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INTRODUCTION

Mother-to-child transmission (MTCT) of HIV remains a global health challenge despite 

being largely preventable. An estimated 150,000 children were infected with HIV in 2015, 

mostly through MTCT; most of these infections occurred in sub-Saharan Africa.[1] The 

Joint United Nations Programme on HIV/AIDS (UNAIDS) has renewed efforts to virtually 

eliminate MTCT, with a target of reducing the final rate to 5% or lower among breastfeeding 

populations, and 2% or lower among nonbreastfeeding populations.[2]
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Effective interventions for the prevention of MTCT (PMTCT) are available, which, if 

implemented correctly, should achieve the UNAIDS goal of virtually eliminating pediatric 

HIV infection. The current WHO guidelines (called Option B+) recommend that all HIV-

infected pregnant or breastfeeding women be initiated and maintained on antiretroviral 

therapy (ART) for life, regardless of clinical or immunologic status.[3] However, earlier 

WHO guidelines in 2010 recommended 2 different PMTCT regimens based on maternal 

CD4 cell count.[4] Both of these (called Option A and Option B) recommended lifelong 

ART for women with CD4 counts ≤350 cells/mm3. For women with higher CD4 cell counts, 

Option A included zidovudine from 14 weeks of pregnancy, single-dose nevirapine (sdNVP) 

during labor, and zidovudine/lamivudine through 1 week postpartum for women, plus daily 

nevirapine for infants until cessation of breastfeeding. Option B included ART for women 

during pregnancy and for the duration of breastfeeding, and nevirapine for infants for 6 

weeks after birth. Data for HIV-free survival rates among HIV-exposed children at 18–24 

months is limited for these options in a programmatic setting.

MTCT rate (i.e., the proportion of HIV-infected children born to HIV-infected mothers) and 

HIV-free survival rate (i.e., the proportion of HIV-exposed children who are alive and HIV 

uninfected at 18–24 months of age) are the key outcomes used to measure the effectiveness 

of PMTCT programs.[5] WHO recommends several methods, including modeling, facility-

based surveys and cohort data, analysis of early infant diagnosis and child HIV testing data, 

and population-/community-based surveys, to measure MTCT and HIV-free survival rates at 

18 months.[5] However, there are very few recent community-based evaluations. The 

PMTCT Effectiveness in Africa: Research and Linkages to Care (PEARL) study evaluated 

the effectiveness of PMTCT services at the community level in Cameroon, Côte d’Ivoire, 

South Africa, and Zambia, from 2007 to 2009. HIV-free survival at 24 months of age was 

79.7% with the sdNVP regimen.[6] In 2009, a community survey in Rwanda estimated 

MTCT and HIV-free survival at 4% and 91.9%, respectively, among children aged 9–24 

months who were on an AZT plus sdNVP regimen.[7]

Swaziland is a small country of 1.2 million people in southern Africa that has an estimated 

HIV prevalence of 28.8%[8] among adults and 41.1%[9] among pregnant women who 

attend antenatal care (ANC) clinics. Swaziland implemented the WHO Option A strategy for 

PMTCT from 2010 to 2014, at which time facilities transitioned to providing ART to all 

pregnant and postpartum women. No study, to our knowledge, has been done in Swaziland 

to determine the MTCT rate among children at the end of breastfeeding or to document their 

HIV-free survival rate. The primary objective of this study was to determine MTCT and 

HIV-free survival rates as estimates of the population-level effectiveness of a program based 

on Option A. This study will also serve as a baseline for Swaziland to assess the 

effectiveness of Option B+, which was adopted in 2015.

METHODS

Study design

We performed a cross-sectional study of children born to HIV-infected mothers between 

April and October 2013 to determine MTCT and HIV-free survival rates through a 
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nationally representative community survey. The survey was conducted from April to June 

2015.

Sampling

We used a multistage procedure to obtain a representative sample of HIV-infected mothers 

and HIV-exposed children from all 4 regions of the country. Constituencies (administrative 

districts) within each region were stratified as urban, rural high volume, or rural low volume. 

We randomly selected 1 constituency within each of the 3 strata for each region, for a total 

of 12 constituencies. Within each selected constituency, we randomly selected an 

enumeration area (EA) (similar to a census tract) from which recruitment began. 

