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SCHEMA

Title: Culture-specific neurodevelopmental assessment of HIV-affected children

Purpose: This proposal will adapt and validate Brain Powered Games (BPG), a computerized cognitive
rehabilitation therapy (CCRT) program as a neurocognitive assessment for Sub-Saharan African school-age
children suffering from neurological insults such as neurotropic infections. We will add an additional game for
executive function training, and then test whether BPG cognitive assessment data gathered in at-risk children
playing with BPG can provide a more sensitive measure of the child’s developing brain. We expect to
demonstrate that a child’s performance on a neurocognitive “stress test” involving game training with an app on a
computer tablet, will better characterize integrity of brain/behavior function as compared to performance
outcomes from traditional one-time cognitive testing sessions.

Design: This is a multi-site observational prospective study.

Study Population: A total of 240 HIV-exposed but uninfected (HEU) and 240 HIV un-exposed uninfected
Malawian and Ugandan infants and their caregivers recruited in the Promoting Maternal and Infant Survival
Everywhere Neurodevelopmental follow-up study (PROMISE ND) sites at Malawi College of Medicine-Johns
Hopkins University (MCM-JHU), Blantyre, Malawi; and at Makerere University—Johns Hopkins University
(MU-JHU), Kampala, Uganda respectively. In addition, 120 HIV infected (HIV+) children and their caregivers
will be recruited from affiliated health clinics at both Malawi and Uganda sites.

Sample size: A total sample size of 600 children and their caregivers in two study sites (n=300 per site) will be
included in this study

Study duration: Approximately 5 years.

Overall goal: This research will adapt and validate BPG as a measure of cognitive performance in school-age
children as both a static (1 session of BPG) and dynamic assessment (12 training sessions of BPG)

Aims and objectives:

Aiml: To adapt and evaluate the concurrent and predictive validity of BPG as a static (baseline) and dynamic
(during 12 training sessions) cognitive assessment at the Malawi and Uganda sites.

Objective 1.1 To evaluate whether BPG static (baseline) assessment corresponds to the gold standard static
measures previously adapted to HEU, HUU, and HIV+ study cohorts at Uganda and Malawi country sites
(KABC-II, TOVA, CogState).

Aim2: To compare the validity of BPG static and dynamic assessments.

Objective 2.1 To evaluate the correspondence of BGP-based static and dynamic assessments of the cohorts’
prior early childhood longitudinal trajectories (KABC-II), considering the effect of proximal (e.g. HIV status) &
distal (height, weight, HIV disease factors, demographic) risk factors causing developmental delay and
cognitive problems.

Aim3: To test the sensitivity of dynamic assessment to learning loss over time by evaluating how much BPG
performance gains diminish during a 6-month absence of training



Objective 3.1 To assess change over time in KABC-II, TOVA and CogState scores (learning loss) 6 months
after the children complete 12 sessions of BPG training, overall and by cohort.

Study Outcomes:

Primary Outcome: To establish the validity of BPG as a measure of neurodevelopment in at-risk children. (e.g.
HIV affected) To establish BPG as a neurocognitive “stress test” or medical “challenge” test, in order to
evaluate brain/behavior functional integrity in HIV-affected children.

Exposure Variables of Interest:

° HIV status (HEU, HIV+, HUU)

. Other clinical risk factors for poor neurodevelopment (child’s weight, height, HIV disease and
immunological factors)



CULTURE SPECIFIC NEURODEVELOPMENT ASSESSMENT OF HIV-AFFECTED CHILDREN
STUDY

1.0 INTRODUCTION

Most computer-based cognitive assessment programs for children that are validated for easy cross-cultural
adaptability on tablets are proprietary, limiting their affordability on mobile networks, particularly for resource-
constrained settings. Examples of such expensive programs are CANTAB, CogState, and Tests of Variables of
Attention or TOVA. Exceptions to this (e.g., NIH Toolbox-Cognition) are not well validated or readily adaptable
either because of the technical expertise needed to administer them, or because English is required. Or, because
they were designed for children of western cultures with prior exposure to culture-bound testing item content and
testing task constructs. The access problem is the same for the most prominent CCRTs (e.g., Pearson’s COGMED
and Brain Train Corporation’s Mind Powered Games). Being non-proprietary, BPG uniquely combines
assessment and affordability into a single CCRT game package. BPG development was partially funded by NIH
(R34 MH084782; PI: Boivin).

We deliberately created BPG to be available to children living in remote and resource poor areas that lack CCRTs
or commercial computer-based assessment programs (CBAs). During this project Co-I Brian Winn and his MSU
programming team will adapt BPG to work as an Android or Macintosh application suitable for a mobile device
(e.g. tablet or smart phone). This will allow BPG dissemination on a mobile network — use of mobile
communication is nearly universal in Sub-Saharan Africa — with the capacity for real-time performance
assessment. Images, interactive scenes, and music will be designed to be engaging for the African child and do
not require English language. This removes major potential confounding factors in interpreting cognitive
assessment data for these children. BPG will be pilot tested before full protocol implementation to ensure cultural
acceptability and feasibility through an iterative process led by Michigan State University programmers involved
with game design and production.

Using a computer cognitive games intervention as a “challenge” test for evaluating brain/behavior integrity of
HIV-affected children is the principal innovative feature of this proposal. It is like a neurocognitive version of the
“cardiovascular stress test” with the use of increasingly strenuous exercise on a treadmill as a diagnostic
evaluation for heart disease. A similar rationale is used in “medical challenge tests”, when for example, a patient
breathes in histamine to allow pulmonary specialists to evaluate bronchial function; or when glucose is used
during pregnancy to test for the risk of diabetes in gestational diabetes.

An additional advantage of our use of BPG as a “neurocognitive ‘stress’ or ‘challenge’ test”, is that it can also be
administered_at a given time point (static assessment) to obtain data on cognitive performance (attention, memory,
learning) based on the child’s progress playing the games. This is a significant language-independent/culture-fair
assessment bonus. When BPG is then administered over 12 training sessions, it becomes a computerized cognitive
rehabilitation training (CCRT) intervention in treating neurocognitive deficits or disabilities. BPG is NOT a
“black box” intervention, as the data on child’s performance is monitored each training session and provides a
learning-based dynamic evaluation. This is a key feature of any stress or challenge test in medicine, and the
principal innovative aspect of this proposal. These dynamic changes provide deeper insight into the developing
brain than the static assessments, either via BPG at one time point or using “gold standard” tools that can only be
administered at fixed times. We also provide neuroimaging evidence of the neurocognitive brain changes from
CCRT, in the seminal work by Duncan Astle using COGMED training along with magnetoencephalography
(MEG) in UK normal children.

2.0 BACKGROUND AND LITERATURE REVIEW



In field tests with HIV+ rural Ugandan children, BPG as a CCRT intervention achieves significant
neuropsychological change in computerized attention and cognitive performance outcomes.'Based on this
success, we will rigorously test BPG with 3 cohorts of children (HIV, HEU, HUU) at study sites in Uganda and
Malawi where both well-characterized P1104s and PROMISE ND children are available. These cohorts are very
well-characterized from infancy to school-age. These cohorts will allow us to rigorously test the sensitivity of
BPG assessments in capturing developmental delay and neurocognitive disabilities as they pertain to both
proximal and distal risk factors in pediatric HIV (e.g., Figure 1: clinical risk factors and health history, ARV/HIV
exposure & treatment history, SES and care giving quality, nutrition//growth). Our assessment sensitivity controls
will be the current gold standard battery of tests (KABC-II, TOVA, CogState).

We will use a battery of neuropsychological tests previously validated with children enrolled in IMPAACT
P1104s at 5 to l4yrs of age at 6 study sites in South Africa, Malawi, Zimbabwe, & Uganda in 10 local
languages.>*Our gold-standard cognitive (KABC-II), computer-based attention/impulsivity (TOVA), and memory
and learning (CogState) tests are also validated in the context of pediatric HIV and CCRT.>® See (Figure 1 center,
& Section 4.10 descriptions of the KABC-II, TOVA, CogState).

Figure 1 depicts the evaluative model we used in our prior work (R34 MHO084782; PI Boivin) using both BPG
and a product by BrainTrain called Captain’s Log computerized cognitive rehabilitation therapy (CCRT).>*We
also used this evaluative model with our Ugandan and Malawian IMPAACT PROMISE Neurodevelopmental
(ND) RO1 study HEU and HUU cohorts, and our P1104s HIV cohorts. In this proposal, we will administer our
BPG CCRT game package (Fig. 1, far right) along with cognitive ability, sensory/motor, and psychiatric tests
(Fig. 1. middle) to validate the static (baseline) and dynamic (pre- to post-CCRT spanning 12 weeks)

neuropsychological profiles of our HIV, HEU, and HUU
Rl cohorts — as assessed by the BPG games performance data.
s We will adjust the relationship between BPG and our

: l,/ m— neuropsychological domains on the basis of HIV/ARV
ty

ty

i EEEE'?:’“:'“" exposure neuropathogenic modifiers (Fig. 1, left) for the
A HIV+ children (proximal effects), and neurodevelopmentgl
o { risk-factor covariates (far left; distal effects) assessed in
~ Neuroplasticity of both the PROMISE ND (HEU, HUU cohorts) and P1104s
. Ugandan Children R
L withHIV ,\ (HIV) studies.
3. CCRT 4. CCRT Reduces
Btk et Figure 1. How CCRT remediates the root cause of
B h S functional decline in pediatric HIV. As the first dual
Negative Noisy Processing assessment CCRT to be validated, we expect BPG will

show analysis of CCRT neurocognitive assessments
can be much improved.

2.9 For deeper insight into a child’s ability to learn, BPG will be the first CCRT validated for dual assessment
capability — both dynamic and static. Sternberg and Grigorenko argue that dynamic assessment is more sensitive
to brain/behavior integrity than traditional static assessment.”Dynamic assessment uses a cognitive ability test to
measure active learning ability across numerous learning sessions. Static assessment uses the same test to
measure neuropsychological function in a single testing session. In dynamic assessment, children learn skills
needed for a given type of test item during testing through teaching and feedback on performance. Dynamic
assessment then notes improvements in cognitive performance in response to multiple learning sessions. By
evaluating brain/behavior learning as part of testing, dynamic assessment evaluates a higher level of positive
biocultural plasticity and brain integrity. Dynamic assessment does this by evaluating the child’s ability to adapt
and improve from feedback and learning.**The advantage of dynamic assessment is supported by cross-cultural
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assessment work in Tanzania. This work showed conventional tests for working memory and analogous reasoning
(e.g., Raven’s Progressive Matrices) did not adequately assess the full range of cognitive skills children could
demonstrate — whereas dynamic assessment did.’Figure 2 models how CCRT remediates (inner squares) the four
principal causes of pediatric HIV-related neurocognitive disability in children (outer squares).'°Our hypothesis is
that CCRT-based dynamic assessment measures of brain/behavior integrity can characterize neuroplasticity in
children in a cross-culturally consistent and valid manner. As explained by Boivin &Giordani, dynamic
assessment may be our best way to evaluate brain/behavior integrity in the face of pediatric HIV disease in the
CNS, ARV treatment, and remediation.'">'

Brain training and neuroimaging evidence support the need for dynamic assessment. Duncan E. Astle and
colleagues published the first conclusive evidence that CCRT in children strengthens cortical connective
pathways for working memory, as well as the attention processes targeted by CCRT.13 Using
magnetoencephalography (MEG), they confirmed that the right hemispheric frontoparietal seed network is
considerably strengthened in resting state after 24 sessions of COGMED CCRT for visual-spatial working
memory (Figure 3A). Placebo (active) controls did not show strengthening (Figure 3B). The degree to which
these neural connections were strengthened significantly correlated with improved COGMED performance from
beginning until completion of 24 sessions of CCRT training (Figure 3C). When dynamic assessment detects
improved neuropsychological performance over multiple CCRT sessions, we propose we are seeing a reflection
of the integrity of neurocognitive function. On_this basis we believe dynamic measures can provide more valid
and sensitive assessments in children affected by HIV.

