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Introduction: Caregiver wellbeing is closely linked to child health and neurodevelopmental outcomes.
Families affected by HIV in sub-Saharan Africa (SSA) may face increased risk of poverty, parental
relationship dissolution, and poorer child neurodevelopment, but these associations are poorly
understood. Pregnant women living with HIV (PWLHIV) in sub-Saharan Africa (SSA) are especially
vulnerable to adverse consequences of disclosure of their HIV serostatus, including separation, financial
hardship, and poor mental and physical health outcomes. The integration of quantitative and qualitative
research methods is urgently needed to better understand the predictors and consequences of
separation among couples affected by HIV. Perinatal HIV exposure can increase risk of
neurodevelopmental delay in children, irrespective of child HIV acquisition. Thanks to remarkable strides
in prevention of mother-to-child transmission (PMTCT), there are now nearly 16 million children who are
HIV-exposed uninfected (CHEU), with an additional one million CHEU born every year in SSA. Itis crucial
to identify caregiver-related factors associated with child neurodevelopment to ensure CHEU thrive in a

manner comparable to their HIV-unexposed peers.

Methods: This dissertation aimed (Chapter |) to identify factors associated with relationship dissolution
between Ugandan PWLHIV and their male partners among couples enrolled in a randomized clinical trial
and recommend strategies to increase male partner testing and knowledge of HIV serostatus, employing
mixed methods using a convergent parallel design, (Chapter Il) to compare one-year neurodevelopment
between Kenyan children with and without perinatal HIV exposure in a prospective longitudinal cohort,
and identify caregiver factors associated with poor child neurodevelopment using multivariate linear
mixed effects models, and (Chapter Ill) to synthesize latest literature in a commentary about the biologic
and social mechanisms through which maternal HIV could impact child neurodevelopment, and to

suggest research and advocacy directions to fill knowledge gaps for CHEU.

Bulterys 3



Results: (Chapter I) Separation during pregnancy and postpartum was frequent (23%) among the 500
pregnant Ugandan women living with HIV, and was associated with being in unmarried, non-cohabitating,
shorter relationship duration (<1 year), polygamous relationships, as well as HIV non-disclosure and
experience of verbal abuse. Participants discussed how HIV serodifferent status, financial burdens, and
strong gender expectations led to relationship conflict. Separation was discussed as both a negative and
positive outcome depending on couples’ circumstances, in terms of mental health, treatment
continuation, financial security, and experience with IPV. (Chapter Il) At one-year evaluation among
Kenyan infants, CHUU (N=715) and CHEU (N=416) had comparable neurodevelopment scores across
all tested domains. Among all children, after adjusting for confounders selected a priori and clustering by
site, lower child neurodevelopment scores were significantly associated with male sex, having a
deceased or absent father, and maternal report of IPV. Among CHEU, in utero exposure to efavirenz
(EFV)-based regimens during pregnancy was associated with lower gross motor scores compared to
DTG-based regimens. (Chapter Ill) Latest evidence from a scoping literature review suggests that
perinatal HIV and ART exposure can biologically influence child neurodevelopment through altered
immune function, structural brain integrity, systemic inflammation, and growth faltering. There are limited
data on the roles that social and behavioral factors play in promoting child neurodevelopment among
families affected by HIV in SSA.

Conclusion: Relationship dissolution commonly occurs among couples affected by HIV, for a myriad of
reasons. It is imperative to improve counseling messaging and better support people living with HIV who
may experience IPV, relationship conflict, and separation from their partners, particularly during the
vulnerable periods of pregnancy and postpartum. Additionally, IPV and paternal absence in the first year
of life were significantly associated with poorer child neurodevelopment, regardless of maternal HIV
status, and will require harmonized approaches to address and mitigate risk of delays. Despite evidence
that CHEU have unique biologic and social factors that may influence their brain maturation, immune
system, and overall health and wellbeing, we did not find a statistically significant difference in 1-year
neurodevelopment between CHEU and CHUU. The lack of neurodevelopmental difference between
CHEU and CHUU in this cohort, despite several sociodemographic differences, could be potentially
attributable to the wider spread and more prolonged use of newer maternal DTG-based ART regimens
during pregnancy and breastfeeding; prior studies have been unable to assess these improved regimens
which are better able to sustain viral suppression and improve maternal health, so additional research is
needed to validate this finding. There is an urgent need for rigorous, multidisciplinary research to identify
modifiable aspects of biologic and household exposures that impact child neurodevelopment, as well as

clear referral pathways for children, caregivers, and providers in need of additional support.
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INTRODUCTION

Prevention of mother-to-child transmission programs (PMTCT) over the last decade have greatly
improved access to HIV testing, counseling, and treatment for pregnant women living with HIV (PWLHIV)
in sub-Saharan Africa (SSA). PMTCT programs have contributed to averting tens of millions of new infant
HIV infections, more than halving the number of vertical transmissions between 2010 and 2020.* Despite
this progress, gaps remain in women’s long-term engagement with care during pregnancy and

postpartum.??3

Strong partnerships between PWLHIV and their male partners may be associated with long-term
engagement in PMTCT programs and improved maternal and infant HIV outcomes.* Fathers play an
essential role in family dynamics, resources, and child health and development; however, men are
underrepresented in clinical services, and their voices are seldom captured in research.®> PWHIV’s male
partners of unknown HIV status are especially important to test for HIV due to their high risk of
acquisition.%” Paternal involvement in antenatal care (ANC) may improve birth outcomes, parental

satisfaction, maternal engagement with PMTCT care, and child growth and development.*>813

Relationship dissolution during pregnancy and postpartum can leave PWLHIV and their children
vulnerable to financial hardship and poorer physical and mental health.'* Couples affected by HIV
experience high risk of separation, and it is estimated that separation occurs five times more often in HIV-
serodifferent couples where a female is living with HIV compared to couples in which a male is living with
HIV.: Women living with HIV are often diagnosed during pregnancy, and thus, during this period, an HIV
diagnosis can leave PWLHIV particularly vulnerable to intimate partner violence (IPV), financial hardship,
and abandonment,***> which are the most cited reasons PWLHIV avoid disclosing their HIV status to
their male partners.'81’ These issues may be amplified in the context of polygamy. We conducted this

research in Uganda, where polygamy is a common, legal, and socially accepted practice.

Maternal wellbeing is associated with improved health outcomes among children, regardless of a child’s
HIV status.'® The success of PMTCT programs over the last decade has led to a rapidly growing
population of nearly 16 million children who are HIV-exposed uninfected (CHEU) around the world, with
an additional one million born every year in SSA.1%2° |n several countries in SSA with high HIV burden,
the population of CHEU accounts for over 20% of children <14 years of age.!® Despite living “HIV-free”,
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
Hlv_20-28



Most, but not all, studies have found increased risk of neurodevelopmental delays in CHEU compared to
children born HIV-unexposed uninfected (CHUU). Previous studies are limited by inconsistent study
designs, small sample sizes, only relying on one time-point for outcome measurement, and differences
in ART exposures. Preterm birth, in-utero ART exposure, heightened maternal viremia during pregnancy,
and early child inflammatory markers have all been shown to impair CHEU neurodevelopment in the first
years of life.?°3! Studies have noted differences in language, social and motor skills, brain composition
and structure, and altered cell-mediated immunity between CHEU and CHUU.?73233 While the biologic
etiologies of neurodevelopmental outcomes among CHEU are increasingly being studied using robust
research strategies, less clear are the modifiable, social and behavioral pathways that synergistically

increase risk of poor neurodevelopmental outcomes.

Kenya is home to nearly 1 million CHEU for whom research is urgently needed to identify modifiable
caregiver and home factors to reduce the risk of suboptimal child neurodevelopment.! Mothers living with
HIV tend to experience higher rates of IPV and poorer mental health outcomes, which could affect their
ability to interact responsively with their children and promote healthy early development.®*3¢ Child
exposure to household violence can severely impair neurodevelopment, but has yet to be evaluated
among CHEU.®"-*° A longitudinal cohort in South Africa found caregiver depression significantly mediated
the relationship between caregiver HIV burden and poorer neurodevelopmental outcomes among older
children®3, and a study in rural Kenya found caregiver stress, anxiety, and depression were all

independently associated with poor child behavioral outcomes by age 4. It is critical to assess whether,

Conceptual framework of the theorized associations between caregiver factors, HIV
and to what extent, HIV and ART exposure, and child neurodevelopment, adapted from Wedderburn et al. 2019

exposures, maternal  mental Caregiver Factors
health, paternal involvement, and 4 o Relationship factors Infant and Child
) . - Length, polygamy, cohabitation Neurodevelopment
household violence are associated - Relationship satisfaction
- Decision-making autonomy
with poorer child - Separation history together eb Language
.f. Paternal involvement
neurodevelopment. Characterizin * - Financial support soss
P 9 - Dose-frequency of interactions AR Social
these factors associated with - Types of interactions
Home environment :
neurodevelopmental delays /ﬂ\ Intimate partner violence %Fm Motor
- Food insecurity
ithi 1 - Other caregiver support
among CHEU within the first year @ oo

. . . L B Maternal mental health
of life can help identify specific @ - Depression, anxiety, social
support, alcohol use, etc.

groups of mothers and infants to
Maternal HIV Exposure

target fOf en hanced mon itO ri ng, - Direct exposure to in-utero HIV virions
. - Exposure to ARVs (in-utero, breastmilk)
counseli ng, and support. - HIV status disclosure to partner
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Chapter | of this dissertation identified factors associated with separation between PWLHIV and their
male partners and assessed women’s PMTCT outcomes, such as maternal ART adherence and virologic
suppression, through a nested mixed methods analysis within a randomized controlled trial. Chapter Il
compared 1-year neurodevelopment between Kenyan CHEU and CHUU in a large prospective cohort
and identified caregiver and ART-related factors associated with poorer neurodevelopment among
CHEU. Chapter Ill was a scoping literature review of the biologic and social mechanisms through which
perinatal HIV exposure could impact early neurodevelopment among CHEU and summarized the key

findings in a short commentary intended for researchers, healthcare providers, and policy makers.

Chapter |

Relationship dynamics of
pregnant women living with HIV
and their male partners during
pregnancy and postpartum

Nested mixed methods analysis
within a randomized

controlled trial
Caregivers' HIV-affected
relationships households
Families
Chapter Il and hapter IlI
P HIV Chap

Caregiver factors associated with Biologic and household factors
child neurodevelopment outcomes associated with CHEU
among children with and without neurodevelopment
perinatal HIV exposure

Large multi-site prospective cohort Scoping literature review
CHEU neuro-

development
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OVERVIEW OF STUDY INVOLVEMENT

This dissertation was conducted within the robust infrastructures of two outstanding research studies: the
Obumu Study in Uganda (Pl Connie Celum) and the HOPE Study in Kenya (PI: Grace John-Stewart). |
have been fortunate to be involved in both studies in various capacities, which all greatly enriched my
experience, learning, and skills development. | look forward to presenting this collective body of work in
an invited talk at the 2023 International AIDS Conference held in Brisbane, Australia.

CHAPTER It OBUMU STUDY

| have worked on the Obumu Study for five years, receiving close mentorship from Drs. Connie Celum
and Andrew Mujugira. While embedding my MPH thesis and PhD dissertation work within the Obumu
Study, | engaged in various forms of study involvement and learning. From Seattle, | supported study
coordination, data management, reporting, analysis, and manuscript preparation. | spent the summer of
2019 working at the Kitebi Health Centre in Kampala, Uganda, where | assisted our study team with
primary data collection of epidemiologic and micro-costing data, development of peer support groups for
mothers living with HIV, and interviewing study participants, healthcare providers, and peer mothers
(mothers with HIV who counsel newly diagnosed mothers). | learned about the Ugandan health system
and the context of cultural and gender norms from my extensive conversations with our Obumu nurses,
peer mothers, Ugandan Ministry of Health officials and the UNAIDS Country Director. Made possible by
the exceptional guidance from my mentors and colleagues, | have led gquantitative, qualitative, mixed
methods, and costing analyses for publication for this and related studies. Most recently, | have been
involved in training Obumu nurses on performing mixed methods analyses and manuscript writing.

1. Bulterys MA, Mujugira A, Nakyanzi A, Wyatt MA, Kamusiime B, Kasiita V, Nalukwago Kakoola G,
Nalumansi A, Twesigwe C, Pisarski, Sharma M, Boyer J, Naddunga F, Ware N, Celum C. ““Him
leaving me — that is my fear now”: A mixed methods analysis of predictors and consequences of
relationship dissolution between Ugandan pregnant women living with HIV and their male partners”.
AIDS and Behavior. 2022. https://doi.org/10.1007/s10461-022-03910-3.

2. Bulterys MA, Naughton B, Mujugira A, Mugisha J, Nakyanzi A, Naddunga F, Ware N, Celum C. (2023)
Pregnant women and male partner perspectives of secondary distribution of HIV self-testing kits in
Uganda: A qualitative study. PLoS ONE (Featured in The PLOS Showcase). 2023;18(2): e0279781.

3. Bulterys MA, Sharma M, Mugwanya K, Stein G, Mujugira A, Nakyanzi A, Twohey-Jacobs L, Ware N,
Heffron R, Celum C. “Correlates of HIV status non-disclosure by pregnant women living with HIV to
their partners in Uganda: a cross-sectional study.” JAIDS. 2020;86(4):389-395.

4. Bulterys MA, Mujugira A, Nakyanzi A, Nampala M, Taasi G, Celum C, Sharma M. “Costs of Providing
HIV Self-Test Kits to Pregnant Women Living with HIV for Secondary Distribution to Male Partners in
Uganda.” Diagnostics. 2020 May 19;10(5). PMCID: PMC7277977.

5. Mujugira A, Nakyanzi A, Bulterys MA, et al. “Partner testing with HIV self-test distribution by Ugandan
pregnant women living with HIV: A Randomized Trial by Dr. Andrew Mujugira”. (under review at JIAS)

6. Nakyanzi A, Bulterys MA, et al. “Mixed methods analysis of point-of-care HIV viral load testing in
Uganda”. (In preparation)

CHAPTER ll: HOPE STUDY

| am tremendously fortunate to have been involved in the HOPE Study since its establishment, working
closely with Drs. Grace John-Stewart, Irene Njuguna, Anjuli Wagner, and Maureen Kinge. Prior to the
study launch, | supported the development of IRB submissions, study protocols/SOPs, training materials,
guestionnaires, and REDCap data collection tools. | served as the study data manager, responsible for
developing our dynamic dashboard for automatic data reporting, R scripts for data management and
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quality control, and leading data analyses for dissemination. For my dissertation, | worked most intimately
with our child neurodevelopment data, to develop the R code to score child assessments, ensure rigorous
quality control, and identify ‘red flags’ for nurses to refer children in need of more comprehensive testing.
In anticipation of my postdoctoral training, we submitted two successful administrative supplemental
grants to conduct sub-studies within the HOPE Study in Kenya and the FLOURISH Study in Botswana
(PI: Kathleen Powis, Harvard), to allow us to conduct mixed methods and photovoice research focused
on parental relationships, paternal involvement in caregiving, and child neurodevelopment.

1. Bulterys MA, Njuguna I, King’e M, Chebet D, Moraa H, Gomez L, McGrath CJ, Neary J, Wagner AD,
Wamalwa D, Benki S, John-Stewart G. “Predictors of child neurodevelopment among HIV-exposed-
uninfected children”. (Invited for the Journal of International AIDS Society’s Special Issue on
Children Exposed to HIV, to be published in November 2023)

2. Bulterys MA, Njuguna I, King'e M, Chebet D, Moraa H, Gomez L, McGrath CJ, Neary J, Wagner AD,
Wamalwa D, Benki S, John-Stewart G. “Neurodevelopment among CHEU in Kenya”. CROI 2022.

3. King'e M, Njuguna I, Bulterys MA, Moraa H, Gomez L, McGrath CJ, Neary J, Wagner AD, Wamalwa
D, Benki S, John-Stewart G. “Similar growth between HEU and HUU children.” CROI 2022.

CHAPTER IlI: Neurodevelopment of children exposed to HIV

As a part-time consultant with the UNAIDS data team, under close mentorship by Drs. Mary Mahy and
Kathleen Powis, | analyzed and developed figures of UNAIDS global data indicators of children who are
HIV-exposed uninfected. These figures have been presented at the 2021, 2022, and upcoming 2023
International AIDS Society/CIPHER’s Annual Workshop for Children with Perinatal Exposure. For my
final chapter of my dissertation, | partnered with Drs. Grace John-Stewart, Kathleen Powis, Mary Mahy,
Laurie Gulaid (UNICEF) and Catherine Wedderburn (University of Cape Town) to write a commentary on
the biologic and social factors contributing to child neurodevelopment among children with HIV exposure.

1. Bulterys MA, Mahy M, Powis K, Wedderburn C, Gulaid L, John-Stewart G. “Commentary on the
neurodevelopment among HIV-exposed-uninfected children”. (Invited for the Journal of
International AIDS Society’s Special Issue on Children Exposed to HIV, to be published in
November 2023)
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4. Denkinger CM, Schumacher SG, Gilpin C, Korobitsyn A, Wells WA, Pai M, Leeflang M, Steingart KR,
Bulterys MA, Schinemann H, Glaziou P, Weyer K. “Guidance for the Evaluation of Tuberculosis
Diagnostics That Meet the World Health Organization (WHO) Target Product Profiles: An Introduction
to WHO Process and Study Design Principles.” Journal of Infectious Disease. 2019;220:5S91-S98.
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ABSTRACT

High rates of relationship dissolution among pregnant women living with HIV (PWLHIV) and their male
partners might increase mothers’ and children’s vulnerability to financial hardship and poor health
outcomes. This mixed methods analysis identified factors associated with separation between PWLHIV
and their male partners. We utilized data from a randomized controlled trial (www.ClinicalTrials.gov
NCT03484533) of 500 PWLHIV attending antenatal clinics in Uganda and 236 male partners between

2018-2020 and followed until 12 months postpartum. Multivariate regression models estimated the impact
of relationship factors on the adjusted relative risk of separation during follow up. We conducted in-depth
interviews with 45 women and 45 men enrolled in the trial. Overall, 23% of PWLHIV reported separation
during the study period. HIV serodifferent status, financial burdens and gender expectations were
sources of relationship conflict. Significant factors associated with separation included unmarried, non-
cohabitating, shorter, polygamous relationships, as well as HIV non-disclosure and verbal abuse.
Participants discussed potential positive and negative consequences of separation, including impact on
their mental health, treatment continuation, financial security, and safety. Addressing relationship
dynamics is essential to improve counseling messaging and support PWLHIV who are experiencing
relationship conflict.
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INTRODUCTION

Engagement of pregnant women living with HIV (PWLHIV) in prevention of mother-to-child transmission
(PMTCT) programs and long-term treatment continuation remain global priorities for HIV prevention.*
Starting from conception, greater male partner involvement is associated with improved birth outcomes,
parental communication, maternal mental health, and child development.*>811 PWLHIV face unique
challenges, particularly when newly-diagnosed with HIV during pregnancy, and often avoid HIV status
disclosure to their male partners due to fear of abandonment. 4174146 Relationship dissolution during the
vulnerable periods of pregnancy and postpartum could impact women’s PMTCT retention, and
consequently maternal and infant outcomes.**214 Furthermore, relationship dissolution could impact
women’s financial stability, wellbeing, and ability to support their children.3*1> Compared to men, women
in SSA tend to experience disproportionate burdens after separation due to a variety of systemic and
cultural factors, including financial hardship, childcare responsibility, and stigma.*’*® Factors associated
with relationship dissolution between PWLHIV and their partners, and the impact of separation on
women’s PMTCT outcomes (i.e. maternal antiretroviral treatment [ART] adherence and virologic

suppression), remain under-explored areas.

HIV-affected couples face three-to-four times higher risk of relationship dissolution compared to the
general population, and couples in which the female is living with HIV separate five times more often than
couples in which only the male is living with HIV.*® HIV status disclosure comes with opportunities and
challenges; counseling messages are often centered around encouraging disclosure between partners
to build mutual support and encourage HIV testing, treatment and prevention. Paradoxically, HIV status
disclosure by women living with HIV to their partners has been found to significantly increase likelihood
of separation, particularly in cases of serodifferent HIV status.'®?425 Qualitative studies describe
disclosure avoidance to reflect both men and women’s fear of receiving blame for bringing the virus into

the relationship.*°

The perspectives of male partners of PWLHIV are underrepresented in both clinics and in research, but
are important to capture due to their high risk of HIV acquisition and influence on relationship stability
and partners’ treatment continuation.®71213 Despite the important roles men play, ANC clinics are rarely
tailored for male engagement.5*-52 Additionally, men commonly have HIV-stigmatizing attitudes,* and are
less likely than women to seek HIV testing and treatment, leading to poorer clinical outcomes.>4>°
Qualitative studies have described how male cultural and gender norms can affect all steps along the

HIV care cascade, as undergoing HIV testing may threaten their sense of strength, and learning they or
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their partners have HIV can impact their reputation, self-esteem, and perceived position as the family
head.®%5! Mixed methods investigation is needed to identify male partner factors that impact relationship
dissolution, and confirm that quantitative findings are rooted in lived experiences. This analysis aimed to
identify factors associated with relationship dissolution between PWLHIV and their male partners, and
potentially positive and negative consequences of separation. Results can identify PWLHIV at high risk
of relationship dissolution, improve counseling messaging, and inform targeted prevention strategies for

male partners.

