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One and a half million children (0–14 years) were estimated
to be living with HIV globally in 2022 by the Joint United
Nations Programme on HIV/AIDS (UNAIDS), with 89% of
these children residing in sub-Saharan Africa [1]. It was also
estimated that among children living with HIV, only 57% were
accessing antiretroviral treatment (ART) compared to 77% of
adults aged 15 years and older [2]. The inequity in access to
ART between children and adults can be attributed to dispro-
portionately poor uptake of HIV testing, gaps in timely ART
initiation, low retention rates and poor adherence rates in
the paediatric population compared to adults [3]. Fortunately,
remarkable progress in the global scale-up of ART for preg-
nant and breastfeeding persons living with HIV, along with
improved risk-based options for infant antiretroviral (ARV)
prophylaxis, and increasing availability of pre-exposure pro-
phylaxis for persons at high risk of HIV acquisition, have
led to marked declines in infant HIV acquisition [4]. UNAIDS
reported a 58% reduction in the number of new HIV infec-
tions among children (0–14 years) between 2010 and 2022,
offering hope of achieving sustainable development goal 3.3,
targeting an end to AIDS as a public health threat by 2030
[4]. Concomitantly, recent data from the highest HIV burden
settings demonstrate marked declines in vertical HIV trans-
mission to as low as 3% in South Africa, 2.4% in Eswatini and
1.8% in Botswana[5].

However, over one million women and girls living with HIV
around the world experience pregnancy annually, with 82%
estimated to be accessing ART [6]. Therefore, although HIV
acquisition in infancy has continued to decline, that decline
has almost stalled in recent years, with 130,000 children esti-
mated to have acquired HIV in 2022, compared to 140,000
in 2021 [7]. In addition, the number of children who are HIV-
exposed and uninfected (CHEU) has been steadily increasing
by at least one million annually. UNAIDS estimates that the
cumulative population of CHEU was approximately 16 million
globally in 2022, and over 90% of these children reside in
sub-Saharan Africa [1, 8]. In South Africa, Eswatini, Botswana

and Lesotho, where the prevalence of HIV is high and scale-
up of ART access in pregnancy is prioritised, over 20% of all
infants born annually have had in utero exposure to HIV, and
increasingly to maternal ART [9, 10].

Several studies have demonstrated health outcome dispari-
ties among CHEU compared to children without perinatal HIV
exposure (children HIV-unexposed and uninfected—CHUU),
including high risk of mortality, morbidity, impaired growth
and poorer neurodevelopment outcomes [11–17]. These stud-
ies demonstrate that in utero exposure to HIV can increase
the risk of poor health outcomes across a child’s life course,
from early infancy into adulthood. Gaps remain in understand-
ing the magnitude of these disparities and their underlying
mechanisms, including the relative contributions from biolog-
ical, social and/or structural processes. Furthermore, there is
a lack of consensus on effective interventions to optimise
the health and wellbeing of this growing population of chil-
dren. Public health commitment and programming must go
beyond HIV prevention and encompass a holistic approach
that includes supporting children with perinatal HIV exposure
at the highest risk of poor life course outcomes. Starting life
HIV-free is not a sufficiently high enough bar. CHEU at risk
for poor outcomes require support to thrive to their fullest
potential.

This supplement in the Journal of the International AIDS
Society features studies and programmes that highlight gaps
and describe interventions to improve health outcomes. In
addition, opportunities to advocate for programming miti-
gating health outcome disparities are presented. Collectively,
studies in this supplement motivate a more robust policy
climate and response to optimizing outcomes of children and
adolescents with perinatal HIV exposure with the intent of (1)
identifying opportunities for basic science research to identify
biological mechanistic pathways for observed health dispari-
ties; (2) informing the design of epidemiological studies and
interventions investigating social and structural factors asso-
ciated with increased risk of poor outcomes; (3) highlighting
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practical interventions to address observed disparities; (4)
guiding health and educational policies and programming; and
(5) ensuring that parents and caregivers of children affected
by HIV have the knowledge needed to identify suboptimal
outcomes and advocate for appropriate services.

Failure to diagnose HIV acquisition in a timely manner
among infants and children increases the risk of mortality,
infectious morbidity, poor growth and neurodevelopmental
delays [18–22]. In the maturing HIV epidemic, the importance
of client-centred differentiated service delivery has been
recognised as a necessary approach towards the goal of
eliminating AIDS by 2030 [23]. Following timely diagnoses
and initiation of ART, retention in care and achievement of
viral suppression are paramount to optimizing the health of
all persons living with HIV.

Retention in care has been particularly challenging among
adolescents living with HIV [24, 25]. Internalised stigma has
been noted as one of the factors associated with discontin-
uation of HIV care [26]. Harrison and colleagues report on
a novel approach involving adolescents and young adults liv-
ing with HIV in peer support groups comprised of similarly
aged individuals living with other chronic illnesses [27]. In
their clinic-based pilot intervention called The Better Together
Program, with peer leaders facilitating peer support group
sessions, youth living with HIV reported value in learning
about challenges encountered by their peers living with other
chronic health conditions. Participation in the peer support
groups for five or more sessions, compared to attending fewer
sessions, was associated with higher self-reported individual-
level resilience, a more positive attitude towards living with
HIV, lower internalised stigma and a more positive self-
concept, measured using standardised instruments. This pilot
provides a unique option for improving the mental wellbeing
of adolescents living with HIV that may yield higher retention
in care and sustained viral suppression.

de Beer and colleagues evaluated trends in hospitalisations
due to infectious causes among children ≤3 years of age
between 2008 and 2021. They evaluated perinatal HIV expo-
sure as a surrogate measure of the HIV epidemic’s impact
on child health services in the Western Cape province of
South Africa [28]. The authors analysed over 50,000 eligible
hospitalisations and observed that children living with HIV
accounted for a decreasing proportion of infectious-cause
hospitalisations, with CHEU comprising an increased pro-
portion over time. Importantly, the Western Cape Provincial
Health Data Centre’s successful automated approach to
linking unique maternal and child identifiers and data from
various health encounters serves as a powerful model of
how harmonised data systems can be leveraged to answer
population-level trends [29]. Such real-world data can be use-
ful in identifying implementation gaps and informing knowl-
edge regarding the longer-term health outcomes of CHEU.

Three studies in this supplement offer further insights
on neurodevelopment outcomes for CHEU. Bulterys and
colleagues report on findings from their Kenya-based obser-
vational cohort of mother-infant pairs where the Malawi
Developmental Assessment Tool was administered to moth-
ers who provided feedback on their 1-year-old infant’s
neurodevelopment in the domains of social, language, and
fine and gross motor functioning [30]. The study evaluated

maternal−infant pairs, half of whom were mothers living
with HIV. Interestingly, while comparable social, fine and gross
motor scores were found between infants who were HEU and
those HIV-unexposed uninfected (HUU), infants who were
HEU had higher language scores. The authors also found that
infants with in utero exposure to efavirenz had lower gross
motor scores compared to infants with in utero exposure
to dolutegravir, highlighting the importance of ensuring that
registries are in place to monitor short- and long-term health
outcomes of in utero ARV exposure in order to identify the
safest and most efficacious regimens for use in pregnancy.

A trial in Eswatini conducted by Ruff and colleagues eval-
uated an intervention delivered by mentor mothers using the
WHO’s Nurturing Care Framework to improve nurturing care
in high HIV burden settings [31]. Mother-child pairs took part
in the experiment in which the standard of care was compared
to the intervention [31]. The authors found that a Nurtur-
ing Care Framework of activities delivered by mentor mothers
can viably be integrated into antenatal care clinics and early
intervention can reduce neurocognitive disparities. In addition,
the authors observed that the mechanisms driving children’s
early language development occur through modifiable caregiv-
ing activities, including reading to infants and children. The
provision of nurturing care in early life can positively influence
optimal neurodevelopment in CHEU.

Powis and colleagues present educational achievement find-
ings from children attending primary public school in the
Botswana-based FLOURISH study [32]. This prospective birth
cohort study of children ages 8–12, of whom 75% were
CHEU, demonstrated higher odds of lower academic per-
formance, defined as a grade of “C” or less, among CHEU
compared to those HUU in mathematics, science, English
and overall. The association between being HEU and lower
academic performance was attenuated after adjustment for
maternal education, breastfeeding, low birth weight and child
sex. Biological and socio-demographic factors, including child
sex and maternal education, appeared to contribute to this
difference.

To better understand possible points of intervention to
optimise neurodevelopmental outcomes of children with peri-
natal HIV exposure, the multifactorial elements associated
with these outcomes must be considered. The commentary by
Bulterys and colleagues offers insight into the possible bio-
logical and behavioural factors associated with neurodevel-
opmental outcomes among CHEU, from the in utero milieu
to household and caregiver-related factors [33]. The authors
highlight that CHEU are at disproportionate risk of biological,
social and household factors that may threaten their ability to
achieve optimal maturation of their brain, immune system, and
overall health and wellbeing. The authors advocate for struc-
tured early child development training for healthcare work-
ers, equipping these gatekeepers with the ability to conduct
rapid neurodevelopmental screening tests to identify children
in need of specialised services to address neurodevelopmental
delays while also promoting nurturing care among caregivers
to mitigate the impact of poorer health outcomes.

The complex social milieu associated with sub-optimal
health outcomes among CHEU presents unique challenges for
the design of optimal interventions. This is demonstrated in
the South African-based prospective cohort study by Le Roux
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and colleagues where pregnant persons and their children
were followed through the child’s first year of life, including
people living with HIV and their CHEU from 2013 to 2017,
with the aim of describing behavioural and socio-economic
factors associated with adverse child health outcomes [34].
The authors found that parental alcohol consumption, house-
hold intimate partner violence and household food insecu-
rity were associated with poorer child growth and increased
infectious morbidity. These risk factors were present at higher
prevalence among CHEU compared to those HUU. To our
knowledge, this is the first study to systematically evaluate
evidence of HIV-related syndemic interactions, at the mater-
nal level or within the household, that potentiate adverse out-
comes among CHEU compared to their unexposed peers.

The HIV field has been a champion in progressing global
thought, action and capacity-building towards models of
healthcare that reflect the lived experiences, needs and
preferences of affected individuals and communities [35].
However, infants and children cannot advocate for them-
selves. It is essential that parents be involved in setting the
research agenda and service needs of children with perinatal
HIV exposure. A commentary by Bukasa and colleagues
discusses the importance of engaging mothers living with HIV
in research plans and health communication strategies, and
enabling mothers to inform the research agenda and con-
tribute to health policies on behalf of their children [36]. It
will be equally important to involve adolescents with perinatal
HIV exposure in these conversations. However, adolescents
who are HIV exposed and uninfected, when compared to
adolescents living with HIV, are less likely to have received
disclosure of their exposure status from their parents or
caregivers. Davtyan and colleagues evaluated the role of
internalised HIV stigma on willingness to disclose HIV status
to CHEU. Data were derived from participants of the United
States-based Surveillance Monitoring for ART Toxicities
(SMARTT) study, a study following outcomes of CHEU [37].
Among mothers living with HIV, disclosure was uncommon
and mothers with higher scores for internalised stigma were
less likely to disclose. This study demonstrates that inter-
nalised stigma must be mitigated among parents living with
HIV to remove at least one barrier of HIV exposure disclosure
to adolescents who are HIV exposed and uninfected.

Research funders, including the US National Institutes of
Health (NIH), are prioritizing research to improve outcomes
of children affected by HIV. Lee and colleagues, of the NIH,
share current investments in the population of children
affected by HIV, highlighting research gaps and outlining
future areas of research focus [38]. The authors recommend
that research priorities could be achieved more rapidly and
sustainably by focusing on data science, data harmonisation
and shared efforts between studies. Continued investment
is required to expand research commitments that aim to
identify biological, social and structural drivers of health
outcome disparities. Lastly, given the large and growing
population of CHEU, only a portion of whom are at increased
risk of suboptimal outcomes, the authors stress that there
exists an urgent need for the development of screening
tools to identify high-risk CHEU. The Viewpoint by Evans
et al. discusses a comprehensive package of HIV-specific
and universal interventions that can be delivered throughout

the first 1000 days of life [39]. These interventions can be
delivered either to the mother or the infant and include early
antenatal booking, infant ARV prophylaxis, nurturing care and
healthy hygiene practices, among others.

In July 2022, the World Health Organisation, in part-
nership with UNAIDS and UNICEF, announced the Global
Alliance to End AIDS in Children [3]. This strategic vision,
designed to end AIDS in the paediatric population by 2030,
has four pillars of focus, the first of which calls for optimised
comprehensive, high-quality treatment and care for infants,
children and adolescents living with and exposed to HIV [3].
While much of this foundation has been laid for children
and adolescents living with HIV, the work presented in this
supplement highlights that merely celebrating an HIV-free
start to life for children and adolescents who are HEU is a
short-sighted objective. Collective and collaborative action
must be taken to conduct impactful research, identify the
multi-faceted biological, social and structural factors that
place children with perinatal HIV exposure at risk for poor
outcomes, and transform findings into programming with
continued monitoring and evaluation components.
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Abstract
Introduction: Peer support can help navigate the isolation and psychological strain frequently experienced by youth living
with chronic illness. Yet, data are lacking on the impact of providing support for youth living with mixed chronic conditions.
We assessed the acceptability, feasibility and preliminary mental health impacts of a clinic-based peer support group for South
African youth living with chronic illnesses, including HIV.
Methods: This mixed-methods pilot study (September 2021–June 2022) enrolled 58 young patients, ages 13–24, at an urban
hospital in Cape Town, South Africa. In-depth interviews elicited the perspectives of 20 young people in relation to their par-
ticipation in the Better Together programme, a recurring clinic-based peer support group for patients with mixed chronic ill-
nesses. Self-reported resilience, attitudes towards illness, stigma and mental health were captured via established measures. T-
tests and multivariate analysis of variance compared psychosocial outcomes for 20 group participants and 38 control patients,
controlling for socio-demographic characteristics at enrolment. Logistic regression analyses estimated the predicted probabil-
ity of a positive depression or anxiety screening given peer group participation.
Results: All interviewees valued being able to compare treatment regimens and disease management habits with peers liv-
ing with different conditions. Adolescents living with HIV stated that understanding the hardships faced by those with other
conditions helped them accept their own illness and lessened feelings of isolation. Compared to patients who did not partic-
ipate in Better Together, those who attended ≥5 groups had statistically significantly higher individual-level resilience, a more
positive attitude towards their illness(es), lower internalised stigma and a more positive self-concept. The probability of being
screened positive for depression was 23.4 percentage points lower (95% CI: 1.5, 45.3) for Better Together participants com-
pared to controls; the probability of a positive anxiety screening was 45.8 percentage points lower (95% CI: 18.1, 73.6).
Conclusions: Recurring, clinic-based peer support groups that integrate youth living with HIV and other chronic diseases are
novel. Group sustainability will depend on the commitment of experienced peer leaders and providers, routine scheduling
and transportation support. A fully powered randomised trial is needed to test the optimal implementation and causal mental
health effects of the Better Together model.
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1 INTRODUCT ION

Sub-Saharan Africa (SSA) has some of the worst health pro-
files for young people in the world [1]. Ninety percent of the
2.1 million young people living with HIV reside in SSA [2, 3],
and AIDS remains the leading cause of death among young

people in the region [4]. Chronic kidney disease is increasing
among young people in SSA [5–7] and the annual incidence
of type 1 diabetes is 3.9% in this population [8]. Chronic ill-
ness, including HIV, is a leading risk factor for depression
and other psychological disorders in youth [5, 8–11], with
young people with chronic conditions feeling isolated and
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misunderstood by their healthy peers [12–15]. As demon-
strated in the HIV and AIDS literature, feelings of social iso-
lation are further compounded by reduced access to care [16,
17] and disease-related stigma [18, 19], which can undermine
treatment adherence [5, 12, 16, 20–24] and contribute to
poorer outcomes [12, 14, 16, 25–28].

Adolescence is a time of rapid growth and physiological
change, accompanied by important individuation and sociali-
sation processes [29]. Managing a chronic disease during this
developmental stage often presents challenges for the patient
as well as their family and care providers; medication adher-
ence and retention in chronic disease care are frequently
worse for adolescents than for adults [30–34]. Similar to stud-
ies of adolescents living with HIV (ALHIV), studies of treat-
ment adherence in adolescents with chronic renal disease
find non-compliance rates in the range of 32% [17] to 38.2%
[15], with an average of 11% of doses missed and nearly a
quarter of individuals taking medications late [15]. Rates of
treatment non-adherence for adolescent and young adult can-
cer cohorts range from 27% to 60% [33]. Adolescents who
view themselves as different and less worthy than their peers
because of their illness are likely to become socially isolated,
have a poorer self-concept, lowered academic functioning and
behavioural problems [35]. At the same time, young people
who are able to focus on the positive aspects of their condi-
tion have more favourable treatment outcomes and recovery
from an illness compared to those who do not [32, 36, 37].
The bi-directional relationship(s) between mental health and
chronic disease outcomes, including HIV, necessitate evidence-
based models that address the unique physical and mental
health needs of patients during adolescence and emerging
adulthood [38–41].

In addition to clinical determinants (e.g. disease severity,
access to treatment), psychosocial factors play a critical role
in determining chronic disease outcomes among adolescents.
Many young people have difficulty adhering to tailored treat-
ment regimens due to poorly developed abstract thinking,
poor ability to plan, an immature ability to imagine future
consequences and a concept of themselves as “bulletproof”
or not vulnerable [11, 34, 42–44]. These issues indicate
that preventing long-term disease-related complications is—on
its own—an insufficient motivator for treatment compliance
among chronically ill adolescents; developing greater auton-
omy of disease management habits and cultivating stronger
relationships with peers and social networks are also needed
to improve clinical and mental health outcomes for this
population.

This paper reports findings from an implementation
research project evaluating the impact of a recurring, clinic-
based peer support group for young people living with
chronic illness in Cape Town, South Africa. Based on exten-
sive evidence that group support offers psychological benefit
for young people living with the same chronic condition
[44–47], this pilot study uses a mixed-methods design to
examine the acceptability, feasibility and preliminary impact
of a peer support group for youth who are living with a
range of chronic illnesses (including HIV) and participating
in one group together. Young people managing chronic ill-
nesses other than HIV frequently experience similar stigma,
in relation to medication and daily pill taking, and frequent

illness episodes or hospitalisations. Preliminary effectiveness
evidence of mixed-condition peer support groups can inform
future randomised trials, and the optimal design of adolescent
peer support groups in similar settings.

2 METHODS

This pilot study used a mixed methods approach to investi-
gate the acceptability, feasibility and preliminary mental health
impacts of the Better Together programme.

2.1 The Better Together programme

The Better Together programme [48] provides a weekly facili-
tated group session open to all adolescents, ages 13–24, who
are living with a chronic illness and receiving care at Groote
Schuur Hospital (GSH) in Cape Town, South Africa. GSH is
a large public health sector hospital where care is provided
free to patients through South African governmental health
services. Since 2017, Better Together has helped adolescents
with a range of chronic conditions (including HIV, renal dis-
ease and psychiatric conditions) to (1) build social networks
that enhance psychosocial support; (2) develop a sense of
belonging with peers; (3) create a space where adolescents
can share their experience(s) living with and managing chronic
illness; and (4) build empathy among ALHIV and other condi-
tions. Groups are facilitated by a volunteer peer mentor who
is also living with a chronic condition, and overseen by clini-
cians from the hospital’s Adolescent Clinicians Group.

Volunteer peer mentors approach patients in the GSH wait-
ing room and invite them to participate in the group sessions.
Some adolescents attending GSH also participate in disease-
specific support groups at their individual clinics; every ado-
lescent enrolled in care at GSH is invited to join the Better
Together groups regardless of whether they are also participat-
ing in another group.

Group participants are not required to disclose their dis-
ease within the groups, but may choose to do so. Confiden-
tiality is discussed at the beginning and end of every ses-
sion. A peer mentor supervisor (either a psychologist or a
social worker) is present to observe all groups and provide
additional support to mentors and group participants where
necessary. Groups are divided into structured topics related
to general adolescent health and development (e.g. sexual
and reproductive health, mental health) and less structured
“social” groups. Peer mentors are trained to adjust their topics
to the age and cognitive maturity of the group members.

2.2 Eligibility, enrolment and informed consent

Enrolment and data collection were conducted at GSH from
September 2021 through July 2022. Qualitative data collec-
tion included in-depth interviews (IDIs) with n = 20 young
people who were living with chronic illnesses and who had
participated in at least five Better Together peer group sessions
prior to study enrolment. Quantitative data on resilience, atti-
tudes towards illness, stigma and mental health were ascer-
tained via self-report from the n = 20 individuals who partici-
pated in the qualitative interviews and from an additional n =
38 adolescent patients at GSH who had not participated in
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the Better Together program. The research team obtained writ-
ten parental consent and adolescent assent for participants
<18 years, and informed consent from those ≥18 years. Par-
ticipants for whom the team was unable to gain parental con-
sent and/or adolescent assent were excluded. Disclosure of
disease status was not required for study enrolment. Partic-
ipants were informed via the informed consent/assent forms
that all of their personal information, including their history of
chronic illness(es), would be kept confidential during and after
the study.

2.3 Quantitative data collection

Self-reported demographic and clinical data were obtained at
study enrolment. Medical history was extracted from elec-
tronic medical records and during GSH clinic visits. Addi-
tionally, established measures were administered to all study
participants at enrolment to quantitatively assess the psy-
chosocial impact(s) of the peer group intervention. Specifically,
we administered the Connor-Davidson Resilience Scale (CD-
RISC 10) [49, 50], Child Attitude Toward Illness Scale (CATIS)
[51–53], Revised Berger scale of disease-related stigma [54,
55], HIV-stigma scale for South African adolescents living with
HIV [56] and Beck Youth Inventories Second Edition (BYI-
II) [57, 58]. We have previously administered these measures
among adolescents and young adults in South Africa, with evi-
dence of good reliability in isiXhosa-speaking populations [59,
60]. Appendix S1 includes a description of each psychosocial
measure.

2.4 Qualitative data collection

IDIs were conducted with n = 20 adolescents living with
chronic illness who were regular attendees at the Better
Together peer support group. The IDIs explored adolescents’
acceptability and willingness to participate in the programme,
as well as their chronic illness narratives and life expe-
riences. Conducting IDIs is consistent with best practice
recommendations for sensitive topics; all qualitative proce-
dures followed best practice guidelines [61, 62]. All partici-
pants were recruited from hospital-based peer support groups
using convenience sampling. Adolescents were eligible for the
IDIs if they met the following inclusion criteria: (1) 13–24
years of age, had attended at least five Better Together peer
group sessions; (2) aware of their chronic illness as con-
firmed through self-report; and (3) currently or previously
on treatment for their chronic illness as confirmed through
self-report.

Interviews were conducted using a semi-structured inter-
view protocol that was adapted from similar qualitative
research with adolescents in South Africa. The protocol
explored the following aspects of the Better Together pro-
gramme: (1) barriers and facilitators to participation; (2)
acceptability of the programme as a chronic illness manage-
ment strategy; (3) predicted behavioural impacts of the pro-
gramme, including coping with a chronic illness and med-
ication adherence; and (4) preferred programme format.
Interviews were conducted in the participant’s language of
preference (English or isiXhosa). Interviews lasted approx-
imately 1–1.5 hours and were digitally audiotaped. Inter-

viewees received R250 Rand (∼$15) for their time and
transport.

2.5 Analytic approach

Quantitative analyses were conducted using StataSE 16 soft-
ware (Stat Corp.). We first report mean values and stan-
dard deviations for continuous characteristics or frequencies
and percentages for categorical characteristics overall and by
peer group participation. Second, a one-way multivariate anal-
ysis of variance (MANOVA) was used to estimate associa-
tions between peer group participation and psychosocial well-
being (i.e. on total scores for the CD-RISC 10, CATIS, Revised
Berger Scale and on BYI-II T-scores). MANOVA is appro-
priate for evaluating mean differences on multiple depen-
dent variables simultaneously while adjusting for intercorre-
lations among them [63]. ALHIV-SS data were excluded from
the MANOVA because not all participants were living with
HIV. Third, multivariate logistic regression models estimated
the odds of being screened positive for depression or anx-
iety given Better Together participation (= 1 if attended ≥5
peer groups prior to study enrolment or = 0 if attended
0 peer groups). Models were adjusted for potential sources
of confounding at enrolment, specifically age (in years), sex
(male/female), household size, housing type (formal or infor-
mal), living status of biological mother (alive/deceased) and
participation in one or more government social protection
programme(s) (yes/no). Stata’s margins command was run
after logistic regressions to estimate the predictive probabil-
ity of being screened positive for depression or anxiety given
peer group participation. A cut point of ≥19 for the Beck
Youth Depression Inventory (BDI-Y) raw score was considered
a positive screening for moderate to severe depression [64]. A
cut point of ≥20 for the Beck Youth Anxiety Inventory (BAI-
Y) raw score was considered a positive anxiety screening [65].
Quantitative results were interpreted using point estimates,
confidence intervals (CIs), and p-values; we did not consider
an association to be statistically significant based solely on
whether p-values were below a given threshold [66, 67]. For
all models, alpha was set at 0.10 following literature which
suggests that less stringent p-values may be more relevant for
identifying meaningful associations in smaller studies [68, 69].

Qualitative data were transcribed verbatim and translated
into English as needed. All transcripts were double-coded. We
use a general inductive approach to analyse the qualitative
data. Common words, phrases, sentences and ideas were clus-
tered to develop a codebook. Data were analysed using open-
coding, axial coding, and coding of marginal remarks and com-
parisons [56] using NVivo (QSR International, 2012), followed
by thematic analysis of specific codes and sub-codes. Mean-
ing from these codes was formulated to produce clusters of
themes, which were then discussed and agreed on in the cod-
ing team.

2.6 Ethical approval

All study procedures were approved by the University
of Cape Town Human Research Ethics Committee (HREC
Approval Number: 075/2020). Written parental consent and
written adolescent assent were obtained for participants <18
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Table 1. Characteristics of adolescent participants enrolled in the pilot study, overall and by Better Together peer group participa-

tion

Total

participants

No Better

Together group

participation

Has attended at ≥5

Better Together

group sessions

N = 58 n = 38 n = 20 p-valuea

Age 18.74 (2.84) 17.26 (2.20) 21.55 (1.43) <0.001

Biological sexb 1.00

Female 50% (29) 50% (19) 50% (10)

Male 48% (28) 47% (18) 50% (10)

Other 2% (1) 3% (1) 0% (0)

Race 0.40

Black African 71% (41) 74% (28) 65% (13)

Colouredc 28% (16) 26% (10) 30% (6)

Indian or Asian 2% (1) 0% (0) 5% (1)

Language 0.22

IsiXhosa 57% (33) 58% (22) 55% (11)

Afrikaans 9% (5) 13% (5) 0% (0)

English 33% (19) 26% (10) 45% (9)

Other 2% (1) 3% (1) 0% (0)

Highest level of education completed 0.15

Primary (< grade 8) 9% (5) 13% (5) 0% (0)

Secondary (≥ grade 8) 91% (53) 87% (33) 100% (20)

Household size (adults and

children)

5.72 (2.39) 6.05 (2.43) 5.10 (2.25) 0.15

Housing type 0.49

Formal 81% (47) 84% (32) 75% (15)

Informal 19% (11) 16% (6) 25% (5)

Is biological mother alive? 0.77

No 34% (20) 37% (14) 30% (6)

Yes 66% (38) 63% (24) 70% (14)

Is biological father alive? 0.77

No 40% (23) 39% (15) 40% (8)

Yes 53% (31) 58% (22) 45% (9)

Unknown 7% (4) 3% (1) 15% (3)

Currently accessing a government social grant 0.089

No 55% (32) 47% (18) 70% (14)

Yes 43% (25) 53% (20) 25% (5)

Missing 2% (1) 0% (0) 5% (1)

Note: Data in Table 1 are presented as mean (SD) for continuous variables and % (n) for categorical variables.
aDifferences between peer group participants and control patients were assessed using a two sample t-test and a Fisher’s exact test for con-
tinuous and categorical variables, respectively.
bSurvey respondents self-reported their biological sex as “Male,” “Female” or “Other” in response to “Would you define your sex as?”.
cColoured is an official, socially acceptable racial classification defined by South Africa’s Population Registration Act of 1950.

years of age, and written informed consent was obtained
from at least 18 years of age. All human subjects research
was conducted by Investigators at GSH. All data that Brown
University Investigators received from the University of Cape
Town excluded identifiable private information, identifiable
biospecimen and coded information, and thus did not meet
the definition of human subjects research as defined by 45
CFR 46.

3 RESULTS

3.1 Quantitative findings

Fifty-eight total patients enrolled in the quantitative por-
tion of this pilot study, 20 of whom had attended ≥5
Better Together peer support groups prior to enrolment
(Table 1). Participants were 18 years of age on average and

8



Harrison A et al. Journal of the International AIDS Society 2023, 26(S4):e26148
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26148/full | https://doi.org/10.1002/jia2.26148

Table 2. Mean total scores on psychosocial measures among adolescent patients with and without exposure to the Better Together
peer group intervention

Summary score

interpretation

Non-peer group

patients

(Control group)

Peer group

participants

(Intervention arm) p-valuea

10-item Connor-Davidson Resilience

Scale (CDRISC-10)

Higher score indicates

greater individual resilience

26.47 (6.79) 31.40 (4.03) 0.004

13-item Child Attitude Towards

Illness Scale (CATIS)

Higher score indicates a

more positive attitude

towards chronic illness

45.37 (8.52) 53.50 (6.92) <0.001

Revised Berger Scale of Chronic

Disease-Related Stigma

Higher score indicates more

frequent chronic

disease-related stigma

37.84 (7.73) 31.75 (7.61) 0.006

10-item HIV Stigma Scale for South

African Adolescents Living with

HIV (ALHIV-SS)

Higher score indicates more

frequent HIV-related

stigma

7.31 (3.35) 6.17 (2.12) 0.28

Beck Self-Concept Inventory for

Youth

Higher score indicates

elevated (more positive)

self-concept symptoms

51.53 (11.16) 57.20 (5.93) 0.039

Beck Anxiety Inventory for Youth Higher score indicates

elevated anxiety symptoms

56.53 (12.91) 53.60 (9.58) 0.38

Beck Depression Inventory for

Youth

Higher score indicates

elevated depressive

symptoms

52.37 (10.78) 47.65 (5.26) 0.071

Beck Anger Inventory for Youth Higher score indicates

elevated anger symptoms

51.29 (9.75) 48.85 (4.79) 0.30

Beck Disruptive Inventory for Youth Higher score indicates

elevated disruptive

symptoms

49.34 (8.05) 47.70 (5.21) 0.41

Note: Scores are presented as mean scores with standard deviations in parentheses.
aDifferences in mean measure scores between peer group participants and control patients were assessed using a two sample t-test.
For all measures other than the ALHIV-SS, n = 58 (20 peer group participants and 38 control group patients). For the ALHIV-SS, n = 44 (12
peer group participants and 32 control group patients).
Patients were required to have attended ≥ 5 peer groups at study enrolment to be included in the treatment arm. Control patients had never
participated in the Better Together peer group intervention.
Scores for the Becky Youth Inventories (BYI-II) represent T-scores assigned by age and gender. On each of the BYI-II subscales, a T-score
of ≤55 = average symptoms, 55–59 = mildly elevated symptoms, 60–69 = moderately elevated symptoms and ≥70 = extremely elevated
symptoms.

predominately (71%) Black African. Half (50%) self-reported
their biological sex as female, most (91%) had completed
at least some secondary schooling, and 43% were enrolled
in a government social programme. On average, participants
came from a six-person household, and 66% and 53% had
a biological mother and biological father who was still liv-
ing, respectively. Peer group participants were older than non-
peer group patients on average (p < 0.001). Twelve of the
20 peer group participants and 32 of the 38 control group
patients were living with HIV at study enrolment.

Table 2 shows the average total score on each psychoso-
cial measure for the two study groups. Compared to youth
patients who did not participate in any Better Together peer
groups, those who had attended at least five peer group
sessions had higher self-reported individual-level resilience (p
= 0.004), a more positive attitude towards their chronic ill-
ness(es) (p < 0.001), lower internalised stigma related to their

chronic disease (p = 0.006), stronger self-concept (e.g. con-
fidence in self, positive body image, relatability to others) (p
= 0.039) and lower depressive symptoms (p < 0.10). At α =
0.10, average total or T-scores on the ALHIV-SS HIV stigma
scale, Beck Anxiety Inventory for Youth, Beck Anger Inven-
tory for Youth and Beck Disruptive Inventory for Youth did
not statistically significantly differ between peer group and
non-peer group patients. Results of the one-way MANOVA
confirmed the aforementioned associations, showing a statis-
tically significant association between mental health improve-
ments as a function of peer group participation overall, (Wilks’
Lambda = 0.7349, F (8,49) = 2.21, p = 0.043), and specifi-
cally for the individual domains of resilience, attitude towards
illness, chronic disease stigma, self-concept and depression.

Table 3 presents the results of logistic regression mod-
els estimating associations between peer group participation
and depression or anxiety. In all models, attending ≥5 group
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Table 3. Results of logistic regression analyses estimating associations between participation in peer support groups and being

screened positive for depression or anxiety (N = 58 adolescents living with chronic illness)

(1) (2) (3) (4)

Positive depression

screening

Positive depression

screening

Positive anxiety

screening

Positive anxiety

screening

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Participation in ≥ 5 peer

group sessions

No (ref) (ref) (ref) (ref)

Yes 0.13* 0.08* 0.38 0.05**

(0.02, 1.09) (0.00, 1.50) (0.11, 1.37) (0.01, 0.57)

Age in years 1.04 1.41*

(0.70, 154) (0.96, 2.07)

Biological sex Female (ref) (ref)

Male 0.60 0.30*

(0.12, 2.94) (0.07, 1.25)

Household size (adults and

children)

1.00 1.00

(0.69, 1.41) (0.72, 1.38)

Housing type Formal (ref) (ref)

Informal 0.41 0.43

(0.03, 5.16) (0.06, 3.19)

Status of biological mother Deceased (ref) (ref)

Alive 0.18** 0.41

(0.03, 0.91) (0.09, 1.80)

Participating in government

social protection programme

No (ref) (ref)

Yes 0.36 0.21**

(0.08, 1.79) (0.05, 0.97)

Note: A cut point of ≥ 19 on the Beck Youth Depression Inventory (BDI-Y) raw score was considered indicative of a positive depression screen-
ing [64]. A cut point of ≥ 20 on the Beck Youth Anxiety Inventory (BAI-Y) raw score was considered indicative of a positive anxiety screening
[65].
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
*p < 0.10; **p < 0.05; ***p < 0.010.

sessions was positively associated with a reduced odds of
being screened positive for depression or anxiety. In adjusted
models, relative to adolescent patients who did not partici-
pate in peer groups, the odds of being screened positive for
moderate to severe depression was 0.08 times lower among
peer group participants (95% CI: 0.00, 1.50), and the odds of
being screened positive for anxiety was 0.053 lower among
peer group participants (95% CI: 0.01, 0.57). The predicted
probability of being screened positive for moderate to severe
depression was 23.4 percentage points lower for young adults
participating in the Better Together programme compared to
non-peer group patients (95% CI: 1.5, 45.3; p = 0.036); the
probability of a positive anxiety screening was 45.8 percent-
age points lower among peer group participants (95% CI:
18.1, 73.6; p = 0.001).

