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Abstract Invited Reviewers
The African Pharmacogenomics Consortium (APC) was formally launched 1 2
on the 6th September 2018. This white paper outlines its vision, and

objectives towards addressing challenges of conducting and applying version 1 v v
pharmacogenomics in Africa and identifies opportunities for advancement published report report
of individualized drugs use on the continent. Africa, especially south of the 04 Jun 2019

Sahara, is beset with a huge burden of infectious diseases with much
co-morbidity whose multiplicity and intersection are major challenges in

achieving the sustainable development goals (SDG), SDG3, on healthand 1 Ahmed Rebai "', University of Sfax, Sfax,
wellness. The profile of drugs commonly used in African populations lead to Tunisia

a different spectrum of adverse drug reactions (ADRs) when compared to

other parts of the world. Coupled with the genetic diversity among Africans, 2 Ann K. Daly "=/, Newcastle University,
the APC is established to promote pharmacogenomics research and its Newcastle upon Tyne, UK

clinical implementation for safe and effective use of medicine in the
continent. Variation in the way patients respond to treatment is mainly due
to differences in activity of enzymes and transporters involved in pathways ~ article can be found at the end of the article.
associated with each drug’s disposition. Knowledge of

pharmacogenomics, therefore, helps in identifying genetic variants in these

proteins and their functional effects. Africa needs to consolidate its

pharmacogenomics expertise and technological platforms to bring

pharmacogenomics to use.
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Disclaimer

The views expressed in this article are those of the authors. Pub-
lication in AAS Open Research does not imply endorsement
by the AAS.

The problem to be addressed by the African
pharmacogenomics consortium

Traditionally, disease patterns are characterised with infectious
diseases (malaria, TB, HIV, cholera, neglected tropical diseases)
being the major cause of morbidity and mortality in develop-
ing countries in Africa, Asia and South America (Srivastava
et al., 2018). On the other hand, non-communicable diseases
such as cancer, cardiovascular disease, and neuropsychiatric
disorders have been associated with developed countries of
Europe, North America and Japan (Guthold er al., 2018).
However, changes in life style in developing countries have
resulted in what is termed the ‘epidemiological transition’ where
these countries now bear the double burden of infectious and non-
communicable diseases (Juma et al., 2018; Keates et al., 2017).
This has increased the disease burden in these countries where
Africa, which has 10% of the world population, now carries 25%
of the global disease burden (See AfricaRenewal, 2016-2017;
Crisp, 2011). This has in turn increased the need for treat-
ment interventions to reduce morbidity and mortality. Whilst
the use of medicines has been associated with huge reductions
in mortality thereby increasing life expectancy, some medicines
such as anti-retroviral drugs (ARVs) have been associated with a
huge surge in adverse drug reactions (ADRs) where up to 80% of
ADRs in some sub-Saharan Africa are now due to ARVs (Ampadu
et al., 2016; Appiah, 2012; Nemaura et al., 2012; Rajman et al.,
2017; Sarfo et al., 2014a). On the other hand, efforts to combat
non-communicable disease have shown a widespread lack of
efficacy of some medicines used in treating hypertension
(Fontana et al., 2014) and breast cancer (Li et al., 2017). The
burden of ADRs and poor efficacy translates to disability, death
and huge costs to the already constrained healthcare systems of
Africa. It is this burden of poor safety and lack of efficacy of
medicines in African populations that the African Pharmacog-
enomics Consortium seeks to address. This will be done by
quantifying the disease burden, understanding the underlaying
biomedical mechanisms, evaluating costs to the healthcare sys-
tems and finding interventions for improved treatment outcomes
using a responsible innovation (RI) approach.

ADRs are unwanted drug effects and have considerable
economic as well as clinical costs as they often lead to hospital
admissions and prolongation of hospital stay which increases
pressure on health care systems that are often overstretched
(Sultana et al., 2013). Estimates from USA and Canada show
that ADRs account for 4-30% and 6-35% hospital admissions
and hospitalization, respectively, while France reports at least,
100,000 patients presenting with ADRs per annum. The
Food and Drug Administration (FDA) of the United States of
America reports 58,000-106,000 annual deaths due to ADRs
(Sultana et al., 2013). ADRs add to the healthcare cost as illus-
trated by Watanabe et al. (2018) in a study where they report on
an estimated cost of prescription drug-related morbidity and
mortality resulting from non-optimal medication therapy of at
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least $500 billion for 2016. This is equivalent to nearly 15% of
total US healthcare expenditure and way above most GDPs in
African countries. Another study from the United Kingdom,
reported that ADRs increased the mean hospital stay from an
average of 8 days in patients without ADRs to 20 days in patients
with ADRs (Davies et al., 2009) which was accompanied by
an increased risk of mortality in patients who experienced ADRs.

Through global coordinated efforts, medicine supply includ-
ing new drugs to treat poverty related diseases is increasing but
this effort is not matched well with local capacity to monitor
patient safety in indigenous African populations. The impact of
the burden of ADRs in Africa with respect to people affected,
drugs involved and cost to the healthcare system is poorly
characterized. Available data on ADRs in Africa is scarce
except for a few studies from Kenya (Aminkeng et al., 2014),
Ethiopia (Petros et al., 2017a; Yimer et al., 2012), Ghana (Sarfo
et al., 2014), South Africa (Aminkeng er al., 2014), Zimbabwe
(Nemaura et al., 2012) and in a few other African countries
of which most are single hospital studies. This is reflected by
low participation in pharmacovigilance programs where, by
2016, only 35 countries were participating in the WHO Program
for International Drug Monitoring (PIDM) which involves
reporting of individual safety case report (ICSR). Africa con-
tributes a mere 0.88% ICSR to this VigiBase®, with South Africa
being the most active (Ampadu et al., 2016). Despite this low
reporting for many drugs, data shows that ADRs from ARVs
and some antibiotics are 5-10% higher in Africans compared
to the rest of the world (Ampadu er al., 2016). Whereas, in
most developed countries, ADRs have also been characterized
(e.g., for drugs such as Nonsteroidal anti-inflammatory drugs
(NSAIDs), coumarins, antibiotics, anticancer, and beta-blockers),
facilitating their recognition and prevention; ADRs in African
populations are mainly on the backbone of antiretroviral
(Ampadu et al., 2016; Mouton et al., 2016; Rajman et al., 2017)
accounting for at least 30% of ICSRs, followed by anti-
tuberculosis and antimalarial therapy, respectively (Ampadu
et al., 2016; Birbal et al., 2016; Mouton et al., 2016).

To our knowledge, there is no published data on the burden of
ADRs with respect to mortality at national or regional level
in Africa, there are very few studies that have evaluated the
economic impact of ADRs. A recent study conducted by
Management Sciences for Health, a Virginia—based international
nonprofit organization, showed that 6.3% of hospital admis-
sions in Sub-Saharan Africa were direct consequences of an
ADRs, while between 6.3% and 49.5% of hospitalized patients
developed ADRs (Appiah, 2012). A study in South Africa
showed that 1 in 12 admissions was because of an ADR, and
that ADRs were associated with drugs mostly used for the
treatment of HIV and TB (Mouton et al., 2016). There is also a
distinct complex disease-disease, and drug-disease as well as
drug-drug interaction profiles emerging in sub-Saharan Africa
where HIV patients have been shown to have a high risk for
cardiovascular diseases (Keates er al., 2017) and where some
ARVs have been shown to increase the risk for metabolic dis-
orders in these patients (Keates er al., 2017). For example, at
least 40% of HIV/AIDS patients on combination antiretroviral
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therapy (cART) in South Africa present with hypertension
(Nlooto, 2017). Most drugs used for the treatment of non-
communicable diseases were developed after clinical trials car-
ried out in Caucasian and Asian populations with a poor or
no representation of African populations, except in trials on
HIV/AIDS (GBD 2016 and HALE collaborators, 2017
Kharsany & Karim, 2016). This has led to reports of ADRs in
African patients with drugs that sometimes have not shown any
such effects in Caucasian populations (Taylor, 2018). Moreover,
some drugs that have proven efficacious in Caucasian populations
have not shown similar action in African populations (Fontana
et al., 2014; Li et al., 2017). In particular, the massive use of
cART for HIV/AIDS has led to many people living with HIV
for longer periods of time, allowing ADRs associated with long
term cART use to manifest (Ghosn et al., 2018; Kharsany et al.,
2018; Montjane et al., 2018; Soko et al., 2018). A distinct popu-
lation specific drug interaction profile between rifampicin and
efavirenz in black African and Caucasian populations, has neces-
sitated different efavirenz dose modification strategies during
rifampicin co-treatment (Habtewold er al., 2015; Habtewold
et al., 2017). The impact of rifampicin enzyme induction in
reducing efavirenz plasma exposure observed in Caucasian or
Asians was not replicated in black Africans, partly due to phar-
macogenetic variations (Mukonzo er al., 2014a; Ngaimisi et al.,
2011). Recent studies recommended pharmacogenetic-based
EFV dose modification during rifampicin based anti-tuberculosis
co-treatment for sub Saharan African population (Mukonzo
et al., 2016; Mukonzo et al., 2014b).

