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Professor Jairam R. Lingappa
Departments of Global Health and Medicine
Host genetic research has fueled infectious disease discoveries, including for HIV-1, from
early candidate gene studies to recent multi-omics efforts. It offers opportunities for a
more comprehensive understanding of infection and pathogenesis, which may elucidate
targets for new preventive and therapeutic interventions. The first two aims of this
dissertation analyze the host transcriptome to understand the HIV acquisition and
treatment response: Chapter 2 aims to identify genes and pathways associated with
extreme HIV-1 susceptibility phenotypes; Chapter 3 aims to identify a signature of
interferon-stimulated gene expression that differentiates people living with HIV-1 who are
virally suppressed on antiretroviral treatment from HIV-uninfected individuals. Many of
the host genetic research on infectious diseases are multinational collaborations.
Participants are recruited from culturally diverse environments, e.g., Africa, where
bioethics issues need to be considered to better safeguard participants’ autonomy and
voluntary participation. The third aim of this dissertation, described in Chapter 4, explores
ethical, legal, and social implication issues raised in the consent process of genetic research

conducted in international settings.
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Chapter 1. Overview

With the goal of pursuing research to translate genetics/genomics for public health and
population-level benefit, the Institute for Public Health Genetics (IPHG) at the University of
Washington is a pioneer in designing its interdisciplinary training program. IPHG graduates
receive training in two core knowledge areas: Genomics in Public Health? and Implications of
Genetics for Society*. Graduates usually choose one of these two fundamental areas to focus
on, while also having some flexibility to integrate elements of both areas into their research
and training. In my dissertation study, [ conducted three major projects: 1) Identifying genes
and pathways associated with extreme HIV-1 susceptibility phenotypes, 2) identifying
interferon-stimulated genes (ISGs) differentially expressed between people living with HIV-
1 (PLWH) who are virally suppressed on antiretroviral treatment (ART) compared to HIV-1
uninfected individuals, and 3) exploring ethical, legal, social implication (ELSI) issues raised
in the informed consent process of genetic/genomic research in the context of international

settings, primarily Africa.

1.1  HUMAN GENETICS IN HIV

Since the first clinical AIDS case reported in 1980s, HIV-1linfection has been one of the most

profound global public health challenges!. Important progress in human genetics research

¥ Genomics in Public Health focuses on applications of genetic/genomic data and research in population health, such
as identifying genetic and environmental risk factors on disease in the diverse human population. Core coursework
for PhD program includes genetic epidemiology, statistical genetics, human genetics, pharmacogenetics and
toxicogenomics, bioinformatics, biostatistics, and epidemiology.

t Implication of Genetics for Society focuses on the ethical, legal, social, and financial issues arising when
genetic/genomic knowledge and technologies are developed and made available to individuals and populations.
Core coursework for PhD program includes public health, bioethics, social sciences, law and policy, health
economics and outcomes research.
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has been made in the past decades to combat the HIV epidemic (reviewed in references? 3).
In early candidate gene studies, efforts were made to understand how host genetic variations
influence infection susceptibility. These studies resulted in the identification of the CCR5
gene*® and the HLA class I locus” as the major genetic factors regulating the natural history
of HIV infection. More recently, advances in sequencing technology have enabled innovative
approaches in HIV host genetics research, including genome-wide®13, multi-omics, and
system biology, such as transcriptome!4-16 and proteomel”; 18, analysis. Topics of study also
have expanded broadly, ranging from various measures of HIV-1 control and disease
progression phenotypes, to pharmacogenetics of long-term therapy!°-21, to comorbidities in

PLWH?22; 23 etc.

As another step in that research tradition, in Chapter 2 of this dissertation I analyzed whole
blood transcriptional signatures from Africans with quantified HIV exposure in order to
identify genes and pathways that identify individuals at higher risk of HIV infection. In that
Chapter, I identified several genes, most notably including PTPRC (which encodes CD45
antigen), as well as interferon-response pathways, both markers of immune activation, that

had significantly higher expression among individuals who went on to acquire HIV.

In Chapter 3 of this dissertation, I compared the gene expression signatures in peripheral
blood lymphocytes from PLWH who are virally suppressed on ART compared to HIV-
uninfected individuals. Genes involved in CD8+ T cell responses and multiple immune-

related pathways were upregulated, demonstrating ongoing inflammation among PLWH.
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Most of the enrichment of this inflammatory response was contributed by ISGs, such as IFI27,

CXCL10, OASL, IFI35, and MX1.

1.2 AFRICAN STUDY COHORTS

Sub-Saharan Africa is the most heavily affected region, with about two-thirds of HIV-1 cases,
followed by the Asia and the Pacific region?4. Since its inception in 2007, the International
Clinical Research Center (ICRC) in the Department of Global Health at the University of
Washington has coordinated recruitment and follow-up of HIV-1 serodifferent heterosexual
couple cohorts in Sub-Sahara Africa. In this dissertation, study subjects, samples, and data
are drawn from three cohorts coordinated by the ICRC: the Partners in Prevention HSV/HIV-
1 Transmission study (Partners cohort)?2°, the Couples Observational Study (COS cohort)!?,

and the Partners PrEP study (PrEP cohort)?6.

The three cohorts together recruited about 8,500 couples from about 20 study sites in East
and Southern Africa (Figure 1.1). At the time of recruitment, heterosexual couples were
identified with one partner already living with HIV-1, while the other partner was HIV-1
negative (Figure 1.2). Couples were followed-up at intervals of at least once every three-
months for between one to three years. All partners were provided safe-sex information and
condoms, and offered ART according to national guidelines if they became HIV-1-infected.
Pre-exposure prophylaxis had not been demonstrated effective during the time when these
studies had been conducted. Despite these prevention efforts, during the study, the HIV-
uninfected partner was potentially exposed to the virus through heterosexual sex with their

HIV-1-infected partner. HIV-1 serostatus was determined along with collection of
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epidemiological, clinical, and behavioral data and biological samples throughout the study.

Data and samples are now archived in the ICRC repository.

1.3  INFORMED CONSENT FOR GENETIC/GENOMIC RESEARCH

Participants from these HIV-1 serodifferent heterosexual cohorts who provided written
informed consent for host genetic studies were included in the dissertation analyses. The
relevant consent documents were approved by the University of Washington, and at local
and affiliated institutional review boards at the study sites where the individuals were

enrolled.

A practical ethical issue raised by international genomics research is the validity of informed
consent. Researchers may question whether their participants could comprehend
information about the study, and whether they could make an informed decision on whether
or not to participate. For example. Researchers from UW ICRC, who have field work
experiences in Kenya, once observed that many of their research participants did not finish
high-school education, and their local language, Kiswahili, is traditionally spoken rather than
written. It raises concerns about whether the traditional text-based informed consent could
effectively communicate complex genetic/genomic concepts to study participants. In
Chapter 4, | performed a systematic review of the empirical studies that examined the
informed consent process involving genetic/genomic data collection in international
cohorts, primarily in sub-Saharan Africa. Major issues proposed by stakeholders (including

participants, local community, research team, and institutional ethics review boards, etc)
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include (1) recall and comprehension, (2) voluntary participation, (3) consent elements, (4)

consent model, and (5) community engagement.

1.4 SUMMARY

The three chapters of this dissertation that constitute my original analyses are linked by the
thread of the interdisciplinary nature of training in IPHG. This hybrid approach could help
enhance the potential for innovation and creativity in the application of genomic research to
population health. Chapters 2 and 3 constitute the science-side of genetics. Data and Results
presented in these two chapters have been submitted or prepared for publication. The
identified transcriptional signatures associated with HIV-1 acquisition and ART-treated
virally suppressed individuals could be utilized to provide novel biological insights in HIV-1
infection and pathogenesis. The IPHG program adds the valuable opportunity to approach
the field through a novel lens of ethical, legal, financial, and social implications (Chapter 4).
Researchers’ awareness and attention to the identified bioethical issues and managing these
concerns would further ensure the rights, safety, and well-being of genetic/genomic

research participants, and support the successful conduct of research locally.
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Figure 1.2 HIV-1 Serodifferent Couple Cohort Design
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Chapter 2. GENE EXPRESSION ANALYSIS OF HOST SUSCEPTIBILITY
IN HIV-1 SERODIFFERENT COUPLES

2.1  ABSTRACT

HIV-1 exposed seronegative (HESN) individuals may have unique characteristics that alter
susceptibility to HIV-1 infection. In this study, we sought to identify genes and pathways
present in HESN that are associated with their resistance to HIV. We utilized stored data and
biospecimens from HIV-1 serodifferent heterosexual couple cohorts. In the data, couples’
HIV-1 exposure was quantified based on unprotected sex frequency and viral load of the
partner living with HIV-1. We compared peripheral blood gene expression between 15
highly-exposed HESN (25 samples) and 18 HIV-seroconverters prior to infection (21
samples). We found PTPRC (encoding CD45 antigen), and interferon-response pathways had
significantly higher expression among individuals who went on to acquire HIV-infection and

thus may be a signature for increased acquisition risk.



