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Abstract

Purpose—Why do orphans have higher rates of HIV infection than non-orphaned peers?
Research consistently assumes that orphans acquire HIV primarily through sexual behavior, but
infections may instead be due to maternal transmission. Although these two pathways have very
different implications for HIV programs and policies, their relative contribution has not been
previously examined. In this research, we compare the contribution of maternal and sexual
transmission to HIV infection among orphans in Africa.

Methods—We use Demographic and Health Surveys data for 21,463 women and 18,359 men
from 17 countries. We propose a conceptual framework linking orphanhood to HIV, and use
mediation analysis and structural equation modeling to compare the potential contribution of
maternal transmission (measured through direct pathways from orphanhood to HIV) and sexual
transmission (measured through reports of risky sexual behavior) to orphan HIV infection.

Results—Our results suggest that maternal transmission is the predominant pathway of HIV
infection among orphaned adolescents: there is strong evidence for a direct pathway from maternal
(odds ratio 2.45; 95% confidence interval 1.72-3.51 for females and 2.45; 1.53-3.90 for males)
and double orphanhood (odds ratio 2.69; 1.97-3.66 and 2.53; 1.68-3.82 respectively) to HIV;
greater excess HIV risk in maternal versus paternal orphans. The contribution of sexual behavior is
largely not significant. We do not observe correspondingly high orphan disparities in other STDs.

Conclusion—Maternal transmission is a more likely explanation than sexual transmission for
heightened HIV infection among orphans. These results suggest that programs designed to address
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HIV infection among adolescents should focus on reducing maternal transmission and identifying
and testing undiagnosed HIV among orphans.
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orphans; HIV infection; Africa; maternal transmission

HIV infection among adolescents and young adults remains a critical issue: despite steep
declines among every other age group, AIDS mortality has tripled among adolescents (aged
10-19 years) since 2000, and AIDS is now the leading cause of death among this age group
in sub-Saharan Africa (SSA).} Another quarter million adolescents are newly infected every
year.2

Throughout the HIV/AIDS epidemic, research in SSA has consistently assumed that HIV
transmission for adolescents and young adults occurred primarily through sexual
behavior.3> As a result, programs for this population have been primarily aimed at sexual
transmission, focusing on increasing condom use and male circumcision, reducing multiple
sexual partners and transactional sex, and delaying age at sexual debut.3

Among adolescents and young adults, there is particular concern for orphans. A growing
number of studies have identified adolescent orphans as a high-risk group for HIV; several
have found that orphans are two to three times more likely to have acquired HIV by the time
they reach adolescence than non-orphaned peers.8:” Humanitarian groups, governments, and
donors have specifically targeted orphans in HIV prevention initiatives.8:°

Whether such investments have the intended impact on HIV incidence, however, depends on
when and how orphans acquire HIV. As with other populations, it is widely assumed that
orphaned adolescents acquire HIV primarily through behavioral transmission.1%.11 There is
evidence that orphans experience greater economic hardship, mental distress, and sexual
victimization,12 and such extreme social vulnerability may predispose orphans to greater
sexual risk taking. However, the empirical evidence on this is not definitive.” Despite the
ambiguity, the implicit assumption that orphans acquire HIV sexually appears frequently in
research, policies and programs.

But what if this basic assumption is wrong? For much of the epidemic, ART was largely
unavailable or inaccessible, and the chance of an infected infant surviving to adolescence
was thought to be very low. However, recent research has found that HIV infection
progresses slowly among some infants and a substantial proportion of HIV positive survive
to adolescence and beyond.3:14 Moreover, recent research in Kenyal® and Ethiopial® has
found substantial HIV prevalence for older children (under age 15), the majority of whom
were presumably not infected through sexual transmission due to low rates of sexual activity
for these age groups. In addition, an intervention to reduce HIV among Zimbabwean
adolescents had no impact on orphan HIV disparities, leading the authors to suggest that
excess risk among orphans is likely due to maternal transmission.1” These studies challenge
long-held assumptions about the predominant mode of transmission, although this has not
been explicitly tested.
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Methods