The underlying mechanisms of high frequency of ADRs and
poor efficacy of some medicines in African populations remain
largely unknown. Studies in European populations have shown
that most ADRs are concentration dependent. A high concen-
tration of the parent drug and/or its metabolites can result in
exaggerated primary pharmacological effects and/or appearance
of new and undesirable secondary pharmacological effects. The
high concentrations could be due to the physicians’ deliberate
effort to increase therapeutic effect or errors in prescription. A
large percentage of ADRs due to high drug exposures have been
attributed to reduced metabolic activity of enzymes responsible
for the metabolism and excretion of the drug of interest. For
instance, the CYP3A enzyme activity is significantly lower in
Tanzanians than Swedes or Koreans (Diczfalusy et al., 2008;
Mirghani et al., 2006). Factors that affect drug metabolism and
disposition (drug metabolising enzymes and transporters) have
therefore been extensively studied as the mechanism behind
most observed ADRs. Two major mechanisms have been demon-
strated to be responsible for variable drug exposures; enzyme or
transport inhibition or induction, and genetic variation in genes
coding for drug metabolising enzymes or drug transporters asso-
ciated with reduced or increased function. A study in about a
thousand patients showed that interactions associated with risk
for ADRs involved 50% due to drug-drug interactions, 34%
drug-gene interactions and 19% of drug-drug-gene interactions
(Verbeurgt et al., 2014).

The possible contribution of these mechanism to the ADRs
observed in African populations are poorly understood due to
several reasons including, lack of knowledge on the extent of
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pharmacogenetic variation in African populations (Rajman et al.,
2017), lack of clinical pharmacogenetic studies to evaluate the
role of the known genetic variants in observed ADRs, and lack of
known enzymes and transporters involved in the disposition of
many drugs commonly used in African populations such as anti-
parasitic drugs. There is therefore a great need to investigate the
role of drug-drug, drug-gene and drug-drug-gene interactions
as risk factors for ADRs in African populations. The African
Pharmacogenomics Consortium (APC) has therefore identi-
fied genomic factors as important factor in understanding ADRs
in African populations and intends to come up with interven-
tions for improved treatment outcome. In a contribution to
domestication of precision medicine, the consortium will foster
development of robust electronic health records for patients and
decision support systems to translate, share and communicate
pharmacogenomics results to healthcare providers and patients,
and to provide evidence-based recommendation for policy makers
to revise treatment guidelines relevant for African populations.

Pharmacogenomics as the solution

Pharmacogenomics utilizes a person’s genome (or genetic
makeup), to identify drugs and drug doses that are likely to work
best for that particular person, or drugs that are likely to cause
ADREs. In Africa, there have been several initiatives filling the gaps
that will eventually inform new ways of improving health, two
of these include MalariaGen and H3Africa (see Table 1). How-
ever, the focus of most of these initiatives has been primarily on
the genomics of disease susceptibility with little or no pharma-
cogenomics. African health care systems are complex, involving
contemporary and herbal medicines. Thus, pharmacogenomics
could enable a better understanding of the basis of both west-
ern and traditional medicine leading to better integration
(Thomford et al., 2018; Xin et al., 2019).

Pharmacogenomics in drugs and diagnostics
discovery, development and deployment

The two most important concerns for new drug development
are efficacy and safety. Generally, the process of drug discov-
ery starts with the identification of a potential target at which
the drug can act. The target can be an enzyme in a vital path-
way, a receptor, a transporter, a protein in signal transduction
or any protein important in disease manifestation. Currently,
about 300 targets of the potentially 5000 drug targets are being
exploited for drug discovery. These are mostly proteins (e.g.
enzymes and receptors) that are coded for by genes that
exhibit genetic polymorphisms. Knowledge of pharmacog-
enomics at this level has helped in the development of anti-
cancer drugs that work in patients of specific genotypes and
thus informed the development of companion diagnostic
tools to identify such responders in the clinical setting (see
Pharmacogenomics Knowledge Database).

The pharmaceutical industry has reported that up to 60% of
compounds in their discovery and development pipelines have
a pharmacogenomics component (Zhang et al., 2012) neces-
sitating the need of a pharmacogenomic strategy in the whole
discovery and development value chain. There is an Industry
Pharmacogenetics working group that provides the relevant stra-
tegic input on this matter for its membership. Genetic studies in
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Table 1. A list of some of the common genomics initiatives in Africa.

INITIATIVE

African Pharmacogenomics
Consortium (APC)

The African Society for Human Annual conferences/meetings
Genetics (AfSHG)

African Human Genome

FOCUS

The genetics of drug effectiveness (meetings,
training workshops, conferences, collaborations)

Lectures, conferences, discussions

ADDRESS/ CONTACT

Current initiative (website to be developed)
(bsiddondo@strathmore.edu)
https://www.afshg.org/

www.africagenome.co.za

https://h3africa.org

Initiative

H3Africa Genomics and environmental determinants of
disease

MalariaGEN Malaria genomic epidemiology Network, focussing www.malariagen.net
on effects of genetic variation on the biology and
epidemiology of malaria

H3ABioNet pan-African bioinformatics network

the Southern African Human
Genome Project
people of our country.

African Genome Variation
Project

Understanding of DNA variation among southern
Africans and how this impact on the health of the

Aims to collect essential information about the
structure of African genomes to provide a basic

https://www.h3abionet.org/
https://sahgp.sanbi.ac.za

https://www.sanger.ac.uk /science/collaboration/
african-genome-variation-project

framework for genetic disease studies in Africa

conjunction with gene expression, proteomic, and metabonomic
analyses provide a powerful tool to identify molecular subtypes
of disease. Using these molecular data, pharmacogenomics has
the potential to impact on the drug discovery and develop-
ment process at many stages of the pipeline, contributing to both
target identification and increased confidence in the therapeutic
rationale.

In the drug discovery and development value chain, pharmacog-
enomics can be useful at the following stages:

(1) Drug target identification and validation— characterising the
heterogeneity of drug targets and variable target-chemical inter-
actions with potential pharmacodynamic effects. This can result
in avoiding certain drug targets or developing a companion
diagnostics strategy that will be used to identify responder and
non-responder patient subgroups in the clinical setting. Genetic
variation in the human CD4 cells receptor, CCRS inspired the
discovery of the cells entry inhibitor, maraviroc (Dorr et al.,
2005; Perry, 2010; Veljkovic et al., 2015) and a companion
diagnostic for its use in patients likely to benefit from the drug
(Kim et al., 2016; Whitcomb et al., 2007). Pharmacogenomics
has already been used in oncology to demonstrate that molecu-
lar data facilitates assessment of disease heterogeneity, and thus
identification of molecular markers of response to drugs such
as imatinib mesylate (Gleevec) and trastuzumab (Herceptin).
Knowledge of genetic variation in a target allows early assess-
ment of the clinical significance of polymorphism through the
appropriate design of preclinical studies.