2.2 INTRODUCTION

A well-documented feature of HIV-1 infection is that some individuals have high levels of
exposure to HIV-1 yet remain uninfected!->. Over the last decade, efforts have been made to
explain their apparent lower susceptibility to HIV-1 in order to better understand correlates
of protection®. One challenge for such studies is the difficulty of reliably quantifying HIV-1
exposure, potentially leading to misclassifying a lack of HIV-1 exposure as reduced
susceptibility to HIV-1 infection. Here, we use epidemiologic data, including the frequency of
unprotected sex and HIV-1 viral load of the infected partner, from HIV-1 serodifferent
heterosexual couples (e.g., one partner living with HIV-1 and the other not at enrollment) in
order to identify persons with high levels of exposure to HIV-17. Based on this epidemiologic
characterization, we compared peripheral blood gene expression profiles between HIV-1
seroconverters (sampled prior to HIV-infection) and highly HIV-1-exposed participants who
remained seronegative (HESN) to identify genes and pathways associated with risk of HIV-

1 infection.

2.3  METHODS

2.3.1 Study subjects

This study included HIV-1 seroconverters and HESN participants from Soweto, South Africa
and Kampala, Uganda who were enrolled in the Partners in Prevention HSV/HIV
Transmission Study (Partners cohort)® or the Couples Observational Study (COS cohort)°®. All
participants were HIV-1 seronegative at enrollment, had an enrolled heterosexual, regular
sex partner living with HIV-1, and had HIV-1 serology testing every three months for the

duration of follow-up (24-months for Partners cohort, and 12-months for the COS cohort).



Collection of whole blood for gene expression analyses every 6 months was implemented
late in the Partners cohort follow-up, and throughout follow-up for the COS cohort. HIV-1
seroconverters and their partners had plasma HIV-1 RNA sequenced to confirm that the
virus was linked by sequence to the virus from the partner living with HIV-1 who was
enrolled in the study. Estimated dates of HIV-1 infection were determined retrospectively by
reverse transcriptase polymerase chain reaction (RT-PCR) testing of plasma collected at
visits prior to seroconversion as previously described!9. HIV-1 seroconverters were included
in the study if they had at least one whole blood RNA sample collected at a visit prior to

detection of HIV-1 RNA.

For each HIV-1 seroconverter case, we identified all HESNs from the same cohort, study site,
and with the same sex as the seroconverter and selected the HESN control as the participant
with the longest follow-up and highest HIV-1 exposure. HIV exposure was quantified based
on male circumcision status of male HESNs, self-reported frequency of unprotected sex acts
with their enrolled partner, and the plasma HIV-1 RNA level of that partner, as previously

described’.

2.3.2  Study samples

Peripheral blood RNA samples (PAXgene, Preanalytic Inc.) were collected every 6 months,
with HIV-1 status assessed by rapid HIV enzyme immunoassay (EIA) (Alere Determine,
Organics Ltd) every three months, with positive rapid tests confirmed by HIV ELISA, and
HIV-1 Western Blot. For HESN subjects, RNA was extracted from each PAXgene sample

collected during follow-up. For HIV-1 seroconverters, RNA was extracted from PAXgene



samples collected at any follow-up visit through the last visit where the participant remained

HIV-1 RT-PCR negative.

233 mRNA expression microarrays

Microarray analysis was performed as previously described!!l. Briefly, RNA was isolated
using RNeasy Micro Kits (Qiagen, Hombrechtikon, Switzerland). The quantity and quality of
the RNA were evaluated using a NanoDrop 2000c (NanoDrop Technologies, Willington, DE)
and an Experion Electrophoresis System (Bio-Rad, Hercules, CA). Total RNA (50 ng) was
amplified using [llumina TotalPrep RNA amplification kits (Life Technologies, Grand Island,
NY). Biotinylated cRNA (750 ng) was hybridized onto [lluminaHumanV3 BeadChips and

quantified using an [llumina BeadStation 500GX scanner and Illumina BeadScan software.

The microarray data were pre-processed including filters to remove probes that were less
reliable and less informative, and data from arrays with unusually low median intensity, low
variability, and low Pearson correlation coefficient relative to the other arrays. The data
were also quantile normalized to make the observations across arrays comparable, and log2-

transformed to symmetrize gene expression distributions.

2.3.4  Statistical analyses

Differential gene expression analysis was conducted to identify genes associated with risk of
HIV-1 acquisition. To avoid misclassifying individuals with little or no HIV exposure as
biologically resistant to HIV, we used an extreme phenotypes design comparing gene
expression signatures of individuals who were highly HIV-exposed but remained

seronegative to HIV seroconverters. We applied a linear model and an empirical Bayes



method to improve power by shrinking estimated gene variance towards a pooled estimate
through the Limma?? package (https://git.bioconductor.org/packages/limma), and with
inter-subject correlation to account for repeated samples from the same subject. Models
were adjusted for age, sex, and study site. Multiple testing was accounted for using the False
Discovery Rate (FDR)13. Gene set enrichment analysis (GSEA) was used to identify gene sets
associated with HIV-1 acquisition based on the Hallmark gene sets from the Molecular
Signatures Databasel4 (MSigDB)(http://www.gsea-msigdb.org/). A normalized enrichment
score was generated from GSEA to quantify the distribution of gene set across a list of genes

ranked by fold-change in differential gene expression analyses.

2.3.5  Human subjects

Informed consent including for research into the effect of genes on HIV infection was
obtained from all participants. Study protocols describing this were approved by human
subject research committees at the University of Washington, local study sites and affiliated

institutions.

2.4  RESULTS

We identified 25 whole blood RNA samples from 15 HESN, and 21 RNA samples from 18 HIV-
1 seroconverters. HESN and seroconverters were similar in age, sex, country of residence,
and study cohort (Table 2.1). HESN and seroconverters were predominantly female (87%
and 78%, respectively) and most were enrolled in Uganda (93% and 83%, respectively).
HESN had higher HIV-1 exposure than seroconverters. Among HESN, half reported
unprotected sex with their partner throughout the study, while only a third of those who

went on to seroconvert reported unprotected sexual activity. The median plasma HIV-1 RNA



of the partners of HESNs was 5.3 log10 copies/mL (IQR 5.2 to 5.5), which was higher than
the median log HIV-1 RNA of partners of HIV-seroconverters (4.7, IQR 4.2 to 5.0 log10

copies/mL).

A total of 336 probes emerged with evidence based on FDR < 0.05 that they are differentially
expressed between HESN and seroconverters, including 125 that were upregulated in HESN
and 211 that were downregulated in HESN. PTPRC (Protein Tyrosine Phosphatase Receptor
Type C) (2 probes, adjusted p-value [adj.p] = 6.6x10-19, log2 fold-change [logFC] = 1.7; adj.p
=5.0x10-19, logFC = 1.5), SPATA13 (Spermatogenesis Associated 13) (adj.p = 5.1x10-19, logFC
= 1.1), RORA (RAR Related Orphan Receptor A) (adj.p = 1.1x10-, logFC = 0.7), and RCSD1
(RCSD Domain Containing 1) (adj.p = 2.6x10, logFC = 0.7) had the largest fold changes

magnitude and smallest adjusted p-values (Figure 2.1).

PTPRC encodes the CD45 antigen, a transmembrane protein on differentiated hematopoietic
cells involved in immune activation particularly in lymphocytes!>. The other highly ranked
genes are also involved in immune response: RORA encodes a nuclear receptor and impacts
T-helper cell differentiation to Th17 cells'6. SPATA13 is a guanine nucleotide exchange factor
that has been associated with diverse neurologic, pulmonary, and other outcomes. RCSD1
encodes a protein which regulates actin filament assembly in several lymphoid organs!’.
Additional differentially expressed genes that have been associated with HIV-1 outcomes in
other studies included NFAT518 and SH3KBP1° (Figure 2.3). Sensitivity analyses adjusted
for the HIV-1 infected-partners’ HIV-1 RNA levels did not change the significance or

magnitude of the associations for genes described here.



Analysis of 50 gene sets previously defined for specific biological pathways identified 21 that
were associated with HIV-1 acquisition with FDR < 0.05. In particular, several immune or
inflammation-related pathways had small adjusted p-values (Figure 2.4) and large
normalized enrichment scores, including interferon-a response (adj.p = 1.8x10-3, normalized
enrichment score [NES] = 2.6), interferon-y response (adj.p = 1.8x10-3, NES = 2.5), IL6-JAK-
STAT3 signaling (adj.p = 1.8x10-3, NES = 1.9), allograft rejection (adj.p = 1.8x10-3, NES = 1.9),

and complement (adj.p = 1.8x10-3, NES = 1.7).

Given their large fold change, small p-values, and co-regulation, we were particularly
interested in whether the two PTPRC probes most strongly associated with HIV-1 acquisition
could link HIV-1 infection risk to levels of specific CD45 isoforms. CD45, the protein product
of PTPRC, has eight isoforms: alternative splicing of exons 4, 5, and 6 differentiates these
isoforms (exons 2 and 3 are included in all isoforms)>. The full microarray dataset included
four PTPRC probes annealing to distinct genic regions with two probes (IDs: 2600408 and
6180288) associated with significant fold-change in our analysis, the third probe (ID:
6650193) with a marginally significant fold-change, and the fourth probe (ID: 870095) with
a non-significant fold-change. We aligned the four probe sequences to the PTPRC sequence
through the Basic Local Alignment Search Tool (BLAST), and found that the high fold-change
probes, 2600408 and 6180288, mapped to exon 2 and exon 3, respectively (Figure 2.5);
while the non-significant probe, 870095, mapped to intron 3; and the marginally significant
probe, 6650193, mapped to exon 6. These probes do not discriminate distinct CD45

isoforms.