By combining a neurocognitive games assessment with CCRT capability, BPG can provide a valid assessment at
the static level (baseline). BPG can then be used for CCRT training (12 sessions), during which we will record
performance data as dynamic assessments of performance gains.

A Dorsal Left Hemisphere  Right Hemisphere Ventral

— Figure 3. Using dynamic
assessments in this
proposal to test how BPG

improves cognition in HIV+
school age children is
supported by the recent

§
8
P
L

BI results (presented above in
£ 04 - @ C#il0 . 3A, 3B and 3C) of Duncan
n C
w3 4 . i s Lo e et al. (20), who show 24
& + Adaptive = * —i + _ ) 24
E 03 - . P * L - @ il % * Adaptive Children sessions of CCRT training
g% BP0 B a g DA anocebo Caoren || with COGMED strengthens
E 01- m g2 ol B . . B Placebo Mean cortical connectivity for
E = ! § o ~— . working memory and
% 034 * @ 3 'i - attentional processes.
£ -04 i ..
i g5 . ' .3 2 1 e 1 2 3 Our central hypothesis is
,ﬁ Pre-Training Post-Training e i e that the performance

gains (dynamic assessment) will explain the additional variation in the gold-standard measures at time points after
static (baseline) assessment, and more effectively capture the effects of HIV/ARV exposure and treatment across
our cohorts (HIV, HEU, HUU) in Uganda and Malawi.

Overall Impact: Once BPG is proven as a dynamic assessment tool, BPG mobile apps can be used in tablets and
smart phones for “real-time” cognitive assessment monitoring (or surveillance) for HIV disease progression and
treatment. BPG can also monitor other diseases causing brain/behavior problems in children.

BPG will be the first adapted and validated instrument for dual assessment capability, both static and dynamic. It
will also be the first to include a static and dynamic intervention-based measured of executive function (EF) in
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younger children. By combining computerized assessment with cognitive training, BPG will make possible the
most innovative aspect of this proposal: a fundamental experiment to compare traditional static
neuropsychological assessment with dynamic assessment in their ability to capture effects of HIV/ARV exposure,
infection, and treatment in well-characterized cohorts. We choose to validate BPG for dynamic assessments
because we expect this advance in cognitive assessment methodology will provide fundamental new insights into
how HIV affects brain development in children, and so make an exciting advance in our field. We also expect
BPG will prove useful in monitoring brain development in children burdened by other diseases with
brain/behavior effects; e.g., malaria. To illustrate, an important innovation to BPG is the addition and field testing
this past year of Spatial Navigation Training (SNT). This game is unique in that it stimulates not only the
hippocampus, but also other mobility-related brain areas (similar to what happens in imaging studies when a
person is asked to imagine walking).'* In two recent publications, Co-I Giordani and colleagues showed that after
12 sessions of SNT, older adults demonstrated improvements in both executive functioning and more complex
aspects of mobility.!>!® Our proposal will provide for the use of this task for both static and dynamic assessment
of children affected by HIV and other diseases that can compromise brain/behavior development.

3.0 PROBLEM STATEMENT AND JUSTIFICATION

Currently, most standardized neurodevelopment assessments are limited by their reliance on highly-trained
evaluators administering tests in a controlled, clinic-based environment. These lengthily assessments frequently
involve children following instructions in order to perform a specific task utilizing specially designed props,
making them also dependent on language. To begin to address these challenges, we propose to adapt and evaluate
the validity of a digital platform with rehabilitative capacities as an evaluation tool for children in LMIC. We
hypothesize that given the available evidence, BPG can be effectively and efficiently calibrated to assess
neurodevelopment at a lower financial and human resources costs than standardized tests currently available.

Given the success of ARV’s more children are surviving HIV and/or are living as perinatally exposed but
uninfected children. Recent studies suggest that HIV+, HEU and HUU children display different developmental
trajectories over time. It is therefore that as a proof of concept we are including both HIV+ and HEU children in
this study. Additionally, HUU children are included as community controls.

This proposal will validate Brain Powered Games (BPG), a computerized cognitive rehabilitation therapy (CCRT)
as neurocognitive assessment for Sub-Saharan African school-age children suffering from neurological insults.
BPG is especially intended to help children affected by HIV as it evaluates domains at risk for delayed
development such as expressed language, cognitive processing speed and executive function > . BPG is the first
game package to combine games for neurocognitive assessment and training in a way that is low-cost and
designed for scalability on mobile networks, removing economic barriers that frequently hinder expanded use of
these tools in low- and middle-income countries. BPG games does not depend on language and uses images and
sounds that are engaging and more familiar to African children, thus removing cultural biases frequently
associated with other standardized tests of neurodevelopment. Android and Mac apps of BPG for tablets and
smartphones will take advantage of mobile communication networks to make BPG feasible to use anywhere in
Sub-Saharan Africa.

With NIH funding we previously developed BPG (Brain Powered Games), a CCRT (Computerized Cognitive
Rehabilitation Therapy) digital games package for HIV+ school children in the sub-Sahara. As a child plays, BPG
gathers game data that can be used for neurocognitive assessment. In this new study, we will further evaluate the
capability of BPG as a test for neurodevelopment. In a second phase, we will add an award-winning game
developed at the MSU-GEL lab that will train executive function (EF), allowing us to dynamically assess this
often-neglected neurocognitive domain in previously tested and well-characterized HIV+, HEU and HUU cohorts
of children.

In Study Aim 1 we will adapt and evaluate concurrent and predictive validity of BPG. Here we will evaluate
whether BPG as a static (baseline) assessment corresponds to a gold standard of static measures (KABC-II,
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TOVA, CogState). Compared to these, we hypothesize that dynamic BPG assessments will be feasible and
acceptable, providing for a more sensitive evaluation of brain/behavior function as affected by more proximal
factors of HIV exposure, disease and treatment. We also hypothesize that dynamic assessments will be more
sensitive to distal developmental risk factors (e.g., SES, nutrition/growth, maternal caregiving quality), measured
in early childhood in study cohorts.

In Study Aim 2, we will compare the validity of BPG static and dynamic assessments. Here we will validate BPG
static and dynamic assessments with a gold standard of neuropsychological tests previously used with school-age
children at our two study sites (Kampala, Uganda and Blantyre, Malawi). Cohorts will be well characterized due
to participating in our previous NIH-sponsored HIV clinical trials. We hypothesize that BGP-based static and
dynamic assessments will be sensitive to cohorts’ prior longitudinal trajectories as affected by proximal and distal
risk factors that cause developmental delay and cognitive problems, as measured in our previous clinical trial
studies with these cohorts. The executive function game will prove especially sensitive.

In Study Aim 3, we will test the sensitivity of dynamic assessment to learning loss after training ends. An
advantage of dynamic assessment should be its sensitivity to learning loss over time as a measure of strength of
positive neuroplasticity in brain/behavior functions. Here we will test sensitivity by evaluating all 3 cohorts with
BPG and gold standard tests (KABC-II, TOVA, CogState) 6 months after the children complete their 12 sessions
of BPG training. We hypothesize that BPG dynamic assessment of learning loss at 6-month follow-up post-CCRT
will be especially sensitive to integrity of brain/behavior function in pediatric HIV.

Overall Impact: BPG will be the first CCRT validated for dual cognitive assessment, both static and dynamic. We
expect BPG’s dynamic assessment capability will provide fundamental new insights into how HIV disease and
treatment effects. BPG can also be an accessible and inexpensive assessment tool in resource-constrained settings
to enable community health workers to monitor brain development in children burdened by other diseases and
injuries. It can do so as a mobile-based touch-screen tablet, lending itself to easy use by kids, and scalability of
language-free cognitive testing; all made possible by a dual-purpose tablet program.

4.0 RESEARCH APPROACH

In this proposal we will build upon previous NIH funding by validating BPG’s CCRT neurological assessment
capability for HIV+ and HIV-exposed children. Study sites will be in Uganda and Malawi. We will more fully
develop and validate BPG assessment capability, building on its CCRT capabilities for children affected by HIV
and all manner of infections that can compromise brain/behavior function. We will validate BPG assessment
capability with 3 cohorts of children — 1) HIV, those with HIV; 2) HEU, those perinatally exposed to HIV but
uninfected; and 3) HUU, those unexposed and uninfected children — in an African urban (Kampala, Uganda) and
peri-urban (Blantyre, Malawi) setting. These areas represent divergent sets of economic resources and diverse
dialects. These children are well characterized with longitudinal assessments of growth, haematological,
neurological, neurodevelopmental, and neuropsychological evaluations at 12, 24, 48, and 54-60 months of age.
These assessments are from an NIH study of the effects of HIV and ARV exposure on clinical and
neurodevelopmental outcomes (HEU and HUU, ROl HDO073296; Pls: Fowler, Boivin). Our Ugandan and
Malawian HIV cohorts recently completed a 3-year longitudinal neuropsychological assessment protocol
IMPAACT P1104s (NIH/DAIDS UM1 AI068632: PI, Boivin) with HIV+, HEU, and HUU cohorts embedded
within an ARV clinical trials study, monitoring children from HIV diagnosis (3 months to 3 years of age) to
middle childhood.!”?°

4.1 Preliminary studies

Our preliminary evaluation of BPG was part of a clinical trial evaluating the effectiveness of Captain’s Log
CCRT (a “for profit” commercial CCRT game package) with HIV+ Ugandan children.® We used the same
configuration of Captain’s Log as earlier.>?! Boivin and Giordani reviewed each of 35 possible training tasks
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with their Ugandan Co-Is and selected 9 games considered to be culturally fair. The games included 3 tasks
emphasizing visual-spatial working memory, vigilance attention, and nonverbal reasoning. Using Captain’s Log
internal performance evaluation, we evaluated the static vs dynamic CCRT-related performance measures in
comparison to the gold standard neuropsychological assessment battery (KABC-II, TOVA, CogState). Our severe
malaria CCRT RCT results for Boivin et al/ 2018 are “in press” in Brain Research Bulletin, available online
(https://doi.org/10.1016/j.brainresbull.2018.03.002

Static vs Dynamic Performance Evaluation for Captain’s Log CCRT with KABC-II MPI gains. In Boivin et al,
2018, Captain’s Log performance data for severe malaria survivors were analyzed for N=104 children (both the
full and limited CCRT intervention arms) who participated in the Captain’s Log CCRT RCT. There was a very
strong (R-squared over 0.9) linear relationship between performance measures averaged.

