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Abstract

Purpose: We assessed 18-month cumulative mother-to-child HIV transmission (MTCT) risk 

and risk factors for no antiretroviral medication use during pregnancy among adolescent, young 

women, and adult mothers in Zimbabwe.

Methods: We analyzed data from a prospective survey of 1,171 mother–infant pairs with 

HIV-exposed infants aged 4–12 weeks who were recruited from 151 immunization clinics from 

February to August 2013. HIV-exposed infants were followed until diagnosed with HIV, death, or 

age 18 months. Findings were weighted and adjusted for complex survey design and nonresponse.

Results: The 18-month cumulative MTCT risk was highest among adolescent aged ≤19 

years (12%) followed by young women aged 20–24 years (7.5%) and adult women aged ≥25 

years (6.9%). Across these groups, more than 94% had ≥1 antenatal care visit by 21 weeks 

of gestation, more than 95% had ≥1 HIV test, and more than 98% knew their HIV status. 

Of known HIV-positive mothers, maternal antiretroviral medication coverage during pregnancy 

was 76.8% (95% confidence interval: 65.1–85.5), 83.8% (78.6–87.9), and 87.8% (84.6–90.4) 

among adolescent, young women, and adult mothers, respectively. Among HIV-positive mothers 

diagnosed prenatally, the adjusted odds ratio of no ARV use during pregnancy was increased 

among those who had no antenatal care attendance (adjusted odds ratio: 7.7 [3.7–16.0]), no 
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HIV testing (7.3 [2.3–23.5]), no prepartum CD4 count testing (2.1 [1.3–3.4]), and maternal HIV 

identification during pregnancy (2.9 [1.8–4.8]). Age was not a risk factor.

Conclusions: With similar coverage of prevention of MTCT services, the 18-month cumulative 

MTCT risk was higher among adolescents and young women, compared with adults. Additional 

research should examine the causes to develop targeted interventions.
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Although adolescent girls and young women (aged 15–24 years) were only 10% of the 

population, they accounted for 26% of new HIV infections in 2016 in eastern and southern 

Africa [1]. Given their high HIV incidence, HIV-infected pregnant and breastfeeding 

adolescents and young women are likely to be at high risk for mother-to-child HIV 

transmission (MTCT) [2]. Sub-Saharan Africa has the world’s highest adolescent birth rates; 

approximately 25% of young women aged 20–24 years delivered a child before 18 years old 

between 1995 and 2011 [3]. Two studies from South Africa found adolescent mothers have 

significantly higher risk of early MTCT measured at 4–8 weeks postpartum compared with 

older mothers [2,4]. Prevention of MTCT (PMTCT) services during pregnancy, including 

the use of antiretroviral medications (ARV), have reduced MTCT significantly [5]. Although 

HIV-positive adolescents may contribute a small proportion (4% in Kenya and 7% in 

Zimbabwe) [6–8] to the overall HIV-prevalence among pregnant women, PMTCT programs 

must focus on this vulnerable group, and the young women who have aged into the next age 

category to achieve the global elimination of MTCT [9].

In this analysis, we report the observed cumulative risk of MTCT from the perinatal period 

through 18 months postdelivery among adolescents aged ≤19 years, young women aged 20–

24 years, and adult women aged ≥25 years. We also describe the coverage of services along 

the perinatal PMTCT cascade among these age groups and potential risk factors associated 

with no ARV use during pregnancy among those whose HIV infection was diagnosed 

prenatally.

Methods

Case definitions

To define maternal and infant HIV status, we used a composite of maternal self-report, HIV 

test results on infant dried blood spot (iDBS) tests, and information extracted from antenatal 

care (ANC) and child health clinic (CHC) cards. We defined (1) HIV-infected mother if she 

reported HIV-positive diagnosis with supporting documentation in the ANC or CHC cards 

or her infant had a baseline iDBS that was positive by HIV enzyme immunoassay (EIA); 

(2) HIV-exposed infant (HEI) if infant born to an HIV-infected mother; and (3) HIV-infected 
infant if infant had 2 positive iDBS HIV DNA polymerase chain reaction (PCR) tests before 

18 months of age or 2 reactive rapid HIV tests at 18 months of age.
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Study design, study visits, and data collection