(2) Lead and candidate drug discovery phase — in vitro char-
acterisation of compounds for metabolism or transport by
proteins that exhibit functionally important variations. This will
result in either molecular design to avoid compounds likely to
have unfavourable pharmacokinetics and pharmacodynamics

in some patient groups or to design phase I clinical studies that
target affected enzymes or transporters. In lead and candidate
drug discovery, assessment of drug metabolising enzyme and
drug transporters pharmacogenetics studies are performed to
inform selection of suitable candidates for first time in man and
the subsequent design of clinical trials (Raymer & Bhattacharya,
2018)

(3) Phase I and II clinical trials — In clinical studies, pharma-
cogenetic tests are used for stratification of patients based on
their genotype, which corresponds to their metabolizing capac-
ity. This prevents the occurrence of severe ADRs and helps in
providing better outcomes from clinical trials. This can also
reduce attrition of drug compounds.

(4) Phase III — identification and validation of the function
of common genetic variants on drug PK and PD, design of
preventive trials based on predisposed PGx biomarkers, develop-
ment of dosage algorithm based on PGx and discovery of ADRs
related PGX biomarkers.

(5) Phase 1V clinical trials— identification and validation of the
function of rare genetic variants on drug PK, PD and ADRs,
validation of the PGx biomarkers related to ADRs and design of
prospective study in prevention of ADRs based on PGx biomark-
ers (Wen et al., 2015). In this regard members of the APC have
conducted clinical pharmacogenetic studies on the use of efa-
virenz in HIV patients (Dhoro et al., 2015; Habtewold et al.,
2015; Nemaura et al., 2012; Ngaimisi et al., 2011; Nyakutira
et al., 2008; Olagunju et al., 2015a; Olagunju et al., 2015b; Swart
et al., 2013), antiretroviral and antimalarial drug interactions
(Maganda et al., 2016; Mutagonda et al., 2017), genetic biomarkers
for antiretroviral and anti-tuberculosis drug induced hepatotoxic-
ity (Petros et al., 2017a; Petros et al., 2017b; Petros et al., 2016),
imatinib in the treatment of chronic myelogovenous leukaemia
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(Adeagbo et al., 2016), and the pharmacokinetics of rosuvastatin
in African populations (Soko et al., 2016; Soko et al., 2018) and
showed the potential importance of pharmacogenetic biomarkers in
the optimal use of these drugs in African populations.

If the emerging genomic diversity of African populations is
also observed in clinically significant pharmacogenes, that diver-
sity will therefore present an opportunity for Africa to actively
participate in the drug discovery and development process. This
can be done through several ways including (i) opportunities to
discover disease receptor subtypes that can help provide proof
of concept through validation of the selected target as suitable
for drug discovery, (ii) having higher frequency of important
PGx variants not commonly found in other world popula-
tions, thus making it strategically and economically attractive to
conduct phase I clinical studies in African populations, and
(iii) biomarker discovery for ADRs will be more productive in
a population that shows a wide genetic diversity of involved
gene(s). Africa and the rest of the world is currently not taking
full advantage of this opportunity despite leading world scientists
in the field such as Rotimi (See Newsweek interview) and
Tishkoff (See Scientifc American blog) highlighting the perils
of excluding African genomics in the advancement of medical
research. The APC will therefore build a case for the exploita-
tion of this opportunity through engaging biopharmaceutical
companies and biotechnology companies for joint ventures in
drugs and diagnostics discovery and innovation.

Vision of African pharmacogenomics consortium

The vision of the APC is to explore the diverse African genome
for better health in the continent. The consortium aims to char-
acterise the genomes of African populations to unravel crucial
pharmacogenes for the improvement of quality of life of African
patients. This vision will be achieved through consolidation of
pharmacogenomics research and its implementation in Africa
through strategic collaborations of Africans based in Africa
leveraging expertise from international partners.

Historical perspective on APC

The vision of the consortium is built through multiple func-
tional interactions and partnership of the network members
which is supported by a strong history. Formation of the APC
can be traced to August 2003, when African scientific experts
focussing on pharmacogenomics met in Nairobi, Kenya, with
the aim of strengthening pharmacogenomics research in Africa,
through collaborations and postgraduate students training. The
need of this collaboration was raised following the incorporation
of some pharmacogenomic tests and clinical decision making,
developed on Caucasian and Asian populations, which have proved
not to be fully transferable to African populations through algo-
rithms because of the extent of genetic diversity in these popu-
lations. Thus, pharmacogenomic characterisation of African
populations needs to be carried out as such knowledge has the
potential to save lives and reduce healthcare costs through reduc-
tion in hospital admissions, mortality thereby freeing resources
for use in other healthcare areas. Adoption of pharmacogenomics
in Africans can, thus, lead to improved drug effectiveness, and
prevent morbidity and mortality (Ashley et al., 2010; Mallal
et al., 2008; Squassina et al., 2010).
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Objectives of African pharmacogenomics
consortium

A. Awareness of pharmacogenomics among Africans

APC will create awareness in pharmacogenomics through
training by offering short courses and degree programmes in
partnership with accredited universities. In addition, dissemina-
tion of pharmacogenomics knowledge will form part of aware-
ness and this will be achieved through publications (policy
briefs, opeds, etc). The consortium will organise workshops and
demonstrations to train stakeholders on the use of the delivered
technologies regarding pharmacogenomics. Special emphasis
will be conducted on “train the trainer” outreach so that the
information will be disseminated to the greatest extent possi-
ble. It will coordinate and manage publications of the project
findings in pharmacogenomics, biological and medicinal trade
magazines and scientific journals. It will also establish an online
consultation platform ’Consult Expert’, implement, manage,
maintain and further grow databases of contacts and links that
can be used by the consortium to specifically target messages to
stakeholder’s groups and actors (hospitals, clinics, schools,
national educational authorities, training centres, SMEs, associa-
tions, social media and forums and others). Lastly, APC will carry
out public engagements for pharmacogenomics through the
media (print, digital, audio visual), publish scientific knowledge
into popular messages, including multi-lingual concepts target-
ing the different languages in Africa, and also develop a non-
verbal communication tool based on symbols.

B. Research and training on pharmacogenomics in Africa
APC will work towards building integrated capacities for
pharmacogenomics in terms of bioanalysis, bioinformatic, clini-
cal trials and biobanking/ genomic analysis. This will enable
African researchers to generate relevant research questions which
they have capacity to answer. As far as world trends are con-
cerned, Africa’s current contribution is insignificant (Adedokun
et al., 2016), yet the continent is a “gold-mine” with respect to
the wide genetic diversity of the human genome as well as its
co-evolution with some of the problematic pathogens such as
tuberculosis bacteria, which could provide answers to some of
the currently elusive genetic markers of susceptibility, response
and co-evolution. Some of the major reasons for this low
research capacity are poor infrastructure for research at public
research institutions such as universities, and lack of a research
and innovation-based biopharmaceutical and biotechnology
industry to invest in genomic research. This has also meant that
the few skilled genomics scientists have been trained abroad as
there is no local capacity for such training. Governments and the
private sector in Africa need to invest in infrastructure, technol-
ogy and skilled manpower to enable Africa to participate in the
genomics driven development in life sciences.

