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The need for African-specific
microbiome reference genomes is
critical as their absence limits re-
search in health, agriculture, and
sustainability. Current global guide-
lines often do not take into account
the region's unique needs. This
commentary advocates for Africa-
focused microbiome initiatives and
community-driven genome pro-
jects to better reflect the conti-
nent's ecological and demographic
diversity, leading to more applica-
ble outcomes.

The urgent need for African-specific
microbiome reference genomes

The human microbiome plays a crucial role
in maintaining overall health and managing
diseases. However, most microbiome re-
search is concentrated in high-income
countries, leaving the vast microbial diver-
sity of Africa largely unexplored. Reference
genomes are essential for identifying micro-
bial species and strains, providing insights
into the dynamics of the microbiome [1,2].
Unfortunately, the lack of African-specific
data limits the relevance of existing ge-
nomes for African populations. This gap
distorts our understanding of global micro-
bial diversity and hinders the development

of diagnostics and treatments tailored to
local cultures and ecosystems [3].

Africa’s unparalleled genetic and ecologi-
cal diversity has a profound influence on
microbiome composition, underscoring
the need for reference genomes that re-
flect the unique characteristics of African
communities. Without this knowledge,
many key microbes may remain unidenti-
fied despite the notable advances made
with reference-agnostic approaches.

The urgent need for African-specific
microbiome reference genomes is evident,
yet significant disparities exist across the
continent. Sub-Saharan Africa has more re-
search initiatives, while North Africa faces a
critical data shortage. Therefore, immediate
action is necessary to establish inclusive ef-
forts that reflect Africa’s microbial diversity
and address variations among populations.

Prioritizing microbiome research in Africa
and developing region-specific genomic
resources are essential steps toward ad-
vancing global health equity. These efforts
will ensure that the benefits of precision
medicine extend to underserved popula-
tions, fostering inclusive and impactful
healthcare solutions.

Breaking barriers to African

genome reference projects

Efforts to establish microbiome reference ge-
nomes tailored to African populations face
numerous challenges, resulting in critical
gaps in our understanding of African
microbiomes and their impact on health
and disease. Key barriers include inadequate
infrastructure, limited access to advanced
technologies, a shortage of skilled
bioinformaticians, insufficient funding, and
data sovereignty concerns. Additionally, the
remarkable genetic diversity within African
populations adds another layer of complex-
ity, making these efforts even more daunting.

A notable concern is the insufficient
acknowledgment of African scientific
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leadership. Research indicates that 79.8%
of human microbiome studies in Africa
were directed by researchers affiliated
with non-African institutions [4]. Despite
the gradual shift in recent years, this dispar-
ity remains a concern that is exacerbated
by limited funding and outdated infrastruc-
ture, which impede African researchers
from effectively addressing these issues
[5]. Most funding for these initiatives origi-
nates from international sources, including
the National Institutes of Health (NIH), the
Bill and Melinda Gates Foundation, the
European Union, the Wellcome Trust, and
the Canadian Institutes of Health Research
[4], while local funding remains inadequate,
further deepening the resource gap.

Advances in genomic technology and de-
clining costs offer hope for greater inclu-
sion of African populations in global
studies. Affordable sequencing technolo-
gies, such as the Oxford MinlON, have
the potential to revolutionize African geno-
mic research. But the high cost of con-
sumables and limited access to high-
performance computing infrastructure in
sub-Saharan Africa continue to restrict
the full utilization of these technologies [5].

Africa’s unique genetic diversity, shaped by
a complex history of ancestries and admix-
ture events, demands precise attention in
microbiome research and reference
genome creation [6]. Current genomic
databases inadequately represent this di-
versity, limiting the applicability of global
microbiome insights in African contexts
[7]. Wu et al. [8] provided a perspective on
the current state of phylogenetic diversity
within publicly available microbial data-
bases. Interestingly they highlighted both
the comparatively lower levels of ‘novelty’
within human microbiome datasets as
well as the fact that this may be
compounded by the lack of suitable geo-
graphical diversity in these datasets.

Another critical challenge is data sover-
eignty. While national ownership of genetic
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data can strengthen local research capac-
ity, inconsistent data usage regulations
across African countries often impede
necessary cross-border collaborations
[4]. Harmonizing these frameworks is es-
sential to foster collaboration and advance
African genomic research.

Addressing these challenges is essential
to ensure that African populations are ade-
quately represented in genomic research.
Doing so will not only unlock transforma-
tive insights into health and disease across
Africa but also contribute to the broader
global scientific community.