2.5 DISCUSSION

Our study found a signature of differentially expressed genes (DEG) in whole blood that
differentiates HESN with exposure to a partner living with HIV and seroconverters, who
were sampled prior to infection. Most notably, individuals who went on to acquire HIV
exhibited higher expression of PTPRC (Figure 2.2) prior to HIV-1 infection. We also found

strong associations with gene sets involved in interferon-a and -y responses.

PTPRC has previously been shown to be important for T cell activation and HIV-1 infection.
Two variants, C77G and A54G, were identified in PTPRC exon 4. The C77G mutation was
observed in UK residents and is known to cause abnormal splicing with altered expression
of CD45RA in activated or memory T cell?0. The A54G missense mutation was observed in
Ugandans?!. Both variants have been associated with increased acquisition of HIV-1. Data
from humanized mice show that the frequency of human CD45 positive cells is significantly
associated with increased HIV-1 susceptibility?2. Our data add to this context providing a

direct link between elevated CD45 expression and increased risk of HIV-1 acquisition.

We found that genes stimulated by Interferon-a and Interferon-y are upregulated in samples
from seroconverters which were obtained prior to seroconversion, suggesting elevated
interferon responses may increase susceptibility to HIV-1 infection. Interferon-a and -y are
cytokines elicited in response to infections and environmental stressors, and directly
stimulate antiviral responses and immunoregulatory functions such as immune cell
recruitment. Although type 1 interferon can contribute to controlling HIV-1 infection, it may

also facilitate infection by increasing target cell activation. This may explain why we
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observed elevated interferon responses in seroconverters prior to infection and is consistent
with the hypothesis that low baseline immune activation, or immune quiescence, is

associated with protection from HIV acquisition?3.

Previous data suggested that interferon production may be partly regulated by CD45, the
protein product of PTPRC. CD45 was reported to be necessary for type 1 interferon
production in dendritic cells?4. Together, elevated CD45 and interferon responses may
indicate a state of increased immune activation with more target cells available for HIV

infection.

Notably, variation in the PTPRC gene was not associated with risk of HIV-1 infection in our
whole genome sequencing study?®, suggesting that this differentially expressed gene
signature may represent an epigenetic pathway. However, the statistical power of our
analysis was not high enough to detect associations between PTPRC expression and host

genetic variants.

We were not able to perform qPCR or quantify PTPRC protein levels due to lack of sample
remainders or additional aliquots of the appropriate samples from the relevant participant
visits thus, limiting our ability to use these assays for further confirmation of our results.
Another limitation in our study is that difference in partner HIV RNA levels in two groups
could have confounded the association between PTPRC and HIV status if higher HIV RNA
levels were associated with lower PTPRC expression, which is unlikely. We've performed

sensitivity analyses in which models are also adjusted for partner HIV RNA levels, which
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should remove a part of the residual confounding. For PTPRC, adjustment for the infected
partners’ HIV RNA levels did not significantly change the significance or magnitude the
associations. Other limitations include possible social desirability bias resulting in
inaccurate response to the sexual behavior questions and inaccurate HIV exposure
quantification. The result may not be generalizable to other mode of virus exposure. Last but
not least, during the study follow-up, our participants were provided with condoms, safe-sex
information, and intensive counseling on infection risk reduction. This protective effort
could reduce risky behavior and ultimately lead to a decrease in infection pressure. However,
this could make it difficult to identify HESN individuals. Individuals who intrinsically resist
infection may be missed in subject selection when they already have low virus exposure.
Therefore, we may lose a chance to discover some potential protective factors. Further
evaluation of the relationship between protein-level changes, such as cell surface CD45
expression, and genetic variation in PTPRC expression is warranted for better understanding

correlates of HIV-1 susceptibility.

11



12

2.6  TABLES & FIGURES

Table 2.1 Descriptive Statistics* of Study Subjects.

Characteristics HESN (n=15) Seroconverter (n=18)
Female 13 (86.6%) 14 (77.8%)
Age (years) 24 [21,25] 27 [21,30]
Country of residence:
Uganda 14 (93%) 15 (83%)
South Africa 1 (7%) 3 (17%)
Study cohort:
COS 10 (66.7%) 12 (66.7%)
Partners 5 (33.3%) 6 (33.3%)

Partner’s HIV-1 log viral
load at the enrollment visit
Ever reported unprotected
sex with enrolled partner 8 (53.3%) 6 (33.3%)
from the last visit

5.3[5.2, 5.5] 4.7 [4.2,5.0]

* Numbers (percentages) for categorical variables. Median [interquartile range (IQR)] for
continuous variables.

Abbreviation: COS- Couples Observational Study; Partners- Partners in Prevention
HSV/HIV Transmission Study; HESN- subjects who are high HIV-1 exposed but remained
seronegative through the full two-year follow-up of the study; Seroconverter- subjects who
are HIV-1 exposed and experienced HIV-1 seroconversion during follow-up.
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Figure 2.1 Volcano Plot of Differentially Expressed Signals.
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Volcano plot indicating the log 2-fold-changes and adjusted p-values for all tested probes.
The top five signals with greater fold changes and small p-values are annotated with the
human gene names in blue. Probe ID: PTPRC — 6180288 (adj.p = 6.6x10-19, logFC = 1.7),
2600408(adj.p = 5.0x10-19, logFC = 1.5); SPATA13—1570300(adj.p = 5.10x10-19, logFC =
1.1); RORA—1110180(adj.p = 1.1x10-°,logFC = 0.7); RCSD1—1170703(adj.p = 2.6x10-?,
logFC = 0.7).
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Figure 2.2 Seroconverter Exhibited Higher Expression of PTPRC.
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Figure 2.3 Heatmap Showing Unique Biomarkers of Seroconverter Status.
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Figure 2.4 Bar Plot of Enriched Pathways in Seroconverters.
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Chapter 3. HOST TRANSCRIPTOME SIGNATURE DIFFERENTIATES
ART-TREATED VIRALLY SUPPRESSED HIV-
INFECTION FROM UNINFECTED INDIVIDUALS

3.1 ABSTRACT

Objective: Despite the capacity of antiretroviral therapy (ART) to suppress HIV-1, ART-
treated persons living with HIV-1 with undetectable plasma HIV-1 have higher comorbidity
rates than people without HIV-1. This may, in part, be due to expression of specific
interferon-stimulated gene (ISGs) driving chronic immune activation, which then increases
the risk of adverse outcomes. This study is part of the large effort to further understand this
biological process. Here, we hypothesize that a subset of ISGs is upregulated in people living
with HIV-1 who are on suppressive ART compared to people without HIV-1.

Methods: Using RNA-seq, we measured genome-wide gene expression of peripheral blood
mononuclear cells (PBMCs) collected from 18 ART-treated individuals documented with
undetectable plasma HIV, and 12 uninfected controls. We performed differential gene
expression analysis, and gene-set enrichment analysis (GSEA) to evaluate whether a gene or
a priori sets of genes in common pathways have similar differences between treated HIV-1
infection and uninfected controls.

Results: The most significant differentially expressed genes were CD8A and CD8B, which had
~2.5-fold higher expression in ART-suppressed participants compared to uninfected
controls. Differential expression of these genes likely reflects increased activity of cytotoxic
T cells. Gene sets involved in immune activation, such as interferon responses, TNF-a

signaling, inflammatory responses, and allograft rejection were also enriched during treated
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infection. ISGs such as [FI27, CXCL10, OASL, IFI35 and MX1 were among the genes that
contributed most to the interferon response enrichment signals.

Conclusions: We found that expression of specific ISGs may differentiate individuals living
with virally suppressed HIV-1 infection from those without HIV-1. This suggests that ISGs
may contribute to chronic immune activation underlying higher co-morbidity of PLWH even
after viral suppression with ART. The ISGs identified here are a starting point to identify

direct targets to reduce the morbidity of HIV-associated chronic inflammation.
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3.1 INTRODUCTION

Antiretroviral therapy (ART) suppresses HIV-1 and extends life. However, people living with
HIV (PLWH) who are treated with ART with documented undetectable plasma viral loads
have higher comorbidity rates than people without HIV-11. In the US, the number of PLWHs
who are 50 years old and above increased by about 100, 000 from 2010 to 2014, and
continues to grow?. As the burden of age-related mortality and morbidity increases, it is
imperative that we understand the biological process underlying these adverse health

outcomes in order to improve outcomes of this aging population with HIV-1.

One possible biological mechanism to explain this higher comorbidity is that expression of
specific ISGs drives chronic immune activation in PLWH. (Figure 3.1) Multiple studies have
documented an association between chronic immune activation and adverse health
outcome, including dysregulation or exhaustion of the immune system, CD4+ T cell
depletion, AIDS progression, non-AIDS-defining illness, and death3-7. The association of ISG
expression as a mediator of chronic immune activation is supported by previous animal and
human studies. Studies of SIV infection first noted that, although expression of specific ISGs
increases dramatically in acute infection, expression of these genes declines to nearly
baseline levels in the low-morbidity context of non-pathogenic chronic infection (such as
occurs in sooty mangabeys)® °. In contrast, for pathogenic SIV infection, such as that
observed in rhesus macaques, upregulation of ISGs persists into chronic infection® ° with a
parallel increase in morbidity and mortality. Studies of human subjects also report that ISGs

expression may persist from acute infection to chronic infection despite the decline in HIV
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viral load from peak levels during acute infection to the lower set-point during chronic

infection.