3.2 Qualitative findings

Across interviews, all participants emphasised the value of
being able to compare treatment regimens and personal sto-
ries with peers living with different conditions. ALHIV stated
frequently that understanding the hardships faced by those
with other conditions helped with acceptance of their own
illness and lessened feelings of isolation. Similarly, youth liv-

ing with other chronic conditions experienced increased social
support and reduced isolation. Although disclosure was not
required within the groups, many participants described the
process of becoming comfortable discussing their illness with
peers.

Theme 1 Meeting young people with different illnesses was an eye-
opening and powerful experience for most young people.

The participants found support from youth living with dif-
ferent illnesses, and learned about the common challenges
faced by people with HIV, diabetes or chronic conditions, such
as kidney disease. When asked about attending the peer sup-
port group with other youth living with different illnesses,
one participant responded that the experience helped to com-
bat the feeling of isolation by connecting around challenging
aspects of living with a chronic illness:

That was a very powerful move. I don’t know who
thought about it, but it was so powerful. We started
meeting with other groups. We are told that we’re
going to say what we really have. And when we got the
group, we started looking at each other there and there
was a bit of fear. And then I said, guys, ‘I’m. . . thought I
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should put it out there guys. I’m positive.’ And then the
next fellow. . . And then other people asked, how does it
feel to be positive? And then we got information upon
information. (PID00009; Male aged 24, living with HIV)

The same participant continued:

I remember one person who said I wish I was positive,
and then I asked why . . . ? And then they said having a
kidney failure is the worst. . . . then they mentioned that
they take 21 tablets a day; by saying that the whole
group said, Wow, 21 tablets. And then they asked how
many tablets do you guys take? Some people said three
tablets, you only take three tablets and there are peo-
ple who find it hard to take three tablets. That kind
of made me feel that maybe I’m not having the worst.
So I am just overreacting, let me take my medication.
(PID00009; Male age 24, living with HIV)

Another participant agreed, comparing his concerns with
adherence to HIV medication as easy, compared to a diabetes
patient, “someone who pricks him or herself every hour.” Oth-
ers reflected on the benefits of meeting peers with different
chronic illnesses:

To be honest, I am enjoying much more than the group
I had whereby it’s just people with my chronic illness. I
mean, it is nice to have a group of people with the same
illness, but to me I feel like it is nice to get to chat with
people with different illnesses because you hear differ-
ent experiences from them and even though we may
think that it is different, but we have many similarities
and things that we go through. (PID 00001, Male age
20, living with renal disease)

Overall, youth were positive about their participation in the
peer support groups, and saw added benefits from meeting
and interacting with other young people, sharing the common
experience of living with chronic illness and the challenges
this poses for a young person, including frequent feelings of
isolation.

Theme 2 Young people living with chronic illness frequently
encounter stigma and uninformed attitudes in school and the
community—they reported finding support and acceptance in the
support group, among peers living with diverse chronic illnesses.

One participant discussed learning about her HIV condi-
tion at age 11, after she inquired about why she was tak-
ing pills, only to learn that her father had different partners
and infected her mom. She described her personal journey of
adjusting to a future with a chronic illness, in this case, HIV.

I live with this thing that cannot be cured. . . . But I
learned to accept it because I thought to myself, you
know what? I can look at this from a different point of
view. I thought about so many people who are out there
successful, who are HIV positive. Because it does not
mean a death sentence when you are HIV positive. (PID
00015; Female Age 22, living with HIV)

This participant also spoke about finding it easier to accept
her status by seeing how others navigate their chronic ill-
nesses:

If we were to look at all sicknesses, I would rather
have HIV. For example, with diabetes, some people have
to get rid of some of their body parts. There’s a lot
of sicknesses that are unbearable. There are even dis-
eases that affect your lungs, so I’d rather be HIV posi-
tive because being HIV positive, you can look at me, you
won’t see it. You will see a beautiful round girl. . . (PID
00015; Female Age 22, living with HIV)

A common theme among participants living with chronic
illnesses was that participation in groups allowed them to
consider the future, and the unique challenges of navigat-
ing futures—life goals, marriage and children—and to see
the future as a possibility. For example, the following ado-
lescent who required a kidney transplant described how
the group supported a view of the future being a real
possibility:

I won’t lie . . . it does affect me because I am human,
there are some days where I would feel like if I did
not have this, things would have been much better. But
now I am very much in acceptance. My life has got-
ten easier with the transplant. I don’t feel as weak as
I used to. Things are getting better and the part of
people telling me that my having this and still pursuing
my dreams is inspiring them. And I bring birth to new
dreamers, and people who want to achieve goals. (PID
00001, Male Age 20, living with kidney failure/renal
disease)

Another participant spoke about the challenges of living
with cancer while also raising a young child:

I am grateful for the things that I have achieved. I feel
like there have been so many blessings that came my
way, so much mercy has been shown up on me and
even my daughter is a miracle. OK, but circumstances
of how it happened were not what I wanted, of course,
because I was in my matric year, but because of the
radiation that I went for my spinal operation it was said
that I wouldn’t be able to have children. And then some-
how, I have my daughter, so she is my miracle. (PID
00002; Female Age 21, living with cancer)

Across illness types and experiences, youth in the peer sup-
port groups found a safe place to express themselves freely,
and to be understood. Additionally, many youth faced chal-
lenges at home in addition to the already heavy burden of
living with a chronic illness as a young person. Some par-
ticipants mentioned additional and unexpected benefits they
derived from the need to take care of themselves, such as
being removed from the culture of drugs and alcohol use that
is prevalent among youth in many communities. Further, they
learned specific skills to manage their own illness and tools
to address the mental health consequences of being a young
person living with a serious illness.
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Theme 3 Young people with a variety of chronic illnesses described
the benefits of participation in the peer support group.

Young people reflected on the vital importance of social
support provided by the peer mentor and peer support pro-
gram. Below, an interviewer (I) and a peer group participant
(P) discussed this:

I: Now you have highlighted that it feels like a family
away from your family. You have different chronic ill-
nesses, but you see similarities and you take yourself as
just one. . . .

P: I know I would get more and more support. I know
that I would probably know things that I did not know
before. There are so many different people, so I get to
experience different personalities. . . . . And how it has
helped me is as I said, everyone has a different illness.
And as you have mentioned that sometimes chronic ill-
nesses are stigmatised in societies, so we don’t always
exactly know what it means or what it’s about, how it
works, or how to interact with this person. You need to
interact in a certain way. So, it teaches me a lot about
other illnesses and how to approach or interact with
others. (PID 00013; Female Age 22, living with HIV)

The interviewers also asked peer group participants to
reflect on anything that was not positive about the groups:

At first, I thought what if they’re going to tell some-
one else? To disclose my status to someone else, and
I wasn’t ready about it. And I faced that. And then we
had this say that says what happens in Vegas stays in
Vegas. And then we spoke about it. And then we shared
all of our problems, personal problems, and when you
leave that door, we said nothing that we say here is
going to leave the place. So it was safe for people to
actually open up. (PID00009; Male age 24, living with
HIV)

Further, dealing with other young people’s illnesses is not
always straightforward or emotionally easy. Although inter-
acting with other young people with chronic illness was per-
ceived as widely beneficial, there is an emotional toll from
such participation, including sharing one’s story and working
to understand and provide support to others. One participant
described coming to terms with their own illness:

I have accepted it. No one is motivating me more than
the chronic illness itself; I’ve learned that time man-
agement is important. Secondly, determination is also
important. Everything I do must be positive. I am proud
about the fact that I am HIV positive. So, I have to be
positive in life and see light at the end of the tunnel
every time. (PID 00008, Male Age 22, living with HIV)

Finally, one of the peer mentors explained their role:

For me it is an honor because I get to understand other
patients from other clinics, I get to actually understand

their illness, the things they go through. For me it is
an honor in a way that I also get to meet new peo-
ple because I actually meet new people. I did not know
people I can have conversation with. I get to experience
some new people or get some new information from
them. (PID 00003, Age 20, living with HIV)

4 D ISCUSS ION

This mixed methods analysis of pilot data from a clinic-based
peer support group intervention in Cape Town, South Africa
found encouraging psychosocial and mental health benefits
of providing peer support groups to adolescents living with
diverse chronic conditions. Quantitative analysis shows sev-
eral benefits associated with the Better Together programme,
with participants of five or more sessions exhibiting better
outcomes across a number of psychosocial measures. The
qualitative data are highly complementary, with detailed ill-
ness narratives giving insights into young people’s need for
enhanced social support in relation to living with chronic ill-
ness, and their reflections on how the peer support pro-
gramme helped them to meet those needs. Patients who
attended five or more Better Together peer support group ses-
sions exhibited enhanced individual resilience, greater accep-
tance of their chronic illness, lower internalised stigma, a
stronger self-concept and lower depressive symptoms. In mul-
tivariable logistic regression models, attending at least five
group sessions was statistically significantly associated with
a reduced odds of screening positive for anxiety (p < 0.05)
or moderate to severe depression (p < 0.10), compared to
non-peer group patients. This corresponded to a 23%–45%
reduction in the probability of a positive depression or anxi-
ety screening given peer group participation.

The interview data underscore some of the potential rea-
sons for these positive outcomes, and provide insight into
young people’s quality of life related to living with chronic
illnesses, including HIV. Irrespective of diagnosis, young peo-
ple described facing stigma and unwanted attention related
to their condition and frequent social isolation due to living
a life that is distinctly different from their non-chronically ill
peers. Participants voiced that a key benefit of the peer sup-
port group was the space it gave them to interact with and
learn from peers who are living with other conditions but still
facing similar disease management challenges. The qualitative
data also provide insight into the specific benefits of a mixed
chronic illness group for youth living with HIV. The experience
of engaging with other adolescents who have different chronic
illnesses seemed to normalise HIV as a chronic illness “just
like any other illness.” Many adolescents with HIV were able
to reflect on the burden of managing HIV as being something
that seems more manageable than diabetes or cancer. Learn-
ing about other chronic illnesses seemed to mitigate some of
the internalised stigma of living with HIV which is a persistent
barrier to treatment adherence and care engagement.

This mixed methods analysis builds on our prior work [70,
71] and adds to the body of evidence around peer support
programs for adolescents with chronic illnesses. Peer support
models are recommended as part of best practices to improve
youth medication adherence [39, 72], reduce disease-related
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stigma [73, 74] and improve other mental health outcomes
[38]. Yet, to the best of our knowledge, the current effective-
ness evidence of these models is overwhelmingly derived from
approaches that provide peer support to youth living with
the same chronic condition [73–77]. Focusing solely on one
chronic condition may limit the full potential of peer support
groups by preventing youth from capitalizing on the increased
knowledge that stems from sharing experiences and disease
management habits across conditions. The present analysis
advances the evidence [78, 79] by demonstrating that rou-
tine peer support groups for youth with diverse chronic con-
ditions can expand an individual’s disease management toolkit,
and increase their ability to empathise with others living with
unique disease-related challenges.

4.1 Limitations

A main limitation of this preliminary efficacy assessment is the
small sample size; qualitative data were ascertained from 20
interviews, while quantitative survey data were ascertained
from 58 adolescent patients of the hospital. Thus, our findings
of positive associations between peer group participation and
better psychosocial health should be interpreted with caution,
in light of the modest sample size and potential for sampling
and selection biases. Further research is needed to assess the
impact in a larger sample over time. Also, the study site com-
prises one location, in one particular setting, and it is possi-
ble that different youth populations might require a different
approach.

5 CONCLUS IONS

This pilot evidence supports the acceptability, feasibility and
potential positive mental health impact(s) of a peer support
group that includes young people living with diverse chronic
diseases. The acceptability of this approach is high, with young
people expanding on multiple benefits that they receive from
interacting with other youth living with varied chronic ill-
nesses. Feasibility has been well demonstrated with the con-
tinuation of the Better Together programme since 2017, includ-
ing during disruptions of the COVID-19 pandemic in 2020
and 2021. To fully understand the effectiveness and causal
mechanisms of mixed condition peer groups on mental and
social health outcomes, a fully powered randomised trial is
needed.
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Abstract
Introduction: With the scaling up of vertical HIV transmission prevention programmes, the HIV-related population profile of
children in South Africa has shifted. We described temporal changes in HIV-related characteristics of children, aged ≤3 years
(up to the third birthday), with infectious disease hospitalisations across the Western Cape province.
Methods: We used routinely collected electronic data to identify children born in the Western Cape with infectious disease
hospital records for lower respiratory tract infections, diarrhoea, meningitis and tuberculous meningitis, from 2008 to 2021.
Linked maternal and child unique identifiers were used to extract pregnancy, HIV-related, laboratory, pharmacy and hospital-
isation data. We described temporal changes in child HIV exposure and acquisition status, timing of maternal HIV diagnosis
and antiretroviral therapy (ART) start, infant exposure to maternal ART and timing thereof, and maternal CD4 and HIV viral
load closest to delivery. We used logistic and multinomial regression to assess changes in characteristics between the Pre-
Option B+ (2008–2013), Option B+ (2013–2016) and Universal ART periods (2016–2021).
Results: Among 52,811 children aged ≤3 years with hospitalisations, the proportion living with HIV dreased from 7.0% (2008)
to 1.1% (2021), while those exposed to HIV and uninfected increased from 14.0% (2008) to 16.1% (2021) with a peak of
18.3% in 2017. Among mothers with HIV (n = 9873), the proportion diagnosed with HIV and starting ART before pregnancy
increased from 20.2% to 69.2% and 5.8% to 59.0%, respectively, between 2008 and 2021. Children hospitalised during the
Universal ART period had eight times higher odds (Odds Ratio: 8.41; 95% CI: 7.36–9.61) of exposure to maternal ART versus
children admitted Pre-Option B+. Among mothers of children exposed to HIV and uninfected with CD4 records (n = 7523),
the proportion with CD4 <350 cells/μl decreased from 90.6% (2008) to 27.8% (2021).
Conclusions: In recent years, among children hospitalised with infectious diseases, there were fewer children with perinatally
acquired HIV, while an increased proportion of those without HIV acquisition are exposed to maternal HIV and ART. There is
a need to look beyond paediatric HIV prevalence and consider child exposure to HIV and ART among children without HIV,
when assessing the HIV epidemic’s impact on child health services.

Keywords: HIV exposure; HEU; hospitalisation; infectious disease; vertical HIV transmission prevention; South Africa
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1 INTRODUCT ION

Infectious diseases are a leading cause of paediatric morbid-
ity and mortality and place a burden on public healthcare ser-
vices, particularly those that are already stretched [1–4]. Evi-
dence suggests that both HIV acquisition and exposure with-
out HIV acquisition are associated with infectious diseases.
Between 1992 and 1997, HIV prevalence among paediatric

admissions at an urban hospital in South Africa (SA) increased
from 2.9% to 20.0%[5, 6], with a related increase in infectious
diseases admissions. Furthermore, children exposed to HIV
and uninfected (HEU) have been reported to have a higher
risk of infection-related morbidity than children unexposed to
HIV and uninfected (HUU) [7, 8].

The last two decades have seen substantial scale-up and
success of vertical HIV transmission prevention (VTP) in SA
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[9]. This success was largely attributable to increased access
to antiretroviral therapy (ART) for pregnant people living
with HIV, with improved and simplified guideline recommen-
dations. In 2004, ART was only recommended in pregnancy
for those with CD4 count <200 cells/μl; in 2008, ART was
expanded to those with CD4 <350 cells/μl [9, 10]. Only in
2015 (2013 in the Western Cape province of SA) did ART
become available to all pregnant and breastfeeding persons
living with HIV, regardless of CD4 count (“Option B+”) [11].
In 2016, ART became universally available to all persons liv-
ing with HIV, meaning more of them would have access to
ART before their first pregnancy [12]. Consequently, SA has
seen a shift in the HIV-related profile of children under the
age 15 years; between 2000 and 2018 HIV prevalence in
children decreased by 74.0%, while the proportion who are
HEU increased over seven-fold, accounting for 21.6% of all
children (age 0–14 years) in SA in 2018 [13, 14]. Further-
more, ART coverage in pregnancy in SA was 96.0% in 2019
[15, 16], meaning that most children HEU are exposed to ART
during gestation. Studies have previously used HIV prevalence
among hospitalised children as an indicator of the HIV epi-
demic’s impact on child health services [6, 17]. However, with
the growing population of children HEU, and evidence that in
utero HIV and ART exposure are also associated with child
health outcomes in the absence of child HIV acquisition [13],
it is also important to measure these characteristics, to more
comprehensively understand the effect of the HIV epidemic
on child health services.

We aimed to describe, at a provincial-level, the temporal
changes in HIV-related characteristics of children hospitalised
with infectious diseases from 2008 to 2021, using longitudi-
nal individual-level routine care data from the Western Cape
Provincial Health Data Centre.

2 METHODS

2.1 Study design and data source

This retrospective, population-based analysis used digitised
routine maternal and child healthcare data from the West-
ern Cape Provincial Health Data Centre. The data centre is
an electronic health information platform that uses a unique
health identifier to consolidate multiple sources of individual-
level data from provincial public sector health services in the
Western Cape [18]. Data including hospital admissions, outpa-
tient visits, laboratory test results and pharmacy records are
linked into a single individual-level data repository. Data on
mothers and children are also electronically linked.

2.2 Study setting

The Western Cape, one of SA’s nine provinces, has an esti-
mated population of seven million [18]. The province’s ante-
natal HIV prevalence increased from 16.1% (2008) to 17.9%
(2019) [15]. About three-quarters of the population, includ-
ing most persons living with HIV, utilise public-sector health
services [18, 19]. The public sector includes 51 hospitals
consisting of District, Regional, Tertiary and Central hospi-
tals [20]. District hospitals are the usual entry point into
the hospital system, with complicated cases being referred

to Regional, Tertiary or Central hospitals for specialist care
[21]. In the late 1990s and early 2000s, ill children, particu-
larly children with HIV (CWH) or children HEU, were admit-
ted to Tertiary/Central hospitals. However, over time, there
have been changes to paediatric healthcare organisation in SA,
with increased district hospital capacity and less dependence
on tertiary hospitals [22, 23].

2.3 Study participants

We used routinely collected electronic data to identify chil-
dren born in the Western Cape between 2008 and 2018,
with a known live birth outcome, who had infectious dis-
ease hospitalisation records for lower respiratory tract infec-
tion (LRTI) (including influenza, viral, bacterial and congenital
pneumonias, and bronchitis), diarrhoea, meningitis or tuber-
culous meningitis (TBM), from 2008 to 2021 (Supplementary
Figure 1). We included first admissions in children hospitalised
aged ≤3 years (by their third birthday). Within the Western
Cape Provincial Health Data Centre, hospital admissions are
classified using ICD-10 codes. Admissions with more than one
of the above infectious diagnoses were counted in each rele-
vant category.

To accurately classify child HIV acquisition and in utero HIV
exposure, children were excluded if they could not be linked
to their mothers, if child HIV-positive status was confirmed
after hospital discharge but with unknown timing of acquisi-
tion, if their mothers were diagnosed with HIV more than 10
weeks after child’s date of birth (10 weeks postnatal was used
as a reasonable time-period to consider that maternal HIV
acquisition might have occurred during pregnancy) or if they
or their mothers had data inconsistencies (e.g. a negative HIV-
PCR result after evidence of having HIV).

2.4 Procedures and measurements

We extracted data on demographics, pregnancy, HIV testing,
HIV evidence, ART start and dispensary dates, laboratory test
results (HIV PCR and ELISA, CD4 count and viral load) and
death from the Western Cape Provincial Health Data Centre.
Using HIV-related data, including data on most recent nega-
tive HIV test results relative to the time of hospital admis-
sion, we categorised the in utero HIV exposure status and
HIV acquisition status of each child at infectious disease hos-
pitalisation discharge date as CWH, HEU or HUU, according
to simplified DECIPHER (Data Evaluation and Collaborative
Initiation for Paediatric HIV Education and Research) defini-
tions (Table S1) [24]. Children who tested positive were con-
sidered HIV negative until their last negative HIV test and
to have an unknown HIV status thereafter until the date of
first HIV evidence. CWH whose mothers were not known to
be living with HIV were included for assessing change in HIV
acquisition status over time, but excluded for the analysis of
other HIV-related characteristics.

For mothers with HIV, we categorised timing of mater-
nal HIV diagnosis (before pregnancy, during pregnancy, at
delivery/postnatally); timing of maternal ART start (before
pregnancy, during pregnancy, delivery/postnatally, no ART evi-
dence); infant exposure to maternal ART (yes/no) by using
ART dispensing dates to determine if mothers were on ART

17



de Beer ST et al. Journal of the International AIDS Society 2023, 26(S4):e26151
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26151/full | https://doi.org/10.1002/jia2.26151

at any point between conception and 3 months post-delivery;
timing of earliest infant exposure to maternal ART (at concep-
tion, early/middle gestation [post-conception to 3 months pre-
delivery], late gestation/postnatally [within 3 months pre or
post-delivery]) based on the earliest point mothers were dis-
pensed ART between conception and 3 months post-delivery;
maternal CD4 count (<350 cells/μl, 350–499 cells/μl, ≥500
cells/μl) and viral load (<1000 copies/ml, ≥1000 copies/ml),
using records closest to delivery, within a 365-day window of
delivery. We described these characteristics over time by year
of infectious disease hospital admission. We categorised the
time of hospital admission into periods: January 2008–April
2013 (Pre-Option B+), May 2013–August 2016 (Option B+)
and September 2016–December 2021 (Universal ART).

2.5 Statistical analyses

We described and assessed differences in non-HIV-related
child and maternal characteristics, by categorised year of
admission, using proportions (categorical variables) and means
or medians (continuous variables). We plotted trends in the
proportions of different HIV-specific characteristics among
hospitalised children. Statistical evidence for changes in pro-
portions across the three time periods was assessed using
univariable logistic and multinomial regression models, for
binary and non-binary categorical variables, respectively, with
the HIV-related characteristic as the dependent variable and
time (in periods) as the independent variable. All statistical
analyses were done using STATA 17.0 [25, 26].

2.6 Ethics

This analysis was approved by the University of Cape Town
Human Research Ethics Committee (REF 101/2021).

A waiver of informed consent was obtained for this
research as all data had already been routinely collected by
health services and no participant recruitment was required.

3 RESULTS

Between 2008 and 2018, there were 54,181 children (born
at Western Cape public health facilities) who had a hospital
admission record for at least one of the four infectious dis-
eases of interest by age 3 years, of whom 52,811 (97.5%)
were included in our analysis (Figure S1). Of the 1370 chil-
dren who were excluded from our analysis, 70% had mothers
diagnosed with HIV postnatally. The main difference between
them and children included in the analysis was the proportion
of child deaths by age 3 (2.4% vs. 1.5%) and the proportion of
maternal deaths by child age 3 (1.1% vs. 0.5%). Of the admis-
sions, 64.9% included LRTI, 36.5% diarrhoea, 4.0% meningi-
tis and 0.6% TBM. The number of annual admissions varied
substantially during the study period, with 75.5% of all admis-
sions occurring from 2015 onwards (Table S2).

3.1 Non-HIV-related characteristics of infants
and mothers

Among children included, 56.4% were male and 1.5% died
before the age 3 years (Table 1). The proportion of admit-

ted children with very low (1000–1499 g) and low birth-
weight (1500–2499 g) decreased between the Pre-Option
B+, Option B+ and Universal ART periods from 8.3% to
4.8% to 3.2% and 23.3% to 19.0% to 17.0%, respectively.
Mean maternal age at delivery remained constant at 27 years
throughout, while the proportion of mothers who died by
child age 3 years decreased from 1% Pre-Option B+ to 0.5%
during Option B+ and 0.4% during the Universal ART period.

3.2 HIV-related characteristics of infants and
mothers

3.2.1 Infant HIV exposure and HIV acquisition status

By hospital discharge, 17.0% of children were HEU, 81.2%
HUU and 1.9% CWH (Table 1). The certainty of the combined
HIV exposure and acquisition status of most (56.4%) children
HEU was high, but low for most children HUU (92.8%) (Table
S3). The proportion of CWH among infectious disease admis-
sions decreased from 7.0% in 2008 to 1.1% in 2021. The
proportion of children classified as HEU at hospital discharge
increased from 14.1% in 2008 to 16.1% in 2021, with a
peak of 18.3% in 2017 (Figure 1.1). Children hospitalised with
infectious diseases were less likely to have HIV, compared to
being HEU, during the Option B+ (Relative Risk Ratio [RRR]:
0.35; 95% CI: 0.29–0.42) and Universal ART (RRR: 0.26; 95%
CI: 0.22–0.31) periods, relative to children admitted during
the Pre-Option B+ period (Figure 1.2).

3.2.2 Maternal HIV diagnosis and ART start time

Of CWH, 7.6% of mothers did not have evidence of HIV and
were excluded from further analysis (Table S4). A descriptive
summary of the proportion of mothers in respective mater-
nal HIV diagnosis and ART start categories is shown in Table
S5. Among mothers of hospitalised children HEU and CWH,
who were living with HIV, the proportion diagnosed with HIV
before pregnancy increased from 20.2% in 2008 to 69.2%
in 2021, with a peak of 75.2% in 2020 (Figure 2.1). Moth-
ers were more likely to have been diagnosed with HIV before
pregnancy, versus during pregnancy, among children admit-
ted during the Option B+ and Universal ART periods, com-
pared to children admitted before the Option B+ period
(Figure 2.2).

The proportion of mothers with HIV (N = 9873) starting
ART before pregnancy increased from 5.8% in 2008 to 59.0%
in 2021, peaking at 62% in 2020 (Figure 3.1), with moth-
ers more likely to have started ART before pregnancy, versus
at delivery/postnatally, among children admitted during the
Option B+ and Universal ART periods, compared to children
admitted before the Option B+ period (Figure 3.2).

3.3 Infant exposure to maternal ART

The proportion of children exposed to HIV (HEU and CWH)
who were exposed to maternal ART increased from 16.3%
in 2008 to 87.2% in 2021 (Figure S2.1). The odds of hav-
ing been exposed to maternal ART increased eight-fold (Odds
Ratio: 8.41; 95% CI: 7.36–9.61) for children admitted to the
hospital during the Universal ART period compared to chil-
dren admitted before the Option B+ period (Figure S2.2).
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Table 1. Characteristics of infants (and their mothers), born in Western Cape from 2008 to 2018, who had an infectious disease

hospital admission (LRTI, diarrhoea, meningitis and TBM), by different ART policy periods (Pre-Option B+, Option B+ and Uni-

versal ART)

Infectious disease hospitalisation

Variable

Total

N = 52,811 (100%)

Pre-Option B+ (A)

n = 7223 (13.7%)

Option B+ (B)

n = 16,030 (30.4%)

Universal ART (C)

n = 29,558 (56.0%)

Infant Characteristics

Sex: n (%)

Male 29,761 (56.4) 4052 (56.1) 9101 (56.8) 16,608 (56.2)

Missing 15 (0.03) 0 (0) 4 (0.02) 11 (0.03)

Birthweight (g): n (%)

Foetal macrosomia (≥4000 g) 1799 (3.4) 233 (3.2) 528 (3.3) 1038 (3.5)

Normal (2500–3999 g) 37,830 (71.6) 4448 (61.6) 11,316 (70.6) 22,066 (74.7)

Low (1500–2499 g) 9759 (18.5) 1681 (23.3) 3042 (19.0) 5036 (17.0)

Very low (1000–1499 g) 2318 (4.4) 600 (8.3) 774 (4.8) 944 (3.2)

Extremely low (<1000 g) 926 (1.8) 251 (3.5) 330 (2.1) 345 (1.2)

Missing 179 (0.3) 10 (0.1) 40 (0.3) 129 (0.4)

Mean (95% CI) 2868 (2862; 2874) 2684 (2665; 2704) 2844 (2832; 2856) 2926 (2918; 2934)

Twins: n (%)

2252 (4.3) 525 (7.3) 716 (4.5) 1011 (3.4)

Died before 3 years of age (all-cause): n (%)

808 (1.5) 276 (3.8) 242 (1.5) 290 (1.0)

Age (months) at first infectious-cause hospitalisation

Median (IQR) 7.27 (11.97) 4.73 (8.35) 5.85 (9.86) 9.01 (13.58)

Exposure and HIV acquisition status at time of hospital discharge: n (%)

Children HEU 8969 (17.0) 1025 (14.2) 2802 (17.5) 5142 (17.4)

Children HUU 42,864 (81.2) 5899 (81.7) 12,942 (80.7) 24,023 (81.3)

Children with HIV 978 (1.9) 299 (4.1) 286 (1.8) 393 (1.3)

Maternal Characteristics

Age (years) at delivery:

Mean (95% CI) 27.20 (27.11; 27.22) 27.23 (27.09; 27.38) 27.09 (26.99; 27.19) 27.19 (27.12; 27.26)

Missing: n (%) 243 (0.5) 48 (0.7) 77 (0.5) 118 (0.4)

Maternal death by child age 3 years: n (%)

253 (0.5) 74 (1.0) 73 (0.5) 106 (0.4)

Note: Pre-Option B+ (January 2008–April 2013); Option B+ (May 2013–August 2016); Universal ART (September 2016–December 2021).
Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HEU, exposed to HIV and uninfected; HUU, unexposed to HIV and unin-
fected; IQR, interquartile range; LRTI, lower respiratory tract infection; TBM, tuberculous meningitis.

Among children exposed to maternal ART, the proportion
exposed for the first time during late gestation/postnatally
decreased from 58.8% in 2008 to 17.6% in 2021 (Figure
S3.1). Children admitted to hospital with an infectious disease
during the Option B+ and Universal ART periods were more
likely to have first been exposed to maternal ART at concep-
tion, relative to late gestation/postnatally, compared with chil-
dren admitted before the Option B+ period) (Figure S3.2).

3.4 Maternal viral load and CD4 count closest to
pregnancy start

Among hospitalised children HEU with mothers who had viral
load tests, >80% of mothers had viral loads <1000 copies/ml
for all years except 2010 (72.7%) (Figure 4.1). Mothers of
children HEU were more likely to have viral loads <1000

copies/ml (vs. ≥1000 copies/ml) for children admitted during
the Universal ART period, compared to the period Pre-Option
B+ (Figure 4.3). Among hospitalised CWH, the proportion of
mothers with viral loads <1000 copies/ml peaked at 58.3% in
2009 and decreased to 25% in 2021 (Figure 4.2). Mothers of
hospitalised CWH were less likely to have viral loads <1000
copies/ml (vs. ≥1000 copies/ml), for children admitted during
the Option B+ period, compared to children admitted before
the Option B+ period (Figure 4.4).

Among hospitalised children HEU with mothers who had
a CD4 count recorded, the proportion of mothers with CD4
count <350 cells/μl decreased from 90.6% in 2008 to 27.8%
in 2021 (Figure 5.1). Among hospitalised CWH, the propor-
tion of mothers with a CD4 count <350 cells/μl was 70.8% in
2008 and 75.0% in 2021, with a minimum of 41.2% in 2020
(Figure 5.2). Mothers of hospitalised children HEU were more
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Figure 1. HIV exposure and aquisition status. [1]—Trends in HIV exposure and aquisition status among children HEU and CWH who were
hospitalised with at least one of four infectious diseases (lower respiratory tract infection, diarrhoea, meningitis and tuberculous menin-
gitis), by year. The vertical dotted lines demarcate different policy periods: A—Pre-Option B+, B—Option B+, C—Universal ART; [2]—Plot
of the relative risk ratios (with 95% confidence intervals) from multinomial logistic regressions assessing the association between child
HIV exposure and aquisition status with policy period of hospital admission. N = 52,811. ART, antiretroviral therapy; CWH, children
with HIV; HEU, exposed to HIV and uninfected; HUU, unexposed to HIV and uninfected; ref, reference group.

Figure 2. Timing of HIV diagnosis. [1]—Trends in timing of HIV diagnoses among mothers of children HEU and CWH, who were hospi-
talised with at least one of four infectious diseases (lower respiratory tract infection, diarrhoea, meningitis and tuberculous meningitis),
by year. The vertical dotted lines demarcate different policy periods: A—Pre-Option B+, B—Option B+, C—Universal ART; [2]—Plot of
the relative risk ratios (with 95% confidence intervals) from multinomial logistic regression assessing the association of timing of mother
HIV diagnosis (relative to pregnancy and delivery) with policy period of hospital admission. N = 9,873. ART, antiretroviral therapy; CWH,
children with HIV; HEU, exposed to HIV and uninfected; ref, reference group.

likely to have a CD4 count ≥500 cells/μl (vs. <350 cells/μl),
for children admitted during the Option B+ (RRR: 3.54; 95
CI%: 2.90-4.31) and Universal ART periods (RRR: 4.74; 95
CI%: 3.92–5.73), compared to children admitted before the
Option B+ period (Figure 5.3). Mothers of hospitalised CWH
were less likely to have a CD4 count ≥500 cells/μl (vs.
<350 cells/μl), for children admitted during the Universal ART
period (RRR: 0.61; 95 CI%: 0.40–0.93), compared to children
admitted before the Option B+ period (Figure 5.4).

4 D ISCUSS ION

Since the scale-up of VTP in SA from 2002, tremendous gains
have been made in preventing and treating paediatric HIV
acquisition [9, 27]. Our findings demonstrate how the HIV-

related profile of children hospitalised for infectious diseases
has changed from 2008 to 2021 in the Western Cape, in the
context of guideline amendments.

During the scale-up of VTP, the stabilisation of antena-
tal HIV prevalence and reduction in vertical HIV transmis-
sion resulted in a progressive decline in the CWH population
and consequent increase in the prevalence of children HEU,
since 2004 [27]. Thembisa model estimates show a decrease
in HIV prevalence, among children under the age 3 years in
the Western Cape, from 1.0% in 2008 to 0.4% in 2021 [28].
While we do not have estimates for the prevalence of children
HEU in the Western Cape, UNAIDS estimates of the national
prevalence of children HEU (0–14 years) in SA increased
from 11.8% in 2008 to 21.6% in 2018 [13]. Antenatal HIV
prevalence in SA is higher than in the Western Cape (30.0%
vs. 18.9% in 2019), therefore, we expect the prevalence of
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Figure 3. Timing of ART start. [1]—Trends in timing of ART start among mothers of children HEU and CWH who were hospitalised with
at least one of four infectious diseases (lower respiratory tract infection, diarrhoea, meningitis and tuberculous meningitis), by year. The
vertical dotted lines demarcate different policy periods: A—Pre-Option B+, B—Option B+, C—Universal ART; [2]—Plot of the relative
risk ratios (with 95% confidence intervals) from multinomial logistic regression assessing the association of timing of mother’s ART start
(relative to pregnancy and delivery) with policy period of hospital admission. N = 9873. ART, antiretroviral therapy; CWH, children with
HIV; HEU, exposed to HIV and uninfected; ref, reference group.