The case for localized genome
projects and data autonomy

While African genomic research faces sig-
nificant challenges, data sovereignty offers
a transformative opportunity to build local
capacity and ensure long-term sustainabil-
ity. Prioritizing national and regional owner-
ship of genomic databases, alongside
investing in training of local scientists, is
crucial to advance the field effectively. For
example, a decade-long initiative focused
on establishing biorepositories successfully
standardized protocols for sample collec-
tion, storage, and shipping while promoting
ethical practices to produce high-quality
African-origin samples [9]. Today, numer-
ous biorepositories and biobanks across
Africa provide secure storage for human
samples, microbial cultures, and environ-
mental specimens, simultaneously en-
hancing African scientists' expertise in
sample collection, processing, and trans-
portation (Figure 1).

In parallel, initiatives such as the African
Human Microbiome Portal offer tailored
metadata, specifically relevant to African
populations [10]. By making critical
studies more accessible, these re-
sources pave the way for generating
African-specific reference genomes,
aligning microbiome research with the
continent’s unique health and agricul-
tural needs.
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The H3Africa initiative exemplifies the po-
tential of African-led projects that prioritize
local expertise, collaboration, and com-
munity engagement. This initiative has fos-
tered regional partnerships, deepened
understanding of health disparities, and
empowered African scientists to shape re-
search agendas (H3Africa Consortium,
2023). Experiences from projects like
GenomeAsia 100K Consortium in South-
east Asia [11], further highlight the effec-
tiveness of regional collaboration, data
sovereignty, and localized focus in achiev-
ing significant genomic advancements.

Empowering African scientists through rig-
orous training and the provision of essential
resources is crucial to addressing the conti-
nents unique challenges. Initiatives like the
Open Institute’s 2022 workshops, which
trained over 400 African scientists — 70%
of whom were early-career researchers —
and the Introduction to Bioinformatics Train-
ing (IBT) program (H3ABIioNet), which
has helped train hundreds of African
bioinformaticians, demonstrate the transfor-
mative impact of investing in local scientific
talent. The true impact of such initiatives
lies not only in the training provided but in
how these researchers apply their newly ac-
quired skills to drive innovation. Further-
more, these workshops demonstrate the
feasibility of implementing such frameworks
across Africa, helping to address existing
skill gaps and build sustainable pipelines
for the future [12]. By continuing to develop
infrastructure and cultivate skilled re-
searchers, Africa is well-positioned to lead
in creating genomic solutions that are both
locally relevant and globally significant.

Critical gaps and oversights in

global microbiome guidelines

Global microbiome guidelines aim to
standardize research practices and foster
international collaboration. However, they
frequently overlook the unique challenges
faced by researchers in resource-limited
settings, particularly in Africa. These frame-
works are predominantly informed by data

Trends in Microbiology

from high-income countries, reflecting die-
tary habits, healthcare systems, and envi-
ronmental exposures specific to Western
populations. Consequently, they fail to ad-
dress the diverse genetic backgrounds,
diets, and environmental conditions char-
acteristic of African populations [13].

Current guidelines often assume access to
advanced sequencing technologies, ro-
bust infrastructure, and well-established
databases, which are scarce in many low-
and middle-income countries (LMICs).
The reliance on non-African reference ge-
nomes and the underrepresentation of
African data in global microbiome data-
bases compound these challenges. Nota-
bly, ethnolinguistic studies have identified
over three million previously unknown host
variants in African populations, and esti-
mates suggest that an African genome
could include 10% more DNA than current
genome references [14]. These findings
highlight the inadequacy of global datasets
primarily reflecting populations from devel-
oped countries.

Moreover, global frameworks often
underappreciate critical ethical and cultural
dimensions, such as community concems,
societal taboos, and historical mistrust. This
oversight complicates processes such as in-
formed consent and sample collection. Chal-
lenges like language barriers and limited
access to clear, culturally appropriate infor-
mation hinder the ability to ensure that partic-
ipants fully understand the implications of
their involvement. This raises ethical con-
cerns in research contexts. This oversight
complicates processes like informed con-
sent and sample collection. There is also lim-
ited emphasis on sustainability and capacity-
building, which perpetuates dependence on
external expertise, undermining the auton-
omy of local researchers. Issues of data sov-
ereignty and equitable benefit-sharing, as
previously mentioned [15], further marginal-
ize African researchers, relegating them to
secondary roles in research involving their
own communities.
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African Gecnomc Variation Projcct (AGVP)

Focus: Collection of genomic samplesfrom diverse
Africanpopulations to study genetic variation.
Location: African Research Centers include
KEMRI-Wellcome Trust Research Programme (Kenya);
Malawi-Liverpool-Wellcome Trust Clinical Research
Programme (Malawi); Noguchi Memorial Institute for
Medical Research (Ghana); University of Ibadan
(Nigeria); South African Medical Research Council
(SAMRC) Biobank; University of Cape Town (South
Africa); University of the Witwatersrand (South Africa);
in collaboration with institutions like the Wellcome
Trust Sanger Institute.