Sample

Measures

Compared to sexual transmission, maternal transmission has important implications for HIV
and orphanhood programming, including a shift towards greater surveillance to identify
undiagnosed HIV and related morbidity among orphans. Due to the predominant focus on
sexual transmission, HIV testing efforts are typically not directed towards this population.16
As a result, many of these HIV positive children are undiagnosed and not linked to
treatment.1516 As these “missing children” mature into adolescents, they may alter the
future course of the HIV epidemic. The goal of this study is to clarify the etiology of orphan
HIV disparities, and in doing so provide essential guidance for our response.

Data are derived from Demographics and Health Surveys (DHS) in 17 Sub-Saharan African
countries (Table 1). DHS are nationally-representative and have high response rates. For
more detail on DHS methods and scope seel®. For this study, surveys were included if they
were publicly-available at the time of analyses, collected parental survival information,
conducted HIV testing, and had at least one HIV-positive adolescent (see Table 1). For
females, secondary analyses are further restricted to surveys in which sexual violence data
were also collected. Data are pooled across all eligible surveys. Secondary research on this
data source was exempted from the need for human subjects review by Stony Brook
University.

Independent variable: We define orphans as children below age 18 who have lost one or both
parents. We further classify orphans by whether they have lost their mother (maternal
orphan), father (paternal orphan), or both parents (double orphan).

Dependent variables: The primary dependent variable in our analysis is HIV status. The
DHS has been conducting anonymous, informed, and voluntary HIV testing since 2001.
Blood spots are taken from individuals aged 15-49 and HIV status is assessed with an
ELISA test; positive results (and a subsample of negative results) are confirmed with a
second test.19 Secondary analyses use a binary variable capturing any self-reported sexually
transmitted disease (STD) symptomology, abnormal genital discharge, or genital ulcers/
sores in the past 12 months; these questions were asked only of sexually active respondents.

Potential mediating variables: Adolescents are coded as engaging in risky sexual behavior if
they did not use a condom with any of their last three partners in the past year, or had two or
more partners in the past year — behaviors that are empirically linked to HIV acquisition in
Africa.2921 The reference group is adolescents who were abstinent or had protected sex with
only one partner in the past year. We also examine the possibility that sexual victimization
contributes to HIV infection among orphans through a binary indicator of reported lifetime
sexual violence experience. Questions related to sexual violence generally came from a
modified version of the conflict tactics scale.22 Men were not asked these questions, and
only a subset of DHS surveys included this scale for women. There was variation between
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countries in how sexual violence was measured (more information on this measure is
available in23).

Analyses

Descriptive data are presented using the DHS sample weights; unadjusted differences in
outcome variables (HIV infection and STD infection) and potential mediators (sexual
violence and HIV risk behavior) by orphan categories are assessed with chi-square tests.

To guide pathway analyses, we created the conceptual model in Figure 1. We test the role of
different pathways by simultaneously examining the relationship between orphanhood and
intermediate outcomes (risky behaviors in the primary sample, with the addition of lifetime
sexual violence in secondary sample) and the main outcome (HIV status). We repeat such
models using STD status as the outcome. OLS regression cannot capture simultaneous
mediation, and thus we use structural equation modelling.24 Models are fit using the gsem
command in Stata 13, are adjusted for age, and include country-level fixed effects.

Hypotheses

According to Figure 1, if sexual transmission is a key pathway to HIV, we expect
corresponding pathways b and c to be significant. Sexual violence may also contribute to
sexual transmission (through pathway d plus e and/or f). Further support for a sexual
transmission hypothesis would come from correspondingly high orphan disparities in other
STDs, which would likewise result from risky sexual behavior.

If mother-to-child transmission plays an important role, we expect substantial unexplained
variance in HIV disparities (represented by path a) after controlling for sexual risk and
violence. We do not have a measure of parental HIV status, and thus use the direct pathway
as a proxy. We adapt the approach taken by Eaton et al.2° to further assess the likelihood of
mother-to-child transmission: if orphans were primarily infected around birth, we further
expect 1) greater excess HIV risk in maternal versus paternal orphans, 2) greater HIV
disparities among those most likely to be sexually naive (e.g., those aged 15).