C. Implementation of pharmacogenomics in Africa

In translating African pharmacogenomics knowledge, opti-
mization of available pharmaceuticals is a major priority as
these drugs are already in use. The conduct of bridging studies
is, thus, most relevant in African populations. This is supported
by observations in China and Japan for drugs in which their
populations have not been part of during clinical trials, are not
allowed for use in their populations without first carrying out
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relevant bridging studies. The next challenge in improving
human health is being tackled through precision medicine, thus,
APC seeks to ensure domestication of precision medicine in
the African health system. African populations are unique in
that they use a diverse health care system; thus, APC seeks to
target health system strengthening of medicinal products use
(traditional and conventional). Coding and sharing of best practices
in African pharmacogenomics will be at the core of its implemen-
tation strategies. In order to support the health care system, APC
will develop and regularly update pharmacogenomics implemen-
tation guidelines for African populations and these should benefit
from seamless link with the pharmacovigilance and clinical trials
platforms in Africa. APC will harness the genomic diversity
Africans in drugs and diagnostics discovery/commercialisation
in partnership with local and international biotechnology and
biopharmaceutical companies. To increase uptake of pharmacog-
enomics, APC will partner in the development of curricula for
training in pharmacogenomics. To retain and equip practitioners
of pharmacogenomics APC will create regional hubs of excel-
lence in pharmacogenomics. The consortium will regularly develop
matrices/models for pharmacogenomics implementation impact
assessment. It seeks to be the “African voice” on pharmacog-
enomics and affiliate with appropriate international bodies
including but not limited to genomic societies.

Recommendations by the African
pharmacogenomics consortium/network (APC)

(i) Capacity development for pharmacogenomics in Africa
APC aims to develop research leadership impactful of research
on Africa and led by Africans. Currently most research in
genomics is led or coordinated by researchers in Europe or
America in which African researchers have acted as sample
collectors (Dandara et al., 2014; H3Africa sustainability). It is,
therefore, not surprising to come across genomics research on
Africans published without acknowledgement of African
authors, and in the few cases where African researchers are
involved they are ‘middle-of-the-pack’ insignificant co-authors.
Although Africa has seen some leap in the development of human
capital resources for genomics research, there has not been much
focus on pharmacogenomics. It is our intention that APC should
develop an infrastructure and programs that support harmo-
nisation of participant recruitment and phenotype recording.
There are very few centres in Africa that are equipped for
pharmacogenomics phenotype analysis as well as genome
characterisations. This will be associated with the establishment of
biobanks/biorepositories to support pharmacogenomics research
and linked to local capacity for laboratory drug and genomic
analysis. We would like to strengthen these centres and make
them core-facilities where students and researchers can get access
on a short-term basis to resolve issues/challenges they would
be facing in their research at any particular moment, through
training and analysis of their samples.

(i) Education/training support and ethical, legal, and social
issues (ELSi)

APC seeks to take stock of the number of researchers working
on pharmacogenomics in Africa, increase this number with train-
ing of MSc/PhD graduates and incorporating ethical, legal and
social issues (ELSi) that are sensitive to African populations.

AAS Open Research 2019, 2:19 Last updated: 19 JUL 2019

This will reduce cases of ethics dumping. Currently, alignment
of ELSi on African genomics is led by researchers from outside
Africa, as can be viewed through published literature. While
acknowledging the Western view on ethics, it is our view that, the
African voice should find space and lead in the discourse, if
we are going to have ethics that respond to African values.
Moreover, the continent has varied local ethics regulations which
require harmonisation for across country initiatives such as the
APC. This could be achieved through influencing policy at the
level of continental institutions/bodies such as the African Union
Development Agency (AUDA), a technical arm of the African
Union (AU).

There are no programs that capture pharmacogenomics in
African universities, thus, there is a need to develop innova-
tive courses for training MSc/PhD students in these universities,
leveraging expertise from APC hubs of excellence, and APC
network of experts. In addition, the APC would endeavour to
carry out community engagements by domesticating pharma-
cogenomics through presentation of the topics and issues in the
context of people’s social and cultural experiences. This will
include qualitative engagements on safety and efficacy of
medicines through focus-group discussions and interviews.
Members in the APC will leverage their rich history of train-
ing students across Africa to accomplish this task. It is expected
that this initiative should further empower such trained individu-
als to compete for grant funding thereby putting into use knowl-
edge acquired. APC will build on existing platforms to leverage
on their support and endeavour that projects running under its
banner meet the ethical, legal, and socially appropriate standards
for research. APC will also seek the harmonisation of participant
recruitment and engagements for pharmacogenomics research
and implementation in Africa.

(iii) Resource development and utilization

APC will work towards building integrated capacities for
pharmacogenomics. African entities such as New Partnership
for Africa’s Development (NEPAD) and the African Academy
of Sciences (AAS) could be used as sounding boards for across
the board implementation, resource mobilisation and utili-
zation. APC will work for recognition from WHO, which is
respected by African governments, making it easier for adoption
of its recommendations. It is noteworthy that the WHO developed
a position paper on pharmacogenomics (WHO Drug Information
Vol 19. No. 1, 2005). Though now old, it is aligned to the now
well-developed guidelines for pharmacogenomics by European
Medicines Agency (EMA) (EMA February, 2018) and a series
of pharmacogenomics guidelines by the FDA and by industry
working group on pharmacogenomics (Patterson et al., 2011).
It is thus imperative that the APC spearheads the development
of a position on pharmacogenomics for Africa.

(iv) Database for clinical pharmacogenomics
implementation guidelines for African populations

The biggest resource that African populations have is the genomic
diversity. This diversity probably holds the keys to unlocking the
identification of genomic determinants of susceptibility to com-
plex diseases such as diabetes and determinants of differential
response to drug treatments. However, for the effective use
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of African genomes, baseline frequencies of pharmacogene
variants need to be developed. After pharmacokinetic and phar-
macodynamic studies, the APC should be in a position to come
up with recommendations for priority pharmacogenomics for
different drug/disease combinations in African patients. APC
will lead the developing and updating of recommendations for
implementation of pharmacogenomics in African populations.

(v) Building sustainable governance in pharmacogenomics
in Africa

The consortium will aim to put into place ethical and sustain-
able structures in the area of pharmacogenomics research with
respect to sample/data collection and storage, data sharing and
release, and student training exchange. This will be achieved
through structured governance. For any project that the consortium
will embark on, a principal applicant (project coordinator) and
co-applicants will be chosen from participating countries to
form a steering committee (SC) as the decision-making organ.
The SC will provide general direction and scientific guid-
ance to the proposed work. The project coordinator will act
as the communications liaison person for such an application
and will play a coordinating role for all the proposed research
activities.

Conclusions

The WHO urged the implementation of pharmacovigilance cen-
tres in Africa to raise the awareness of ADRs (US Agency for
International Development). A recent report on the action taken
regarding regulatory authorities in African nations showed that
it “requires the necessary infrastructure and resources includ-
ing laws, systems and structures, human resources (in terms of
numbers, knowledge and skills) and financial resources to
execute their mandate” including pharmacovigilance to monitor
drug safety (see report from the Africa Pharmacovigilance
Meeting 2012). In this, the APC will be implementing hubs of
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excellence in African countries to promote pharmacogenomics
and pharmacovigilance according to the regional needs of the
continent. Interestingly, the APC support the wise words of the
South African revolutionary, political leader, and philanthropist
Nelson Mandela, ‘We must face the matter squarely, that where
there is something wrong in how we govern ourselves, it must be
said that the fault is not in the stars, but in ourselves. We know
that we have it in ourselves as Africans to change all this. We
must assert our will to do so; we must say there is no obstacle
(large) enough to stop us bringing about an African renaissance’’
(Herbert & Gruzd, 2017).

Data availability
Underlying data

No data are associated with this article

Grant information

H3ABioNet is supported by the National Institutes of Health
Common Fund [2U24HG006941-06]. H3ABioNet is an ini-
tiative of the Human Health and Heredity in Africa Consortium
(H3Africa) programme of the African Academy of Sciences
(AAS). The results were generated with the assistance of finan-
cial support from the EDCTP2 programme supported by the
European Union to Professor Collen Masimirembwa, grant
number TMA2016SF-1508.

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

" Mandela N, Statement of the President of the Republic of South Africa,
at the Organization of African Unity (OAU) Meeting of Heads of State and
Government, Tunis, Tunisia, 13 June 1994.

Adeagbo BA, Bolaji OO, Olugbade TA, et al.: Influence of CYP3A5*3 and ABCB1
C3435T on clinical outcomes and trough plasma concentrations of imatinib
in Nigerians with chronic myeloid leukaemia. J Clin Pharm Ther. 2016; 41(5):
546-551.