We conducted a secondary analysis of data from Zimbabwe’s 2013–2014 PMTCT 

Effectiveness Survey, a prospective cohort study of a nationally representative sample 

of mother–infant pairs with infants aged 4–12 weeks. Details of the study design 

were described elsewhere [10,11]. Briefly, the survey recruited participants from 151 

immunization clinics using multistage stratified cluster sampling from all <10 provinces 

of Zimbabwe [12]. Facilities providing <100 first diphtheria, pertussis, and tetanus 

immunizations in 2011 (n = 535) were excluded from the sampling frame for logistical 

considerations. The remaining 1,007 facilities providing ≥100 first diphtheria, pertussis, and 

tetanus immunizations were divided into three strata based on the number of immunizations 

provided annually, and 15% of clinics were selected from each stratum using simple random 

selection without replacement method. All mother–infant pairs were recruited sequentially 

from each of the selected clinics over 6-week periods. Infants who were severely ill 

or whose caregivers refused consent were not eligible to participate in the study. From 

February to August 2013, the primary survey recruited 6,051 pairs of mother–infant aged 

4–12 weeks, including 1,171 pairs with HIV-infected mothers and HEIs. These 1,171 pairs 

were included in the secondary analysis (Figure 1). As 99.7% of caregivers were biological 

mothers, we refer to all nonbiological caregivers as mothers in this report. After the baseline 

interview, the mother–infant pairs with HEIs were scheduled for additional visits at 6, 9, 

12, 15, and 18 months postdelivery until the occurrence of one of the following infant 

events: HIV infection, death, or age 18 months. At all visits, a trained research assistant 

administered an oral questionnaire and collected the mothers’ responses on a handheld 

device. The questionnaire elicited maternal and infant characteristics and coverage of ANC 

and PMTCT services. When possible, information was confirmed with patient-held ANC 

and CHC cards and medical records.

Infant dried blood spot samples were collected at the baseline for HIV testing for all enrolled 

infants (HIV antibodies and HIV DNA). HEIs had additional iDBS at 6, 9, 12, and 15 

months for HIV DNA testing; and HIV rapid diagnostic testing was performed at 18 months, 

per national and World Health Organization (WHO) recommendations [13]. Clinic nurses 

returned infant HIV DNA test results to mothers within 4 weeks, and HIV rapid test results 

were returned to mothers immediately. Routine HIV-related care and treatment services were 

provided per the national guidelines. All mothers provided written consent at the baseline, 

and mothers with HEIs provided written consent for the 18-month follow-up at the 6-month 

visit. In addition, verbal consent was obtained before each blood specimen was collected for 

HIV testing.

Laboratory-based HIV testing

Infant dried blood spot samples were collected on Munktell-TFN 5-spot paper and sent 

to the National Microbiology Reference Laboratory in Harare for serology testing of HIV 

antibodies using an EIA (Ani labsystem HIV1/2 Ab EIA third generation; Labsystems 

Diagnostics Oy, Vantaa, Finland). All antibody-positive samples were retested using a 

second EIA (Enzygnost Anti-HIV1/2 Plus; Siemens Healthcare Diagnostics Products 

GmbH, Marburg/Germany). Baseline iDBS, which tested positive via EIAs and iDBS 

from infants born to known HIV-infected mothers, were tested for HIV DNA by PCR 
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(COBAS Ampli Prep/COBAS TaqMan-CAP/CTM-Qualitative assay version 1.0 assay; 

Roche Diagnostics, Branchburg, NJ). If the first PCR result was positive or indeterminate, a 

second PCR (Amplicor HIV-1 DNA Test version 1.5; Roche Diagnostics) was performed to 

confirm the final result.

Statistical analysis

Survey analysis procedures were used to account for complex survey design, including 

stratification, weighting, clustering, and nonresponse. Domain analyses were performed on 

HIV-infected mothers, and the outcome variables were infant HIV infection and maternal 

ARV use during pregnancy. Statistical analyses were performed with Stata version 14.1 

statistical software.

Competing risk analysis was used to estimate the cumulative risk of MTCT through 18 

months postdelivery by maternal age group using the stcompet package in Stata [14]. We 

assessed MTCT longitudinally over the 18-month follow-up at 4–12 weeks and 6, 9, 12, 

15, and 18 months after delivery. Cox regression analysis was used to test for differences in 

MTCT by maternal age group.