Table 1. Concurrent validity of dynamic performance measures

for 12 training sessions (N=104).

Dynamic CCRT | Correlation | Correlation | Coefficient

performance with with post- | (standard error)

assessment baseline training predicting post-

measures (Static Pre-) | (Static training ~ MPI

across first 12 | MPI, p- | Post-) MPI, | over and above

training value p-value baseline

sessions. (Dynamic)
MPI, p-value

Mean memory | 1=0.32, r=0.37, aBeta=0.34

success p<.01 p<.01 (0.16), p=.04

performance

Mean r=0.32, r=0.38, aBeta=0.27

probability  of | p<.01 p<.01 (0.12), p=.04

success

performance

Mean accuracy | 1=0.34, r=0.41, aBeta=0.30

of memory | p<.01 p<-01 (0.12), p=.01

performance

Mean accuracy | 1=0.39, r=0.47, aBeta=0.35

of memory | p<.01 p<-01 (0.12), p<.01

processing

Mean accuracy | r=0.31, r=0.39, aBeta=0.34

of visual | p<.01 p<-01 (0.13), p=.01

special learning

Slope memory | r=0.24, r=0.32, aBeta=0.78

success p=.01 p<.01 (0.33), p=.02

performance
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Sope  [r02s, | rasa, | abewcass | Forshldn o e seion with consn
Elrlglc)::slhty of | p=.01 p<01 (0.26), p=0.04 sessions (Fig.4). Dynamic measures derived

cforman based on the first 12 sessions (left side of Fig.
perio ce 4 slope) had the same rate of gains over time

as measures across the final 12 sessions (right
side of Fig. 4 slope). Thus, dynamic measures over 12 sessions carry the same information as measures over all
24 sessions.

Table 1 shows correlations of CCRT performance gains with the KABC-II mental processing index (MPI) pre-
training (Static Pre-) and post-training (Static Post-). Measures over first 12 sessions (4 weeks) had the same or
stronger correlations with the KABC-II MPI, than measures based on 24 sessions (Dynamic), further confirming
the adequacy of 12 sessions for dynamic measurement. To determine the value added by dynamic measures over
existing static (Static Pre- or Post-) assessments, we used general linear models relating the KABC-II MPI post-
training to the KABC-II MPI pre-training, and each dynamic performance measure (one at a time over each
successive training session). While the KABC-II MPI at baseline was strongly associated with the KABC MPI
post-training, the performance measures were significantly related to the KABC MPI post-training over and above
baseline MPI (Dynamic column in Table 1), capturing variation in post-training KABC-II MPI not captured by
the Captain’s Log Static Pre- or Post- measures.

Internsiizivg . THF e in plarvs
T — Justification for 12 Rather than 24 BPG Training Sessions
L — == - "":“: for Dynamic Performance Outcomes. As noted above,
- B BPG training for the dynamic phase of assessment will
- b . consist of 12 sessions, not the usual 24 sessions
o recommended for therapeutic CCRT intervention.”*?
il Although 24 CCRT sessions is considered the “standard of
care” in cognitive rehabilitation,”*?* our preliminary
= i findings
v s s m indicate
i the _ Significance Level (p =)
; g p
= Pemsirgre il cognitive Group Time GroupXTime

P T O 19 X

S o 04 Squed Aoy v - gains from Memory  [EE 0.0001 0.40
e e CCRT are .

B R Bt stable Concentration 0.92 0.0001 0.58
: e just LT oo 07
® 12 Visual Processing ~~ [IB2] 0.0001 0.68
. TS tor s Problem Solving 0.99 0.0001 0.96
» To Self-Discipline ~~~ [IBEE 0.0001 0.70
= illustrate,

LA e e Figure 5 (above right) depicts the relationship between

W

CCRT benefit (vertical axis) and severity of illness
(horizontal axis) as measured by CSF neuroinflammatory (TNF-alpha) and endothelial activation (von Willibrand
Factor: vWF) during acute illness. The full CCRT (blue), limited CCRT (green) and control (red) arms are
represented for the cerebral malaria (left side) and non-malaria (right side) cohorts. More severely affected
children show poorer positive neuroplasticity in terms of CCRT learning benefit. We expect the same result for
our HIV-affected cohorts, further showing the sensitivity of CCRT assessment measures.

Since the focus is on assessment as part of neurocognitive rehabilitation (CCRT), we propose that using computer
games to provide for dynamic measures across 12 sessions is much more feasible, from the standpoint of
disseminating BPG as an assessment and rehabilitative tool. Also, our initial pilot study with CCRT and Ugandan
children with HIV had a significant gold standard test benefit across just 12 training sessions.’
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4.2 Overview of Planned Research

Team and Study Environment. Principal investigator Michael J. Boivin has pioneered neuropsychological
assessment in Sub-Saharan Africa since 1989 with the support of 2 Fulbright awards (DR Congo1990; Uganda
2003). Boivin and Co-I Bruno Giordani pioneered the use of computerized assessment and rehabilitation in
Africa,!>621:2528 sharing much of that work in their co-edited book on the Neuropsychology of Children in Africa
(2013), the first of its kind.'? This book includes six chapters dedicated to the assessment of pediatric HIV, four
of which Boivin and Giordani co-authored.?!'***! Co-I Brian Winn is director of the MSU-GEL graduate program
and lab and originator of BPG. He has accompanied Boivin to Blantyre, Malawi and Kayunga, Uganda to field
test BPG on laptops and tablets in clinic and village settings.! Winn will oversee enhancement of BPG’s internal
evaluation capacity, and adapting BPG to tablets on a mobile network for real-time static and dynamic assessment
in the clinic and field for HIV, HEU, and HUU cohorts of children in Blantyre and Kampala. Prof. Mary Glenn
Fowler specialized in maternal and child medical care and treatment of HIV in Africa as a program officer with
the CDC and NIH, and is now at Johns Hopkins University (JHU). She is PI of the NIH/NIAID PROMISE
clinical trials and HIV prevention clinical trials program at 14 sites throughout Africa. Together with Boivin,
Fowler also serves as PI for the PROMISE ND RO1 at the proposed Uganda and Malawi sites. Co-I Taha Taha is
an epidemiology professor at JHU who oversees the Malawi College of Medicine/JHU HIV clinical trials research
program. Prof. Alla Sikorskii is principal statistician on the Fowler and Boivin PROMISE ND R01 study, and on
Boivin’s Severe Malaria CCRT and Pediatric HIV CCRT Uganda NIH-sponsored studies. She has co-authored 12
pediatric HIV-related papers with Boivin’s study team and his biostatistician for PROMISE ND. Dr. Itziar
Familiar (global mental health) has oversight for Boivin’s NICHD-sponsored studies and is an expert in maternal
mental health as it impacts on child care in households affected by HIV. She has published on the effects of
caregiver mental health and caregiving quality in our prior pediatric neurodevelopmental HIV work pertaining to
the distal’?% and proximal®® assessments in this study.

4.3 Research Sites

The Culture-specific neurodevelopmental assessment of HIV-affected children study will be carried out at the MU-
JHU Research Collaboration clinic located at the Mulago National Referral Hospital in Kampala, Uganda. The
second clinical research site is the Johns Hopkins-College of Medicine Research Project in Blantyre, Malawi
which also has extensive research infra-structure. The clinical aspects of the protocol will be conducted at these
two research sites along with BPG training and assessments.

The Uganda and Blantyre Malawi sites participated in the Promoting Maternal and Infant Survival Everywhere
Neurodevelopment follow-up study (PROMISE ND Study) from which the Culture-specific neurodevelopmental
assessment of HEU and HUU children participants will be recruited (Drs. Fowler and Taha were PROMISE Co-
chairs). The NIH-sponsored PROMISE 1077-BF study (NCT01061151 clinicaltrials.gov registry) from which
children for the PROMISE ND study were co-enrolled, was the first Africa-based multi-site randomized clinical
trial comparing the safety and efficacy of use of maternal triple ARVs to antenatal maternal ZDV alone; and
postnatal maternal triple ARVs to infant NVP throughout breastfeeding. For the PROMISE ND study, a
prospective cohort of HIV-exposed uninfected (HEU) children was co-enrolled from the IMPAACT/PROMISE-
BF randomized clinical trial. Age-and-gender-matched controls were enrolled from child-well clinics between
09/2013-10/2014 at two sites: Blantyre, Malawi and Kampala, Uganda.

Figure 5: Flow of the PROMISE Trial and PROMISE ND Study from which we will recruit the Culture-specific
neurodevelopment assessment of HIV-affected children study (HEU and HUU participants)
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5.0 NEURODEVELOPMENTAL ASSESSMENT PROTOCOL DESIGN

5.1 Overview of Study Design:

Static and Dynamic Assessment Process for Each Study Child. Figure 6 provides an overview of study visits and
assessments. Following enrollment and physical and medical exams, each child will return to the clinic with their
principal caregiver for a half-day of gold standard neuropsychological assessments (KABC-II, TOVA, CogState).
At this time the caregiver will complete the Achenbach CBCL questionnaire for school-age children, the Caldwell
HOME scale, the SES material possessions evaluation, and the Hopkins Symptom Checklist-25 (caregiver
psychological well-being). We will explain assessments and provide instructions in the local language. Study
assessments will proceed in two phases. In Phase I, children will be randomized to start BPG trainings (50% of
sample) or to a wait-list condition. Within a week after baseline assessment, the full sample of children will be
contacted by a field research assistant and facilitate a first BPG session. This first session will be completed by
the full sample because it will be considered as an internal performance evaluation session with BPG and will be
completed on a tablet, supervised by the field research assistant. This will be done as part of the 50-60 minutes
training session on the 5 BPG games (about 10 minutes per game), and will constitute the BPG static assessment.
Thereafter, the field research assistant will return with children allocated to the BPG trainings (50% of sample) at
a convenient time and supervise BPG training several times per week until 12 training sessions are completed.
The 12th session internal evaluation performance measures for the 5 core games and one added EF game will
provide the endpoint for BPG dynamic assessment (gain in BPG performance from session 1 to session 12).
Because BPG training will occur on a tablet connected to the internet through the mobile network, performance
data can be uploaded for analysis via the MSU GEL lab principal server, as done in the Kayunga Uganda CCRT
study with BPG .

Post Testing and 6-month BPG Dynamic Assessment Follow-up. Within 2-4 weeks after completing BPG training
and dynamic assessment, the full sample of children and their caregivers will return to the clinic for a full gold
standard neuropsychological evaluation as the caregiver once again completes the CBCL. The final step in Phase I
of our study process will be when the field research assistant returns with the child one final time after 6 months
to administer 1 session of the BPG games to the full sample (corresponding to an internal performance evaluation
for one final time). Within 2-4 weeks of this final BPG assessment, all children and their caregivers will return to
the clinic for a gold standard neuropsychological evaluation. Our rationale for choosing when to have the final
assessment is based on past work: after 6 months without training, the benefits of training may begin to diminish
in terms of a slower rate of change in comparison to the rate of change during the training period. This BPG
performance change from post training to 6-mo follow-up will provide an additional dynamic outcome for
validity analyses.

