCT: a 1-week delay in gestational
age at booking significantly increased MTCT by 10% (p =.00). This
delay in first antenatal booking may explain the differences
between adults and adolescent pregnancy outcomes. These na-
tional findings are also corroborated by regional studies within
South Africa. Horwood et al. [20], in a study among 19,093 women
(between 12 and 39 years) attending 348 immunization clinics
in six districts in KwaZulu-Natal, SA concluded that HIV-infected
adolescent mothers, compared with adult mothers, are less likely
to receive the PMTCT regimen recommended by national guide-
lines (76.7% vs. 81.2%, p=.007), and infants born to adolescent
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mothers are more likely to be HIV-infected compared with infants
born to adults (10.8%, 95% Cl: 7.62-14.7 vs. 6.6%, 95% Cl: 5.7-
7.59). In Fatti et al.’s [21] study, among 956 mothers attending
three facilities in the Nelson Mandela Bay Metropolitan district
in Eastern Cape, SA concurred with these findings and showed
that women <24 years had a higher risk of vertical transmis-
sion of HIV (10-19 years: adjusted risk ratio = 4.48, 95% CI: 1.32-
15.2; 20-24 years: adjusted risk ratio = 2.84, 95% CI: 1.02-7.90).
Fatti et al [21] also highlighted that the time between booking
and ART initiation was longer in adolescents compared with older
women, and adolescents were less likely to be on ART despite
meeting the eligibility criteria. It must be noted that the studies
mentioned previously were regional studies. The Kenyan study
was conducted in four out of eight provinces, whereas the South
African studies were conducted at district level. To the best of
our knowledge, this is the first study to provide nationally rep-
resentative, age-disaggregated results of a population who had
an antenatal HIV prevalence of 12.7% in 2013 (15-19 years) and
who accounted for 31% of new HIV infections in 2015 (10-19
years). Additionally, these results provide key insights into pro-
gress toward the WHO impact and process targets, which are
required for a country’s validation of elimination of MTCT of HIV
[11].

Limitations

Our study has the following limitations. The three national
evaluations were not designed to evaluate the impact of PMTCT
programs on adolescents. The small number of adolescents in the
study population and the small number of adolescents who trans-
mitted HIV to their infants limited extensive multivariable
modeling and limited the precision of the estimates. Infants who
required emergency care at the clinic or who died before 4-8
weeks (estimated at 12-13 per 1,000 live births or 1.2%-1.3%),
or who utilized mobile or private clinics or hospitals were ex-
cluded from the survey, and infants brought to the clinic by
caregivers other than their biological mothers were excluded from
this analysis. Thus, we may have overestimated success; however,
1.2% is not substantial, and we assume that exclusion of neo-
nates who died did not significantly affect results. Additionally,
less than 2% of infants were brought by caregivers. Selection cri-
teria were applied consistently across adolescent and adult
mothers; thus, we do not expect this to bias these analyses. In-
dicators related to obstetric history, antenatal and delivery care,
and PMTCT coverage were self-reported; recall duration was as
long as 4-8 weeks for postnatal information, and approximate-
ly 1 year for prenatal and antenatal information, and questions
evaluated gross and important events that mothers should re-
member. Thus, we do not think recall bias was highly evaluated
through interviews with mothers and was therefore based on
recall. However, there is no evidence that there is differential
memory among adolescents, given that postnatal access to care
among adolescent mothers appeared as good as or better than
access to care among adult mothers. Thus, it is unlikely that these
limitations biased the observed differences. The possibility of se-
lection bias arises with inclusion of public primary health-care
facilities and exclusion of other health facilities (mobile clinics,
private practitioners, and hospitals). However, in South Africa, all
infants are immunized through primary health-care facilities, not
hospitals. The three surveys were conducted at 580 primary health
clinics or community health centers nationally, during the in-
fant’s first (6 week) immunization visit; facilities were selected

using probability proportional to size sampling methodology and
were thus nationally representative. This immunization visit has
a>95% attendance, nationally suggesting minimal selection bias.
The actual 6-week immunization coverage at each sampled fa-
cility was reviewed to minimize possible bias, and we noted that
it remained high.

Data from three national South African surveys conducted in
2010, 2011-2012, and 2012-2013 demonstrate that adoles-
cents have three times lower coverage of PMTCT services and three
times higher early MTCT compared with adults. This finding occurs
despite significantly more years of education among adoles-
cents. Our findings illustrate a possible domino and cumulative
effect of unplanned pregnancy, delayed ANC booking at higher
gestational age, delayed HIV testing, reduced prepregnancy ART
initiation, and late uptake of PMTCT interventions antenatally.
Our data clearly illustrate that, although there was no differ-
ence in ART initiation between adults and adolescents once they
were diagnosed with HIV infection, adolescent PMTCT interven-
tions were received too late, and this reduced their effectiveness.
Adolescent-focused preconception and sexual and reproduc-
tive health services are urgently needed to reduce pregnancy,
improve PMTCT service coverage for adolescents, and reduce
MTCT in infants of adolescent mothers.
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