Our long-term goal is to identify ISGs that directly drive chronic immune activation in PLWH
using three stages of analysis: 1) identify ISGs differentially expressed between HIV-infected
individuals who are virally suppressed on ART versus HIV-uninfected controls. The
identified ISGs could be associated with chronic immune activation, ART usage, or HIV
infection. 2) identify which of those ISGs continue to be expressed in PLWH who are virally
suppressed on ART compared to PLWH not on ART; 3) test the association between [SGs and

functional immunological markers. My focus here is to address the first of these stages.

We compared gene expression, including ISGs and others, in peripheral blood mononuclear
cells (PBMCs) from individuals with virally suppressed HIV-1 infection after ART initiation
(denoted as the ART-suppressed group hereafter) versus HIV-1 uninfected controls. We aim
to identify genes and pathways that were differentially expressed in the two groups, which
may be associated with chronic infection, ART usage, and viral infection. These data can then

be utilized to identify ISGs that mediate chronic immune activation solely.

3.2 METHODS

3.2.1 Study subjects and samples

Study subjects were selected from two HIV-1 serodifferent heterosexual couples cohorts:
Partners PrEP clinical triall® (Partners PrEP cohort) and the Couples Observational Study

(COS cohort)!1. The Partners PrEP cohort was a randomized placebo-controlled clinical trial,
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which tested whether tenofovir (TDF) or tenofovir-emtricitabine (TDF-FTC) provided to an
HIV-infected participant could prevent HIV-1 acquisition. COS was an observational study

followed a similar recruitment strategy as Partners PrEP.

All subjects from the Partners PrEP trial that contributed to this study of ISG expression were
sampled from the placebo arm of the trial. We identified PLWH who initiated ART after study
enrollment, had PBMCs samples collected after ART suppression, and having undetectable
plasma HIV-1 RNA levels after ART initiation. We identified HIV-uninfected controls by
matching the HIV-infected subjects on age and biological sex and did not report any
unprotected sex act or have STIs or HSV2 infections that could elevate ISG expression and

inflammation responses.

Visit-level data used in this analysis include age, biological sex, region of residence, study
cohort, CD4+ T cell count at the time of ART initiation, CD4+ T cell count at successive visits
after ART initiation when PBMCs were collected, HIV-1 RNA levels at ART initiation and at

post-ART visits when PBMCs were collected.

3.2.2  RNA-sequencing and preprocessing

PBMCs from PLWH and HIV-uninfected controls were evaluated through RNA sequencing.
PBMCs RNA was isolated by RNA Mini-prep kits for standard input or Micro-prep kits
(Qiagen) for low inputs. RNA-Seq libraries were constructed using TruSeq Stranded Total
RNA kits (Illumina) and Nextera XT adaptors (Clontech). Libraries were then sequenced

using an Illumina HiSeq2500 platform.
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Raw FASTQ files were analyzed by removing the adaptor sequences, low-quality entries, and
low-read length entries using SKEWER!2. Low-quality entries were identified with an
average Phred quality score!3 14 less than 30, meaning that the probability that the base is
incorrectly called is less than 1 in 1000. Low-read length entries were identified with read
length less than 36 nucleotides, which may not be uniquely matched to a location within the
genome. This trimmed and filtered FASTQ file was aligned to the reference genome using
HISAT15. We used the Homo sapiens NCBI reference genome assembly version GRCh38 as the
reference sequence. Reads were sorted based on chromosome number and genome position
was coordinated using SAMtools?®. Last, the count matrix , which contains expression level
with genes in rows and samples in columns, was generated using featureCounts!’ to

downstream statistical analysis.

3.2.3  Statistical Analysis

Differential gene expression analysis was used to compare ART-suppressed PLWH versus
HIV-uninfected controls, or vice versa. We applied linear models with an empirical Bayes
method, which protects against false positive signals by shrinking estimated gene variances
towards a pooled estimate, using Limmal8. Models were adjusted for age, sex, and study site.
Multiple testing was accounted for using the False Discovery Rate (FDR)!°. Gene set
enrichment analysis (GSEA) was performed to identify pathway or gene sets associated with
HIV-1 acquisition through fGSEAZ20. Pre-defined gene sets were obtained Hallmark gene sets

from the Molecular Signatures Database?! (MSigDB).
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3.2.4  Human subjects

Informed consent, including for genetic research on HIV infection, was obtained from all
participants. Study protocols were approved by human subject research committees at the

University of Washington, local study sites and affiliated institutions.

3.3 RESULTS

We identified 18 ART-treated PLWH with viral suppression and 12 HIV-1-uninfected
controls. ART-suppressed participants and HIV-uninfected controls were similar in age and
sex (Table 3.1) but were imbalanced in the country of residence. ART-suppressed group
and uninfected group were mostly female (67% respectively) and aged from 20-60.
Participants were enrolled in Kenya, Uganda, and South Africa. The mean plasma HIV-1 RNA
of ART-suppressed subjects was 4.87 log10 copies/mL before the initiation of ART then
decreasing level below the limit of detection, which indicating viral suppression. The
Partners PrEP trial required CD4+ T cell counts >200 cells at the time of enrollment. The
mean CD4+ T cell counts were 300 cells/mm3 before the initiating ART and 434 cells/mm3

post-ART.

A total of 594 genes were differentially expressed between the ART-suppressed and HIV-1
uninfected groups based on FDR<0.05. Among the differentially expressed genes, 254 of
them had an absolute fold-change greater than 1.5. CD8A (CD8a molecule) (adj. p = 1.8x10-,
fold change = 2.5), CD8B (CD8b molecule) (adj. p = 7.2x10-5, fold change = 2.5), CRTAM
(cytotoxic and regulatory T cell molecule) (adj. p = 1.6x10-4, fold change = 2.2), ACVRIC

(activin A receptor type 1C) (adj. p = 2.0x10-4, fold change = 0.3), MSC (musculin) (adj. p =
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2.0x10-4, fold change =2.6) had the largest fold changes and smallest adjusted p-values

(Figure 3.2).

CD8A and CD8B had higher expression among post-ART participants (Figure 3.3). These
genes encode the alpha and beta chain of the CD8 glycoprotein which is located on cytotoxic
T lymphocytes and mediates recognition of antigens displayed by class | MHC molecules on

antigen presenting cells (APCs).

Analysis of 50 well-curated Hallmark genes sets identified 17 gene sets that were enriched
in with the post-ART state with FDR<0.05 (Figure 3.4). In particular, several immune or
inflammation-related pathways had small adjusted p-values and large normalized
enrichment scores (NES, magnitude of enrichment normalized based on the number of genes
in the gene sets). These include interferon-a and {3 responses (adj. p = 7.9x10-8 and 1.5x10-
13, normalized enrichment scores [NES] = 2.3 and 2.4, respectively), TNF-a signaling,
inflammatory responses, and allograft rejection (adj. p = 1.0x10-8, 1.0x10-* and 1.6x10-°, NES
= 2.1, 1.9, and 2.3, respectively). Altogether, these results suggest presence of an activated
immune state in HIV-infected individuals compared to HIV-uninfected controls. Genes that
contribute most to the enrichment signal of interferon responses include ISGs such as IFI27,

CXCL10, OASL, IFI35, and MX1 (Figure 3.5).

3.4  DISCUSSION

Our study found a transcriptome signature in PBMCs. The transcriptome signature

discriminates HIV-uninfected individuals from PLWH who are virally suppressed due to
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ART. Post-ART individuals exhibited more than two-fold higher expression of CD8A and
CD8B. Immune and inflammation-related pathways were enriched in virally suppressed HIV-
1 infection, including interferon-a and -y responses. Notably, several ISGs, such as IFIZ7,
CXCL10, OASL, IFI35, and MX1 contributed most to the enrichment signals of interferon

responses.

As would be expected, CD8A and CD8B, which are genes involved in CD8+ T cell immunity,
and therefore actively expressed during HIV-infection, showed a higher expression in PLWH
compared to HIV-uninfected participants. CD8+ T cell numbers have been documented
throughout the course of HIV infection (reviewed in reference??) CD8+ T cell counts remain
elevated in treated HIV patients who are pharmacologically HIV suppressed. The
upregulation of CD8+ T cell counts can be associated with adverse health events, such as
non-AIDS morbidities. It echoes our result that the PLWH display residual immune
dysregulation despite effective ART. It may also hint that the observed increase in CD8A and
CD8B expression may be driven by higher cell counts instead of elevated expression in

individual cells.