In Phase 2 of the study we will assess the static and dynamic properties of an executive behavior-focused
cognitive rehabilitation game package called Village Builder. In this Phase, children allocated to the wait-list
condition will complete 12 sessions of training with Village Builder in a mobile device and facilitated by a
research assistant. Within 2-4 weeks of the final Village Builder session, children will attend the clinic for a gold
standard neuropsychological evaluation using the same battery of tests as in Phase 1. The last visit of Phase 2 will
be 6 months (+/- 4 weeks) after completion of the training, where a final session of Village Builder will be
administered (static evaluation) along with the battery of neuropsychological tests. Caregivers will also complete
the CBCL, SES and HOME assessments in the same study visits as their children.
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Figure 6. Study visits and assessments (numbers for 1 site shown)
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5.2 Study goals, aims and objectives

5.2.1 Study Goal

The overall goal of this research is to adapt and validate BPG as a measure to assess cognitive changes as a child
plays with BPG once (static assessment) and over the course of 12 training sessions (dynamic assessments of
cognitive change over time).

5.2.2 Aims and objectives:
Aim 1: To adapt and evaluate concurrent and predictive validity of BPG static (baseline) and dynamic
(during 12 training sessions) cognitive assessments at the Malawi and Uganda sites.

Objective 1.1 To evaluate whether BPG static (baseline) assessment corresponds to the gold standard static
measures previously adapted to HEU, HUU, and HIV+ study cohorts at Uganda and Malawi country sites
(KABC-II, TOVA, CogState).

Aim 2: To compare the validity of BPG static and dynamic assessments.

Objective 2.1 To evaluate the correspondence of BGP-based static and dynamic assessments the cohorts’ prior
early childhood longitudinal trajectories (KABC-II), considering the effect of proximal (e.g. HIV status) & distal
(height, weight, HIV disease factors, demographic) risk factors causing developmental delay and cognitive
problems.

Aim 3: To test the sensitivity of dynamic assessment to learning loss over time by evaluating how much
BPG performance gains diminish during a 6-month absence of training

Objective 3.1 To assess change over time in KABC-II, TOVA and CogState scores (learning loss) 6 months after
the children complete 12 sessions of BPG training, overall and by cohort.

5.3 Study Outcomes and Exposure Variables of Interest

Primary Outcome: Correlation between coefficients of gold-standard measures (KABC-II, TOVA, CogState)
and BPG scores. We will evaluate the concurrent validity by computing correlation coefficients of the BPG and
“gold standard” measures at intake, 1 and 7 months after intake.

Exposure Variables of Interest:

BPG package

BPG executive function reasoning/planning game (to be developed)

HIV status (infected, exposed, unexposed)

Nutritional and growth history (PROMISE NeuroDev RO1 HEU and HUU cohorts)

ARV exposure and clinical response to treatment history (HIV cohort)

5.4 Recruitment

Six hundred African children will be recruited into this study at Clinical Research Sites in Kampala, Uganda and
Blantyre, Malawi (n=300/site). These will include 120 HIV infected children from affiliated clinics serving children
living with HIV; 240 HEU children from PROMISE study, and 240 HUU children from PROMISE ND study of
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similar age group. We will enroll roughly equal numbers of boys and girls, but will not be powered to detect
statistically significant differences between them.

Enrollment for the HEU and HUU Cohort

All HIV-exposed but uninfected (HEU) children from the Promoting Maternal and Infant Survival Everywhere
Neurodevelopment follow-up (PROMISE ND RO1 study) in Blantyre, Malawi (N=188) and Kampala, Uganda
(N=208) study sites will be eligible for enrollment for our study since during Year 1 they will be 5 years and older
(mean age at both sites 6.6 years, range 5.4-7.7 years). Our target enrollment for this proposal of 120 HEU
children from each site (total HEU sample of n=240) during the study’s first 2 years that can be easily obtained as
it represents 60% of the HEU PROMISE ND cohort at both sites. Our HUU cohort will also consist of 120 HUU
children at each study site (total HUU sample of n=240) and will also be recruited from the PROMISE ND cohort
study, comprised of 178 HUU children in Malawi and 195 in Uganda. Our target enrollment of HUU children of
120 at each of these two sites is feasible given that it represents 64% of the PROMISE ND cohort and children
will be within the required age range (mean age at both sites 6.2 years, range 4.9-7.4 years). In total, 240 HEU
and 240 HUU children will be enrolled for the present study.

The great advantage to enrolling the HEU and HUU cohorts in the present study is that they have been assessed
with the Mullen Scales of Early Learning (MSEL) at 12, 24, and 48 months of age and are being evaluated with
the KABC-II at 48 and 54 to 60 months of age. Thus, we can rigorously establish their neurodevelopmental
trajectory with the MSEL across 3 longitudinal time points and relate that trajectory to BPG static and dynamic
outcomes respectively in terms of correspondence validity. We can do this while both controlling for and
evaluating independently the BPG neurocognitive outcomes as affected by health history, hematology/CBC,
neurological exam, and physical growth measures — more distal factors that are typically strongly related to
neurocognitive function, and which should be adjusted for (see Figure 1; Section 2.8).

In the unlikely scenario that recruitment target numbers are not met and/or PROMISE ND participants cannot be
traced, we will recruit from study roasters affiliated with MUJHU and Blantyre sites.

Enrollment for the HIV-Positive Cohort

For the children to be enrolled in the HIV cohort at each site, several hundred children across both sites living
with HIV attend routine appointment at Kampala MUJHU and Blantyre JHU sites. We will approach the
parents/caregivers to get permission to screen their children for eligibility. After obtaining informed consent, we
will administer a baseline assessment including detailed medical histories and as much data as possible on age of
HIV diagnosis and ARV initiation and treatment history, previous hospital admissions, diagnosis of opportunistic
infections and ART initiation, regimens, side effects, and adherence. We will also obtain detailed standardized
medical, hematological, immunological, and neurological information from these children. The children will then
undergo the same gold standard (KABC-II, TOVA, CogState) and BPG assessment and training procedures as all
other participating HEU and HUU children.

In case the sample size for the HIV cohort is not reached within affiliated health clinics, we will recruit from
children that graduated from the P1104s study in both Uganda and Malawi. The P1104s study was an
observational multicenter longitudinal study aiming to compare neuropsychological outcomes between the
perinatally HIV+, HEU and HU children in sub-Saharan Africa. Children and their caregivers were recruited from
the IMPAACT P1060 study. Dr. Boivin served as protocol chair for the P1104s study. Potentially recruiting from
these cohorts of HIV children is advantageous given their full neurodevelopmental characterization and medical
data available.

5.5 Eligibility criteria
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5.5.1 Inclusion criteria

We will enroll HEU and HUU children from 5 years to 14 years of age from the PROMISE ND study into the
present study. The HIV+ children needed for the target enrollment at each of the two sites will be new
recruitments carried out in the MUJHU Kampala or JHU Malawi clinical care treatment programs serving
children living with HIV. These HIV+ children will be age-matched and gender balanced to the PROMISE ND
HEU and HUU cohorts enrolled in the present study. When evaluating BPG neuropsychological outcomes for the
HEU and HUU cohorts, we will control for number of prior neuropsychological assessments, since these children
will have had three prior assessments with the KABC-II test, and will be more experienced in that regard than the
testing-naive clinic HIV+ children. The PROMISE ND HEU HUU cohorts in the present study will all be equally
experienced in terms of prior neuropsychological testing.

5.5.2 Exclusion Criteria

At pre-BPG study medical examination we will exclude children with a medical history of serious birth
complications, severe malnutrition, bacterial meningitis, encephalitis, cerebral malaria, or other known brain
injury or disorder requiring hospitalization. Also, children with seizure or other neurological disability will be
excluded. This will be screened withP1104s medical history questionnaires. Serious CNS neurodisabilities would
prevent such children from completing the BPG intervention, and possibly significant portions of the
neuropsychological test battery serving as the evaluative gold standard for static and dynamic assessment
outcomes.

5.6 Study Procedures

Study staff will inform PROMISE clinic staff about the Culture-specific neurodevelopment assessment of HIV-
affected children Study. After all regulatory approvals are in place and staff trainings have been done, the Culture-
specific neurodevelopment assessment of HIV-affected children study staff will receive referrals and recruit
interested PROMISE participants into the Culture-specific neurodevelopment assessment of HIV-affected
children study. They will then screen and enroll interested PROMISE children at the Kampala and Blantyre
PROMISE sites.

To recruit the HIV-infected cohort from the Pediatric HIV Care Center, the Malawi site will first approach the
Blantyre District Health Officer for endorsement of the study. Community Educators will then visit health centers
to map out their pediatric ART clinic hours, their case load of children living with HIV on ART, general staffing
structure and competing research efforts at the clinic that could affect recruitment for the BPG validation study.
The Community and Study Clinic departments will follow the proper channels to request permission to give
waiting room talks to the children and their caregivers during the pediatric ART clinics and will provide small
tokens (pens, etc.) as a reminder about the study to the parents and children approached.

Staff will be positioned at the clinic to meet with patients interested in learning more about the study. When study
staff are not present, local health center staff will be asked to call the JHP study clinic anytime a potential
participant expresses interest. Recruitment and enrollment will take place at the main study clinic located at the
Queen Elizabeth Central Hospital. We will begin by targeting the health centers closer to Blantyre, as persons
from these areas have better retention and they are easier to trace in case of a missed visit. We anticipate no
challenges in achieving the target 60 HIV-infected children using this approach.

To recruit the HIV-infected cohort (n=60), the Uganda site will approach HIV-infected children from the
Pediatric HIV Care Center and Young Generation Alive psychosocial support group, which are affiliated with
MUIJHU clinical trials unit. Hundreds of children are medically served at the HIV Care Center, most living with
HIV. We anticipate no challenges in achieving the target 60 HIV-infected children. Staff will invite to the clinic to
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meet with patients interested in learning more about the study. Recruitment and enrollment will take place at the
main study clinic located at the MUJHU clinic in Kampala.

To accommodate school-age children’s schedules, the site proposes to conduct most study visits during
afternoons, weekends and schools’ holidays/breaks. To maximize retention, we will ask caregivers whether they
prefer to bring the child to the clinic for testing visits or if there is a safe space near their home or school where
they are comfortable conducting the tablet-based trainings with BPG and/or Village Builder for about one
hour. We anticipate mothers will be interested in conducting training sessions closer to home, especially given the
schedule of Brain Powered Games (BPG) expected to be 2-3 training sessions per week for a total of 12 sessions;
however, some might have significant concerns about disclosure of HIV status or study participation if sessions
are conducted outside of the study clinic, which is why we will offer different options for training site. We will
offer to conduct partner information sessions so that husbands and children’s fathers learn of the child’s study
participation in a transparent, open manner, rather than inadvertent disclosure, which can then lead to premature
discontinuation from the study.

Written consent will be obtained from interested participants after explanation of the study and opportunity given
to them to ask questions of the study staff. Only after obtaining written informed consent will any study
procedures be undertaken for the Culture-specific neurodevelopment assessment of HIV-affected children study
visits as described below. For participants who do not meet the eligibility criteria, screening will be once in
eligibility is determined.