We compared demographic, reproductive, and HIV-status variables between age groups of 

HIV-infected mothers by computing frequencies, weighted proportions, and 95% confidence 

intervals (CIs) and Rao-Scott chi-square tests. Demographic and reproductive variables 

included education level, marital status, socioeconomic status (SES), number of pregnancies, 

planned pregnancy, HIV status of infant’s father, and disclosure of HIV status to family/

friends. We defined the SES variable as a composite variable constructed using a clustering 

algorithm that considered home appliances, water, toilet, house material, income, and fuel 

quality and access [15].

We also described the coverage of the PMTCT cascade services during pregnancy and 

postpartum through study enrollment at 4–12 weeks. The PMTCT cascade includes ANC 

attendance, HIV testing, knowledge of HIV test result, CD4 count testing, maternal ARV 

use, and infant ARV prophylaxis.

We developed a multivariable model using purposeful selection to identify risk factors 

associated with no ARV use during pregnancy among mothers whose HIV infection 

was diagnosed before giving birth, using demographic, reproductive, and PMTCT service 

cascade variables, including time to clinic [16]. Although all mothers were HIV-positive 

during pregnancy, some were not diagnosed until 4–12 weeks postdelivery and could not 

start ARVs during pregnancy. Therefore, they were not included in the model. The algorithm 

began with a univariate screening of each independent variable and the outcome, and 

variables with p < .25 were included in the initial multivariable model. Then, variables 

with the largest p value were excluded one at a time, and a smaller model was refitted 

until all variables had p < .05. Maternal age was retained in the model regardless of the p 
value. Excluded variables were tested to see if their exclusion caused at least a 20% change 

in the regression coefficient of the remaining variables in the model, and if so, they were 

retained in the model. Interactions between biologically plausible variables were evaluated, 

including age group and timing of HIV diagnosis, and ANC attendance and HIV testing. 
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The final model was used to estimate crude and adjusted odds ratios and associated 95% CI 

for predictors of interest.

PMTCT clinical guidelines during the study

At the time of study enrollment (February to August 2013), Zimbabwe national guidelines 

recommended Option A, in which pregnant and breastfeeding women with WHO stage 

III/IV or CD4 ≤350 cells/μL were initiated on lifelong antiretroviral therapy (ART), whereas 

others received zidovudine ARV prophylaxis [17]. Therefore, in this analysis, ARV initiation 

for PMTCT includes both ART and ARV prophylaxis. Option B+, in which all pregnant and 

breastfeeding women are started on lifelong ART, was implemented after study enrollment 

ended, beginning in November 2013 until it was implemented in all clinics by December 

2014 [18,19].

The Medical Research Council of Zimbabwe, and the Center for Global Health Office of 

the Associate Director for Science at the U.S. Centers for Disease Control and Prevention 

approved the study protocol.

Results

Of the 6,809 mother–infant pairs approached, 6,051 were eligible and completed the 

baseline interview (Figure 1). We excluded 251 (4.1%) mother–infant pairs from the analysis 

because the infants’ HIV exposure or infection status could not be confirmed and excluded 

one mother–infant pair because the mother’s age was missing. Of the 1,171 HIV-infected 

mothers, 71 were adolescents (aged 10 to ≤19 years), 255 were young women (aged 20 to 

≤24 years), and 845 were adults (aged ≥25 years).

Study population characteristics

Table 1 shows the weighted HIV prevalence among all adolescents, young women and 

adults included in the primary survey was 7.5% (95% CI: 6.1%–9.3%), 14.8% (95% CI: 

12.8–16.9), and 27.2% (95% CI: 24.7–29.8), respectively (p < .01). Overall HIV prevalence 

among all adolescents and young women aged ≤24 years was 12.2% (95% CI: 10.8–13.7). 