We also observed that interferon responses are elevated among ART-treated PLWH. The
relationship between interferon expression and HIV-1 infection has received increased
scrutiny recently. There is some controversy whether interferon and ISGs hinder or facilitate
HIV-1 progression. During acute infection, ISGs encode anti-HIV-1 restriction factors that
function to inhibit viral replication. However, in chronic infection, ISGs also show persistent

upregulation, which may be associated with adverse health outcomes?3.
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We re-visit our initial study hypothesis that there are ISGs differentially expressed between
ART-suppressed group and HIV-1 uninfected group. We did not observe significantly
differentially expressed ISGs in our gene-level analysis. However, pathway-level analysis
reveals a subset of ISGs contribute to the upregulated interferon response pathways. Some
of the identified [SGs were reported to be associated with HIV/SIV outcomes in other studies.
IFI27 and MX1 are identified to be rapidly upregulated in pathogenic SIV infection and to
persist into chronic infection® °. [FI35 and MX1 expression have been reported in association
with plasma HIV-1 set point during chronic infection?4. Plasma levels of CXCL10 have been
reported directedly related to HIV-associated neurocognitive disorder in women with
chronic HIV infection?>. This suggested that this subset of ISGs appears to be associated with
chronic infection. A recent study compared the CD4+ T cell gene expression between post-
ART controllers and early viral rebounders in participants who have stopped therapy?°. It
identified ISGs including ISG15, XAF1, TRIM25, and USP18 associated with the rebound. We
did not identify these specific ISGs as part of a differentially expressed signature for immune

activation.

The study has some limitations. First, the small sample size may reduce the robustness of the
results. Previous power calculations estimated that 25 participants per group could provide
80% power to identify a 1.5-fold-change in expression with a coverage depth of 10 and
coefficients of variation of counts per group of 0.4. We were unfortunately not able to achieve
the sample size. The study should be considered as a pilot study, and the results from our

small sample should be confirmed in larger studies. Second, the bulk RNA-seq may not be
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able to account for cellular heterogeneity. The observed higher CD8A and CD8B expression
among people living with HIV-1 on ART may come from a higher proportion of CD8+ cells in

PBMCs samples instead of cellular upregulation.

Further studies are needed to identify ISGs that contribute to chronic immune activation in
PLWH. The current observed differential gene expression between post-ART and uninfected
controls may not be solely due to the chronic state of inflammation and immune activation.
It is possible that some of this signature comes from effects of ART usage or HIV infection
itself. Follow-up studies are needed to dissect these observations one-step further. We can
conduct a longitudinal comparison between pre-ART and post-ART time points for the same
individuals to identify ISGs driven by ART use and HIV replication. We can also conduct
association test between ISG expression and clinical HIV or immune activation parameters
to identify ISGs driven by HIV infection and inflammation. In addition, we can perform

immunophenotyping to determine specific cell populations.

In summary, we found that genes involved in CD8+ T cell responses and multiple immune-
related pathways were upregulated in virally suppressed HIV-1 infection compared to HIV-
uninfected controls. They demonstrate evidence of sustained inflammation among virally
suppressed PLWH compared to HIV-uninfected people. Notably, we also identified several
ISGs contributing to interferon response enrichment signals. Our findings provide support
and incremental evidence on previously non-human primate and human studies, which
explore the relationship between ISGs and HIV clinical outcomes/chronic activation. Further

studies are still needed to distinguish ISGs related viral infection from ISGs that contribute
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to or are influenced by chronic immune activation. Those ISGs that drive chronic immune
activation could then serve as potential candidate for a targeted intervention that could be
used alongside ART to reduce inflammation during HIV-1 infection and restore healthy

immune homeostasis.
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3.6  TABLES & FIGURES

Figure 3.1 Study Background and Motivation.

The number of 50 y/o + people living with HIV-1 continue growing in the US
Further understanding of process contributing to increased mortality and
morbidity is important for improving care.

# o ART-treated individuals with HIV-1 experience higher mortality/morbidity rates
lll-\ :

General Mechanistic Hypothesis

Interferon stimulated Chronic immune

Increased risk of
genes (ISGs) 2 activation

mortality and comorbidity

Current Supporting Evidence

«¢ )
In human, ISG expression up-

In non-human primate models,

ISGs remain elevated in pathogenic SIV regulated in acute HIV-1 infection and then
infection but not in non-pathogenic SIV remain elevated into chronic infection when
infection. HIV-1 already decreased to steady set-point.

Remaining Questions

Which ISGs contribute to chronic immune activation in human? They may be the ones that
ISGs differentially expressed in uninfected vs. ART-suppressed individuals (Focus of Chapter 2)
AND ISGs differentially expressed in pre-ART vs. ART-suppressed (Work by collaborator)

AND ISGs associated immunologic functional markers (Work by collaborator)
Etc.
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Table 3.1 Descriptive Statistics* of Study Subjects.

Characteristics ART-suppressed (n=18) Uninfected (n=12)
Female 12 (66.7%) 8 (66.7%)
Age (years) 32.0 (20.1, 53.4) 36.4 (20.0, 55.7)
Country of residence:

Kenya

South Africa 2

Uganda
Cohort:

COS 7 8

PrEP 11 4

HIV-1 viral load
(log10 copies/mL):

Pre-ART 4.87 (4.65, 5.01)
Post-ART 0.40 (0, 0.96)
CD 4 T cell counts
(cells/mm?3):
Pre-ART 300 (247, 356)
Post-ART 434 (359, 519)

* Numbers (percentages) for categorical variables. Mean (Minimum, maximum) for
continuous variables.
Abbreviation: COS- Couples Observational Study; PrEP- Partners PrEP cohort
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Figure 3.2 Volcano Plot of Differentially Expressed Genes.
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Figure 3.3 Post-ART Individuals Exhibited Higher Expression of CD8A4 and CD8B.
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Figure 3.4 Bar Plot of Enriched Pathways in Virally Suppressed HIV-1 Infection.
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Figure 3.5 Heatmap of Leading Edges in Interferon Responses Pathways.
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(Cont. ) Heatmap containing the leading-edge genes (genes that contribute most to
enrichment signals) of interferon-alpha and gamma response pathways. Cell color
represents the gene expression level—higher expression in red and lower expression in
blue. Samples are annotated with participants’ group, with green indicating uninfected
controls and orange indicating post-ART. Genes are annotated regarding whether they are
involved in interferon-alpha and gamma response pathways, respectively, FDR-adjusted p-

value, and log2 Fold change from differential gene expression analysis.
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Chapter 4. INFORMED CONSENT IN GENETIC/GENOMIC STUDIES
IN AFRICA: A SYSTEMATIC REVIEW OF
POTENTIAL BIOETHICAL ISSUES

4.1 ABSTRACT

Objective: International collaboration on genetic/genomic studies has expanded
dramatically, yet, the application of traditional ethical principles, most often through
informed consent, may be challenging when conducted in culturally diverse settings.
Recommendations for conducting ethical international collaborations offer best practices
ranging from assessing comprehension to strategies for community engagement yet,
adherence to best practices and whether these represent the scope of possible ethical issues
raised by international studies remains unknown.

Methods: We performed a systematic literature review of empirical studies that explored
stakeholders’ perspectives on informed consent in the context of international
genetic/genomic research, primarily in countries of Africa. Twenty-three relevant articles
were identified and reviewed for five topics: (1) comprehension, (2) voluntary participation,
(3) consent elements, (4) consent model, and (5) community engagement.

Results: Different levels of understanding and recall over different consent elements, and
multiple factors associated with comprehension were observed. Voluntary participation
could be influenced by misconception, monetary and healthcare compensation, and
previously established trust with the research team. Many participants show less interest in
certain consent elements, such as biobanking, data sharing, and future use, but more in the

section on benefits. Returning results had potential advantages to build trust between
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participants and the research team; however, the most appropriate way to return results is
a topic under discussion. There was also conversation over consent models, broad, tired, and
dynamic, on their balance between autonomy and practicality. Finally, many articles
ascertained the value of community engagement and encouraged researchers to consider
local cultural beliefs, social stigma, and decision-making habits when designing the consent
process.

Conclusion: We observed an increased interest in the ethical conduct of the informed
consent process under international genetics/genomics studies in recent decades.
Awareness and attention to these issues are needed to develop more appropriate consent
strategies that could further safeguard the right and welfare of local participants and support

the smooth conduct of research.
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4.2  INTRODUCTION

Genetics and genomic studies have experienced growth and development in recent decades
due to scientific advances and the falling cost of sequencing technologies. In global
collaborations between countries, researchers recruit subjects and collect biosamples in one
place and then rely on genetic analyses conducted outside of the specimens’ countries-of-
origin®; 2. In this process, several critical ethical concerns have been raised about the ability

to ethically engage, recruit and consent study participants3->.

Informed consent ensures research participants are aware of the risk and potential benefits
and make voluntary decisions about participation. It is based on the ethical principle of
autonomy and is required by the U.S. Federal Policy for the Protection of Human Subjects®
45 CFR Part 46, referred to as the Common Rule. The concept of informed consent in human
subject research originated from the Nuremberg Trials following World War II. Nazi
defendants were charged with crimes against humanity and war crimes for unspeakable
medical experiments on concentration camp inmates. In 1947, the verdict of the
International Military Tribunal in the case of United States of America vs. Karl Brandt et al.
set out ten principles of human experimentation, known as The Nuremberg Code, which later
were codified into laws regulating the ethical conduct of human subject research. Voluntary

consent from human subjects is the first and foremost principle in the code’.