Recruitment continued in the next-closest EA, according to a predetermined direction, until 

the approximated sample-size target was obtained. All eligible households were then 

surveyed. If the desired sample size for the constituency was not met, another EA was 

randomly selected until the desired sample size was achieved. The expected number of HIV-

infected women who had given birth in each constituency was estimated in proportion to the 

constituency population size, and this was used to determine the sample size per 

constituency. In order to identify eligible households within the EAs, we engaged 

community health workers to identify households in which a mother had delivered a child 

between April 1 and October 30 in 2013, regardless of whether the child was currently alive. 

Study staff then visited each identified household to confirm whether a birth had occurred. If 

the mother or a primary caregiver was not available to complete the survey, a return 

appointment was made.

Measurements

Trained research assistants interviewed mothers primary caregivers using a structured 

questionnaire in SiSwati (the local language) that was uploaded to a portable electronic 

device. Maternal sociodemographic characteristics and clinical histories were collected. 

Information on PMTCT ART regimens and other clinical variables was obtained verbally 

and verified using data available on the mothers’ and children’s take-home ANC cards 

(when available).

If a mother was present in a household and did not have a verified HIV-seropositive status 

based on an ANC card, blood was drawn via a finger prick for rapid HIV testing (Alere 

Determine HIV-1/2, and Uni-Gold Recombigen® HIV). If the results of a rapid test were 

indeterminate or discrepant, we collected a dried blood spot (DBS) sample that was sent for 

DNA PCR (COBAS Ampliprep / Taqman HIV-1 QUAL Test System, ROCHE, New Jersey, 

USA) testing at the national reference laboratory in Mbabane, Swaziland. Children 

underwent HIV rapid antibody testing if their mother had a previously confirmed HIV-

seropositive test or was found to be HIV seropositive during rapid testing, and in all cases in 

which the mother was not present in the household. We also collected DBS samples from all 

HIV-exposed children for DNA PCR testing at the national reference laboratory to confirm 

the rapid test results.
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Data analysis

Data were analyzed using Stata Statistical Software (release 14, StataCorp LP, College 

Station, Texas, USA). We described the characteristics of the mothers using proportions for 

categorical variables and means with standard deviations (SD) for continuous variables. Our 

primary outcome of interest was the rate of HIV-free survival among HIV-exposed children, 

calculated as the number of children aged 18–24 months who were both alive and HIV 

uninfected, divided by the total number of children born to mothers confirmed to be HIV 

infected. We also calculated the MTCT rate as the proportion of HIV-exposed children who 

were confirmed to be HIV infected. We evaluated the relationship between maternal/child 

characteristics and MTCT of HIV, among children whose mothers were confirmed to be 

HIV infected. We used univariate and multivariate (multiple logistic regression) analysis to 

compute odds ratios (OR) and 95% confidence intervals (CI), with the rate of HIV-free 

survival among exposed infants as our primary outcome. Variables moderately associated 

(P<.1) with transmission in univariate analysis were included in the multivariate logistic 

regression. Children of mothers whose HIV status was unknown were excluded from the 

analysis. For women who had twin births, summaries of the variables were restricted to 1 of 

the twins. Women who were newly identified as HIV infected during the study were 

excluded from the analysis of variables for HIV care and treatment during pregnancy (eg, 

CD4-count testing and results, receipt of antiretroviral drugs for themselves and their 

infants).

Ethical considerations

The study was reviewed and approved by the Swaziland Scientific and Ethics Committee at 

the Ministry of Health, and by the institutional review board at George Washington 

University, Washington, DC, USA. Mothers and primary caregivers provided verbal 

informed consent, which was documented by the interviewer in study records.

RESULTS

In total, there were 497 enumeration areas (EAs) in the 12 selected constituencies. Because 

of the small sizes of these EAs, 489 were visited in order to reach the desired sample size. 

We identified 2000 households that had a mother who had delivered a child between April 

and October in 2013; within these households, 1941 mothers and caregivers (97.1%) 

consented to participate in the study (Figure 1). A total of 59 refused, citing lack of time 

(n=10), lack of incentives for participation (n=2), discomfort with participating (n=8), not 

wanting to know their HIV status (n=4) or their child’s HIV status (n=3), lack of husband’s 

permission (n=6), and other reasons (n=26). The majority of study participants were the 

biological mothers of their children (84.5%, n=1641), and the rest were caregivers (n=300). 