Results

There were 21,463 females aged 15-17 who were tested for HIV, 4,851 of whom were also
surveyed about sexual violence. Just over a quarter of the sample had a deceased parent.
Almost half (46%) of the 393 HIV-positive test results occurred among orphans. HIV
prevalence among non-orphans was 1% (see Table 2), and was elevated among maternal
(4%), paternal (3%) and double orphans (4%). Approximately a third of the sample (n =
6,512) reported being sexually active and were asked about STD symptoms. Among this
subsample, 15% reported an STD with no significant difference by orphan status. Similarly,
there were no differences in the prevalence of mediators by orphanhood: overall, 23%
reported engaging in at least one risky sexual behavior in the past year. In the subsample
with sexual violence data, 12% of females reported ever experiencing sexual violence, with
no crude difference by orphan status.
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There were 18,359 males in our sample, and they followed a similar pattern: 25% had a
deceased parent and 90 of the 208 HIV-positive test results occurred among orphans. Only
HIV infection differed significantly by orphanhood (<1% in non-orphans versus 4% in
double orphans). No orphan disparities emerged for either reported STDs (8% among the
5011 males who reported sexual activity) or risky sexual behavior (20%).

Pathways between orphanhood and HIV

Each pathway diagram in Figure 2 (for females) and Figure 3 (for males) illustrates the
empirical results from a structural equation model. Consistent with the conceptual model,
the diagram contains both direct and indirect pathways from orphanhood to sexual health.
Each segment of the pathway represents a relationship between the two connected variables.
The strength of the relationship is captured in the embedded odds ratio. We further use
bolded lines to highlight significant relationships; dotted lines represent hypothesized
relationships that are not supported by the data.

Evidence for mother-to-child transmission: There is strong and consistent evidence for a
direct pathway from maternal orphanhood (odds ratio (OR) 2.45; 95% confidence interval
(CI) 1.72-3.51 for females (Figure 2.1) and 2.44; 1.53-3.90 for males (Figure 3.1)) and
double orphanhood (OR 2.69; 95% CI1 1.97-3.66 and 2.53; 1.68-3.82 respectively) to HIV,
regardless of gender. This is tempered for paternal orphans in whom we would expect a
weaker relationship: for females, the odds ratio is 1.65 (95% CI 1.26-2.15) and for males it
is 1.37 (95% CI 0.94-2.02).

Moreover, the direct pathway from maternal orphanhood to HIV is more pronounced when
the sample is limited to 15 year olds, in whom we’d expect less contribution from sexual
activity (e.g., for double orphans, OR 3.07; 95% CI 1.75-5.40 for females and OR 3.46;
95% ClI 1.79-6.71 for males; results not shown).

Further support for mother-to-child transmission comes from modeling other sexual
outcomes. Sexually active respondents reported on STD symptomology. There are no
statistically significant direct pathways from orphanhood to other STDs for either boys or
girls (Figures 2.2 and 3.2). Again, there is one moderately significant indirect pathway from
maternal orphaning to STDs in females. Risky sexual behavior follows the expected pattern
in relation to STDs for both genders (OR 1.47; 95% CI 1.21-1.78 for females, OR 2.19;
95% CI 1.61-2.97 for males).

Evidence for sexual transmission: In contrast, there is no evidence that orphans take greater
sexual risks. For both females (Figure 2.1) and males (Figure 3.1), the odds ratios between
orphan status and sexual risk taking range from 0.87-1.15, and all 95% confidence intervals
include the null. There is an inconsistent relationship between risk behavior and HIV
positive status by gender: there is a positive association in females (OR 1.68; 95% CI 1.33-
2.13), and a negative association in males (OR 0.53; 95% CI 0.34-0.52).