When invited to participate in a research study, prospective research participants or their
legal representatives are provided key information about the study in question so they may

voluntarily decide whether or not to participate in the study. Essential elements of the
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consent include (1) a declaration that the study involves research, (2) a statement of
research purpose, (3) the expected duration of participation, (4) a description of research
procedures, (5) a description of potential risks or discomforts, (6) a description of potential
benefit, (7) a disclosure of alternative procedure or treatment that might benefit the subjects
(8) a description of any compensation, (9) a confidentiality statement, (10) a statement of
voluntary participation and withdrawal, and (11) contact information for pertinent
questions8. Additional elements of special consideration for genetic and genomic research
include a long-term, uncertain privacy risk given the stability of DNA overtime and broad
sharing of samples or data, and group harm given the implication of genetic information for
families and communities, among others®. To ensure that participation is voluntary,
researchers are obligated to confirm that each prospective participant understands the
information provided and that the invitation to participate (i.e., recruitment procedures,

incentives, etc.) is not coerced.

Research conducted in international settings must contend with variation in levels of
educational attainment and common modes of communication, which raise concerns about
comprehension of study information and thus voluntariness of research participation. For
example, researchers from the International Clinical Research Center (ICRC) at the
University of Washington, who have field work experiences in Sub-Sahara Africa, have noted
that some participants did not finish high-school and their local language, Kiswahili, has an
oral tradition. Such social and cultural contexts of research raise the possibility that

participants might practicably find voiced-over and multimedia-based study information
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easier to comprehend as compared to traditional text-based modes, especially given the

complexity of genomic research, data sharing, and other relevant research details.

In this study, we hypothesize that culturally diverse contexts may raise additional ELSI
concerns in the informed consent process for genetic/genomic studies. We aim to identify
and describe those ELSI challenges by performing a systematic literature review of empirical
studies that explored stakeholders’ perspectives on informed consent process in the context

of genetic and genomic research in Africa.

4.3  METHODS

This systematic literature review sought to identify bioethical issues raised in the informed
consent process in international genetic/genomic studies, primarily Africa. The review is
conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guidelines!l. As such, this review specifies information sources,
search strategy, eligibility criteria, selected articles, and details data collection, coding, and

synthesis. The protocol for the systematic review is not registered.

4.3.1  Data sources and search strategy

Based on differences in content coverage, three search platforms were used to maximize the
number of possibly relevant articles. PubMed MEDLINE (National Library of Medicine), Web
of Sciences (Clarivate), and Google Scholar were searched. PubMed accesses databases on
life science and biomedical topics. Web of Sciences accesses databases on multidisciplinary
disciplines including science, technology, social sciences, arts, and humanity. Google Scholar

also accesses multidisciplinary fields.
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For PubMed, the advanced search interface was used with the search syntax ("informed
consent") AND (genetics OR genomics) AND (Africa) AND (ethics). Web of Science advanced
search was queried using the search terms ALL=(("informed consent") AND (genetics OR
genomics) AND (Africa) AND (ethics)). No filtration on publication year, date, language, and
article types were applied. The search strategy yielded 267 and 28 records for PubMed and
Web of Sciences, respectively. The first 50 “hits” in Google scholar were included because
they were most relevant among the million hits returned by the search engine. Searches
were conducted on April 26th, 2022. Records were exported and saved to a Microsoft Excel

workbook.

4.3.2  Eligibility Criteria

Eligible studies were included if they met the following criteria:
(i) published in peer-reviewed journals in English language.
(ii)  having full text available.
(iii) empirical study including case-study, qualitative interview/focus-group
discussion, and survey/questionnaire.
(iv) address ELSI issues in the informed consent process related to host
genetic/genomic research.
(v)  were conducted or topically about international research in Africa.
The articles were excluded if they were
(i) abstracts, conference proceedings, review opinion papers, or document

analyses.
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4.3.3  Literature screening

We employed a double screening approach. Two members (YL, HK) of the research team
independently screened the search results to ensure the consistency and reproducibility of

the application of eligibility criteria.

Two-levels of screening was conducted, and an Excel spreadsheet was used to track articles.
The literature search initially yielded 345 articles. After removing 76 duplicate articles, 269
remained for further screening. These articles were first screened based on their titles and
abstracts for keywords to identify whether they address ethical issues (as opposed to
presenting non-ethics-related scientific/biomedical discoveries), informed consent, and
genetics or genomics research. This first-level screening process resulted in an exclusion of
184 articles, leaving 85 that were read in full to verify eligibility. Next, the 85 were screened
based on full text read to determine if they were empirical studies, conducted in Africa
settings, and addressed consent in host genetics/genomic research. The second-level
screening process resulted in the exclusion of 62 additional articles, leaving 23 articles for

data extraction, coding, and analysis (Figure 4.1).

4.3.4  Data extraction, coding, and analysis

Upon the collection of articles, we first used a tracking spreadsheet to summarize the
characteristics of the included articles. We organized the articles by year of publication,
study design, study subjects, study sites, main funding, and any recommendations for

improvement if proposed.
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We generated a codebook to support the analysis of consent within the articles (Table 4.2).
We created initial codes of issues drawing from the H3Africa Guideline for Informed Consent!?
and the opinion article Informed Consent in Genomics and Genetic Research®. During the data
abstraction and coding process, the coding framework was iteratively revised with existing

issue topics edited for clarity and new issue topics added.

Each included article was retrieved for full text and coded. One member (YL) of the research
team extracted issues using the defined coding framework, and one member (HK) reviewed
the coding to ensure the appropriateness and consistency of the code application. Coding
discrepancies were resolved through discussion and consensus between the two members.
Data were summarized in a spreadsheet in wide format, with each article as an entry and

each issue topic as a column.

4.4  RESULTS

Results are presented in three parts: first, an overview of the characteristics of the included
articles; second, the frequency of the issue topics across articles; and third, key descriptive

findings from each issue topic.

44.1 Characteristics of the reviewed articles

Twenty-three articles were included in the review (Figure 4.1). Articles spanned between
2006 and 2022. Thirteen (57%) were published in 2018 or later, and only four were
published before 2010. The studies were conducted in ten countries in Africa, including

South Africa (8), Ghana (4), Nigeria (3), Gambia (2), Tanzania (2), Kenya (2), Cameroon,
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Ethiopia, Mali, and Uganda. The majority of the studies had authorship collaborations with

researchers from the United States and United Kingdom.

The studies employed multiple non-mutually exclusive categories of designs: seventeen (17)
were semi-structured/in-depth interviews, nine (9) were focus-group discussions, four (4)
were surveys, and two (2) were case observations. They involved various key stakeholders
including recruited local participants in genetic/genomic research, non-participants who
were potentially eligible for specific studies, research staff, fieldworkers, ethics board
members, and community members - community leader, community advisory board,

community liaison group.

442  Frequency of issue topics across articles

Participants’ comprehension of the information provided in the consent appeared most often
across reviewed articles. Comprehension appeared in thirteen (13) of the reviewed articles,
followed by voluntary participation in twelve (12) articles, consent element in eleven (11)
articles, community engagement in nine (9) articles, and consent models in two (2) articles.

(Table 4.2)

443  Description of topics and issues raised about informed consent in international

genetic/genomic studies

Comprehension
Of the 13 studies that assessed participants’ comprehension, study participants
demonstrated different levels of understanding and recollection of information provided in

the consent process. Participants reported a high level of comprehension of study goals and
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study procedures while reported difficulty in understanding of biobanking and future use

(see “consent element” section for more discussion)13-16,

Concept of gene and heritability. One feature of genetic/genomic research is that the consent
process may utilize several technical terms or describe a technical process. One study
reported that the indigenous population, Yoruba, in Nigeria has its own words, proverbs, and
aphorisms for genetic or heritability-related concepts!’. With the local dialect, concepts such
as the transmission of traits by “blood,” dominant and recessive traits, and penetrance could
be understood appropriately. The study further suggested that incorporating indigenous
linguistic and cultural concepts that describe genes or heritability may help improve

comprehension and accuracy in the consent process.

Factors influencing understanding. Seven studies described factors that could influence
participants’ comprehension and multiple factors have been reported including: time
research staff spending with the study participants in the process!8; adequacy of information
provided and quality of the interaction!8; the age of participant!8; literacy levell% 18; whether
this is an iterative learning process!?; whether there are comparable concepts in the local
language?? 21; and whether the local language has a standard written form?2°. Accordingly,
these studies proposed possible ways to improve understanding during the consent process
including holding group sessions before the individual consenting process; giving Q&A
opportunities to study participants!8; providing intensive and continued training to research
staff about research and consent element, attitude and communication!? 20:22; explaining the

element in simple, accessible language!8:29; including practical examples?2% 23; utilizing visual
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aids including pictures, videos, diagram?% 24; planning the consent process in considering
local and population needs!8; and planning re-consenting phase if the study has long time

spanlé.

Voluntary participation

Two qualitative studies reported that the majority of their participants had not experienced
pressure to participate and that they understood that they could withdraw from the study!>
16, However, it is worth noting that in two studies, participants made their decision based on
trust and previous positive experience with research rather than genuine voluntary

participation 23; 25,

Reasons for participation/non-participation. Two studies reported that monetary
compensation and free healthcare services were common reasons for participation?3:26. The
specific reason varied between adults and youth: adults decided to participate based on
altruism and the common good, while youth tended to make their decisions based on
personal benefit, preferences, and family welfare?’. Time conflicts, negative feeling of taking
information away but not addressing local issues, and aggravation of stigmatization
associated with the familial nature of diseases were among the reasons for non-

participation?%: 28,

Misconception. Participants showed a misconception of research benefits. Some of them
believed the research could identify the cause of illness or help identify a treatment; however,

this was not true for genetic epidemiology studies?®. Participants commonly interpreted
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research as medical care (known as therapeutic misconception)3?. Additionally, in a case-
control genetic study, participants showed diagnostic misconceptions (i.e., participants
interpreted research to be a diagnostic test, and join the study in order to learn about their
health status) among healthy controls and therapeutic misconceptions among cases3!. A
suggestion to overcome this issue is to discuss the difference between research and medical

care in simple and clear term?3.