Figure 4. Maternal viral load. [1] and [2]—Total numbers of and trends in the proportion of infectious disease (lower respiratory tract
infection, diarrhoea, meningitis and tuberculous meningitis) hospital admittees HEU [1] (n = 7306) or with HIV [2] (n = 444) whose
mothers had a viral load of <1000 copies/ml during pregnancy (including only mothers with a viral load record). The vertical dotted
lines demarcate different policy periods: A—Pre-Option B+, B—Option B+, C—Universal ART; [3] and [4]—Plot of the relative risk ratios
(with 95% confidence intervals) from multinomial logistic regression assessing the association of maternal viral load during pregnancy
with policy period of hospital admission, for children HEU [3] (N = 8969) and CWH [4] (904), respectively. *We had no viral load record
for 1663 (18.5%) of mothers to children HEU and 460 (51.0%) of CWH. ART, antiretroviral therapy; CWH, children with HIV; HEU,
exposed to HIV and uninfected; ref, reference group.
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Figure 5. Maternal CD4 count. [1] and [2]—Total numbers of and trends in the proportion of infectious disease (lower respiratory tract
infection, diarrhoea, meningitis and tuberculous meningitis) hospital admittees HEU [1] (n = 7523) or with HIV [2] (n = 731) whose
mothers had CD4 count <350 cells/μl, 350–499 cells/μl or ≥500 cells/μl during pregnancy (including only mothers with a CD4 count
record). The vertical dotted lines demarcate different policy periods: A—Pre-Option B+, B—Option B+, C—Universal ART; [3] and [4]—
Plot of the relative risk ratios (with 95% confidence intervals) from multinomial logistic regression assessing the association of mother
CD4 count during pregnancy with policy period of hospital admission, for children HEU [3] (n = 8969) and CWH [4] (n = 904), respec-
tively. *We had no CD4 count record for 1456 (16.2%) of mothers to children HEU and 173 (19.1%) of CWH. ART, antiretroviral therapy;
CWH, children with HIV; HEU, exposed to HIV and uninfected; ref, reference group.

children HEU to be correspondingly lower in the West-
ern Cape and that the average prevalence of children HEU
between 2008 and 2018 (the birth cohorts of this analysis)
would be lower than 17% [15]. These patterns are reflected
in our analysis. During the 14-year period under analysis, the
proportion of CWH among infectious disease hospital admit-
tees age ≤3 years dropped from 7.0% in 2008 to 1.3% in
2018. This corresponded with an increase in the proportion
of children HEU from 14.1% in 2008 to 17.3% in 2018. With
an average prevalence of children HEU over the study period
of 17%, this suggests an over-representation of hospitalised
children HEU than in the general population. A study by Mey-
ers et al. also showed a decreasing trend in the HIV preva-
lence among hospital admittees (0–14 years), although the
HIV prevalence among hospital admittees that they reported
for 2007 and 2010/11 (29.5% and 19.3%) was substantially
higher than what we observed in 2008 and 2010, respec-
tively [17]. The Meyers et al. study was conducted at a sin-
gle large urban academic hospital in Gauteng province, which
has a higher HIV prevalence among children than Western
Cape, and results may not be generalizable to our province-
wide setting in the Western Cape.

The introduction of Option B+ has improved access to
ART for all pregnant people living with HIV and dramatically
reduced vertical HIV transmission [9]. In the Western Cape,

between 2010 and 2013, Myer et al. observed a substan-
tial increase in the proportion of pregnant people living with
HIV entering antenatal care on ART, and initiating ART before
delivery [29]. They also reported a substantial reduction in
delays to antenatal ART initiation after CD4 eligibility criteria
were removed during the Option B+ period. In our analysis,
mothers of children admitted to hospital in the Option B+ and
universal ART periods, compared to Pre-Option B+, were sig-
nificantly more likely to have been diagnosed with HIV before
pregnancy versus during pregnancy and to have initiated ART
before or during pregnancy versus at delivery/postnatally. As
a result, the proportion of children exposed to maternal ART
increased over time, with children admitted during universal
ART versus Pre-Option B+, having eight times higher odds of
maternal ART exposure. Furthermore, with mothers initiating
ART earlier, children admitted in the later periods, compared
to Pre-Option B+, were more likely to have been exposed
to maternal ART for the first time at conception versus late
gestation/postnatally. The apparent slight increase from 2016
onwards in the proportion who had no ART evidence among
mothers with HIV may be due to better ascertainment of
maternal HIV status in this period.

Throughout the study period, mothers of CWH at the
time of infectious disease hospital admission predominantly
had viral loads ≥1000 copies/ml near delivery, while the
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proportion of mothers of children HEU with viral loads <1000
copies/ml near delivery was >80% for all years except 2010.
This is expected, given that the risk of vertical HIV transmis-
sion is increased with a higher maternal viral load, particularly
≥1000 copies/ml [30, 31].

As access to maternal ART improved over the years, and
CD4 count was no longer recommended for monitoring per-
sons living with HIV who are virally suppressed on ART, the
proportion of mothers of children HEU who had CD4 count
recorded reduced, as did the proportion with CD4 <350
cells/μl near delivery, suggesting that maternal ART has not
only reduced vertical HIV transmission, but also improved
maternal health, as expected. The reduction in maternal
deaths by the time of child age 3 years supports this. We
found that among CWH admittees, mothers predominantly
had CD4 counts <350 cells/μl near delivery, corresponding
with high viral loads observed in these mothers, suggesting
that mothers not optimally sustaining ART in the context of a
high coverage effective VTP programme remain especially vul-
nerable.

4.1 Strengths and limitations

The Western Cape Provincial Health Data Centre provided
a novel opportunity to assess, province-wide, the real-world
trends in HIV-related characteristics of hospitalised children,
using individual-level longitudinal health service data. We
were also able to classify HIV exposure and acquisition status
of children at the time of hospitalisation, according to stan-
dardised certainty definitions [32], enabling better compara-
bility with other studies that use the same definitions.

A limitation is that not all children were classified by HIV
exposure and acquisition status with high certainty, particu-
larly children HUU, of whom >90% were classified with low
certainty (largely because Rapid point-of-care HIV results are
not routinely digitised). It is possible that CWH may have
been misclassified as HEU and children HEU as HUU. How-
ever, due to high rates of antenatal HIV testing within SA
(>95%) [9], we are confident that most mothers living with
HIV would have been identified during pregnancy, thereby
limiting the misclassification of children exposed to HIV as
unexposed. Additionally, of the children excluded from our
analysis (n = 1370), 70% had mothers diagnosed with HIV
postnatally. We may, therefore, have a slight underestimation
of children HEU or with HIV in our sample.

Another limitation of our findings is the accuracy and com-
pleteness of ICD-10 codes, particularly in the earlier years of
the analysis. Our classification of hospital admissions due to
infectious causes relied on ICD-10 codes, which were previ-
ously shown to have poor reliability [33]. However, in more
recent years, the implementation of a standardised discharge
summary has improved ICD-10 code completeness and accu-
racy [34], likely resulting in improved identification of infec-
tious cause hospitalisations. As a result, a large proportion of
admissions included in our analyses were from 2015 onwards.
Furthermore, it is probable that in the earlier years, admis-
sion codes were captured more accurately in tertiary hospitals
and among more severely sick children. In the Pre-Option B+
period, >70% of admissions in our analyses were to tertiary
hospitals (not shown), whereas >70% were to non-tertiary

hospitals during the universal ART period. It is possible that
the Pre-Option B+ cohort is more representative of severely
ill children than the cohorts of children admitted in the later
periods, potentially overestimating the prevalence of CWH,
and other risk factors for severe disease, particularly low birth
weight.

We did not include children born out of the province who
relocated to and were hospitalised in the Western Cape.
We also only considered four infectious diseases that cause
substantial morbidity and mortality in children. Other child-
hood infections, including pulmonary tuberculosis, were not
included in this analysis. Our results may, therefore, not be
generalizable to all child infectious diseases burdening the
healthcare system.

5 CONCLUS IONS

Temporal trends among children hospitalised with infectious
diseases highlight the positive impact of VTP and increased
ART access within SA. Whereas children of mothers with HIV
were previously exposed to no or short-duration maternal
ART, in recent years, the majority were exposed to maternal
ART, frequently from early gestation. There were fewer CWH
and a higher proportion of children HEU in recent years.

However, the finding that at least one in six children hospi-
talised in recent years were HEU, of which up to 87% were
exposed to maternal ART, highlights the need to consider
HIV and ART exposure status, and not just child HIV preva-
lence, when assessing the impact of the HIV epidemic on child
health services. Further research is needed to quantify the
burden of infectious diseases on the health system that is due
to higher risk among children HEU relative to children HUU
and whether there is a need for HEU-specific interventions in
addition to interventions that improve the health and wellbe-
ing of all children in resource-limited settings.
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SUPPORT ING INFORMAT ION

Additional information may be found under the Supporting
Information tab for this article:
Figure S1: Flow diagram of mother-infant pairs included in
the cohort of children, born in the Western Cape (2008 –
2018), who had an infectious disease hospital admission
(lower respiratory tract infection, diarrhoea, meningitis, tuber-
culous meningitis) by age three years.
Figure S2: Infant exposure to maternal ART. (1) - Trend in
the proportion of hospital admittees HEU or with HIV who
were exposed to maternal ART and hospitalised with at least
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one of four infectious diseases (lower respiratory tract infec-
tion, diarrhoea, meningitis, tuberculous meningitis), by year.
The vertical dotted lines demarcate different policy periods: A
Pre-Option B+, B - Option B+, C - Universal ART; (2) - Plot
of the odds ratios (with 95% confidence intervals) from logis-
tic regression assessing the association of infant exposure to
maternal ART with policy period of hospital admission. N =
9,873.
Figure S3: Timing of earliest infant exposure to maternal
ART. (1) - Trends in the proportion of hospital admittees’ ear-
liest exposure to maternal ART at different time points, among
those who were exposed to maternal ART and hospitalised
with at least one of four infectious diseases (lower respiratory
tract infection, diarrhoea, meningitis, tuberculous meningitis),
by year. The vertical dotted lines demarcate different policy
periods: A Pre-Option B+, B - Option B+, C - Universal ART;
(2) - Plot of the relative risk ratios (with 95% confidence inter-
vals) from multinomial logistic regression assessing the associ-

ation of timing of initial infant exposure to mother’s ART start
(relative to pregnancy and delivery) with policy period of hos-
pital admission. N = 7,612.
Table S1: Simplified DECIPHER definitions for classification of
children as HEU and HUU from routinely-collected data.
Table S2: Count and proportion of hospital admissions per
year
Table S3: Certainty of HIV exposure status in children born to
women with and without HIV, in Western Cape, South Africa
(2008-2021), at hospitalisation.
Table S4: Number of mothers and children with evidence for
maternal HIV, maternal ART, Infant exposure to maternal ART,
maternal viral loads and maternal CD4 counts, among children
HEU and with HIV.
Table S5: Descriptive statistics for Maternal HIV diagno-
sis and Maternal ART start across the three policy peri-
ods, for mothers who had evidence of an HIV diagnosis
(N=9,873).
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Introduction: Predictors of neurodevelopment among children who are HIV-exposed uninfected (CHEU) are poorly under-
stood.
Methods: Mothers with and without HIV and their children were enrolled during 6-week postnatal care visits across seven
sites in Kenya between March 2021 and June 2022. Infant neurodevelopment was assessed using the Malawi Developmental
Assessment Tool, including social, language, fine motor and gross motor domains. We used multivariate linear mixed effects
models to identify associations between 1-year neurodevelopment scores, HIV and antiretroviral therapy (ART) exposures, and
household factors, adjusted for potential confounders and clustered by the site.
Results: At 1-year evaluation, CHEU (n = 709) and children who are HIV-unexposed uninfected (CHUU) (n = 715) had com-
parable median age (52 weeks) and sex distribution (49% vs. 52% female). Mothers living with HIV were older (31 vs. 27
years), had lower education (50% vs. 26% primary) and were more likely to be report moderate-to-severe food insecurity
(26% vs. 9%) (p < 0.01 for all). Compared to CHUU, CHEU had higher language scores (adjusted coeff: 0.23, 95% CI: 0.06,
0.39) and comparable social, fine and gross motor scores. Among all children, preterm birth was associated with lower gross
motor scores (adjusted coeff: −1.38, 95% CI: −2.05, −0.71), food insecurity was associated with lower social scores (adjusted
coeff: −0.37, 95% CI: −0.73, −0.01) and maternal report of intimate partner violence (IPV) was associated with lower fine
motor (adjusted coeff: −0.76, 95% CI: −1.40, −0.13) and gross motor scores (adjusted coeff: −1.07, 95% CI: −1.81, −0.33).
Among CHEU, in utero efavirenz (EFV) exposure during pregnancy was associated with lower gross motor scores compared
to dolutegravir (DTG) exposure (adjusted coeff: −0.51, 95% CI: −1.01, −0.03). Lower fine and gross motor scores were also
associated with having a single or widowed mother (adjusted coeff: −0.45, 95% CI: −0.87, −0.03) or a deceased or absent
father (adjusted coeff: −0.81, 95% CI: −1.58, −0.05), respectively.
Conclusions: Biologic and social factors were associated with child neurodevelopment. Despite socio-demographic differences
between CHEU and CHUU, 1-year neurodevelopment was similar. Addressing IPV and food insecurity may provide benefits
regardless of maternal HIV status. DTG use was associated with higher neurodevelopmental scores in CHEU, compared to
EFV regimens, potentially contributing to a lack of neurodevelopmental difference between CHEU and CHUU.

Keywords: neurodevelopment; HIV exposure; children who are HIV-exposed uninfected; CHEU; maternal mental health; inti-
mate partner violence
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1 INTRODUCT ION

Successful prevention of vertical transmission programmes
over the last decade has contributed to a rapidly grow-
ing population of almost 16 million children who are HIV-
exposed uninfected (CHEU) around the world, with an addi-
tional one million born every year in sub-Saharan Africa (SSA)

[1, 2]. Compared to children who are HIV-unexposed unin-
fected (CHUU), CHEU are at increased risk of morbidity,
adverse birth outcomes, growth faltering, environmental and
pathogenic exposures, poor mental health and social inequities
as a member of a family affected by HIV [2–10]. In multiple
high HIV burden countries in SSA, the population of CHEU
accounts for over 20% of all children under 15 years of age,
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and the SSA region is estimated to have the largest propor-
tion of children under 5 years of age at risk of not meet-
ing their developmental potential [11, 12]. Early neurodevel-
opmental delays are associated with poorer physical and men-
tal health and learning potential [11]. A child’s neurodevelop-
ment is remarkably sensitive to parental caregiving and home
environment factors, especially during the first 1000 days of
life. It is possible to reverse early delays in children, and the
earlier the intervention, the greater the impact [13, 14].

Most, but not all, studies have found an increased risk
of neurodevelopmental delays in CHEU compared to their
CHUU peers. Previous studies have been limited by small
sample sizes. Preterm birth, in utero ART exposure, mater-
nal viremia and early child inflammatory markers have been
associated with significantly poorer neurodevelopment among
CHEU [15–17]. Studies have noted differences in language,
social and motor skills, brain composition and structure, and
altered cell-mediated immunity between CHEU and CHUU
[9, 18, 19]. While biologic aetiologies of neurodevelopmen-
tal outcomes among CHEU have been assessed, there are
fewer data on modifiable, social and behavioural factors that
may synergistically influence neurodevelopmental outcomes.
Women living with HIV are especially vulnerable to poverty,
parental relationship instability, low paternal involvement, inti-
mate partner violence (IPV) and poor maternal mental health;
such factors may influence their ability to care responsively
for their children and promote healthy neurodevelopment [12,
20–29].

Kenya alone is home to nearly one million CHEU for whom
research is urgently needed to identify caregiver and home
factors to reduce the risk of suboptimal child neurodevelop-
ment [1]. In 2016, the World Health Organisation (WHO) rec-
ommended dolutegravir (DTG), an integrase strand transfer
inhibitor, as first-line treatment for all adolescents and adults
living with HIV, and in 2019, for women of reproductive
age [30]. Prior to DTG scale-up, non-nucleoside reverse tran-
scriptase inhibitor regimens containing efavirenz (EFV) were
commonly used during pregnancy. In utero exposure to EFV-
based regimens has been associated with neurodevelopmen-
tal deficits among 2-year-old CHEU in Botswana, compared to
non-EFV-based regimens [31]. DTG-based regimens and EFV-
based regimens have comparable safety in pregnancy [32];
however, there are few data on the impact of in utero DTG
exposure on neurodevelopmental outcomes of CHEU. This
study aimed to assess the associations between caregiver and
household factors, HIV and ART exposure, and child neurode-
velopment in Kenya.

2 METHODS

2.1 Study overview

The HOPE Study is an ongoing prospective longitudinal
cohort in Kenya aimed to understand the impacts of HIV and
ART exposure on infant health and development. Mothers liv-
ing with and without HIV were recruited with their infants
(1000 CHEU and 1000 CHUU) at 4–10 weeks of age during
routine postnatal care at seven maternal and child health clin-
ics across the Nairobi and Western Kenya regions between
March 2021 and June 2022. Mother-infant pairs are being

followed every 6 months until children reach 3 years. This
exploratory analysis identified cofactors associated with child
neurodevelopment among the subset of children who have
reached age 1 year and had complete neurodevelopmental
assessments by June 2023 (Figure S1).

2.2 Data collection

2.2.1 Outcome ascertainment

To measure child neurodevelopment, we administered the
Malawi Developmental Assessment Tool (MDAT) [33], a vali-
dated test designed specifically for the SSA cultural context.
The MDAT assessment generates scores for four domains,
social, language, fine motor and gross motor, with 36–42
pass/fail items in each. Scripts for each item were trans-
lated and back-translated to Kiswahili and Dholou. Tests were
administered by a trained assessor in the preferred language
of the mother/caregiver and combined direct child observa-
tion and caregiver reporting. Once a child reached six con-
secutively failed items in a domain, the assessors moved on
to the subsequent domains until all were complete. Assess-
ments that were either incomplete (e.g. due to noisy environ-
ment, fussy child, assessor still completing training) or invalid
(e.g. the assessment did not note six consecutive fails) were
excluded from this analysis (Figure S1). Assessors underwent
a rigorous training curriculum and each conducted ≥10 super-
vised practice assessments prior to certification and study
start. We utilised a train-the-trainer approach involving six
half-day didactic and practical sessions over the course of sev-
eral weeks. Certified trainers then employed a similar training
to all study nurses and routinely reviewed in-person and over
video recordings to ensure consistency. MDAT scores were
assessed as raw continuous scores per domain.

2.2.2 Exposures ascertainment

A primary exposure of interest was maternal HIV status
(CHEU vs. CHUU). Per national Kenyan guidelines, all preg-
nant women presenting with unknown HIV status are tested
for HIV. Maternal HIV status was confirmed by self-report
and review of medical records. Women living with and without
HIV were enrolled into this study when their infants reached
approximately 6 weeks of age. At health facilities, infants of
children born to women living with HIV are tested for HIV
DNA on dried blood spots at 6 weeks, 6 and 12 months
and then tested using an HIV antibody test at 18 months.
For this study, infant HIV status was abstracted from medi-
cal records at each time point to ensure CHEU remained HIV
negative. A small subset of the 709 CHEU (n = 34) included
in this analysis still had pending HIV test results by the time
of this analysis. Other exposure variables collected at baseline
(6 weeks postpartum) included maternal socio-demographic
information, family characteristics, medical history and house-
hold factors. The gestational age of children was ascertained
by maternal report and antenatal care medical records, and
preterm birth was defined as less than 37 weeks of gestation.

The following mental health assessments were conducted:
the 9-item Patient Health Questionnaire (PHQ-9, ≥10
cut-off) [34] for clinically significant, moderate-to-severe
depression, 10-item Kessler Psychological Distress Scale
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Table 1. Socio-demographic characteristics comparing CHEU and CHUU

Characteristic: n (%) or median (interquartile range)

Overall

N = 1424

CHEU

n = 709

CHUU

n = 715

Unadjusted

p-value

Region

Nairobi 588 (41%) 272 (38%) 316 (44%) ref

W Kenya 835 (59%) 437 (62%) 398 (56%) 0.03

Child sex is female 723 (51%) 348 (49%) 375 (52%) 0.2

Child age (weeks) 52 (52, 52) 52 (52, 53) 52 (52, 52) 0.6

Preterm birth (gestational age <37 weeks) 39 (2.7%) 21 (3.0%) 18 (2.5%) 0.6

Child is orphaned (maternally, paternally or both) 109 (7.7%) 71 (10%) 38 (5.3%) <0.001

Exclusively breastfed at 6 weeks 1381 (97%) 695 (98%) 686 (96%) 0.005

Number of times breastfed in last 24 hours 14.0 (11.0, 16.0) 14.0 (12.0, 18.0) 14.0 (10.0, 16.0) <0.001

Child has siblings 1126 (79%) 622 (88%) 504 (71%) <0.001

Mother age (years) 29.0 (25.0, 33.0) 31.0 (27.0, 35.0) 27.0 (24.0, 31.0) <0.001

Mother education, primary or less 540 (38%) 352 (50%) 188 (26%) <0.001

Mother is employed (professionally or casually) 279 (20%) 142 (20%) 137 (19%) 0.7

Mother marital status

Married (monogamous) 1112 (78%) 517 (73%) 595 (83%) ref

Married (polygamous) 109 (7.7%) 79 (11%) 30 (4.2%) <0.001

Steady partner 57 (4.0%) 22 (3.1%) 35 (4.9%) 0.2

Single, separated or widowed 144 (10%) 91 (13%) 53 (7.4%) <0.001

Mother height (cm) 162 (158, 167) 162 (157, 167) 162 (158, 167) 0.2

Mother body mass index <18.5 41 (2.9%) 27 (3.8%) 14 (2.0%) 0.04

Moderate-to-severe household food insecurity 246 (17%) 181 (26%) 65 (9.1%) <0.001

Moderate-to-severe maternal depression 47 (3.4%) 21 (3.1%) 26 (3.6%) 0.4

Moderate-to-severe maternal anxiety 113 (8.1%) 68 (9.9%) 45 (6.3%) 0.5

Moderate-to-severe maternal distress 135 (9.6%) 76 (11%) 59 (8.3%) 0.01

Maternal report of intimate partner violence 33 (2.4%) 14 (2.0%) 19 (2.7%) 0.1

Perceived level of social support

High 972 (69%) 446 (63%) 526 (74%) Ref

Medium 401 (28%) 227 (32%) 174 (24%) <0.001

Low 45 (3.2%) 32 (4.5%) 13 (1.8%) <0.001

Note: Table 1 presents basic child and maternal socio-demographic characteristics among the overall cohort of children (n = 1424), as well as
comparing children who are HIV-exposed uninfected (CHEU, n = 709) and children who are HIV-unexposed uninfected (CHUU, n = 715). The
unadjusted p-value indicates whether there was a statistically significant difference in each characteristic between the two comparison groups
using a chi-squared test.
Unadjusted p-values that indicate statistical significance at the p < 0.05 level are bolded.
Abbreviations: CHEU, children who are HIV-exposed uninfected; CHUU, children who are HIV-unexposed uninfected.

(K10, ≥20 cut-off) [35, 36] for anxiety, the Multidimensional
Scale of Perceived Social Support (MSPSS, ≤35 = low, 36–60
= medium, ≥61 = high) and the Hurt-Insult-Threaten-Scream
(HITS, ≥10 cut-off) [37] for IPV. The degree of household
food insecurity was assessed using the Household Hunger
Scale [38]. Existing referral pathways in each of the participat-
ing clinics were identified for study nurses to refer caregivers
and/or infants for psychiatric, IPV, child neurodevelopmental
or nutritional support. Neurodevelopmental referrals were
informed by failed “red flag” items on MDAT assessments.
Additionally, mothers living with HIV were asked questions
regarding HIV, experience with status disclosure to their
partner, and ART initiation, duration and regimen. Data
on maternal ART regimens were abstracted from medical
records, including information on any regimen switches dur-
ing or after pregnancy. The final models assessed the most

recently prescribed regimen during pregnancy and compared
mothers who most recently received DTG-based regimens
compared to EFV-based regimens. We additionally compared
the subset women who received DTG-only to those who
received EFV-only.

2.3 Data analysis

Descriptive statistics and univariable log-binomial models
described differences between CHEU and CHUU (Table 1).
Univariable and multivariable linear mixed effects models
determined associations between neurodevelopment scores,
HIV-exposure status and caregiver factors, adjusting for con-
founders selected a priori. We expected some degree of
site-specific differences, as sites spanned across Nairobi and
Western Kenya, and therefore, we included facility as a
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random intercept in all models. Mean MDAT scores at 1 year
of age were compared between CHEU and CHUU, and scores
were compared among all children to test for associations
with caregiver cofactors. Potential confounders adjusted in
multivariable analyses included preterm birth, maternal age
(years), education level, marital status, and infant sex and age
(weeks). Based on the literature, we expected these factors
to be associated with exposures, such as maternal HIV status,
and child neurodevelopment scores. Collinearity was exam-
ined using a threshold of 10% change in standard error and
multivariable models included non-collinear variables univari-
ately associated with neurodevelopment (p < 0.05). Exposures
evaluated in the models included maternal depression, anxi-
ety, distress (depression and/or anxiety), marital status, IPV,
household food insecurity and absence of a biologic father
(defined as either deceased or uninvolved in any way in the
child’s life, including physically, financially and emotionally).
Among CHEU, MDAT scores were compared by maternal
ART start timing (pre/post-pregnancy), HIV disclosure to part-
ner (ever/never) and ART regimen (DTG, EFV or protease
inhibitor [PI]-based).

2.4 Ethical board approvals

The study was approved by the University of Washington’s
Institutional Review Board and the Kenyatta National Hospi-
tal’s Ethical Review Committee. All participants provided writ-
ten informed consent.

3 RESULTS

3.1 Study population

3.1.1 All children (N = 1424)

This analysis used data collected from 709 CHEU and 715
CHUU mother-child pairs who had complete MDAT data.
Compared to CHUU, CHEU had a comparable median age
at 1-year neurodevelopmental assessment (52 weeks), propor-
tion born preterm (3% each) and sex distribution (49% vs.
52% female) (Table 1). A greater proportion of CHEU had a
father who was either deceased or absent from the child’s life
(10% vs. 5%). At baseline, mothers living with HIV were more
likely to be older (31 vs. 27 years), with only primary school
education (50% vs. 26%), have other children (88% vs. 71%),
either single or widowed (13% vs. 7%) or in a polygamous
marriage (11% vs. 4%), and report moderate-to-severe food
insecurity (26% vs. 9%, p < 0.01 for all). Prevalence of depres-
sion, anxiety and IPV were similar between mothers with and
without HIV.

3.1.2 CHEU only (n = 709)

Among mothers living with HIV, all were on ART; 88% started
ART pre-pregnancy, and 12% post-pregnancy (Table 2). At
baseline, 88% of mothers had already disclosed their HIV sta-
tus to their primary partner and had been taking ART for a
median of 54 months (Interquartile Range [IQR]: 22–89). Of
608 mothers with data on ART regimen during pregnancy, the
most recently used regimen during pregnancy was DTG-based
(74%), followed by EFV-based (20%) and PI-based regimens

Table 2. HIV and ART-related characteristics of CHEU popula-

tion

Characteristic: n (%) or median (interquartile

range) n = 709

Child received ART prophylaxis by 6 weeks 693 (98%)

Child ART regimen

AZT based 329 (47%)

NVP alone 364 (53%)

Unknown 16

Maternal ART start timing

Pre-pregnancy 590 (88%)

Post-pregnancy 83 (12%)

Unknown 36

Most recent maternal ART regimen during

pregnancy

DTG based 448 (74%)

EFV based 122 (20%)

PI based or other 38 (6.3%)

Unknown 101

Mother switched ART regimen during pregnancy 191 (30%)

Unknown 67

Mother ART regimen changes during pregnancy

DTG only 316 (52%)

DTG from EFV 129 (21%)

EFV only 110 (18%)

EFV from DTG 12 (2.0%)

Other regimens 38 (6.3%)

Unknown 104

Maternal duration on ART (months) 54.1 (22.2, 88.7)

Unknown 131

Disclosed HIV status to partner 622 (88%)

Note: Table 2 presents data on child and maternal HIV and ART-
related characteristics among the subset of children who are HIV-
exposed uninfected (CHEU) in this cohort (n = 709).
Abbreviations: ART, antiretroviral therapy; AZT, azithromycin; DTG,
dolutegravir; EFV, efavirenz; NVP, nevirapine; PI, protease inhibitor.

(6%). Overall, 30% of mothers switched their ART regimen
during pregnancy, and 66% of them had switched from EFV to
DTG-based regimens. Table S1 summarises ART changes dur-
ing pregnancy and the median duration of ART use.

3.2 Cofactors of child neurodevelopment

3.2.1 MDAT score comparison for CHEU versus
CHUU

Overall, the CHEU and CHUU groups had comparable 1-
year neurodevelopment scores across all domains, in both uni-
variable and multivariable mixed linear effects models with
site clustering and adjustment for infant age, sex, preterm
birth, and maternal age, education and marital status (Table 3).
CHEU exhibited statistically higher language scores than
CHUU (adjusted coeff: 0.23, 95% CI: 0.06, 0.39, p < 0.01).
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Figure 1. Forest plot of statistically significant cofactors of neurodevelopment among all children. These forest plots present impor-
tant cofactors of neurodevelopmental scores within the four tested neurodevelopmental domains (social, language, fine motor and gross
motor), among all children in this cohort. The small black dots in the forest plots represent the adjusted coefficients with 95% confi-
dence intervals, within each neurodevelopmental domain, and the coloured dots represent the statistically significant findings. Abbrevi-
ation: CHEU, children who are HIV-exposed uninfected.

3.2.2 Entire cohort, adjusting for CHEU status

Compared to female children, male children scored signifi-
cantly lower in the social (adjusted coeff: −0.46, 95% CI:
−0.72, −0.19, p < 0.01) and language domains (adjusted
coeff: −0.18, 95% CI: −0.33, −0.02, p = 0.02) (Table 3
and Figure 1). Children born preterm scored lower in gross
motor than children born full-term (adjusted coeff: −1.38,
95% CI: −2.05, −0.71, p < 0.001). IPV was significantly asso-
ciated with lower fine motor (adjusted coeff: −0.76, 95% CI:
−1.40, −0.13, p = 0.02) and gross motor scores (adjusted
coeff: −1.07, 95% CI: −1.81, −0.33, p < 0.01). Moderate-to-
severe food insecurity was associated with lower social scores
(adjusted coeff: −0.37, 95% CI: −0.73, −0.01, p = 0.047).
Lower gross motor scores were associated with lower levels
of maternal perceived social support (adjusted coeff: −0.31,
95% CI: −0.56, −0.06, p = 0.02), but not with other mental
health measures.

3.2.3 CHEU only

Consistent with analyses among all children, male CHEU
scored significantly lower than female CHEU in the social
domain (adjusted coeff: −0.58, 95% CI: −0.97, −0.20, p <

0.01) and CHEU born preterm scored significantly lower
in the gross motor domains compared to CHEU born full-
term (adjusted coeff: −1.00, 95% CI: −1.95, −0.05, p =
0.04) (Table 4 and Figure 2). Lower gross motor scores
were observed among CHEU with deceased or absent fathers
(adjusted coeff: −0.81, 95% CI: −1.58, −0.05, p = 0.04) and
lower fine motor scores were observed among CHEU with
single or widowed mothers (adjusted coeff: −0.45, 95% CI:

−0.87, −0.03, p = 0.04), compared to CHEU with monoga-
mously married mothers.

Neurodevelopment was significantly associated with the
maternal ART regimen used during pregnancy. Gross motor
scores were significantly lower with most-recent in utero
exposure to EFV-based regimens than DTG-based regimens
(adjusted coeff: −0.47, 95% CI: −0.92, −0.02, p = 0.04). This
finding remained the same in sensitivity analyses comparing
CHEU exposed exclusively to EFV to those exposed exclu-
sively to DTG (Table 4), as well as in analyses restricted to
full-term infants only (data not shown).

4 D ISCUSS ION

In this cohort of 1-year-old children, we found that CHEU and
CHUU had comparable neurodevelopment scores and, unex-
pectedly, CHEU had higher scores in the language domain.
Among all children, lower child neurodevelopment scores
were associated with male sex, preterm birth, lower perceived
level of social support, and maternal report of IPV and food
insecurity. Among CHEU only, lower child neurodevelopment
scores were also associated with having a deceased or absent
father, single or widowed mother and in utero exposure to
EFV-based ART regimens.

Reassuringly, CHEU in this study had similar neurodevelop-
mental scores to their HIV-unexposed peers which could be
explained by more recent universal test and treat guidelines
for people living with HIV and newer, improved ART regimens
using DTG-based combinations. We observed that CHEU had
higher language scores, a surprising finding, given that other
studies have found a higher risk of language and motor skill
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Figure 2. Forest plot of statistically significant cofactors of neurodevelopment, among CHEU only. ART, antiretroviral therapy; CHEU,
child who is HIV-exposed uninfected; DTG, dolutegravir; EFV, efavirenz. These forest plots present important cofactors of neurodevel-
opmental scores within the four tested neurodevelopmental domains (social, language, fine motor and gross motor), among the subset
of CHEU only. The small black dots in the forest plots represent the adjusted coefficients with 95% confidence intervals, within each
neurodevelopmental domain, and the coloured dots represent the statistically significant findings. Abbreviation: CHEU, children who are
HIV-exposed uninfected.

delays in CHEU. It is possible that having more siblings (as
seen in CHEU) could impact language development, but this
finding warrants further investigation. Neurodevelopmental
differences between CHEU and CHUU in other studies
have been linked to altered brain composition and structure,
immune function, adverse birth outcomes and growth falter-
ing [9, 16, 18, 19, 39–42]. In an extensive meta-analysis of
21 studies comparing neurodevelopment between CHEU and
CHUU under 5 years, 57% of studies found subtle delays
among CHEU in at least one domain, and primarily in the
language and gross motor domains [40]. Included studies had
relatively small sample sizes, and relied on studies published
prior to May 2020 prior to newer HIV treatment guidelines.

The effects of ART regimens on CHEU neurodevelopment
have been studied with mixed results [40]. To the best of our
knowledge, our study is the first to assess CHEU neurodevel-
opment in a largely DTG-exposed cohort. DTG has superior
efficacy, less frequent drug resistance and comparable safety
during pregnancy compared to EFV-based regimens [32].
EFV-based regimens have been associated with a higher risk
of microcephaly and other neurologic disorders among CHEU
[43]. We found that in utero EFV-exposed CHEU scored sig-
nificantly lower in gross motor than DTG-exposed CHEU,
even when accounting for regimen switches during preg-
nancy. A study in Botswana among 2-year-old CHEU found
that in utero EFV exposure was associated with significantly
poorer language and motor skills, compared to exposure to
non-EFV-regimens (abacavir/ZDV/lamivudine or PI-based reg-
imens) [31]. Moreover, EFV-exposed children had longer ART
exposure than children exposed to other regimens, and longer
EFV exposure was associated with more pronounced deficits
[31]. In our study, women on EFZ had longer ART duration

than those on DTG and a higher likelihood of pre-pregnancy
ART use (Table S1). To disentangle the potential collinearity of
duration and EFZ exposure, we compared EFZ and DTG in a
subset of women with pre-pregnancy use of ART (Table S2).
In this analysis, the association of EFZ with lower gross motor
scores persisted, albeit not significantly, likely due to the much
smaller sample. In addition, in the overall CHEU cohort, the
duration of ART was not associated with lower gross motor
scores. Together, these findings suggest that the effect may
be related to EFZ exposure rather than ART duration. Despite
WHO recommendation, DTG uptake has remained subopti-
mal in SSA among reproductive-aged women, partly due to
initial concerns around neural tube defects [44]. Over time,
the vast majority of mothers living with HIV will be on DTG-
based regimens, making it impossible to discern the impact of
DTG-based regimens. Our study was conducted in the oppor-
tune period of changing regimen implementation, providing a
unique opportunity to examine the impact of different regi-
mens.