METHODS

Study Population

Obumu enrolled 500 PWLHIV accessing PMTCT programs in Kampala, Uganda between 2018-2020
and randomized them 2:1 to receive an HIVST kit or a standard clinic invitation letter to deliver to their
male partners (www.ClinicalTrials.gov NCT03484533). Eligibility criteria included PWLHIV =18 years old

who were in a partnership, did not know their partner’s HIV status, and were at low risk of physical IPV
based on the World Health Organization’s standardized screening tool for clinical diagnosis of IPV .52
PWLHIV delivered the HIVST kit or invitation letter to their male partners and encouraged them to enroll
in the Obumu study, describing it as a study for pregnant women receiving antenatal care and their
partners. PWLHIV then contacted the study nurses and described the information they shared with their
male partners (including whether disclosure occurred), how the interaction went, and how they wanted
the nurses to handle their case. For example, some PWLHIV asked study nurses to facilitate couples
testing and disclosure, while others requested their HIV status remain confidential; no HIV status
disclosure by a study nurse occurred without explicit permission from study participants. Male partners
who enrolled in the Obumu study received general health information, provider-administered HIV and
syphilis testing and, depending on results, linkage to HIV care or prevention. The primary aims of Obumu
were to evaluate the effect of the intervention on 1) male partner’s testing and linkage to HIV pre-exposure
prophylaxis (PrEP) or ART, depending on his status, and 2) women’s postpartum ART continuation and

viral suppression at 12 months post-partum.

Nested Analysis
This mixed methods analysis nested within the Obumu trial drew on both quantitative and qualitative data
to develop a set of concepts characterizing factors associated with relationship dissolution, factors

associated with staying together, and consequences of separation. Convergent parallel triangulation was
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used to simultaneously collect and analyze quantitative and qualitative data, and as a product of this

study design, some concepts were only captured using one method.

Data Collection

PWLHIV and male partners were followed every 3 months until the female partner reached 12 months
postpartum. Relationship characteristics (e.g., length of relationship, polygamy, marriage, living together,
number of children, partner support) were collected at baseline, and HIV disclosure and separation status
were captured at each visit. At the last study visit, PWLHIV provided blood samples for HIV viral load
testing and were asked to self-report their ART adherence in the past 30 days using a Likert scale
(responses ranged from excellent, very good, good, fair, poor, to very poor). The binary outcome “poor
ART adherence” was defined by responding fair, poor, or very poor to this question, and lack of viral
suppression was defined as >200 copies/ml. PWLHIV were asked to rank how supportive their male
partner was using the following options: extremely, very, somewhat, or not supportive. Relationship
satisfaction was measured among the first 174 PWLHIV enrolled using the Dyadic Adjustment Scale at
baseline.®*® A purposive sample of 45 PWLHIV and 45 male partners in Obumu, not necessarily in
partnerships with each other, participated in a single in-depth interview (IDI). Purposive sampling
captured a range of experiences with timing of HIV diagnosis, disclosure/non-disclosure, and length of
relationships. Trained Ugandan qualitative researchers (AN, BK, CT, VK, GN) collected qualitative data
through IDI which lasted approximately 60 minutes. A comprehensive qualitative interview guide probed
women’s and men’s experiences with HIVST, relationship quality, and fears or experiences with HIV
testing and disclosure. The topic of relationship separation was mostly discussed hypothetically, and in
some instances, experientially. Women and men who stayed with their partners during the study period
discussed factors that contributed to staying together, and individuals in relationships with conflict
discussed factors that contributed to conflict or relationship dissolution. Interviews were audio-recorded,
with permission, and were transcribed and translated verbatim from Luganda to English by the

interviewer.

Data Analysis

Quantitative data were analyzed using R Programming (version 09.2, www.R-Project.org, Vienna,

Austria). The main outcome was relationship dissolution reported at any study visit from pregnancy to
12-months postpartum. Descriptive statistics characterized the overall sample of PWLHIV at baseline,
and multivariate log binomial regression models with robust standard errors estimated the impact of
relationship factors on the risk of separating during follow up, adjusting for key confounders determined

a priori, and presented as adjusted relative risks (aRR). Multivariate log binomial regression models also
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estimated the impact of separation on maternal viral suppression and self-reported ART adherence at 12
months postpartum. Qualitative transcripts were imported into Dedoose (version 9.0, www.dedoose.com,
SCRC, CA, USA) and were coded by EEP and JB. Twenty percent of transcripts were double-coded and
compared for coding consistency. Discrepancies were resolved through discussion. MAB analyzed data
inductively to identify emergent concepts, with guidance from NCW, MAW, CLC, and AM. Concepts were
then organized into broad categories, such as obstacles that arise in relationships, factors that contribute
to relationship satisfaction, and reasons why some couples overcome these obstacles. Relevant

guantitative and qualitative data were then integrated, resulting in a final set of interpretations.

Ethical Approvals

This study was approved by the University of Washington Human Subjects Review Committee
(STUDY00002257), the Ugandan National HIV/AIDS Research Committee (NARC 200), and the Uganda
National Council for Science and Technology (SS 4501). All participants provided written informed

consent.

RESULTS

Pregnant women living with HIV (Table I)

Five hundred PWLHIV enrolled, of whom 115 (23%) reported separating with their partners during the
study period. The median ages of PWLHIV and their male partners were 27 years (IQR: 23-31) and 32
years (IQR: 28-36), respectively. Approximately 33% women had fewer than seven years of schooling.
Most (95%) women were married to their partners, and 42% had been together for over four years.
Approximately 30% of women reported their partnership was polygamous. Almost half of women were
newly diagnosed with HIV during their current pregnancy, and 68% had not disclosed their HIV status to

their partners at the time of enrolment.

Male partners (Table II)

Almost half of the 500 PWLHIV’s male partners enrolled in the study (N=236) with confirmatory HIV
testing through the study staff, of whom 21 (9%) reported separating with their partners during the study
period. Approximately 35% had fewer than seven years of schooling, and 98% were employed. AlImost
all enrolled men were married, and 24% reported their partnership was polygamous. At enrolment, 22%
of enrolled men tested HIV-positive. Overall, 58% of men knew their female partner had HIV, 15% thought

their partner was HIV-negative, and 27% reported not knowing their partners’ status.
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Qualitative sample (Table IlI)

The qualitative study involved 90 participants, 45 PWLHIV and 45 men, with median ages of 27 and 31
years, respectively; 18% percent of men were living with HIV. At the time of the IDIs, over half (53%) of
PWLHIV had disclosed their HIV status to their male partners, and 29% of men knew their female partner
had HIV. Six women and two male partners captured in this qualitative sample reported separating from

their partners during the study.

FACTORS ASSOCIATED WITH SEPARATION (Figure 1)

Relationship factors

Unmarried, not cohabitating, and together less than a year

Relationship separation was associated with being unmarried (aRR=6.16, 95% CI: 2.07-18.3, p<0.01),
not cohabitating (aRR=4.38, 95% CI: 1.94-9.90, p<0.01), or in a relationship for less than a year
(aRR=3.19, 95% CI: 1.44-7.08, p<0.01), compared to relationships lasting four or more years (Table I).

Polygamy

Polygamy was more common among couples that separated than those that stayed together (43% vs.
25%) and was significantly associated with double the risk of separation (aRR=2.07, 95% CI: 1.18-3.62).
A few women in polygamous relationships were captured in the qualitative sample, and reported feeling

unhappy, disrespected, and devalued by their partner.

Relationship dissatisfaction

Female report of an “unsupportive” partner was significantly associated with separation (aRR=4.07, 95%
Cl: 1.81-9.14, p<0.01). In sub-analyses of relationship satisfaction with 174 women, those who regretted
entering the relationship had an 8.5 times higher risk of separating (aRR=8.54, 95% CI: 2.90-25.2,
p<0.01), and frequent quarrels were associated with almost 4 times higher risk of separating (aRR=3.71,
95% CI: 1.1-12.3, p=0.04). On a Likert scale ranking the future of their relationships, significantly more
of the women who eventually separated with their partners reported the extreme outcome — “My
partnership can never succeed, and there is nothing | can do to keep it going” — compared to women who
stayed together (19% vs. 1%). Similarly, men who reported feeling unhappy in their relationships at
enroliment faced a 16-fold higher risk of separation (aRR=16.04, 95% CI: 4.24-60.7, p<0.01).

HIV status disclosure and serodifference
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Women feared HIV disclosure would lead to abandonment or abuse

HIV status non-disclosure at baseline was associated with three times higher risk of separating
(aRR=2.97, 95% CI: 1.57-5.60, p<0.01). Some women who feared abandonment preferred to wait to
disclose their HIV status until after delivery; however, non-disclosure by the time of delivery was
associated with double the risk of separating (aRR=2.00, 95% ClI: 1.54-3.87, p<0.01). When examining
the subset of women who had not disclosed prior to study enrollment, disclosure during the study was

not statistically associated with separation.

[Interviewer: Why do you think you did not want him to know your HIV status?] “I knew he was

going to leave me.” PWLHIV, 23 years old, undisclosed

Women perceived abuse to be a likely consequence of having different HIV status (serodifference):

“If he gets to know that he is HIV negative and | am HIV positive, the way he is very tough and
stubborn, we could have had a huge disagreement...My partner is naturally tough, he is a kind of
person who could even decide to injure me or [do] something. He keeps saying that he comes

from very far, he can kill me or do something bad.” PWLHIV, 36, undisclosed

Approximately 11% of all women reported they experienced verbal abuse (threats) from their partners in
the year preceding the study, and verbal abuse during the study was associated with three times higher
risk of separation (aRR=2.78, 95% CI: 1.03-7.50, p=0.05).

Some men validated women’s fears about discovering serodifference, and described the stigma
associated with knowingly staying with a person living with HIV (“Personally, | think that | let her go in
case | am negative and she is positive. | separate from her”). These men felt so strongly to the point of
considering self-harm (“I thought about taking poison so | can die and not live in shame of staying with

an infected person”).

Male partners feared contracting HIV, leading to lost sexual “appetite” and distrust

Among HIV-negative men, 64% worried about getting HIV, and high levels of worry were more common
among men who eventually separated with their partners (36% vs. 25%). These men stressed about the
“anticipation of waking up one day when you have also contracted the virus,” and blamed their wives for
putting them at risk (“I labeled her as a murderer because she had brought for me HIV”, HIV-negative

male). There was common lack of awareness and/or confidence in the U=U principle
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(unsuppressed=untransmittable), as men did not believe that their partners’ ART adherence could truly
protect them from contracting HIV. Fears and blame drove men to distrust, resent, and ultimately want to

separate with their partners.

“My wife told me that if she adheres well to her drugs then she can'’t infect me. I didn’t believe
what she told me and | said to her “If it is death, then you have surely killed me.” HIV-negative

male, 32

The discovery of serodifference led to changes in the relationship (“it is different from the way it used to
be”), particularly in the loss of sexual intimacy (“the sexual appetite | had just goes away”). Whether this
was due to decreased attraction or fear of acquiring HIV, or a combination of several factors, the decline
in sexual intimacy interfered with communication, intimacy, and the sense of connectedness. This was
reflected in quantitative data, as higher numbers of reported sexual acts with female partners in the prior
month was significantly associated with reduced risk of separation (aRR=0.96, 95% CI: 0.92-0.99,
p=0.04). A few men accused their partners of wanting to deliberately infect them with HIV, based on their

assumption that PWLHIV would feel more secure in their relationships if both partners were on treatment.
[Interviewer: “How would your wife feel if you contracted the virus?”] “What | know is that it could
be her happiness [laughs], because she wants for both of us to be on medication.” HIV-negative

male, 28

Unmet gender expectations led to resentment

The Blame Game: “Poor” Husband, “Lazy” Wife

Serodifference may not have always been the main reason for separation, but it accentuated existing
tensions. The presence of strong gender roles meant that unmet expectations led to resentment. Men
resented their female partners if they were “lazy” and did not do household duties such as cleaning and
caring for the children, and women resented their male partners if they did not provide financial support
(“As you know a man is supposed to leave money that supports the home, he has to take care of you.”).
In unhappy partnerships, men and women questioned why the other was not meeting expectations,

leading to dissatisfaction and frustration:

“I do not know where he puts the money, and that situation is hard on me. [...] How do you say

you are working, and you fail to leave money at home for feeding?” PWLHIV, age 24, disclosed
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Several men reported that their partner’s “laziness” was the ‘deal-breaker’ (“it is her only weakness, can
be patient with the rest but not that”). Whether this was truly the only deal-breaker for the relationship, or

if it was a viable excuse for him to “check out” of an already failing relationship, is unclear.

Economic inequity (unequal power of finances) in the year prior and during the study was associated with
separation, respectively by 5-fold (aRR=5.15, 95% CI: 1.10-24.14, p=0.04) and 11-fold increased risk
(aRR=11.40, 95% CI: 2.94-44.5, p<0.01).

Male obligations to support the family

Since gender roles suggest that family planning is a “woman’s job”, men had little power in decision
making, leading them to feel trapped when women conceived after giving the impression that they were
on birth control. This, coupled with the gender expectation that men must support the family, drove men

to feel powerless and resentful (“nothing | could do about it”).

Not every unhappy couple separated; oftentimes, they stayed together out of obligation for “the sake of
the children”. Sharing biologic children was protective of the relationship; having one child compared to
none was associated with a 15% reduced risk of separation (aRR=0.85, 95% CI: 0.72-0.99, p=0.04), but
was no longer significant after adjusting for maternal age, education, and marital status (aRR=0.95, 95%
Cl: 0.72-1.23, p=0.68). Fathers were concerned for their children’s needs (“a child needs parental love”)
and feared losing access to them (“I cannot separate with her, or she would take my kid”). Men also
feared judgement from society if they stopped supporting their families, leaving them feeling trapped in

the relationship:

“We are together now | think because of the children. [...] If she goes by herself | will be very
happy, but | fear to tell her by myself that she should go because | fear to be imprisoned. | am
telling you | pray to God about it. | pray that one day she sees me as someone who is worthless,
someone with no good future so that she just leaves me. [...] But when I think about the children...
| keep lying to her that | will stay with her but | really do not know. You never know but...since |

have produced children with her...” HIV-negative male, age 39

One man who wished to “separate in good faith” saved money to continue supporting the family while

living separately, so he could regain his independence and live as a “bachelor”.
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“I will take PrEP until | get money and rent out a house for her, we separate in good faith and |
continue supporting her, | will put up a situation that can benefit us both.” HIV-negative male, age
23

POSSIBLE CONSEQUENCES OF SEPARATION (Table 1V)

Treatment outcomes

Among the 439 PWLHIV with viral load data at follow up, 47 (11%) were virally unsuppressed; 15%
among those who had separated with their partners, and 9% among those who had stayed together
(Table IV). Additionally, 13 (3%) reported poor ART adherence at follow up, 6% among those who
separated with their partners, and 2% among those who had stayed together. There was a trend between
separation and reporting poor ART adherence (aRR=3.33, 95% CI: 0.99-11.28) or being virally
unsuppressed (>200 copies/ml; aRR=1.42, 95% CI. 0.69-2.92) around 12 months postpartum, but these

associations were not statistically significant.

Many women described their fear of their partners disclosing their HIV status to the community upon
separation. Women who experienced separation and unwanted disclosure described its negative toll on
their mental health (“He starts telling the people he has already found me sick... He throws [my HIV
status] in my face which makes me feel bad”). One woman described that she would have stopped

adhering to her HIV treatment if it weren’t for her children:

“[After separation,] | felt bad, | felt bad and if | did not have these children, | would have stopped
taking the medicine (ARVs) because he went on telling everyone everywhere how | am infected
with HIV and | felt | did not have any peace nor did | have any friend on the village.” PWLHIV, 22

years, disclosed
Financial hardship
Women reported feeling concerned that separation would lead to financial insecurity, particularly the

inability to afford basic necessities like food and housing:

“[Separation] means | will suffer with my children... it means | will not have money to look after

me and the baby, | will not have money to pay rent”.” PWLHIV, 23 years old, undisclosed
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Motivation to work and have financial independence
While some women feared separation would lead to financial hardship, other women deliberately chose
to separate with their partners, and saw separation as an opportunity to become financially independent

(“it is now about working and looking after myself”).

“The stress reduced when | had left [him] and started working - | had some peace as | would go
and work and get something to eat and in time and even eat what | wanted.” PWLHIV, 22 years,

disclosed

“When I told him [l have HIV], he became angry... He got another woman where he would stay
and a time came and he stopped coming back home. He was also not providing for me, he got
disorganized like all men do and we really got misunderstandings and because of that | decided
to take some rest from the marriage. When [l left him], | started thinking and looking here and
there and that is how | got that small job that I am doing. A time will come and we shall separate
completely because he shows me that he is no longer interested in me so it is now about working
and looking after myself. | did not just sit and | continued working till | started my own business.”
PWLHIV, 24 years, disclosed

Finding safety after escaping abusive relationships
Multiple women described their experiences with abuse in past or current relationships, and a few women

recounted the moment they decided to separate with their abusive partners:

“You see the father of my other child had HIV and he was okay to be with me but he used to beat
me and | decided to separate from him. [...] The challenge that led to our separation was because
he used to fight with people in bars and from there he would want to transfer that anger on me. |
had stayed with him for five years. | persevered until | decided to leave before | die because one
day, he got a [weapon] and wanted to kill me with it.” PWLHIV, 23 years old, undisclosed

FACTORS ASSOCIATED WITH STAYING TOGETHER (Figure 1)

Mutual love and support

Love and monogamy contributed to improved commitment to the relationship. While some women
avoided disclosing their status, some PWLHIV immediately disclosed to their partners following
diagnosis. They wished to protect their male partners by encouraging them to test, treat or prevent

infection. Hiding their status “would have been so much of a burden, could not even handle it”.
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Men in loving relationships initially assumed that if his wife was living with HIV, he too must have HIV.
This acceptance of potentially living with HIV shaped a sense of empathy and solidarity (“I was ready for
anything”, “I would have taken tablets like her if | was positive”), and recognizing that she would have
supported him in return. Men experienced disbelief when they first tested HIV-negative, as exemplified
by asking health workers to re-test them. Once these men realized that they were indeed in a serodifferent
relationship, they did not treat their partner living with HIV any differently (“I still treat her the way | used
to treat her before | got to know that she is HIV positive”). Men felt a strong duty and responsibility to stay

together and support their partner's ART adherence.

“I thought he will abandon me after finding | have HIV [...] however he did not. He just gave me
courage [...]. He told me that the most important thing is for me to take my ARVs well so that |

can live longer to look after our children together with him.” PWLHIV, 32 disclosed

Teamwork

There is a strong sense of teamwork among couples committed to staying together (“We survive in all
situations for as long as you understand each other and each of us knows the other’s problem so we
share the little that we get”). In contrast to couples who resented each other for unmet gender
expectations, men in committed relationships supported their wives by taking on traditional female roles
when necessary (“We support each other. [When she is sick] | wake up early to make her porridge and
wash the clothes”), and women worked together with their partners to provide for the family. This
teamwork alleviated gendered pressures on one another and encouraged the pair to tackle obstacles

such as housework and finances “together as a couple”.

Sense of Protection: from God and PrEP

Most HIV-negative men expressed fear of contracting HIV from their partners, so a sense of protection
was important to their wellbeing. While many men reported lacking trust in their partners, some still felt
protected from HIV. Men thanked God for “saving” them from contracting HIV up until that point, attributing
their sustained HIV-negative status to “God’s will’. Men also accepted PrEP to protect themselves from
HIV (“I accepted to take it to save my life”). They recognized that they would have separated with their
partners if their virus was still “active,” but since the virus was “asleep” thanks to ART, the “relationship
continued as usual” (Figure 1l). Additionally, HIV-negative men acknowledged that even if they were to

leave their current partner, they would still be at risk of contracting HIV elsewhere.
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“It could be God'’s luck that you escaped that so if you stay with your partner, there are chances
that you can still be safe. When you go out with one another, unless you [test her], chances are
that you could be [infected] as well. But with a partner whom you already know her status and you

can take precautions, why don’t you stay where you are?” HIV-negative male, age 38

DISCUSSION

This mixed methods analysis investigated relationship dissolution between pregnant and postpartum
women living with HIV and male partners of unknown HIV status. Almost 25% of PWLHIV reported
separation during the study. While some couples found HIV disclosure, serodifference, financial burdens
and gender roles as sources of conflict, other couples approached these obstacles as opportunities to
overcome together. Factors associated with separation included being in unmarried, non-cohabitating,
shorter, polygamous relationships, as well as HIV non-disclosure, relationship dissatisfaction, infrequent
sexual activity, unmet gender expectations, and abuse. Factors associated with staying together included
HIV status disclosure, shared biologic children, monogamy, sense of love and support, and a teamwork
mindset regarding gender expectations. Fear of HIV among HIV-negative male partners was apparent;
men who felt protected in some way (e.g., U=U, PrEP, God) were more likely to stay with their partners.
Participants discussed potentially negative and positive consequences of separation, including impacts
on mental health, treatment continuation, financial security, and removal from abusive relationships. We
found a trend of lower self-reported ART adherence and viral suppression among women who had
separated from their partners, but these associations were not statistically significant. Separation may be
harmful or beneficial to PWLHIV depending on the specific nature of their relationships, and further

investigation is needed to explore this.