Maternal HIV-positive status was observed in 643/1641 (39.2%) of the biological mothers. 

Caregivers reported that 144 biological mothers (48%) permanently lived elsewhere, 139 

mothers (46.3%) lived elsewhere temporarily, 13 mothers (4.3%) had died, and the reason 

for mother’s absence was unknown in 4 households (1.3%). Caregivers reported (and 

confirmed with antenatal care [ANC] cards) 59 mothers as HIV infected and 126 mothers as 

HIV uninfected. However, caregivers did not know the HIV status of 115 mothers, and ANC 

cards were not available to review HIV testing information. A total of 724 children 
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(including 22 sets of twins, none serodiscordant) were born to 702 HIV-infected women. 

Thirty-five (5.0%) of the 702 HIV-infected mothers were newly identified as HIV infected 

during study testing and therefore had not yet been initiated in HIV care. No children born to 

newly diagnosed mothers were HIV infected.

Table 1 presents the key characteristics of the HIV-infected mothers. The mean (±SD) age 

was 28.8 ± 5.8 years. Almost all mothers (99.7%) attended ANC at least once, and the mean 

(±SD) gestational age at first ANC visit was 15.9 ± 6.2 weeks. The mean (±SD) CD4 cell 

count at baseline was 493.7 ± 264.3 cellss/mm3. Most of the HIV-infected mothers (91.8%), 

excluding the 35 newly diagnosed women, received PMTCT drugs during pregnancy; 41.0% 

received AZT prophylaxis, 14.2% were on ART at the time of pregnancy, and 41.6% 

initiated ART during ANC. However, 22 women who received antiretroviral (ARV) drugs 

did not have a documented regimen. Most mothers (89.4%) delivered their child at a health 

facility; 13.5% reported that their child was hospitalized at some point after birth. At the 

time of the survey, 7.6% of mothers were still breastfeeding their child.

Table 2 summarizes the main outcomes of the study. Among the 724 known HIV-exposed 

children aged 18 to 24 months, 26 were HIV infected and 694 were HIV uninfected and 

alive. Four HIV-exposed children had died within 24 months of birth, all with an unknown 

HIV status. The overall HIV-free survival rate at 18–24 months of age was 95.9% (95% CI, 

94.1–97.2). The estimated proportion of HIV-infected children among known HIV-exposed 

children was 3.6% (95% CI, 2.4–5.2). If we assume that all 4 children who died with 

unknown HIV status had been HIV infected, then the estimated proportion of HIV-infected 

children would be 4.1% (95% CI, 2.7–5.5).

Table 3 shows the association between a child’s HIV infection or death and selected 

maternal and child characteristics. The risk for child HIV infection or death was 

significantly associated with the mother’s age and whether she received PMTCT drugs and 

delivered at a facility. Adjusting for facility delivery, infant nevirapine duration, and the 

mother’s PMTCT regimen, for every 10-year increase in the mother’s age, the odds of HIV 

transmission or child death were reduced by 58% (adjusted odds ratio [aOR]=0.42; 95% CI, 

0.17–1.00). Adjusting for maternal age, facility delivery, and duration of infant nevirapine, 

the following characteristics were significantly protective against child HIV infection or 

death, compared with taking no PMTCT drugs: receipt of AZT only (aOR=0.15; 95% CI, 

0.04–0.62), ART initiation during pregnancy (aOR=0.14; 95% CI, 0.03–0.58), and being 

ART experienced (aOR=0.08; 95% CI, 0.01–0.78). Delivering at a health facility 

significantly reduced the odds of HIV infection or death of a child (aOR=0.33; 95% CI, 

0.12–0.92). A mother’s education level, marital status, gestational age at first ANC visit, and 

breastfeeding duration were not associated with child HIV infection or death.