PubMed Abstract | Publisher Full Text

Adedokun BO, Olopade CO, Olopade Ol: Building local capacity for genomics
research in Africa: recommendations from analysis of publications in Sub-
Saharan Africa from 2004 to 2013. Glob Health Action. 2016; 9(1): 31026.
PubMed Abstract | Publisher Full Text | Free Full Text

Aminkeng F, Ross CJ, Rassekh SR, et al.: Higher frequency of genetic variants
conferring increased risk for ADRs for commonly used drugs treating cancer,
AIDS and tuberculosis in persons of African descent. Pharmacogenomics J.
2014; 14(2): 160-170.

PubMed Abstract | Publisher Full Text | Free Full Text

Ampadu HH, Hoekman J, de Bruin ML, et al.: Adverse Drug Reaction Reporting
in Africa and a Comparison of Individual Case Safety Report Characteristics
Between Africa and the Rest of the World: Analyses of Spontaneous Reports
in VigiBase®. Drug Saf. 2016; 39(4): 335-345.

PubMed Abstract | Publisher Full Text | Free Full Text

Appiah B: Africa struggles to improve drug safety. CVAJ. 2012; 184(10):
E533-E534.

PubMed Abstract | Publisher Full Text | Free Full Text

Ashley EA, Butte AJ, Wheeler MT, et al.: Clinical assessment incorporating a
personal genome. Lancet. 2010; 375(9725): 1525-1535.

PubMed Abstract | Publisher Full Text | Free Full Text

Birbal S, Dheda M, Ojewole E, et al.: Adverse drug reactions associated with
antiretroviral therapy in South Africa. Afr J AIDS Res. 2016; 15(3): 243-248.
PubMed Abstract

Crisp N: Global health capacity and workforce development: turning the world
upside down. Infect Dis Clin N Am. 2011; 25(2): 359-367.
PubMed Abstract | Publisher Full Text

Dandara C, Swart M, Mpeta B, et al.: Cytochrome P450 pharmacogenetics in
African populations: implications for public health. Expert Opin Drug Metab
Toxicol. 2014; 10(6): 769-785.

PubMed Abstract | Publisher Full Text

Davies EC, Green CF, Taylor S, et al.: Adverse drug reactions in hospital in-
patients: a prospective analysis of 3695 patient-episodes. PLoS One. 2009;
4(2): e4439.

PubMed Abstract | Publisher Full Text | Free Full Text

Dhoro M, Zvada S, Ngara B, et al.: CYP2B6*6, CYP2B6*18, Body weight and
sex are predictors of efavirenz pharmacokinetics and treatment response:
population pharmacokinetic modeling in an HIV/AIDS and TB cohort in
Zimbabwe. BMC Pharmacol Toxicol. 2015; 16: 4.

PubMed Abstract | Publisher Full Text | Free Full Text

Diczfalusy U, Miura J, Roh HK, et al.: 4Beta-hydroxycholesterol is a new
endogenous CYP3A marker: relationship to CYP3A5 genotype, quinine 3-
hydroxylation and sex in Koreans, Swedes and Tanzanians. Pharmacogenet
Genomics. 2008; 18(3): 201-8.

PubMed Abstract | Publisher Full Text

Dorr P, Westby M, Dobbs S, et al.: Maraviroc (UK-427,857), a potent, orally

Page 8 of 13


https://africapv2012.files.wordpress.com/2012/05/e-drug-panel-access-patient-safety-final1.pdf
https://africapv2012.files.wordpress.com/2012/05/e-drug-panel-access-patient-safety-final1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27426203
http://dx.doi.org/10.1111/jcpt.12424
http://www.ncbi.nlm.nih.gov/pubmed/27178644
http://dx.doi.org/10.3402/gha.v9.31026
http://www.ncbi.nlm.nih.gov/pmc/articles/4867048
http://www.ncbi.nlm.nih.gov/pubmed/23588107
http://dx.doi.org/10.1038/tpj.2013.13
http://www.ncbi.nlm.nih.gov/pmc/articles/4684079
http://www.ncbi.nlm.nih.gov/pubmed/26754924
http://dx.doi.org/10.1007/s40264-015-0387-4
http://www.ncbi.nlm.nih.gov/pmc/articles/4796322
http://www.ncbi.nlm.nih.gov/pubmed/22690007
http://dx.doi.org/10.1503/cmaj.109-4199
http://www.ncbi.nlm.nih.gov/pmc/articles/3394846
http://www.ncbi.nlm.nih.gov/pubmed/20435227
http://dx.doi.org/10.1016/S0140-6736(10)60452-7
http://www.ncbi.nlm.nih.gov/pmc/articles/2937184
http://www.ncbi.nlm.nih.gov/pubmed/27681148
http://www.ncbi.nlm.nih.gov/pubmed/21628051
http://dx.doi.org/10.1016/j.idc.2011.02.010
http://www.ncbi.nlm.nih.gov/pubmed/24588448
http://dx.doi.org/10.1517/17425255.2014.894020
http://www.ncbi.nlm.nih.gov/pubmed/19209224
http://dx.doi.org/10.1371/journal.pone.0004439
http://www.ncbi.nlm.nih.gov/pmc/articles/2635959
http://www.ncbi.nlm.nih.gov/pubmed/25889207
http://dx.doi.org/10.1186/s40360-015-0004-2
http://www.ncbi.nlm.nih.gov/pmc/articles/4405819
http://www.ncbi.nlm.nih.gov/pubmed/18300941
http://dx.doi.org/10.1097/FPC.0b013e3282f50ee9

bio and tive small-mc ile inhibitor of chemokine receptor
CCRS5 with broad-spectrum anti-human immunodeficiency virus type 1 activity.
Antimicrob Agents Chemother. 2005; 49(11): 4721-4732.

PubMed Abstract | Publisher Full Text | Free Full Text

Fontana RJ, Hayashi PH, Gu J, et al.: Idiosyncratic drug-induced liver injury
is associated with substantial morbidity and mortality within 6 months from
onset. Gastroenterology. 2014; 147(1): 96-108.e4.

PubMed Abstract | Publisher Full Text | Free Full Text

Ghosn J, Taiwo B, Seedat S, et al.: HIV. Lancet. 2018; 392(10148): 685-697.
PubMed Abstract | Publisher Full Text

GBD 2016 DALYs and HALE Collaborators: Global, regional, and national
disability-adjusted life-years (DALYs) for 333 diseases and injuries and

healthy life expectancy (HALE) for 195 countries and territories, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet. 2017;
390(10100): 1260-1344.

PubMed Abstract | Publisher Full Text | Free Full Text

Guthold R, Stevens GA, Riley LM, et al.: Worldwide trends in insufficient physical
activity from 2001 to 2016: a pooled analysis of 358 population-based surveys
with 1-9 million participants. Lancet Glob Health. 2018; 6(10): e1077—e1086,

pii: $2214-109X(18)30357-7.

PubMed Abstract | Publisher Full Text

Habtewold A, Aklillu E, Makonnen E, et al.: Population Pharmacokinetic Model
Linking Plasma and Peripheral Blood Mononuclear Cell Concentrations of
Efavirenz and Its Metabolite, 8-Hydroxy-Efavirenz, in HIV Patients. Antimicrob
Agents Chemother. 2017; 61(8): pii: €00207-17.

PubMed Abstract | Publisher Full Text | Free Full Text

Habtewold A, Makonnen E, Amogne W, et al.: Is there a need to increase the
dose of efavirenz during concomitant rifampicin-based antituberculosis
therapy in sub-Saharan Africa? The HIV-TB pharmagene study.
Pharmacogenomics. 2015; 16(10): 1047-64.

PubMed Abstract | Publisher Full Text

Herbert R, Gruzd S: The African peer review mechanism: Lessons from the
pioneers. Book edited and published by The South African Institute of International
Affairs. 2017; ISBN No: 1-919969-60-8.

Reference Source

Juma PA, Mohamed SF, Matanje Mwagomba BL, et al.: Non-communicable
disease prevention policy process in five African countries authors. BMC
Public Health. 2018; 18(Suppl 1): 961.