Qualitative studies cite women’s fear of abandonment to be the biggest barrier to HIV disclosure. 4151765
67 Particularly during the pregnancy and postpartum, abandonment or abuse was seen to have critical
social, economic, and health implications for women in this study. Women who experienced economic
abuse had significantly higher risk of separating with their partners during the study; further studies are
needed to assess economic dependency and potential repercussions when women lose financial support
from partners. Since PWLHIV are especially vulnerable to abandonment, this study population of
PWLHIV and male partners of unknown HIV status was well suited to capture couples at the greatest risk
of separation.®’*® Few studies have assessed separation quantitatively among HIV-affected couples. Our

observed prevalence of separation (23%) is consistent with that of six previous studies (15-34%) in low-
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and middle-income countries (LMICs). These studies identified similar factors that were associated with
separation: woman living with HIV (regardless of male partner’s status), unmarried, not cohabitating,
being a higher-order wife in a polygamous marriage, and household poverty. 1314416870 Though useful,
many of these studies predated the pre-universal ART era and excluded “remote communities” or couples
at highest risk of separating (i.e., they only recruited couples who were attending HIV testing services
together and “planned to stay together for >2 years”). Additionally, these studies did not assess how

separation impacted women’s clinical outcomes.

We found the same relationship factors were associated with both separation and non-disclosure.** HIV
status disclosure by women living with HIV to their partners has previously been shown to be associated
with relationship dissolution;®®"* we also found HIV-negative men in unhappy relationships blamed their
wives for putting them at risk of HIV, and feared the stigma of staying together. Interestingly, the
guantitative analysis found an opposite association; non-disclosure was associated with a three times
higher risk of separation. It is possible that women in our sample who chose to not disclose were already
in unstable partnerships and felt at most risk of abandonment, and women who did disclose weathered
the risk of separation because they felt more confident in the strength of their relationships. Persistent
HIV stigmatizing beliefs among men could play a factor in some men’s desire to separate with their
partners after the discovery of serodifference. A mixed methods study in Tanzania found that among
male partners accompanying their wives to antenatal care, young age, low education, and notions of

toxic masculinity were associated with stigma towards people living with HIV.53

Ugandan men can have multiple wives in a legal union, with over 8% of marriages nationally being
polygamous.’>" Approximately 30% of PWLHIV in this study reported polygamy, which was significantly
associated with HIV non-disclosure, having an unsupportive partner, and separation.** PWLHIV noted
that they felt insecure and devalued if their husbands called other wives in her presence, and feeling
“dispensable” drove women to evade disclosure. Monogamy was protective of separation, as
demonstrated by women in loving relationships disclosing immediately after being diagnosed with HIV,
and their partners, in turn, showing support. The impact of polygamy on HIV disclosure warrants further

investigation.

Fathers play a critical role in income generation, household resources and food security.® Financial
hardship is a salient threat to paternal mental health and family stability in resource-limited settings.’>’®
Parental conflict is associated with depression and poorer child outcomes.1>4546.77-80 Thjs analysis found

that unmet gender expectations in partnerships and financial burdens contributed to resentment. Abiding
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to gender roles can be damaging in families and requires challenging deep-rooted, intergenerational
gender structures.’®® According to a South African study, fathers felt their fatherhood was limited to just
being an “ATM machine” — support groups and campaign messaging are needed to empower men to

redefine the possibilities of fatherhood.082

PWLHIV experiencing IPV are at higher risk of treatment non-adherence.®8 Women in this study were
at low risk of IPV (based on screening prior to enrollment as an eligibility criterion), so may be
underrepresented in this study. Compared to the 2-10% of our sample who reported any kind of abuse,
an estimated 40% of Ugandan women 215 years had experienced physical, sexual, or psychological
abuse within the last 12 months.® Presence of IPV doubled the odds of relationship dissolution in other
studies.’®*¢ |PV is experienced by men and women; studies in South Africa and Uganda found over 40%
of men reported also being victims abused by their female partners.”8® Depression is associated with
experiencing as well as perpetrating IPV,”>870 so challenging these attitudes may be necessary for
improving maternal and paternal mental health. Successful violence-reduction programs like Rwanda’s
national Sugira Muryango (Kinyarwanda for Strengthen the Family), a home-delivered intervention, have
shown to reduce IPV and improve father engagement, mental health, relationship satisfaction, and child

outcomes.91-94

Relationship dissolution was not always a negative outcome. The process leading up to relationship
separation can be long and complex, and influenced by societal pressures and expectations.%%
Separation can offer an opportunity to invest in one’s self-growth, resilience, confidence, and improved
physical and mental wellbeing.®” This can be observed among Obumu women who describe feelings of
long-awaited “peace” and newfound motivation for working post-separation. In attempts to avoid
loneliness and isolation, relationship dissolution can also encourage individuals to lean on and expand
their social support systems. For women experiencing physical, emotional, or economic abuse in their
relationships, separation can protect against further traumas. Additionally, exposure to household
violence impairs child development, and child outcomes can be improved by co-parenting rather than
forcing parents to stay together with conflict.®®* Care providers and peer counselors could support
PWLHIV by recognizing the potentially positive benefits of separation and extending beyond the standard
“disclose and stay together” counseling messages. Further studies are needed to disentangle these

complex experiences to tailor the best guidance to individuals’ unique situations.

This analysis had several strengths. We leveraged an RCT with a large sample of PWLHIV in relationship

with a partner of unknown HIV serostatus who had not recently tested. Given the complex and ever-

Bulterys 28



evolving nature of relationships!®, this mixed methods analysis achieved more than either quantitative
and qualitative analyses could alone, by providing context and confirming associations were rooted in
lived experiences. Because antenatal care is typically centered around mother and child, paternal voices
are vastly underrepresented in research. Male partner perspectives were captured both quantitatively

and qualitatively in this study.

This analysis was limited by selection biases. We sampled PWLHIV and male partners who agreed to
participate in a randomized trial about secondary distribution of HIVST, which may not be reflective of
the general population of couples. Only women in partnerships and who did not know their partners’ HIV
status were enrolled in the trial; therefore, women who experienced relationship dissolution because of
HIV status disclosure prior to the trial were not captured; this oversampled undisclosed PWLHIV in
relationships. We also excluded PWLHIV at high risk of IPV, therefore women more likely to experience
negative consequences of disclosure or (including violence or arguments) may be underrepresented.
Selection bias is also present in male partner enrollment. Since less than half of male partners enrolled
in the study, men who came to the clinic, tested for HIV and enrolled in the Obumu study were likely in
stronger relationships, as only 9% of enrolled men reported separation (compared to 23% of women).
Enrolled men had voluntarily agreed to frequent HIV testing and discussions on sensitive topics. Men
who refused HIV testing and clinic linkage, or who separated with their female partners already were
missed, not capturing the perspectives of men who may be the most likely to separate with their partners.
This was a controlled research environment (e.g., frequent study visits with engaged nurses,
comprehensive counseling on HIV disclosure and relationship advice, peer support groups), so the
proportions of women who disclosed their HIV status and stayed with their partners were likely higher
than would be observed outside of the trial. Furthermore, differential misclassification bias arose if women
who experienced separation were more likely to recall the exposures that contributed to their relationship
separation. With parallel qualitative and quantitative data collection, some findings were only captured
through one method, not both, limiting our ability to integrate and confirm findings across methods. We
did not capture mental health, religious beliefs, separation history, and which partner initiated the

separation.

Conclusions

Separation was frequent among PWLHIV and their partners. Relationship factors, HIV disclosure,
serodifference, financial burdens and gender expectations influenced risk of separation. Our results can
be used to identify PWLHIV at highest risk of separation: undisclosed women in unmarried, shorter, non-

cohabitating and polygamous relationships with unsupportive or abusive partners. Our findings can be
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used to inform interventions and tailor counseling messages. Addressing relationship dynamics is
important to optimize health outcomes and identify women who will benefit from extra support.
Counseling should extend beyond the “disclose and stay together” messaging and provide person-
centered support to women who are not in positions to disclose or are in unhealthy relationships. Male
partners play a central role in relationship stability and their representation in future HIV partner studies
should be prioritized. Further research is needed to evaluate the impact of separation on women'’s

treatment outcomes.
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CHAPTER I: TABLES & FIGURES

Table |. Descriptive characteristics of enrolled women, and regression models comparing women who did and did not separate with their partners

Overall, Separated Stayed Unadjusted RR p Adjusted RR (95% p
Baseline Characteristic N =500 during study, together, (95% CI) Cl)
N =115 N = 385

Education

Secondary or higher (>13 years) 96 (19%) 20 (17%) 76 (20%) Ref Ref?
incz%rgfg%’e‘?‘;ﬂ%e;gg;:)econdary 237 (47%) 62 (54%) 175 (45%) 1.35(0.76-2.40) 030  140(0.76-2.60)  0.28

Less than primary (<7 years) 167 (33%) 33 (29%) 134 (35%) 0.94 (0.50-1.74) 0.84 0.82 (0.39-1.73) 0.60
m‘z’;rﬁ‘ég)e”“y married (ref: currently 23 (5%) 11 (10%) 12 (3%) 338(141-7.64) <001  6.16 (2.07-18.3)®  <0.01
Relationship type

Husband, living together 436 (87%) 90 (78%) 346 (90%) Ref Ref?

Partner, living together 23 (5%) 5 (4%) 18 (5%) 1.06 (0.39-2.95) 0.90 1.35 (0.42-4.39) 0.61

Partner, not living together 41 (8%) 20 (17%) 21 (5%) 3.65 (1.90-7.03) <0.001 4.38(1.94-9.90) <0.001
Length of relationship

> 4 years 210 (42%) 37 (32%) 173 (45%) Ref Ref¢

1-3 years 224 (45%) 52 (45%) 172 (45%) 1.41 (0.88-2.26) 0.15 1.63 (0.91-2.91) 0.10

<1year 65 (13%) 26 (23%) 39 (10%) 3.12 (1.69-5.74) <0.001 3.19(1.44-7.08) <0.01
Relationship is polygamous 147 (29%) 49 (43%) 98 (25%) 2.24 (1.44-3.48) <0.001 2.07 (1.18-3.62) 0.01
:;es"t"fn’;zf‘r? (%gff‘i’c‘)“;' ;:éfre‘):o“rses n 433 (87%) 106 (92%) 327 (85%) 2.05(0.99-4.29)  0.05 1.93 (0.92-4.06) 0.08
Maternal HIV diagnosis
mgger;gr'f;r’:g; 'Er”ec;""sige d:‘(?ﬁn'g'v\v’) before 595 5806) 61 (53%) 231 (60%) 1.32(0.97-2.02) 019  1.11(0.65-1.88)°  0.70
Mother did not know she had HIV during 175/366
last pregnancy (ref: she did know), among (48%) 1.64 (1.00-2.69) 0.05 1.57 (0.85-2.92) ¢ 0.15
women who had a previous pregnancy
Undisclosed at baseline (ref: disclosed) 341 (68%) 96 (84%) 245 (64%) 2.89 (1.69-4.93) <0.001 2.97 (1.57-5.60)°¢ <0.001
Has her partner ever tested for HIV

She thinks yes 133 (27%) 20 (17%) 113 (29%) Ref Ref¢

She thinks no 189 (38%) 50 (43%) 139 (36%) 2.05 (1.15-3.64) 0.01 1.83 (0.90-3.76) 0.10

She doesn’t know 178 (36%) 45 (39%) 133 (35%) 1.91 (1.07-3.43) 0.03 2.36 (1.16-4.82) 0.02
How supportive is her partner

Extremely supportive 94 (19%) 13 (11%) 80 (%) Ref Ref¢

Very supportive 244 (49%) 47 (41%) 197 (51%) 1.47 (0.75-2.86) 0.26 1.83 (0.82-4.10) 0.14

Somewhat or not supportive 162 (%) 55 (%) 107 (%) 3.16 (1.62-6.18) <0.01 4.07 (1.81-9.14) <0.001
No household income in last 3 months 13 (5%) 8 (7%) 15 (4%) 1.84 (0.76-4.47) 0.175 1.12 (0.36-3.49) 0.84
Reports abuse in year prior to enroliment

Physical (slapped, kicked) 30 (6.0%) 7 (%) 23 (%) 1.00 (0.39-2.56) 0.10 1.39 (0.45-4.28) ¢ 0.56

Forced sex 12 (2.4%) 2 (1.7%) 10 (2.6%) 0.66 (0.14-3.07) 0.60 1.08 (0.32-5.53) 0.93
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Economic abuse (unequal control of

Bulterys

p 12 (2.4%) 6 (5.2%) 6 (1.6%) 3.47 (1.10-10.97)  0.03 5.15 (1.10-24.14) 0.04
inances and resources)
Verbal (insults, threats) 53 (10.6%) 22 (19.1%) 31 (8.1%) 1.98 (1.02-3.87) 0.04 1.43 (0.64-3.21) 0.39

Reports experiencing abuse during study period
Physical (slapped, kicked) 11 (2.2%) 4 (3.5%) 7 (1.8%) 1.95 (0.56-6.77) 0.30 1.45 (0.21-6.18) 0.87

. Economic abuse (unequal control of 18 (3.6%) 13 (11%) 5 (1.3%) .68 (3.38-27.80) <0.001 11.4 (2.94-44.45)  <0.001
inances and resources)

Verbal (insults, threats) 24 (4.8%) 11 (9.6%) 13 (3.4%) 3.03 (1.32-6.95) <0.01 2.78 (1.03-7.50) 0.05
Any other form of abuse 10 (2.0%) 6 (5.2%) 4 (1.0%) 5.24 (1.45-18.9) 0.01 4.65 (0.75-28.9) 0.09

Continuous baseline variables: Median (IQR)

(IgeR”)‘a'e partner's age, median years 27 (23,31) 26 (23, 29) 27 (23, 31) 0.96 (0.92-1.01)  0.11 0.97 (0.92-1.02) 0.24
Male partner’'s age, median years (IQR) 32 (28, 36) 30 (27, 36) 32 (28, 36) 1.00 (0.99-1.00) 0.89 1.00 (0.99-1.00) 0.91
Number of children 2(1-3) 1(1,2) 2(1,3) 0.85 (0.72-0.99) 0.04 0.95 (0.72-1.23) 0.68
Time since HIV diagnosis (years)* 3(1,6) 4(1,6) 3(1,6) 1.03 (0.95-1.12) 0.48 1.00 (1.00-1.00) 0.32
Sexual intercourse episodes, last month 3(1,5) 2(0,4) 3(2,6) 0.96 (0.93-0.99) 0.02 0.96 (0.92-0.99) 0.04

Relationship Satisfaction Questions Overall, isrﬂirgaiﬂdy tscfggfr?er Unadjusted RR D Adjusted RR (95%

(subset) N =174 N = 43 ' N = 131 ' (95% ClI) Cl)

How often do you discuss, or have you considered divorce, separation, or terminating your partnership?

Never 107 (62%) 27 (63%) 80 (62%) Ref Ref
Occasionally/rarely 43 (25%) 7 (16%) 36 (28%) 0.58 (0.23-1.45) 0.24 0.56 (0.22-1.46) 0.24
Most of the time 23 (13%) 9 (21%) 14 (11%) 1.90 (0.74-4.90) 0.18 1.49 (0.54-4.14) 0.44
Do you ever regret that you entered a relationship with your partner?
Never 90 (52%) 18 (42%) 72 (55%) Ref Ref
Occasionally/rarely 58 (34%) 9 (21%) 49 (38%) 0.73 (0.31-1.77) 0.49 0.60 (0.26-1.67) 0.38
Most of the time 25 (14%) 16 (37%) 9 (6.9%) 7.11(2.71-18.69)  <0.001 8.54 (2.90-25.2) <0.001
How often do you and your partner quarrel?
Never 54 (31%) 14 (33%) 40 (31%) Ref Ref
Occasionally/rarely 102 (59%) 19 (44%) 83 (64%) 0.65 (0.30-1.44) 0.29 0.75 (0.33-1.71) 0.50
Most of the time 17 (9.8%) 10 (23%) 7 (5.4%) 4.08 (1.30-12.78)  0.01 3.71 (1.12-12.3) 0.04
a Adjusted for maternal age
b Adjusted for maternal age and education
¢ Adjusted for maternal age, education, and marital status
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Table Il. Descriptive characteristics of enrolled men, and regression models comparing men who did and did not separate with their partners

Baseline Characteristic Overall, Separated Stayed Unadjusted RR p Adjusted RR
N =237 during study, together, (95% CI) (95% CI) p
N=21 N =216
Education
Secondary or higher (>13 years) 62 (26%) 2 (9.5%) 60 (28%) Ref Ref
incz&”;?gec(‘;ﬂ%";f:f’ss)econdary 92 (39%) 7 (33%) 85 (39%) 1.47 (0.50-12.31) 0.27 - -
Less than primary (<7 years) 83 (35%) 12 (57%) 71 (33%) 5.07 (1.10-23.55) 0.04 - -
Employment
Salaried 47 (20%) 2 (9.5%) 45 (21%) Ref Ref 2
Hourly work 63 (%) 8 (%) 55 (%) 3.27 (0.66-16.19) 0.15 3.05 (0.61-15.40)  0.18
Self-employed 123 (52%) 11 (52%) 112 (52%) 2.21 (0.47-10.37) 0.32 2.41(0.50-11.57)  0.27
Unemployed 4 (2%) 0 (0%) 4 (1.9%) 0.00 (0.00-Inf) 0.99 0.00 (0.00-Inf) 0.99
Relationship factors
Not currently married (ref: married) 5 (2%) 3 (14%) 2 (1%) 11.89 (1.58-89.5) 0.02 12.08 (1.43-100)®  0.02
{\(')%t;t'x'e’:? together (ref: living 24 (10%) 7 (33%) 17 (8%) 5.85(2.08-16.45) <001  4.85(1.42-16.49)® 0.01
':fg 5;);;)10 times in last month (ref: g (5405 8 (38%) 50 (23%) 2.04 (0.80-5.21) 0.14 1.38(0.49-3.89)°  0.54
Polygamous relationship 58 (24%) 9 (43%) 49 (23%) 2.79 (1.10-7.11) 0.03 2.71(1.04-7.03)®  0.04
How often do you consider
separation?
Never 151 (64%) 7 (33%) 144 (67%) Ref Ref
Occasionally or rarely 63 (27%) 7 (33%) 56 (26%) 2.57 (0.86-7.66) 0.09 3.60 (1.08-11.98)  0.04
Most of the time 22 (9.3%) 7 (33%) 15 (7%) 9.60 (2.97-31.08) <0.001  11.61(3.15-42.8)  <0.001
Happiness in the relationship
Very happy 159 (67%) 8 (38%) 151 (70%) Ref Ref
Happy 59 (25%) 5 (24%) 54 (25%) 1.75 (0.55-5.57) 0.35 1.78 (0.53-5.99)  0.35
Unhappy 18 (7.6%) 8 (38%) 10 (5%) 15.10 (4.68-48.7) <0.001  16.04 (4.24-60.7)  <0.001
HIV-related factors
nM:thII?/ ;'V'pos'“"e (ref: HIV- 51 (22%) 7 (33%) 44 (20%) 1.94 (0.74-5.10) 0.18 1.49 (0.53-4.28)  0.45
'S"tzt‘i';efR'e‘;’:tr:‘e“:’r‘]"i’nf:;“r?éekﬂzr\;‘vns‘;r S 6527%) 8 (38%) 57 (26%) 1.72 (0.68-4.36) 0.26 1.73(0.65-4.62)  0.27
Knows female partner has HIV, 136/172
among N=172 who report knowing (79%) 12/13 (92%) 124/159 (78%)  3.39 (0.43-26.95) 0.25 2.72(0.33-222)  0.35
her status
Ever reports female partner is
positive during study (ref: never 173 (73%) 17 (81%) 156 (72%) 1.63 (0.53-5.06) 0.39 1.47 (0.46-4.69) 051

reports)

Among HIV-negative men:

Fear of getting HIV
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Not worried 66 (36%) 5 (36%) 61 (36%) Ref Ref

Some worry 72 (39%) 4 (29%) 68 (40%) 0.72 (0.18-2.79) 0.63 0.60 (0.14-2.43) 0.48

A lot of worry 47 (25%) 5 (36%) 42 (25%) 1.45 (0.40-5.33) 0.57 1.36 (0.35-5.25) 0.67
Motivation to use PrEP

Very motivated 99 (54%) 6 (42.8%) 93 (54.4%) Ref Ref

Somewhat motivated 37 (20%) 4 (29%) 33 (19%) 1.88 (0.50-7.08) 0.35 1.88 (0.46-7.65) 0.38

Not at all motivated 49 (26%) 4 (29%) 45 (26%) 1.38 (0.37-5.13) 0.63 1.51 (0.38-6.01) 0.56

a Adjusted for male education
b Adjusted for maternal education and marital status

Table lll. Descriptive characteristics of the PWLHIV and male partners captured in the nested qualitative study

Women, N=45

Men, N=45

Self-reported HIV-positive

45 (100%)

8 (18%)

HIV status disclosure to partner by time of
interview

24 (53%) women disclosed HIV-positive status to
partner

29 (64%) male partners knew their female partner
has HIV

Median age, years (IQR)

27 (IQR: 25-30)

31 (IQR: 28-35)

Median relationship length, years (IQR)

3 (IQR: 2-7)

3 (IQR: 2-8)

Reported ever separating during study follow-
up

6 (13%)

2 (4%)

Table IV. Adjusted regression models assessing the impact of separation on women’s viral suppression (<200 copies/ml) at 12 months post-partum,
adjusted for age, marital status, education, and recent HIV diagnosis, among 439 women with viral load data at baseline and endline

Outcome Overall, Separated during study, Stayed together, Adjusted RR (95% CI) p
N =439 N =106 N =333

Eﬁgl?;t: poor ART adherence at 13 (3%) 6 (6%) 7 (2%) 3.33 (0.99-11.28) 0.05

Virally unsuppressed at endline 47 (11%) 16 (15%) 31 (9%) 1.42 (0.69-2.92) 0.33

Change of viral suppression from baseline to endline
Remained Suppressed 302 (69%) 70 (66%) 232 (70%) - -
Remained Unsuppressed 27 (6.2%) 9 (8.5%) 18 (5.4%) - -
Suppressed to Unsuppressed 20 (4.6%) 7 (6.6%) 13 (3.9%) - -
Unsuppressed to Suppressed 90 (21%) 20 (19%) 70 (21%) - -
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Figure I. Circular joint diagram of common factors associated with separation
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Figure Il. Circular joint diagram of common factors associated with staying together

Factors associated with staying together
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ABSTRACT

Background: Studies suggest increased risk of neurodevelopmental delay among children who are HIV-
exposed uninfected (CHEU) compared to their HIV-unexposed uninfected peers (CHUU), but predictors

of neurodevelopment among CHEU remain poorly understood.