DISCUSSION

Our community household survey in Swaziland found that HIV-free survival at 18–24 

months of age among children born to HIV-infected women was very high at 95.9%. The 

results of this 2015 survey measure the population-level effectiveness of the Swaziland 

PMTCT program that was implementing Option A of the WHO guidelines available at that 
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time. Other community surveys have found considerably lower HIV-free survival rate 

estimates with implementation of less effective PMTCT regimens (sdNVP, AZT/sdNVP). In 

Zimbabwe, HIV-free survival at age 9–18 months was 90.5% before implementation of 

Option A.[10] In a survey of 4 African countries before implementation of Option A, HIV-

free survival at 24 months of age among all HIV-exposed children was 79.7%. The country-

level estimates were Cameroon, 72.6%; South Africa, 77.7%; Zambia, 83.1%; and Côte 

d’Ivoire, 84.4%.[6] These pre-Option A rates of HIV-free survival were lower than the 

estimates in our study, suggesting better effectiveness of Option A compared with previous 

PMTCT regimens.

HIV-free survival estimates in other country surveys after the Option A implementation were 

comparable with our estimates. In Rwanda, a similar community survey reported an HIV-

free survival rate of 91.9% (95% CI, 90.4–93.3) among HIV-exposed children aged 9 to 24 

months.[7] In a community-based survey in Zimbabwe in 2014 (post-Option A rollout), 

HIV-free survival was reported as 95.1%.[11] In South Africa, results in a prospective 

facility-based cohort study showed an HIV-free survival rate of 93.7% at 18 months[12], 

while in Nigeria, HIV-free survival was reported to be 86.2% at 18 months in a facility-

based retrospective cohort study.[13]

HIV-free survival has been proposed as the gold standard for measurement of PMTCT 

program effectiveness.[14] Our study’s high estimate of HIV-free survival could be an 

indication of a strong PMTCT program in Swaziland. It could also be an overestimate, 

however, because there were very few child deaths captured, despite efforts to identify 

households that had had deliveries during the specified period and the child had died. This 

could be due to cultural difficulties in discussing child death, which might have limited our 

identification of such households. The Swaziland Multiple Indicator Cluster Survey (MICS) 

of 2014[15] found infant mortality at 50 per 1000 and mortality of children younger than 5 

years at 67 per 1000. Given that 50% of HIV-infected children without treatment die by the 

age of 2 years, MTCT rates could be higher and HIV-free survival rates lower if our survey 

did not capture all child deaths in these communities.

Population-based surveys are one of the WHO-recommended methods for estimating MTCT 

of HIV at age 18 months or the end of breastfeeding.[5] Few studies have reported 

community-based prevalence estimates at 18–24 months. Our study found MTCT among 

known HIV-exposed children to be 3.6% at 18–24 months, which, as expected, is slightly 

higher than the 2.4% that was previously documented at 6–8 weeks [16] in Swaziland, due 

to postnatal HIV transmission during breastfeeding. Taha et al reported the cumulative risk 

for MTCT at age 24 months was 9.7% among breastfed children in Malawi who received 

short ARV prophylactic regimens and were uninfected at 1.5 months, with 87.4% of 

infections occurring after 6 months.[17] In South Africa, cohort data showed a cumulative 

MTCT rate of 4.3% at age 18 months.[12] In a Rwanda community survey, MTCT was 

reported to be 4.0% at 9–24 months, similar to our findings.[7] In Zimbabwe, MTCT of HIV 

was estimated at 4.8% in the post-Option A implementation period.[11] Using Spectrum 

models, MTCT in 2015 in Swaziland is estimated at 6.72% by the end of breastfeeding.[18] 

The difference between our findings and the Spectrum estimates may be due to differences 

in methodology (i.e., use of models vs observational study) and the possibility that our study 
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had inaccurate ascertainment of child death, as discussed earlier. Assuming that all 4 

children who had died were HIV infected, our MTCT rate would be 4.1%.