In secondary analyses, we find weak evidence for an indirect pathway to HIV mediated by
sexual violence (Figure 2.3): double orphaning is associated with a higher likelihood of
sexual violence (OR=1.41; 95% CI 1.04-1.93); this in turn increases sexual risk taking (OR
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4.61; 95% CI 3.80-5.59). When all pathways between double orphaning and sexual risk are
considered simultaneously, however, the net impact on HIV is not significant (OR 1.25; 95%
Cl 0.81-1.92; not explicitly shown in Figure 2.3).

Discussion

We find strong support that mother-to-child transmission is the primary explanation for
higher HIV infection among adolescent orphans. Our results show that orphanhood is
associated with HIV infection for both boys and girls, but is not strongly associated with
sexual risk behavior or STDs for either. We also find greater excess HIV risk in maternal
versus paternal orphans. Orphan disparities are more pronounced at younger ages, when
sexual activity is less prevalent. The results are remarkably consistent for boys and girls.
While sexual transmission undeniably contributed to HIV prevalence in the general
adolescent population, mother-to-child transmission appears to be a stronger explanation for
the higher HIV rates among orphaned adolescents.

The above results are consistent with both emerging clinical evidence that HIV progresses
very slowly in some children,13:14 as well as the substantial burden of HIV among older
children found in population surveys.1516 Moreover, our study found little evidence that
sexual risk behaviors were elevated among orphans. This is in contrast to select studies
showing that female orphans have more multiple partnerships and transactional sex.>26.27
More commonly, however, studies have failed to show any difference between orphans and
non-orphans in sexual behavior*2:28-31 or other STDs.2%:32 We also tested other possible
mediators in the relationship between orphanhood and HIV infection, such as STD infection
and number of year sexually active. Analysis including these measures did not affect our
conclusions or add substantively to our framework, and we therefore do not include in the
final analysis in this research. Thus, our results are consistent with the picture emerging
from this wider evidentiary base.

These results have important implications for policies and programs in Africa on HIV
infection, and on orphanhood. For example, a dominant focus of adolescent HIV programs
in Africa is on preventing infection by reducing sexual risk behavior.3 However, our results
imply that a substantial percentage of a key adolescent risk group, the 13 million orphans in
Africa,33 may already be infected. Reducing risk behaviors among these already-infected
adolescents is still crucial to prevent the spread of HIV to their partners, but it will not help
those already infected. In order to achieve “An AIDS-free generation”?, programs will need
to identify and target the relevant at-risk groups. This research adds to the growing body of
evidence that vertical transmission is of increasing importance, despite being under-
recognized. Provision of ART while pregnant and breastfeeding may reduce vertical
transmission, thereby reducing the proportion of HIV positive adolescents (and orphans).
Such ART coverage is still limited and in need of expansion.3*

Our results also reinforce the importance of promoting HIV testing for a// adolescents.
Studies have repeatedly shown that testing rates are low among adolescents.! Many HIV
positive adolescents may not believe they have any risk of infection: adolescents may be
unaware of their parents’ status, even if they have passed away from an AIDS-related illness.
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Current testing campaigns primarily focus on sexual behavior and rarely address the
possibility of undiagnosed maternal infection. The narrow focus on sexual risk behavior may
give the mistaken impression that adolescents who are not sexually active are not HIV
positive. All HIV-positive adolescents need timely diagnosis and treatment, and our results
suggest that HIV testing programs should promote testing for all adolescents regardless of
sexual behavior, and make efforts to ensure they are reaching orphans.

In part because they cannot be reached through HIV positive parents, it is particularly
challenging to connect orphans to HIV testing and treatment programs.3® In a South African
study, maternal orphans were diagnosed and initiated ARVs later than other HIV-infected
children.3> Three quarters of the caregivers knew the child’s mother had died of an AIDS-
related illness, yet most waited until the child was chronically ill to bring them in for HIV
testing. The authors speculate that orphan caregivers — many of whom are grandparents and
have little formal education — may be less aware of the need for early diagnosis. Orphans can
also face another barrier to testing: the lack of a legal guardian to consent. For adolescent
orphans specifically, laws that allow minors to self-consent to HIV testing could engender
greater equity.34