Methods: Mothers with and without HIV and their children were enrolled during 6-week routine postnatal
care visits across six sites in Kenya. Infant neurodevelopment was assessed using the Malawi
Developmental Assessment Tool, including social, language, fine motor, and gross motor domains. This
exploratory analysis used multivariate linear mixed effects models to identify associations between
neurodevelopment scores, HIV and ART exposure, and maternal factors, adjusting for confounders

selected a priori and clustering by site.

Results: At 1-year evaluation, CHUU (N=715) and CHEU (N=416) had comparable median age (52
weeks) and sex distribution (52% vs. 51% female). Mothers with HIV were older (31 vs. 28 years), had
lower education (49% vs. 27% primary), were more likely to be unmarried (14% vs. 12%) or in a
polygamous marriage (14% vs. 4%), and report moderate-to-severe food insecurity (19% vs. 9%) (p<0.01
for all). CHEU and CHUU had comparable neurodevelopment scores across all four domains (p>0.1 for
all). Among all children, maternal report of intimate partner violence (IPV) was significantly associated
with lower gross motor scores (adjusted coefficient: -1.34, 95% CI: -2.18, -0.48). Maternal marital status,
and having a deceased or absent father, were significantly associated with lower child
neurodevelopment, across multiple domains. Among CHEU, lower gross motor scores were associated
with in utero efavirenz exposure during pregnancy compared to dolutegravir (DTG) exposure (adjusted
coeff: -0.55, 95% CI: -1.06, -0.05) and longer maternal ART duration. Maternal mental health measures
were not associated with child neurodevelopment.

Conclusion: Biologic and social factors were associated with child neurodevelopment, and despite
several sociodemographic differences between CHEU and CHUU, 1-year neurodevelopment was
similar. Addressing IPV may provide benefits for both mother and child, regardless of maternal HIV status.
DTG use was associated with higher neurodevelopmental scores in CHEU, compared to EFV-based
regimens, potentially contributing to a lack of neurodevelopmental difference observed between CHEU
and CHUU.
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INTRODUCTION

Successful prevention of vertical transmission programs over the last decade have contributed to a
rapidly growing population of almost 16 million children who are HIV-exposed uninfected (CHEU) around
the world, with an additional one million born every year in sub-Saharan Africa (SSA)!%?°. Compared to
children who are HIV-unexposed uninfected (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?%28, In multiple high HIV burden countries in
SSA, the population of CHEU accounts for over 20% of all children under 15 years of age, and the
SSA region is estimated to have the largest proportion of children under five years of age at risk of not
meeting their developmental potential!®>1°2, Early neurodevelopmental delays are associated with poorer
physical and mental health and learning potential*®*. A child’s neurodevelopment is remarkably sensitive
to parental caregiving and home environment factors, especially during the first 1,000 days of life. It is

possible to reverse early delays in children, and the earlier the intervention, the greater the impact03104,

Most, but not all, studies have found increased risk of neurodevelopmental delays in CHEU compared to
their CHUU peers. Previous studies are limited by small sample sizes, only relying on one time-point for
outcome measurement, and heterogeneity in ART exposures overtime. Preterm birth, in utero ART
exposure, maternal viremia, and early child inflammatory markers have been associated with significantly
poorer neurodevelopment among CHEU??3, Studies have noted differences in language, social and
motor skills, brain composition and structure, and altered cell-mediated immunity between CHEU and
CHUU?"3233  While biologic etiologies of neurodevelopmental outcomes among CHEU have been
assessed, there are fewer data on modifiable, social and behavioral factors that may synergistically
influence neurodevelopmental outcomes. Women living with HIV are especially vulnerable to poverty,
parental relationship instability, low paternal involvement, intimate partner violence (IPV), and poor
maternal mental health; such factors may influence their ability to care responsively for their children and

promote healthy neurodevelopment!4-17:34.37.102,105-108

Kenya alone is home to nearly 1 million CHEU for whom research is urgently needed to identify caregiver
and home factors to reduce the risk of suboptimal child neurodevelopment?®®. In 2016, the World Health
Organization (WHO) recommended 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 1.
Prior to DTG scale up, nonnucleoside reverse transcriptase inhibitor (NNTRI) regimens containing

efavirenz (EFV) were commonly used during pregnancy. In utero exposure to EFV-based regimens has
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been associated with neurodevelopmental deficits among 2-year old CHEU in Botswana, compared to
non-EFV-based regimens'!’. DTG-based regimens and EFV-based regimens have comparable safety in
pregnancy,'** 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 neurodevelopment in Kenya.

METHODS

Study Overview

The HOPE Study is an ongoing prospective longitudinal cohortin Kenya aimed to understand the impacts
of HIV and ART exposure on infant health and development. Mothers living with and without HIV were
recruited with their infants (1,000 CHEU and 1,000 CHUU) at 4-10 weeks of age during routine postnatal
care at 6 MCH clinics across the Nairobi and Western Kenya regions between March 2021-June 2022.
Mother-infant pairs are being followed every six 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 by December 2022.

Data Collection

Outcome ascertainment: To measure child neurodevelopment, we administered the Malawi
Developmental Assessment Tool (MDAT)!?, a validated test designed specifically for the SSA cultural
context. The MDAT scores social, language, fine motor, and gross motor domains, with 36-42 pass/fail
items in each. Scripts for each item were translated and back translated to Kiswabhili and Dholou. Tests
were administered by a trained assessor in the preferred language of the mother/caregiver and combined
direct child observation and caregiver reporting, until a child reached six consecutive passes and six
consecutive fails in each domain. MDAT scores were assessed as raw continuous scores per domain.
Assessors underwent a rigorous training curriculum and each conducted >10 supervised practice
assessments prior to certification and study start. We utilized a train-the-trainer approach involving six
half-day didactic and practical sessions over the course of several weeks. Certified trainers then
employed a similar training to all study nurses and reviewed every 10" assessment to ensure

consistency.

Exposures ascertainment: A primary exposure of interest was maternal HIV status (CHEU vs. CHUU).
Any children who later tested positive for HIV were excluded from this analysis. Exposure variables

collected at baseline (6 weeks postpartum) included maternal sociodemographic information, family
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characteristics, medical history, household factors, anthropometric measures (e.g., body mass index
(BMI)) and mental health assessments: the 9-item Patient Health Questionnaire (PHQ-9, >10 cut-off)'2
for clinical depression, 10-item Kessler Psychological Distress Scale (K10, >20 cut-off)}'411> for anxiety,
and Hurt-Insult-Threaten-Scream (HITS, >10 cut-off)'® for intimate partner violence. The degree of
household food insecurity was assessed using the Household Hunger Scale!!’. Additionally, mothers
living with HIV were asked questions regarding HIV, experience with status disclosure to their partner,

and ART initiation, duration, and regimen.

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
confounders selected a priori and clustering by site. 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 considered a priori for adjustment in multivariable analyses
included maternal age (years), education level, marital status, and infant sex and age (weeks). Based on
literature, we expected these factors to be associated with exposures, such as maternal HIV status, and
child neurodevelopment scores.?”:18 Collinearity was examined using a threshold of 10% change in
standard error and multivariable models included non-collinear variables univariately associated with
neurodevelopment (p<0.05). Exposures evaluated in the models included maternal depression, anxiety,
distress (depression and/or anxiety), marital status, IPV, household food insecurity, and absence of
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-conception/during pregnancy or postpartum), HIV disclosure to partner (ever/never), and ART
regimen (DTG, EFV, or protease inhibitor (Pl)-based).

Ethical Board Approvals

The study was approved by the University of Washington’s Institutional Review Board, Kenyatta National
Hospital’s Ethical Review Committee, and the National Institutes of Health. All mothers provided written
informed consent.

RESULTS

Study Population
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All children (N=1,131) (Table 1)
This analysis used data collected from 416 CHEU and 715 CHUU and their mothers. Compared to CHUU,

CHEU had comparable median age at 1-year neurodevelopmental assessment (52 weeks) and sex

distribution (52% vs. 51% female). 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. 28 years), with only primary school education (49% vs. 27%), either single, separated or
widowed (12% vs. 7%) or in a polygamous marriage (14% vs. 4%), report moderate-to-severe food
insecurity (19% vs. 9%), and have BMI <18.5 (5% vs. 2%; p<0.01 for all). Maternal mental health
screening assessments of clinical depression and/or anxiety, and reported intimate partner violence,

were comparable between mothers with and without HIV.

CHEU only (N=416) (Table 2)
Among mothers living with HIV, all were on ART; 88% started ART pre-conception, and 12% post-

conception. At baseline, 87% of mothers had already disclosed their HIV status to their primary partner
and had already been taking ART for a median of 53 months (IQR: 20-85). Among mothers with ART
regimen data during pregnancy (n=375), the most recently used maternal ART regimen during pregnancy
was DTG-based (69%), followed by EFV-based (23%) and Pl-based regimens (7%). Mothers of EFV-
exposed CHEU had been on ART for longer than mothers of DTG-exposed CHEU (median 61 vs. 45
months). Overall, 40% of mothers switched their ART regimen during pregnancy, and 76% of them had
switched to DTG-based regimens. Almost all (98%) of CHEU had received antiretroviral prophylaxis by
6 weeks of age; 53% received a nevirapine (NVP)-only regimen and 47% received azidothymidine (AZT)-

based regimens (largely AZT/NVP combinations).

Potential cofactors of child neurodevelopment
MDAT score comparison for CHEU vs. CHUU (Tables 3 and 4a)

Overall, the CHEU and CHUU groups had comparable 1-year neurodevelopment scores across all four
domains, in both univariable and multivariable mixed linear effects models with site clustering and

adjustment for infant age and sex, and maternal education and marital status (p>0.1 in all four domains).

Cofactors of MDAT scores among all children, adjusting for CHEU status (Table 4a and Figure 1)

Compared to female children, male children scored significantly lower in both the social (adjusted
coefficient: -0.42, 95% CI: -0.71, -0.12, p<0.01) and language domains (adjusted coefficient: -0.24, 95%
Cl: -0.41, -0.07, p<0.01). The prevalence of baseline maternal IPV was 3% in each group; among all

children adjusting for maternal HIV status and confounders selected a priori, IPV was significantly
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associated with lower gross motor scores (adjusted coefficient: -1.18, 95% CI: -1.98, -0.36, p<0.01).
Maternal marital status was associated with child neurodevelopment; compared to children with mothers
in monogamous marriages, children with single or widowed mothers had significantly lower social scores
(adjusted coefficient: -0.59, 95% CI: -1.13, -0.07, p=0.03) and children with mothers in steady
relationships (but not formally married) had significantly lower fine motor scores (adjusted coefficient: -
0.59, 95% CI: -1.15, -0.02, p=0.04). Children whose fathers were either deceased or absent had
significantly lower fine motor scores (adjusted coefficient: -0.48, 95% CI: -0.48, -0.03, p=0.04). There
were no statistically significant associations between child neurodevelopment and maternal depression,

anxiety, or distress.

Cofactors of MDAT scores among CHEU only (Table 4b and Figure 2)

In multivariate models, consistent with analyses among all children, male CHEU scored significantly lower
than female CHEU in both the social (adjusted coefficient: -0.62, 95% CI: -1.12, -0.12, p=0.01) and
language domains (adjusted coefficient: -0.28, 95% CI: -0.55, -0.01, p=0.04). Compared to CHEU with
mothers in monogamous marriages, CHEU with mothers in steady relationships (but not formally married)
had significantly lower language scores (adjusted coefficient: -0.95, 95% ClI: -1.81, -0.07, p=0.03). CHEU
whose fathers were either deceased or absent had significantly lower scores in language (adjusted
coefficient: -0.57, 95% CI: -1.03, -0.11, p=0.02), fine motor (adjusted coefficient: -0.80, 95% CI: -1.48, -
0.12, p=0.02) and gross motor domains (adjusted coefficient: -1.00, 95% CI: -1.70, -0.25, p<0.01).

In adjusted models, neurodevelopment was significantly associated with maternal ART duration and
regimen. Gross motor scores were significantly lower with in utero exposure to EFV-regimens than DTG-
based regimens (adjusted coefficient: -0.55, 95% CI: -1.06, -0.05, p=0.03). Irrespective of maternal ART
regimen, on average, CHEU scored -0.01 point lower in the gross motor domain for every additional
month their mother was taking ART (adjusted coefficient: -0.01, 95% CI: -0.01, -0.01, p=0.03). Among
CHEU exposed most recently to EFV during pregnancy, maternal ART duration was not associated with
any domain scores; however, among CHEU exposed most recently to DTG during pregnancy, longer
maternal ART duration was significantly associated with lower gross motor scores (adjusted coefficient:
-0.01, 95% CI: -0.02, -0.00, p<0.01). MDAT scores were not associated with pre- vs. post-conception
ART initiation. CHEU with mothers with heightened depression at baseline scored slightly higher in their
1-year language domain compared to those with mothers with lower scores (adjusted coefficient: 0.86,
95% CI: 0.04, 1.68, p=0.04). Neurodevelopment was not associated with other maternal mental health

factors.
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DISCUSSION

In this cohort of 1-year old children, we found that CHEU and CHUU had comparable neurodevelopment
scores across all four tested domains, both in unadjusted and adjusted analyses. Among all children,
lower child neurodevelopment scores were associated with male sex, maternal marital status, deceased
or absent father, and maternal report of IPV. Among CHEU only, these associations persisted, and lower
child neurodevelopment scores were also associated with longer maternal ART duration and in utero

exposure to EFV-based ART regimens, compared to DTG-based regimens.

Reassuringly, CHEU in this study had similar neurodevelopmental scores to their HIV-unexposed peers.
Studies comparing neurodevelopment between CHEU and CHUU, including with the MDAT tool, have
found higher risk of language and motor skill delays in CHEU; these differences were linked to altered
brain composition and structure, immune function, adverse birth outcomes, and growth faltering
27,30,3233118-121 |n an extensive meta-analysis of 21 studies comparing neurodevelopment between CHEU
and CHUU under five years, 57% of studies found subtle delays among CHEU in at least one domain,
and primarily in the language and gross motor domains 8, Included studies had relatively small sample
sizes, and relied on studies published prior to May 2020; it is possible that more recent universal test and
treat guidelines and newer, improved ART regimens using DTG-based combinations, as well as
guidelines promoting longer breastfeeding duration may improve child outcomes. Almost 70% of mothers
living with HIV in this study with available ART data were on DTG-based regimens during their pregnancy,
which is substantially higher than in previously published studies assessing neurodevelopment among
CHEU, and may be part of the reason we see comparable scores between CHEU and CHUU in our

cohort.

Effects of ART regimens on CHEU neurodevelopment have been studied with mixed results!!8, To the
best of our knowledge, our study is the first to assess CHEU neurodevelopment in a largely DTG-exposed
cohort. DTG has superior efficacy, less frequent drug resistance, and comparable safety during
pregnancy compared to EFV-based regimens!'?. EFV-based regimens have been associated with higher
risk of microcephaly and other neurologic disorders among CHEU?!?2, We found that in utero EFV-
exposed CHEU scored significantly lower in gross motor than DTG-exposed CHEU. Similarly, 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 Pl-based regimens)!°. Moreover, EFV-exposed children had longer

exposure to ART (since conception vs. third trimester) than children exposed to other regimens, and
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longer EFV exposure was associated with more pronounced deficits 1°. The study was conducted prior
to large scale up of DTG-based regimens and could not assess whether DTG-exposed CHEU performed
better than EFV-exposed CHEU. Similarly, we also found that mothers of EFV-exposed CHEU had been
on ART for longer than mothers on newer DTG-based regimens (median 61 vs. 45 months), and longer
maternal ART duration was associated with lower gross motor scores. It is unclear whether higher
neurodevelopment scores among DTG-exposed CHEU is due to biologic or sociobehavioral factors, or
a combination. Despite WHO recommendations, DTG uptake has remained suboptimal in SSA among
reproductive-aged women, partly due to initial concerns around neural tube defects'?®. 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 period of changing regimen
implementation, providing a unigue opportunity to examine the impact of different regimens. Our data

provides reassuring evidence of another potential benefit of DTG-regimens.

Maternal marital status, absence of biologic father, and IPV were significantly associated with lower child
neurodevelopment scores. Parental relationship conflict and household exposure to violence
(interparental or onto child) can considerably threaten a child’s neurodevelopment37-39.77-79124.125 Qyer g
quarter of women of reproductive age in Eastern Africa were estimated to have experienced IPV in the
past year'®#®126_|n this cohort, maternal report of IPV was strongly associated with poorer gross motor
scores among all children, controlling for maternal HIV status. Abuse and separation can often lead to
disproportionate burdens on women, leading to financial hardship, childcare responsibility, and social
stigma*’*8, However, separation in abusive relationships may benefit parents and children; studies from
Western nations show that children with separated parents who co-parent have better
neurodevelopmental outcomes than children whose parents stay together with persistent conflict, but this
has yet to be studied in the SSA context®. HIV-affected couples separate frequently during
pregnancy/postpartum when HIV testing is common, and HIV serodifferent couples in which the female
is living with HIV separate significantly more often than couples in which the is living with HIV*3. CHEU
whose mothers had depression at baseline performed slightly better in the language domain than those
whose mothers did not have depression; it is unclear whether this finding is due to risk of false discovery,
so further research may be needed in this area. Paternal involvement can improve birth outcomes,
parental satisfaction, maternal engagement with care, and child growth and development #5811,
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, relationship satisfaction, and child neurodevelopment 4 This or similar

interventions could be adopted within maternal child health or PMTCT programs in Kenya.
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CHEU were significantly more likely than CHUU to have a mother who is single, widowed, or in a
polygamous relationship. In East African contexts in which men having multiple wives is a legal and
socially accepted practice, polygamy is associated with HIV; among a cohort of 500 Ugandan pregnant
women living with HIV, 30% were in polygamous marriages, which was substantially higher than the 8%
average among marriages nationally’2741%_ Similarly, in our cohort, the prevalence of polygamy was
significantly higher among mothers living with HIV than mothers without (14% vs. 4%). Polygamy among
HIV-affected couples has been associated with HIV status non-disclosure, lack of social support from
partner, and relationship conflict and dissolution*#1%, Tailored interventions to support women and

children in the context of polygamy may be important to develop programmatically.

Among all children, regardless of in utero HIV exposure, male sex was associated with lower MDAT
scores in the social and language domains. We did not find any significant sociodemographic differences
between male and female children. Two studies, one from Zimbabwe and another from Uganda, both
found HIV exposure negatively impacted children’s MDAT scores, but neither study found any
associations with child sex!?%12L Historically, child sex bias has skewed clinical diagnoses for
neurodevelopmental disorders and intellectual delays towards boys, most notably in autism spectrum
disorder'?’. Research into the mechanistic pathways of such neurodevelopmental sex differences have
found complex interactions between different behavioral expression, biologic and environmental
factors?®. It is unclear why boys in our study, on average, performed poorer than girls, and should be

investigated further to see if differences by sex persist over time.

Our study has several strengths, including its large sample size and longitudinal design. The cohort (1000
CHEU/1000 CHUU) is still accruing with undergoing 6-monthly neurodevelopment assessments until
children reach 3 years, which will allow for future longitudinal analyses. We used the MDAT assessment,
which was developed specifically for use in SSA, and relies on both direct child observation and caregiver
report. All assessors underwent a rigorous training and quality control process to improve accuracy and
reliability of the assessment data. Limitations of the study include that our analyses used data from factors
collected at baseline to assess associations with 1-year neurodevelopment; longitudinal 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; confirmatory analyses are
needed. Some mothers were missing ART data, and analyses assessing the ART exposures were only

conducted among those with ART data. ART-regimen classification was dichotomous and based on the
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most recently used regimen at the time of enrollment, which does not account for heterogeneity due to
switches or interruptions. This analysis may be subject to selection and sampling bias based on inclusion
criteria; our study does not capture mothers <18 years old, mothers not engaged in postnatal care or
PMTCT programs, and children whose mothers died prior to the child reaching six 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 neurodevelopment. Nurses conducting MDAT assessments were unblinded to maternal HIV
status, which could have introduced 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.