Our study also explored factors associated with child HIV infection and/or death. The 

factors associated with MTCT have been well documented in the literature.[19] Data on 

MTCT risk factors that were collected in our study as well as in previous studies include 

breastfeeding duration, CD4 count, use of ARVs, and maternal age. The factors identified in 

our study to be associated with increased, or markers of, child infection and/or death were 

young maternal age, not delivering at a health facility, and not receiving PMTCT drugs 

during pregnancy. In addition to strengthening uptake of PMTCT services for pregnant 

women, interventions to improve rates of HIV-free survival need to target younger women 

and to encourage facility delivery. Our study contributes to the body of evidence for factors 

associated with MTCT of HIV and HIV-free survival. Although mixed feeding and long 

duration of breastfeeding have been documented to be associated with MTCT,[19] our study 

did not show an association between duration of breastfeeding and child HIV infection 

and/or death. This could be due to the comprehensive use of nevirapine by the child during 

the breastfeeding period (94% of infants in our study received nevirapine prophylaxis), 

which has been shown to reduce MTCT.[20]

In addition to the possibility of missing children who had died, our study had other 

limitations. We did not collect any data on paternal characteristics, which can impact rates of 

HIV infection and HIV-free survival, as shown in the literature.[21] Our study also did not 

collect data on possible maternal and child migration from the study communities, which 

could have resulted in either over- or underestimating the HIV-free survival rates. Our study 

had 115 women with an unknown HIV status, and 2 HIV-positive children identified within 

this group; these women and children were excluded in our analysis, which could have 

resulted in over- or underestimating the rate of HIV-free survival. Another potential 

limitation of our study is that we did not use weighting to adjust for any potential differences 

in HIV-free survival in urban and rural constituencies. Also, potential differences in the 

number of HIV-infected women in rural and urban constituencies may not have been 

reflected in our study sample. Because we did not have the true population distribution 

numbers for HIV-infected women across rural and urban constituencies, we could not 

estimate the weights. We randomly selected constituencies within strata, and all households 

were approached; therefore, we expect that the distribution of HIV-infected women across 

rural and urban constituencies was maintained in the sample.

CONCLUSION

This is the first community survey conducted in Swaziland to assess the effectiveness of the 

PMTCT program that was implemented under Option A of the WHO guidelines. The target 

for PMTCT programs is to reduce final mother-to-child transmission of HIV to 5% or lower 

among breastfeeding populations, and 2% or lower among nonbreastfeeding populations. 

Findings from our study indicate that the Swaziland PMTCT program under Option A has 

been largely effective, with a high HIV-free survival rate of 95.9% and a low MTCT rate of 

3.6% at age 18–24 months. Given the national rollout of Option B+ in late 2014, a similar 

household survey in 2 years is recommended to measure the effectiveness of these most 

Chouraya et al. Page 7

AIDS Behav. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



recent guidelines. In any subsequent survey, efforts should be intensified to identify all 

households that have had a child death.
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Figure 1. 
Flow chart of study participants.
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Table 1

Characteristics of HIV-infected mothers and their children, Swaziland, 2015.

Characteristic na Percentage

Mothers (Na=702)

Age, mean (SD), years 28.8 ± 5.8

Education (N=694)

 None 40 5.8

 Primary 205 29.5

 Secondary 246 35.4

 Postsecondary 203 29.3

Marital status (701)

 Married 300 42.8

 Cohabiting 88 12.6

 Separated/divorced/widowed 21 3.0

 Never married 292 41.6

Attended ANC (N=698) 696 99.7

Gestational age at first ANC visit, mean ± SD (weeks) 15.9 ± 6.2

CD4 test performed during ANC (N=635)b 582 91.7

CD4 cell count, mean ± SD (cells/mm3)b 493.7 ± 264.3

CD4 cell count (cells/mm3) (N=506)b

 ≥350 365 72.3

 <350 141 27.7

Took ARVs during pregnancy (N=646)b 593 91.8

ARV regimen received (N=571)b

 AZT only 234 41.0

 Initiated on ART during pregnancy 238 41.7

 Already on ART 81 14.2

 Other 18 3.2

Children (N=702a,c)

Delivered at health facility (N=700) 626 89.4

Given NVPb (N=654) 617 94.3

Hospitalized after discharge (N=689) 93 13.5

Ever breastfed (N=702) 604 86.0

Still breastfeeding at 18–24 months (N=603) 46 7.6

Duration of breastfeeding, mean ± SD (months) 9.3 ± 4.6

Age breastfeeding stopped (N=548)

 0–6 months 234 42.7

 6–12 months 246 44.9

 >12 months 68 12.4
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a
N/n vary due to small amounts of missing data.

b
Excludes 35 women who were newly identified as HIV infected during the study.

c
Includes only 1 pair of twins.
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