Maternal marital status, absence of a biologic father, IPV
and food insecurity were significantly associated with lower
child neurodevelopment scores. Parental relationship conflict
and household violence can threaten a child’s neurodevelop-
ment [22, 45–51]. Over a quarter of women of reproduc-
tive age in eastern Africa were estimated to have experi-
enced IPV in the past year [26, 52, 53]; the prevalence of IPV
among Kenyan pregnant women is estimated to be approxi-
mately 10%, with almost all perpetrators being a current or
former husband or partner [54]. Among Kenyan women, pre-
vious experiences with IPV were strongly predictive of inci-
dent IPV during pregnancy and postpartum, and could serve
as an important screening tool for women at increased risk
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of IPV [54, 55]. A large meta-analysis of psychological thera-
pies for women experiencing IPV concluded that individualised
counselling and therapy was beneficial. The standard of care
for Kenyan women living with HIV includes referrals to IPV
counsellors; however, barriers to successful referral include
disclosure of IPV and low rates of referral uptake [56]. A ran-
domised controlled trial tested an intervention package, which
included IPV-centred training for HIV care providers, an on-
site IPV counsellor for immediate support, and pictorial take-
home materials for clients, all tailored for women attending
HIV services in Nairobi, Kenya. Compared to the standard
of care, this intervention was associated with a significantly
higher likelihood of IPV disclosure, as well as improved men-
tal health, desire to adhere to ART treatment to prevent ver-
tical transmission and eagerness to take actions to improve
their home situations [57]. Implementing similar programmes
to better identify and support women living with HIV who are
experiencing IPV during pregnancy and postpartum could pro-
vide benefits for CHEU, but have yet to be tested.

Abuse and separation can often lead to disproportionate
burdens on women, leading to financial hardship, childcare
responsibility and social stigma [58, 59]. However, separa-
tion in abusive relationships may benefit parents and chil-
dren. Studies from Western nations show that children with
separated parents who co-parent have better neurodevelop-
mental outcomes than children whose parents stay together
with persistent conflict, but this has yet to be studied in
the SSA context [60, 61]. Couples affected by HIV separate
frequently during pregnancy/postpartum when HIV testing is
common. HIV-serodifferent couples in which the female is liv-
ing with HIV separate significantly more often than couples in
which the male is living with HIV [62]. Paternal involvement
can improve birth outcomes, parental satisfaction, maternal
engagement with care, and child growth and development
[63–68]. Rwanda’s Sugira Muryango (“Strengthen the Family”),
a nationally scaled home-delivered IPV-reduction intervention,
has successfully reduced acts of abuse, and improved paternal
engagement, paternal and maternal mental health, relation-
ship satisfaction and child neurodevelopment [69–72]. This or
similar interventions could be adopted within maternal child
health or prevention of vertical transmission programmes in
Kenya. Food insecurity has been significantly associated with
a greater risk of IPV among Kenyan women living with HIV,
as well as a greater risk of preterm birth, which we found to
be strongly associated with neurodevelopmental delay among
CHEU [73]. Multifactorial interventions to address food inse-
curity and IPV among pregnant women living with HIV are
urgently needed. Ensuring the safety and nutritional health
of women and infants during pregnancy and breastfeeding
will be paramount to protect CHEU from neurodevelopmen-
tal delay and growth faltering [74–78].

Among all children, regardless of in utero HIV exposure, the
male sex was associated with lower MDAT scores, a find-
ing not previously observed [41, 42]. Historically, child sex
bias has skewed clinical diagnoses for neurodevelopmental
disorders and intellectual delays towards boys, most notably
in autism spectrum disorder [79]. Research into the mecha-
nistic pathways of such neurodevelopmental sex differences
has found complex interactions between different behavioural
expression, biologic and environmental factors [80]. Further

assessment into possible interactions between male child sex
and paternal absence is necessary.

Our study has several strengths, including its large sample
size and longitudinal design. This large cohort assessed ART
regimen heterogeneity during pregnancy, including the con-
temporaneous DTG-based regimens, and is currently under-
going 6-monthly neurodevelopment assessments until children
reach 3 years which will allow for future longitudinal analy-
ses. We conducted the MDAT assessment, which was devel-
oped specifically for use in SSA, and relies on both direct child
observation and caregiver report. Limitations of the study
include the enrolment of infants at 6 weeks of age, which
may result in selection bias, as we excluded infants potentially
at greatest risk of neurodevelopmental delay (e.g. preterm
and/or hospitalised infants, or infants who did not return for
their standard 6-week visit). Additionally, 11% of our study
population were lost-to-follow-up by their 12-month visit; as
a result, mother-infant pairs who were disengaged in routine
postnatal care and who could be at elevated risk of poorer
outcomes were excluded. Loss-to-follow-up among CHEU in
Kenya remains high and is associated with poor child growth
and being orphaned, both risk factors for poor neurodevelop-
ment [81]. A small proportion (5%) of our 1-year-old CHEU
population had pending HIV test results at the time of anal-
ysis, posing a risk for misclassification of child HIV status.
We anticipate that <1% of these children would be misclas-
sified based on available data for the other 1-year-olds in the
cohort. Another limitation of our study is that we did not con-
firm the HIV-negative status of mothers of CHUU at 1 year
postpartum; however, we anticipate few women (∼1%) would
have seroconverted between 6 weeks and 12 months post-
partum. Our analysis assessed factors collected at baseline to
assess associations with 1-year neurodevelopment; longitudi-
nal analyses using repeated measures on caregiver exposures,
such as relationship factors or mental health, are needed to
improve the estimation of these associations. The cofactors
discussed in this paper were identified through exploratory
analyses and may have some degree of false discovery; con-
firmatory analyses are needed. Some mothers were missing
ART data, and analyses assessing ART exposures were only
conducted among those with ART data. Our study does not
capture mothers <18 years old, mothers not engaged in post-
natal care or prevention of vertical transmission programmes
and children whose mothers died prior to the child reaching
6 weeks of age. Differential misclassification and recall bias
could have influenced findings if mothers with psychological
distress and/or mothers living with HIV were more likely to
recall factors that influenced their wellbeing and child neu-
rodevelopment. Nurses conducting MDAT assessments were
unblinded to maternal HIV status, which could have intro-
duced bias, irrespective of the lack of difference between
CHEU and CHUU. The COVID-19 pandemic led to viral load
testing shortages in Kenya, limiting our ability to assess the
role of maternal viral load on CHEU neurodevelopment.

5 CONCLUS IONS

In this cohort of Kenyan CHEU and CHUU, biologic and
social factors were associated with 1-year neurodevelopment.
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CHEU and CHUU had similar neurodevelopmental scores
across all domains and may be due to the high frequency
of DTG use during pregnancy but warrants further investi-
gation. Among CHEU, in utero exposure to DTG-based reg-
imens was associated with higher gross motor scores, com-
pared to EFV-based regimens. Maternal marital status, father
absence, IPV and food insecurity were associated with poorer
neurodevelopmental scores. Rigorous longitudinal and mixed
methods research are needed to identify modifiable factors
among families impacted by HIV and caregiver relationship
conflict. It is critical to develop strategies to incorporate neu-
rodevelopmental screening programmes into health systems in
SSA with clear referral pathways that equip healthcare work-
ers and caregivers to identify early signs of delays, and to
design multi-factorial interventions that best support children
at the highest risk of suboptimal outcomes.
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Abstract
Introduction: Children who are HIV-exposed and uninfected (CHEU) are a growing population at potential risk of poor neu-
rocognitive development. We tested a nurturing care intervention on children’s neurocognitive development and maternal
depressive symptoms (primary) with mediation through caregiving activities (secondary).
Methods: This study was conducted among six intervention and nine comparison antenatal-care/prevention of vertical trans-
mission (ANC/PVT) HIV clinics in eSwatini. We enrolled pregnant women and measured infant development at 9 and 18
months. mothers2mothers (m2m) designed and implemented the clinic-home-community-based intervention. We measured
infants’ neurodevelopment, maternal depressive symptoms and caregiving activities with the Mullen Scales of Early Learning
(MSEL), Edinburgh Postnatal Depression Scale, HOME Inventory and Family Care Indicators. We fitted linear mixed effects
regression models with clinic random effects to compare intervention versus comparison arms, and generalised structural
equation models to evaluate mediation, adjusting for confounders.
Results: Mother-infant pairs (n = 429) participated between January 2016 through May 2018. Socio-demographic charac-
teristics were balanced between arms except for higher rates of peri-urban versus rural residence and single versus married
mothers in the comparison group. The 18 month retention was 82% (180/220) intervention, 79% (166/209) comparison arm,
with 25 infant deaths. Intervention MSEL scores were significantly, and modestly, higher in receptive language (55.7 [95% CI
54.6, 56.9] vs. 53.7 [95% CI 52.6, 54.8]), expressive language (42.5 [95% CI 41.6, 39.8] vs. 40.8 [95% CI 39.8, 41.7]) and
composite MSEL (85.4 [95% CI 83.7, 84.5] vs. 82.7 [95% CI 81.0, 84.5]), with no difference in maternal depressive symptoms
or in observations of mother-child interactions. Intervention book-sharing scores were higher (0.63 vs. 0.41) and mediated
the effect on MSEL scores (indirect effect, p-values ≤ 0.024). The direct effects on visual reception and expressive language
scores were significantly higher in the intervention compared to the comparison arm (coefficients 1.93 [95% CI 0.26, 3.60]
and 1.66 [95% CI 0.51, 2.79, respectively]).
Conclusions: Nurturing care interventions can be integrated into ANC/PVT clinic-home-community programmes. The inter-
vention, mediated through interactive caregiving activities, increased language development scores among CHEU. Partnering
with a local team, m2m, to design and implement a culturally relevant intervention illustrates the ability to impact parent-child
play and learning activities that are associated with children’s neurodevelopment.

Keywords: CHEU; child development; HIV prevention; intervention; mothers to mothers; nurturing care

Additional information may be found under the Supporting Information tab of this article.

Received 20 January 2023; Accepted 21 August 2023
Copyright © 2023 The Authors. Journal of the International AIDS Society published by John Wiley & Sons Ltd on behalf of International AIDS Society.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

39



Ruff A et al. Journal of the International AIDS Society 2023, 26(S4):e26158
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26158/full | https://doi.org/10.1002/jia2.26158

1 INTRODUCT ION

Paediatric HIV acquisitions have declined significantly, largely
due to the expansion of antenatal-care/prevention of verti-
cal transmission (ANC/PVT) programmes [1]. The population
of children who are HIV-exposed and uninfected (CHEU) has
increased substantially, with risks of morbidity and mortality,
preterm birth, growth faltering and potential effects on neu-
rodevelopment [2]. Several studies found no differences in
neurodevelopmental scores between uninfected children liv-
ing with and without HIV exposure [3–6], but others [7–9],
including two meta-analyses [10, 11], found lower neurode-
velopmental scores among CHEU, compared to children who
are HIV unexposed. Variability in samples and environmental
exposures associated with HIV, such as stress and depression,
limited coping strategies and economic resources, stigma, vio-
lence, and drugs and alcohol, may explain the variable results
[12].

Early neurodevelopment lays the foundation for academic
and economic capabilities [13]. Nurturing care [14] sup-
ports children’s development and promotes supportive care-
giving along the life-course from conception through child-
hood and into adulthood [15]. During infancy, caregiving activ-
ities, including book-sharing and story-telling, have been posi-
tively associated with neurodevelopment [16–18]. Early child
development (ECD) programmes have demonstrated signifi-
cant improvements in children’s neurodevelopment [19, 20],
including for children with HIV [21, 22]. Nurturing care inter-
ventions have been recommended for all children [14] and
may be effective among CHEU.

eSwatini’s introduction of life-long antiretroviral therapy
(ART) for pregnant women provided an opportunity to test
the effectiveness of a nurturing care intervention among
mothers with HIV and their exposed children within a national
PVT programme. We tested two hypotheses: that a nurturing
care-based intervention would improve children’s neurodevel-
opment and mothers’ mental health (primary) and that care-
giving activities would mediate the effects on neurodevelop-
ment (secondary).

2 METHODS

We implemented a design using six mothers2mothers (m2m)-
supported clinics (intervention) and nine clinics supported by
PEPFAR partners (comparison), matched on providing PVT
under the national AIDS programme, lifetime ART, comparable
number of women HIV positive, DNA PCR testing for children
and location within 2.5 hours of the capital, Mbabane. Exclu-
sion criteria were high rates of client mobility and implemen-
tation of nurturing care interventions (Figure 1).

2.1 Intervention

We collaborated with m2m, an African nonprofit organisation
supporting women, children and their families which is inte-
grated into eSwatini national programmes [23]. m2m designed
and implemented the intervention by translating nurturing
care principles into culturally appropriate activities (Table S1).
They hired women living with HIV as Mentor Mothers [24]

and trained them in maternal care and ECD, including sen-
sitivity to women living with HIV, using a home-based inter-
vention, and behaviour change strategies, a reference man-
ual, a flipbook with key messages, and culturally and age-
appropriate information for families.

The nurturing care intervention included home visits
(biweekly through infant age 12 months, monthly through 24
months), community parenting groups and individual coun-
selling during clinic visits. Mentor Mothers were trained
to maintain friendly, mutually respectful and positive rela-
tionships with participating mothers and families. They dis-
cussed growth stages, provided picture books and coached
caregivers on interactive play, story-telling, and book-sharing
and recorded contacts in family folders and visit checklists.
The intervention began prenatally and continued through the
infant age 2 years. Comparison clinics received usual care.

2.2 Sample size and study design

To estimate sample size, we used the age-normed standardi-
sation sample of the Mullen Scales of Early Learning (MSEL)
(mean 100, standard deviation 15), with a difference of 0.5
standard deviations (7.5 points). Participants were selected by
site (cluster). We used the clustersampsi procedure in Stata
version 12 [25], initially using six clusters per arm. Based on a
similar ECD study [26], we set the intra-cluster correlation at
0.04 and allowed for a coefficient of variation among cluster
participants of 0.31, resulting in an average of 27 participants
per cluster to achieve 80% power and 7.5 points between-
arm difference, with 0.05 Type 1 error. Repeating the esti-
mate with nine clusters per arm, an average cluster size of 15,
and a coefficient of variation of 0.29, yielded an intra-cluster
correlation up to 0.06 with 80% power to detect 7.5 points
between arms with 0.05 Type 1 error. We over-enrolled to
allow for 30% loss-to-follow-up.

2.3 Procedures

Participants were recruited from ANC clinics. Inclusion crite-
ria were third trimester of pregnancy, confirmed HIV positive,
intention to remain in the clinic catchment area for 18 months
and ability to consent. Mentor Mothers and nurses informed
clinic participants about the study; research staff verified eli-
gibility and obtained informed consent. Ethical approval was
granted by Institutional Review Board at the Johns Hopkins
Bloomberg School of Public Health and the Scientific and
Ethics Committee of the Ministry of Health in eSwatini; writ-
ten consent was obtained from all participants. Between Jan-
uary and August 2016, we enrolled pregnant women and fol-
lowed them through the child age 18 months. We collected
data using tablets with Magpi software.

The evaluation team included site coordinators who con-
ducted routine follow-up visits, and ECD assessors, who
were unaware of intervention status. At enrolment, site
coordinators collected demographic and contact information,
abstracted data from patient-held HIV and maternal health
cards and administered baseline assessments.

Two weeks after delivery and at child ages 3, 6, 9 and
18 months, site coordinators conducted clinic-based follow-up
interviews with mothers. At 12–15 months, site coordinators
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Figure 1. Consort diagram.

41



Ruff A et al. Journal of the International AIDS Society 2023, 26(S4):e26158
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26158/full | https://doi.org/10.1002/jia2.26158

conducted home-visit observations. At 9 and 18 months, ECD
assessors measured children’s neurodevelopment and growth,
and maternal depression and caregiving practices. To ensure
that ECD assessors were unaware of the study arm, children
and caregivers were transported to one of three centralised
assessment stations that served both intervention and com-
parison arms; ECD assessors had no other contact with par-
ticipants or children during the study.

2.4 Measures

We selected measures that captured children’s neurodevelop-
ment and represented contextual variables from the nurtur-
ing care framework that support neurodevelopment, includ-
ing maternal depression, caregiving behaviours and the home
environment. We prioritised measures that had been stan-
dardised and validated with mothers and young children glob-
ally, preferably in Africa.

Items from all measures were culturally adapted for eSwa-
tini, translated into siSwati and back-translated. We conducted
pilot testing on non-study mothers and children from well-
child visits, with modification to materials and procedures as
necessary to ensure cultural appropriateness while retaining
rigour.

2.4.1 Neurodevelopment

We evaluated neurodevelopment using the MSEL [27], an
individually administered assessment with excellent psycho-
metric properties, used with CHEU in Uganda and Malawi [4].
It measures fine motor, gross motor, visual reception, recep-
tive language and expressive language domains, and compos-
ite MSEL general cognitive ability. Raw scores were converted
to age-adjusted standard scores, based on published norms
(mean = 100, standard deviation [SD] = 15). Comparisons
between arms were interpreted from a population perspec-
tive, based on SD differences in the distribution. ECD asses-
sors were trained by a licensed child development profes-
sional, supplemented by MSEL observations conducted among
CHEU in a companion project in Zimbabwe. Inter-rater relia-
bility (Kappa) among 40 children scored by both ECD asses-
sors at each time point ranged from 0.980 to 0.996.

2.4.2 Growth

Site coordinators measured length (cm), weight (kg) and mid-
upper arm circumference (cm) in triplicate using a digital
scale and stadiometer. Measurements were converted into
WHO growth standards z-scores: weight-for-age, length-for-
age, weight-for-length and mid-upper-arm circumference-for-
age [28]. Underweight, wasting and stunting were defined as
< −2 weight-for-age, weight-for-length and length-for-age z-
scores, respectively.

2.4.3 HIV testing

Site coordinators assessed infant HIV testing abstracting data
from participant-held maternal health/ANC and HIV cards
and well childcare and child HIV cards, postnatal care and
child welfare registers at the clinics, and caregiver-report.
Over 90% of children had a DNA PCR test done within 60

days of age. Compliance at 9 months was: intervention 65%
(131/201) and comparison 57% (110/192). At 18 months,
overall compliance was 43% (167/386) with little difference
between study arms.

2.4.4 Maternal mental health

Maternal depressive symptoms were measured using the
Edinburgh Postnatal Depression Scale (EPDS) [29], a 10-
item measure of depressive symptoms, validated in South
Africa [30]. The 4-point response choices (0–3) were summed,
with scores of 0–30. High scores indicate increased symptom
severity. We defined scores ≥13 as depression based on find-
ings of 76.0% sensitivity, 81.8% specificity and 57.6% positive
predictive value among South African women [31].

2.4.5 Household characteristics and caregiving
practices

Household information was obtained during the baseline
interview. The Family Care Indicator scale (FCI) [32, 33]
was used to measure maternal caregiving activities: in the
last 3 days, an adult engaged in six caregiving activities
(reading/looking/sharing picture books, telling stories, singing
songs, taking child out from house, playing with toys and nam-
ing/counting/drawing). Scores were yes (1) or no (0).

The Infant-Toddler version of the Home Observation for
the Measurement of the Environment (HOME) inventory was
used to assess mother-child interactions [34]. After pilot test-
ing, we retained 16 Yes/No items. During the 12- to 15-
month home visit, site coordinators spent 40 minutes observ-
ing mother-child interactions. Scores were summed; high
scores indicated more responsive mother-child interactions.
Inter-rater reliability (Kappa) exceeded 0.90.

2.4.6 Contamination assessment

Participants were asked about their contact with m2m and
exposure to ECD information.

2.5 Statistical analyses

We fitted linear mixed models for neurodevelopment scores
at 9 and 18 months separately and across both time points,
with random effects for clinic and child-within-clinic, and we
evaluated time by arm interactions. We evaluated potential
confounding of demographic variables on composite MSEL by
fitting separate regressions, including study arm and potential
confounders. We defined confounders as changing the mean
study arm effects by >10% and changing the inference (confi-
dence interval and p-value).

We conducted a contamination sensitivity analysis by
excluding comparison arm mothers who reported m2m/ECD
contact and re-running the linear mixed models for composite
MSEL.

For maternal depression, we present the numbers and per-
centages of mothers with EPDS scores ≥13 at baseline (enrol-
ment), 9 and 18 months. We used log-binomial generalised
estimating equations to test whether changes in depression
prevalence differed by study arm over time, and linear mixed
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models to evaluate whether baseline maternal depression was
associated with composite MSEL.

To analyse the quality of mother-child interactions, we
report the median (interquartile range) of HOME Inventory
items observed. To analyse the FCIs, we report percent-
ages (95% confidence intervals) of mother-endorsed caregiv-
ing activities (0–6).

We fitted a generalised structural equation model (GSEM)
in STATA to evaluate mediation by caregiving activities on
the relation between study arm and 18-month MSEL scores,
adjusting for marital status and setting (rural vs. peri-urban).
For parameter estimation, we used STATA’s default mean-
variance adaptive Gauss-Hermite quadrature estimation and
1001 iterations. The GSEM model included two paths, (1)
an indirect path of a generalised linear model (glm) with a
logit link for associating caregiving activity and study arm
(binary outcome and mediator), and a Gaussian model within
an identity link for MSEL score regressed on caregiving activ-
ity and (2) a direct path linking MSEL score regressed on
study arm. Robust variance estimation accounted for site clus-
tering. Total, direct and indirect coefficients were extracted
using STATA’s nlcom (non-linear combinations of estimators).

3 RESULTS

We enrolled 431 pregnant women (221 intervention and
210 comparison) (Figure 1) with 429 children born alive
(220 intervention and 209 comparison). Retention at the 18-
month evaluation was 82% (180/220) intervention and 79%
(166/209) comparison. Two participating mothers died, one
per arm and 26 children died (16 intervention, 10 compar-
ison). Two children (0.5%) had positive HIV tests, one per
arm, and were retained. Most mothers accompanied their chil-
dren to the assessments (9 months, 95.9% and 18 months,
87.5%). Attempts were made to contact non-attending moth-
ers by telephone to complete the assessments. Retention in
well childcare did not differ by arm: 161/220 (73.2%) inter-
vention and 140/209 (67%) comparison.

Arms were balanced across number of children, maternal
education, employment, timing of maternal ART treatment
(54.5% prior to pregnancy), socio-economic status and utili-
ties, including water, electricity and toilet facilities (Table 1).
The comparison group was more likely to reside in peri-
urban areas and less likely to own farmland and to be mar-
ried. Most mothers had attended high school and were unem-
ployed (∼70%).

3.1 Neurodevelopment

Mean intervention arm scores were higher than comparison
arm scores at 9 months in receptive language (55.7 [54.6,
56.8] vs. 53.7 [52.6, 54.8], p-value 0.02); and at 18 months
in expressive language (42.5 [41.6, 43.5] vs. 40.8 [39.8, 41.7],
p = 0.01) and composite MSEL (85.4 [83.7, 87.2] vs. 82.7
[81.0, 84.4] p = 0.03) (Table 2).

For each domain, except gross motor, there was a signifi-
cant decline in standard scores from 9 to 18 months (Table
S2). Mean declines ranged from 9.4 points in fine motor to
25.1 points in expressive language (p-values < 0.001), and
31 points in composite MSEL. Across all domains, the time-
by-arm interaction terms were statistically non-significant. No

socio-demographic characteristics significantly confounded
the association between study arm and MSEL outcomes
(Table S4).

3.2 Maternal depression

Comparison arm mothers had a higher prevalence of depres-
sion at baseline (83/181 [45.9%] vs. 66/193 [34.2%] p <

0.021) (see Table 1); reduced to 16.3% and 13.5% at 9
months, and 13.0% and 18.6% at 18 months, respectively.
Random effects regression confirmed significant reduction in
the comparison arm (prevalence ratio [PR] 0.35 [0.24, 0.49])
at 9 months, with no difference between study arms (time-by-
arm interaction PR 1.14 [95% CI 0.68, 1.89]). At 18 months,
the comparison arm reduction was significant (0.28 [0.18,
0.42]) and the intervention arm reduction attenuated, com-
pared to the comparison arm (time-by-arm interaction PR
1.86 [1.06, 3.27]). Maternal baseline depression was not sig-
nificantly associated with composite MSEL score across 9 and
18 months (mean effect 0.77 [−1.02, 2.55]).

3.3 Growth

The prevalence of stunting (Table S3) increased significantly to
over 35% from 9 to 18 months across arms. There were no
intervention effects on growth.

3.4 Caregiving activities

Median HOME Inventory scores were relatively high with no
significant differences between the intervention and compari-
son arms (15 [13, 16], 16 [14, 16], respectively) and no asso-
ciations with the composite MSEL score.

Among the six caregiving activities in the FCIs (Table 3),
intervention-arm mothers were more likely to report book-
sharing, story-telling and possessing children’s books than
comparison-arm mothers.

3.5 Caregiving activities and mediation analysis

Mediation GSEM models were comprised of hypothesised
direct effects: study arm→MSEL scores plus indirect effect:
study arm→book-sharing→MSEL scores. The indirect paths
(mediation) were associated with increased scores across all
MSEL domains (Table 4), p-values ≤ 0.024. These indirect
effects made up at least 45% of the total (direct + indirect)
effects (Table S5).

3.6 Intervention contamination sensitivity
analysis

Twenty-four comparison arm mothers reported m2m/ECD
contact. Excluding these mothers in a sensitivity analysis did
not change the results (composite 18-month MSEL scores:
85.5 [83.9, 87.2 vs. 82.5 [80.7, 84.3], p = 0.015).

4 D ISCUSS ION

This evaluation of a nurturing care intervention integrated
into public antenatal clinics by Mentor Mothers and directed
towards mothers of CHEU had three major findings. First,
the intervention had significant effects on children’s receptive
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Table 1. Baseline characteristics of households, mothers and

children with Mullen Scales of Early Learning (MSEL) assess-

ments at 9 or 18 months

Comparison

n (%)

Intervention

n (%)

n = 181 n = 193 p-value*

Sex

Female 86 (47.5) 95 (49.2) 0.83

Male 95 (52.5) 98 (50.8)

Number of other children

0 33 (18.2) 29 (15.0) 0.86

1 57 (31.5) 60 (31.1)

2 50 (27.6) 58 (30.1)

3+ 40 (22.1) 41 (21.2)

Missing 1 (0.6) 5 (2.6)

Mother’s education

Never attended 16 (8.80 21 (10.9) 0.14

Grades 1–2 4 (2.2) 1 (0.5)

Standard 1–5 46 (25.4) 57 (29.5)

Form 1–4 74 (40.9) 80 (40.5)

Form 5 30 (16.6) 23 (11.9)

University 8 (4.4) 2 (1.0)

Missing 3 (1.7) 9 (4.7)

Marital status

Currently married 82 (45.3) 100 (51.8) <0.001

Never married 49 (27.1) 64 (33.2)

Othera 49 (27.1) 18 (9.3)

Missing 1 (0.6) 11 (5.7)

Employment status

Unemployed 122 (67.4) 135 (70) 0.4

Employed 58 (32) 53 (27.5)

Missing 1 (0.6) 5 (2.6)

Timing of ART initiation 0.44

Before pregnancy 94 (51.9) 110 (57.3)

During pregnancy 81 (44.8) 74 (38.5)

After pregnancy 2 (1.1) 5 (2.6)

Missing 4 (2.2) 4 (1.6)

*SES quartile

Most poor 42 (23.2) 54 (28) 0.25

2 40 (22.1) 52 (26.9)

3 65 (35.9) 53 (27.5)

Least poor 31 (17.1) 29 (15)

Missing 3 (1.7) 5 (2.6)

Type of residence

Rural 94 (51.9) 147 (71.2) <0.001

Peri-urban 86 (47.5) 41 (21.2)

Missing 1 (0.6) 5 (2.6)

Electricity in household

No 74 (40.9) 96 (49.7) 0.069

Yes 104 (57.5) 92 (47.7)

Missing 3 (1.7) 5 (2.6)

(Continued)

Table 1. (Continued)

Comparison

n (%)

Intervention

n (%)

n = 181 n = 193 p-value*

Clean/running water in household

No 85 (47) 104 (53.9) 0.133

Yes 94 (51.9) 84 (43.5)

Missing 2 (1.1) 5 (2.6)

Toilet type

Pit latrine/none 166 (91.7) 183 (94.8) 0.082

Flush/pour 12 (6.6) 5 (2.6)

Missing 3 (1.7) 5 (2.6)

Maternal depression status at baseline

EPDS<13 98 (54.1) 127 (65.8) 0.021

EPDS≥13 83 (45.9) 66 (34.2)

aIndicates divorced or cohabiting.
*SES scores: principal components analysis was used to develop a
composite score of socio-economic status based on reported house-
hold assets. Abbreviations: ART, antiretroviral therapy; EPDS, Edin-
burgh Postnatal Depression Scale; SES, socio-economic status.

language at 9 months and expressive language and compos-
ite MSEL scores at 18 months. Second, maternal depressive
symptoms in both arms declined over the 18-month study,
with no significant intervention impact. Third, interactive care-
giving activities, specifically book-sharing, mediated the effects
of the intervention on children’s neurodevelopment.

Effects on children’s language scores were significant, albeit
modest. The entire distribution shifted with fewer children
displaying language skills at the lower end of the distribution
and more children at the upper end. This pattern is consis-
tent with a meta-analysis finding that parent-implemented lan-
guage interventions significantly improve both expressive and
receptive language [35]. During infancy and toddlerhood, lan-
guage skills are developing rapidly and sensitive to interven-
tion [36]. Disparities in language development at 18 months
widen over time and can impact negatively on children’s
behaviour and academic performance [37]. Thus, strategies
to promote early language development can have long-lasting
benefits.

The language finding is encouraging evidence for future
interventions based on nurturing care. The concept of nurtur-
ing care is based on evidence that children need nurturant
and responsive relationships in a stable family environment,
supported by communities and health and educational ser-
vices [18]. Activities selected to promote nurturing care may
vary to reflect cultural contexts and families’ strengths and
challenges. Improvements in the intervention arm may reflect
the sensitivity and training of the Mentor Mothers and appro-
priate cultural adaptions [38].

The relative decline in standard neurodevelopmental scores
indicates a slower gain in skills between 9 and 18 months
than expected. However, this finding is not uncommon in low-
resource settings [39]. Expectations for children’s develop-
ment increase with age and may reflect cultural variations.
Slower gains in play and learning as children age are often
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Table 2. Estimated mean difference in Mullen Scales of Early Learning (MSEL) T-scores (95% CIs and p-values) from the mixed

model adjusting for site clustering at 9 and 18 months

Mean

differences

95% CI

lower limit

95% CI

upper limit p-value

Visual reception 9 Months −0.04 −2.07 1.99 0.97

18 Months 1.85 −0.10 3.79 0.06

Fine motor 9 Months −0.12 −2.07 1.84 0.91

18 Months 1.32 −1.06 3.70 0.28

Receptive language 9 Months 1.99 0.39 3.58 0.02

18 Months 0.99 −0.59 2.56 0.22

Expressive language 9 Months 1.48 −0.18 3.14 0.08

18 Months 1.78 0.44 3.11 0.01

Gross motor 9 Months 0.19 −1.74 2.12 0.81

18 Months 0.08 −1.79 1.95 0.78

Composite MSEL 9 Months 1.76 −1.26 4.78 0.25

18 Months 2.71 0.29 5.14 0.03

Abbreviations: CI, confidence interval; MSEL, Mullen Scales of Early Learning.

Table 3. Family Care Indicators

Comparison Intervention

n Proportion n Proportion

Chi-squared test

p-value

Shared books 164 0.41 180 0.63 <0.001

Told stories 164 0.54 180 0.66 0.03

Sang songs 164 0.91 180 0.93 0.65

Took the child out 164 0.66 180 0.58 0.1

Played with child 164 0.96 180 0.99 0.02

Named, counted with child 164 0.57 180 0.59 0.68

Note: Proportion of caregivers reporting activities with child, in the past 3 days, at 18 months.

reflected in a relative decline in children’s standardised, age-
adjusted scores [40]. Interventions should be consistent with
cultural variations while ensuring that children, regardless
of HIV exposure, have access to opportunities that advance
interactive play and learning.

Baseline maternal depressive symptoms were high among
both arms, consistent with findings among other groups of
pregnant women in Mentor Mother programmes in eSwa-
tini [41]. Approximately half the sample (54.5%) initiated ART
prior to pregnancy, suggesting that the remaining may have
been newly diagnosed with HIV. In addition to concerns about
their own HIV status, women may have been apprehensive
about initiating ART and the health of their unborn infants
[42]. Without data on the timing of the HIV diagnosis and
possible co-morbidities, the elevated prevalence of baseline
depressive symptoms in the intervention group may suggest
other unmeasured confounders. There was no association
between baseline maternal depressive symptoms and MSEL
scores at 9 or 18 months. Depressive symptoms in both
arms declined over the 18-month study, as expected [43], and
may reflect women’s adaptation to their infant’s negative HIV
status and their ability to parent their child. This finding is

supported by relatively high scores in observed mother-child
interactions across both arms at 12–15 months. Strategies to
mitigate maternal depressive symptoms through community
health workers in low-resource settings have been effective
[44]; additional research is necessary to scale interventions to
address HIV-associated maternal depression.

Children’s growth did not differ across arms. At 18 months,
the prevalence of stunting increased to approximately 35%.
This finding matches a recent UNICEF report of 35% stunt-
ing prevalence among children aged 18–23 months in eSwa-
tini, regardless of HIV exposure, potentially linked to a severe
2015/16 drought that increased food insecurity [37]. Our
intervention provided nutrition guidance and did not address
the factors leading to the increase in stunting across both
groups.

The finding that interactive caregiving activities, specifically
book-sharing, mediated the effects of the intervention on chil-
dren’s neurodevelopment provides suggestive evidence on the
mechanisms underlying the intervention. Language skills are
influenced by children’s context, including verbal exchanges,
[36] suggesting that caregiver-child interactions and
children’s language skills responded to the intervention.
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Table 4. Mediating effect of book reading on relation between study arm and Mullen Scales of Early Learning (MSEL) scores,

using generalised structural equation model

Visual reception Coefficient p-value

95% CI

(lower limit)

95% CI

(upper limit)

Direct effect 1.928 0.024 0.257 3.599

Indirect effect 2.499 0.001 1.044 3.955

Total effect 4.427 0.001 1.804 7.050

Fine motor

Direct effect 0.128 0.903 −1.917 2.172

Indirect effect 3.242 0.001 1.331 5.153

Total effect 3.370 0.016 0.629 6.110

Receptive language

Direct effect 0.397 0.621 −1.176 1.970

Indirect effect 2.758 0.002 1.009 4.506

Total effect 3.155 0.008 0.830 5.480

Expressive language

Direct effect 1.655 0.004 0.513 2.796

Indirect effect 1.408 0.024 0.187 2.629

Total effect 3.063 <0.001 1.642 4.484

MSEL composite

Direct effect 1.919 0.092 −0.313 4.151

Indirect effect 4.583 <0.001 2.286 6.881

Total effect 6.502 <0.001 3.172 9.833

Abbreviations: CI, confidence interval; MSEL, Mullen Scales of Early Learning.

Global studies, including southern Africa, have shown that
early caregiving interactions, including book-sharing, have
beneficial effects on children’s language and emerging lit-
eracy [16–18]. These findings suggest that conversational
turn-taking in interactive play drives advances in expres-
sive language and visual reception, working through neural
pathways central to language and learning [45]. The m2m
intervention incorporated verbal interactions into daily activ-
ities, including feeding and bathing. Our findings suggest
that book-sharing and story-telling increased in the inter-
vention group and may be adaptable strategies that increase
interactive caregiving interactions.

The findings should be interpreted recognizing several lim-
itations. The clinics were not randomised to study arms.
Intervention and comparison clinics were matched on mul-
tiple characteristics, analyses adjusted for identified socio-
demographic differences in location and marital status, and
baseline maternal depressive symptoms were unlinked to chil-
dren’s neurodevelopmental scores. However, there may have
been unmeasured confounding. Limited testing of children at
older ages could have led to misclassification of their HIV sta-
tus, though this should not have differed by arm and would
be less likely with mothers receiving ART. Although the MSEL
have been used among CHEU in other African countries, they
were not standardised for eSwatini [4, 21]. In addition, we
do not have an unexposed group of children for compari-
son. Finally, findings related to caregiving activities, includ-
ing book-sharing, were based on caregiver-report and may
have reflected respondent bias. Future studies should observe
caregiving activities over time.