Consented enrolled Culture-specific neurodevelopment assessment of HIV-affected children study participants
will have enrollment and follow-up evaluations related to BPG assessments of neurodevelopment over a 7-months
period as outlined below and detailed in the Schedule of Evaluation (SoE)s—see Appendices 1-2.

5.6.1 Randomization procedure

Systematic randomization will be used to assign children within each HIV exposure cohort into BPG training or
wait-list conditions. Lists of all children within each cohort will be generated and a simple random sampling will
be used to assign children into treatment groups. The first child will be assigned to BPG and the next to wait list.
For the HEU and HUU cohorts, separately, two sets of random numbers ranging from 001 to 120 will be
generated, and the first 60 random numbers drawn from each set will be assigned to start BPG. The second 60
numbers from HEU and 60 from HUU drawn will be assigned to the wait list condition.

A third set of random numbers ranging from 01 to 60 will be generated for the HIV+ group, the first 30 numbers
drawn will be assigned to the BPG group. The second 30 numbers drawn from the HIV+ cohort will be assigned
to the wait list condition.

5.6.2 Overview of Anthropometric and Clinical Procedures

Collection of medical, concomitant medications, anthropometric assessments (weight, height, BMI) and clinical
assessment for physical signs of malnutrition will be performed per the SOEs. The questionnaires will be brief
enough not to add undue respondent burden.

5.6.3 Overview of Planned Neurodevelopment assessments .

The KABC-II (comprehensive cognitive testing), TOVA (attention, impulsivity), CogState (working memory and
learning cognitive screening) have all been validated in the Ugandan context '' and as such they are all represent
“gold standard” assessments for Uganda in their respective neurocognitive domains; particularly in the absence of
any normative data for any such tests for Uganda.

In fact, in the context of pediatric HIV in Africa, the KABC is the best validated comprehensive cognitive
performance task available.

23



These tests (KABC-II, TOVA, CogState, and CBCL) are described in detail below. We used these tests
previously to evaluate the neuropsychological gains from CCRT training in Ugandan children with HIV, '>¢ the
effects of HIV Clade 1 subtype on neuropsychological outcomes %, and neuropsychological effects of HIV on
treatment-naive Ugandan children with high CD4 counts.* These tests have also been used to evaluate cognitive
gains from CCRT intervention for Ugandan children surviving cerebral malaria.?!*>*and they have been
validated in the P1104s study.>*

Kaufman Assessment Battery for Children (second edition). Used in both the PROMISE NeuroDev study with the
HEU and HUU cohorts, and in P1104s with HIV+ children, the KABC-II will be the principal test for cognitive
ability.* It is validated in sub-Saharan Africa*'“** and has been adapted for pediatric HIV research.!634>4 Using
the Luria model for neuropsychological assessment within KABC-II, the primary outcome variables are the global
scores of Sequential Processing (memory), Simultaneous Processing (visual-spatial processing and problem
solving), Learning (immediate and delayed memory), Planning (executive reasoning), Delayed Recall, Nonverbal
Index (NVI) subtests not dependent on understanding instructions in English, and Mental Processing Index (MPI),
a composite of all the cognitive performance areas.

Test of Variables of Attention (TOVA). TOVA is a computerized visual continuous performance test used in to
screen, diagnose and monitor children and adults at risk for ADHD.* TOVA consists of the rapid (tachistoscopic)
presentation of a large geometric square on the computer screen with a smaller dark box either in the upper
position (signal) or lower position (non-signal). The child is asked to press a switch held in the preferred hand as
fast as possible in response to the signal (measuring vigilance attention), but to withhold responding to the non-
signal (measuring impulsivity). Following spoken instructions in the local language and practice trials, TOVA
takes ~11 minutes for children 5 to 5.5 years old, and 22 minutes to administer for children 5.5 years and older.
TOVA had been adapted for pediatric HIV research in Uganda.!>%33° TOVA’s primary outcome variables are
response time variability (a sensitive indication of inattention), response time, percent commission errors
(impulsivity), percent omission errors (inattention), an attention deficit hyperactivity disorder (ADHD) index
score (missed signals in proportion to incorrect responses to non-signal), and a D prime signal detection measure
of overall test performance (correct signal “hits” in proportion to correct non-responses to non-signal).

CogState.>! We used this computerized neurocognitive assessment in our prior CCRT studies.?**>CogState
presents a 30-min session that includes playing cards in a game-like manner to assess memory, attention,
discrimination learning, and executive function that is non-language dependent. CogState tests include Card
Detection (simple reaction time), Identification (choice reaction time), One-Back Working Memory, and One-
Card Learning. CogState also includes the Groton Maze Task, which can measure visual-motor tracking (Maze
Chase) and executive functioning/planning (Maze Learning). CogState is available on tablets, but its assessment
data must be uploaded via the internet, and assessment results downloaded from CogState’s central server.
CogState has strong correspondence validity with KABC-II and TOVA. These three are the trilogy of our gold
standard.?®

Achenbach Child Behavior Checklist (CBCL). This is NOT part of the neuropsychological gold standard, but is
an important parent-based screening tool for emotional and behavioral problems observed in the child. The CBCL
is important to assess when a child’s social environment is enriched by adult oversight in game assessment and
training, reflecting a collateral training benefit.”! the CBCL has been translated and adapted in our severe malaria
research in Kampala® and Blantyre’**® and structure validated for use with HIV-affected children**for the
PROMISE ND study and pediatric HIV research in Uganda,”®>’ and in CCRT intervention studies in
Uganda.>**Qur principal outcomes are Internalizing, Externalizing, and Total symptoms.

Quality of Home Environment and Caregiving. We will use the middle childhood version of the Caldwell Home
Observation for the Measurement of the Environment (HOME) validated for use as an important distal measure
predictive of our gold standard assessments.’®* The HOME assesses the stimulation and learning opportunities
offered by the child’s home environment. Along with HOME, we will also use a socioeconomic evaluation scale
of physical quality of the home environment (SES score) also used with Ugandan children and sensitive to long-
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term (distal) neurocognitive outcomes such as the KABC-IL. %

Hopkins Symptom Checklist -25 items. The HSCL is a 25-item self-response questionnaire that will be used to
evauate depression and anxiety symptoms in caregivers .This questionnaire has shown adequate performance in
Ugandan populations 3* 3¢, Questions are scored in a severity scale from 1 to 4, with higher scores indicating

more symptoms of distress.

5.6.4 Overview of CD4+ T-cell counts, immune activation, and viral load assessments (HIV cohort only)

As part of their standard of care (HIV cohort only), CD4, CDS, viral load and other immunology measures will be
available from a blood draw taken within a week from the time of neuropsychological assessment as a more
proximal predictor of disease effects on assessment performance. CD4 and CD8 T-cell activation level testing
will be performed on EDTA anti-coagulated whole blood using a fresh-lyse/no-wash flow cytometry procedure.
Blood will be incubated with monoclonal antibodies including CD3, CD8, CD4, CD38, and HLA DR, then
processed and acquired on a multi-laser bench top flow cytometer. For each run of patient samples, a separate
sample of stabilized blood product (CD-Chex, Streck Labs) is processed. CD4 T cell and CD8 T cell activation
levels will be defined as % CD38 and HLA-DR co-expression.®!

5.6.5 Overview of Brain Powered Games

The BPG subtests were designed/selected based on what has been validated from the attention/working
memory/visual-spatial categorization and analysis subtests validated in previous CCRT clinical trials work from
BrainTrain Captain’s Log !. However, Captain’s Log was proprietary and not available for transition to scale for
LMICs in Africa. Furthermore, it is no long available or supported, and its successor has not been tested in
Uganda. BPG is designed to address the very same cognitive skills as Captain’s Log Uganda was, but is scalable,
accessible and affordable for the African context. Additionally, BPG has been previously proven to improve
neurocognition among Ugandan children with HIV'S,

Each BPG game includes a visual tutorial, several adjustable settings on the administrative side (Admin), and
records game play data for research purposes. As part of a current preliminary study using BPG with aging
Ugandan adults with HIV, we have now adapted BPG as a mobile app for the touch screens of tablets and smart
phones, as part of a preliminary study of BPG dynamic assessment in aging adult HIV patients in Uganda. Our
preliminary findings thus far have documented that the neuropsychological gain scores from pre- to post-training
with BPG are sensitive to the clinical and health parameters of our patients at enrollment, including ARV
adherence, viral load, adverse health events, and CD4 nadir. We will also use gain scores pre- to post-training for
our gold standard of neuropsychological tests as our principal performance outcomes in the present study, as
noted in Table 3 (far right column) for each of the BPG training games below.

Butterfly. Here a butterfly flies across the screen and the child touches it when the butterfly stops moving. When
the child touches the butterfly, the child earns 10 points, the butterfly moves somewhere else on the screen, and
the process is repeated. The game continues until the child scores a set number of points. Butterfly serves as a
training exercise, letting a child become familiar with the game interface on the tablet.

iSpy. This is a memory game. iSpy shows the child a scene with
several objects. After a few seconds in which the child is
supposed to memorize the objects, iISpy removes the scene. A few
seconds later the scene reappears — but now with a new object.
The child must recall which objects were in the previous scene
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and touch the new one before iSpy again takes the scene away. The game progresses with one more object every
time the scene reappears, and the child is challenged to recall which objects have been seen before. iSpy has
another mode in which objects are removed from the scene and the child has to remember where the missing
object used to be.

Stampede. Another memory game, Stampede shows the child an animal to remember. A group of animals,
including the one the child has been shown, runs across the screen. The child must touch the featured animal
before it moves all the way across the screen. The number of animals that appear is based on the current round

and the admin settings. As the game progresses, the child is
Figure 5.The BPG Spatial Navigation Learning ~ given an increasing number of animals to remember and touch
game was just added to the package and field before they run across the screen.

tested with HIV patients at the MUJHU Kampala

study site in July/August 2016. In this game the Whacky Animal. Whacky Animal is a memory game inspired by

child "moves" about in a virtual maze with whack-a-mole. Similar to Stampede, the child is shown an
pictures of common African animals at animal to remember at the beginning of the round. A random
intersections. Performance gains (correct turns, animal then pops up from the sides of the screen and the click
time to comolete maze to obtain prizes) are must touch the animal before it ducks behind the edge.

Spatial Navigation Training (SNT; Figure 5). This is BPG’s newest game, piloted in Uganda for the first time in
June, 2016 with adults and also with children with HIV. SNT involves a relatively new approach to cognitive
training that uses a procedure (spatial navigation) that is localized to the hippocampus, the area most involved
with visual-spatial memory and learning.> Spatial navigation is getting increased emphasis in computer gaming
because spatial navigation training generalizes to other aspects of verbal and visual learning and memory
performance. In this game the child "moves" about in a virtual maze with pictures of common African animals at
intersections (Figure 5). SNT stimulates not only the hippocampus, but also other mobility-related brain areas
(similar to what happens in imaging studies when a person is asked to imagine walking)."* In two recent
publications, Co-I Giordani and colleagues showed that after 12 sessions of SNT, older adults demonstrated
improvements in both executive functioning and more complex aspects of mobility.!>!® SPN is presently being
used by Giordani and Boivin in a pilot study with aging HIV adult patients in Uganda.