Among HIV-infected mothers included in the secondary analysis, parity varied with age 

(p < .01); 19.1% (95% CI: 11.6–30.0) of adolescents, 69% (95% CI: 62.8–74.6) of young 

women, and 95% (95% CI: 93.5–96.3) of adults had ≥2 children. Adolescents and young 

women were more likely to be unsure of the HIV status of the infant’s father, compared 

with of adults (p = .05). Timing of maternal HIV identification also varied across the three 

age groups (p < .01); A lower proportion of adolescents were identified at HIV-infected 

preconception (23.0% [95% CI: 14.4–34.6]), compared with young women and adults 

(45.6% [95% CI: 38.3–53.1] and 60.5% [95% CI: 55.5–65.3]). A higher proportion of 

adolescents were identified as HIV-infected during pregnancy (61.9% [95% CI: 48.6–73.6]) 

compared with 47.6% (95% CI: 40.2–55.1) of young women and 35.4% (95% CI: 30.8–

40.3) of adults. All age groups had similar distributions of education, marital status, SES, 

planned pregnancy, knowledge of HIV status of infant’s father, disclosure of HIV status to 

family/friends, and breastfeeding practices before study enrollment.
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MTCT by maternal age group

Although not statistically significant, the cumulative MTCT risk at 18 months was observed 

to be highest among adolescents followed by young women and adult mothers (12.1%, 

7.5%, and 6.9%, respectively; p = .3; Figure 2). The observed MTCT risk measured at 

6-week postdelivery was 8.4% for adolescents, 3.2% for young women, and 3.2% for adults.

Coverage of PMTCT cascade services by age group

Figure 3 shows that having ≥1 ANC visit, ≥1 HIV test, and knowledge of the HIV test result 

was high for all HIV-infected mothers. Greater than 94% of women in all age groups had 

≥1 ANC visit, and the mean total number of visits was 4.7 (95% CI: 4.1–5.2), 4.2 (95% CI: 

3.9–4.5), and 4.2 (95% CI: 4.1–4.5) for adolescents, young women, and adults, respectively. 

Gestational age at first ANC visit was also similar between adolescents, young women, 

and adults (20.9 weeks [95% CI: 19.0–22.9], 21.3 weeks [95% CI: 20.0–22.5], and 20.8 

weeks [95% CI: 20.1–21.4], respectively). Approximately 70% of mothers in all age groups 

reported being tested for HIV only once during pregnancy. Of women who initially tested 

negative, 30% of adolescents and young women were retested during pregnancy, compared 

with 21% of adults. Greater than 98% of mothers across all groups received HIV test results 

during pregnancy.

CD4 count testing varied by age (p ≤ .01). A lower proportion of adolescents received 

prepartum CD4 count testing (55.0% [95% CI: 42.5–66.9] vs. young women [75.5% (95% 

CI: 69.0–81.0)] and adults [80.4% (95% CI: 76.6–83.8)]). Use of ARVs for PMTCT varied 

by maternal age group (p = .02); maternal ARV coverage during pregnancy was 76.8% 

(95% CI: 65.1–85.5) among adolescents, 83.8% (95% CI: 78.6–87.9) among young women, 

and 87.8% (95% CI: 84.6–90.4) among adults. Similar proportions of women in all age 

groups who were identified as HIV-infected preconception were not on ARVs; 5.8% (95% 

CI: .7–34.0) of adolescents, 6.1% (95% CI: 3.5–10.5) of young women, and 4.2% (95% CI: 

2.7–6.4) of adults. Our data show a comparable trend of ARV use across all three age groups 

of mothers whose HIV status were diagnosed postpartum (adolescents 90.5 [78.7–96.1], 

young women 89.9 [85.8–92.9], adults 91.6 [89.1–93.6]).

Infant ARV prophylaxis was ≥95% for all age groups.

Factors associated with no ARV use during pregnancy

In multivariable analysis (Table 2), no ANC attendance (adjusted odds ratio: 7.7 [95% CI: 

3.7–16.0]), no HIV testing (7.3 [95% CI: 2.3–23.5]), no prepartum CD4 count testing (2.1 

[95% CI: 1.3–3.4]), and maternal HIV identification during pregnancy (2.9 [95% CI: 1.8–

4.8]) were associated with increased odds of no ARV use during pregnancy among women 

whose HIV infection was diagnosed prenatally. Age was not an independent risk factor. 

Socioeconomic status, time to clinic, parity, education, marital status, knowledge of HIV 

status of infant’s father, and planned pregnancy were not significant.
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Discussion

Compared with the national risk of early MTCT measured at 4–12 weeks (3.6%) and 

cumulative MTCT at 18 months postdelivery (7.0%) reported by Dinh et al. [11], our 

analysis showed that both early and cumulative MTCT risk was higher in adolescents (8.4% 

and 12.1%) and young women (3.2% and 7.5%) than in adults mothers (3.2% and 6.9%). 