5 CONCLUS IONS

While the implementation of effective PVT strategies has
decreased the number of infants living with HIV, the number
of CHEU will continue to increase. The need to optimise the
health of CHEU is urgent in countries such as eSwatini with
large numbers of women living with HIV. CHEU are poten-
tially at risk for poor neurodevelopment due to both pre-
natal exposure to HIV, and conditions associated with HIV-
exposed households [12]. CHEU may benefit from compre-
hensive interventions that address stable maternal function-
ing, promoting children’s health and nutrition, and provid-
ing opportunities to learn and participate in responsive, emo-
tionally supportive and developmentally enriching interactive
caregiving activities [18, 46, 47]. The significant, albeit mod-
est, differences in book-sharing and story-telling suggest that
mothers incorporated book-sharing into parent-child play and
learning activities associated with advances in children’s neu-
rodevelopment. Future randomised studies with focused inter-
ventions and longitudinal designs examining the impact of
interventions on CHEU neurodevelopment are needed [48].

The m2m partnership is consistent with principles of imple-
mentation science where collaboration with a local team to
design and implement and intervention promotes cultural sen-
sitivity and ensures impact, and sustainability [49]. Investing in
young children’s development has benefits to CHEU and the
larger society [18]. This study showed that an intervention
based on nurturing care and integrated into PVT clinics, com-
munities and homes in a resource-limited country improved
neurodevelopmental scores among CHEU. Our findings
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support recommendations from WHO and UNICEF that
children worldwide, particularly in adverse conditions, receive
interventions based on nurturing care [14]. Since our study
was conducted, the number of CHEU needing nurturing care
in eSwatini remains high. The Ministry of Health recognises
the need to strengthen support programmes for CHEU. The
country is a signatory to the Global Health Alliance and
implementing a nurturing care framework for CHEU is a
priority. Improving children’s neurodevelopment can reduce
disparities by building strong foundations for academic and
economic capabilities.
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Abstract
Introduction: Studies have reported a higher risk of suboptimal neurodevelopment among children who are HIV-exposed
uninfected (HEU) compared to children HIV-unexposed uninfected (HUU). Actual academic performance among school-aged
children by HIV exposure status has not been studied.
Methods: Academic performance in Mathematics, Science, English, Setswana and overall among children enrolled in the
Botswana-based FLOURISH study who were attending public primary school and ranging in age from 7.1 to 14.6 years
were compared by HIV exposure status using a Cochran-Mantel-Haenszel test. Lower academic performance was defined
as a grade of “C” or lower (≤60%). Unadjusted and adjusted logistic regression models were fit to assess for an association
between HIV exposure and lower academic performance.
Results: Between April 2021 and December 2022, 398 children attending public primary school enrolled in the FLOURSH
study, 307 (77%) were HEU. Median age was 9.4 years (IQR 8.9–10.2). Only 17.9% of children HEU were breastfeed versus
100% of children HUU. Among children HEU, 80.3% had foetal exposure to three-drug antiretroviral treatment, 18.7% to
zidovudine only and 1.0% had no antiretroviral exposure. Caregivers of children HEU were older compared to caregivers of
children HUU (median 42 vs. 36 years) and more likely to have no or primary education only (15.0% vs. 1.1%). In unadjusted
analyses, children HEU were more likely to have lower overall academic performance compared to their children HUU (odds
ratio [OR]: 1.96 [95% confidence interval (CI): 1.16, 3.30]), and lower performance in Mathematics, Science and English. The
association was attenuated after adjustment for maternal education, caregiver income, breastfeeding, low birth weight and
child sex (aOR: 1.86 [95% CI: 0.78, 4.43]).
Conclusions: In this Botswana-based cohort, primary school academic performance was lower among children HEU compared
to children HUU. Biological and socio-demographic factors, including child sex, appear to contribute to this difference. Further
research is needed to identify modifiable contributors, develop screening tools to identify the risk of poor academic perfor-
mance and design interventions to mitigate risk.
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1 INTRODUCT ION

As the HIV epidemic has matured globally, successful scale-
up and access to three-drug antiretroviral treatment (ART)
among pregnant and breastfeeding persons living with HIV
(PLHIV) has dramatically reduced the rate of infant HIV acqui-
sition, from 24% of births in 2010 to 12% in 2021 globally,
with high burden settings achieving rates of under 4%, includ-
ing Botswana, Eswatini and South Africa [1]. Despite laudable
gains towards eliminating infant HIV acquisition, the number
of infants born to PLHIV has not changed substantially in

the last decade, with over one million infants born annually
with perinatal HIV exposure [1]. UNAIDS estimates the pop-
ulation of children under 15 years-of-age born HIV-exposed
uninfected to be 16 million in 2022, while the population of
similarly aged children living with HIV was estimated at 1.5
million [1].

Starting life HIV-free has not ensured that children with
perinatal HIV exposure who remain uninfected achieve com-
parable health, growth or neurodevelopment outcomes com-
pared to children born in the absence of perinatal HIV expo-
sure. While findings are inconsistent, many studies report
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a higher risk of infectious morbidity and mortality, poorer
growth outcomes and developmental delays among children
HIV-exposed uninfected (HEU) compared to children HIV-
unexposed uninfected (HUU) [2–13]. The aetiology of this
higher risk among children HEU is multifactorial, encompass-
ing both biological and social determinants of health, includ-
ing altered immunity early in life [14–18], a proinflammatory
state in infancy [19–21], higher risk of preterm birth [22, 23],
suboptimal duration of breastfeeding [3, 24], poor maternal
health [25] and household food insecurity [26].

Biological and socio-demographic factors have been asso-
ciated with neurodevelopmental delays in children, regard-
less of their HIV exposure status [27–33]. However published
research from high HIV burden settings employing a vari-
ety of neurodevelopmental assessment tools has reported a
higher risk of poorer neurodevelopmental outcomes, includ-
ing poorer neurocognitive functioning [11, 34], gross motor
delays [34, 35] and lagging language skills [34, 35] among chil-
dren HEU compared to children HUU. The collective body
of published work on neurodevelopmental outcomes of chil-
dren HEU has relied on neurodiagnostic testing to assess for
differences between children HEU and those who are HUU.
While testing results offer important data, actual academic
performance has been closely linked to a person’s physical and
mental health and their ability to contribute productively to
society [36]. However, actual academic performance has not
specifically been evaluated in children who are HEU compared
to those who are HUU.

Using data from a prospective birth cohort study in
Botswana, the FLOURISH (Following Longitudinal Outcomes
to Understand, Report, Intervene and Sustain Health Out-
comes for Infants, Children, and Adolescents who are HIV-
Exposed Uninfected) study, we sought to evaluate differences
in actual academic performance by child HIV exposure status
in a subset of children attending public primary school where
curriculum is standardised nationally, as are testing, and grad-
ing.

2 METHODS

2.1 Study population, design and ethical
considerations

The FLOURISH study is an ongoing prospective observa-
tional Botswana-based study being conducted by Botswana
Harvard Health Partnership (BHP). Children HEU and those
HUU are being recruited after previous participation in a BHP
birth cohort study, including the Mma Bana [37], Mpepu [38]
and Tshipidi [39] studies, all of which have been previously
described. The Mma Bana study enrolled treatment naïve
pregnant PLHIV with CD4 cell counts ≥200 cells/mm3, ran-
domizing participants to one of two ART regimens between
26- and 34-weeks gestation, as well as pregnant PLHIV with
CD4 cell counts <200 cells/mm3 who were between 18- and
34-weeks gestation and already receiving the first-line ART
regimen per Botswana national treatment guidelines [37]. The
Mpepu study, investigating any potential survival benefit with
long-term use of cotrimoxazole for infants HEU, allowed for
study enrolment in pregnancy or as late as the infant’s 34th
day of life, as infants were not randomised to cotrimoxazole

or placebo until between 30 and 34 days of life under the
original study protocol [38]. The Tshipidi study enrolled both
PLHIV and those who were seronegative during pregnancy or
within 7 days of the infant’s birth [39].

Since the curriculum in Botswana public schools is stan-
dardised by the Department of Curriculum Development
within Botswana’s Ministry of Education and Skills Develop-
ment, and examinations are standardised by the Botswana
Examinations Council, as are grading criteria, the academic
performance of children attending public schools was anal-
ysed overall and in the subjects of Mathematics, Science,
English and Setswana, the native language of Botswana. Chil-
dren who attended private schools were excluded from the
analysis, as private schools in Botswana are not required
to abide by requirements established by Botswana’s Depart-
ment of Curriculum Development or the Botswana Exami-
nations Council. Additionally, children participating in special
education were excluded. If a mother enrolled in a prior BHP
study was HIV uninfected during the previous study but sub-
sequently acquired HIV prior to enrolment in the FLOUR-
ISH study, the child was excluded from the academic per-
formance analysis. While the FLOURISH study recruits chil-
dren and adolescents of all ages from prior BHP studies,
fewer prior BHP studies involved enrolment of children HUU.
Therefore, in order to have an appropriately sized compara-
tor group, only grade levels where at least 15% of FLOURISH
participants were children HUU were included in the analy-
sis, restricting the analysis to participants attending primary
education grades designated as standard 3 through 6, where
annual progression would be expected to have children 7
years-of-age through 12 years-of-age in these grades, depend-
ing on a child’s date of birth at the start of a school year. All
adult participants provided written informed consent, on their
own behalf and that of their child’s, for study participation.
For children ≥7 years of age, assent is also obtained from
the child. The FLOURISH study protocol was approved by the
Botswana Health Research and Development Committee, as
was well Mass General Brigham Institution Review Board.

2.2 Confirmation of HIV status

All biological mothers not known to be living with HIV at the
completion of the prior BHP study in which they participated,
and all children participating in the FLOURISH study undergo
HIV testing and counselling upon enrolment into the FLOUR-
ISH study to confirm HIV status as a condition of study enrol-
ment. Only pairs where the child has a negative HIV test are
eligible for continued participation in the FLOURISH study.

2.3 Historical maternal-child database

A harmonised maternal-child database exists, housing common
data elements for key historical BHP maternal-child research
studies, including the studies from which the FLOURISH
study is recruiting. Maternal data elements include but are
not limited to HIV status, date of enrolment, timing of
enrolment, either in pregnancy or within 34 days of giv-
ing birth, age at enrolment, obstetric history and socio-
demographic information at time of enrolment. For women
living with HIV at the time of the prior BHP study, if
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originally collected, the database includes CD4 cell count and
HIV-1 viral load at time of enrolment, either during preg-
nancy or within 34 days of giving birth, timing of ART ini-
tiation, either prior to conception or during pregnancy, date
of ART initiation (if known) and ART taken in pregnancy as
none, zidovudine (AZT) only or a three-drug ART regimen.
Harmonised child data, if originally collected, includes gesta-
tional age at birth, sex, and infant feeding mode (breast vs.
formula). Children who participated in the Mma Bana, Mpepu
and Tshipidi studies are now of school age and the historically
collected maternal-child data has been used in this analysis of
academic performance.

2.4 Primary outcome—academic performance

At enrolment, grades from the child’s latest school report card
are abstracted, including subject grades and the child’s over-
all grade. Academic performance was assessed for grades in
Mathematics, Science, English, Setswana and the overall grade.
Lower academic performance was defined as a grade of C or
lower (≤60%). Academic performance was analysed for eli-
gible children enrolled in the FLOURISH study between 30
April 2021 and 31 December 2022.

2.5 Exposures of interest

The primary exposure of interest was foetal HIV exposure.
Other potential exposures associated with childhood neurode-
velopment with implications for school performance evalu-
ated as potential predictors of academic performance included
child preterm birth (<37 weeks completed gestational age),
child sex and ever being breastfed (variables abstracted from
the maternal-child database); and maternal education level,
maternal positive screen for depression or anxiety (using the
Patient Health Questionnaire [PHQ9] and General Anxiety
Disorder-7 [GAD7] screening tools) and proxies for household
poverty, including caregiver reported income, absence of elec-
tricity in the home and report of household food insecurity in
the last 12 months (collected in the FLOURISH study), with
the latter two assumed, a priori, to be associated with aca-
demic performance, as well [32, 40–42].

2.6 Statistical analysis

Baseline caregiver and child characteristics were compared by
child HIV exposure status using Wilcoxon Rank Sum tests for
continuous variables and Chi-squared or Fisher’s exact tests
for categorical or ordinal variables. School grades, by sub-
ject and overall, were dichotomised with grades of A or B
categorised as higher academic performance and grades of
C or lower categorised as lower academic performance. A
Cochran-Mantel-Haenszel test was used to compare academic
performance by HIV exposure status, by subject and overall.
Unadjusted and adjusted logistic regression models were fit
to assess the association between HIV exposure status and
lower overall academic performance. Covariates in unadjusted
models with a p-value of ≤0.20 were included in the adjusted
model. Logistic regression models were also fit to assess asso-
ciations between maternal HIV disease status and treatment
with overall academic performance in the subset of children

HEU. Analyses were performed with SAS, version 9.4 (SAS
Institute, Inc).

3 RESULTS

Between 30 April 2021 and 31 December 2022, 413 chil-
dren ranging in age from 7.1 to 14.6 years were enrolled in
the FLOURISH study and were attending standard 3 through
standard 6 primary education. Eight children were attending
private school, including five (1.2%) who were HEU and three
(3.0%) who were HUU, and these eight were excluded from
the analysis of public school academic achievement. Another
four children were enrolled in the FLOURISH study with a
mother who was HIV uninfected at the time of participation
in the original BHP study, but since the biological mother had
subsequently acquired HIV prior to enrolment in the FLOUR-
ISH study, these children were excluded from the academic
achievement analysis. Finally, three children, including two
HEU, were participating in special education curriculum. The
analysis of academic performance among FLOURISH study
participants attending standard 3 through standard 6 includes
398 children, of whom 373 (94.7%) were of appropriate age
for grade level, while the remainder 25 (6.3%) were older
than what would be expected for grade level, including 20
(6.5%) children who were HEU and five (5.5%) who were
HUU.

The characteristics of caregivers and children are presented
in Table 1. Caregivers of children HEU were older on average
compared to caregivers of children HUU (median age 41.9 vs.
36.0 years), with 97% of all caregivers, regardless of a child’s
HIV exposure status, being the biological mother of the child.
Caregivers of children HEU more often had no formal educa-
tion or had a primary school education only and less often had
completed tertiary education than caregivers of children HUU.
A higher proportion of caregivers of children HEU were mar-
ried or cohabiting compared to caregivers of children HUU.
Few children HEU had ever breastfed, while 100% of children
HUU had been breastfed. Children HEU were also younger
than children HUU (median 9.3 years-of-age vs. 9.9).

Children HEU had higher odds of lower academic perfor-
mance in Science (2.23 [95% confidence interval (CI) 1.31,
3.80]), Mathematics (1.73 [95% CI 1.03, 2.93]), English (1.83
[95% CI 1.09, 3.08]) and overall (1.96 [95% CI 1.16, 3.30])
compared to children HUU. For Setswana, academic perfor-
mance did not differ significantly by HIV exposure status
(1.25 [95% CI 0.75, 2.10]).

In unadjusted analysis, child HIV exposure status was sig-
nificantly associated with an increased risk of lower overall
academic performance, as was an absence of maternal for-
mal education or highest level as primary school compared
to secondary or tertiary education, and male sex of the child
(Table 2). The presence of caregiver depression or anxiety
and the three proxy markers of poverty, including house-
hold income, absence of household electricity or food inse-
curity in the last year, were not significantly associated with
a higher risk of lower overall academic performance. After
adjustment for low maternal education, caregiver income, sex
at birth, low birth weight and breastfeeding status, the associ-
ation between HIV exposure and academic performance was
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Table 1. Caregiver and child characteristics by child HIV exposure status

Maternal characteristics

Caregivers of children HEU

(n = 307)

Caregivers of children HUU

(n = 91) p-value

Median caregiver age at enrolment (IQR) 41.9 (37.0–45.7) 36.0 (32.8–41.5) <0.0001

Highest maternal education level <0.0001

No or primary school 46 (15.0%) 1 (1.1%)

Junior or senior secondary school 232 (75.6%) 63 (70.0%)

Tertiary school 29 (9.4%) 29 (28.9%)

Marital status # (%) 0.05

Single 168 (54.7%) 61 (68.5%)

Married/co-habiting 125 (40.7%) 28 (31.5%)

Divorced 5 (1.7%) 0 (NA)

Widowed 9 (2.9%) 0 (NA)

Maternal monthly income 0.002

None 91 (30.5%) 25 (28.1%)

$1–$50 33 (11.1%) 10 (11.2%)

$51–$100 51 (17.1%) 9 (10.1%)

$101–$500 110 (36.9%) 30 (33.7%)

>$500 14 (4.4%) 16 (16.9%)

Electricity in home # (%) 269 (87.6%) 81 (89.0%) 0.86

Household food insecurity reported in the last 12

months prior to enrolment # (%)

100 (33.1%) 22 (24.4%) 0.15

Biological mother as caregiver # (%) 297 (96.7%) 90 (98.9%) 0.47

Original BHP study <0.0001

Mma Bana 5 (1.6%) 0 (NA)

Mpepu 241 (78.5%) 0 (NA)

Tshipidi 61 (19.9%) 91 (100%)

Community <0.0001

Gaborone (city) 182 (59.3%) 48 (52.8%)

Lobatse (town) 26 (8.5%) 0 (NA)

Mochudi (village) 27 (8.8%) 43 (47.2%)

Molepolole (village) 72 (23.5%) 0 (NA)

ARV treatment/prophylaxis in pregnancy # (%) NA

None 3 (1.0%) NA

Zidovudine only 56 (18.7%) NA

Three-drug antiretroviral treatment regimen 240 (80.3%) NA

Median CD4+ cell count at enrolment in original study 475 (353–626) NA NA

Virally suppressed at enrolment in original study # (%) 94 (40.9%) NA NA

Median viral load at enrolment in original study for

participants with unsuppressed viral load (IQR)

4781 (390–25,539) NA NA

Child characteristics HEU (n = 307) HUU (n = 91)

Median age of school-age children in years 9.3 (8.8–10.1) 9.9 (9.2–10.4) 0.001

Male # (%) 155 (50.5%) 52 (57.1%) 0.28

Preterm # (%) 37 (12.3%) 10 (11.0%) 0.85

Low birth weight (≤2500 grams) 58 (18.9%) 6 (6.7%) 0.005

Ever breastfed # (%) 55 (17.9%) 91 (100%) <0.0001

Note: Missing variables: Highest educational level—one caregiver of a child HUU; Marital status—two caregivers of children HUU; Income: nine
caregivers of children HEU and two caregivers of children HUU; Household food insecurity—five missing for households of children HEU and
one missing from household of a child HUU; Antiretroviral treatment/prophylaxis in pregnancy; eight caregivers of children HEU; CD4+ cell
count: two for caregivers of children HEU; Viral load: 77 for caregivers of children HEU; Preterm: five missing for children HEU; Low birth
weight—one for a child HUU.
Abbreviations: BHP, Botswana Harvard Health Institute Partnership; HEU, HIV-exposed uninfected; HUU, HIV-unexposed uninfected; IQR,
interquartile range; NA, not applicable.
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Table 2. Logistic regression model of factors associated with lower academic performance

Unadjusted models Adjusted model

Covariates of interest

Odds ratio

(95% CI) p-value

Odds ratio

(95% CI) p-value

HEU versus HUU 1.96 (1.16, 3.30) 0.01 1.86 (0.78, 4.43) 0.16

Low maternal educationa 2.40 (1.03, 5.60) 0.04 1.86 (0.77, 4.49) 0.17

Caregiver depression/anxiety at enrolmentb 1.07 (0.49, 2.32) 0.87

No caregiver income or income ≤$100 USD

per month

1.75 (1.09, 2.81) 0.02 1.57 (0.96, 2.56) 0.07

Absence of household electricity 1.48 (0.70, 3.14) 0.31

Household food insecurity in the last yearc 0.82 (0.50, 1.36) 0.44

Male child 1.80 (1.12, 2.89) 0.02 1.92 (1.17, 3.16) 0.01

Preterm birthd 1.43 (0.67, 3.03) 0.36

Low birthweight (<2500 grams) 1.71 (0.84, 3.50) 0.14 1.61 (0.77, 3.367) 0.21

Never breastfed 1.38 (0.86, 2.22) 0.19 0.82 (0.37, 1.79) 0.61

Note: Covariates in unadjusted analyses with a p-value ≤0.20 were included in the adjusted model.
Abbreviations: HEU, HIV-exposed uninfected; HUU, HIV-unexposed uninfected; CI, confidence interval; USD, United States Dollar.
aLow maternal education was defined as no or primary education only.
bMaternal depression was evaluated using the PHQ9 screening tool and anxiety via the GAD7 screening tool.
cHousehold food insecurity was defined as being present if a caregiver reported that in the last 12 months the household ever had to cut the
size of meals or skip meals because there was not enough food in the household.
dPreterm birth was defined as a birth before 37.0 weeks completed gestational age.

attenuated, (adjusted OR = 1.86, 95% CI 0.78, 4.43), with
male sex being the only significant predictor of lower overall
academic performance.

Maternal HIV-related covariates were evaluated to assess
for association with overall lower academic achievement only
among the 307 children HEU. Using data collected from the
biological mother during the original BHP study, enrolment
CD4+ cell count (OR 0.75 [95% CI 0.13, 4.18]), detectable
pregnancy viral load (OR 1.06 [95% CI 0.54, 2.06]) and
absence of receiving a three-drug ART regimen in pregnancy
(OR 0.88 [95% CI 0.44, 1.77]) were not found to be associ-
ated with lower academic performance.

4 D ISCUSS ION

In an analysis of actual academic performance among FLOUR-
ISH participants attending public primary school, children
HEU were more likely to have lower academic performance
in Mathematics, Science, English and overall compared to
children HUU. However, in adjusted analysis, the association
between HIV exposure status and academic performance was
attenuated and only male child was associated with lower aca-
demic performance. The fact that a significant statistical asso-
ciation was not found between HIV exposure status and aca-
demic performance may reflect inadequate power to detect
a true association. Larger studies of actual academic perfor-
mance would be beneficial. Interestingly, when the covari-
ate breastfeeding was removed from the model, HIV expo-
sure was noted to be significantly associated with lower aca-
demic performance, highlighting the known protective effect
of breastfeeding on neurodevelopment [29]. Among children
HEU, maternal CD4+ cell count <200 cells/mm3, detectable
viral load at the time of entry in the original BHP study,

and absence of receiving a three-drug ART regimen in preg-
nancy, three potentially biological etiologies, were not signif-
icantly associated with lower overall academic performance.
This is the first study to compare actual academic perfor-
mance between school-age children by HIV exposure status.
This is an important approach, as performance in school, from
childhood through young adulthood, has been shown to be
closely associated with a person’s physical and mental health,
as well as their ability to successfully integrate into society
[36].

Various studies have been published on cognitive outcomes,
comparing children who are HEU to those who are HUU, with
mixed findings. Benki-Nugent and colleagues evaluated neu-
rocognitive functioning in a cohort of Kenyan children ages
5–12 years, including 56 children HEU and 65 HUU, employ-
ing multiple standardised neuropsychological tests [11]. Chil-
dren HEU had significantly lower mean z-scores for global
cognitive ability, short-term memory, attention and process-
ing speed after adjusting for child age and sex, caregiver age,
caregiver education, child nutritional status, household food
security and orphanhood [11]. In a Canadian cohort, early aca-
demic achievement was measured utilizing the Word Reading,
Spelling, and Math Computation subtests of the Wide Range
Achievement Test—Fourth Edition (WRAT4) [43] among 110
children HEU and 43 children HUU. While children HEU
scored within the average range on these three measures,
mean scores were significantly lower compared to children
HUU in word reading and math computation [12]. Interest-
ingly, the Tshipidi study, the BHP study in which a portion
of our FLOURISH caregiver-child pairs participated, found no
difference in neurodevelopmental outcomes at 24 months of
life between children HEU and those who were HUU [39].
Our study, although not relying on a standardised battery
of neurocognitive testing instruments, provides a pragmatic
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approach to assessing academic achievement. Participants in
the FLOURISH study live in the same communities, regard-
less of their HIV exposure status. The curriculum is stan-
dardised nationally, developed by the Department of Curricu-
lum Development within Botswana’s Ministry of Education
and Skills Development. Additionally, testing by subject mat-
ter is standardised by the Botswana Examinations Council,
which also has established national standards for grading of
test results. Although prior published studies comparing neu-
rodevelopmental outcomes between children HEU and those
who are HUU have relied on a battery of standardised test-
ing instruments [35, 44, 45], it is critically important to evalu-
ate actual academic performance, as this can be expected to
exert a more direct influence on a child’s self-esteem, self-
confidence and enthusiasm for learning.

There are many strengths of the FLOURISH study, and
some limitations as well. FLOURISH study participants being
re-enrolled after historical participation in birth cohort stud-
ies conducted by BHP have allowed us to leverage detailed
prospectively collected data on their mother’s pregnancy and
their health, feeding practices and socio-demographic history.
The study design minimises misclassification of a child’s HIV
exposure status in infancy and their current HIV status. Par-
ticipants reside in the same communities. Additionally, the fact
that the curriculum in public schools in Botswana is standard-
ised by grade level and subject, as is testing and grading is a
major strength of this study. However, as in any observational
study, there is the potential for unmeasured confounders.
For example, data on maternal alcohol and substance use
in pregnancy, although rare, were not collected historically.
Given the cross-sectional design of this study, with grades
collected at study enrolment, some of the children’s grades
would have reflected an entire school year, while others may
have only represented the first semester. While it is possi-
ble that a lower grade in the first semester could motivate
a student, caregivers or a teacher to intervene, the FLOUR-
ISH data highlight the fact that children HEU were dispro-
portionately more likely to have lower grades in key subjects
and overall. The FLOURISH study has enrolled fewer chil-
dren HUU and, for this analysis, all were from a single prior
BHP study, Tshipidi. Tshipidi children were recruited from two
of the four communities from which FLOURISH participants
were recruited, Gaborone and Mochudi. In a separate sensi-
tivity analysis restricted to children recruited from Gaborone
and Mochudi only, the findings were similar, both for indi-
vidual subjects and overall academic performance. It is chal-
lenging to disentangle the association between breastfeeding
and academic performance, given that 100% of children HUU
were breastfed, while only 18% of children HEU ever breast-
fed. Unfortunately, we do not have historical data collected
on the duration of breastfeeding for all participants. Further
research is needed to understand associations between the
duration of exclusive and overall breastfeeding and academic
performance. In this analysis, we selected household income,
report of food insecurity in the last 12 months and absence
of electricity in the home as markers of poverty, with the lat-
ter two independently associated with lower academic per-
formance [32, 40–42]. In unadjusted analysis, only household
income was associated with lower academic performance and
there was a high prevalence of households with electricity

at 87.9%. Future studies should explore the most significant
markers of poverty associated with academic performance, as
poverty eradication interventions could be designed, tested
and implemented to improve academic performance. Finally,
we recognise that maternal and family adjustment to a diag-
nosis of HIV, maternal disclosure to others, including children,
and the support received or stigma experienced by a per-
son living with HIV can influence a child’s academic perfor-
mance. We used measures of caregiver mental health, specif-
ically screening instruments for depression, PHQ9, and anx-
iety, GAD7, as surrogates for maternal adjustment to living
with HIV. We acknowledge that this may not have fully cap-
tured the impact of a caregiver’s experience of living with HIV
on a child’s academic performance.

Suboptimal neurodevelopmental outcomes, which impact
actual academic performance, are influenced by individual,
family and societal factors. In this quantitative analysis, soci-
etal factors were not measured and limited data were col-
lected on potential familial factors. Future studies of actual
academic performance among children HEU would benefit
from a multi-level mixed methods study design measuring fac-
tors, such as illness of parents or siblings, school absenteeism,
bullying, stigma, household internet access and contextually
appropriate structural factors, at a minimum. Incorporation
of qualitative in-depth interviews structured to capture the
impact of individual family dynamics over time which could
influence a child’s academic performance would also be ben-
eficial.

5 CONCLUS IONS

In summary, there are a host of psychosocial factors that
can influence a child’s academic performance. While children
who are HEU participating in the Botswana-based FLOURISH
study were more likely to have lower academic performance
in Mathematics, Science, English and in their overall grade
compared to children HUU, only being a male child was signif-
icantly associated with observed differences in adjusted anal-
yses. In this cohort, children HEU were significantly less likely
to ever have been breastfed, an activity with proven neurode-
velopmental benefits. As this is the first study to pragmati-
cally compare academic performance by child HIV exposure
status, additional studies are needed to validate our findings.
It will be important to identify risk factors amenable to inter-
ventions. Additionally, given the large and expanding popula-
tion of children HEU, screening tools are urgently needed to
identify children most at risk for poor academic achievement.
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Neurodevelopment among children exposed to HIV
and uninfected in sub-Saharan Africa
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Abstract
Introduction: The population of 16 million children exposed to HIV and uninfected (CHEU) under 15 years of age continues
to expand rapidly, and the estimated prevalence of CHEU exceeds 20% in several countries in sub-Saharan Africa with high
HIV prevalence. Some evidence suggests that CHEU experience suboptimal neurodevelopmental outcomes compared to chil-
dren born to women without HIV. In this commentary, we discuss the latest research on biologic and socio-behavioural factors
associated with neurodevelopmental outcomes among CHEU.
Discussion: Some but not all studies have noted that CHEU are at risk of poorer neurodevelopment across multiple cognitive
domains, most notably in language and motor skills, in diverse settings, ages and using varied assessment tools. Foetal HIV
exposure can adversely influence infant immune function, structural brain integrity and growth trajectories. Foetal exposure
to antiretrovirals may also influence outcomes. Moreover, general, non-CHEU-specific risk factors for poor neurodevelopment,
such as preterm birth, food insecurity, growth faltering and household violence, are amplified among CHEU; addressing these
factors will require multi-factorial solutions. There is a need for rigorous harmonised approaches to identify children at the
highest risk of delay. In high-burden HIV settings, existing maternal child health programmes serving the general population
could adopt structured early child development programmes that educate healthcare workers on CHEU-specific risk factors
and train them to conduct rapid neurodevelopmental screening tests. Community-based interventions targeting parent knowl-
edge of optimal caregiving practices have shown to be successful in improving neurodevelopmental outcomes in children and
should be adapted for CHEU.
Conclusions: CHEU in sub-Saharan Africa have biologic and socio-behavioural factors that may influence their neurodevelop-
ment, brain maturation, immune system and overall health and wellbeing. Multidisciplinary research is needed to disentangle
complex interactions between contributing factors. Common environmental and social risk factors for suboptimal neurodevel-
opment in the general population are disproportionately magnified within the CHEU population, and it is, therefore, important
to draw on existing knowledge when considering the socio-behavioural pathways through which HIV exposure could impact
CHEU neurodevelopment. Approaches to identify children at greatest risk for poor outcomes and multisectoral interventions
are needed to ensure optimal outcomes for CHEU in sub-Saharan Africa.

Keywords: CHEU; children who are HIV-exposed uninfected; HEU; neurodevelopment; perinatal HIV exposure; sub-Saharan
Africa
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1 INTRODUCT ION

Successful prevention of vertical infant HIV acquisition has
resulted in an expanding population of 16 million children
exposed to HIV and uninfected (CHEU) under 15 years of
age, according to the 2023 UNAIDS Spectrum estimates
[1–3]. CHEU represent over three-quarters of all children
born to the 1.3 million women living with HIV who give
birth annually worldwide, the majority of whom reside in sub-
Saharan Africa [1, 4]. UNAIDS estimates the prevalence of
CHEU among all children <15 years in the population exceeds

20% in several sub-Saharan African countries, with over one
million CHEU born every year (Figure 1) [1, 4]. CHEU are
at higher risk of adverse health outcomes, including subopti-
mal neurodevelopment, compared to children who are HIV-
unexposed and uninfected (CHUU) [1, 4–17]. A recent meta-
analysis of eight high-quality studies combining neurodevelop-
ment data from ∼5000 CHEU and CHUU, primarily from sub-
Saharan Africa, found CHEU had significantly lower scores
in expressive language and gross motor domains by age 2
years across a variety of settings and assessment tools [6, 11,
18–26]. Even subtle early neurodevelopment impairments can
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Figure 1. Double-axis figure of the number of CHEU aged 0–14 years, and prevalence of CHEU, by sub-Saharan African country (UNAIDS
2023 estimates).
This double-axis figure depicts the (x axis) number of children exposed to HIV and uninfected (CHEU), 0–14 years old, and the (y axis)
prevalence of CHEU among the child population aged 0–14 years, by sub-Saharan African country. Figure by Drs. Michelle Bulterys and
Mary Mahy, using UNAIDS 2023 estimates.

have lifelong physical and mental wellbeing implications. Early
interventions in the first 1000 days of life, from conception
through a child’s second birthday, can greatly improve out-
comes [27–31]. This commentary discusses potential biologic
and socio-behavioural mechanistic pathways that could syner-
gistically impact neurodevelopment among CHEU and synthe-
sises existing literature on the key ingredients for cultivating
optimal neurodevelopment for CHEU (Figure 2).

2 D ISCUSS ION

2.1 In-utero exposure to HIV and the intrauterine
environment

Infant brain development in utero may be influenced by expo-
sures to infectious pathogens or to drugs, and both may play
a role in the context of maternal HIV, but these mechanistic
pathways have yet to be fully established. High levels of HIV
viremia among mothers during pregnancy have been associ-
ated with poorer expressive language and motor skills among
CHEU [32]. HIV antigen and ribonucleic acid are detectable in
placental and foetal membranes and it is possible that expo-
sure to the HIV virus leads to inflammatory changes that
influence neurodevelopment [33, 34]. The HIV virus can alter
vaginal microbiota which, in turn, has also been associated
with child neurodevelopmental delay [35]. Pregnant women

with HIV exhibit six times higher incidence of endometrial,
placental and amniotic infections, such as cytomegalovirus,
which could impact neurodevelopment among CHEU [13, 36–
38]. Maternal immune activation, immunosuppression, lower
transfer of passively transferred antibodies and altered cell-
mediated immune function may play a role in modifying neu-
rodevelopmental outcomes [10, 13, 16, 39–42]. Additionally,
maternal folic acid and iron deficiency during pregnancy have
been associated with neurodevelopment and may be altered
by perinatal exposure to HIV, but have not been adequately
studied among CHEU [43]. Moreover, CHEU may themselves
have immunologic changes that affect their neurodevelopment
that warrant exploration [10, 44–46].