PubMed Abstract | Publisher Full Text | Free Full Text

Keates AK, Mocumbi AO, Ntsekhe M, et al.: Cardiovascular disease in Africa:
epidemiological profile and challenges. Nat Rev Cardiol. 2017; 14(5): 273-293.
PubMed Abstract | Publisher Full Text

Kharsany ABM, Cawood C, Khanyile D, et al.. Community-based HIV prevalence
in KwaZulu-Natal, South Africa: results of a cross-sectional household survey.
Lancet HIV. 2018; 5(8): e427-37.

PubMed Abstract | Publisher Full Text

Kharsany AB, Karim QA: HIV Infection and AIDS in Sub-Saharan Africa: Current
Status, Challenges and Opportunities. Open AIDS J. 2016; 10: 34-48.

PubMed Abstract | Publisher Full Text | Free Full Text

Kim MB, Giesler KE, Tahirovic YA, et al.. CCR5 receptor antagonists in
preclinical to phase Il clinical development for treatment of HIV. Expert Opin
Investig Drugs. 2016; 25(12): 1377-1392.

PubMed Abstract | Publisher Full Text | Free Full Text

Li Y, Steppi A, Zhou Y, et al.: Tumoral expression of drug and xenobiotic
metabolizing enzymes in breast cancer patients of different ethnicities with
implications to personalized medicine. Sci Rep. 2017; 7(1): 4747.

PubMed Abstract | Publisher Full Text | Free Full Text

Maganda BA, Minzi OM, Ngaimisi E, et al.: CYP2B6*6 genotype and high
efavirenz plasma concentration but not nevirapine are associated with low
lumefantrine plasma exposure and poor treatment response in HIV-malaria-
coinfected patients. Pharmacogenomics J. 2016; 16(1): 88—95.

PubMed Abstract | Publisher Full Text

Mallal S, Phillips E, Carosi G, et al.: HLA-B*5701 screening for hypersensitivity
to abacavir. N Engl J Med. 2008; 358(6): 568-579.
PubMed Abstract | Publisher Full Text

Mirghani RA, Sayi J, Aklillu E, et al.: CYP3A5 genotype has significant effect on
quinine 3-hydroxylation in Tanzanians, who have lower total CYP3A activity
than a Swedish population. Pharmacogenet Genomics. 2006; 16(9): 637—45.
PubMed Abstract | Publisher Full Text

Montjane K, Dlamini S, Dandara C: Truvada (emtricitabine/tenofovir) pre-
exposure prophylaxis roll-out among South African university students: Lots
of positives, but let us keep an eye on possible surprises. S Afr Med J. 2018;
108(2): 79-81.

PubMed Abstract | Publisher Full Text

Mouton JP, Njuguna C, Kramer N, et al.: Adverse Drug Reactions Causing
Admission to Medical Wards: A Cross-Sectional Survey at 4 Hospitals in South
Africa. Medicine (Baltimore). 2016; 95(19): e3437.

PubMed Abstract | Publisher Full Text | Free Full Text

Mukonzo JK, Bisaso RK, Ogwal-Okeng J, et al.: CYP2B6 genotype-based
efavirenz dose recommendations during rifampicin-based antituberculosis
cotreatment for a sub-Saharan Africa population. Pharmacogenomics. 2016;
17(6): 603-13.

PubMed Abstract | Publisher Full Text

AAS Open Research 2019, 2:19 Last updated: 19 JUL 2019

Mukonzo JK, Nanzigu S, Waako P, et al.: CYP2B6 genotype, but not rifampicin-
based anti-TB cotreatments, explains variability in long-term efavirenz plasma
exposure. Pharmacogenomics. 2014a; 15(11): 1423-35.

PubMed Abstract | Publisher Full Text

Mukonzo JK, Owen JS, Ogwal-Okeng J, et al.: Pharmacogenetic-based efavirenz
dose modification: suggestions for an African population and the different
CYP2B6 genotypes. PLoS One. 2014b; 9(1): €86919.

PubMed Abstract | Publisher Full Text | Free Full Text

Mutagonda RF, Kamuhabwa AAR, Minzi OMS, et al.: Effect of pharmacogenetics
on plasma lumefantrine pharmacokinetics and malaria treatment outcome in
pregnant women. Malar J. 2017; 16(1): 267.

PubMed Abstract | Publisher Full Text | Free Full Text

Nemaura T, Nhachi C, Masimirembwa C: Impact of gender, weight and CYP2B6
genotype on efavirenz exposure in patients on HIV/AIDS and TB treatment:
Implications for individualising therapy. Afr J Pharm Pharmacol. 2012; 6(29):
2188-2193.

Reference Source

Ngaimisi E, Mugusi S, Minzi O, et al.: Effect of rifampicin and CYP2B6 genotype
on long-term efavirenz autoinduction and plasma exposure in HIV patients
with or without tuberculosis. Clin Pharmacol Ther. 2011; 90(3): 406—13.
PubMed Abstract | Publisher Full Text

Nlooto M: Comorbidities of HIV infection and health care seeking behavior
among HIV infected patients attending public sector healthcare facilities in
KwaZulu-Natal: A cross sectional study. PLoS One. 2017; 12(2): e0170983.
PubMed Abstract | Publisher Full Text | Free Full Text

Nyakutira C, Réshammar D, Chigutsa E, et al.: High prevalence of the CYP2B6
516G-->T(*6) variant and effect on the population pharmacokinetics of
efavirenz in HIV/AIDS outpatients in Zimbabwe. Eur J Clin Pharmacol. 2008;
64(4): 357-365.

PubMed Abstract | Publisher Full Text

Olagunju A, Bolaji O, Amara A, et al.: Pharmacogenetics of pregnancy-induced
changes in efavirenz pharmacokinetics. Clin Pharmacol Ther. 2015a; 97(3):
298-306.

PubMed Abstract | Publisher Full Text

Olagunju A, Bolaji O, Amara A, et al.: Breast milk pharmacokinetics of efavirenz
and breastfed infants’ exposure in genetically defined subgroups of mother-
infant pairs: an observational study. Clin Infect Dis. 2015b; 61(3): 453-463.
PubMed Abstract | Publisher Full Text

Patterson SD, Cohen N, Karnoub M, et al.: Prospective-retrospective biomarker
analysis for regulatory consideration: white paper from the industry
pharmacogenomics working group. Pharmacogenomics. 2011; 12(7): 939-951.
PubMed Abstract | Publisher Full Text

Petros Z, Kishikawa J, Makonnen E, et al.: HLA-B*57 Allele Is Associated with
Concomitant Anti-tuberculosis and Antiretroviral Drugs Induced Liver Toxicity
in Ethiopians. Front Pharmacol. 2017a; 8: 90.

PubMed Abstract | Publisher Full Text | Free Full Text

Petros Z, Lee MM, Takahashi A, et al.: Genome-wide association and replication
study of anti-tuberculosis drugs-induced liver toxicity. BMC Genomics. 2016;
17(1): 755.

PubMed Abstract | Publisher Full Text | Free Full Text

Petros Z, Lee MT, Takahashi A, et al.. Genome-Wide Association and
Replication Study of Hepatotoxicity Induced by Antiretrovirals Alone or with
Concomitant Anti-Tuberculosis Drugs. OMICS. 2017b; 21(4): 207-216.

PubMed Abstract | Publisher Full Text | Free Full Text

Perry CM: Maraviroc: a review of its use in the management of CCR5-tropic
HIV-1 infection. Drugs. 2010; 70(9): 1189-213.
PubMed Abstract | Publisher Full Text

Rajman |, Knapp L, Morgan T, et al.: African Genetic Diversity: Implications
for Cytochrome P450-mediated Drug Metabolism and Drug Development.
EBioMedicine. 2017; 17: 67-74.