CONCLUSION

In this cohort of Kenyan CHEU and CHUU, biologic and social factors were associated with 1-year
neurodevelopment. 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 investigation. Among
CHEU, in utero exposure to DTG-based regimens was associated with higher gross motor scores,
compared to EFV-based regimens. Maternal marital status and IPV were associated with poorer
neurodevelopmental scores in all children, regardless of maternal HIV status. Rigorous longitudinal and
mixed methods research are needed to identify modifiable factors among families impacted by HIV and

caregiver relationship conflict, and to identify interventions to best support children showing early deficits.
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CHAPTER Il: TABLES & FIGURES

Table 1. Sociodemographic Characteristics comparing CHEU and CHUU

Characteristic

Region
Nairobi
W Kenya
Child sex is female
Child age (weeks)
Birthweight <25009g
Born at least 2 weeks prematurely

Child has deceased or absent
biologic father

Exclusively breastfed at 6 weeks

Number of times breastfed in last
24 hours

Mother age (years)
Mother education, primary or less

Mother is employed
(professionally or casually)

Mother marital status

Married (monogamous)

Bulterys

Overall,
N=1,1311

461 (41%)
669 (59%)
584 (52%)
52 (3)
241 (21%)
66 (5.9%)

78 (6.9%)

1,097
(97%)

15 (27)

28.9 (5.5)

395 (35%)

231 (20%)

895 (79%)

CHEU,
N = 4161

146 (35%)
270 (65%)
216 (52%)
52 (3)
72 (17%)

29 (7.1%)

40 (9.6%)

411 (100%)

16 (44)

31.0 (5.7)

203 (49%)

93 (22%)

298 (72%)

CHUU,
N = 715¢

315 (44%)
399 (56%)
368 (51%)
52 (3)
169 (24%)

37 (5.2%)

38 (5.3%)

686 (96%)

14 (4)

27.6 (5.0)

192 (27%)

138 (19%)

597 (84%)

Unadjusted
p-value

Ref
<0.01
0.88
0.10
0.01
0.21

<0.01

<0.01

0.22

<0.01
<0.01

0.22

ref
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Characteristic

Married (polygamous)

Steady partner

Single, separated, or widowed
Mother height (cm)
Mother BMI <18.5
Mother MUAC (cm)

Moderate or severe hunger in the
household

Heightened depression
Heightened anxiety
Heightened distress

Intimate partner violence

1'n (%); Mean (SD)

Overall,
N=1,1311

88 (7.8%)
47 (4.2%)
99 (8.8%)
162 (9)
32 (2.9%)

29.4 (29.2)

147 (13%)

39 (3.5%)
88 (7.8%)
107 (9.5%)

28 (2.5%)

Table 2. Characteristics of CHEU population

Characteristic
Child ARV prophylaxis
Child ARV regimen
AZT-based

NVP alone
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CHEU,
N =416

60 (14%)
10 (2.4%)
48 (12%)
162 (10)
19 (4.6%)

30.5 (47.9)

80 (19%)

11 (2.7%)
38 (9.2%)
43 (10%)

9 (2.2%)

N = 4161

408 (98%)

192 (47%)

216 (53%)

CHUU,
N = 715!

28 (3.9%)
37 (5.2%)
51 (7.2%)
162 (8)
13 (1.9%)
28.8 (3.9)
67 (9.4%)
28 (3.9%)
50 (7.0%)
64 (9.0%)

19 (2.7%)

Unadjusted
p-value

<0.01
0.09

<0.01
0.25

<0.01

0.43

<0.01

0.26
0.19
0.44

0.61



Characteristic N = 4161
ART start timing

Pre-conception 350 (88%)

Post-conception 48 (12%)

Most recent maternal ART regimen during pregnancy (n=375)

DTG based 260 (69%)
EFV based 88 (23%)
Pl based or other 27 (7.2%)
Maternal duration on ART (months) 53 (20-85)
Switched ART during pregnancy 154 (40%)
Disclosed HIV status to partner 362 (87%)

1 n (%); Median (IQR)

Table 3. Comparison of raw MDAT scores at 1 year between CHEU and CHUU
Characteristic  Overall, N=1,131' CHEU, N =416 CHUU, N=715' Unadjusted P-value

Social 13.8 (3.2) 13.9 (3.1) 13.7 (3.2) 0.83

Language 9.28 (1.75) 9.29 (1.80) 9.28 (1.72) 0.38

Fine Motor 15.24 (2.11) 15.17 (2.19) 15.28 (2.07) 0.11

Gross Motor 15.69 (2.18) 15.64 (2.20) 15.72 (2.17) 0.54
1 Mean (SD)
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Table 4a. Cofactors of MDAT scores at 1-year among overall cohort (CHEU and CHUU)

ENTIRE COHORT - CHEU vs. CHUU
CHEU (ref: CHUU) — Unadjusted
CHEU (ref: CHUU) — Adjusted @
ENTIRE COHORT - adjusting for CHEU status
Child sex ®
Child is male (ref: female)
Maternal mental health at 6 weeks postpartum ®
Heightened depression (PHQ-9 score >10)
Heightened anxiety (K10 score >20)
Heightened distress (depression and/or anxiety)
Family factors at 6 weeks postpartum?®
Deceased or absent biologic father
Intimate partner violence (HITS score >10)
Maternal marital status
Married — monogamous
Married — polygamous
Steady partner, not married
Single or widowed

Moderate to severe household food insecurity

aMultivariable mixed effects linear models adjusted for infant age and sex, and maternal education and marital status.

Social,

Adjusted Coeff (95% CI)

-0.03 (-0.35, 0.28)

0.14 (-0.18, 0.47)

-0.42 (-0.71, -0.12)

-0.43 (-1.24, 0.37)
0.31 (-0.25, 0.87)

0.06 (-0.45, 0.57)

-0.27 (-0.86, 0.32)

0.13 (-0.82, 1.08)

Ref
-0.22 (-0.79, 0.36)
-0.14 (-0.88, 0.59)
-0.59 (-1.13, -0.07)

-0.12 (-0.57, 0.34)

P

0.83

0.94

<0.01

0.29

0.27

0.83

0.37

0.79

0.46

0.71

0.03

0.61

Language,

Adjusted Coeff (95% CI)

0.08 (-0.10, 0.26)

0.15 (-0.03, 0.38)

-0.24 (-0.41,-0.07)

0.29 (-0.17, 0.75)
0.11 (-0.20, 0.44)

0.11 (-0.18, 0.40)

-0.26 (-0.59, 0.08)

0.41 (-0.13, 0.94)

Ref
0.01 (-0.32, 0.34)
-0.20 (-0.62, 0.22)
-0.22 (-0.52, 0.08)

-0.01 (-0.27, 0.25)

P

0.38

0.15

<0.01

0.22

0.46

0.47

0.14

0.14

0.95

0.35

0.15

0.93

Fine Motor,

Adjusted Coeff (95% CI)

-0.19 (-0.43, 0.05)

-0.08 (-0.33, 0.16)

0.05 (-0.17, 0.28)

-0.06 (-0.68, 0.56)
0.14 (-0.28, 0.57)

0.03 (-0.36, 0.42)

-0.48 (-0.93, -0.03)

-0.59 (-1.32, 0.13)

Ref
-0.05 (-0.50, 0.38)
-0.59 (-1.15, -0.02)
-0.24 (-0.64, 0.17)

-0.11 (-0.46, 0.24)

b Multivariable mixed effects linear models adjusted for infant age and sex, and maternal HIV status (child is CHEU vs. CHUU).
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P

0.11

0.51

0.66

0.85

0.51

0.89

0.04

0.11

0.81

0.04

0.25

0.53

Gross Motor,

Adjusted Coeff (95% CI)

-0.08 (-0.35, 0.19)

-0.06 (-0.33, 0.22)

0.10 (-0.16, 0.35)

0.51 (-0.17, 2.24)

-0.23 (-0.70, 0.25)

-0.20 (-0.63, 0.25)

-0.17 (-0.67, 0.35)

-1.18 (-1.98, -0.36)

Ref
0.39 (-0.11, 0.88)
0.32 (-0.31, 0.95)
-0.27 (-0.72, 0.19)

-0.22 (-0.60, 0.18)

P

0.54

0.68

0.45

0.15

0.34

0.38

0.52

<0.01

0.12

0.32

0.24

0.28
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Table 4b. Cofactors of MDAT scores among CHEU alone

CHEU ONLY
Child sex ?
Child is male (ref: female)
Maternal mental health at 6 weeks postpartum @
Heightened depression (PHQ-9 score >10)
Heightened anxiety (K10 score >20)
Heightened distress (depression and/or anxiety)
Family factors at 6 weeks postpartum
Deceased or absent father ¢
Intimate partner violence (HITS score >10) ¢
Maternal marital status: Married — monogamous ¢
Married — polygamous
Steady partner, not married
Single or widowed
Moderate to severe household food insecurity
Maternal ART characteristics
Disclosed HIV status by 6 weeks postpartum ¢

Mother started ART post-conception (ref: pre-
conception)

Duration on ART (months) ¢

ART regimen during pregnancy: DTG-based ¢

Bulterys

Social,

Adjusted Coeff (95% CI)

-0.62 (-1.12, -0.12)

0.83 (-0.71, 2.36)
0.72 (-0.32, 1.76)

0.62 (-0.32, 1.56)

-0.30 (-1.15, 0.56)
0.11 (-1.59, 1.82)
Ref
-0.03 (0.75, 0.69)
-0.61 (-2.23, 1.01)
-0.13 (-0.92, 0.66)

0.13 (-0.51, 0.78)

-0.12 (-0.97, 0.72)

-0.16 (-1.08, 0.77)

-0.00 (-0.01, 0.01)

Ref

P

0.01

0.30

0.18

0.20

0.50

0.89

0.94

0.46

0.76

0.69

0.79

0.74

0.63

Language,

Adjusted Coeff (95% CI)

-0.28 (-0.55, -0.01)

0.86 (0.04, 1.68)
0.08 (-0.34, 0.84)

0.34 (-0.19, 0.88)

-0.57 (-1.03, -0.11)
0.77 (-0.14, 1.68)
Ref
0.07 (-0.31, 0.46)
-0.95 (-1.81, -0.07)
-0.27 (-0.70, 0.15)

0.18 (-0.07, 0.62)

-0.09 (-0.54, 0.37)

0.09 (-0.43, 0.62)

-0.00 (-0.01, 0.00)

Ref

P

0.04

0.04

0.42

0.22

0.02

0.10

0.71

0.03

0.21

0.12

0.71

0.73

0.93

Fine Motor,

Adjusted Coeff (95% CI)

0.05 (-0.18, 0.27)

0.69 (-0.61, 2.00)
0.46 (-0.42, 1.34)

0.34 (-0.47, 1.14)

-0.80 (-1.48, -0.12)
0.07 (-1.28, 1.43)
Ref
-0.31 (-0.89, 0.26)
-0.90 (-2.19, 0.38)
-0.53 (-1.16, 0.11)

0.15 (-0.37, 0.66)

-0.03 (-0.72, 0.63)

0.35 (-0.44, 1.15)

-0.00 (-0.01, 0.00)

Ref

P

0.68

0.31

0.31

0.42

0.02

0.92

0.29

0.17

0.10

0.58

0.92

0.40

0.22

Gross Motor,

Adjusted Coeff (95% CI)

-0.14 (-0.56, 0.28)

0.36 (-1.02, 1.74)
0.03 (-0.88, 0.95)

-0.00 (-0.84, 0.84)

-1.00 (-1.70, -0.25)
-1.40 (-2.83, 0.05)
Ref
0.08 (-0.53, 0.68)
-0.11 (-1.47, 1.25)
-0.44 (-1.10, 0.23)

0.21 (-0.43, 0.67)

0.03 (-0.68, 0.74)

0.27 (-0.55, 1.07)

-0.01 (-0.01, -0.01)

Ref

P

0.52

0.60

0.95

0.99

<0.01

0.06

0.80

0.87

0.19

0.67

0.94

0.52

0.03
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EFV-based 0.12 (-0.57,0.79) 0.74 0.08 (-0.28, 0.44) 0.67 0.10 (-0.43, 0.56) 0.72 -0.55 (-1.06, -0.05) 0.03

Pl-based 0.70 (-0.33,1.73) 0.19 0.19 (-0.35,0.74) 0.48 0.25 (-0.56, 0.62) 0.55 -0.09 (-0.92, 0.73) 0.83

aMultivariable mixed effects linear models adjusted for infant age and sex, and maternal education and marital status.

b Multivariable mixed effects linear models adjusted for infant age and sex, and maternal HIV status (child is CHEU vs. CHUU).
¢ Multivariable mixed effects linear models adjusted for infant age and sex, and maternal education, marital status, and age.

d Multivariable mixed effects linear models adjusted for infant age and sex, and maternal education.

Figure 1. Forest plots of key cofactors of MDAT scores among all children

Social Language Fine Motor Gross Motor
Child is CHEU — — — A —
Child is male —— —— —h— —
Deceased or ® " A , >
absent father
Married — R S — — A [P
Polygamous
Not married — P A — A —
steady partner
Not married - — R A i
single or widowed
Intimate partner ' L 2 ! — — A ———
violence

-15 -1 05 0 0.5 1 15 -05 0 0.5 1 15 -15 -1 05 0 05 1 15 -25 -2 -15 -1 -0.5 0 0.5 1 15

Adjusted coefficients [with 95% confidence intervals]

Footnote: Signals highlighted in green represent cofactors that are statistically significantly associated with MDAT scores (< 0.00 Adjusted coefficient).
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Figure 2. Forest plots of key cofactors of MDAT scores among CHEU only
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Footnote: Signals highlighted in green represent cofactors that are statistically significantly associated with MDAT scores (< 0.00 Adjusted coefficient).
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ABSTRACT

Introduction: The population of almost 16 million children under 15 years of age with perinatal HIV
exposure who remain HIV uninfected (CHEU) continues to expand rapidly, and the estimated prevalence
of CHEU exceeds 20% in several countries in sub-Saharan Africa with high HIV prevalence. This comes
with potential population health implications, and some evidence suggests that CHEU experience higher
risk of suboptimal neurodevelopmental outcomes compared to their peers born to women without HIV.
In this commentary, we discuss the latest research on biologic and behavioral factors associated with

neurodevelopmental outcomes among CHEU, from the in utero milieu to caregiver-related factors.

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 varied settings, ages,
and with varied assessment tools. In utero HIV exposure can influence infant immune function, structural
brain integrity, systemic inflammation, and growth faltering. Antiretroviral therapy exposure may also
influence outcomes. There is need for rigorous harmonized approaches to assess social and behavioral
covariates, such as household violence, food insecurity, poor sanitation, and caregiver relationship

stability and mental health.

Conclusion: CHEU have biologic and social factors that may influence their brain maturation, immune
system, and overall health and wellbeing. Multidisciplinary research is needed to disentangle modifiable
aspects of and complex interactions between potential contributing factors. Caregivers and providers
need viable strategies to identify children at highest risk for poor outcomes, and early, multisectoral
effective interventions are needed to ensure that all CHEU thrive in a manner comparable to their HIV-

unexposed peers.
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INTRODUCTION

Momentous strides in successful prevention of vertical infant HIV acquisition has resulted in an expanding
population of nearly 16 million children who are born HIV-exposed and uninfected (CHEU) *°. CHEU
currently 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 (SSA) 1%2°, UNAIDS
estimates the prevalence of CHEU <14 years old exceeds 20% in several countries in SSA, with over
one million CHEU born every year (Figures 1a-b) '*%. Simultaneously, SSA is estimated to have the
highest prevalence of children under five years at risk of not reaching their developmental potential,
underscoring the critical need for rigorous research and implementation science to inform development

of interventions and normative guidance to support CHEU to reach their developmental potential 2°.

CHEU are at higher risk of adverse health outcomes, including 2-3-fold higher risk of infectious-cause
hospitalizations and mortality, compared to children who are HIV-unexposed and uninfected (CHUU) ¢
2832130133 Not all studies have found higher risk of neurodevelopmental deficits in CHEU than CHUU,
but a recent meta-analysis of eight high-quality studies combining neurodevelopment data from 5,000
CHEU and CHUU, mostly from SSA, found CHEU had significantly poorer scores in expressive language
and gross motor domains by age 2 years across a variety of settings, ages, and assessment tools 2227118
120134139 Even subtle impairments to early child neurodevelopment can have critical implications for
lifelong physical and mental wellbeing and learning potential. Early interventions targeting children and
caregivers can greatly improve outcomes 3839101103104 This commentary synthesizes existing literature
on the key ingredients for cultivating healthy child neurodevelopment and discusses potential biologic
and behavioral mechanistic pathways that could synergistically impact neurodevelopment among CHEU

(Figure 1c).

DISCUSSION

Maternal HIV infection and the intrauterine environment

Various factors directly related to maternal HIV infection have been associated with child
neurodevelopmental outcomes. High maternal HIV viremia during pregnancy has been associated with
poorer neurodevelopment in expressive language and motor skills among CHEU 3°. HIV antigen and
ribonucleic acid are detectable in placental and fetal membranes during gestation among pregnant
women with HIV 149141 Maternal HIV infection is associated with abnormal vaginal microbiota, a risk

factor for adverse pregnancy outcomes and neurodevelopmental delay in children 42, Pregnant women
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with HIV exhibit higher incidence of endometrial, placental and amniotic infections and inflammation,
factors that weaken the intrauterine environment'’s ability to function optimally 39143, Perinatal infections
such as cytomegalovirus (CMV) are six-times more common among CHEU than CHUU, and are
associated with adverse neurodevelopmental, immune, and growth outcomes 144145, Maternal immune
activation, lower maternal CD4 cell counts at delivery, higher incidence of infections, lower transfer of
passive antibodies from mother to infant, and altered cell-mediated immune function are all associated
with adverse outcomes among CHEU 26:32.130.146-149 " Gimjlarly, reduced infant immunity directly increases
risk of needing neonatal intensive care, dysfunctional immune responses to immunizations, poor
neurodevelopment, hospitalizations and ensuing infectious morbidity 26:31.150.151 “Maternal folic acid and
iron deficiency during pregnancy can also increase risk of neurodevelopmental delays in children but this

potential mechanistic pathway has not been adequately studied among CHEU *°2,

Antiretroviral therapy (ART) exposure

There are inconsistent, mixed, and limited data on the influence of ART exposure on child
neurodevelopment 27118153154 =~ Mechanistic pathways by which ARV exposure may have adverse
implications on child neurodevelopment include associations between ART exposures and infantimmune
function. Studies comparing CHEU with and without ART exposure (defined as any in utero or neonatal
exposure) have found higher ART exposure to be associated with subtle but significantly reduced infant
cell counts including low CD8+ cells counts that persist through 8 years 15156, Some but not all studies
have found ARV exposure to older regimens to be significantly associated with higher incidence of drug
toxicity (accumulation in the blood system), early febrile seizures, mitochondrial dysfunction, and
neurologic disorders in CHEU®"1%  Although some studies have reported that longer duration of
perinatal ART exposure and atazanavir-based ART regimens have been associated with lower language
scores among CHEU at 12 months, other studies at 24 months have found no notable differences
2930161162 |n g study among CHEU from Botswana, in utero exposure to efavirenz (EFV)-based regimens
was associated with neurodevelopmental deficits by age two, compared to non-EFV-based regimens 0.
The World Health Organization (WHO)'s recommendation to transition all adolescents and adults living
with HIV to the superior dolutegravir (DTG)-based regimens provides a unique opportunity to assess the
impact of improved maternal ARV regimens on child neurodevelopment outcomes . Ultimately, the
benefits of administering ART for maternal HIV treatment and infant prophylaxis to prevent vertical
transmission greatly outweigh the risks of rare and modest adverse outcomes; systemically employing
rigorous scientific practices to identify the safest drugs for use in pregnancy and the postnatal period for

women living with HIV is of paramount importance 62,
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Brain maturation

Rapid brain growth in the first 1,000 days of life is vital for the development of healthy cognitive systems
33163 Total grey matter and the basal ganglia are fundamental for neurodevelopment (e.g., social, motor,
language, and memory skills), and structural alterations are associated with increased risk for neurologic
disorders (e.g., autism spectrum disorder, attention-deficit disorders, schizophrenia) 13166 A recent
magnetic resonance imaging (MRI) study in South Africa observed that newborn ART-exposed CHEU
had significantly lower volumes of total grey matter and decreased size of caudate nucleus, a key
component of the basal ganglia, compared to CHUU . This association was strongest when mothers
had lower CD4 cell counts at delivery, stressing the importance of optimized HIV management and viral
suppression during pregnancy 3. Other MRI studies comparing older CHEU and CHUU detected
significantly altered basal ganglia neurotransmitters (regulators of movement, emotion, and language),
choline (regulator of mood and intelligence), and creatine (regulator of energy production) among CHEU
33167169 perinatal HIV exposure has also been found to be associated with neurometabolic patterns
indicative of neuroinflammation, which may increase risk of neurodevelopmental delay among CHEU 7°.
Another study using diffusion tensor imaging revealed altered white matter microstructural integrity,
essential for visuospatial and memory cognition, among CHEU !, More brain imaging studies with
longer-term follow-up into early adulthood are needed to elucidate the significance of these findings in
terms of individual neurodevelopmental and learning capabilities in settings with high prevalence of

children, adolescents, and young adults who are HIV-exposed.