Although the observed MTCT risk in our analysis did not differ statistically across the three 

groups of mothers, the elevated MTCT risk among adolescent mothers is consistent with 

our finding of more HIV diagnosis during pregnancy as opposed to preconception and lower 

ARV use during pregnancy among this same group. Horwood et al. [2] found higher MTCT 

at 4–8 weeks of age among adolescent mothers compared with adult mothers, 10.8% versus 

6.1%, respectively, in a 2008–2009 study in South Africa. Similarly, Ramraj et al. [4] found 

adolescents in three consecutive surveys conducted in South Africa had higher MTCT risk 

measured at 4–8 weeks postdelivery (5.8%–7.2%) than adults (2.4%–3.2%) from 2010 to 

2013. Fatti et al. [20] found that the MTCT risk measured at 6 weeks was 3.4% across all 

ages in a study from South Africa in 2009–2012. However, Fatti et al. [20] reported in the 

same paper that adolescents and young women had increased risks of MTCT compared with 

adults with adjusted risk ratios of 4.5 and 2.8, respectively. We are unaware of other studies 

that have looked at the cumulative risk of MTCT at 18 months in adolescents and young 

women.

Our study showed a much higher HIV prevalence among women aged ≤24 years than 

other studies in Zimbabwe (12.2% for all women aged ≤24 years), and HIV prevalence of 

7.5% for adolescents and 14.8% for young women. Before widespread ARV availability, 

Gonese et al. [21] showed HIV prevalence for women aged 15–24 years was between 

11.0% and 13.3% in Zimbabwe. More recently, the 2015–2016 Zimbabwe Population-based 

HIV Impact Assessment survey estimated an HIV prevalence of 5.9% among all females; 

2.8% for ages 10–14 years, 3.9% for ages 15–19 years, and 8.1% for ages 20–24 years 

[22,23]. We would expect our prevalence to be higher than the national prevalence since 

the adolescents and young women included in our analysis have all been pregnant, and thus 

sexually active and at higher risk of HIV-infection. In our study, 69.0% of young women 

had two children or more, compared with 19.1% of adolescents. In addition, we expect 

prevalence to be higher in young women than adolescents because both adolescents and 

young women are living longer because of high ART coverage and early ART initiation.

We found that HIV-infected women of all ages had similar and very high coverage of 

≥1 ANC visit (>94%), ≥1 HIV test during ANC (>95%), and knowledge of HIV test 

results during ANC (>98%). In Sub-Saharan Africa, Wong et al. found only one in five 

HIV-infected adolescent girls knew their HIV status (20%), and Fatti et al. reported in 2014 

that 75.3% of adolescent women were unaware of their HIV status in Eastern Cape, South 

Africa [20,24]. Although these studies are among all adolescents, our high percentages of 

HIV test result knowledge during pregnancy may indicate that the national PMTCT program 

in Zimbabwe was in an advanced stage compared with other countries in the region.

Despite similar coverage for the first three steps in the PMTCT cascade, our analysis 

revealed that the coverage of CD4 count testing and maternal ARV use in pregnancy differs 
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by age and is lower in adolescents. In contrast, Horwood et al. [2] found adolescents 

and adults had similar coverage of ARV or ART in 2008–2009, but more adult mothers 

received the full-recommended PMTCT regimen than adolescent mothers. Musarandega 

et al. [7] also found similar ARV uptake among adolescents and adults who knew their 

status in Zimbabwe in 2011–2013; however, our study differs in that coverage of ARVs 

in the perinatal PMTCT cascade includes mothers who were identified as HIV-infected 

postpartum. Because a higher proportion of women identified postpartum were adolescents 

and could not start ARVs during pregnancy without an HIV diagnosis, they may contribute 

to the observed difference in ARV use by age.