The high burden of undiagnosed HIV among orphans specifically suggests greater
challenges, but also a potential entry point. Many humanitarian and government programs
are already serving orphaned adolescents, can play a pivotal role linking them to HIV
testing, and can do so in a sensitive manner. Such organizations have often earned the trust
of the adolescents and families that they serve, and can motivate all beneficiaries —
regardless of orphan status - to make appointments with local clinics. They are well placed
to recognize additional barriers (e.g., parental consent, secondary stigma) specific to
orphans, and to help providers create more accessible testing programs. Working with local
clinics, they can also help ensure that testing strategies are tailored specifically to the needs
of children and adolescents. For instance, family-based and/or self-administered HIV testing
may offer effective alternatives.10 Finally, while organizations that support orphans represent
an excellent starting place, their reach remains limited. This highlights the importance of
routine provider testing for all adolescents — again, regardless of sexual debut.

We call for more research on this emerging and important issue. While DHS data confers
many benefits, its use for secondary analyses has limitations. Most notably, temporal
ordering is a feature in our conceptual pathway, but cannot be fully evaluated with the
available cross-sectional data. As mentioned above, we organized variables into the most
probably causal pathway based on previous theoretical and empirical evidence. While it is
unlikely that the sexual outcomes (sexual violence, risky behavior and HIV) cause
orphanhood, there is far less certainty around the ordering of the sexual outcomes
themselves. This may underlie one unexpected finding: sexual risk behavior appears to lower
HIV risk among male adolescents. Risk behavior is positively correlated with other STDs, so
misreporting of sexual activity is an unlikely explanation. Another possible explanation is
recursive causation. The assumed pathway in our conceptual model is that risk behavior
causes HIV infection. But the relationship between risk behavior and HIV positive status is
likely more complicated. With testing increasingly available, male adolescents who know
their positive status may take steps to reduce risk behavior. This is a new area of research,
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and a clear picture of how growing up HIV-positive affects sexual risk taking is yet to
emerge. Longitudinal or population-based studies of early adolescence (prior to sexual
debut) would provide more definitive evidence, but are generally lacking.

The reliance on self-reported measures of sensitive behaviors, such as sexual behavior and
STD symptomology, may have implications for our research. Many studies have
documented the lack of reliability or validity of self-reported sexual behavior, particularly
among adolescents and young adults.36-39 This research has typically shown that women
tend to under-report of sexual behavior, while men may either under-report or over-report
sexual behavior. In general, misreporting of sexual behavior would likely make it more
difficult to detect a relationship between sexual behavior and HIV infection, or could mean
that a detected relationship is not estimated accurately. Differences in the patterns of
misreporting may also explain differences in our results by men and women: although the
relationship between risk behavior and HIV positive status is as expected for women,
systematic misreporting may explain the negative association among men. Of greater
concern would be systematic misreporting associated with HIV infection and orphanhood: if
HIV infected orphans were systematically less likely report sexual risk behavior, this would
lead to potentially biased results. That said, we have no reason to think this is the case:
misreporting sexual behavior is likely to be similar between orphans and non-orphans, and
between maternal and paternal orphans. There is, however, limited research on patterns of
reporting sexual behavior among orphans specifically, and such research could potentially
provide more insight into the extent that misreporting of sexual behavior affects our results.
The data on sexual violence may also be particularly prone to reporting bias. Still, we
demonstrate strong pathways from victimization to sexual risk taking and to HIV. There is
little rigorous evidence on what works to prevent childhood sexual abuse, though we refer
interested readers to a new WHO report on strategies that show promise.? Another
measurement limitation is our use of proxies - orphan status and sexual behavior - to
measure maternal and sexual transmission respectively. While we build a circumstantial case
for maternal transmission, it is only as strong as these proxies.