2.2 Antiretroviral therapy exposure

There are inconsistent and limited data on the influence of
antiretroviral therapy (ART) exposure on CHEU neurodevel-
opment [11, 18, 47, 48]. Foetal ART exposure has been asso-
ciated with subtle but significantly reduced immune func-
tion through 8 years [49, 50]. However, studies were sub-
ject to substantial confounding, as CHEU with foetal ART
exposure were likely systematically different from CHEU born
without the use of maternal ART. Some but not all studies
have found ART exposure to be associated with substantial
ART drug levels, febrile seizures, mitochondrial dysfunction
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Figure 2. Biologic and socio-behavioural mechanistic pathways through which CHEU status might impact neurodevelopment.
This conceptual model summarises the potential biologic and socio-behavioural mechanistic pathways through which perinatal HIV expo-
sure might impact child neurodevelopment among children exposed to HIV and uninfected (CHEU).

and neurologic disorders in CHEU [51–54]. Although some
studies reported that a longer duration of foetal exposure
to atazanavir-based regimens was associated with lower lan-
guage scores at 12 months, other studies at 24 months
found no notable differences [32, 55–57]. In Botswana, foetal
exposure to efavirenz (EFV)-based regimens was associated
with neurodevelopmental deficits among 2-year-old CHEU,
compared to non-EFV-based regimens [58]. It is also criti-
cal to understand the safety of evolving HIV treatments dur-
ing pregnancy; the World Health Organisation (WHO)’s rec-
ommendation to transition all individuals living with HIV to
dolutegravir (DTG)-based regimens provided a unique oppor-
tunity to assess the impact of foetal DTG exposure on CHEU
neurodevelopment [59]. A recent multi-site prospective lon-
gitudinal cohort of Kenyan CHEU found that compared to
foetal exposure to an EFV-based maternal ART, a DTG-based
regimen was associated with better gross motor scores at 1
year (Bulterys et al., included in this supplement). To date,
there are scant neurodevelopment data following foetal expo-
sure to long-acting ART. With any observational study, unmea-
sured confounding could bias results; but this collective body
of literature suggests that maternal ART could play a role in
CHEU neurodevelopment. Ultimately, the benefits of ART for
maternal HIV treatment and prevention of vertical transmis-
sion greatly outweigh the risks of rare and modest adverse
outcomes. However, employing rigorous scientific practices to
identify the safest drugs for use in pregnancy and the postna-
tal period for women living with HIV remains important [57].

2.3 Brain maturation and imaging studies

Rapid brain growth in the first 1000 days of life is vital for
developing healthy cognitive systems [60, 61]. A recent mag-
netic resonance imaging (MRI) study in South Africa observed
that ART-exposed newborns had significantly lower volumes
of total grey matter and size of the caudate nucleus, a key

component of the basal ganglia, than CHUU [60]. These struc-
tures are fundamental for brain function, and alterations have
been associated with neurologic disorders (e.g. autism spec-
trum disorder, attention-deficit disorders and schizophrenia)
[61–64]. This association was strongest among mothers with
lower CD4 cell counts in pregnancy [60], indicating that more
advanced HIV viremia and corresponding immune abnormal-
ities may be driving some differences. Separately, another
South African study found smaller basal ganglia nuclei in
CHEU [65], most notably associated with maternal ART initia-
tion during pregnancy compared to pre-pregnancy and higher
HIV viremia, suggesting that ART may be protective due to
its effect on maternal immune health [65]. Other MRI stud-
ies have detected significantly altered metabolites in the basal
ganglia, including choline (regulator of mood and intelligence)
and creatine (regulator of energy production) among older
CHEU [66–68], while diffusion tensor imaging has revealed
altered white matter microstructural integrity (essential for
visuospatial and memory cognition) among CHEU [69, 70].
Finally, a recent magnetic resonance spectroscopy study sug-
gests perinatal HIV exposure to be associated with neu-
rometabolic patterns indicative of neuroinflammation, which
may increase the risk of neurodevelopmental delay [71]. It
will be important to pair cutting-edge neuroimaging research,
leveraging scalable low-field MRI technologies, with contextu-
ally appropriate neurodevelopment assessments to determine
whether neuroimaging could represent the earliest signal of
suboptimal neurodevelopmental outcomes for which interven-
tions could be developed and tested.

2.4 Birth outcomes

CHEU are twice as likely as CHUU to be born preterm (<37
weeks gestational age) and have low birth weight (<2500
grams), both of which are associated with increased risk of
poorer neurodevelopment [10, 13, 23, 45, 72–75]. In South
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Africa, preterm birth modified the relationship between peri-
natal HIV exposure and poorer neurodevelopment; preterm
CHEU had five times higher odds of delay compared to
preterm CHUU [23]. Similarly, in a Kenyan cohort of CHEU,
preterm birth was significantly associated with poorer gross
motor scores at 1 year (Bulterys et al., included in this sup-
plement). Among pregnant Ugandan women living with HIV,
an increased risk of preterm birth was associated with mater-
nal weight gain of less than 0.1 kg per week during gestation,
highlighting the importance of supporting maternal nutrition
during pregnancy [76]. Research is needed to identify modi-
fiable predictors of preterm birth among CHEU.

2.5 Growth and nutrition

CHEU have higher prevalence of childhood stunting, wast-
ing and microcephaly than CHUU, and growth faltering could
lie on the pathway between HIV exposure and neurodevel-
opmental delay [77]. It is unclear whether suboptimal growth
outcomes are amplified among the CHEU population, or sim-
ply a result of higher frequencies of exposures like preterm
birth among CHEU [78–82]. Exclusive, prolonged breastfeed-
ing has been shown to improve child growth and neurode-
velopmental outcomes [20, 83]. However, despite increased
exclusive and longer breastfeeding durations in CHEU than
CHUU in some South African and Kenyan settings, evidence
has shown that CHEU remain at higher risk of undernutri-
tion, poorer growth and infectious morbidity [77, 84]. Poor
maternal nutrition while lactating, despite optimal breastfeed-
ing practices, could be one potential mechanism that explains
growth faltering among breastfed CHEU [77, 85]. House-
holds affected by HIV in sub-Saharan Africa face multifacto-
rial health and social disparities, including greater food inse-
curity and lower access to safe water, sanitation and hygiene
(WASH), compared to the general population [20, 86], which
significantly predict poorer neurodevelopment [32, 46, 55,
87]. In the Zimbabwean SHINE Trial, CHEU randomised to
a combined food supplementation and WASH intervention
performed significantly better on neurodevelopmental assess-
ments compared to the standard of care; however, children
randomised to either food supplementation or WASH alone
did not exhibit neurodevelopmental improvements, demon-
strating the importance of multi-factorial interventions [88,
89]. Vigilant growth monitoring and nutritional support should
be prioritised for CHEU, particularly for those who were born
prematurely.

2.6 Home environment and caregiving

Beyond the biologic pathways described above, universal risk
factors for child neurodevelopment, such as poor caregiver
mental health, violence and food insecurity in the household,
are amplified among CHEU [90–92]. Women living with HIV
experience disproportionately high rates of intimate partner
violence and food insecurity which considerably threaten a
child’s neurodevelopment and academic performance [28, 29,
91–104]. These factors can impact a caregiver’s ability to
care responsively for their children, and likely serve as poten-
tial confounders or modifiers along the biological pathways
described above [96–98]. Couples affected by HIV also expe-

rience relationship dissolution more often than couples in the
general population, and pregnant women living with HIV cite
often fear of abandonment to be their most prominent bar-
rier to HIV status disclosure [100, 105–107]. On average, HIV
serodifferent couples separate five times more often when
the female is the one living with HIV compared to the male,
and this association was also compounded by financial insecu-
rity [105, 107]. Attributable to many of these social dispari-
ties, women living with HIV are at high risk of stress, anxiety,
depression and suicidal ideation [29, 108], and studies have
consistently found a strong relationship between a mother
living with HIV, distress and poorer child neurodevelopment
[109–111]. Both paternal absence and poor maternal men-
tal health can reduce the quantity and quality of parent-child
interactions, which could impact a child’s exposure to respon-
sive caregiving and early learning opportunities [112]. Despite
the critical impact of these caregiver factors, mental health,
relationship counselling and violence-reduction interventions
are rarely implemented in low-resource settings where the
healthcare cadre are overtaxed [113]. Thus, caregiver conflict
and distress could further contribute to suboptimal neurode-
velopment among CHEU, which calls for caregiver-targeted
interventions.

2.7 Programmatic support for CHEU

Sub-Saharan Africa has the highest prevalence in the world
of children <5 years at risk of not reaching their develop-
mental potential, and CHEU represent a substantial propor-
tion of this population [114]. Achieving healthy neurodevel-
opment by age 5 requires culturally contextual, multi-factorial
approaches. To address biologic risk factors faced by CHEU,
it is critical to optimise maternal health; newer ART regimens
promote maternal health through improved safety, ART adher-
ence and viral suppression. The SHINE Trial described above,
which tested the effects of improved WASH and food supple-
mentation on CHEU neurodevelopment, only found evidence
of benefit in the combined intervention arm [88, 115, 116].
There is a need for further research to inform the develop-
ment of cross-cutting interventions and normative guidance to
best support CHEU.

Not every CHEU will need additional support, so systematic
screening is necessary. CHEU are not tracked systematically,
and screening may be challenging to implement in already
overburdened, resource-limited settings. Incorporating moni-
toring within existing Maternal and Child Health programmes,
in which many HIV-oriented programmes are already housed
may be feasible. Ideally, these existing programmes serving
the general population could adopt structured neurodevel-
opment training programmes that educate healthcare work-
ers on CHEU-specific risk factors and train them to conduct
rapid neurodevelopmental screening tests to identify children
at the highest risk of delay. Accurate and rapid screening tools
that can be delivered by healthcare workers as well as lay
people in the community are needed. The three most com-
mon screening tests used in sub-Saharan Africa are the Ages
and Stages Questionnaire, Strengths and Difficulties Ques-
tionnaire and Ten Questions Questionnaire; all three have
strong interobserver reliability and cover different age bands
[117–119].
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The WHO and UNICEF currently recommend countries
rely on the Nurturing Care Framework to improve early child
development [112]. This framework consists of five inter-
dependent domains—health, nutrition, responsive caregiving,
safety and early learning opportunities—which have shown to
result in optimal neurodevelopment, if adequately provided by
caregivers. Delivering this education to caregivers in the first
2 years of life, when CHEU families are actively engaged in
Maternal and Child Health care, maximises benefits at a criti-
cal time [31, 120, 121]. A large cohort study of 10,500 CHEU,
from 23 clinics across Kenya, estimated the incidence of loss-
to-follow-up (LTFU) from perinatal care was >20 per 100
child-years [122]. In this study, LTFU was significantly lower
among CHEU who received food supplementation compared
to those who did not (Hazard Ratio = 0.58) [122]. Food sup-
plementation may incentivise caregivers to remain engaged
in care. LTFU was more common among CHEU who were
orphaned, malnourished, stunted or wasted, from rural resi-
dence, or had >3 siblings, in studies in Kenya, Malawi and
Ethiopia [122–124]. Routine neurodevelopmental screenings
should coincide with routine paediatric care visits, when chil-
dren are already receiving immunisations and growth monitor-
ing, to reduce the burden on caregivers and healthcare work-
ers [125]. Mothers attending HIV services could also receive
brief materials at each perinatal visit about the importance
of at-home stimulation, responsive caregiving, maternal men-
tal health, WASH and diverse nutrition (and if needed, food
supplementation) [125].

Existing early child development programmes can be lever-
aged for CHEU; successful interventions for promoting neu-
rodevelopment in the general population are likely to be effec-
tive among CHEU. Clinical trials have demonstrated effective-
ness in improving neurodevelopmental outcomes in resource-
limited settings and this evidence base should be leveraged
and adapted for CHEU. Large meta-analyses of interven-
tions in low-and-middle-income countries found that provid-
ing parents with education about responsive interaction, at-
home stimulation, and providing a safe and healthy home
environment, were more effective in improving neurodevel-
opmental outcomes than interventions that targeted nutri-
tion, water and sanitation [31, 120, 126, 127]. Interven-
tions to promote responsive caregiving and infant stimu-
lation techniques, such as book-sharing, [128] significantly
improve parental knowledge, frequency and quality of inter-
actions, and child neurodevelopment [31, 125, 128]. It is
critical to identify the optimal delivery models of caregiver-
targeted education in sub-Saharan Africa, which may be
adapted for varied regional settings. Video-based interven-
tions are efficient for reducing healthcare worker burden;
in clinics with technological capabilities, educational videos
for mothers in waiting rooms could improve child neurode-
velopmental outcomes [129–132]. There is also a need to
reach caregivers who are not engaged in clinical care, through
non-clinic, community-based or home-delivered interventions
that leverage community health workers and mobile health
innovations [133].

In cases of suspected neurodevelopmental disability (as
opposed to just delay), healthcare workers need clear and
effective referral pathways to connect children to special-
ists for comprehensive assessments and treatment. Fortu-
nately, there are efficacious evidence-based treatments for

children with developmental disabilities in high HIV-burden
settings which could be adopted [121, 134, 135]. In settings
where specialists are few and costly, simple, community-based
interventions can be designed to support families requiring
additional support. Iterative input from key stakeholders like
in-country HIV and paediatric care decision-makers, health
providers and caregivers will be fundamental for designing,
delivering and monitoring these programmes. Most impor-
tantly, rigorous research that generates local evidence will be
critical to secure governmental buy-in and financial support,
both essential for the successful implementation and sustain-
ability of such programmes for CHEU.

3 CONCLUS IONS

Biological and socio-behavioural factors can collectively con-
tribute to child development. CHEU are at disproportion-
ate risk of biologic, social and household factors that may
threaten their ability to achieve optimal maturation of their
brain, immune system, and overall health and wellbeing. Mul-
tidisciplinary research is needed to disentangle the modifiable
aspects of and complex interactions between potential con-
tributing factors.
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Abstract
Introduction: Several HIV-related syndemics have been described among adults. We investigated syndemic vulnerability to
hazardous drinking (HD), intimate partner violence (IPV) and household food insecurity (HFIS) in breastfed children born with-
out HIV in urban South Africa. We compared those who were perinatally HIV exposed (CHEU) to those who were not (CHU),
under conditions of universal maternal antiretroviral therapy (ART) and breastfeeding.
Methods: A prospective cohort of pregnant women living with HIV (WLHIV), and without HIV, were enrolled and followed
with their infants for 12 months postpartum (2013–2017). All WLHIV initiated antenatal efavirenz-based ART. Measure-
ments of growth (∼3 monthly), infectious cause hospitalisation, ambulatory childhood illness (2-week recall) and neurodevel-
opment (BSID-III, measured at ∼12 months’ age) were compared across bio-social strata using generalised linear regression
models, with interaction terms; maternal data included interview-based measures for HD (AUDIT-C), IPV (WHO VAW) and
HFIS.
Results: Among 872 breastfeeding mother-infant pairs (n = 461 CHEU, n = 411 CHU), WLHIV (vs. HIV negative) reported
more unemployment (279/461, 60% vs. 217/411, 53%; p = 0.02), incomplete secondary education (347/461, 75% vs.
227/411, 55%; p < 0.0001), HD (25%, 117/459 vs. 7%, 30/411; p < 0.0001) and IPV (22%, 101/457 vs. 8%, 32/411;
p < 0.0001) at enrolment; and HFIS at 12 months (45%, 172/386 vs. 30%, 105/352; p > 0.0001). There were positive inter-
actions between maternal HIV and other characteristics. Compared to food secure CHU, the mean difference (95% CI) in
weight-for-age Z-score (WAZ) was 0.06 (−0.14; 0.25) for food insecure CHU; −0.26 (−0.42; −0.10) for food secure CHEU;
and −0.43 (−0.61; −0.25), for food insecure CHEU. Results were similar for underweight (WAZ < −2), infectious-cause hos-
pitalisation, cognitive and motor delay. HIV-IPV interactions were evident for ambulatory diarrhoea and motor delay. There
were HIV-HD interactions for odds of underweight, stunting, cognitive and motor delay. Compared to HD-unexposed CHU,
the odds ratios (95% CI) of underweight were 2.31 (1.11; 4.82) for HD-exposed CHU; 3.57 (0.84; 15.13) for HD-unexposed
CHEU and 6.01 (2.22; 16.22) for HD-exposed CHEU.
Conclusions: These data suggest that maternal HIV-related syndemics may partly drive excess CHEU health risks, highlighting
an urgent need for holistic maternal and family care and support alongside ART to optimise the health of CHEU.

Keywords: HIV; perinatology; vertical transmission; syndemic; social determinants of health; Africa

Additional information may be found under the Supporting Information tab of this article.

Received 8 February 2023; Accepted 14 August 2023
Copyright © 2023 The Authors. Journal of the International AIDS Society published by John Wiley & Sons Ltd on behalf of International AIDS Society.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

1 INTRODUCT ION

In 2021, the global population of children who are perinatally
HIV exposed but HIV negative (CHEU) was almost 16 mil-
lion, with another one million CHEU born annually [1, 2]. The
largest number of CHEU live in sub-Saharan Africa, predomi-
nantly in South Africa where an estimated 20% of the under-

15 population are CHEU [1, 3]. Prior to the widespread avail-
ability of universal maternal antiretroviral therapy (ART), pre-
dominantly formula-fed CHEU were reported to have excess
risks of mortality, infectious morbidity, growth restriction
and developmental delays compared to HIV-negative children
who are perinatally HIV unexposed (CHU) [4, 5]. Emerging
data suggest that while the magnitude of these historic risk
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differences is substantially diminished under conditions of uni-
versal maternal ART with optimal breastfeeding, some risk dif-
ferential remains [6–10]. In regions with large numbers of
CHEU, even small increases in risk are likely to adversely
impact child health at a population level [9]. Understanding
the drivers of these residual differences is necessary for the
creation and implementation of effective public health inter-
ventions, in turn promoting child health in high HIV burden
settings.

The syndemic model of health seeks to assess the co-
occurrence of and interactions between social determinants
of health, biological factors and disease outcomes within the
context of inequality and deprivation [11]. Reflecting the
high incidence of HIV among people who are marginalised
and poor, several HIV-related syndemics have been described
among women living with HIV (WLHIV), including inter-
relationships between hazardous use of alcohol, household
food insecurity (HFIS) and intimate partner violence (IPV),
which in turn exacerbate HIV disease severity, adversely
affect adherence to ART and increase the risk of mental
health challenges [12–14]. Each of these maternal factors
is also known to increase the risks of adverse health out-
comes among children globally, including CHEU [15–17]. In a
prospective cohort study comparing breastfeeding CHEU to
CHU over the first year of life in the context of universal,
maternal efavirenz-based ART, we previously reported small
but clinically meaningful increased risks of growth restric-
tion, early infectious cause hospitalisation, ambulatory child-
hood illness, cognitive delay and motor delay [6–8]. Previ-
ously, we noted the independent effects of individual psy-
chosocial, behavioural and economic factors on child health
outcomes. This secondary analysis investigates the potential
role of maternal HIV-related syndemic relationships in the
previously reported adverse health outcomes among CHEU
(Figure S1).

2 METHODS

2.1 Study design and enrolment

We conducted a secondary analysis of data collected in two
linked, prospective cohort studies, conducted in parallel at the
Gugulethu Midwife and Obstetric Unit, a primary care cen-
tre in an impoverished community of peri-urban Cape Town,
South Africa (enrolment, June 2013–April 2016; follow-up
through March 2017). At the first antenatal visit, the MCH-
ART (Maternal and Child Health Anti-Retroviral Therapy)
study enrolled WLHIV who were initiating ART during preg-
nancy; the HU2 (HIV-unexposed uninfected) study enrolled
pregnant women who tested HIV negative. Details regarding
the study methodology have been published elsewhere [6–8,
18]. Briefly, women were followed up through delivery, and
with their HIV-negative, breastfeeding infants, until at least
12 months postpartum (visits at 6 weeks; 3 monthly from
3 to 12 months). Apart from HIV-specific measures, study
follow-up, procedures and measurements were identical for
both studies, utilising the same study site, materials and staff.

2.2 Study measurements

2.2.1 Maternal measures

At enrolment and during follow-up, demographic, psychosocial
and behavioural data were collected by trained study coun-
sellors administering standardised, locally validated, question-
naires in private rooms. All questionnaires were translated
into both isiXhosa and Afrikaans, and administered in the par-
ticipant’s language of choice. We used the Alcohol Use Dis-
orders Identification Test (AUDIT) [19] to measure mater-
nal alcohol use (“hazardous drinking,” HD defined as AUDIT
consumption score ≥3); the Edinburgh Postnatal Depression
Scale [20] to estimate probable maternal depression (EPDS
score ≥13); and the World Health Organisation Violence
against Women (VAW) questionnaire for IPV (any psycholog-
ical, physical or sexual violence) [21]. At the 12-month visit,
we also assessed HFIS (defined as “has, or is at risk of food
insecurity” vs. no food insecurity) using a questionnaire (refer-
ence period, “ever”) previously used in South Africa, adapted
from the Household Food Insecurity Access Scale, Food and
Nutrition Technical Assistance Project and the Community
Childhood Hunger Identification Project Index [22]. To min-
imise participant time commitments for interim study visits,
the psychosocial/behavioural tools (AUDIT, EPDS and VAW)
were only administered at pre-specified visits. This analysis
focuses primarily on potential syndemic factors measured at
the first antenatal visit, and at 12 months postpartum, the
only time points when all three of these tools were adminis-
tered at the same study visit (other time points of measure-
ment are shown in tables).

2.2.2 Child health measures

Measurement and quality assurance information have pre-
viously been published in detail for each of the key child
health outcomes [6–8]. In summary, trained counsellors con-
ducted supervised anthropometric measurements using cali-
brated tools at each study visit [6]. We used anthropomet-
ric software (Intergrowth-21st Project and WHO Multicentre
Growth Reference Study as indicated) to generate Z-scores
(adjusted for age, sex and gestation) for weight-for-age
(WAZ), length-for-age (LAZ) and head circumference-for-age
(HCAZ). We measured infectious morbidity through (1) hos-
pitalisation data abstracted from Provincial Health Data Cen-
tre databases [23] with diagnoses based on the International
Classification of Diseases, 10th edition; and (2) point preva-
lence (2-week recall) of ambulatory childhood illness (pre-
sumed lower respiratory tract illness, RTI; diarrhoeal illness)
at each study visit, using questions from the Demographic and
Health Survey (DHS) [7, 24]. A trained clinician assessed neu-
rodevelopment using the Bayley Scales of Infant Development
(3rd edition, BSID-III) on a subset of study participants at
approximately 12 months of age [8, 25, 26].

2.3 Statistical methodology

Sample size calculations for the primary analyses were based
on direct comparisons of CHEU to CHU with >80% power to
detect a priori-defined clinically meaningful differences (defini-
tions and achieved power shown in Table S1) [6–8].
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A syndemic is defined as “population-level clustering of
social and health problems,” with three main characteristics:
(a) the presence of adverse contextual and social factors
which drive disease concentration; (b) the clustering of dis-
eases within a specific population; and (c) adverse disease
interaction, where concurrent (bidirectional or co-occurring)
factors (biological, social or behavioural) increase morbidity
or mortality [11]. Accordingly, we described the social cir-
cumstances of our study population, in which context the
following inter-related hypotheses were tested, derived from
syndemic theory (Figure S1):

(i) HD, IPV and HFIS are more common among women
who are HIV positive than women who are HIV negative
(clustering of potential syndemic factors)

(ii) Maternal HIV, HD, IPV and HFIS have independent
adverse effects on the health of CHEU and CHU (direct
effects on child health)

(iii) There is positive interaction (synergistic risk exacerba-
tion of adverse child health outcomes) between mater-
nal HIV and at least one of the examined co-factors (HD,
IPV or HFIS), which result in differences that may have
an impact on either an individual or population level,
for at least one of the following outcomes (“potentially
meaningful” differences defined below):

∙ Child growth (>0.2 absolute difference in Z-score, or
relative increase of >1.2 for Z-score < 2)

∙ Infectious morbidity (odds ratio or risk ratio of >1.5
for any of the defined measures)

∙ Neurodevelopmental delay (absolute difference of
>5 composite score, or relative increase of >1.2 in
the odds ratio for cognitive or motor delay, defined
as composite score < 85)

We used standard data exploration techniques and gen-
eralised linear regression models with outcome-specific link
functions, correcting for repeat measures with random effects
models or generalised estimating equations. Approaches fol-
lowed those utilised in the original publications where pos-
sible [6–8]. In all original analyses, choices of third variables
were based on a priori-specified directed acyclic graphs; where
more than one variable measuring the same construct was
available, we were guided by Akaike’s Information Criterion.
The HFIS questionnaire we utilised categorised households
as being “not at risk,” “at risk for food insecurity” or “food
insecure.” In exploratory analyses, there were little differ-
ences between the “at risk” and “food insecure” groups; for
best model fit, we created a binary variable combining these
two groups. To accommodate multiple imputation for infec-
tious morbidity analyses, we used logistic regression analysis
for dichotomous hospitalisation and ambulatory infectious ill-
ness variables, a simplified approach compared to the anal-
yses used in the original publication. We used both interac-
tion (product) terms and indicator variables in regression anal-
yses to test hypothesis (iii), and calculated Rothman’s inter-
action contrast (IC) and relative excess risk due to interac-
tion (RERIRR) to clearly demonstrate the direction and scale

of interactions [27]. All analyses were completed using Stata
16 (StataCorp); we also used GraphPad Prism version 9.0
(GraphPad Software, www.graphpad.com) and DeepVenn soft-
ware for additional data visualizstion [28].

2.3.1 Missing data

Less than 1% of mother-child pairs had at least one potential
syndemic factor missing at the antenatal enrolment visit; 16%
(137/872) had at least one factor missing at the 12 months’
postpartum visit, including food security data. Differences by
the availability of HFIS data are shown in Table S2, stratified
by maternal HIV status. To maximise efficiency, we used mul-
tiple imputation (chained equations) [29] in the Stata 16 mul-
tiple imputation package (StataCorp) to impute 20 datasets
for regression modelling (details shown in Table S3), combin-
ing analytic estimates using Rubin’s rules [30].

2.4 Ethics

The University of Cape Town Faculty of Health Sciences’
Research Ethics Committee approved the MCH-ART and HU2
studies. Both studies conform to the Declaration of Helsinki;
all women provided written, informed consent.

3 RESULTS

Overall, 872 mother-child pairs contributed to this analysis
(CHEU, n = 461; CHU, n = 411); 717 (82%) completed 12
months of postnatal follow-up (Figure S2). There were mini-
mal differences between those who contributed and did not
contribute data at 12 months (Table S2).

Overall, most women were living in informal housing, with-
out running water and/or flushable toilets inside the home at
study enrolment (Table 1). Compared to HIV-negative women,
WLHIV were more likely to be unemployed (279/461, 60% vs.
217/411, 53%; p = 0.02) and have incomplete secondary edu-
cation (347/461, 75% vs. 227/411, 55%; p < 0.0001, Table 1).
Co-distributions of maternal factors are shown in Table S3.

3.1 Clustering of potential maternal syndemic
factors at enrolment and over time

At antenatal enrolment, WLHIV (vs. HIV-negative women)
reported more HD (25% [117/459] vs. 7% [30/411], p <

0.0001) and IPV (22% [101/457] vs. 8% [32/411], p <

0.0001), Table 2. One in three WLHIV with HD also reported
concurrent IPV (38%, 44/116), compared to one in five
of WLHIV without HD (17%, 57/341); absolute risk differ-
ence (RD) 21% (95% CI 11%–31%). This difference was
smaller among HIV-negative women (prevalence of IPV among
women reporting any vs. no HD, 20% vs. 7%; RD 13%, 95%
CI −1% to 28%). For both HD and IPV independently, risks
at enrolment predicted risks at 12 months postpartum: the
prevalence of HD at 12 months (12% overall, Table 2) was
five times higher among women who had also reported any
(vs. no) HD at enrolment (37% vs. 7%; relative risk, RR 5.27;
95% CI 3.66–7.59); similar results were seen for IPV at 12
months (comparing those with vs. without IPV at enrolment:
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Table 1. Maternal and infant characteristics, by maternal HIV status

Total

(N = 872)

Women who

are HIV

positive, and

CHEU

(n = 461)

Women who

are HIV

negative, and

CHU

(n = 411)

Missing,

pre-imputation

Missing, after

imputationa

MATERNAL CHARACTERISTICS

Demographics and household characteristics

Age in years, mean (SD) 28 (6) 28 (5) 27 (6) 0 n/a

Married/cohabiting 373 (43%) 189 (41%) 184 (45%) 0 0

Incomplete secondary education 574 (66%) 347 (75%) 227 (55%) 0 0

Unemployed 496 (57%) 279 (60%) 217 (53%) 0 0

Informal housing 438 (50%) 242 (52%) 196 (48%) 0 0

No flushable toilet inside home 580 (67%) 335 (73%) 245 (60%) 0 0

No running water inside home 468 (54%) 272 (59%) 196 (48%) 0 0

Lives in a formal, brick home, with flushable toilet and running water inside the home

No, lacks at least one of the above 592 (68%) 336 (73%) 256 (62%)

Yes, has all three 280 (32%) 125 (27%) 155 (38%)

Household crowding (≥10 people) 40 (5%) 28 (6%) 12 (3%) 0 0

Maternal HIV-related measures at enrolment and delivery

CD4 cell count at ART initiation

(cells/mm3)

– 354 (249–527) – 12 n/a

Log10 HIV viral load at ART initiation

(copies/ml)

– 4.0 (3.3–4.5) – 0 n/a

Log10 HIV viral load at delivery (copies/ml) 1.6 (1.6–1.6) 0 n/a

HIV viral load <50 copies/ml at delivery – 352 (76%) – 0 n/a

INFANT CHARACTERISTICS

Gestational age at ART initiation (weeks) – 22 (17–27) – 0 n/a

Gestational age at delivery (weeks) 39 (38–40) 39 (38–40) 39 (38–40) 0 0

Preterm (<37) 94 (11%) 56 (12%) 38 (9%) 0 n/a

Weight-for-age Z-score at birth −0.13 (−0.84;
0.51)

−0.21 (−0.93;
0.37)

−0.05 (−0.72;
0.64)

0 0

Small-for-gestational-age (birthweight

<10th centile)b
90 (10%) 51 (11%) 39 (10%) 0 n/a

Male sex 428 (49%) 232 (50%) 196 (48%) 0 n/a

Early introduction of breastfeeding (within

first hour of life)c
788/867 (91%) 400/459 (87%) 388/408 (95%) 5 0

Duration of EBF (months)c 1.4 (0.1–3.0) 1.4 (0.2–3.5) 1.2 (0.1–3.0) 0 0

Duration of any breastfeeding (months)c 6.1 (1.5–12.0) 3.9 (1.4–12.0) 9.0 (3.0–12.0) 0 0

Note: Results are n (column %) with p-value from chi2 test; mean (SD) with p-value from t-test for normally distributed variables; or median
(interquartile range, IQR) with p-value from Kruskal–Wallis.
Abbreviations: ART, antiretroviral therapy; CHEU, children who were perinatally HIV exposed but are HIV negative; CHU, children who were
perinatally HIV unexposed and are HIV negative; EBF, exclusive breastfeeding; ml, millilitre; mm3, cubic millimetre; SD, standard deviation.
an/a, not applicable (variables not included in imputation model); post imputation missing values not used if maternal or child death occurred.
bBirth weight percentile based on Intergrowth-21st reference standards.
cMaternal report (24-hour recall); exclusive breastfeeding defined as only breast milk and prescribed medicine.

RR 4.0, 95% CI 2.61–6.27), and when stratified by HIV sta-
tus (data not shown). At enrolment and over time, the preva-
lence of probable or possible maternal depression (as mea-
sured by the EPDS at threshold values of 13, and of 10)
did not vary substantially by HIV status (Table 2). At 12
months, 45% (172/386) of WLHIV experienced or were at

risk of HFIS, compared to 30% (105/352) of HIV-negative
women (p < 0.0001, Table 2). WLHIV were notably more
likely to report frequent household hunger (due to lack of
resources) than HIV-negative women (based on responses
to the three questions directly addressing hunger: 72/386,
19% vs. 6/352, 2%), suggesting severe food insecurity [31].
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Figure 1. Spine plot showing distributions of maternal hazardous
drinking (“Alc”), intimate partner violence (IPV), and household
food insecurity (HFIS), by maternal HIV status.

At 12 months, concurrent HD or IPV predicted increased
risks of HFIS: the relative risk for HFIS was 1.56 (95%
CI 1.26–1.94) when HD was also reported; and 1.78 (95%
CI 1.43–2.20) for HFIS when IPV was also reported. Two-
thirds of WLHIV had at least one of the potential syn-
demic factors (HD, IPV or HFIS), compared to only a third
of HIV-negative women (Table 2 and Figure 1). Proportional
Venn diagrams for the overlap of these factors are shown in
Figures S3a–c.

3.2 Individual effects of potential maternal
syndemic factors on child outcomes

Complete results from crude and adjusted regression mod-
els estimating individual effects of maternal HIV status, HD,
IPV and HFIS on all pre-specified child outcomes are shown
in Tables S5–S9. The strongest relationships relevant to the
current analysis were noted for absolute differences in WAZ;
and relative differences in underweight, infectious admission
hospitalisation in early infancy (7 days to 3 months), cognitive
delay and motor delay (Table 3). Adjusting for HD, IPV and
HFIS, maternal HIV predicted lower WAZ, increased risks of
underweight, infectious hospitalisation and cognitive delay. In
the same multivariable regression models, HD predicted lower
WAZ and higher odds of underweight; IPV was associated
with increased odds of motor delay; and HFIS with increased
odds of cognitive and motor delay (Table 3).

3.3 Combined effects of potential maternal
syndemic factors on child outcomes

Epidemiologic interaction estimates (IC and RERIRR) are
shown in Table S10. Across child health outcomes, the
strongest evidence for positive interaction effects was for
maternal HIV status (exposed, HIV+ vs. unexposed, HIV−)
and household food insecurity (HFIS) (HFIS+ vs. HFIS−); these
effects were most evident for WAZ, underweight, infectious
hospitalisation and developmental delay (Table 4 and Tables
S5–S9). For example, using food-secure CHU (HIV−|HFIS−)

Figure 2. Mean differences in weight-for-age Z-scores, by cate-
gories of maternal HIV status and household food security: inter-
action forest plots on linear scale.

as reference, food-secure CHEU (HIV+|HFIS−) had WAZ
−0.26 (95% CI −0.42 to −0.10) and CHEU with food inse-
curity (HIV+|HFIS+) had WAZ −0.43 (95% CI −0.61; −0.25),
whereas CHU with food insecurity (HIV−|HFIS+) had a simi-
lar WAZ to the reference (HIV−|HFIS+), WAZ 0.06 (95% CI
−0.14; 0.25), Figure 2 and Table 4. That is, whereas expo-
sure to only HFIS was not associated with WAZ deficit (mean
difference 0.06), exposure to only HIV was associated with
some WAZ deficit (−0.26), and double exposure (HFIS and
HIV) was associated with a substantial WAZ deficit (−0.43),
which was greater than the sum of the effects of the individ-
ual exposures (−0.26 + 0.06 = −0.20, compared to −0.43)
[27]. Similar results were seen for the odds of being under-
weight (Figure 3a), infectious cause hospitalisation in early
infancy (Figure 3b), cognitive delay (Figure 3c) and motor
delay (Figure 3d); (Table 4 and Tables S5–S9). There were
also suggestions of positive HIV-HFIS interactions on HCAZ,
microcephaly and hospitalisation beyond the first 72 hours,
although precision was limited (Tables S4–S9).

Precision was also limited for subgroup comparisons by
exposure categories for maternal HIV status (HIV+ vs. HIV−)
and hazardous drinking (HD+ vs. HD−, as reported at study
enrolment). The concurrent exposure of HD exacerbated the
adverse effects of HIV exposure on mean weight (Table S5):
compared to children exposed to neither (HIV−|HD−), those
exposed to HIV only (HIV+|HD−) had WAZ −0.28 (95%
CI −0.41; −0.14) and HD only (HIV−|HD+) had WAZ
−0.28 (95% CI −0.65; 0.08), while those with both expo-
sures (HIV+|HD+) had WAZ −0.61 (95% CI −0.81; −0.40).
There was also evidence of interaction between exposures
to HIV and HD on the odds of underweight when com-
paring HIV exposure only (HIV+|HD−), HD exposure only
(HIV−|HD+) and both exposures (HIV+|HD+) to neither
exposure (HIV−|HD−): odds ratio, OR (95% CI) of 2.31 (1.11;
4.82), 3.57 (CI 0.84; 15.13) and 6.01 (2.22; 16.22), respec-
tively (Tables S6 and S10). Similar results were seen for
LAZ and ambulatory diarrhoea, but not for other measures
of infectious morbidity or for developmental delay (Tables
S5–S7).