Consent elements

Studies reported that participants had different levels of interest in each consent element.
One study showed that participants considered the study benefit as the most important
information to know?3, while another study reported less interest to the learn about the
study itself?¢. This lack of interest in the study is consistent with the observation that many
participants did not ask questions about study aspects such as archiving samples, future use
or data sharing, all of which researchers considered to be complex concepts that are difficult
to understand initially'4 30. The authors, therefore, suggested that the consent process focus

on the potential benefit of proposed research to participant and community.

Biobanking. Besides less interest in biobanking, multiple considerations emerged around
this topic. One study found that participants had a number of questions such as what is meant
by biobanking or cell immortalization; what are the individual and community benefit?4?
Another study questioned, from the researchers’ standpoint: what is the competence of the
research ethics committee; how to measure and explain the risk vs. benefit of biobanking;

which consent model is most appropriate; and how to manage and sustain storage?32.
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Data sharing. One study of genomic dataset sharing found that participants might not
understand data sharing from consent language stating, “if this identified a particular cluster
of disease... then data ought only to be shared for such research...”33. Instead, the study found

that participants gave their consent based mainly on trust.

Future use. Like biobanking and data sharing, interview studies of participants and research
staff reported that, similar to biobanking and data sharing, participants and staff were less

aware of possible future secondary uses and the breadth of the generated datal3: 2.

Returning results. One study reported that research staff did not discuss the issue of
returning results with study participants, despite that this was required by the local ethics
guideline34. There was an on-going discussion regarding this issue. On the one-hand,
returning results is highly preferred. A study reported that participants might show an
expectation and gratitude for receiving results4. They believed that the results could fulfill
their curiosity of knowledge and benefit them when the result is clinically significant or
actionable. In addition, absence of feedback in prior studies could discourage community
members from future research participation. On the other hand, returning results should be
treated with caution. The same study also pointed out that most of the study results would
not have direct benefit or could not be understood without further specialized analysis. It
further summarized barriers to returning results such as the absence of a well-trained

genetic counselor to appropriately deliver the results.
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Consent model

Articles discussed different consent models including broad, tiered, and dynamic models of
consent. Some researchers argued that one-time broad consent is preferred because re-
consenting is resource-intensive and thus likely impractical, while others suggested that
broad consent could become more compatible with recent technological advances in remote
communication3?. Another perspective was skeptical of broad consent, arguing that keeping
the community updated could be an effective way to sustain a trust relationship between

participants and researchers!4.

Community Engagement
Among the nine articles that discuss community engagement, they all valued community
engagement and encouraged researchers to consider its application when designing the

consent process.

Engagement Structure. Community engagement has been discussed at various levels and
various stages of the consent process. One study summarized three levels of community
engagement: high level including international/national/institution decision makers; peer
level including researchers in biomedical field; and community level including patients,
member of supporting groups, community advisory board, field workers, general public,
etc?2. Several studies highlighted the key role of field workers2% 24:30, whose understanding,

attitude and communication were key influences on the ethical practice of consent locally.
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Cultural beliefs. Developing a consent process may also need to consider common beliefs in
culture, community, and society. For example, there were cultural beliefs about the
withdrawal of biosamples?2. One study reported that some traditional communities believed
that if their blood and hair remained in a fridge, they would linger in this life. Or they worried
that their blood could be used in witchcraft. It was also observed that participants became
agitated during blood draw because of their belief in the power of amulets!4. Other examples
were associated with beliefs about heritability??, where participants believed that it would

be disrespectful to ancestors if they explained inheritance.

Social stigma. Social stigma may also impact the process of obtaining informed consent. One
study focused on the stigma around podoconiosis, also known as mossy food?8. Despite the
fact that podoconiosis is caused by long-term red clay soil exposure, it is widely believed in
endemic areas of Ethiopia that podoconiosis run in families and is an untreatable condition.
Based on these beliefs, community members worried that participation in a genetic study
might reinforce the view that the disease is familial. Furthermore, the staff of a local
organization working to prevent environmental exposure to mossy foot, also reported fear
that discussing its familial nature might disappoint local patients who had already been
stigmatized and threaten established trust. This research team later demonstrated that
addressing the community’s feedback on issues like this prior to the conduct of the actual

study could benefit the development and application of the consent process.

Shared decision making. Permission by elders, community leaders, husbands, healthcare

providers and or religious leaders might be necessary prior to the enrollment and consent
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of individuals in some communities?? 35; however, views varied as to whether such
permission is needed in practice. For example, in Wolaita, Ethiopia, it was more common for
people to receive information through local community gatherings, group discussions, and
consultations instead of one-to-one discussion?3. Therefore, community consent might be
preferred as a practical issue. In contrast, participants from another study in Igbo-Ora,
Nigeria, reported that no one should seek permission from community elders, probably
because of the local community’s view that elders are not considered essential in personal

decision making about research participation?®.

4.5  DISCUSSION

This systematic review outlines the state of current empirical bioethical research on
informed consent in international collaborative genetic/genomic studies in Sub-Saharan
Africa. There is an increasing trend in the number of published articles discussing ethics,
suggesting growing interest in the ethical conduct of consent within the past few decades.
Frequently raised topics and issues include comprehension, voluntary participation, consent

elements, consent model, and community engagement.

A good number of included studies (n=9) were supported by or collaborated with the Human
Heredity and Health in Africa (H3Africa) initiative. As a partnership between the African
Society for Human Genetics, the U.S. National Institutes of Health (NIH), and U.K. Welcome
Trust, the initiative was launched in 2010 with part of its mission to understand ELSI
questions that accompany genetic/genomic research in Africa3¢. Our review found that

H3Africa studies tended to include a wide range of emerging issue topics, such as community
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engagement, shared decision-making, misconception in voluntary participation,
comprehension, and recall, etc. This is not particularly surprising given that this initiative
has made a consistent effort to access a wealth of expertise in bioethics and policy of genetics
and genomic research in recent years. Valuable lessons can be drawn from their experiences
and model. For example, it is particularly noteworthy that they foster local professional
leadership, and actively integrate community values in genetic and genomic research

through engagement at all-levels.

Among the reviewed studies, there are several topics and issues that have received less
attention. Despite intensive discussion in the United States, few articles discuss data sharing
and the consent process: for example, whether sharing genomic or phenotypic data or study
results through open or access-restricted databases; how to sign the consent when
participants are illiterate; whether the consent is electronic-based or paper-based; and
whether to adopt a governance approach rather than individual consent as the way to

protect participants.

Returning to the initial motive for this review - utilizing multi-media-based informed
consent with voice-over to facilitate participants’ comprehension -, we identified studies
that echo this point by suggesting researchers include visual aids, such as pictures, videos,
or diagrams, when designing the consent?% 23, Other studies also demonstrate that it would
be helpful to understand if the consent process utilizes a simple, accessible local language,
especially when there are comparable concepts in genetics and heritabilityl7: 18 21, One

additional consideration is that a community may not be familiar with multi-media formats,
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thus inadvertently creating an additional barrier. In the U. S,, electronic informed consent
has been implemented in the All of Us Research Program with post-consent assessments
reporting optimal levels of participant understanding of differences between research and
medical care, voluntary participation, and withdrawal, but less understanding of privacy
risks37. In addition, the study showed that some words used in the consent might not be
familiar to low-health-literacy participants, therefore, suggesting a participant-centered
consent development approach. Taken together, the design of a multi-media-based consent
process for international genetic/genomic study may also want to consider co-creating the

process with the local community members to anticipate contextual factors.

This study contains the following limitations. First, all of the reviewed studies were
conducted in sub-Saharan Africa, and findings might not generalize to other geographical
setting of the world, such as South America, Asia, the Pacific, etc. Second, although we
attempted to include a comprehensive list of literature within the review, we may still have
missed potentially relevant study articles. During the screening, we removed an article if its
title and abstract focused exclusively on scientific discovery, but ELSI issues might have been
discussed in some part of the main text. Third, some reviewed studies may suffer from
sampling bias. Some reviewed studies were studies of general residents who had not
participated previously in genetic/genomic studies. Their perspectives more likely express
attitudes or preferences that may differ from those of research subjects who had previously
undergone an informed consent process. In addition, few of the reviewed studies included

individuals who declined participation in genetic/genomic studies.
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Future work may give closer attention to disease-specific issues. For example, studies of
host- and viral-genomics in infectious disease are increasing. Phylogenetic analysis of viral
genomic data, such as for HIV-1, could suggest a pathogen transmission path between
individuals. A study of HIV-1 serodifferent couples found that 30% of the seroconversion
events that occurred during study follow-up were not attributable to the enrolled
seropositive partner suggesting the seroconverting partner was not monogamous3S.
Disclosure of such information to participants may yield negative consequences such as loss
of trust between partners, relationship dissolution, and potentially domestic violence
between couples. This raises ethical concerns about the potential risks from disclosure of

participant viral genomic data.