Village Builder (VB). Professor Winn and his MSU-GEL team will develop a game emphasizing social
cooperation (prosocial) and emphasizing reasoning and planning skills. This executive function game will use the
same African village motif and animals in the existing BPG package. However, it will differ in that children will
use their avatars in a cooperative manner to add dwellings to the village and domesticated animals (livestock such
as goats, cattle, pigs, chickens) to the surrounding village compounds so as to increase the available resources in a
positive manner.

Unlike the existing games in Africa BPG that emphasize vigilance attention, monitoring and working memory,
and visual spatial learning and navigation (mazes task), this new Village Builder game will emphasize executive
function and reasoning in children. It will be intuitive, culture-fair, non-violent, and designed to be engaging for
the computer novice and casual gamer. Boivin has served as a consultant on NIH application to develop a touch
screen Android Tablet assessment game package for assessment of executive functioning in preschool-age
children, called “EF Touch”. This app has undergone pilot testing with Kenyan children 4 to 6 years of age.®
Using a model of EF development based on self-control interventions, pro-social values, and validated in early
and middle childhood in terms of social and academic outcomes,* Boivin, Giordani, and Wynn will work
together to incorporate the best validated response features of EF Touch (Animal Go/No-Go, Silly Sounds Stroop,
Pick the Picture)® into the new Village Builder EF game. The eventual goal is to compare the dynamic versus
static BPG cognitive assessment features when they emphasize attention, memory, and learning tasks and when
they emphasize planning and reasoning tasks in school-age children. Both types of BPG games
(attention/memory/learning versus planning/reasoning) will also be compared to the gold standard of tests
presently validated for the study sites (KABC/TOVA/CogState) in terms of their comparative sensitive to more
proximal (HIV exposure and treatment) and distal (nutrition and quality of caregiving and home environment)
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risk factors.

By comparing Village Builder executive function (EF) game to the existing Africa BPG package, we can better
understand what value it adds in terms of a static and dynamic assessment of brain/behavior function in younger
school-age African children. At present, no such CCRT intervention or assessment program exists that has been
validated for African children, despite the great importance of EF in frontal lobe brain development at this stage
of middle childhood. EF and frontal lobe development are vitally important precursors for future neurocognitive
adaptation and function in children affected by HIV (e.g., self-management, impulsivity, planning, treatment
adherence, psychosocial adjustment and prosocial behavior) as they age into adolescence and eventually into early

adulthood.

5.6.6 Summary of Procedures by Study visit

The following procedures will be conducted at the screening and enrollment visit of all enrollees

Table 1: Enrollment and Intake Visit(s) for all enrollees

Component

Procedures

Administrative and

» Assess eligibility

Regulatory * Obtain written informed consent/ assent
» Assign a Participant Identification (PTID) Number
» Provide reimbursement for study visit
Clinical * Obtain medical history
* Conduct a brief physical examination (main organ systems and
Neurodevelopment KABC-II
IAssessments
TOVA
Caregiver-reported CBCL
assessments
HOME

Brain Powered Games

I** session for treatment condition (e.g. training) and only 1 session for wait list group)
(e.g. assessment)

*Depending on staff availability and scheduling, enrollment and baseline visits will be done on the same day

Table 2: BPG training visits for 50% of sample

Component

Procedures

Administrative and

* Schedule next visit

Brain Powered Games package [» Complete 10 sessions (About 2 per week for 6 weeks) of approximately 30-45

min

Table 3: Follow-up Visits for all enrollees

Component

IProcedures

IAdministrative and

* Provide reimbursement for study visit
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Clinical

* Obtain medical history

» Conduct a brief physical examination (main organ systems and

INeurodevelopment Assessments

KABC-II
TOVA

Caregiver-reported assessments

CBCL
HOME

Brain Powered Games

12th session for BPG training group and 1 session for wait list group

1 session at 6-months follow-up for entire sample

Table 4: 12 session trainings of Village Builder (wait-list) and

Component

Procedures

IAdministrative and

* Provide reimbursement for study visit

Clinical

* Obtain medical history

* Conduct a brief physical examination (main organ systems and

INeurodevelopment Assessments

KABC-II
TOVA

Caregiver-reported assessments

CBCL

HOME

Village Builder

* Complete 12 sessions (About 2 per week for 6 weeks) of approximately 30-45
min

Table 5: Follow-up visits for wait-list group

Component

Procedures

IAdministrative and

* Provide reimbursement for study visit

Clinical

* Obtain medical history

* Conduct a brief physical examination (main organ systems and

INeurodevelopment Assessments

KABC-II
TOVA

Caregiver-reported assessments

CBCL
HOME
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Village Builder * 1 session at 6-months follow-up

5.6.7 Retention Strategies to Ensure Follow-up

We will leverage the long-established retention strategies at the research site to retain participants in this study.
Participants will be closely tracked by a dedicated experienced team of dedicated staff to minimize missed visits
and loss to follow-up at both the Uganda and Malawi sites. This will be done primarily calling participants by
mobile phone and reminding/re-scheduling visits as appropriate. Our staff also works with home locators to
conduct a home visit as needed. This approach has proven highly successful at the two sites with 2-year retention
rates>95%at prior trials in the Uganda and Malawi sites.

6.0 DATA MANAGEMENT

Standard operating procedures will be developed for all data management activities to ensure consistency and
quality of data. All questionnaires and other study implementation materials will be pre- tested and the necessary
revisions made prior to implementation. Date for paper-based neurodevelopment assessments and questionnaires
will originally be encoded from hard copies into the Research Electronic Data Capture (REDCap) system with
double data entry and error checklist verification for quality control. REDCap is a web-based database creation,
management and entry tool. REDCap’s easy design environment allows quick creation of web-based databases
and data capture forms with special features like ad-hoc reporting and scheduling. It is widely used in the
academic research community: REDCap Consortium is a collaborative, international network of more than 1700
institutional partners in over 95 countries. REDCap was developed by staff at Vanderbilt University in 2004 in
order to help researchers manage data for small/medium sized projects in a systematic manner (metadata defined,
secure, audit trails, etc). The system is continually updated and enhanced by the Project REDCap team at
Vanderbilt. This installation of REDCap will be provided by Michigan State University Biomedical Research
Informatics Core (BRIC). REDCap is maintained by the IT staff at BRIC. Access to REDCap database will be
password protected to ensure confidentiality. Performance-based measures data from Brain Powered Games
(BPG) will be off-loaded from the training tablets directly to Michigan State University Games for Entertainment
and Learning (GEL) Lab’s server and from there to BRIC for data merge and management.

Data for all portions of the study will originally be encoded from hard copies into the REDCap database system
by the data managers at the Uganda and Malawi project offices. Double data entry and error checklist verification
for quality control will be performed for all electronic files at the same office. Hardcopies will be archived at the
Uganda and Malawi offices in safe and secure locations in locked cabinets at all times. All database systems at
our Malawi and Uganda project offices will be password protected and Personal Identifier Information (PID)
matched to participant Study ID numbers will be kept and encrypted in a separate electronic file and kept secured
separately in a different study file cabinet on site.

Monthly email communications with Michigan State University will include updated enrollment and admissions
data to monitor study progress. At MSU, the Data Management group for the MSU Biomedical Research
Informatics Center (BRIC) will assist in the set-up and securing of all of our study data using their internet-based
RIX information management system. The capabilities of this center are described in the MSU Resources section.
Password protected database files will be sent by e-mail to Michael Boivin, Itziar Familiar-Lopez and Alla
Sikorskii at Michigan State University.

We will be able to download our project datasets and data definition dictionary from the RIX system to make data
available to other research groups. We will require a collaborative agreement from such groups before making
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such datasets available, as approved through the Intellectual Property Office at Michigan State University. See
http://newsroom.msu.edu/site/indexer/3004/content.htm  for an  overview of  this office  and
http://oip.msu.edu/documents/CDA2001 _002.pdf for an example of such an agreement. In addition, we will ask
to have final approval of all publications from other research groups who include our study data. MSU also has a
Clinical Translational Science Institute (CSTI) described in our resources section of this application that provides
support for DSMP surveillance in a clinical trials study.

No interim analyses of data are planned, and the study will not be stopped based on any statistical rules. To ensure
reliability of data entry, a random sample will be reviewed by the investigators, and the results compared with the
information recorded on the data base program. An acceptable error rate is less than 0.3%, i.e., three per 1000
entries. During data collection, quality assurance reports will be prepared on a quarterly basis and reviewed by the
investigators. The reports will inform the investigators about missing, invalid, and inconsistent data on selected
key variables. Co-I Dr. Sikorskii will oversee preparation of the reports.

7.0 STATISTICAL CONSIDERATIONS

7.1Power and Sample Size Calculations
7.1.1  General Statistical Approach

This study will utilize an observational longitudinal design. The analyses will account for repeated measurements
within a child using generalized estimating equations, and marginalization to the unique participant level. Because
this design is observational, potential confounders will be adjusted or in the analyses, and will be minimized by
matching on parity, age, and site. This study is comprised of three groups: 1) HIV infected, 2) HEU, and 3) HUU
children.

7.1.2  Statistical Approach by Specific Aim

Statistical analysis for Aims 1& 2. So as not to have to rely on American norms for standardizing our gold
standard measures, we will use a statistical technique for standardization described from our cerebral malaria

longitudinal studies with these tests.®> Professor Sikorskii will evaluate the concurrent validity by computing
correlation coefficients of the BPG and “gold standard” measures at intake (see Table 3) at 1 and 7 months.
Correlations will be classified as: very strong (r>0.8), strong (r range 0.6-0.79), moderate (r range, 0.4-0.59),
weak (r range, 0.20—0.39), and very weak (range: 0-0.19). We will summarize the sensitivity of the BPG-based vs
gold standard measures to the proximal (HIV infection) and distal factors (SES, home environment, growth) using
: 1) relative validity coefficient; 2) standardized effect size;**® 3) standardized response mean (SRM) and
Guyatt’s SRM.%6-676%70 arger values of these summary statistics correspond to greater sensitivity or ability to
discriminate known groups. Interpretations similar to Cohen’s effect sizes® will be considered (e.g. SRM: >1.0:
excellent; 0.80-0.99: good; 0.50-0.79: moderate; and < 0.5: weak). We will evaluate the predictive validity of the
BPG-derived measures in the LME model with the repeated gold standard measures at 1 and 7 months (6-month
follow-up). Covariates will include the BPG static measure at intake (baseline) and 1 month (post-training BPG;
time-varying covariate), time (1 and 7 months), other covariates (proximal and distal factors, Figure 1), and
number of prior neuropsychological testing sessions.