PubMed Abstract | Publisher Full Text | Free Full Text

Raymer B, Bhattacharya SK: Lead-like Drugs: A Perspective. J Med Chem. 2018;
61(23): 10375-10384.
PubMed Abstract | Publisher Full Text

Sarfo FS, Sarfo MA, Norman B, et al.: Incidence and determinants of nevirapine
and efavirenz-related skin rashes in West Africans: nevirapine’s epitaph?
Atashili J, ed. PLoS One. 2014; 9(4): e94854.

PubMed Abstract | Publisher Full Text | Free Full Text

Sarfo FS, Zhang Y, Egan D, et al.: Pharmacogenetic associations with plasma
efavirenz concentrations and clinical correlates in a retrospective cohort of
Ghanaian HiV-infected patients. J Antimicrob Chemother. 2014a; 69(2): 491-499.
PubMed Abstract | Publisher Full Text

Soko ND, Chimusa E, Masimirembwa C, et al.: An African-specific profile of
pharmacogene variants for rosuvastatin plasma variability: limited role for
SLCO1B1 ¢.521T>C and ABCG2 c.421A>C. Pharmacogenomics J. 2018.
PubMed Abstract | Publisher Full Text

Soko N, Dandara C, Ramesar R, et al.: Pharmacokinetics of rosuvastatin in 30
healthy Zimbabwean individuals of African ancestry. Br J Clin Pharmacol. 2016;
82(1): 326-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Squassina A, Manchia M, Manolopoulos VG, et al.: Realities and expectations of
pharmacogenomics and personalized medicine: | t of translating genetic

Page 9 of 13


http://www.ncbi.nlm.nih.gov/pubmed/16251317
http://dx.doi.org/10.1128/AAC.49.11.4721-4732.2005
http://www.ncbi.nlm.nih.gov/pmc/articles/1280117
http://www.ncbi.nlm.nih.gov/pubmed/24681128
http://dx.doi.org/10.1053/j.gastro.2014.03.045
http://www.ncbi.nlm.nih.gov/pmc/articles/4285559
http://www.ncbi.nlm.nih.gov/pubmed/30049419
http://dx.doi.org/10.1016/S0140-6736(18)31311-4
http://www.ncbi.nlm.nih.gov/pubmed/28919118
http://dx.doi.org/10.1016/S0140-6736(17)32130-X
http://www.ncbi.nlm.nih.gov/pmc/articles/5605707
http://www.ncbi.nlm.nih.gov/pubmed/30193830
http://dx.doi.org/10.1016/S2214-109X(18)30357-7
http://www.ncbi.nlm.nih.gov/pubmed/28559276
http://dx.doi.org/10.1128/AAC.00207-17
http://www.ncbi.nlm.nih.gov/pmc/articles/5527565
http://www.ncbi.nlm.nih.gov/pubmed/25831219
http://dx.doi.org/10.2217/pgs.15.35
http://unpan1.un.org/intradoc/groups/public/documents/amdin/unpan036022.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30168393
http://dx.doi.org/10.1186/s12889-018-5825-7
http://www.ncbi.nlm.nih.gov/pmc/articles/6117619
http://www.ncbi.nlm.nih.gov/pubmed/28230175
http://dx.doi.org/10.1038/nrcardio.2017.19
http://www.ncbi.nlm.nih.gov/pubmed/30021700
http://dx.doi.org/10.1016/S2352-3018(18)30104-8
http://www.ncbi.nlm.nih.gov/pubmed/27347270
http://dx.doi.org/10.2174/1874613601610010034
http://www.ncbi.nlm.nih.gov/pmc/articles/4893541
http://www.ncbi.nlm.nih.gov/pubmed/27791451
http://dx.doi.org/10.1080/13543784.2016.1254615
http://www.ncbi.nlm.nih.gov/pmc/articles/5776690
http://www.ncbi.nlm.nih.gov/pubmed/28684774
http://dx.doi.org/10.1038/s41598-017-04250-2
http://www.ncbi.nlm.nih.gov/pmc/articles/5500564
http://www.ncbi.nlm.nih.gov/pubmed/25963334
http://dx.doi.org/10.1038/tpj.2015.37
http://www.ncbi.nlm.nih.gov/pubmed/18256392
http://dx.doi.org/10.1056/NEJMoa0706135
http://www.ncbi.nlm.nih.gov/pubmed/16906018
http://dx.doi.org/10.1097/01.fpc.0000230411.89973.1b
http://www.ncbi.nlm.nih.gov/pubmed/29429434
http://dx.doi.org/10.7196/SAMJ.2017.v108i2.13035
http://www.ncbi.nlm.nih.gov/pubmed/27175644
http://dx.doi.org/10.1097/MD.0000000000003437
http://www.ncbi.nlm.nih.gov/pmc/articles/4902486
http://www.ncbi.nlm.nih.gov/pubmed/27045425
http://dx.doi.org/10.2217/pgs.16.7
http://www.ncbi.nlm.nih.gov/pubmed/25303294
http://dx.doi.org/10.2217/pgs.14.73
http://www.ncbi.nlm.nih.gov/pubmed/24497997
http://dx.doi.org/10.1371/journal.pone.0086919
http://www.ncbi.nlm.nih.gov/pmc/articles/3909010
http://www.ncbi.nlm.nih.gov/pubmed/28673292
http://dx.doi.org/10.1186/s12936-017-1914-9
http://www.ncbi.nlm.nih.gov/pmc/articles/5496343
http://www.academicjournals.org/app/webroot/article/article1380871508_Nemaura et al.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21814190
http://dx.doi.org/10.1038/clpt.2011.129
http://www.ncbi.nlm.nih.gov/pubmed/28151951
http://dx.doi.org/10.1371/journal.pone.0170983
http://www.ncbi.nlm.nih.gov/pmc/articles/5289501
http://www.ncbi.nlm.nih.gov/pubmed/18057928
http://dx.doi.org/10.1007/s00228-007-0412-3
http://www.ncbi.nlm.nih.gov/pubmed/25669165
http://dx.doi.org/10.1002/cpt.43
http://www.ncbi.nlm.nih.gov/pubmed/25882300
http://dx.doi.org/10.1093/cid/civ317
http://www.ncbi.nlm.nih.gov/pubmed/21787188
http://dx.doi.org/10.2217/pgs.11.52
http://www.ncbi.nlm.nih.gov/pubmed/28289388
http://dx.doi.org/10.3389/fphar.2017.00090
http://www.ncbi.nlm.nih.gov/pmc/articles/5326775
http://www.ncbi.nlm.nih.gov/pubmed/27671213
http://dx.doi.org/10.1186/s12864-016-3078-3
http://www.ncbi.nlm.nih.gov/pmc/articles/5037629
http://www.ncbi.nlm.nih.gov/pubmed/28388302
http://dx.doi.org/10.1089/omi.2017.0019
http://www.ncbi.nlm.nih.gov/pmc/articles/5395044
http://www.ncbi.nlm.nih.gov/pubmed/20518583
http://dx.doi.org/10.2165/11203940-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/28237373
http://dx.doi.org/10.1016/j.ebiom.2017.02.017
http://www.ncbi.nlm.nih.gov/pmc/articles/5360579
http://www.ncbi.nlm.nih.gov/pubmed/30052440
http://dx.doi.org/10.1021/acs.jmedchem.8b00407
http://www.ncbi.nlm.nih.gov/pubmed/24728406
http://dx.doi.org/10.1371/journal.pone.0094854
http://www.ncbi.nlm.nih.gov/pmc/articles/3984248
http://www.ncbi.nlm.nih.gov/pubmed/24080498
http://dx.doi.org/10.1093/jac/dkt372
http://www.ncbi.nlm.nih.gov/pubmed/30100615
http://dx.doi.org/10.1038/s41397-018-0035-3
http://www.ncbi.nlm.nih.gov/pubmed/26910794
http://dx.doi.org/10.1111/bcp.12915
http://www.ncbi.nlm.nih.gov/pmc/articles/4917814

knowledge into clinical practice. Pharmacogenomics. 2010; 11(8): 1149-1167.
PubMed Abstract | Publisher Full Text

Srivastava S, Deshpande D, Magombedze G, et al.: Efficacy Versus
Hepatotoxicity of High-dose Rifampin, Pyrazinamide, and Moxifloxacin to
Shorten Tuberculosis Therapy Duration: There Is Still Fight in the Old Warriors
Yet! Clin Infect Dis. 2018; 67(suppl_3): S359-S364.