Another direction for future work is the possible role of community consent. As opposed to
individual-based consent, community consent is a group-level governance strategy to
safeguard the autonomy of the whole community. For instance, in the context of recruiting
indigenous groups or tribes in the U.S. for genomic studies, individual consent obtained from
tribal members living outside of their community may ignore group privacy risks when the
community is small and an individual’s genome is sufficiently representative for scientific
inferences about the larger group3?. Researchers should consider, beyond the individual-
level, how their research may impact socially or politically impacts the very communities

they seek to help.
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Figure 4.1 PRISMA Flowchart.
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The PRISMA flow diagram illustrates study selection steps in this systematic review.
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Table 4.1 List of Included Studies (n = 23).

63

No. Article Year Authors Design Subjects Sites
Participant recall and
understandings of
information on Recruited Vukuzazi*
biobanking and future study participants, KwaZulu-
1 genomic research: 2022 Luthuli ~ Semi-structured non- participants but Natal,
experiences from a multi- etal. interview are potentially South
disease community-based eligible, and research  Africa
health screening and staff (n=39)
biobank platform in rural
South Africal3
Perspectives and ethical
considerations for return
of genetics and genomics Ochien Researchers involved
2 researchresults: a 2021 § In-depth interview  in genomics studies =~ Uganda
o etal.
qualitative study of (n=30)
genomics researchers in
Uganda34
Qualitative study of Yoruba residents in
comprehension of . Focus group Ibadan who had not
. . Taiwo et ) . .. . Ibadan,
3 heritability in genomics 2020 discussion and key  participated in any .
. al. . . . . Nigeria
studies among the Yoruba informant interview genomics research
in Nigerial? (n=140)
Participant . Recruited Vukuzazi*
understanding of ..
. . study participants, KwaZulu-
informed consent in a . .
s . Ngwenya Semi-structured non- participants but Natal,
4 multidisease community- 2020 . . .
. etal. interview are potentially South
based health screening g )
. X eligible, and research Africa
and biobank platform in staff (n=39)
rural South Africa26 B
A qualitative study on SOOI
discussion (n=30), .
aspects of consent for .. . . : Recruited
. . Bukini et in-depth interview .. o .
5 genomic research in 2020 _ participants in Sickle Tanzania
" . al. (n=13), and .
communities with low . Cell Disease study
: participants
literacy18 .
observation
Informed consent in Ff)cus-g_roup Implementers,
. discussion, reviewers of
genomic research and Tindana individual research, and
6  biobanking: taking 2020 . : ’ - Ghana
- etal. interview (n=21), research participants
feedback of findings . . .
seriously4 and deliberative and community
workshops members (n=126)
Exploring the Role of Individual Recruited Ghana,
7 Shared Decision Making 2019 Bukini et interview (n=14), participants in Sickle Cameroon,
in the Consent Process for al. and focus-group Cell Disease study and
Pediatric Genomics discussion (n=49) (n=64) Tanzania
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10

11

12

13

14

Research in Cameroon,
Tanzania, and Ghana35

Rules of engagement:
perspectives on
stakeholder engagement
for genomic biobanking
research in South Africa22

Relative solidarity:
Conceptualising
communal participation
in genomic research
among potential research
participants in a
developing Sub-Saharan
African setting??

Predictors of consent to
cell line creation and
immortalisation in a
South African
schizophrenia genomics
study?*

Using iterative learning to
improve understanding
during the informed
consent process in a
South African psychiatric
genomics study??

"I passed the test!"
Evidence of diagnostic
misconception in the
recruitment of population
controls for an H3Africa
genomic study in Cape
Town, South Africa3!

"It's all about trust":
reflections of researchers
on the complexity and
controversy surrounding
biobanking in South
Africa3?

Understandings of
genomic research in
developing countries: a

2018

2018

2018

2017

2017

2016

2015

Staunton
etal.

Ogunrin
etal.

Campbell
etal.

Campbell
etal.

Masiye
etal.

Moodley
etal.

Traore
etal.

In-depth interview

Focus Group
Discussion

Survey

University of
California, San
Diego Brief
Assessment of
Capacity to Consent
Questionnaire
(UBACC)

In-depth
interview(n=34),
participant
observations(n=57)

In-depth interview

Semi-structured
interview (n=64),
focus-group

Researchers involved
in genomic and
biobanking studies
and/or community
engagement (n=30)

Community members
registered at and
attend research
facility (potential but
not current/past
participants in
genomic research)

Recruited SAX (The
Genomics of
Schizophrenia in
South African Xhosa
People) participants
(n=760 cases, n=760
controls)

Recruited SAX (The
Genomics of
Schizophrenia in
South African Xhosa
People) participants
(n=1056)

Recruited
participants in
RHDGen study
(identify genetics risk
factor for Rheumatic
Heart Disease), and
research staff

Medical and scientific
researchers,
biobanking experts
and governance
experts working
across different
disciplines: virology,
hematology,
immunology,
pathology, HIV and
Tuberculosis (n=21)

Participant’s parents
and researchers of
MalariaGEN study

South
African

South
west
Nigeria

South
Africa

Eastern
and
Western
Cape,
South
Africa

Cape

Town,
South
Africa

Western
Cape,
Gauteng,
Kwa-Zulu
Natal,
South
Africa

Mali
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15

16

17

18

19

20

qualitative study of the
views of MalariaGEN
participants in Mali2!

Exploring researchers’
experiences of working
with a researcher-driven,
population-specific
community advisory
board in a South African
schizophrenia genomics
study?0

Knowing who to trust:
exploring the role of
'ethical metadata' in
mediating risk of harm in
collaborative genomics
research in Africa33

Voluntary participation
and comprehension of
informed consent in a
genetic epidemiological
study of breast cancer in
Nigerials

Seeking consent to
genetic and genomic
research in a rural
Ghanaian setting: a
qualitative study of the
MalariaGEN experience?>

Participants' perceptions
of research benefits in an
African genetic
epidemiology study?°

Experiences with
community engagement
and informed consent in a
genetic cohort study of
severe childhood diseases
in Kenya30

2015

2014

2014

2012

2011

2010

Campbell
etal.

de Vries
etal.

Marshall
etal.

Tindana
etal.

Appiah-
poku et

March et
al.

discussion (n=5),
observation of
consent processes

Meeting discussion

Semi-structured
interview

Survey (n=215) and
in-depth interview
(n=17)

In-depth interview,
focus-group
discussion,
observation of
consent process

In-depth interview

Case observation
(Documents of
community
engagement, staff
meeting, training,
etc.)

(which enrolled

young children with

parental consent into
a study to identify
genetic factors
affecting immune re-
sponses to malaria in
11 African and two

Asian countries)

SAX (The Genomics
of Schizophrenia in
South African Xhosa
People) Community
advisory board
(n=10)

Fieldworkers,
researchers, and
ethics committee
member in
MalariaGEN study
(n=49), a study of
genetic factors
influencing immune
responses to malaria

Recruited
participants in breast
cancer genetic
epidemiology study

Participants and
researchers in
MalariaGEN study
(n=84), a study of
genetic factors
influencing immune
responses to malaria

Research participants

in tuberculosis
genetic epidemiology
study (n=25 cases
and n=25 controls)

Researchers and
community liaison
group at KWTP
(collaboration
between the Kenya
Medical Research

South
Africa

Kenya,
Gambia,
and the
UK

Ibadan,
Nigeria

Ghana

Kumasi,
Ghana

Kenya
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21

22

23

Tailoring consent to

context: designing an
shing Focus group

appropriate copsent - 2009 Tekola et discussion and in-
process for a biomedical al. ) .

. . depth interview
study in a low income
setting?3
Impact of social stigma on
the process of obtaining Focus-group
informed consent for 2009 Tekola et discussion (n=4),

and in-depth
interview (n=25)

genetic research on al.
podoconiosis: a
qualitative study?8

Voluntary participation
and informed consent to
international genetic
research16

Marshall
etal.

Survey

2006 ; .
questionnaire

Institute and the
Wellcome Trust, UK)

Podoconiosis patients
and non-patients in
the community,
fieldworkers,
researchers, staff of
the local non-
governmental
organization working
on prevention and
treatment of
podoconiosis, and
community leaders
(n=46)

South
Ethiopia

Community
members,
fieldworkers,
researchers and staff
of the Mossy Foot
Treatment and
Prevention
Association (MFTPA)
working on
prevention and
treatment of
podoconiosis.

Gambia

Igbo-Ora,
Nigeria
(n=307),
United
States
(n=348)

Participants in
hypertension genetic
epidemiology
research
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Table 4.2 Frequency of Identified Issue Topics.

67

Issue topics

No. of Articles containing

Comprehension
Recall
Language
Concept of gene and heritability

Factors influencing understanding

Voluntary participation
Reason for (non-)participation
Perception of risk and benefit

Misconception

Consent element
Study purpose
Study objective
Repository and biobanking
Future use
Returning results

Data sharing
Consent model

Community engagement
Engagement structure
Cultural Beliefs
Social stigma

Shared decision making

N N W N O = =

Ul Pk W = O
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