Exposure to both HIV and IPV predicted substantially higher
odds of ambulatory childhood illness and motor delay than
either exposure by itself (positive interaction), albeit with low
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(a)

(c) (d)

(b)

Figure 3. Relative odds (odds ratios) of child health outcomes, by categories of maternal HIV status and household food security: inter-
action forest plots on logarithmic scale. (a) Odds ratios for underweight (weight-for-age Z-score < −2) during follow-up. (b) Odds ratios
for infectious cause hospitalisation between ages 7 days and 3 months. (c) Odds ratios for any cognitive delay (Bayley Scales of Infant
Development, 3rd edition, composite score). (d) Odds ratios for any motor delay (Bayley Scales of Infant Development, 3rd edition, com-
posite score).

precision (Tables S7 and S 9). Compared to children with nei-
ther exposure (HIV−|IPV−), those with HIV exposure only
(HIV+|IPV−) had double the odds of RTI (OR 2.53; 95%
CI 1.64; 3.90); those with IPV exposure only (HIV−|IPV+)
had similar odds (OR 0.32; 95% CI 0.04; 2.39); and those
with both exposures (HIV+|IPV+) had three-fold higher odds
(OR 3.27; 95% CI 1.85; 5.78). Results were similar for
ambulatory diarrhoea (Table S7). Compared to neither expo-
sure (HIV−|IPV−), odds for motor delay was incrementally
increased for HIV exposure only (HIV+|IPV−), IPV exposure
only (HIV−|IPV+) and both exposures (HIV+|IPV+) with OR
(95% CI) of 1.61 (0.70; 3.75), 2.14 (0.45; 10.21) and 4.68
(1.72; 12.72), respectively.

3.4 Sensitivity analyses

Results from complete-case analysis using pre-imputation
data approximated those from analyses based on imputed
datasets. Limiting all outcomes and exposures to the 12-
month time point did not alter any inferences. Results were
also unchanged when varying the choice of time point for
measurements of exposure to maternal alcohol use, depres-
sion or IPV (data not shown).

4 D ISCUSS ION

We provide unique insights into the syndemic vulnerability
from HD, IPV and HFIS in WLHIV and their HIV-negative chil-
dren, with data to support all three criteria of a syndemic: (a)
adverse contextual and social factors; (b) disease clustering;
and (c) adverse disease interaction [11]. We described a popu-
lation of women and children living in adverse socio-economic
conditions, within a country known for its stark social inequal-
ity, a legacy of extreme racism and ongoing structural violence
[32]. Notably, HFIS was the most prevalent maternal syndemic
co-factor for both WLHIV and HIV-negative women, with
many households experiencing hunger [31]. WLHIV also had
greater risks of other adverse exposures than HIV-negative
women across socio-economic measures. Within this context,
there was marked clustering of maternal HIV with HD, IPV
and HFIS at enrolment and over time, with evidence of bi-
directional relationships. In turn, these factors individually
affected child health outcomes, in both crude and adjusted
analyses. Moreover, we found evidence for interaction with
HIV for each of the examined syndemic co-factors, on one or
more of the examined child outcomes. The strongest inter-
action effects were seen between maternal HIV and HFIS.
Taken together, these data support our a priori hypotheses,
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suggesting a maternal HIV, alcohol, violence and food insecu-
rity syndemic with adverse consequences for CHEU health.

Although concurrence of and interactions between the
maternal factors included in this analysis have been reported
in several adult-focused studies [14, 33], the impact on child
health is less well understood. To our knowledge, this is the
first study to systematically seek evidence of HIV-related syn-
demic interactions on a maternal level, with impact measured
on a child health level, following current syndemic theory [11].
Cross-generational syndemic vulnerability has been described
in non-HIV-related work, demonstrating the complex web of
interactions that can persist over generations, driving psycho-
logical and cardiometabolic disease [34]. While our findings
require corroboration in other HIV-specific settings, these
results align with growing evidence for the developmental
origins of the health and disease hypothesis, strengthened
by recent advances in neuro-imaging and epigenetic research
[35, 36].

These data demonstrate a clear need for multi-faceted
interventions to optimise child health in high HIV burden
settings, in addition to breastfeeding with ART for mater-
nal HIV. There are a growing number of adult-focused stud-
ies evaluating individual- and community-level interventions to
reduce alcohol abuse, IPV and/or food insecurity. Community
mobilisation, screening with counselling, motivational inter-
views, housing interventions, cognitive behaviour therapy and
microfinance interventions have proven efficacy, although
results have varied by setting and duration of effect [33, 37,
38]. In addition to policy-level decision-making around water
security and agricultural practices, household-level interven-
tions, including home gardens, food rations and other eco-
nomic strengthening approaches, can mitigate food insecurity
[31, 39–41]. However, there are limited published data avail-
able on the effects similar single or multi-component interven-
tions may have on the health of CHEU. The South African-
based Philani Intervention Programme, utilising a “Mentor-
Mother” community field worker approach, has demonstrated
improvements in maternal mental health and child cogni-
tive and physical growth [42]. The feasibility and success
of this programme highlights a potential avenue for imple-
mentation of and linkage to additional interventions for HD,
IPV and HFIS in a similar context. In turn, such multi-
faceted programmes would align with the Sustainable Devel-
opment Goals, which seek to bring “Health in All Policies”
[43].

Several key exposures evaluated in this analysis were mea-
sured with self-report, increasing the risk of information
bias, even when utilising validated tools [27]. Reassuringly,
as the same measurement tools were used for both groups
of women, any resulting bias would tend towards the null
[27]. The food insecurity findings would have been strength-
ened by repeated measurement, and the use of more than
one tool. Our study is also limited by the small sub-group
sample sizes, most notably the low prevalence of proba-
ble maternal depression overall, and of HD in HIV-negative
women. Further research into this field should ideally explore
maternal mental health effects in greater detail while incor-
porating larger sample sizes, for which purpose individual-
patient-data meta-analysis may prove useful. Furthermore, a
full appreciation of syndemic effects requires both individual-

and population-level data [11]. Our findings may not be gener-
alisable to settings with different socio-economic and political
structures. Changes in HIV treatment policies have occurred
since the completion of our study, most notably the shift
from efavirenz-based to dolutegravir-based ART for preg-
nant women. In turn, the health trajectories of CHEU in
our study cohort may not be generalisable to CHEU whose
mothers received dolutegravir in pregnancy. Nonetheless, it
is unlikely that the adverse consequences of exposure to
maternal psychosocial/behavioural factors would differ mean-
ingfully by the type of antenatal ART regimen. Additionally,
the background estimates of maternal alcohol use, IPV and
HFIS have increased substantially since the COVID-19 pan-
demic, including in South Africa [44]. Given the worsening
international economic milieu, it is likely that our (pre-COVID-
19) results underestimate the current syndemic vulnerability
of HIV-affected families.

Of the syndemic co-factors evaluated in this work, the most
time-critical and salient aspect requiring urgent attention is
the extreme burden of food insecurity. There has been a dev-
astating post-2020 increase in food insecurity globally, with
worsening conditions predicted under current rates of climate
change [31]. Africa—where most CHEU live—has been identi-
fied as the continent with the greatest risk of hunger for the
present and the foreseeable future [31]. Optimising CHEU
health cannot be achieved without addressing the dire living
conditions many HIV-affected families experience daily, includ-
ing the enduring spectre of child hunger.

5 CONCLUS IONS

Syndemic interactions between maternal HIV, HD, IPV and
HFIS may partly drive the residual health discrepancies
between CHEU and CHU. These data support the importance
of holistic maternal and family care and support alongside
ART to optimise CHEU child health.
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COMMENTARY

Setting the research agenda: involving parents in research
on children who are HIV-free
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Abstract
Introduction: There is growing interest in health, developmental and survival outcomes of children who are born HIV-free
to women living with HIV (children born HIV-free). To date, the research agenda has been largely determined by researchers,
funders and policy makers, with limited involvement of parents, who are key stakeholders. Researchers at UCL Great Ormond
Street Institute of Child Health in partnership with community-based organisation 4M Network of Mentor Mothers conducted
two workshops with parents in March 2022 to establish research priorities for children born HIV-free, and key considerations
for methodological approaches both to research and engagement with the affected communities.
Discussion: When exploring research on children born HIV-free, we consider the following: what aspects of current research
are aligned with women and parents’ priorities, what is missing and what approaches would be preferred. A holistic approach
to research on children born HIV-free should be prioritised, focussing on a breadth of outcomes and how they intersect.
Secondary use of existing data sources should be maximised to facilitate this, with a view of monitoring the long-term effects
of fetal antiretroviral drug exposure alongside other key health and developmental outcomes. Involving and engaging with
parents, and children where possible, must be at the heart of research design to maximise relevance and impact of findings
for the affected communities. Potential barriers to engaging with individuals who were children born HIV-free include parental
disclosure and individuals not identifying as a child born HIV-free to a mother living with HIV. Stigma-free language must be
incorporated into the vocabulary of researchers and other stakeholders, avoiding reference to exposure; we propose the term
“children born HIV-free.”
Conclusions: Mothers and parents living with HIV should be involved in research about their children born HIV-free and are
key in identifying research priorities so that findings may translate into an impact on their children’s health and wellbeing.
Meaningful involvement of women living with HIV through trusted community partners is an effective mechanism by which to
elicit views on research about their children.
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1 INTRODUCT ION

Successes in preventing vertical transmission (VT) have led to
substantially fewer children being born with HIV [1]. In paral-
lel, the number of children who are born HIV-free to women
living with HIV* (*children born HIV-free will henceforth refer
to children born to women living with HIV who remain HIV-
free throughout childhood) has increased to an estimated 15
million globally, with more than half living in just four sub-
Saharan African countries [2]. In the UK, there are approxi-
mately 900 pregnancies in women living with HIV each year
with a VT rate <0.4% since 2012 among diagnosed women
[3].

The first 1000 days of life (conception to approximately
24 months) is a critical period of development for children,
where factors relating to the maternal and external environ-
ment can play an important role in modifying life-long risk
of health and developmental outcomes [4]. Children born
HIV-free develop in an intrauterine environment where HIV,
antiretroviral drugs and other factors, such as anxiety and
depression, affect the mother in pregnancy [5]. Growing
evidence from predominantly low- and middle-income settings
suggests that children born HIV-free may have sub-optimal
health and survival outcomes compared with children born
to women without HIV [6–9]. Specific antiretrovirals [10,
11], HIV viral factors [12, 13] and adverse birth outcomes,
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such as preterm birth [14], may contribute to these divergent
outcomes, but many questions remain.

The multilevel response to improve outcomes for children
born HIV-free have included interventions to reduce mortal-
ity, support programmatic scale-up and effectiveness of pre-
vention of VT programmes, and minimise health and devel-
opmental disparities within a framework where children are
alive, HIV-free and thriving [15]. With progress being made
to improve survival and reduce VT rates globally [16], the
research landscape is increasingly focussed on children thriv-
ing. Recent findings have demonstrated that in addition to
existing evidence on increased morbidity, developmental delay
may disproportionately affect children born HIV-free in sub-
Saharan Africa [17, 18]. This could involve pathways relating
to indirect effects of maternal HIV, such as adverse maternal
mental health, that is depression and stress [17, 19] and pos-
sible direct effects of exposure to maternal HIV, co-infections
and Antiretroviral therapy (ART) in utero [20], although no
data exist for the UK.

There is growing recognition of the importance of including
pregnant people and parents living with HIV at all stages
of research, beyond being research participants, in accor-
dance with equitable research principles and UNAIDS policy
for greater involvement of people living with HIV [21, 22].
Successful examples of co-production in research and policy-
making exist; such as the inclusion of mothers living with HIV
in the study team and the advisory board of the NOURISH-
UK study on HIV and infant feeding [23] and community-led
WHO consultation with women living with HIV when prepar-
ing updates to guidelines [24]. However, there are areas of
research where women living with HIV are excluded from
participating and shaping research. For example, pregnant
and breastfeeding women have been routinely excluded from
clinical research on antiretroviral drugs, perpetuating the
widening evidence gap on drug safety during this period
[25]; when enabled to contribute to discussions on this topic,
women had strong views that challenged long-standing proto-
cols and advocated for them to make informed choices about
participation [26]. Communities can have differing views
on research to researchers, yet parents living with HIV are
rarely involved in shaping research on children born HIV-free,
despite often being the main caregivers with key insights into
their children’s health. Even less common is the involvement
of children born HIV-free themselves, although models for
meaningful involvement of children and young adults living
with HIV exist [27].

Researchers at UCL conducting research on children born
HIV-free in the UK and 4M Network of Mentor Mothers con-
vened two workshops in March 2022 with six biological moth-
ers of children born HIV-free from Black ethnic backgrounds
to explore components for a research agenda in the UK and
globally. Building on the outcomes of these discussions, we
provide key learnings for stakeholders involved in research on
children born HIV-free.

2 D ISCUSS ION

In our workshops, six parents living with HIV established
themes for research on children born HIV-free, including pri-

orities, an infrastructure for utilising existing data source, lan-
guage preferences and approaches (Figure 1).

2.1 Outcomes of interest

There has been long-standing recognition of the need to mon-
itor the longer-term health and development of children born
HIV-free in the UK, in the context of routine discharge from
clinical care after confirmation of HIV-free status at approx-
imately 24 months of age [28, 29]. The primary concern for
families affected by HIV in the UK was the potential adverse
effects associated with early life exposures to antiretrovirals,
and there was explicit support for researchers to address
the significant knowledge gaps that still exist. In view of this,
parents expressed a preference for a wide range of outcomes
to be investigated, regardless of perceived severity. For
example, dental conditions may not be considered a severe
adverse outcome by researchers, yet parents are concerned
about such conditions as they are common and impact their
children’s wellbeing. An exploration of the long-term health
effects or benefits of breastfeeding was also identified as a
key outcome; breast/chestfeeding is less common in high-
income settings like the UK, but increasingly becoming the
infant feeding option of choice [30, 31]. Limited data on the
effects of neonatal HIV post-exposure prophylaxis (PEP) [32]
should also be addressed. This is particularly salient given the
increasing prevalence of breast/chestfeeding among people
with HIV [33], prolonging exposure to ART through human
milk and infant PEP for the duration of breast/chestfeeding in
some settings [34].

Sub-optimal immune system development and increased
risk and severity of infectious diseases have been reported
in cohorts of children born HIV-free both in high-income
and low-income settings, although not specifically in the UK
[35, 36]. Parents observed that their children born HIV-free
may experience infections more often than other children,
with particular mention of tonsilitis. Increased frequency and
severity of infections in children born HIV-free may have
multidimensional impacts beyond health, such as poor school
attendance which can lead to social service involvement. This
highlights the potential upstream effects of poorer health in
childhood on later life, mediated by educational attainment.
Engaging parents can yield an understanding of the individual-
level impact of findings on infections and immune system
development of children born HIV-free.

2.2 Utilising existing data and pioneering data
linkages

When considering data collection methods, secondary use of
administrative data (information generated when interacting
with public services [37]) was desirable for several reasons,
including efficiency, cost, and robust ethical and data gover-
nance processes. A key advantage among parents was the
potential for linkage using multiple datasets that could facil-
itate a broader understanding of health and developmental
outcomes among children born HIV-free. For example, there is
conflicting evidence regarding neurodevelopmental outcomes
in children born HIV-free in low- and middle-income countries
[20, 38] but there are no data for the UK context at present.
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Figure 1. Key themes for research on children born HIV-free. Top left corner shows the group priority research areas, top right corner
illustrates terminology preferences, bottom left corner illustrates a family-centred approach to research and engagement with other
stakeholders and bottom right corner shows a data infrastructure to explore outcomes.

Linking health and educational records would enable an inves-
tigation of possible disparities in educational attainment and
explore potential drivers. Similarly, primary care data could be
valuable for understanding health from pregnancy through to
childhood as the main entry point to clinical care pathways,
containing information on morbidity (less severe than hospital
events), prescriptions and vaccinations.

Utilising existing data sources to explore health and devel-
opmental outcomes among children born HIV-free minimises
the burden on the affected communities to contribute to
research as participants. Currently, much of the data from
this population come from prospective observational cohort
studies that require follow-up visits and are associated with
costs in both time and money to participants and their fam-
ilies. In addition, the perceived burden of follow-up may act
as a barrier to recruitment, threatening the feasibility of stud-
ies [39] that are already limited in their capacity to address
long-term outcomes with respect to research funding. How-
ever, these benefits for secondary use of existing data should
be considered alongside its limitations including limited scope
to explore beyond what has already been collected.

2.3 Language and terminology

The use of language for people living with HIV has evolved,
with greater recognition of its power to perpetuate stigma
and discrimination [40]. There is now a commitment among
many key stakeholders, including researchers and clinicians,
to adopt terms that are destigmatising and people-centred,
illustrated by the People First Charter [41]. Parent(s), who
have experienced this evolution first-hand, place great impor-
tance on getting the language right from the outset for chil-

dren born HIV-free. Terms such as “uninfected” can be viewed
as clinical and stigmatising, and the use of acronyms such as
“CHEU” (children who are HIV-exposed but uninfected) dehu-
manising when engaging in dialogue about children born HIV-
free. There was a preference for terms such as “children born
without HIV,” “children born HIV-free” or “children who are
HIV-free” among parents, and while current terminology used
among stakeholders (children who are HIV-exposed and unin-
fected) adhere to the People First Charter [42], greater con-
sideration should be given by researchers to how they refer
to this population.

2.4 A family-centred approach for setting the
research agenda

2.4.1 Women and pregnancy

Exploring outcomes of children born HIV-free within the con-
text of the woman and mother could offer an alternative per-
spective on inequalities within and between populations:

“For a healthy pregnancy, birth and child, a woman must be
physically and mentally well.”

Maternal mental health in the context of HIV in preg-
nancy is an underdeveloped area of research in the UK.
Women living with HIV are disproportionately affected by
mental health difficulties [43, 44], driven in part by social
disadvantage [44, 45]. Investigating the impact of maternal
mental health on pregnancy and both short- and long-term
child outcomes may elucidate pathways that may be driving
health and developmental inequalities and reveal opportuni-
ties for potential interventions in similar settings where evi-
dence of developmental differences have been observed [46].
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The persistence of adverse parental mental health can affect
children born HIV-free directly and indirectly; direct effects
include children being more likely to be absent from school
or display behavioural problems [47], and indirect effects
could include the risk of HIV-related death among parents
experiencing mental health difficulties [48], which could, in
turn, increase the risk of adverse childhood experiences (i.e.
parental bereavement) among children born HIV-free, analo-
gous to their counterparts living with HIV [49, 50].

2.4.2 Engaging children born HIV-free

Parents identified children born HIV-free as experts-by-
experience who should be involved in research. However,
engaging children born HIV-free is associated with several
challenges.

Firstly, parents need to talk about their HIV status to their
children, but rates of parental disclosure are low globally [51,
52]. While there are benefits of this sharing for the parent-
child relationship [53], it is conditional upon an acceptance of
the parent’s HIV status themselves, which could involve over-
coming self-stigma, cultural and family-related factors. Even if
a child or young adult is aware of their parent(s)’ HIV status,
opportunities to involve them in discussions about research
are limited. There is a lack of community-based organisations
for this population in the UK and beyond, and the absence of
routine population-level clinical follow-up of children born HIV
eliminates the possibility of approaching them opportunisti-
cally. However, children and young adults can be identified
through their family members living with HIV; for example,
HIV-free siblings of young people with perinatally acquired
HIV were recruited as controls in the UK’s AALPHI study
[54].

Furthermore, those who are HIV-free and aware of their
HIV-free status may not perceive themselves as different
from children who were born to women without HIV. Engag-
ing a population that do not consider themselves as at risk of
adverse outcomes or do not identify as “HIV-exposed” is a sig-
nificant barrier to the co-production of research on children
born HIV-free. A driving factor for children and young adult’s
dissociation from being “HIV-free” could be related to HIV-
associated stigma and fear of bullying if their parent(s)’ status
became common knowledge. Researchers must also consider
the capacity for children and young adults to engage with and
become involved with research. Some will also be navigating
social and economic disadvantage which can be prevalent in
communities affected by HIV [55, 56], as well as potential ill-
ness within their families.

There are likely to be varying perspectives on being “HIV-
free” among children and young adults born to women living
with HIV, highlighting the importance of involving them in dis-
cussions around the research agenda from inception, as their
views on research and its relevance to their lives may differ
to their parents [57].

2.5 Maximising research impact

Research on children born HIV-free can be poorly dis-
seminated to communities which minimises impact. When
considering stakeholder groups for dissemination of research

findings, children and/or young adults born HIV-free should
be prioritised along with their parent(s) living with HIV.
Children born HIV-free should be given access to information
on research at an appropriate age of comprehension [58]
using specific content created for them, and efforts made to
engage within settings in which they feel comfortable, that
is podcasts, social media or attending youth events. Parents
living with HIV should be disseminating findings alongside
researchers as self-advocates, particularly in health and social
care settings. Dissemination strategies must be co-produced
with children born HIV-free and their parents to target
appropriate key stakeholders, and to tailor the communication
of findings to each audience.

3 CONCLUS IONS

In this commentary, we draw upon findings from workshops
with six parents living with HIV who provided feedback on
priorities and approaches for research on children born HIV-
free. We have highlighted how parents and children affected
by HIV have unique and important insights into research on
children born HIV-free. It is vital that academics, clinicians,
funders and other stakeholders centre their voices to increase
relevancy and maximise the impact of research. In collabo-
ration with parents living with HIV, we have identified a set
of research priorities and recommendations for the research
agenda that are based on selecting a broad range of out-
comes; using and linking existing data; using stigma-free lan-
guage; and employing a holistic, life-course approach that val-
ues involving parents and children. We propose an extension
to existing frameworks to decolonise global health that fore-
ground the need for equitable research partnerships [59], by
including this often marginalised population of parents living
with HIV, and their children, as research partners in setting
the research agenda in this growing population of children.
Identifying potential barriers for involving affected communi-
ties is a necessary component in achieving this, and explo-
ration of these challenges can facilitate ongoing dialogue with
communities on how to overcome them.
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Abstract
Introduction: Decisions to disclose HIV serostatus may be complicated by internalised HIV stigma. We evaluated the asso-
ciation of internalised HIV stigma in biological mothers living with HIV with disclosure of their serostatus to their children
perinatally HIV-exposed but uninfected (CHEU).
Methods: Mothers and their CHEU were enrolled in the United States (U.S.)-based Surveillance Monitoring for Antiretroviral
Therapy (ART) Toxicities (SMARTT) study of the Pediatric HIV/AIDS Cohort Study (PHACS), a longitudinal study of outcomes
related to in utero exposure to HIV and ART among CHEU. Mothers completing at least one stigma and disclosure assess-
ment starting at the child’s age 11-, 13-, 15- and/or 17-year study visits between 16 August 2016 and 1 October 2020 were
eligible. Stigma was measured with the 28-item Internalised HIV Stigma Scale (IHSS). Mean stigma scores were linearly trans-
formed to a range of 0–100, with higher scores indicating greater levels of stigma. At each visit, mothers were asked if their
child was aware of their HIV diagnosis and at what age the child became aware. The Kaplan-Meier estimator evaluated the
cumulative probability of disclosure at each child age. Logistic regression models with generalised estimating equations to
account for repeated measures were fit to examine the association between stigma and disclosure, controlling for relevant
socio-demographic variables.
Results: Included were 438 mothers of 576 children (mean age 41.5 years, 60% U.S.-born, 60% Black/African American and
37% with household income ≤$10,000). The prevalence of disclosure across all visits was 29%. Mothers whose children were
aware versus not aware of their serostatus reported lower mean IHSS scores (38.2 vs. 45.6, respectively). The cumulative
proportion of disclosure by age 11 was 18.4% (95% CI: 15.5%, 21.8%) and 41% by age 17 (95% CI: 35.2%, 47.4%). At all
child ages, disclosure was higher among children of U.S.-born versus non-U.S.-born mothers. After adjusting for age, marital
status and years since HIV diagnosis, higher IHSS scores were associated with lower odds of disclosure (OR = 0.985, 95%
CI: 0.975, 0.995).
Conclusions: Providing support to women as they make decisions about serostatus disclosure to their children may entail
addressing internalised HIV stigma and consideration of community-level factors, particularly for non-U.S.-born mothers.

Keywords: internalised HIV stigma; PHACS; SMARTT; maternal HIV disclosure; parental HIV disclosure; perinatal HIV expo-
sure
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1 INTRODUCT ION

HIV-related stigma involves negative, judgemental or discrimi-
natory attitudes that people and society have about persons
living with HIV (PLWH) and it has been a long-established
barrier to optimal HIV care and service uptake [1]. It has
also been linked to decreased social support, adverse men-
tal health conditions and marginalisation, resulting in PLWH
being excluded from exerting influence on dynamic structures

and systems (i.e. healthcare, political, economic and commu-
nity) [1–5].

HIV stigma has also been linked to reduced HIV serosta-
tus disclosure to others [6]. HIV serostatus disclosure entails
informing others of one’s HIV status and is a complex pro-
cess by which personal information is communicated [7]. Dis-
closure occurs on a continuum, from non-disclosure to partial
disclosure, to full disclosure, and involves multiple cognitive,
emotional and behavioural reactions [8–10].
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Disclosure of parental HIV serostatus to children has been
documented as a significant challenge for parents [8, 11].
Parental serostatus disclosure to children has implications
for parental and child health, parenting and guardianship
plans, increased risk of unintended disclosures and discrim-
ination against other family members, and family dynamics
[8]. Children are typically disclosed to less often, compared
to intimate partners, other family members and healthcare
providers [11, 12]. Research shows that rates of parental
(mothers and fathers) disclosure to children range from 20%
to 97% in studies conducted within the United States (U.S.)
and between 11% and 44% in studies conducted outside of
the U.S [8]. Variations in disclosure proportions across differ-
ent studies have been attributed in part to differences in sam-
ple characteristics and the lack of standardisation in how dis-
closure is measured [8].

Other studies have shown that the proportion of mothers
disclosing their HIV serostatus to their children range from
30% to 66% [13, 14]. Noted reasons for maternal disclosure
have included wanting to tell the child herself, the child’s right
to know, preparing the child for the future, a sense of parental
obligation and the need to protect the child [11, 15]. Reasons
mothers choose not to disclose may include HIV stigma and
discrimination, not wanting to burden the child and perceived
immaturity of the child [11, 15–17].

Maternal benefits of disclosure to children may include
stress alleviation around the need to hide medical care, bet-
ter compliance with clinical appointments, lower anxiety and
depression, higher levels of social support, stronger rela-
tionships with children and greater family cohesion [12, 17,
18–24]. However, disclosure to children may also lead to fears
about the quality of the relationship with their child declin-
ing and feeling overwhelmed and nervous post disclosure [20,
25].

Benefits of disclosure for children may include decreased
problematic behaviours over time, reduction in negative mood
and depression, increase in household responsibilities and
higher self-concept [24, 26, 27]. Downsides of the disclosure
may encompass lower emotional and social functioning, exter-
nalizing symptoms, higher levels of depression, unprotected
sexual behaviours and substance use, and negative feelings
about and poor performance in school [19, 28–31].

The contribution of HIV stigma to decisions about HIV
serostatus disclosure to others has also been explored in the
literature. Higher levels of internalised HIV stigma, defined as
stigma (i.e. perceived, experienced, enacted and anticipated)
that is incorporated into the self-definition, results in nega-
tive self-perception and self-injurious behaviours, and lower
levels of disclosure [5, 32–36]. For parents living with HIV,
fear of discrimination due to secondary disclosure by children,
rejection and loss of respect from children, and internalised
HIV stigma manifested as self-shaming and experienced guilt
about having HIV, have all been implicated as barriers to dis-
closure [37–40]. The explicit role of maternal internalised HIV
stigma in serostatus disclosure to their children, particularly
children perinatally HIV-exposed but uninfected (CHEU) who
may need long-term monitoring, is currently understudied.
Understanding the role of internalised HIV stigma in disclo-
sure among mothers and their CHEU may help women with
their disclosure decisions [15–17, 21, 24, 27, 41].

In this study, we aimed to understand the role of inter-
nalised HIV stigma in the disclosure of maternal HIV serosta-
tus to their CHEU (ages 0–17 years) enrolled in the Surveil-
lance Monitoring for Antiretroviral Therapy (ART) Toxicities
(SMARTT), a study of the Pediatric HIV/AIDS Cohort Study
(PHACS). Specifically, we estimated the prevalence of disclo-
sure to CHEU and determined the association between inter-
nalised HIV stigma and disclosure.

2 METHODS

2.1 Ethical considerations

The SMARTT study was reviewed and approved by Institu-
tional Review Boards (IRBs) at all participating sites and Har-
vard T.H. Chan School of Public Health. Mothers provided
informed consent for themselves and their children to partic-
ipate in the PHACS SMARTT study. Children signed an age-
appropriate (per site IRB guidelines) assent form to partici-
pate in a study about their general health and development.
Children who turned 18 years during the study period were
invited to participate in the SMARTT Young Adult Cohort only
if they were aware of their mother’s HIV serostatus and their
own HIV and ART exposure.

2.2 Study population

SMARTT evaluates the long-term safety of ART taken during
pregnancy among women living with HIV and their CHEU and
its methods have been described elsewhere [42]. The pop-
ulation for this study included biological mothers of CHEU
enrolled in the Static and Dynamic cohorts of SMARTT as of 1
October 2020. Mothers were eligible if they had at least one
study visit since 16 August 2016, when SMARTT began col-
lecting interview data on internalised HIV stigma and mater-
nal serostatus disclosure to children at the child’s visit ages
11, 13, 15 and 17 years.

2.3 Exposure measure

The primary exposure was internalised HIV stigma, mea-
sured with the 28-item validated Internalised HIV Stigma
Scale (IHSS) [43]. The IHSS measures current internalised
HIV stigma and consists of four subscales: stereotypes (12-
items), disclosure concerns (5-items), social relationships (7-
items) and self-acceptance (4-items), with each item response
ranging from 0 to 4. To obtain an overall stigma score, mean
scores of the IHSS subscales were averaged and linearly
transformed to a range of 0–100, with higher scores indicat-
ing greater perceptions and experiences of internalised HIV
stigma. Participants were allowed up to a 1-year window
around the visit age to complete the corresponding stigma
surveys to be included in the analysis. Stigma surveys with
at least half of the items in each subscale answered were
considered complete. The rationale for only including partic-
ipants who responded to at least half of each subscale was
that some of the IHSS subscales had very few items compared
to the others. The IHSS score comprised the average of the
completed subscale items.
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2.4 Outcome measure

The primary outcome was maternal HIV disclosure status.
Disclosure status was assessed via interview at child visit ages
11, 13, 15 and 17 years and defined as a “yes” response
to the question “Is [child’s name] aware of your HIV diagno-
sis?” This disclosure could have been by the child’s mother or
by someone else. To estimate the probability of disclosure by
each child age, the actual age (in years) at which the child
was reported to have learned of the mother’s HIV serostatus
was used (assessed with the question “How old was [child’s
name] when he/she first learned you had HIV?”). In the event
of a discrepancy in actual age across interviews for the same
child, the age reported at the first interview in which the
mother reported the child was aware of her diagnosis was
used.

2.5 Covariates

Child and maternal covariates were also considered. Child
characteristics included cohort (Static/Dynamic), age, sex, race,
ethnicity, educational level and primary language. Maternal
characteristics included site/region, country of birth, age at
time of stigma/disclosure assessment, race, ethnicity, language
spoken at home, highest educational level, annual household
income, employment status, living arrangement, marital sta-
tus, health limitations (i.e. difficulties with mobility, physical
activity, work, household chores, etc.) and years since HIV
diagnosis. In the adjusted model of the association between
internalised HIV stigma and maternal disclosure, maternal age,
marital status and years since maternal HIV diagnosis were
considered as potential confounders.

2.6 Statistical analysis

The prevalence of disclosure in the study population and by
child age at the time of assessment was estimated from all
visits. The denominator included everyone with a visit at that
child age, regardless of disclosure status, and the numerator
was the number of children who were aware of their mother’s
HIV serostatus as of that age. The way the child learned of
the mother’s diagnosis and reasons for disclosing or not dis-
closing were also summarised from the first interview that
each child was reported to have been aware of their mother’s
HIV serostatus. Among children who were never reported to
be aware of their mothers’ HIV serostatus, the distribution
of maternal intention to disclose in the future as reported at
the first visit when disclosure and stigma were assessed was
summarised, and reasons for not disclosing were summarised
by maternal intention to disclose. Distributions of child and
maternal demographic, socio-economic and clinical character-
istics were summarised and compared at visits at which the
mother reported the child being aware of her diagnosis versus
not aware. Distributions were also summarised by child visit
age.

The Kaplan-Meier estimator was used to estimate the prob-
ability of disclosure by each child age, using the actual age
at which the mother reported the child learned of her HIV
diagnosis. Children were censored at the age at which disclo-
sure was reported, or, if not disclosed to, at the age at time of
the last visit when their mothers were interviewed. The esti-

mated probability of disclosure by each child age was com-
pared between mothers who were born in the U.S. and Puerto
Rico and mothers born in other countries. A score test from
Cox proportional hazards models with the robust sandwich
estimator was used to evaluate whether the Kaplan-Meier
curves were statistically different at any time point, account-
ing for correlation from repeated measures (multiple children
per biological mother). The proportionality assumption of the
Cox proportional hazards model was tested via the Kaplan-
Meier curves graphically and the Schoenfeld residuals.

To evaluate the association between internalised HIV
stigma and maternal HIV disclosure status, univariable and
multivariable logistic regression models were fit with gener-
alised estimating equations to account for repeated measures
per mother and child. Both unadjusted and adjusted measures
of association were evaluated with odds ratios (ORs) and 95%
confidence intervals. All analyses were performed using SAS
software, Version 9.4.

3 RESULTS

3.1 Study population

As of 1 October 2020, 915 biological mothers of 1216
children were eligible for the analysis. Of the 915 moth-
ers, 454 (49.6%) submitted at least one IHSS survey, while
461(50.4%) mothers had no survey submitted. Of those who
submitted their surveys, 446 mothers (48.7% of the 915 eli-
gible) submitted a completed IHSS. Among the 446 moth-
ers with a completed IHHS, eight did not complete the
maternal disclosure interview, leaving a total of 438 moth-
ers of 576 children across 739 visits included in the analysis
(Figure 1).

3.2 Prevalence of maternal HIV serostatus
disclosure

Mothers indicated that the child was aware of their HIV
serostatus at 28.1% (208/739) visits, representing 166 unique
children and 132 unique mothers (28.8% of 576 children
and 30.1% of 438 mothers in the final study population).
Prevalence of disclosure was lowest at the child age 11 visit
(11%) and increased to 28% at the age 13 visit, 42% at
the age 15 visit and 47% by the age 17 visit. The esti-
mated probability that a child was aware of their mother’s
serostatus by age 11 was 18.4% (95% CI: 15.5%, 21.8%), and
this probability increased to 41% (95% CI: 35.2%, 47.4%) by
age 17. Additionally, there was a higher probability of dis-
closing to the child among mothers born in the U.S. and
Puerto Rico compared to mothers born in other countries,
and this difference increased with older child age (Figure 2).
Most children who were aware of their mother’s serosta-
tus (70% or 117/166) learned via a planned disclosure by
the mother herself. The remainder of the children learned
about their mothers’ serostatus through others means, includ-
ing from a family member, from a non-family member,
by seeing maternal HIV medications and other unplanned
disclosures.
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Figure 1. Study population selection. Abbreviations: SMARTT, Surveillance Monitoring for Antiretroviral Therapy Toxicities; IHSS, Inter-
nalised HIV Stigma Scale.