Although more than 95% of mothers in all three populations in our analysis were tested 

for HIV at the first ANC, only 30% of HIV-negative adolescents and young women were 

retested during pregnancy, compared with 21% of adults. These findings are similar to a 

2012 study in Zambia that found only 24.5% of women were tested twice or more during 

pregnancy [25]. The WHO guidelines recommend that HIV testing be offered at 32 weeks of 

gestation to all pregnant women who had HIV-negative status at the first ANC visit to detect 

women with HIV seroconversion [26]. This is critical because many adolescents and young 

women do not know the HIV status of their sex partners. Our data showed that only 50% of 

both adolescents and young women, compared with 60% of adults, knew the HIV status of 

the infant’s father. If this guideline is not followed, and a mother has acquired HIV during 

pregnancy or seroconverted after the first HIV test, then ARVs would not be initiated, and 

MTCT would be more likely to occur [26–28].

Our multivariable analysis found that no ARV use during pregnancy is associated with no 

ANC attendance, HIV testing or CD4 count testing, and maternal HIV identification during 

pregnancy, compared with diagnosis preconception. Diagnosis during pregnancy allows less 

time to initiate ARVs before delivery, particularly since the median gestational age at first 

ANC was 21 weeks. Also, prior studies have shown that HIV diagnosis preconception 

is associated with early ARV initiation [26,29]. Of note, women diagnosed with HIV 

postpartum could not be included in the multivariable analysis because they were not 

eligible for ARVs during pregnancy as they had not yet been identified as HIV infected. 

This entire group of women identified as HIV-infected postpartum were not on ARVs 

during pregnancy and thus at high risk of MTCT. Importantly, a higher proportion of 

adolescents were diagnosed postpartum (15.1%), compared with young women (6.8%) and 

adults (4.1%). As all age groups had similar rates of HIV testing during pregnancy, the 

higher proportion of postpartum diagnosis in adolescents may suggest an increased risk of 

HIV acquisition during pregnancy, and therefore elevated MTCT risk for the adolescent 

population.

This study has several limitations. The study was not designed to measure the risk of MTCT 

among adolescents and young women. Although the small number of HIV-infected infants 

among adolescents and young women is a testament to the overall success of the PMTCT 

program, research is needed with larger adolescent and young women sample sizes to further 

understand MTCT rates and risk factors in these age groups. Although some self-reported 

data on HIV testing and ARV uptake were verified by reviewing ANC and CHC cards, our 

findings may have been influenced by maternal recall bias. Also, data on timing of HIV 
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status knowledge is not available and may contribute to observed differences. In addition, 

although immunization rates are about 95% in Zimbabwe, recruitment from immunization 

clinics would have missed infants who died before age 4–12 weeks or who did not present 

for immunization. Although the national guidelines now recommended all HIV-infected 

patients are elegible for ART at the time of diagnosis, similar barriers to uptake still exist. 

Therefore, our findings are still relevant as they contribute to the knowledge of ARV/ART 

use in these populations.

To achieve the global target of elimination of MTCT, attention may be directed toward 

women who are not initiated on ARVs because of late identification of HIV infection 

during or after pregnancy. Maternal HIV infection identified during and after pregnancy 

highlights the importance of repeat HIV testing throughout the pregnancy and breastfeeding 

period in high-burden settings. In addition, targeted approaches to increase repeat testing 

and ARV use among pregnant and breastfeeding adolescents and young women, such as 

youth-friendly services and support groups, may reduce MTCT in these vulnerable age 

groups and help countries reach MTCT elimination. Furture qualitative studies are needed to 

understand how to better approach these populations including why some women identified 

as HIV-infected preconception were not on ARVs.
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IMPLICATIONS AND CONTRIBUTION

Maternal HIV infection identified during pregnancy highlights the importance of repeat 

HIV testing throughout pregnancy and breastfeeding in settings with high HIV burden. 

Targeted approaches to increase testing among pregnant and breastfeeding adolescents 

and young women may reduce MTCT in these vulnerable age groups and help countries 

reach MTCT elimination.
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Figure 1. 
Analytical population of HIV-infected mother-infant pairs, Zimbabwe PMTCT Effectiveness 

Survey, 2013–2014.
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Figure 2. 
Weighted cumulative risk of MTCT from pregnancy to 18 months postdelivery among 

HIV-infected mothers by age group, Zimbabwe PMTCT Effectiveness Survey, 2013–2014.
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Figure 3. 
Coverage of services along the perinatal prevention of mother-to-child transmission 

(PMTCT) cascade in HIV-infected women by age group, Zimbabwe PMTCT Effectiveness 

Survey, 2013–2014.
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