Statistical analysis for Aim 3. Two sets of the LME models will be fit: one with 3 repeated “gold standard”
measures, and one with 3 BPG-derived measures. To model potential non-linear patterns over time, we will enter
time as a class variable with levels of intake, 1, and 7 months. Based on past experience, we expect gains in
outcomes between intake and 1 month due to training, and a slower rate of change in the subsequent 6-month
period with no training. Summary statistics for change over time for the gold standard vs BPG-derived measures
will be compared as described under statistical analysis for Aim 1.
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Sample sizes for Aims 1, 2, and 3. Sample size considerations are based on having sufficient power to
discriminate known groups based on the proximal factor of HIV status/exposure, a key factor for Aim 1. The
preliminary data from PROMISE ND study indicate that the differences in the composite neurodevelopmental
score (the Mullen Scale of Early Learning) between HEU and HUU cohorts corresponded to the effect size of
Cohen’s d=0.26 (difference between the means of 0.26 of the standard deviation). To detect this difference
between HUU and HEU cohorts, n=240 per cohort is needed for power > 0.80 in two-tailed tests at 0.05 level of
significance. Based on the preliminary data, the effect size d for comparisons of the HIV vs HUU or HEU is at
least 0.31. This can be detected with power > 0.80 with n=120 in the HIV group. Therefore, the proposed total
sample size for both sites combined is n=240 HUU; n=240 HEU; and n=120 for HIV+ children.

8.0 ETHICAL AND REGULATORY CONSIDERATIONS

The study will be conducted in compliance with country-specific regulatory requirements for each of the
participating sites and strictly follow GCP/HSP requirements. Written informed consent will be obtained in the
local language of the mother after explanation of the purpose of the study, the procedures to be followed and the
risks and benefits of participation; and answering the women’s questions. A copy of the consent forms will be
given to the subject unless he declines to take them. Every attempt will be made by study staff to ensure privacy
and preserve confidentiality of study participants. All clinical study staff involved in the study is trained on
GCP/HSP and their certificates will be reviewed on an annual basis

to ensure training compliance. All study records will be kept in a secured area with limited access. All computer
entry and networking programs will be performed with coded numbers only. All laboratory specimen reports, and
other records that are transferred or transmitted off-site will be identified by a coded number to maintain subject
confidentiality.

8.1 Human Subjects Protection

The Culture-specific neurodevelopment assessment of HIV-affected children study will enroll HEU and HUU
children and their caregivers from the PROMISE ND study at the Blantyre Malawi and MU-JHU Uganda
Kampala Clinical Research Sites (CRSs); and HIV infected children of similar age and from the IMPAACT
P1104s study and health clinics from which the CRSs enroll. This study’s protocol will follow the Human
Subjects requirements as summarized below. The proposed principal investigators as well as all key co-
investigators are all highly qualified researchers and are incompliance with the Office for Human Research
Protection (OHRP) requirement concerning protection of human research participants (HSP/GCP). All personnel
working on this study have training on the protection of human research participants to ensure compliance and
maintain confidentiality of study participants and their data.

8.2 Potential Risks

Distress for research participants: Although neuropsychological assessments bear no potential harm on
participants, they can be long and tedious for some children. We will be particularly attentive to the child’s needs,
providing frequent breaks and refreshments as needed so the child is not unduly stressed. Training of our testing
staff includes sensitization to each child’s needs and the potential for stress and frustration reactions derived from
testing. In case any participant becomes distressed at any point during the assessments, testing staff will suspend
the test and assess the need for referral to psychological support available at each participating site in Uganda and
Malawi. However, sections of the neuropsychological assessments involve game-like tasks that can be
entertaining to the participant. Furthermore, sections of the testing (Cogstate and Brain Powered Games) are
carried out on an appealing electronic console (i.e. tablet) popular among children, potentially entertaining the
participant.
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8.3 Adequacy of Human Subjects Protection against Risks

Recruitment and Informed consent: The subject population for this proposal will consist of 600 children roughly
equally divided between males and females. These are Ugandan and Malawian children 5-14 years of age at study
initiation who live in Uganda or Malawi. The caregiver may or may not be the biological parent of the study
children but will be an adult who has a primary role in the child’s growth and protection. Study staff already
known to our previous R0O1 cohort participants (un-exposed - HUU, un-infected and exposed-uninfected children -
HEU) will make the initial contact through clinic visits and telephone calls. HIV infected children from HIV care
clinics at both sites and PROMISE ND studies (HEU, HUU) in Uganda and Malawi will be invited to participate
using the same mechanism. Informed and signed consent will be obtained from all caregivers who will provide
consent for their child to participate, while child assent will be obtained for children 7 years and older according
to local regulations. Information will be provided and consent forms given in either English or one of the local
languages (Luganda, Chichewa) they comprehend with the consent being administered in the language of their
choice. The consent form will be read aloud and explained to the caregivers, who will then sign the consent or
provide a thumb-print. A copy of the consent will be given to the caregivers. An assessment of understanding will
be conducted for all participants after consent reading by an independent person to ensure that the potential
participants understand what they are consenting for.

All centers participating in this study will have active institutional review board (IRB) approved protocols and
maintain IRB and all other necessary approvals for this study throughout its conduct.

8.4 Potential Risks Protection against Breach of Confidentiality of Study Data

All participants enrolled into the study will be assigned a unique PTID. The PTID number will be used for
identification purposes on all laboratory specimens, evaluation forms, and reports retained in the research records
and generated in the protocol database. A list linking the subjects’ names with PTID numbers will be stored at the
clinical site under double lock and key in a secure area accessible only to limited staff on the study. All study
records will be stored in secure areas with locks.

8.5 Consideration of Potential Benefits of Proposed Research

Children living in poverty and/or affected by HIV/AIDS are at risk, either directly or indirectly, of compromised
care giving, economic impoverishment, and poorer overall quality of home environment throughout the sensitive
period of childhood development. This could compound cognitive and psychosocial deficits that can affect a
child’s ability to fully benefit from schooling and could limit the child in other aspects of life. These children may
have difficulty with learning and maintaining concentration, which will in turn affect their school performance,
subsequent educational opportunities, and future economic prospects.  Intervening to prevent cognitive deficits
from the direct or indirect effects of poverty and stressful environmental conditions on the child and family
requires understanding the impact of these on caregiving quality and overall quality of home environment and
developmental milieu.

Our study will provide evidence for the usefulness of an innovative neurodevelopmental assessment for school-
age children that could be of great importance to families in poverty-stricken countries such as Uganda and
Malawi. In these countries, more than a third of all inhabitants live under the poverty line, with about four million
children under the age of five being the primary victims of this deplorable economic situation. Given the scope of
the humanitarian need of such children globally, our research could be of great benefit in terms of providing
evidence in support of strategic and sustainable neurodevelopment assessments during childhood for children
living in poverty and affected by HIV/AIDS.

8.6 Staff Training on Protection of Human Subjects

All research staff will be trained on GCP and HSP. Research health visitors will work with participants to
establish other contact persons who may be contacted in case the health visitor is unable to reach the study
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participant. The two CRS regulatory staff will ensure compliance with all GCP/HSP requirements.
8.7 Ensuring Participant Confidentiality

All efforts will be made not to release personally identifying information to non-study staff except to monitors, the
IRBs and the sponsor as necessary. Clinically obtained evaluations will be identified by PTIDS. Any data sent to
collaborating institutions will be only transmitted using unique PTIDs on the case report forms. The site
investigator will make study records and pertinent records available for inspection by the local IRB, site monitors,
the NIH, the OHRP, or the sponsor for confirmation of study data. This study is protected by a Certificate of
Confidentiality provided by the NIH.

8.8 Safety Monitoring Plan

Site investigators (Investigators of Record or IoRs /designees) are responsible for continuous close safety
monitoring of study participants, and for alerting the Protocol Team if unexpected concerns arise.

Both MU-JHU in Uganda and JHP in Malawi presently sponsor a Health Ethics Committee made up of a
multidisciplinary team including representatives from the community and faculty members (medicine, law,
economics, nursing, and administration). The Committee is responsible for the approval of all research projects
carried out in the in these institutions, and of projects with external investigators collaborating with them. The
Committee will be responsible for reviewing the project protocol and the consent forms, ensuring protection of
human subjects’ rights. The Committee will ensure fulfillment of the ethical principles of the research project and
be available to research subjects in case of any doubt or concern with the project. The MSU Office of Clinical and
Translational Research is also committed to supporting us in the formation and support of our DSMB.

8.9 Adverse Event Reporting

Cognitive/motor developmental and cognitive testing of children has clear potential benefits and no definable risk.
All standards of care for study children in the event of illness will be observed according to Ugandan and
Malawian Ministry of Health recommended hospital protocols for such illnesses.

Adverse event management plan: Our project field trainers in the Uganda and Malawi study sites will have
clinical officers available who will be able to assess medical need during their assessment visits at the office.
They will also be equipped to administer care and medication for most opportunistic infections and first aid care
for any accidental injuries that subjects are likely to encounter. The Uganda staff will also notify Dr. Wambuzi
(Co-I) by mobile phone for medical concerns and consultation while the Malawi staff will do so with Dr.
Dadabhai (Co-I). Both Drs. Wambuzi and Dadabhai are experienced clinical biomedical scientists who can
coordinate our clinical care support for the study children. If medical follow-up is needed, our medical staff will
make the appropriate referrals.

Study participants will be provided instructions for contacting the study site to report any untoward occurrences
they may experience. In cases of potentially life-threatening events, participants will be instructed to seek
immediate emergency care. Where feasible and medically appropriate, participants will be encouraged to seek
evaluation at the study clinic. With appropriate permission of the participant, whenever possible, records from
non-study medical providers related to untoward medical occurrences will be obtained and required data elements
will be recorded on study CRFs. Study site staff will document in source documents all AEs reported by or
observed in enrolled study participants regardless of severity. The reports will also include experiences of social
harm.

8.10  Social Harms Reporting

Although study sites will make every effort to protect participant privacy and confidentiality, it is possible that
participants’ involvement in the Culture-specific neurodevelopment assessment of HIV-affected children study could
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become known to others and that social harms may result. For example, participants could be treated unfairly, or
could have problems being accepted by their families, partners and/or communities if their participation in the
Culture-specific neurodevelopment assessment of HIV-affected children study were to be inadvertently disclosed.
Social harms that are judged by the site IoR /designee to be serious or unexpected will be reported promptly to the
SMC and responsible site ECs/IRBs according to their individual requirements. In the event that a participant
reports social harm, every effort is made

By study staff to provide appropriate care and counseling to the participant, and/or referral to appropriate
resources for the safety of the participant as needed. Each site will provide such care and counseling as defined in
the site SOPs. While maintaining participant confidentiality, study sites may engage their community advisory
boards (CABs) in exploring the social context surrounding instances of social harm.

8.11  Regulatory Requirements

Site IoRs /designees will submit AE information and other relevant safety information in accordance with local
regulatory agencies’ including IRB/ethical committees, other local authorities and sponsor requirements.

9.0 PLANNED TIME LINES

The Culture-specific neurodevelopment assessment of HIV-affected children Study is planned to run for 5
years including obtaining IRB approvals, data analysis, BPG development and deployment and report
writing. Data cleaning will be ongoing and data analyses will also occur duringyear5 with presentation of
findings at international and local meetings and to the local stake holders (e.g. MOH). These timelines are
detailed be low regarding the various activities over5 years.