Birth outcomes, growth, and nutrition

Compared to HIV-unexposed children, CHEU are twice as likely to be born preterm and have a low birth
weight, as well as face significantly higher prevalence of childhood inflammation, stunting, wasting, and
microcephaly 26:130.151172-175 - Among CHEU, adverse birth outcomes such as prematurity (<37 weeks
completed gestational age) and low birth weight (<2,500 grams) are associated with worse
neurodevelopmental outcomes 37, Predictors of growth faltering among CHEU include lower maternal
education, alcohol use during pregnancy, delivery by cesarean section, preterm birth, non-exclusive or
shorter duration of breastfeeding, diarrheal episodes, and longer ART exposure during gestation 176-189,
In South Africa, preterm birth modified the relationship between perinatal HIV-exposure and poor
neurodevelopment; similar odds of delay were observed between CHEU and CHUU born at term, but
preterm CHEU had five times higher odds of delay compared to preterm CHUU %7, Separately, exclusive,
prolonged breastfeeding has been shown to improve child growth and neurodevelopmental outcomes
135181 However, although CHEU are often more likely to be exclusively breastfed and have longer

breastfeeding durations than CHUU, CHEU remain at higher risk of undernutrition, poorer growth and
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infectious morbidity in South Africa, Kenya, and other SSA settings #2183, Vigilant monitoring of nutrition
and growth should be prioritized for CHEU, alongside access to nutritional support and food

supplementation programs.

Home environment and caregiving

Households affected by HIV in SSA face multifactorial health and social disparities, including greater food
insecurity and crowding compared to the general population 35184 which significantly predict poorer
neurodevelopment among CHEU 2°31.107 Additionally, CHEU have disproportionately lower access to
safe water, sanitation, and hygiene (WASH) and adequate nutritional diversity. In the Zimbabwean
SHINE Trial, CHEU randomized to a combined infant and young child feeding (IYCF) supplementation
and WASH intervention performed significantly better on neurodevelopmental assessments compared to
the standard of care arm; children randomized to either IYCF or WASH alone did not exhibit
neurodevelopmental improvements, demonstrating the importance of joint interventions 18186,
Interestingly, early child interventions that target caregivers through improved knowledge about
responsive interaction, at-home stimulation, and providing a safe and healthy home environment, have
shown to be significantly more impactful in promoting healthy child neurodevelopment compared to
interventions that target the child through improved nutrition, water, and sanitation; but this has yet to be
studied among CHEU %4187 Nonetheless, there is strong evidence that supports targeting both parents
and children simultaneously to improve outcomes 8. An extensive meta-analysis of over a hundred
unique RCTs testing parenting interventions in 33 countries concluded that implementing interventions
with curriculum on responsive caregiving and infant stimulation techniques, such as book-sharing,
significantly improved parental knowledge, frequency and quality of interactions, and child
neurodevelopment across all domains 1°418° These findings were supported by a separate meta-analysis
of 21 RCTs in low- and middle-income countries, which additionally found that parent-targeted
interventions had the greatest impact on child neurodevelopment when delivered to parents living in rural
areas with lower education, and when delivered in high doses of group sessions, as opposed to lower

doses of individual sessions %0191,

Healthy parental relationships and paternal engagement in caregiving can significantly improve child
health and neurodevelopment 37124 The home environment, including parental relationship stability,
mental health, and exposure to household violence, can all impact a caregiver's ability to care
responsively for their children 12192 parenting couples affected by HIV frequently experience
relationship tension and dissolution, and on average, HIV serodifferent couples separate five times more

often when the female is the one living with HIV compared to the male 3%, Women living with HIV are
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at high risk of stress, anxiety, depression and suicidal ideation 3%1% and studies have consistently found
a strong relationship between maternal HIV, distress, and poor child neurodevelopmental outcomes
353640 pPoor maternal mental health can reduce the quantity and quality of parent-child interactions,
diminishing a child’s exposure to responsive caregiving and early learning opportunities 3. Women living
with HIV also experience high rates of intimate partner violence (IPV), which can considerably threaten
a child’s neurodevelopment and academic performance 141737-39.46.77-79124,125192,194 = Saparation is a
desirable outcome for mothers living with HIV seeking to escape abusive or financially dependent
relationships 1%, Co-parenting, as opposed to parents staying together with persistent conflict or abuse,
has been found to improve child neurodevelopmental outcomes, but has yet to be investigated in the
SSA context %899, Despite the critical impact that caregiver relationships and mental health have on child
development, mental health screening and relationship counseling are rarely implemented in low-
resource settings where health care cadre are often overtasked!®®. Thus, violence in HIV-affected homes,
relationship conflict, and paternal disengagement could further contribute to suboptimal
neurodevelopment among CHEU but remains understudied. Further research integrating quantitative
and qualitative research methods are needed to assess the impact of home environment and caregiver

factors on child neurodevelopment among families affected by HIV.

Programmatic support for CHEU

Building a comprehensive monitoring pathway for CHEU that leverages existing HIV-oriented programs
is a promising route to consider. Ideally, HIV services and programs could adopt a structured early child
development training program to train healthcare workers to conduct rapid neurodevelopmental
screening tests based on milestones, detect even subtle “red flags,” and offer immediate
recommendations to caregivers to prevent or treat early delays using at-home stimulation techniques to
improve cognitive functioning #. Training videos for mothers in clinic waiting areas that demonstrate
responsive caregiving technigues and home detection for early delays have also shown to improve child
neurodevelopmental outcomes %6, Routine neurodevelopmental screenings should coincide with routine
pediatric care visits, when the child is already receiving immunizations and growth monitoring, to reduce
the burden on caregivers and healthcare workers 8. Mothers attending HIV services could also receive
brief trainings or materials at each antenatal and postnatal visit about the importance of responsive
caregiving, maternal mental health, WASH, and diverse nutrition (and if needed, food supplementation).
Delivering these interventions early when CHEU families are actively engaged in care is paramount for
maximizing immediate benefits and reducing loss to follow up 04187197 |n cases of suspected
neurodevelopmental disability (as opposed to just delay), healthcare workers need clear and effective

referral pathways to connect children to specialists for comprehensive assessments and treatments.
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Fortunately, there are efficacious evidence-based treatments for children with developmental disabilities
in high HIV burden settings which could be adopted °7-1% Iterative input from key stakeholders like in-
country HIV and pediatric care decision-makers, health providers and caregivers will be fundamental for
designing, delivering and monitoring these programs. Most importantly, rigorous research that generates
local evidence will be critical to secure governmental buy-in and financial support, both essential for

successful implementation and sustainability of such programs for CHEU.

CONCLUSION

Biological and sociodemographic factors can collectively contribute putative insults to child development,
starting with the in utero milieu and progressing to household and caregiver specific factors. CHEU are
at disproportionate 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. Multidisciplinary
research is needed to disentangle the modifiable aspects of and complex interactions between potential
contributing factors. Caregivers and providers need viable mechanisms and pathways to identify and
support children at highest risk for poor outcomes. Early, multisectoral and impactful interventions and
systematic follow up are urgently needed to ensure that all CHEU attain optimal neurodevelopmental

maturation.
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CHAPTER Ill: FIGURES

Figure 1. (a) Geographic heat map of reported prevalence of children who are HEU populations across sub-Saharan African countries, using
UNAIDS Spectrum 2021 estimates. (b) Bar chart of population sizes of children who are HEU aged 0-14 years, from 2000-2020 by sub-
Saharan African country. (c) Biologic and behavioral mechanistic pathways through which HEU status might impact neurodevelopment.

a. b.

Number of HEU children by country aged 0-14, 2000-2020

i . Country
) . . Angola - Lesotho
. Botswana . Malaw
. Burundi . Mozambique
; . Cameroon . Namibia
S . Chad - Nigeria
E . Cote divoire South Africa
g - Democratic Republic of the Congo Uganda
< . Eswatini United Republic of Tanzania
Ethiopia Zambia
. Ghana Zimbabwe
. Kenya

2000 2005 2010 2015 2020

HEU Prevalence (%)
I
5 10 15 20 25 30

Data Source: UNAIDS SPECTRUM 2021 Estimates

Bulterys 64



C.

Perinatal HIV exposure

Biologic mechanisti thw. child
ologic mechanistic \ ays neurodevelopment
ﬁ Exposure to HIV and other infections Altered infant immunity
, Altered vaginal flora & Mitochondrial dysfunction tion
(’b Fewer passive antibodies 9 @ Impaired brain maturation
Iﬂ Maternal viremia .T" Adverse birth outcomes

E‘ ART and drug exposures ‘:5 Growth faltering

HIV-affected household
Behavioral mechanistic pathways

e Caregiver distress -> lack of... ‘f’ Diverse nutrition
N, S A o itati
ﬁ -6 Water and sanitation Motor f
. @
g Low education ﬁ_. Responsive caregiving
&

E Low breastfeeding E_; Early learning

»»PP Food insecurity ﬂ Father engagement

Bulterys 65



References

1. UNAIDS. 2021 UNAIDS Global AIDS Update — Confronting inequalities — Lessons for pandemic
responses from 40 years of AIDS. 2021.
2. Watt MH, Cichowitz C, Kisigo G, Minja L, Knettel BA, et al. Predictors of postpartum HIV care

engagement for women enrolled in prevention of mother-to-child transmission (PMTCT) programs in
Tanzania. AIDS Care. 2019;31(6):687-698doi:doi: 10.1080/09540121.2018.1550248. Epub 2018 Nov
22. PMID: 30466304; PMCID: PMC6443456

3. Kisigo GA, Ngocho JS, Knettel BA, Oshosen M, Mmbaga BT, Watt MH. "At home, no one knows":
A qualitative study of retention challenges among women living with HIV in Tanzania. PLoS One.
2020;15(8):e0238232. doi:doi: 10.1371/journal.pone.0238232. PMID: 32853233; PMCID: PMC7451655
4. van den Berg W, Brittain K, Mercer G, et al. Improving Men’s Participation in Preventing Mother-
to-Child Transmission of HIV as a Maternal, Neonatal, and Child Health Priority in South Africa. PLOS
Medicine. 2015;12(4): €1001811doi:https://doi.org/10.1371/journal.pmed.1001811

5. Sherr L, Croome N. Involving fathers in prevention of mother to child transmission initiatives--what
the evidence suggests. J Int AIDS Soc. 2012;15 Suppl 2(Suppl 2):17378doi:doi:10.7448/1AS.15.4.17378
6. Cornell M, Majola M, Johnson LF, Dubula-Majola V. HIV services in sub-Saharan Africa: the

greatest gap is men. Lancet. 2021;397(10290):2130-2132doi:doi: 10.1016/S0140-6736(21)01163-6.
Epub 2021 Jun 1. PMID: 34087108.

7. Cornell M, Mclintyre J, Myer L. Men and antiretroviral therapy in Africa: our blind spot. Trop Med
Int Health. Jul 2011;16(7):828-9. d0i:10.1111/j.1365-3156.2011.02767 .x
8. Wolf S, McCoy DC. Household Socioeconomic Status and Parental Investments: Direct and

Indirect Relations With School Readiness in Ghana. Child Dev. 2019;90(1):260-
278doi:doi:10.1111/cdev.12899

9. Wilson S, Durbin CE. Effects of paternal depression on fathers’ parenting behaviors: a meta-
analytic review. Clinical Psychology Review. 2010;30(2):167-
180doi:https://doi.org/10.1016/j.cpr.2009.10.007

10. Eddy MM, Thomson-de Boor H, Mphaka K. “So we are ATM fathers”: a study of absent fathers in
Johannesburg, South Africa. 2013.

11. Drysdale RE, Slemming W, Makusha T, Richter LM. Father involvement, maternal depression
and child nutritional outcomes in Soweto, South Africa. Matern Child Nutr. 2021;17(Suppl
1):e13177doi:doi: 10.1111/mcn.13177. PMID: 34241955; PMCID: PMC8269140.

12. Brusamento S, Ghanotakis E, Tudor Car L, et al. Male involvement for increasing the
effectiveness of prevention of mother-to-child HIV transmission (PMTCT) programmes. Cochrane
Database Syst Rev. 2012;10(CD009468)doi:doi: 10.1002/14651858.CD009468.pub2. PMID: 23076959;
PMCID: PMC6718228.

13. Mackelprang RD, Bosire R, Guthrie BL, Choi RY, et al. High rates of relationship dissolution
among heterosexual HIV-serodiscordant couples in Kenya. AIDS and Behavior. 2014;18(1):189—-
193doi:https://doi.org/10.1007/s10461-013-0529-6

14. Porter L, Hao L, Bishai D, et al. HIV status and union dissolution in sub-Saharan Africa: the case
of Rakai, Uganda. Demography. 2004;41(3):465-82.doi:doi: 10.1353/dem.2004.0025. PMID: 15461010
15. Wagman JA, Charvat B, Thoma ME, Ndyanabo A, Nalugoda F, et al. Intimate partner violence as
a predictor of marital disruption in rural Rakai, Uganda: a longitudinal study. Int J Public Health.
2016;61(8):961-970doi:doi: 10.1007/s00038-016-0891-z. Epub 2016 Sep 13. PMID: 27624624.

16. Bhatia DS, Harrison AD, Kubeka M, et al. The Role of Relationship Dynamics and Gender
Inequalities As Barriers to HIV-Serostatus Disclosure: Qualitative Study among Women and Men Living
with HIV in Durban, South Africa. Front Public Health. 2017;5:188doi:doi: 10.3389/fpubh.2017.00188.
PMID: 28824897; PMCID: PMC5534462.

17. Choko AT, Kumwenda MK, Johnson CC, et al. Acceptability of woman-delivered HIV self-testing
to the male partner, and additional interventions: a qualitative study of antenatal care participants in
Malawi. J Int AIDS Soc. 2017;20(1):21610doi:doi: 10.7448/IAS.20.1.21610

Bulterys 66


https://doi.org/10.1371/journal.pmed.1001811
https://doi.org/10.1016/j.cpr.2009.10.007
https://doi.org/10.1007/s10461-013-0529-6

18. Ramdin T, Ballot D, Rakotsoane D, et al. Neurodevelopmental outcome of late preterm infants in
Johannesburg, South Africa. BMC Pediatrics. 2018;18(1):326. doi:d0i:10.1186/s12887-018-1296-3

19. UNAIDS. AIDSinfo: People living with HIV receiving ART. https://aidsinfo.unaids.org. Accessed
March 10, 2021,

20. Slogrove AL, Becquet R, Chadwick EG, et al. Surviving and Thriving-Shifting the Public Health
Response to HIV-Exposed Uninfected Children: Report of the 3rd HIV-Exposed Uninfected Child
Workshop. Front Pediatr. 2018;6:157. doi:doi: 10.3389/fped.2018.00157

21. Slogrove A, Powis KM, Johnson LF, et al. Estimates of the Global population of children who are
HIV-exposed and uninfected, 2000-18: a modeling study. The Lancet GH. 2020;8(1):67-75

22. Wedderburn CJ, Yeung S, Rehman AM, et al. Neurodevelopment of HIV-exposed uninfected
children in South Africa: outcomes from an observational birth cohort. Lancet Child & Adolescent Health.
2019;3(11):P803-813. doi:https://doi.org/10.1016/S2352-4642(19)30250-0

23. McGrath CJ, Nduati R, Richardson BA, et al. The prevalence of stunting is high in HIV-1-exposed
uninfected infants in Kenya. J Nutr. 2012;142(4):757-63.doi:doi: 10.3945/jn.111.148874. Epub 2012 Feb
29. PMID: 22378334; PMCID: PMC3301992.

24, Kuhn L, Sinkala M, Semrau K, et al. Elevations in mortality associated with weaning persist into
the second year of life among uninfected children born to HIV-infected mothers. Clin Infect Dis.
2010;50(3):437-44doi:doi: 10.1086/649886. PMID: 20047479; PMCID: PMC2805776

25. Slogrove A. It is a question of equity: time to talk about children who are HIV-exposed and “HIV-
free”. Journal of the International AIDS Society. 2021;24(11):e25850.

26. Anderson K, Kalk E, Madlala HP, et al. Increased infectious-cause hospitalization among infants
who are HIV-exposed uninfected compared with HIV-unexposed. AIDS. 2021;35(14):2327-2339doi:doi:
10.1097/QAD.0000000000003039. PMID: 34324450; PMCID: PMC8563388.

27. McHenry MS, McAteer CI, Oyungu E, et al. Neurodevelopment in Young Children Born to HIV-
Infected Mothers: A Meta-analysis. Pediatrics. 2018;141(2):e20172888. doi:doi: 10.1542/peds.2017-
2888

28. Makasa M, Kasonka L, Chisenga M, et al. Early growth of infants of HIV-infected and uninfected
Zambian women. Trop Med Int Health. 2007;12(5):594-602doi:doi: 10.1111/j.1365-3156.2007.01836.x.
PMID: 17445127.

29. Caniglia EC, Patel K, Huo Y, et al. Atazanavir exposure in utero and neurodevelopmentin infants:
a comparative safety study. AIDS. 2016;30(8):1267-78doi:doi: 10.1097/QAD.0000000000001052. PMID:
26867136; PMCID: PMC4851579

30. le Roux SM, Donald KA, Kroon M, et al. HIV Viremia During Pregnancy and Neurodevelopment
of HIV-Exposed Uninfected Children in the Context of Universal Antiretroviral Therapy and Breastfeeding:
A Prospective Study. Pediatr Infect Dis J. 2019;38(1):70-75doi:doi: 10.1097/INF.0000000000002193.
PMID: 30234792; PMCID: PMC7363962

31. Sevenoaks T, Wedderburn CJ, Donald KA, et al. Association of maternal and infant inflammation
with neurodevelopment in HIV-exposed uninfected children in a South African birth cohort. Brain Behav
Immun. 2021;91:65-73doi:doi: 10.1016/j.bbi.2020.08.021. Epub 2020 Aug 26. PMID: 32860940; PMCID:
PMC7772888

32. Abu-Raya B, Kollmann TR, Marchant A, MacGillivray DM. The Immune System of HIV-Exposed
Uninfected Infants. Front Immunol. 2016;7:383d0i:doi:10.3389/fimmu.2016.00383

33. Wedderburn CJ, Groenewold NA, Roos A, et al. Early structural brain development in infants
exposed to HIV and antiretroviral therapy in utero in a South African birth cohort. J Int AIDS Soc.
2022;25(1):e25863doi:doi: 10.1002/jia2.25863. PMID: 35041774; PMCID: PMC8765561

34. WHO, Unicef. NURTURING CARE for Early Childhood Development: A framework for helping
children survive and thrive to transform health and human potential. 2018.
https://apps.who.int/iris/bitstream/handle/10665/272603/9789241514064-eng.pdf

35. Sherr L, Skeen S, Hansels IS, Tomlinson M, Macedo A. The effects of caregiver and household
HIV on child development: a community-based longitudinal study of young children. Child: Care, Health
and Development. 2016;42(6):890-899.

Bulterys 67


https://aidsinfo.unaids.org/
https://doi.org/10.1016/S2352-4642(19)30250-0
https://apps.who.int/iris/bitstream/handle/10665/272603/9789241514064-eng.pdf

36. Sherr L, Cluver LD, Betancourt TS, et al. Evidence of impact: health, psychological and social
effects of adult HIV on children. AIDS. 2014;28 Suppl 3:5251-9. doi:doi:
10.1097/QAD.0000000000000327

37. World Health Organization (WHO). WHO Report: INSPIRE: Seven strategies for Ending Violence
Against Children. 2016.

38. Walker SP, Wachs TD, Gardner JM, et al. Child development: risk factors for adverse outcomes
in developing countries. Lancet. 2007;369(9556):145-57doi:doi: 10.1016/S0140-6736(07)60076-2.
PMID: 17223478

39. Walker SP, Wachs TD, Grantham-McGregor S, et al. Inequality in early childhood: risk and
protective factors for early child development. Lancet. 2011;378(9799):1325-
1338d0i:d0i:10.1016/S0140-6736(11)60555-2

40. Laurenzi CA, Hunt X, Skeen S, et al. Associations between caregiver mental health and young
children’s behaviour in a rural Kenyan sample. Global Health Action. 2021;14(1)

41. Tenkorang EY. Marriage, widowhood, divorce and HIV risks among women in sub-Saharan
Africa. Int Health. Mar 2014;6(1):46-53. doi:10.1093/inthealth/ihu003

42. Kim J, Pronyk P, Barnett T, Watts C. Exploring the role of economic empowerment in HIV
prevention. AIDS. Dec 2008;22 Suppl 4:S57-71. doi:10.1097/01.aids.0000341777.78876.40

43. Madiba S. When Pregnancy Coincides with Paositive Diagnosis of HIV: Accounts of the Process
of Acceptance of Self and Motherhood among Women in South Africa. Int J Environ Res Public Health.
2021;18(24):13006. doi: 10.3390/ijerph182413006. PMID: 34948615; PMCID: PMC8700982

44, Bulterys MA, Sharma M, Mugwanya K, et al. Correlates of HIV Status Nondisclosure by Pregnant
Women Living With HIV to Their Male Partners in Uganda: A Cross-Sectional Study. JAIDS.
2021;86(4):389-395 doi:doi: 10.1097/QAI.0000000000002566

45, Maundeni T. The consequences of parental separation and divorce for the economic, social and
emotional circumstances of children in Botswana. Childhood. 2000;7(2):213-223

46. Dagnew GW, Asresie MB, Fekadu GA, Gelaw YM. Factors associated with divorce from first
union among women in Ethiopia: Further analysis of the 2016 Ethiopia demographic and health survey
data. PLoS One. 2020;15(12):e0244014doi:doi: 10.1371/journal.pone.0244014. PMID: 33320894,
PMCID: PMC7737979

47. Holden KC, Smock PJ. The Economic Costs of Marital Dissolution: Why do women bear a
disproportionate cost? Annual Review of Sociology. 1991;17:51-78.