PubMed Abstract | Publisher Full Text | Free Full Text

Sultana J, Cutroneo P, Trifird G: Clinical and economic burden of adverse drug
reactions. J Pharmacol Pharmacother. 2013; 4(Suppl 1): S73-7.
PubMed Abstract | Publisher Full Text | Free Full Text

Swart M, Skelton M, Ren Y, et al.: High predictive value of CYP2B6 SNPs for
steady-state plasma efavirenz levels in South African HIV/AIDS patients.
Pharmacogenet Genomics. 2013; 23(8): 415-27.

PubMed Abstract | Publisher Full Text

Taylor G: Rolling out HIV antiretroviral therapy in sub-Saharan Africa: 2003-
2017. Can Commun Dis Rep. 2018; 44(2): 68-70.
PubMed Abstract | Publisher Full Text | Free Full Text

Thomford NE, Dzobo K, Chimusa E, et al.: Personalized Herbal Medicine? A
Roadmap for Convergence of Herbal and Precision Medicine Biomarker
Innovations. OMICS. 2018; 22(6): 375-391.

PubMed Abstract | Publisher Full Text

Veljkovic N, Vucicevic J, Tassini S, et al.: Preclinical discovery and development
of maraviroc for the treatment of HIV. Expert Opin Drug Discov. 2015; 10(6):
671-84.

PubMed Abstract | Publisher Full Text

AAS Open Research 2019, 2:19 Last updated: 19 JUL 2019

Verbeurgt P, Mamiya T, Oesterheld J: How common are drug and gene
interactions? Prevalence in a sample of 1143 patients with CYP2C9, CYP2C19
and CYP2D6 genotyping. Pharmacogenomics. 2014; 15(5): 655-65.

PubMed Abstract | Publisher Full Text

Watanabe JH, Mclnnis T, Hirsch JD: Cost of Prescription Drug-Related Morbidity
and Mortality. Ann Pharmacother. 2018; 52(9): 829-837.
PubMed Abstract | Publisher Full Text

Wen JG, Wu L, Pu XX, et al.: Pharmacogenomics research: a potential strategy
for drug development. Pharmazie. 2015; 70(7): 437-45.
PubMed Abstract | Publisher Full Text

Whitcomb JM, Huang W, Fransen S, et al.: Development and characterization
of a novel single-cycle recombinant-virus assay to determine human
immunodeficiency virus type 1 coreceptor tropism. Antimicrob Agents
Chemother. 2007; 51(2): 566-575.

PubMed Abstract | Publisher Full Text | Free Full Text

Xin T, Zhang Y, Pu X, et al.: Trends in herbgenomics. Sci China Life Sci. 2019;
62(3): 288-308.

PubMed Abstract | Publisher Full Text

Yimer G, Amogne W, Habtewold A, et al.: High plasma efavirenz level and
CYP2B6*6 are associated with efavirenz-based HAART-induced liver injury in
the treatment of naive HIV patients from Ethiopia: a prospective cohort study.
Pharmacogenomics J. 2012; 12(6): 499-506.

PubMed Abstract | Publisher Full Text

Zhang W, Roederer MW, Chen WQ, et al.: Pharmacogenetics of drugs
withdrawn from the market. Pharmacogenomics. 2012; 13(2): 223-31.
PubMed Abstract | Publisher Full Text

Page 10 of 13


http://www.ncbi.nlm.nih.gov/pubmed/20712531
http://dx.doi.org/10.2217/pgs.10.97
http://www.ncbi.nlm.nih.gov/pubmed/30496465
http://dx.doi.org/10.1093/cid/ciy627
http://www.ncbi.nlm.nih.gov/pmc/articles/6260156
http://www.ncbi.nlm.nih.gov/pubmed/24347988
http://dx.doi.org/10.4103/0976-500X.120957
http://www.ncbi.nlm.nih.gov/pmc/articles/3853675
http://www.ncbi.nlm.nih.gov/pubmed/23778320
http://dx.doi.org/10.1097/FPC.0b013e328363176f
http://www.ncbi.nlm.nih.gov/pubmed/29770102
http://dx.doi.org/10.14745/ccdr.v44i02a06
http://www.ncbi.nlm.nih.gov/pmc/articles/5864409
http://www.ncbi.nlm.nih.gov/pubmed/29927715
http://dx.doi.org/10.1089/omi.2018.0074
http://www.ncbi.nlm.nih.gov/pubmed/25927601
http://dx.doi.org/10.1517/17460441.2015.1041497
http://www.ncbi.nlm.nih.gov/pubmed/24798722
http://dx.doi.org/10.2217/pgs.14.6
http://www.ncbi.nlm.nih.gov/pubmed/29577766
http://dx.doi.org/10.1177/1060028018765159
http://www.ncbi.nlm.nih.gov/pubmed/26373203
http://dx.doi.org/10.1691/ph.2015.4154
http://www.ncbi.nlm.nih.gov/pubmed/17116663
http://dx.doi.org/10.1128/AAC.00853-06
http://www.ncbi.nlm.nih.gov/pmc/articles/1797738
http://www.ncbi.nlm.nih.gov/pubmed/30128965
http://dx.doi.org/10.1007/s11427-018-9352-7
http://www.ncbi.nlm.nih.gov/pubmed/21862974
http://dx.doi.org/10.1038/tpj.2011.34
http://www.ncbi.nlm.nih.gov/pubmed/22256871
http://dx.doi.org/10.2217/pgs.11.137

AAS Open Research

AAS Open Research 2019, 2:19 Last updated: 19 JUL 2019

Open Peer Review

Current Peer Review Status: ¥

Reviewer Report 19 July 2019

https://doi.org/10.21956/aasopenres.14044.r27031

© 2019 Daly A. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution Licence, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

v

Ann K. Daly
Institute of Cellular Medicine, Medical School, Newcastle University, Newcastle upon Tyne, UK

This is a good overview of pharmacogenomics research in Africa which focusses well on the specific
challenges encountered in clinical implementation on the continent. | agree that establishing the nature of
genetic variation in the various genes across the diverse African populations is the main priority. |
recommend that the authors should encourage using a broad definition of the term pharmacogenomics as
it is often difficult to distinguish between genomics more generally and pharmacogenomics specificially.
Possibly pharmacogenomics and "related areas of genomics" is a good way to go.
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Ahmed Rebai
Laboratory of Molecular and Cellular Screening Processes, Centre of Biotechnology of Sfax, University of
Sfax, Sfax, Tunisia

The paper addresses the objectives and challenges of the newborn African Pharmacagenomics
Consortium (APC).

The APC has been created few months ago by scientists from five African countries under the H3Africa
umbrella and with the coordination of the African Academy of Science. It is a very welcome initiative to
coordinate and stimulate African efforts for the study of genomics components involved in drug
metabolism and mainly adverse drug reactions (ADR). The consortium, when reaching a good maturity
level, will be a platform for regulated data sharing and collaborative research in the field of
pharmacogenomics, where data on African populations are still scarce and dispersed.

The paper provides a good description of the current and future challenges in the pharmacogenomics
field worldwide, and in Africa. It then gives a set of recommendations to foster development of capacities,
resources and sustainable governance of research structures and networks in pharmacogenomics within
the continent.

The paper is very well written with clear ideas and objectives. However, | think that the description of
current African capacities and data which are available at country level in publications or national
initiatives are not well covered. A literature search with the appropriate keywords and country affiliation
would allow access to such data. | recommend the authors to address this issue in order to gain visibility
on the existing capacities in Africa and widen their consortium. One of the corner stones in
strengthening and widening the consortium will be collect such data in a database and make it publicly
available through the African Academy of Science platform.
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