Timeline of the Proiect

| Quarters:

IRB approval

Undate _manuals:  hire/train

PP
RPN
p< P
p< P

Enhance BPG software

Enroll subiects: deliver X

p< P
ol
ol
ol
ol
p< P

Deliver BPG training. conduct

Mobile network deplovment

Data management X | X

lalalel
lalalel
<R
<R

Data analysis

slialale

Annual/final reports X X

Dissemination of results X

>

10.0 PUBLIC HEALTH IMPACT

BPG (Brain Powered Games) is designed as a scalable open-access cognitive rehabilitation intervention for HIV-
positive school-age children living in Sub-Sahara Africa; used to train a child’s fine motor skills,
monitoring/attention, visual/auditory working memory, and spatial navigation ability. We will develop an
additional game for executive function training, and then test whether BPG games cognitive assessment data
gathered as at-risk children play with BPG, can provide a more sensitive measure of a child’s developing brain.
The Village Builder EF game will be prosocial, non-violent, non-threatening, and will draw from the African
village context in a positive and familiar manner. We will pilot the same features with comparable children at the
study sites and use their evaluative comments and observed engagement with the new game so further refine and
finalize the Village Builder game features, as was the case with the development of African BPG with both
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children in Blantyre, Malawi and in Kayunga, Uganda."”!

Both the existing Africa BPG package and the new Village Builder EF games will be used to demonstrate that a
child’s performance on a neurocognitive “stress test”; involving game training with an app on a computer tablet,
will better characterize integrity of brain/behavior function as compared to performance outcomes from traditional
one-time cognitive testing sessions.
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13.0 APPENDICES
13.1 Sample Consent Form

Michigan State University Research Participant Information and Consent Form

Study Title: Culture-Specific Neurodevelopmental Assessment of HIV-Affected Children Researcher and Title:
Dr. Michael Boivin, Professor

Department and Institution: Departments of Psychiatry and Neurology, Michigan State University
Contact Information: 909 Fee Rd West Fee A327, +1 517-884-0281, boivn@msu.edu

Sponsor: National Institutes of Health, USA

BRIEF SUMMARY

You are being asked to participate in a research study. Researchers are required to provide a consent form to
inform you about the research study, to convey that participation is voluntary, to explain risks and benefits of
participation including why you might or might not want to participate, and to empower you to make an informed
decision. You should feel free to discuss and ask the researchers any questions you may have.

You are being asked to participate in a research study to evaluate how your child is growing and developing now
that he/she is 5 years and older. Your participation in this study will take about 6 months. You will be asked to
bring your child to our office for testing, answer questions about how your child learns, talks and behaves, and
have someone from the study come to your home to teach your child how to play a video game.

The most likely risks of participating in this study are that you or your child are asked questions that can be
embarrassing or uncomfortable. If at any point this happens, neither you or your child need to answer. There is
very little risk of the release of information from your responses or study records because they will be kept safe
and not shared with anyone else. Findings from this study will not identify you or your children.

The potential benefits to you for taking part in this study are that we will know how your child is growing and
learning. These tests will help us closely monitor your child’s development, and you will be notified immediately
in case we have any concerns or anything you need to know.

PURPOSE OF RESEARCH

The purpose of this research study is to evaluate how your child is growing and developing now that he/she is 5
years and older. We will do this by using special tests with toys, having him play with a video game, and
questions made to you that measure how your child learns, talks, and behaves. We will see how well your child is
developing.
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WHAT YOU WILL BE ASKED TO DO
If you agree for your child to be part of this study, we will ask you to do the following:

-While your child is in a comfortable room, we will ask him/her to answer questions and perform tasks like
games, to measure his/her memory, attention, body movements, learning and language. These activities will take
place at our office so that they are done at a peaceful and comfortable place. Interviews and assessments will
probably take two and a half to two hours. In case your child gets tired or irritable before the end of the
assessment, we shall give your child time to rest and something to eat and drink.

-While your child is undergoing tests, you will also be asked questions to learn about your family and how your
child behaves.

-We will also ask you child to learn how to play with a video game in a tablet several times. A researcher from
our study will visit your home 12 times to teach your child how to play with the games. These visits will last
about an hour.

-You may be contacted again at the end of the study to have your child play a few extra sessions of the same
games.

You can refuse to answer any of the questions we ask, at any time.

We may ask you to allow us to take a blood sample from your child. The blood will be drawn by putting a needle
into a vein in his/her arm. One small tube of blood will be taken. This will take about 10-15 minutes at the most.
Blood samples will occur at study visits in the clinic, for a total of 4 blood samples taken as part of the study.

POTENTIAL BENEFITS

According to evidence from our previous studies, we believe that testing the child’s abilities like memory,
language and movement will predict how well the child is developing. This might relate to their performance at
home as they grow and get older, learning at school and their general behaviors but this has not been confirmed
yet. These tests will help us closely monitor your child’s development, and you will be notified immediately in
case we have any concerns or anything you need to know.

POTENTIAL RISKS

Asking questions about child development and these assessments have been done many times before with other
children in Uganda, and are not dangerous or harmful to your child in any way. However, in a study like this, the
child can be asked questions that can be embarrassing. If at any point your child is embarrassed or uncomfortable,
there is no reason for your child to answer. There is very little risk of the release of information from your
responses or study records because they will be kept safe and not shared with anyone else. Findings from this
study will not identify you or your children.

The needle stick may hurt. There is a small risk of bruising and fainting, and a rare risk of infection.
PRIVACY AND CONFIDENTIALITY

Records for this study will be kept private and stored for the regulatory minimum of 3 years after the project
closes. All files will be kept in locked cabinets at Makerere University- Johns Hopkins Research Collaboration
(MUJHU- Zayed complex at Mulago). Your child’s records for the study may be reviewed by MUJHU and the
Human Research Protection Program at Michigan State University, who have authorized this study. No study
information will be recorded in the child’s medical or hospital record. Any study data that is to be transmitted via
the Internet will not have any information that will allow you or your child to be identified. In any publications or
presentations, we will not include any information that will make it possible to identify you or your child as
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research subjects. Your confidentiality will be protected to the maximum extent allowable by law.To help us
protect your privacy, we have obtained a Certificate of Confidentiality from the National Institutes of Health
(NIH). With this Certificate, researchers cannot be forced to disclose information that may identify you, even by a
court subpoena, in any federal, state, or local civil, criminal, administrative, legislative, or other proceedings.

YOUR RIGHTS TO PARTICIPATE, SAY NO, OR WITHDRAW

You have the right to say no to participate in the research. You can stop at any time after it has already started.
There will be no consequences if you stop and you will not be criticized. You will not lose any benefits that you
normally receive.

COSTS AND COMPENSATION FOR BEING IN THE STUDY

You will not spend any money in this study. You will be reimbursed for your transport every time you attend the
office for a study visit.

FUTURE RESEARCH

Thequestionnaires collected as part of the research, even if information that identifies you is removed, will not be
used or distributed for future research studies.

CONTACT INFORMATION

If you have concerns or questions about this study, such as scientific issues, how to do any part of it, or to report
an injury, please contact the researcher (Dr. Michael Boivin, 909 Fee Rd, Room 327, boivin@msu.edu, phone
number +1 517-884-0281).

If you have questions or concerns about your role and rights as a research participant, would like to obtain
information or offer input, or would like to register a complaint about this study, you may contact, anonymously if
you wish, the Michigan State University’s Human Research Protection Program at 517-355-2180, Fax 517-432-
4503, or e-mail irb@msu.edu or regular mail at 4000 Collins Rd, Suite 136, Lansing, M1 48910.

DOCUMENTATION OF INFORMED CONSENT.

Your signature below means that you voluntarily agree to participate in this research study.

Signature Date

Signature of Assenting Child (13-17; if appropriate) Date

You will be given a copy of this form to keep.
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13.2 Sample Assent Form
Michigan State University
Participant Written Assent form (7-12 years old)

Study Title: Culture-Specific Neuro-developmental Assessment of HIV-Affected Children

Researcher and Title: Dr. Michael Boivin, Professor

Hello. My name is [assessor’s name]. I'm a researcher. Right now, 'm trying to learn about how you learn
new things in a research study and I want to ask if you will be part of it.

What is a research study?

A research study is when people like me collect a lot of information about a certain thing to find out more about
it.

This letter tells you about my study so you can decide if you want to be in it. Before you decide, you can talk
about it with your parents or anyone else you like. If you have any questions about the research, just ask me.

Why are we doing this study?

We are doing this study to find out how children like you learn and user their memory to play games. By being in
the study, you will help me understand how you learn to play, and talk, and do things with your hands

What will happen if you are in this study?
If you agree to be in the study and your mother/father say it’s ok, we will ask you to:

play with toys I will give you and do things with your hands like clapping. This can be fun because it will be like
playing

play a video game in a tablet

After we first meet, we will spend some time together asking you questions and doing problems and games to
help us understand how you think and solve problems. I will be with you in the clinic or at your home all the time
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and this will take between two and two and a half hours. If you feel tired, we can stop and have a snack. We will
have these meetings several times during the study.

In four study visits, we may ask you to give a small sample of your blood. A person specially trained to draw
blood from kids will put a needle into a vein in your arm and draw the blood into a small tube. It will take about
10-15 minutes at the most.

If you don’t want to be in the study, what can you do?

Your mom says it’s okay for you to be in my study. But if you don’t want to be in the study, you don’t have to be.
What you decide won’t make any difference. I won’t be upset, and no one else will be upset, if you don’t want to
be in the study. If you want to be in the study now but change your mind later, that’s okay. You can stop at any
time. If there is anything you don't understand you should tell me so I can explain it to you.

Will good things happen from being in this study?

Being in this study won’t really change anything for you. But we hope that what we find out from this research
will help kids in the future to learn

Are there things you might not like about being in the study?

You might get bored or tired and decide that you don’t want to finish the study activities. If this happens, just tell
us you want to stop.

Who will know that you are in the study?

You, your parents, and the researchers are the only ones who will know the details of your being in the study.
When I tell other people about my study, I will not use your name, and no one will be able to tell who I’m talking
about.

Will you get paid for being in the study?

No, you will not be paid for being in this study

Do you have to be in the study?

No, you don’t! Research is something you do only if you want to. Nothing bad will happen if you don't want to
be in the study. Just tell us. Whether you decide to participate or not, either way will have no effect on your
grades at school. And remember, you can always change your mind later if you don't want to be in the study any
more.

Do you have any questions?
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You can ask me questions about the study. You can talk to me, or your parents, or someone else if you like.

Do you have any questions for me now?

Would you like to be in my study and start playing games?

ASSENT OF CHILD (7-12 years old)

If you decide to participate, and your parents agree, we will give you a copy of this form to keep. That way you
can look at it later if you want to.

If you would like to be in this research study, please sign your name on the line below.

Child's Name/Signature (printed or written by child)* Date

Signature of Investigator/Person Obtaining Assent Date

>k 3k sk sk sk sk sk ke s sk sk sk sk sk s sk sk sk sk ke s s sk sk s sk sk sk sk seoskosk skeosk ok skoskosk skeskok sk

*If verbal assent only is being obtained.:

Investigator or Person Conducting Assent Discussion: Initial here if child cannot sign, to document that child
received this information and gave assent verbally:
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