48. Ntoimo LFC, Odimegwu CO. Health effects of single motherhood on children in sub-Saharan
Africa: a cross-sectional study. BMC public health. 2014;14(1)

49, Clouse K, Schwartz S, Van Rie A, Bassett J, Yende N, Pettifor A. “What they wanted was to give
birth; nothing else”: barriers to retention in option B+ HIV care among postpartum women in South Africa.
J Acquir Immune Defic Syndr. 2014;67(1):e12-18

50. Manjate Cuco RM, Munguambe K, Bique Osman N, Degomme O, Temmerman M, Sidat MM.
Male partners' involvement in prevention of mother-to-child HIV transmission in sub-Saharan Africa: A
systematic review. Sahara J. 2015;12:87-105. Epub 2016/01/05. doi: 10.1080/17290376.2015.1123643.
PubMed PMID: 26726756.

51. M'baya Kansinjiro B, Nyondo-Mipando AL. A qualitative exploration of roles and expectations of
male partners from PMTCT services in rural Malawi. BMC public health. 2021;21(1):626doi:doi:
10.1186/s12889-021-10640-z. PMID: 33789639; PMCID: PMC8011175

52. Knight J, Wachira J, Kafu C, Braitstein P, Wilson IB, et al. The Role of Gender in Patient-Provider
Relationships: A Qualitative Analysis of HIV Care Providers in Western Kenya with Implications for
Retention in Care. AIDS Behav. 2019;23(2):395-405doi:doi: 10.1007/s10461-018-2265-4. PMID:
30168005; PMCID: PMC6368874.

53. Kisigo GA, Ngocho JS, Mwamba RN, et al. HIV Stigmatizing Attitudes Among Men Accompanying
Their Partners to Antenatal Care in Tanzania: A Mixed-Method Study. AIDS Behav. 2021;25:3172-3182.
doi:https://doi.org/10.1007/s10461-021-03264-2

Bulterys 68


https://doi.org/10.1007/s10461-021-03264-2

54, UNAIDS. BLIND SPOT: Addressing a blind spot in the response to HIV — Reaching out to men
and boys. 2017.

55. Dovel K, Dworkin SL, Cornell M, Coates TJ, S Y. Gendered health institutions: examining the
organization of health services and men's use of HIV testing in Malawi. Journal of the International AIDS
Society. 2020;23 Suppl 2(Suppl 2), e25517doi:https://doi.org/10.1002/jia2.25517

56. Musheke M, Ntalasha H, Gari S, et al. A systematic review of qualitative findings on factors
enabling and deterring uptake of HIV testing in Sub-Saharan Africa. BMC public health. 2013;13:220.
doi:10.1186/1471-2458-13-220

57. Bwambale FM, Ssali SN, Byaruhanga S, Kalyango JN, Karamagi CA. Voluntary HIV counselling
and testing among men in rural western Uganda: implications for HIV prevention. BMC public health.
2008;8:263. d0i:10.1186/1471-2458-8-263

58. Jennings L, Conserve DF, Merrill J, et al. Perceived cost advantages and disadvantages of
purchasing HIV self-testing kits among urban Tanzanian men: an inductive content analysis. J AIDS Clin
Res. 2017;8(8)d0i:10.4172/2155-6113.1000725

59. Sharma M, Ying R, Tarr G, Barnabas R. Systematic review and meta-analysis of community and
facility-based HIV testing to address linkage to care gaps in sub-Saharan Africa. Nature. Dec 3
2015;528(7580):S77-85. doi:10.1038/nature16044

60. Siu GE, Wight D, Seeley JA. Masculinity, social context and HIV testing: an ethnographic study
of men in Busia district, rural eastern Uganda. BMC public health. 2014;14:33. doi:doi: 10.1186/1471-
2458-14-33. PMID: 24417763; PMCID: PMC3893584.

61. Russell S. Men's Refashioning of Masculine Identities in Uganda and Their Self-Management of
HIV Treatment. Qual Health Res. 2019;29(8):1199-1212doi:doi: 10.1177/1049732318823717. Epub
2019 Feb 14. PMID: 30764720; PMCID: PMC6535798.

62. World Health Organization (WHO). WHO recommendation on clinical diagnosis of intimate
partner violence in pregnancy. Accessed on September 6, 2022. 2018;

63. Spanier GB. Measuring dyadic adjustment: New scales for assessing the quality of marriage and
similar dyads. Journal of Marriage and the Family, 15-28. 1976;

64. University of Wisconsin-Madison Addiction Research Center. Dyadic Adjustment Scale (DAS),
https://arc.psych.wisc.edu/self-report/dyadic-adjustment-scale-das/ . Accessed on June 9, 2022.

65. Hensen B, Schaap AJ, Mulubwa C, et al. Who Accepts and Who Uses Community-Based
Secondary Distribution HIV Self-Testing (HIVST) Kits? Findings From the Intervention Arm of a Cluster-
Randomized Trial of HIVST Distribution Nested in Four HPTN 071 (PopART) Communities in Zambia.
Journal of Acquired Immune Deficiency Syndromes. 2020;84(4):355-364. doi:
10.1097/QA1.0000000000002344

66. Choko AT, Fielding K, Johnson CC, et al. Partner-delivered HIV self-test kits with and without
financial incentives in antenatal care and index patients with HIV in Malawi: a three-arm, cluster-
randomised controlled trial. Lancet Global Health. 2021;9: e977-88

67. Choko AT, Desmond N, Webb EL, et al. The uptake and accuracy of oral kits for HIV self-testing
in high HIV prevalence setting: a cross-sectional feasibility study in Blantyre, Malawi. PLoS Med. Oct
2011;8(10):€1001102. doi:10.1371/journal.pmed.1001102

68. Grinstead OA, Gregorich SE, Choi KH, Coates T. Positive and negative life events after
counselling and testing: the Voluntary HIV-1 Counselling and Testing Efficacy Study. AIDS. May 25
2001;15(8):1045-52. doi:10.1097/00002030-200105250-00013

69. McGrath N, Grapsa E. Does antiretroviral therapy change partnership dynamics and HIV risk
behaviours among HIV-infected adults. AIDS. 2017;31(10):1451-1460. doi:doi:
10.1097/QAD.0000000000001502

70. Tangmunkongvorakul A, Celentano DD, Burke JG, et al. Factors influencing marital stability
among HIV discordant couples in northern Thailand. AIDS Care. 1999;11(5): 511-
524doi:https://doi.org/10.1080/09540129947677

Bulterys 69


https://doi.org/10.1002/jia2.25517
https://arc.psych.wisc.edu/self-report/dyadic-adjustment-scale-das/
https://doi.org/10.1080/09540129947677

71. Guen ML, Marsicano E, Bajos N, et al. Union break-up after HIV diagnosis among sub-Saharan
African migrants in France: disclosing HIV status is linked with staying in union. AIDS Care.
2018;31(6):699-706doi:doi: 10.1080/09540121.2018.1554240. Epub 2018 Dec 4. PMID: 30512965

72. Grabowski MK LJ, Redd AD, et al.,, . Rakai Health Sciences Program. The role of viral
introductions in sustaining community-based HIV epidemics in rural Uganda: evidence from spatial
clustering, phylogenetics, and egocentric transmission models. PLoS Med. 2014;11:e1001610.

73. Mifumi Polygamy Uganda. Polygamy in Uganda. Available at: https://mifumi.org/who-we-
are/campaign-against/polygamy. Accessed May 8, 2022. 2016;

74. Uganda Bureau of Statistics. The National Population and Housing Census 2014 - Main Report,
Kampala, Uganda. Compiled by Uganda Bureau of Statistics, UNFPA, and UNICEF. Available at:
https://www.ubos.org/wp-

content/uploads/publications/03 20182014 National Census Main_Report.pdf2016. Accessed June 2,
2022.

75. Breet E, Seedat S, Kagee A. Posttraumatic Stress Disorder and Depression in Men and Women
who Perpetrate IPV. Journal of Interpersonal Violence. 2016;34(10):2181-
2198d0i:10.1177/0886260516660297

76. Paulson JF, Bazemore SD. Prenatal and Postpartum Depression in Fathers and Its Association
With Maternal Depression: A Meta-analysis. JAMA. 2010;303(19):1961-
1969d0i:10.1001/jama.2010.605

77. Overbeek M, de Schipper JC, Willemen A, et al. Mediators and Treatment Factors in Intervention
for Children Exposed to Interparental Violence. Journal of Clinical Child & Adolescent Psychology.
2017;46:411-427.

78. Garriga A, Pennoni F. The Causal Effects of Parental Divorce and Parental Temporary Separation
on Children’s Cognitive Abilities and Psychological Well-being According to Parental Relationship
Quality. Social Indicators Research. 2020;doi:https://doi.org/10.1007/s11205-020-02428-2

79. Xerxa Y, Rescorla LA, Serdarevic F, et al. The Complex Role of Parental Separation in the
Association between Family Conflict and Child Problem Behavior. J Clin Child Adolesc Psychol.
2020;49(1):79-93d0i:d0i:10.1080/15374416.2018.1520118

80. Ramchandani PG, Psychogiou L, Vlachos H, et al. Paternal depression: an examination of its
links with father, child and family functioning in the postnatal period. Depression and Anxiety.
2011;28(6):471-477doi:https://doi.org/10.1002/da.20814

81. van den Berg W, Brittain K, Mercer G, et al. Improving Men’s Participation in Preventing Mother-
to-Child Transmission of HIV as a Maternal, Neonatal, and Child Health Priority in South Africa. PLoS
Med. 2015;12(4): €1001811doi:d0i:10.1371/journal.pmed.1001811

82. Maclnnes DL, Lewis M. The evaluation of a short group programme to reduce self-stigma in
people with serious and enduring mental health problems. J Psychiatr Ment Health Nurs. 2008;15(1):59-
65doi:doi: 10.1111/j.1365-2850.2007.01212.x. PMID: 18186830

83. Bernstein M, Phillips T, Zerbe A, et al. Intimate partner violence experienced by HIV-infected
pregnant women in South Africa: a cross-sectional study. BMJ Open. 2016;6:€011999doi:doi:
10.1136/bmjopen-2016-011999

84. Gichane MW, Moracco KE, Thirumurthy H, et al. Intimate partner violence and prevention of
mother to child transmission of HIV: Evidence from Kinshasa, Demaocratic Republic of Congo. PLoS ONE.
2018;13(8):e0203471. doi:https://doi.org/10.1371/journal.pone.0203471

85. Uganda Bureau of Statistics, Government of Uganda. Uganda Demographic and Health Survey
(DHS) 2016 data. 2018. Accessed May 27, 2021.

86. Speizer IS. Intimate Partner Violence Attitudes and Experience Among Women and Men in
Uganda. Journal of Interpersonal Violence. 2009;25(7):1224-1241d0i:10.1177/0886260509340550

87. Neamah HH, Sudfeld C, McCoy DC, et al. Intimate Partner Violence, Depression, and Child
Growth and Development. Pediatrics. 2018;142(1):e20173457d0oi:d0i:10.1542/peds.2017-3457

88. Lovestad S, Léve J, Vaez M, Krantz G. Prevalence of intimate partner violence and its association
with symptoms of depression; a cross-sectional study based on a female population sample in Sweden.

Bulterys 70


https://mifumi.org/who-we-are/campaign-against/polygamy
https://mifumi.org/who-we-are/campaign-against/polygamy
https://www.ubos.org/wp-content/uploads/publications/03_20182014_National_Census_Main_Report.pdf2016
https://www.ubos.org/wp-content/uploads/publications/03_20182014_National_Census_Main_Report.pdf2016
https://doi.org/10.1007/s11205-020-02428-2
https://doi.org/10.1002/da.20814
https://doi.org/10.1371/journal.pone.0203471

BMC public health. 2017;20;17(1):335d0i:d0i:10.1186/s12889-017-4222-y. PMID: 28424072; PMCID:
PMC5397670.

89. Kapiga S, Harvey S, Muhammad AK, et al. Prevalence of intimate partner violence and abuse
and associated factors among women enrolled into a cluster randomised trial in northwestern Tanzania.
BMC public health. 2017;14;17(1):190doi:doi: 10.1186/s12889-017-4119-9. PMID: 28193198; PMCID:
PMC5307886

90. Chatterji S, Heise L. Examining the bi-directional relationship between intimate partner violence
and depression: Findings from a longitudinal study among women and men in rural Rwanda. SSM -
Mental Health. 2021;1:100038doi:https://doi.org/10.1016/j.ssmmh.2021.100038

91. Betancourt TS, Jensen SKG, Barnhart DA, et al. Promoting parent-child relationships and
preventing violence via home-visiting: a pre-post cluster randomised trial among Rwandan families linked
to social protection programmes. BMC public health. 2020;20(621)doi:https://doi.org/10.1186/s12889-
020-08693-7

92. Jensen SKG, Placencio-Castro M, Murray SM, et al. Effect of a home-visiting parenting program
to promote early childhood development and prevent violence: a cluster-randomized trial in Rwanda.
BMJ Global Health. 2021;6:€003508

93. Barnhart DA, Farrar J, Murray SM, et al. Lay-worker Delivered Home Visiting Promotes Early
Childhood Development and Reduces Violence in Rwanda: A Randomized Pilot. J Child Fam Stud.
2020;29:1804-1817. doi:https://doi.org/10.1007/s10826-020-01709-1

94. The Evaluation Fund. Active Coaching For Early Childhood Development: A Father-Engaged
Home-Visiting Program. 2020.

95. Battaglia DM, Richard FD, Datteri DL, Lord CG. Breaking up is (relatively) easy to do: a script for
the dissolution of close relationships. J Soc Pers Relat. 1998;15:829—-45d0i:10.1177/0265407598156007
96. Sbarra DA, Hazan C. Coregulation, dysregulation, self-regulation: an integrative analysis and
empirical agenda for understanding adult attachment, separation, loss, and recovery. Pers Soc Psychol
Rev. May 2008;12(2):141-67. doi:10.1177/1088868308315702

97. Civilotti C, Dennis JL, Acquadro Maran D, Margola D. When Love Just Ends: An Investigation of
the Relationship Between Dysfunctional Behaviors, Attachment Styles, Gender, and Education Shortly
After a Relationship Dissolution. Front Psychol. 2021;12:662237doi:doi: 10.3389/fpsyg.2021.662237.
Erratum in: Front Psychol. 2021 Aug 18;12:748733. PMID: 34168592; PMCID: PMC8217834

98. Hardesty JL, Ogolsky BG, Raffaelli M, et al. Coparenting relationship trajectories: Marital violence
linked to change and variability after separation. J Fam Psychol. Oct 2017;31(7):844-854.
doi:10.1037/fam0000323

99. Clark AE. Breaking up for the Kids’ Sake : Evidence from a British Birth Cohort. Psychology. 2015;
100. Karakurt G. Relationship Stability through Lenses of Complexity. The American Journal of Family
Therapy. 2012;40(2):126-140. doi:doi:10.1080/01926187.2011.586619

101. Grantham-McGregor S, Cheung YB, Cueto S, et al. Developmental potential in the first 5 years
for children in developing countries. The Lancet series on child development in developing countries.
2007;369(9555):60-70

102. Engle PL, Black MM, Behrman JR, et al. Strategies to avoid the loss of developmental potential
in more than 200 million children in the developing world. Lancet. 2007;369(9557):229-42doi:doi:
10.1016/S0140-6736(07)60112-3. PMID: 17240290

103. Blair C, Raver CC. Poverty, Stress, and Brain Development: New Directions for Prevention and
Intervention. Acad Pediatr. 2016;16(3 Suppl):S30-6. doi: 10.1016/j.acap.2016.01.010. PMID: 27044699;
PMCID: PMC5765853

104. JeongJ, Franchett EE, Ramos de Oliveira CV, Rehmani K, Yousafzai AK. Parenting interventions
to promote early child development in the first three years of life: A global systematic review and meta-
analysis. PLoS Med. May 2021;18(5):€1003602. doi:10.1371/journal.pmed.1003602

105. O'Donnell KJ, Glover V, Barker ED, O'Connor TG. The persisting effect of maternal mood in
pregnancy on childhood psychopathology. Dev Psychopathol. 2014;26(2):393-403. doi:doi:
10.1017/S0954579414000029. Epub 2014 Mar 12. PMID: 24621564.

Bulterys 71


https://doi.org/10.1016/j.ssmmh.2021.100038
https://doi.org/10.1186/s12889-020-08693-7
https://doi.org/10.1186/s12889-020-08693-7
https://doi.org/10.1007/s10826-020-01709-1

106. Huizink AC, Robles de Medina PG, Mulder EJ, et al. Stress during pregnancy is associated with
developmental outcome in infancy. J Child Psychol Psychiatry. 2003;44(6):810-8doi:doi: 10.1111/1469-
7610.00166. PMID: 12959490

107. Madlala HP, Myer L, Malaba TR, Newell ML. Neurodevelopment of HIV-exposed uninfected
children in Cape Town, South Africa. PL0oS One. 2020;15(11):e0242244doi:doi:
10.1371/journal.pone.0242244. PMID: 33206724; PMCID: PMC7673492

108. Bulterys MA, Mujugira A, Nakyanzi A, et al. “Him Leaving Me — That is My Fear Now”: A Mixed
Methods Analysis of Relationship Dissolution Between Ugandan Pregnant and Postpartum Women
Living with HIV and Their Male Partners. AIDS Behav (2022). https://doi.org/10.1007/s10461-022-03910-
3.

109. World Health Organization (WHO). Update on the transition to dolutegravir-based antiretroviral
therapy: Report of a WHO meeting, 29-30 March 2022. 2022.

110. Cassidy AR, Williams PL, Leidner J, et al. In Utero Efavirenz Exposure and Neurodevelopmental
Outcomes in HIV-exposed Uninfected Children in Botswana. Pediatr Infect Dis J. 2019;38(8):828-
834doi:doi: 10.1097/INF.0000000000002332. PMID: 30985518; PMCID: PMC6629483.

111. Zash R, Jacobson DL, Diseko M, et al. Comparative safety of dolutegravir-based or efavirenz-
based antiretroviral treatment started during pregnancy in Botswana: an observational study. Lancet Glob
Health. 2018;6(7):e804-e810. doi: 10.1016/S2214-109X(18)30218-3. Epub 2018 Jun 4. PMID:
29880310; PMCID: PMC6071315

112. Gladstone M, Lancaster GA, Umar E, et al. The Malawi Developmental Assessment Tool (MDAT):
the creation, validation, and reliability of a tool to assess child development in rural African settings. PLoS
Med. 2010;7(5):€1000273doi:d0i:10.1371/journal.pmed.1000273

113. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure.
J Gen Intern Med. 2001;16(9):606-613d0i:d0i:10.1046/j.1525-1497.2001.016009606.x

114. Andersen LS, Grimsrud A, Myer L, et al. The psychometric properties of the K10 and K6 scales
in screening for mood and anxiety disorders in the South African Stress and Health study. Int J Methods
Psychiatr Res. 2011;20(4):215-223doi:doi:10.1002/mpr.351

115. Kessler RC, Barker PR, Colpe LJ, et al. Screening for Serious Mental Iliness in the General
Population. Arch Gen Psychiatry. 2003;60(2):184—189doi:d0i:10.1001/archpsyc.60.2.184

116. Sherin KM, Sinacore JM, Li XQ, et al. HITS: a short domestic violence screening tool for use in a
family practice setting. Fam Med. 1998;30(7):508-512

117. Food and Nutrition Technical Assistance (FANTA). Household Hunger Scale (HHS): Indicator
Definition and Measurement Guide.

118. Wedderburn CJ, Weldon E, Bertran-Cobo C, et al. Early neurodevelopment of HIV-exposed
uninfected children in the era of antiretroviral therapy: a systematic review and meta-analysis. The Lancet
Child & Adolescent Health. 2022;6(6):393-408.

119. Le Doaré K, Bland R, Newell ML. Neurodevelopment in children born to HIV-infected mothers by
infection and treatment status. Pediatrics. 2012;130(5):e1326-44doi:doi: 10.1542/peds.2012-0405. Epub
2012 Oct 1. PMID: 23118140

120. Sirajee R CA, Namasopo S, Opoka RO, Lavoie S, Forgie S, Salami BO, Hawkes MT. . Growth
Faltering and Developmental Delay in HIV-Exposed Uninfected Ugandan Infants: A Prospective Cohort
Study. J Acquir Immune Defic Syndr. 2021;87(1):730-740doi:doi: 10.1097/QAI.0000000000002626.
PMID: 33819206

121. Ntozini R, Chandna J, Evans C, et al. Early child development in children who are HIV-exposed
uninfected compared to children who are HIV-unexposed: observational sub-study of a cluster-
randomized trial in rural Zimbabwe. J Int AIDS Soc. 2020;23(5):e25456doi:doi: 10.1002/jia2.25456.
PMID: 32386127; PMCID: PMC7318086

122. Williams PL, Yildirim C, Chadwick EG, et al. Surveillance Monitoring for ART Toxicities (SMARTT)
study of the Pediatric HIV/AIDS Cohort Study. Association of maternal antiretroviral use with
microcephaly in children who are HIV-exposed but uninfected (SMARTT): a prospective cohort study.