3.3 Maternal and child characteristics by
disclosure status

Table 1 summarises the characteristics of children and their
mothers among children who were reported to be aware ver-
sus unaware of their mother’s HIV serostatus. Compared to
mothers whose children were aware of their HIV serostatus,
mothers whose children were not aware were more likely to
be born outside of the U.S. and Puerto Rico (31% vs. 17%).
Mothers of children who were aware of their HIV serosta-
tus were more frequently separated or divorced and had a
longer mean number of years since their HIV diagnosis com-
pared to mothers who did not disclose. Children who were
aware of their mother’s HIV serostatus were more frequently
female and in high school versus middle school and elemen-
tary school.

3.4 Reported reasons for disclosing and not
disclosing maternal HIV serostatus

For each unique child aware of their mother’s HIV serostatus
(n = 166), the mother was asked about their reasons for dis-
closure. Reasons that were “very much a factor” in their deci-

sion to disclose included: wanting the child to hear it from the
mother rather than from someone else (72% or 119/166), not
wanting to keep the diagnosis a secret from the child (70%
or 117/166), wanting to educate the child about HIV to help
the child avoid acquiring HIV (70%) and wanting the child to
understand the mother’s health condition and/or treatment
needs (67% or 111/166). For children who were unaware of
their mother’s HIV serostatus (n = 410), the most frequent
reasons identified by mothers as “very much a factor” for not
disclosing were not wanting to worry or burden the child with
this information (80% or 326/410) and wanting to protect the
child so others will not hurt them because of their mother’s
HIV serostatus (65% or 266/410) (data not shown in tables).

3.5 Intention to disclose maternal HIV serostatus

Among the 410 children who were not aware of their
mother’s HIV serostatus, 16% had mothers who planned
to never disclose their diagnosis, 27% who planned to dis-
close in the near future and 42% who planned to disclose
in the future but “no time soon.” For children whose moth-
ers planned to disclose sometime in the future (n = 285),
the most frequent reasons endorsed as “very much a factor”
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Table 1. Characteristics of children and biological mothers by disclosure status to child at all visits

Disclosed

(n=208)
Did not disclose

(n=531)
Total

(N=739)

Cohort n (%) n (%) n (%)

Dynamic 16 (8%) 103 (19%) 119 (16%)

Static 192 (92%) 428 (81%) 620 (84%)

Child sex

Male 90 (43%) 284 (53%) 374 (51%)

Female 118 (57%) 247 (47%) 365 (49%)

Child visit age (in years)

11 30 (14%) 235 (44%) 265 (36%)

13 57 (27%) 144 (27%) 201 (27%)

15 65 (31%) 88 (17%) 153 (21%)

17 56 (27%) 64 (12%) 120 (16%)

Child race

Asian 0 (0%) 1 (0%) 1 (0%)

Black or African American 128 (62%) 322 (61%) 450 (61%)

White 66 (32%) 148 (28%) 214 (29%)

More than one race 5 (2%) 7 (1%) 12 (2%)

Unknown 9 (4%) 53 (10%) 62 (8%)

Child ethnicity

Hispanic or Latino 63 (30%) 195 (37%) 258 (35%)

Not Hispanic or Latino 144 (69%) 334 (63%) 478 (65%)

Unknown 1 (0%) 2 (0%) 3 (0%)

Child education level

Grade 6 and younger 45 (22%) 269 (51%) 314 (42%)

Grades 7 and 8 56 (27%) 124 (23%) 180 (24%)

Grades 9 to 12 105 (50%) 134 (25%) 239 (32%)

Other 2 (1%) 4 (1%) 6 (1%)

Child primary language

English 167 (80%) 395 (74%) 562 (76%)

Spanish 24 (12%) 81 (15%) 105 (14%)

English and another language 16 (8%) 35 (7%) 51 (7%)

Other 1 (0%) 20 (4%) 21 (3%)

Mother’s birthplace region

US and Puerto Rico 170 (82%) 366 (69%) 536 (73%)

Other country 35 (17%) 163 (31%) 198 (27%)

Unknown 3 (1%) 2 (0%) 5 (1%)

Maternal age (in years)

N 208 531 739

# missing 0 0 0

Mean (95% CI) 42.26 (41.38, 43.13) 41.60 (41.08, 42.12) 41.79 (41.34, 42.24)

Min, Max 27.07, 58.03 27.72, 57.13 27.07, 58.03

Median (Q1, Q3) 40.90 (37.72, 47.62) 41.23 (36.95, 46.13) 41.15 (37.22, 46.45)

Maternal race

Asian 0 (0%) 1 (0%) 1 (0%)

Black or African American 124 (60%) 323 (61%) 447 (60%)

White 77 (37%) 145 (27%) 222 (30%)

American Indian 0 (0%) 1 (0%) 1 (0%)

More than one race 0 (0%) 2 (0%) 2 (0%)

Unknown 7 (3%) 59 (11%) 66 (9%)

(Continued)
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Table 1. Continued

Disclosed

(n=208)
Did not disclose

(n=531)
Total

(N=739)

Maternal ethnicity

Hispanic or Latino 66 (32%) 202 (38%) 268 (36%)

Not Hispanic or Latino 142 (68%) 329 (62%) 471 (64%)

Mother’s education level

Less than high school 62 (30%) 174 (33%) 236 (32%)

High school or GED 70 (34%) 152 (29%) 222 (30%)

More than high school 76 (37%) 205 (39%) 281 (38%)

Annual household income

≤ $10,000 71 (34%) 183 (34%) 254 (34%)

$10,001–$20,000 62 (30%) 113 (21%) 175 (24%)

$20,001–$30,000 30 (14%) 95 (18%) 125 (17%)

≥ $30,001 41 (20%) 133 (25%) 174 (24%)

Unknown 4 (2%) 7 (1%) 11 (1%)

Mother’s employment status

Employed 76 (37%) 245 (46%) 321 (43%)

Not employed 132 (63%) 286 (54%) 418 (57%)

Mother’s living arrangement

Living with partner/spouse 84 (40%) 237 (45%) 321 (43%)

Not living with partner/spouse 122 (59%) 288 (54%) 410 (55%)

Other 2 (1%) 6 (1%) 8 (1%)

Mother’s marital status

Married 50 (24%) 157 (30%) 207 (28%)

Separated/divorced 43 (21%) 62 (12%) 105 (14%)

Widowed 10 (5%) 7 (1%) 17 (2%)

Single, never married 105 (50%) 305 (57%) 410 (55%)

Language spoken at home

English 160 (77%) 350 (66%) 510 (69%)

Spanish 29 (14%) 100 (19%) 129 (17%)

English and another language 19 (9%) 49 (9%) 68 (9%)

Other 0 (0%) 32 (6%) 32 (4%)

Maternal health limitations

No limitation 123 (59%) 339 (64%) 462 (63%)

At least one limitation 85 (41%) 190 (36%) 275 (37%)

Unknown 0 (0%) 2 (0%) 2 (0%)

Years since maternal HIV diagnosis

N 172 439 611

# missing 36 92 128

Mean (95% CI) 19.38 (18.63, 20.12) 17.64 (17.19, 18.09) 18.13 (17.74, 18.52)

Min, Max 11.47, 35.08 11.18, 32.62 11.18, 35.08

Median (Q1, Q3) 18.38 (15.61, 22.46) 16.82 (13.66, 20.52) 17.53 (14.22, 21.04)

for wanting to disclose included wanting the child to hear it
from them (92%) and wanting to educate the child about HIV
(86%).

3.6 Distribution of internalised HIV stigma by
maternal HIV disclosure status

The overall mean IHSS score among visits where the mother
reported that the child was aware of her HIV serostatus

was 38.2 (SD = 17.5), compared to 45.6 (SD = 19.5) among
visits where the mother reported that the child was not
aware. This trend was seen in all subscales of the IHSS,
except for the stereotypes subscale, where mean scores were
similar in the two groups (Figure 3). Across all child visit
ages, the overall mean IHSS score was lower by at least
5 points for visits where the child was aware of mother’s
diagnosis.
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Figure 2. Estimated probability of disclosure by mother’s birth region across child’s age.

Figure 3. Mean stigma scores overall and for each subscale, by maternal HIV disclosure status. Error bars represent 95% confidence
intervals.
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3.7 Associations of internalised HIV stigma with
maternal HIV disclosure status

In the unadjusted model, for every 1-point increase in the
overall IHSS score, there was a 2% decrease in the odds
of disclosure (OR = 0.98, 95% CI: 0.98, 0.99). This associa-
tion remained after adjusting for maternal age, marital status
and years since maternal HIV diagnosis (adjusted OR [aOR] =
0.985; 95% CI: 0.975, 0.995).

4 D ISCUSS ION

In this study, we found that 29% of CHEU enrolled in
SMARTT and whose mothers completed the IHSS were aware
of their mother’s HIV serostatus. This number was lower than
the disclosure proportion reported by Schrimshaw and Siegel,
who found that 66% of mothers had disclosed their HIV
serostatus to their children who were not living with HIV [14].
Similarly, Abdulrahman et al. reported that 36% of caregivers
(both biological and non-biological parents) had disclosed their
HIV status to children living with and without HIV [44]. The
prevalence of disclosure in our study was similar to the 28%
reported by Armistead et al. whose study population included
biological mothers and their CHEU [13]. Differences in disclo-
sure proportions may be due to concomitant stigmas related
to mothers’ race, gender, socio-economic status, immigration
status and mental health conditions exacerbating internalised
HIV stigma and complicating the disclosure process. In addi-
tion, there is no standardised way of measuring disclosure. In
our study, we defined disclosure as the child being aware of
their mother’s HIV serostatus regardless of who informed the
child. Other studies define disclosure as the parent or care-
giver directly disclosing their HIV serostatus to their children
[8, 17, 45, 46].

The reasons for disclosure and non-disclosure in this study
were similar to other studies examining disclosure of maternal
HIV serostatus to their children [14, 15, 47]. The primary rea-
sons for mothers disclosing were to ensure that their children
learned about their mother’s diagnosis directly from them, not
wanting to keep the diagnosis a secret and wanting to educate
the child about HIV. The main reported reasons for not dis-
closing were not wanting to burden the child with diagnosis
information and wanting to protect the child from being hurt
by others.

Most of the mothers in our study had disclosed or planned
to disclose their serostatus to their children. Only 16% of
mothers reported that they never want to disclose their HIV
serostatus to their children. Most reported that their diagno-
sis was personal. This is understandable given that parents
living with HIV experience challenges in managing the dis-
closure process, discomfort discussing death and reasons for
their diagnosis, fear of children’s emotional reactions and per-
ceived rejection from children [6]. Since some parents may not
have the appropriate resources or skills to facilitate HIV dis-
closure, specialised intervention programmes, such as Teach-
ing, Raising, and Communication with Kids (TRACK), devel-
oped by Murphy et al., may help prepare and support parents
dealing with disclosure decisions [47].

In this study, we found a greater likelihood of maternal HIV
serostatus disclosure with the child’s increasing age. Increased
disclosure to older children versus younger children may be
attributed to the perceived maturity of the child, the per-
ceived ability of the child to keep the mother’s HIV serosta-
tus a secret and needing assistance or support from that child
[13, 26, 44, 48]. We also found lower proportions of maternal
HIV serostatus disclosure among non-U.S.-born mothers com-
pared to U.S.- and Puerto Rico-born, which may be related to
community-level factors [44, 49, 50]. Mothers born in other
countries may fear that disclosure to their children may lead
to community disclosure and subsequent community shaming
and judgements. Non-U.S.-born mothers may also be uncom-
fortable seeking help to disclose to their children from their
HIV providers [6]. Additionally, due to traditional gender roles
and unique cultural conditioning, some mothers may find it
inappropriate or uncomfortable to discuss perceived taboo
subjects, such as sex and sexuality [51].

We found that higher levels of internalised HIV stigma
were associated with lower odds of disclosure to CHEU,
which is consistent with other studies [37–39, 52–54]. This
study adds to the existing literature on the relationship
between internalised HIV stigma and maternal HIV serostatus
disclosure to CHEU. It contextualises HIV stigma and mater-
nal disclosure of HIV status from the position of a large, multi-
site, U.S.-based longitudinal cohort study of mothers and their
adolescent CHEU, which is currently missing from the litera-
ture. Understanding maternal serostatus disclosure to CHEU
and related factors may be helpful for healthcare providers in
assisting parents with disclosure-related matters. For CHEU,
knowledge of their mothers’ HIV seropositivity and associated
struggles (i.e. navigating complex healthcare systems, ART
adherence, stigma and discrimination) and their own exposure
to HIV and ART may help them avoid high-risk behaviours.
Knowledge of their own exposure to HIV and ART may also
be important for the management of health conditions that
may not arise until an individual has advanced into adulthood
[41].

There are several study limitations in need of acknowl-
edgement. Due to the cross-sectional design of the study
and that disclosure is a dynamic process, we were unable
to explore how stigma leads to disclosure decisions. The
IHSS, while validated both in women living with HIV in the
U.S. and outside of the U.S., may not have captured the
nuanced experiences of mothers living and parenting with
HIV who were born in other countries. Those completing
the stigma and disclosure assessments were older and liv-
ing with their HIV diagnosis longer. Therefore, the findings
of this study may not be generalizable to younger moth-
ers and mothers with more recent HIV diagnoses, as these
groups may experience stigma and disclosure decisions differ-
ently. Moreover, stigma assessments were implemented only
after a certain time point, and only mothers with children who
reached the age of at least 11 years were assessed, limiting
the generalizability of study results to mothers with younger
children. Additionally, we did not have appropriate maternal
data on mental health conditions and intimate partner vio-
lence, which may have impacted the internalisation of HIV
stigma and decisions around serostatus disclosure to their
CHEU.
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Importantly, this study found that most mothers (84%)
intend to disclose their HIV serostatus to their CHEU. How-
ever, these mothers may not have the necessary tools or
needed support to do so. Thus, the results of this study have
implications for future research and programme development.
First, interventions are needed to reduce internalised HIV
stigma. Mobilizing and strengthening communities impacted
by HIV with opportunities for peer leadership, support, edu-
cation, outreach and advocacy may be valuable in reducing
internalised HIV stigma and its harmful effects [4]. Incorpo-
rating disclosure practices that recognise and accommodate
the cultural diversity and norms of families may be particu-
larly advantageous for mothers born outside of the U.S [8].
Studies exploring the specific role of HIV stigma experienced
in the community and the impact of non-HIV-related discrim-
ination among mothers who immigrated to the U.S. on disclo-
sure decisions to children may also provide rich experiential
insight for shaping community-level interventions.

5 CONCLUS IONS

The current study explored the prevalence of maternal HIV
serostatus disclosure among CHEU and their biological moth-
ers enrolled in the SMARTT study and evaluated the rela-
tionship between internalised HIV stigma and disclosure. We
found that disclosure was prevalent in 29% of mother-child
pairs and that higher internalised HIV stigma was associ-
ated with lower odds of disclosing to the child. An additional
54% of mothers planned to disclose to HIV serostatus in the
future. Providing culturally sensitive and unbiased support to
women as they make decisions about disclosure of their HIV
serostatus to their children may entail addressing internalised
HIV stigma and consideration of community-level factors, par-
ticularly for non-U.S.-born mothers.
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Abstract
Introduction: The number of children exposed to HIV and possibly to antiretroviral therapy (ART) in utero and during breast-
feeding and are uninfected (HEU) globally will continue to increase from the estimated 15.9 million in 2021.
Discussion: There are still significant gaps in our understanding of the impact of HIV and/or ART exposure in children who
are HEU, in terms of prevalence/incidence and severity on health and wellbeing, and long after exposure has ended. While
there have been substantial programmatic efforts to support the elimination of vertical transmission of HIV, additional rigor-
ous research is needed to better understand the biological, (psycho)social and structural factors contributing to optimal health
for populations who are HEU. Furthermore, the best approaches to address and study the gaps in understanding also need to
be explored. Given the scope of the problem including the large numbers of affected people as well as the often limited and
competing in-country resources for populations affected by HIV, novel methodologies, including multi-level approaches and
advanced analytics, need to be considered.
Conclusions: A growing population of children who are HEU are maturing into adolescence and young adulthood. Research to
advance understanding of the possible negative long-term effects of HIV and/or ART exposure in these youth is supported by
the US National Institutes of Health. Both large epidemiological studies and smaller more comprehensive cohort studies may
be required to address the complexity of the issue. Integrating both types of studies could allow the establishment of more
reliable and validated predictions of which youth who are HEU are at the highest risk for specific negative health outcomes,
such as mental health and neurocognitive disorders, and which interventional approaches may be most successful to address
specific deficits both in terms of prevention and treatment. Finally, these goals can be more rapidly achieved with data science
efforts, data harmonisation between studies and with sustainable data-sharing practices. It is important to expand the commit-
ment to research to identify biological, social and structural drivers, to develop screening tools, and impactful and contextually
appropriate interventions to address the health and wellbeing of children who are HEU from birth through adulthood.
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1 INTRODUCT ION

The number of children exposed to HIV and possibly to
antiretroviral therapy (ART) in utero and during breastfeed-
ing who are uninfected (HEU) will continue to increase from
the estimated 15.9 million children in 2021 [1, 2]. Further-
more, an increasing number of these children are now grow-
ing into adolescence (13–18 years of age) and young adult-
hood (18–21 years of age) [3]. These biological exposures put
this population at increased risk for negative health outcomes.
A number of studies indicate that children who are HEU
are at increased risk for complicated maternal pregnancy and
delivery, increased rates of preterm delivery, mortality, infec-
tious morbidity, immune abnormalities and impaired growth

[4]. These complications may also act as mediators of the
delays in cognitive, motor, language and neurodevelopment
that have been reported in some studies [5], mainly focused
on younger age groups. In addition to the more biologic fac-
tors, mental health and neurocognitive outcomes will also be
moderated by psychosocial and behavioural factors in addition
to social determinants of health [6]. There may also be a dis-
proportionate impact of structural and health inequalities on
the youth growing up in an environment affected by HIV.

A recent systematic review and meta-analysis highlighted
the need for large high-quality longitudinal studies to assess
the neurodevelopmental trajectories of children who are HEU
[7]. Furthermore, psychosocial factors and social determi-
nants of health also may play a significant and increasing
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role over time moderating the possible HIV and ART-related
negative health outcomes of youth who are HEU. For exam-
ple, inequitable access to healthcare services and education,
low socio-economic status and HIV stigma continue to affect
children who are HEU growing up in HIV-affected envi-
ronments. Slogrove described a “package of risks,” including
potentially adverse factors beyond ART and HIV exposure,
such as social and structural inequalities, exposures to other
infectious diseases, and maternal morbidity and mortality, that
also adversely affect the development of children who are
HEU [8].

It is important to understand the underlying mechanisms
and compounding risk factors for increased negative health
outcomes to predict those at highest risk and inform appro-
priate targeted management and intervention strategies that
optimise the overall wellness of the growing population of
youth and young adults who are HEU. As most psychiatric dis-
orders emerge in late childhood and adolescence, these dis-
orders may not yet be apparent; therefore, it is important
for older populations who are HEU to be assessed for men-
tal health symptoms and disorders in order for them to be
rapidly addressed [9]. Factors that extend beyond in-utero
exposures also must be considered when evaluating the mech-
anisms or risk factors impacting health outcomes among older
populations who are HEU. Given the breadth of both hetero-
geneous etiologic factors and health outcomes in populations
who are HEU, the large affected populations of children, ado-
lescents and young adults, as well as the often limited and
competing in-country resources to address health and other
inequities, research with a focus on adolescents and young
adults that includes possible targeted interventions for mental
and neurocognitive health need to be more highly prioritised.

This commentary focuses on research gaps related to the
long-term effects of in-utero exposure to HIV and/or ART
on mental health and neurocognitive development as popu-
lations who are HEU age into adolescence and young adult-
hood, highlights major US National Institutes of Health (NIH)-
funded research programmes with populations who are HEU
and proposes future research priorities and directions.

2 D ISCUSS ION

2.1 Selected NIH research programmes with
paediatric populations who are HEU

The NIH has a mission to seek fundamental knowledge about
the nature and behaviour of living systems and the applica-
tion of that knowledge to enhance health, lengthen life, and
reduce illness and disability. With respect to HIV research pri-
orities, this includes funding a broad research agenda, in align-
ment with the NIH Strategic Plan for HIV and HIV-Related
Research [10]. Specifically, Strategic Goal 1 to “Advance rig-
orous and innovative research to end the HIV pandemic and
improve the health of people with, at risk for, and affected
by HIV across the lifespan” addresses the need for addi-
tional research in understanding the impact of ART and
HIV exposure and fostering the bridge from research find-
ings to clinical and community policies and practice. Sev-
eral NIH scientific programmes focus on research with pop-
ulations who are HEU and provide opportunities to further

the field. Innovative approaches, including novel and rigorous
study designs, are needed to identify those with the highest
need for evidence-based interventions that would be effec-
tive and implementable. Studies to link infant and child health
outcomes with maternal health records during pre-pregnancy,
pregnancy and breastfeeding are vital for this research.

Maintaining this information through the transition to ado-
lescent and adult care is also critical but will be difficult.
Study populations of individuals who are HEU will need to be
large enough to allow for sufficient power to generate new
insights around the impact of HIV and ART exposure on men-
tal health and neurodevelopmental outcomes, because of pos-
sible complex interactions between individual, maternal, and
environmental factors and low prevalence or small effect sises
of associated abnormalities. Efforts to encourage and facili-
tate interactions among separate cohorts need to be strongly
promoted to improve the sharing of approaches, methodolo-
gies, standardised assessments and data analyses, to develop
harmonisation standards, and to establish sustainable data-
sharing plans.

In response to these objectives, in 2020, the Eunice Kennedy
Shriver National Institute of Child Health and Human Devel-
opment and the National Institute of Mental Health sup-
ported a programme on HIV epidemiology research that
establishes, monitors and evaluates large cohorts to under-
stand the effects of in-utero HIV and/or ART exposure on
mortality, morbidity and growth in the United States and/or
international settings. Grants were issued to support cohorts
of populations who are HEU in Botswana, Kenya, Malawi,
South Africa and Zimbabwe [11]. Expected outcomes from
the utilisation of innovative epidemiologic approaches to
assess health in these cohorts include knowledge that can
address care gaps in growth and nutrition, hearing, mental
health, cognition, academic achievement and cardiovascular
fitness.

Another NIH development that could further facilitate the
progress in follow-up of populations who are HEU in Africa
is the NIH Common Fund’s Harnessing Data Science for
Health Discovery and Innovation in Africa (DS-I Africa) [12].
This programme leverages data science technologies and prior
NIH investments to develop solutions to the continent’s most
pressing public health problems through a robust ecosys-
tem of new partners from academic, government and private
sectors.

In the United States, the NIH has also provided long-
standing research funding support for the Pediatric HIV/AIDS
Cohort Study (PHACS), including the Surveillance and Mon-
itoring for ART Toxicities (SMARTT) study to evaluate the
long-term safety of antiretroviral (ARV) medications taken
during pregnancy among women living with HIV (WLHIV)
and their children born without HIV [13–15]. The PHACS
SMARTT study is the largest comprehensive study of preg-
nant WLHIV in the United States, and one of the only large
studies to follow children born to WLHIV beyond infancy
into their adolescence. A major focus of the SMARTT study
is the evaluation of effects of maternal exposures to ARVs,
prescribed medications and substance use during pregnancy
on health outcomes in their infants and children. These
health outcomes cross a wide spectrum of domains, including
growth, neurodevelopment, cardiometabolic, hearing and
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Table 1. Future priorities and directions

∙ Larger longitudinal epidemiologic studies, including registries and/or cohorts of children, adolescents and young adults who are

HEU, to efficiently identify clinically relevant mental health, behavioural and/or neurocognitive outcomes across the lifespan in ways

that minimise participant burden

∙ Rigorous, innovative study designs and data science methodologies to identify and focus on early identification of those at highest

risk of poor outcomes

∙ Focused measurement and assessment of smaller cohorts of populations who are HEU in greatest need of interventions

∙ Expanded data harmonisation and sharing efforts

∙ Increased ability to identify children, adolescents and young adults who are HEU in other longitudinal research to allow for

comparative evaluations to those who are not HIV exposed

language, and neurologic functioning. While there are clearly
many differences between this cohort and similar populations
who are HEU in low- or middle-income countries (LMICs),
these studies may also provide guidance for more targeted
and efficient follow-up to identify sequelae in populations
who are HEU in LMICs.

The NIH further supports additional important collabora-
tive efforts with stakeholders of populations who are HEU
to increase awareness and prioritise the dissemination of
research findings, identify research gaps and encourage future
opportunities. Notably, the 8th Workshop on Children and
Adolescents with Perinatal HIV Exposure in 2022 presented
up-to-date evidence of optimal methods to evaluate neurode-
velopmental outcomes in HIV high prevalence settings, as
well as child neurodevelopmental outcomes following perina-
tal HIV exposure [11]. The workshop included researchers,
clinicians, programme implementers, policymakers, advocates
and parents of youth who are HEU in order to be a catalyst
for shaping research agendas and health policies to support
this population of children and adolescents and young adults
to reach their fullest human potential.

3 CONCLUS IONS

3.1 Future research directions

To achieve optimal healthcare for populations who are HEU,
research priorities need to emphasise empirical investigations
of the long-term effects of HIV and ART exposure in children,
adolescents and young adults (see Table 1).

Longitudinal research with populations who are HEU may
require large epidemiologic studies with innovative limited and
possibly remote data collection methods and, importantly, the
use of medical records with linkages between mother and
child. Furthermore, mathematical predictive modelling using
these biomedical cohort data, supplemented with structural
and social determinants of health data, may also indicate
which mental health and behavioural preventive and thera-
peutic interventions may be most successful to address the
specific impacts of HIV and/or ART perinatal exposure. More
comprehensive and neuroscientific approaches would include
utilizing smaller cohorts to allow for limited but focused
assessments. For example, magnetic resonance imaging tech-
nology or the use of biomarkers to assess brain development

and functioning may be too costly to use in many settings
or large-scale cohorts, but may be feasible in smaller cohorts
[16].

Similarly, evidence-based screening approaches and proto-
cols for developmental outcomes in children who are HEU
that identify the need for further evaluation beyond the
early life are a promising area for research and program-
matic investments. Providing early opportunities for inter-
ventions during the early years of life when the children
are still in active care and may support children as well as
caregivers [17] may be critical as the likelihood for loss to
follow-up when these children reach adolescence or young
adulthood is great. For example, the World Health Organisa-
tion Nurturing Care Framework for Early Childhood Devel-
opment highlights the provision of knowledge, skills, time and
material resources to give appropriate childcare as essential
for the healthy development of children [18]. The develop-
ment of effective screening tools can lead to the delivery
of differentiated services based on need. Differentiated care
or differentiated service delivery is defined as client-centred
approaches that simplify and adapt services, in ways that both
better serve individuals and enhance efficiency of care deliv-
ery within the healthcare system. Differentiated care supports
shifting resources to clients who are the most in need, inno-
vating the way care is delivered through tailored services.
There is a growing understanding of how to deliver differen-
tiated care to adults living with HIV, but limited knowledge
about how these approaches can be used to target the unique
needs of the children of adults living with HIV.

There remain significant barriers to long-term follow-up
studies of children who are HEU, particularly when they
become more independent and age into adolescence and
young adulthood, and have increasing autonomy to make med-
ical decisions and actively participate in their healthcare. Dis-
closure of maternal status may not have occurred, limiting
adolescent and young adults’ knowledge of their HIV and/or
ARV exposure and preventing their inclusion in studies on
the long-term impact of these exposures. In addition, the
lack of clinically relevant manifestations of exposures, as well
as the desire to not be different from their HIV-unexposed
peers, may decrease the interest in continuing to participate
in such research. Other structural and economic factors may
also lead to a loss to follow-up. A scientific concern here is
that this loss may not be random and could bias the results.
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Approaches to address these barriers or correct for them are
needed.

Finally, impactful efforts to improve health outcomes for
families with children and adolescents who are HEU will
encompass the expertise, input, perspectives and voices of
researchers, clinicians, programme implementers, policymak-
ers, advocates and community, and of the children and their
families themselves. As we expand efforts to achieve global
elimination of vertical transmission, we should not allow opti-
mal health for children and adolescents who are HEU to be
far behind. The acknowledgement and integration of appro-
priate targets for health indicators and outcomes of children,
adolescents and young adults who are HEU need to under-
lie global research partnerships and inform the global HIV
agenda.
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Children born to mothers with HIV, who themselves remain
HIV-free, are at risk for poorer health outcomes compared
to children born to mothers without HIV, including increased
morbidity and mortality, and impaired growth and neurode-
velopment [1]. However, there is limited evidence to inform
interventions for this population (termed children born HIV-
free).

Here, we highlight intervention options targeting either
HIV-specific or universal risk factors, which may be impactful
when delivered to the mother or infant (Figure 1).

Since advanced maternal HIV is associated with poor out-
comes among children born HIV-free [1], maternal HIV-
specific interventions should be started as soon as possible.
Women of childbearing age should be able to access pre-
conception HIV testing. Those without HIV in high-burden
settings, and those in low-burden settings with a high risk
of HIV acquisition, should be offered pre-exposure prophy-
laxis and other primary HIV prevention strategies, including
repeat HIV testing, while ensuring that women living with
HIV are retained in care and accessing antiretroviral therapy
(ART). Where viral load testing is available during pregnancy,
detectable viraemia should prompt urgent interventions to
rapidly reduce HIV to undetectable levels. This is essential
to prevent vertical HIV transmission, but may also be impor-
tant for children born HIV-free, since antenatal HIV viraemia
has been correlated with higher risk of child mortality [2]
and suboptimal neurodevelopment [3]. Newer antiretrovirals,
including injectable long-acting agents, may optimise adher-
ence, but these agents need to be evaluated for use during
pregnancy [4], with nested evaluation of short- and long-term
child health outcomes.

Maternal systemic inflammation during pregnancy has been
associated with infant mortality in a pathway independent
of HIV viraemia [5], suggesting that interventions beyond
ART might reduce infant mortality. Two approaches could be
considered: evaluating anti-inflammatory agents, or address-
ing the underlying drivers of inflammation, including sub-
clinical co-infections. Maternal co-infections may themselves
drive adverse outcomes in children born HIV-free. For exam-
ple, cytomegalovirus (CMV) viraemia during pregnancy has

been associated with infant mortality, and with earlier CMV
acquisition and immune activation among surviving infants [5].
Antenatal valacyclovir is, therefore, a logical strategy, but did
not delay infant cytomegalovirus acquisition in HIV-affected
mother-infant pairs in Kenya [6]. Newer, less toxic agents,
such as letermovir, warrant evaluation during pregnancy, with
infant mortality as the primary outcome, and infant CMV
acquisition and immune activation as secondary outcomes.

First-trimester registration for antenatal care, a minimum of
eight antenatal contacts and institutional delivery by a skilled
attendant are recommended to reduce maternal deaths, new-
born mortality and stillbirths [7], but priority interventions
have low coverage across low- and middle-income countries
(LMICs) [8]. For example, the median coverage of at least four
antenatal visits in LMICs is below 80% [8]. Other evidence-
based interventions [7] should focus on reducing the pro-
portion of infants born preterm and small-for-gestational age,
since these outcomes are more common among women living
with HIV and are associated with increased infant morbidity,
mortality and neurodevelopmental delays [1].

Current interventions for infants include postnatal
antiretroviral prophylaxis to reduce HIV transmission, and co-
trimoxazole (trimethoprim-sulfamethoxazole), which reduces
mortality in children who acquire HIV; however, neither
intervention has specific benefits for children born HIV-free.
Two trials from non-malarial areas in sub-Saharan Africa
show that co-trimoxazole did not reduce mortality among
children born HIV-free [9], and some countries with effec-
tive programmes for the prevention of vertical transmission
and early infant diagnosis may, therefore, stop providing
universal co-trimoxazole. However, there are emerging data
that excess mortality among children born HIV-free occurs
in the neonatal period [10], so future trials could explore
starting co-trimoxazole from birth. The safety concern
regarding sulfamethoxazole-induced kernicterus is theoretical
[11], and co-trimoxazole was safe when given to children
from 2 weeks of age in Botswana [9]. Azithromycin is an
alternative broad-spectrum antibiotic, although a large multi-
country randomised-controlled trial of providing single-dose
azithromycin to women in labour did not reduce neonatal
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Figure 1. When and how to intervene.
HIV-specific and universal approaches to improve the clinical outcomes of children born HIV-free are shown according to the timing
of intervention in the life cycle. The interventions shown in italics are plausible approaches to improve outcomes but require further
evaluation. The thickness of the wedge shows the likely relative impact of each intervention. Abbreviations: ART, antiretroviral therapy;
PrEP, pre-exposure prophylaxis.

sepsis [12]; however, women living with HIV were not specif-
ically evaluated and infants did not receive azithromycin. In
the MORDOR trial, azithromycin reduced infant deaths in
high-mortality settings [13]. Clearly, antimicrobial steward-
ship concerns would need to be considered to avoid the
emergence of resistance, especially in countries where a
substantial proportion of children are born to women living
with HIV.

Overcoming the additional risks and vulnerabilities among
families affected by HIV is critical to ensure that children
born HIV-free reach their full potential. Nurturing care com-
prises five inter-related elements to protect children from
adversity and ensure they can thrive: good health, adequate
nutrition, safety and security, responsive caregiving and early
learning. Optimal breastfeeding helps all children survive and
thrive, including children born to women living with HIV
in sub-Saharan Africa. A South African study demonstrated
reduced hospitalisation among children born HIV-free whose
mothers initiated early and exclusive breastfeeding [14]; in
the same study, timely and complete childhood immunisation
was also associated with fewer hospitalisations [14]. However,
in surveys across 36 LMICs, the median coverage of exclu-
sive breastfeeding from birth through 5 months was below
50%, and coverage of complete vaccination series for diph-
theria, tetanus, pertussis, measles and polio was below 80%
[12]. Children born HIV-free have a high risk of stunting
[1], which can be reduced with improved infant and young
child feeding, including small-quantity lipid-based nutrient sup-
plements [15]. These supplements may improve child sur-
vival, stunting, wasting and neurodevelopment, so it is par-
ticularly important that the global impetus to scale-up their
use includes areas with high antenatal HIV prevalence, as chil-
dren born HIV-free may particularly benefit [15]. Additional
universal interventions include addressing parental mental
health, family planning, prevention and cessation of smok-

ing, alcohol and other substance use; and child deworming,
healthy hygiene practices, neurodevelopmental screening and
play.

Improving the outcomes of children born HIV-free requires
identifying those most at risk and providing a comprehen-
sive package of HIV-specific and universal interventions. Cur-
rent HIV-specific interventions appear most effective when
delivered during pregnancy, while available postnatal strate-
gies principally address universal risk factors (Figure 1). New
strategies addressing the underlying HIV-specific and univer-
sal risks are needed, which can be integrated with existing
interventions to create a wraparound nurturing care pack-
age delivered through existing contacts with health services to
help children born HIV-free to reach their full potential.
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