Finally, although our sample is limited to adolescents aged 15-17 due to data availability,
this research is highly relevant for other age groups. As recent research has shown, HIV
prevalence among older children younger than age 15 is not negligible and vertical
transmission is likely the primary mode of infection. Yet data on HIV infection, testing, and
associated behaviors is severely lacking for this population.3 This research joins calls from
elsewhere for more HIV testing to be made available to adolescents before sexual debut.15:16
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Implications and Contribution

Adolescent orphans are a high-risk group for HIV in Africa, and explanations focus on
heightened sexual risk taking during adolescence. However, these results show that
maternal transmission is a more likely explanation. New efforts to identify and test
undiagnosed HIV among orphans are key to reducing adolescent AIDS mortality.
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Figure 1.
Conceptual pathways from orphanhood to HIV
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Figure 2.

0.78

Pathway analysis from orphanhood to HIV and other STDs for the full sample of female
adolescents (2.1 & 2.2) and for those with both HIV and SV data (2.3 & 2.4). Embedded
values are odds ratios (*p<.05, **p<.01, ***p<.001); bolded lines indicate significant
relationships. ORs are adjusted for age and country-level fixed effects.
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Figure 3.

Pathway analysis from orphanhood to HIV and other STDs for male adolescents with HIV
data. Embedded values are odds ratios (*p<.05, **p<.01, ***p<.001); bolded lines indicate
significant relationships. ORs are adjusted for age and country-level fixed effects.
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Table 1

DHS sample size included in analyses, by country and survey year

Page 17

Females 15-17 with HIV and sexual violence

Country (year) Females 15-17 with HIV data data Males 15-17 with HIV data
Burkina Faso (2010) * - 959
Cameroon (2011) 1,020 - 938
Congo (2009) 767 - 640
Cote d’lvoire (2005) 591 432 528
Cote d’lvoire (2011) 547 - 474
DRC (2007) 550 - 507
Ethiopia (2011) 2,101 - 1,582
Gabon (2012) 732 356 725
Lesotho (2004) 464 - 407
Lesotho (2009) 562 - 490
Liberia (2007) 734 330 606
Malawi (2004) 298 - 262
Malawi (2010) 1,115 616 1,037
Mozambique (2009) 525 - 541
Rwanda (2005) 830 826 -
Rwanda (2010) 988 509 919
Sierra Leone 311 - -
Swaziland (2006) 739 - 778
Tanzania (2003) 750 - 687
Tanzania (2007) 1,335 - 1,174
Tanzania (2011) 1,369 - 1,174
Uganda (2011) 1,403 303 1,312
Zambia (2007) 780 397 679
Zimbabwe (2005 - 6) 1,062 566 1,017
Zimbabwe (2010 - 11) 1,005 516 923
Total 21,070 4,851 18,359

*
Burkino Faso was not included as there were no HIV-positive female adolescents.
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Descriptive statistics on orphanhood and sexual health, by gender

Table 2

Page 18

Outcome Variables

HIV - positive

Past year STD among

Potential Mediators

Lifetime sexual violence

Past year risky sexual

sexually active behavior
Females (N = 21,463) % % % %
Maternal Orphans (n =1,079) 3.69 14.82 na 24.93
Paternal Orphans (n = 3,252) 2.53 12.54 na 23.32
Double Orphans (n = 1,162) 4.43 15.02 na 22.06
Non - Orphans (n =15,970) 1.35 16.00 na 23.53
X2 p - value 0.00 0.23 na 0.65
Females (N = 4, 851) % % % %
Maternal Orphans (n = 284) 6.14 12.72 14.47 19.14
Paternal Orphans (n = 856) 2.78 12.22 10.13 18.44
Double Orphans (n = 362) 4.10 12.67 13.42 17.59
Non - Orphans (n = 3,349) 1.42 17.67 11.97 21.45
x2 p - value 0.00 0.31 0.38 0.23
Males (N = 18,359) % % % %
Maternal Orphans (n = 938) 2.70 9.11 na 17.51
Paternal Orphans (n = 2,674) 1.44 9.25 na 19.56
Double Orphans (n = 1,015) 3.72 8.61 na 18.62
Non - Orphans (n = 13,732) 0.90 7.67 na 19.71
X2 p - value 0.00 0.59 na 0.55
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