Bulterys 72


https://doi.org/10.1007/s10461-022-03910-3
https://doi.org/10.1007/s10461-022-03910-3

Lancet HIV. 2020;7(1):e49-e58doi:doi: 10.1016/S2352-3018(19)30340-6. Epub 2019 Nov 15. PMID:
31740351; PMCID: PMC6952580

123. Romo ML, Patel RC, Edwards JK, et al. Disparities in Dolutegravir Uptake Affecting Females of
Reproductive Age With HIV in Low- and Middle-Income Countries After Initial Concerns About
Teratogenicity : An Observational Study. Ann Intern Med. 2022;175(1):84-94doi:doi: 10.7326/M21-3037.
Epub 2021 Nov 30. PMID: 34843382; PMCID: PMC8808594

124. Ramos de Oliveira CV, Sudfeld CR, Muhihi A, et al. Association of Exposure to Intimate Partner
Violence With Maternal Depressive Symptoms and Early Childhood Socioemotional Development
Among Mothers and Children in Rural Tanzania. JAMA Netw Open.
2022;5(12):e2248836d0i:d0i:10.1001/jamanetworkopen.2022.48836

125. Chawla A, Chan A. Intimate partner violence associated with poor socioemotional development
in children.

126. UN Women. What is intimate partner violence? An Interactive Guide. 2021.

127. Polyak A, Rosenfeld, J.A. & Girirajan, S. . An assessment of sex bias in neurodevelopmental
disorders. Genome Med. 2015;7(94)doi:https://doi.org/10.1186/s13073-015-0216-5

128. May T, Adesina |, McGillivray J, Rinehart NJ. Sex differences in neurodevelopmental disorders.
Curr Opin Neurol. 2019;32(4):622-626doi:doi: 10.1097/WC0.0000000000000714. PMID: 31135460
129. Black MM, Walker SP, Fernald LC, et al. Early childhood development coming of age: science
through the life course. The Lancet. 2017;389(10064):77-90.

130. Ackerman W 4th, Kwiek JJ. Role of the placenta in adverse perinatal outcomes among HIV-1
seropositive women. J Nippon Med Sch. 2013;80(2):90-94d0i:d0i:10.1272/jnms.80.90

131. Slogrove A, Reikie B, Naidoo S, et al. HIV-exposed uninfected infants are at increased risk for
severe infections in the first year of life. Journal of Tropical Pediatrics. 2012;58(6):505-
508doi:https://doi.org/10.1093/tropej/fms019

132. Moseholm E, Helleberg M, Nordly SB, et al. Hospital admission among HIV-exposed uninfected
children compared with HIV-unexposed children. AIDS. 30(17):2697-2706doi:doi:
10.1097/QAD.0000000000001230

133. Brennan AT, Bonawitz R, Gill CJ, et al. A meta-analysis assessing all-cause mortality in HIV-
exposed uninfected compared with HIV-unexposed uninfected infants and children. AIDS.
2016;30(15)doi:doi: 10.1097/QAD.0000000000001211

134. Benki-Nugent SF, Yunusa R, Mueni A, et al. Lower Neurocognitive Functioning in HIV-Exposed
Uninfected Children Compared With That in HIV-Unexposed Children. J Acquir Immune Defic Syndr.
2022;89(4):441-447d0i:doi:10.1097/QAI.0000000000002881

135. Wedderburn CJ, Evans C, Yeung S, et al. Growth and Neurodevelopment of HIV-Exposed
Uninfected Children: a Conceptual Framework. Curr HIV/AIDS Rep. 2019;16(6):501-
513d0i:doi:10.1007/s11904-019-00459-0

136. Sherr L, Croome N, Parra Castaneda K, Bradshaw K. A systematic review of psychological
functioning of children exposed to HIV: using evidence to plan for tomorrow's HIV needs. AIDS Behav.
2014;18(11):2059-74doi:doi: 10.1007/s10461-014-0747-6. PMID: 24729015

137. le Roux SM, Donald KA, Brittain K, et al. Neurodevelopment of breastfed HIV-exposed uninfected
and HIV-unexposed children in South Africa. AIDS. 2018;32(13):1781-1791. doi:doi:
10.1097/QAD.0000000000001872. PMID: 29794831; PMCID: PMC6341164

138. Kerr SJ, Puthanakit T, Vibol U, et al. Neurodevelopmental outcomes in HIV-exposed-uninfected
children versus those not exposed to HIV. AIDS Care. 2014;26(11):1327-35doi:doi:
10.1080/09540121.2014.920949

139. Van Rie A, Mupuala A, Dow A. Impact of the HIV/AIDS epidemic on the neurodevelopment of
preschool-aged children in Kinshasa, Democratic Republic of the Congo. Pediatrics. 2008;122(1):e123-
8doi:doi: 10.1542/peds.2007-2558. PMID: 18595957; PMCID: PMC2900927

140. Backé E, Jiménez E, Unger M, et al. Demonstration of HIV-1 infected cells in human placenta by
in situ hybridisation and immunostaining. J Clin Pathol. 1992;45(10):871-
874doi:doi:10.1136/jcp.45.10.871

Bulterys 73


https://doi.org/10.1186/s13073-015-0216-5
https://doi.org/10.1093/tropej/fms019

141. Sewankambo N, Gray RH, Wawer MJ, et al. HIV-1 infection associated with abnormal vaginal
flora morphology and bacterial vaginosis. 1997;350(9077):546-550doi:https://doi.org/10.1016/s0140-
6736(97)01063-5

142. Juliana NCA, Suiters MJM, Al-Nasiry S, et al. The Association Between Vaginal Microbiota
Dysbiosis, Bacterial Vaginosis, and Aerobic Vaginitis, and Adverse Pregnancy Outcomes of Women
Living in Sub-Saharan Africa: A Systematic Review. Front Public Health. 2020;567885

143. Goldenberg RL, Mudenda V, Read JS, et al. HPTN 024 study: histologic chorioamnionitis,
antibiotics and adverse infant outcomes in a predominantly HIV-1-infected African population. American
Journal of Obstetrics and Gynecology. 2006;195(4):1065—
1074doi:https://doi.org/10.1016/j.2j0g.2006.05.046

144. Gompels UA, Larke N, Sanz-Ramos M, et al. Human cytomegalovirus infant infection adversely
affects growth and development in maternally HIV-exposed and unexposed infants in Zambia. Clin Infect
Dis. 2012;54(3):434-42doi:doi: 10.1093/cid/cir837. PMID: 22247303; PMCID: PMC3258277

145. Garcia-Knight MA, Nduati E, Hassan AS, et al. Cytomegalovirus viraemia is associated with poor
growth and T-cell activation with an increased burden in HIV-exposed uninfected infants. AIDS.
2017;31(13):1809-1818doi:doi:  10.1097/QAD.0000000000001568. PMID: 28609400; PMCID:
PMC5538302

146. Afran L, Garcia Knight M, Nduati E, et al. HIV-exposed uninfected children: a growing population
with a vulnerable immune system? Clinical and Experimental Immunology. 2014;176(1):11-
22doi:https://doi.org/10.1111/cei.12251

147. Patel SM, Jallow S, Boiditswe S, et al. Placental Transfer of Respiratory Syncytial Virus Antibody
Among HIV-Exposed, Uninfected Infants. J Pediatric Infect Dis Soc. 2020;9(3):349-
356d0i:doi:10.1093/jpids/piz056

148. Smith C, Jalbert E, de Almeida V, et al. Altered Natural Killer Cell Function in HIV-Exposed
Uninfected Infants. Front Immunol. 2017:;8:470doi:doi:10.3389/fimmu.2017.00470

149. WeilLi MM, Eren Oyungu, et al.,. Immune checkpoint dysregulation and immune activation in HIV-
exposed uninfected children. J Immunol. 2020;204 (1 Supplement) 225.6

150. Mussi-Pinhata MM, Motta F, Freimanis-Hance L, et al. Lower respiratory tract infections among
human immunodeficiency virus-exposed, uninfected infants. Int J Infect Dis. 2010;14 Suppl 3:e176-
€182d0i:d0i:10.1016/}.ijid.2010.01.006

151. Anderson K, Emmaa K, Madlala HP, et al. Preterm birth and severe morbidity in hospitalized
neonates who are HIV exposed and uninfected compared with HIV unexposed. AIDS. 2021;35(6):921-
931doi:doi: 10.1097/QAD.0000000000002856

152. Ali SS. A brief review of risk-factors for growth and developmental delay among preschool children
in developing countries. Adv Biomed Res. 2013;2:91d0i:d0i:10.4103/2277-9175.122523

153. Koren G, Pastuszak A, Ito S. Drugs in pregnancy. The New England Journal of Medicine.
1998;338(16):1128-1137doi:https://doi.org/10.1056/NEJM199804163381607

154. Schnoll JG, Temsamrit B, Zhang D, et al. Evaluating Neurodevelopmental Consequences of
Perinatal Exposure to Antiretroviral Drugs: Current Challenges and New Approaches. J Neuroimmune
Pharmacol. 2021;16:113-129. doi:https://doi.org/10.1007/s11481-019-09880-z

155. Pacheco SE, Mclintosh K, Lu M, et al. Women and Infants Transmission Study, Effect of Perinatal
Antiretroviral Drug Exposure on Hematologic Values in HIV-Uninfected Children: An Analysis of the
Women and Infants Transmission Study. The Journal of Infectious Diseases,. 2006;194(8):1089-1097.
doi:https://doi.org/10.1086/507645

156. Bunders MJ, Bekker V, Scherpbier HJ, et al. Haematological parameters of HIV-1-uninfected
infants born to HIV-1-infected mothers. Acta Paediatr. 2005;94(11):1571-
1577d0i:d0i:10.1080/08035250510042951

157. Barret B, Tardieu M, Rustin P, et al. for the French Perinatal Cohort Study Group. Persistent
mitochondrial dysfunction in HIV-1-exposed but uninfected infants. AIDS. 2003;17(12):1769-1785.

Bulterys 74


https://doi.org/10.1016/s0140-6736(97)01063-5
https://doi.org/10.1016/s0140-6736(97)01063-5
https://doi.org/10.1016/j.ajog.2006.05.046
https://doi.org/10.1111/cei.12251
https://doi.org/10.1056/NEJM199804163381607
https://doi.org/10.1007/s11481-019-09880-z
https://doi.org/10.1086/507645

158. Brinkman K, ter Hofstede HJ, Burger DM, et al. Adverse effects of reverse transcriptase inhibitors:
mitochondrial toxicity as common pathway. AIDS. 1998;12(14):1735—
1744doi:https://doi.org/10.1097/00002030-199814000-00004

159. Dainiak N, Worthington M, Riordan MA, et al. 3'-Azido-3'-deoxythymidine (AZT) inhibits
proliferation in vitro of human haematopoietic progenitor cells. British Journal of Haematology.
1988;69(3):299-304doi:https://doi.org/10.1111/1.1365-2141.1988.tb02366.x

160. Landreau-Mascaro A, Barret B, Mayaux MJ, et al. for the French Perinatal Cohort Study Group.
Risk of early febrile seizure with perinatal exposure to nucleoside analogues. Lancet.
2002;359(9306):583-584d0i:doi:10.1016/S0140-6736(02)07717-6

161. Williams PL, Marino M, Malee K, et al. Neurodevelopment and in utero antiretroviral exposure of
HIV-exposed uninfected infants. Pediatrics. 2010;125(2):e250-e260doi:doi:10.1542/peds.2009-1112
162. Van Dyke RB, Chadwick EG, Hazra R, et al. The PHACS SMARTT Study: Assessment of the
Safety of In Utero Exposure to Antiretroviral Drugs. Front Immunol.
2016;7:199d0i:d0i:10.3389/fimmu.2016.00199

163. Gilmore JH, Knickmeyer RC, Gao W. Imaging structural and functional brain development in early
childhood. Nat Rev Neurosci. 2018;19(3):123-137d0i:d0i:10.1038/nrn.2018.1

164. Knickmeyer RC, Gouttard S, Kang C, et al. A structural MRI study of human brain development
from birth to 2 years. J Neurosci. 2008;28(47):12176-12182doi:d0i:10.1523/JINEUROSCI.3479-08.2008
165. Nwosu EC, Robertson FC, Holmes MJ, et al. Altered brain morphometry in 7-year old HIV-infected
children on early ART Metab Brain Dis. 2018;33(2):523-535. d0i:10.1007/s11011-017-0162-6

166. Mottahedin A, Ardalan M, Chumak T, et al. Effect of Neuroinflammation on Synaptic Organization
and Function in the Developing Brain: Implications for Neurodevelopmental and Neurodegenerative
Disorders. Front Cell Neurosci. 2017;11:190doi:doi:10.3389/fncel.2017.00190

167. Robertson FC, Holmes MJ, Cotton MF, et al. Perinatal HIV Infection or Exposure Is Associated
With Low N-Acetylaspartate and Glutamate in Basal Ganglia at Age 9 but Not 7 Years. Front Hum
Neurosci. 2018;12:145d0i:d0i:10.3389/fnhum.2018.00145

168. Mbugua KK, Holmes MJ, Cotton MF, et al. HIV-associated CD4+/CD8+ depletion in infancy is
associated with neurometabolic reductions in the basal ganglia at age 5 years despite early antiretroviral
therapy. AIDS. 2016;30(9):1353-1362d0i:d0i:10.1097/QAD.0000000000001082

169. Arsalidou M, Duerden EG, Taylor MJ. The centre of the brain: topographical model of motor,
cognitive, affective, and somatosensory functions of the basal ganglia. Hum Brain Mapp.
2013;34(11):3031-3054d0i:d0i:10.1002/hbm.22124

170. Bertran-Cobo C, Wedderburn CJ, Robertson FC, et al. A neurometabolic pattern of elevated myo-
inositol in children who are HIV-exposed and uninfected: a South African Birth Cohort Study. Research
Topic: Neuroimmunology in Africa. Frontiers in Immunology. 2022;

171. Tran LT, Roos A, Fouche J, et al. White Matter Microstructural Integrity and Neurobehavioral
Outcome of HIV-Exposed Uninfected Neonates. Medicine. 2016;95(4):e2577. doi:doi:
10.1097/MD.0000000000002577

172. Sudfeld CR LQ, Chinyanga Y, et al. . Linear Growth Faltering Among HIV-Exposed Uninfected
Children. J Acquir Immune Defic Syndr. 2016;73(2):182-189doi:d0i:10.1097/QAl.0000000000001034
173. Dirajlal-Fargo S, Mussi-Pinhata M, Weinberg A, et al. HIV-exposed-uninfected infants have
increased inflammation and monocyte activation. AIDS. 2019;33(5):845-853. doi:doi:
10.1097/QAD.0000000000002128

174. Neary J, Langat A, Singa B, et al. Higher prevalence of stunting and poor growth outcomes in
HIV-exposed uninfected than HIV-unexposed infants in Kenya. AIDS. 2022;36(4):605-610. doi:doi:
10.1097/QAD.0000000000003124

175. Deichsel EL, Pavlinac PB, Richardson BA, et al. Birth size and early pneumonia predict linear
growth among HIV-exposed uninfected infants. Matern Child Nutr.
2019;15(4):e12861do0i:d0i:10.1111/mcn.12861

176. Ndiaye A, Suneson K, Njuguna |, et al. Growth patterns and their contributing factors among HIV-
exposed uninfected infants. Matern Child Nutr. 2021;17(2):€13110doi:d0i:10.1111/mcn.13110

Bulterys 75


https://doi.org/10.1097/00002030-199814000-00004
https://doi.org/10.1111/j.1365-2141.1988.tb02366.x

177. le Roux SM, Abrams EJ, Donald KA, et al. Growth trajectories of breastfed HIV-exposed
uninfected and HIV-unexposed children under conditions of universal maternal antiretroviral therapy: a
prospective study. Lancet Child Adolesc Health. 2019;3(4):234-244d0i:d0i:10.1016/S2352-
4642(19)30007-0

178. Deichsel EL, Pavlinac PB, Mbori-Ngacha D, et al. Maternal Diarrhea and Antibiotic Use are
Associated with Increased Risk of Diarrhea among HIV-Exposed, Uninfected Infants in Kenya. The
American Journal of Tropical Medicine and Hygiene. 2020;102(5):1001-1008doi: DOI: 10.4269/ajtmh.19-
0705. PMID: 32100682; PMCID: PMC7204572.

179. Lane CE, Bobrow EA, Ndatimana D, et al. Determinants of growth in HIV-exposed and HIV-
uninfected infants in the Kabeho Study. Matern Child Nutr 2019;15(3):e12776doi:doi:10.1111/mcn.12776
180. Nyemba DC, Kalk E, Madlala HP, et al. Lower birth weight-for-age and length-for-age z-scores in
infants with in-utero HIV and ART exposure: a prospective study in Cape Town, South Africa. BMC
Pregnancy Childbirth. 2021;21(1):354doi:doi:10.1186/s12884-021-03836-z

181. Filteau S. The HIV-exposed, uninfected African child. Tropical Medicine & International Health.
2009;14(3), 276—287doi:https://d0oi.org/10.1111/].1365-3156.2009.02220.x

182. Pillay L, Moodley D, Emel LM, et al. Growth patterns and clinical outcomes in association with
breastfeeding duration in HIV exposed and unexposed infants: a cohort study in KwaZulu Natal, South
Africa. BMC Pediatrics. 2021;21(183)doi:https://doi.org/10.1186/s12887-021-02662-8

183. Wambura JN, Marnane B. Undernutrition of HEU infants in their first 1000 days of life: A case in
the urban-low resource setting of Mukuru Slum, Nairobi, Kenya. Heliyon. 2019;5(7):e02073doi:doi:
10.1016/j.heliyon.2019.e02073. PMID: 31372539; PMCID: PMC6658733.

184. Prendergast AJ, Evans C. Children who are HIV-exposed and uninfected: evidence for action.
AIDS. 2023;37:205-215.

185. Chandna J, Ntozini R, Evans C, et al. Effects of improved complementary feeding and improved
water, sanitation and hygiene on early child development among HIV-exposed children: substudy of a
cluster randomised trial in rural Zimbabwe. BMJ Glob Health. 2020;5(1):e001718doi:doi:10.1136/bmjgh-
2019-001718

186. World Health Organization (WHO). Quality Health Services: A Planning Guide. 2020.

187. Grantham-McGregor SM, Fernald LC, Kagawa RM, Walker S. Effects of integrated child
development and nutrition interventions on child development and nutritional status. Ann N Y Acad Sci.
2014;1308:11-32d0i:d0i:10.1111/nyas.12284

188. Sadoo S, Nalugya R, Lassman R, et al. PREPRINT - UNDER REVIEW. Early Detection and
Intervention for Young Children With Early Developmental Disabilities in Western Uganda: A Mixed
Methods Evaluation. BMC Pediatrics. 2021;

189. Murray L, De Pascalis L, Tomlinson M, et al. Randomized controlled trial of a book-sharing
intervention in a deprived South African community: effects on carer—infant interactions, and their relation
to infant cognitive and socioemotional outcome. Journal of Child Psychology and Psychiatry.
2016;57(12):1370-1379

190. Zhang L, Ssewanyana D, Martin MC. Supporting Child Development Through Parenting
Interventions in Low- to Middle-Income Countries: An Updated Systematic Review. Frontiers of Public
Health. 9:671988doi:doi: 10.3389/fpubh.2021.671988

191. Yousafzai AK, Aboud FE. Review of implementation processes for integrated nutrition and
psychosocial stimulation interventions. Annals of the New York Academy of Sciences: Every child’s
potential: integrating nutrition and early childhood development interventions. 2014;1308(1):33-
45doi:https://doi.org/10.1111/nyas.12313

192. Bulterys MA, King’e M, Njuguna |, et al. Predictors of neurodevelopment in HIV-exposed
uninfected infants presented at: Conference on Retroviruses and Opportunistic Infections (CROI) Virtual,
February; 2022;

193. Skeen S, Tomlinson M, Macedo A, et al. Mental health of carers of children affected by HIV
attending community-based programmes in South Africa and Malawi. AIDS Care. 2014;26 Suppl
1(1):S11-21. doi:doi: 10.1080/09540121.2014.906559

Bulterys 76


https://doi.org/10.1111/j.1365-3156.2009.02220.x
https://doi.org/10.1186/s12887-021-02662-8
https://doi.org/10.1111/nyas.12313

194. Garcia J, Hromi-Fiedler A, Mazur RE, et al. Persistent household food insecurity, HIV, and
maternal stress in peri-urban Ghana. BMC public health. 2013;13:215d0i:d0i:10.1186/1471-2458-13-215
195. Glover V. Maternal depression, anxiety and stress during pregnancy and child outcome; what
needs to be done. Best Pract Res Clin Obstet Gynaecol. 2014;28(1):25-35doi:doi:
10.1016/j.bpobgyn.2013.08.017. Epub 2013 Sep 18. PMID: 24090740

196. Chang SM, Grantham-McGregor SM, Powell CA, et al. Integrating a Parenting Intervention With
Routine Primary Health Care: A Cluster Randomized Trial. Pediatrics. 2015;136(2):272-
280doi:d0i:10.1542/peds.2015-0119

197. Smythe T, Zuurmond M, Tann CJ, et al. Early intervention for children with developmental
disabilities in low and middle-income countries - the case for action. International Health. 2021;13(3):222-
231doi:doi:10.1093/inthealth/ihaa044

198. Salomone E, Pacione L, Shire S, et al. Development of the WHO Caregiver Skills Training
Program for Developmental Disorders or Delays. Front Psychiatry.
2019;10:769d0i:d0i:10.3389/fpsyt.2019.00769

199. Tann CJ, Kohli-Lynch M, Nalugya R, et al. Surviving and Thriving: Early Intervention for Neonatal
Survivors  With Developmental Disability in Uganda. Infants Young Child. 2021;34(1):17-
32d0i:doi:10.1097/1YC.0000000000000182

Bulterys 77



Bulterys

78



Bulterys

32



Bulterys

33