Institut Pasteur de Dakar (Senegal)
Focus:Samplesrelated to
infectious diseases, particularly
those affecting West Africa.

N LIneti £

guchi Memori Medical h
Focus: Biomedicaland public health research, including
infectious diseases.

African Center for of Infecti Di

Nigeria Biobank
Focus: Collection and storage of human biological
samplesfor biomedicalresearchin Nigeria.

Focus: Genomic data related to infectious diseases prevalentin Africa,
including sequencing and bioinformatics.

University of Cape Town Biorepository (South Africa)
Focus: Diverse human biological specimensfor researchin health
sciences, including cancer and infectious diseases

(ACEGID)Nigeria
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H3AfricaBiorepositories Network
Focus: A network of biorepositories across multiple African
countries to store and share high-quality samples for

genomics research.
Key Locations:

Uganda Virus Research Institute (UVRI), Uganda
International Livestock Research Institute (ILRI), Kenya
University of Cape Town, South Africa

Ethiopian Public Health
Institute Biobank

Focus: Disease-related
biological samples for public
health research

Kenya Medical Research Institute
(KEMRI) Biobank

Focus: Research oninfectious
diseases, such as malariaand HIV,
and other health issues affecting
Kenyan populations.

TanzaniaBiobank

Focus: Supports health and disease-
related researchwith a focus on Tanzanian
populations.

Malawi-Liverpool-Wellcome Trust Clinical

h P Riobank

Focus:Samplesrelated to infectious diseases,
particularly malaria and tuberculosis.

South African Medical Research Council (SAMRC) Biobank
Focus: Storage and researchon biomaterialsrelated to
South African populations, including genetics and public
health.

Stellenbosch University
Biomedical Research Institute Biorepository Unit(South Africa)
Focus: Awide range of sample types for academic and industrial
researchpurposes.
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Figure 1. Biorepositories in Africa driving genomic and microbiome research. Numerous biorepositories and biobanks have been established across Africa,
playing a pivotal role in advancing genomic, biomedical, and microbiome research. These facilities are crucial for preserving biological samples and driving research that ac-
curately reflects the continent’s diverse populations and environments. They empower genomic and microbiome studies specifically designed for Africa’s unique diversity,

support the creation of regionally relevant treatments and diagnostics, and ensure ethical practices for sample storage and data sharing under African governance.

Environmental factors, including geog-
raphy, arid climates, diet, and pathogen
exposure, also play a significant role in
shaping African microbiomes. These
factors are often overlooked in global
guidelines, diminishing their applicability
to African contexts. This omission not
only limits the relevance of these frame-
works but also hinders efforts to ad-
dress health disparities and develop
interventions tailored to African popula-
tions. Addressing these gaps is essen-
tial to creating inclusive and effective
global microbiome research practices.

Call to action: centering African
perspectives in global microbiome
research

Addressing the underrepresentation of
African microbiomes in global research is
critical for advancing health equity and driv-
ing scientific innovation. Achieving our
goals requires strategies focused on Africa,
emphasizing local leadership, context-
specific research, and sustainable funding.
Empowering local researchers ensures that
data collection and analysis reflect regional
realities, leading to more relevant outcomes.
To align African data sovereignty with

impactful results, collaboration with
global pharmaceutical and R&D sectors
is crucial. These partnerships can help
convert microbiome datasets into practi-
cal solutions for the communities’ con-
tributing samples. African researchers
must engage with global stakeholders to
protect their data and foster innovations
that extend beyond academic publica-
tions. By maintaining this balance, re-
searchers can meet local needs while
also advancing global health, resulting in
benefits for both local communities and
the wider world.
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Equitable microbiome
research and precision
solutions for africa

Encourage cross-
disciplinary research:
Integrate "One Health"

approaches across human,
agricultural, and
environmental microbiomes

Strengthen global-
africa collaborations:
Equitable partnerships

and technology-sharing
platforms

Prioritize local relevance:
Local leadership, local relevance,
and African-tailored approaches

Africa-centric
microbiome research
roadmap
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Foster african-led
initiatives:

Building capacity, creating
biobanks, and investing in
localresearch infrastructure

Recalibrate international
funding:
Diversified funding
sources - African
governments,
development banks, and
public-private
partnerships
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Figure 2. Accelerating African microbiome research through a strategic roadmap. A comprehensive roadmap to fast-track the advancement of African microbiome
reference genomes and biomarker discovery is essential. This initiative hinges on five interrelated steps: (1) emphasizing the local relevance of research, (2) ensuring that initiatives are
driven by African expertise, (3) recalibrating international funding through strategic public-private partnerships that involve African governments and development banks, (4) bolstering
global collaborations with African partners, and (5) prioritizing cross-disciplinary research. Together, these steps will pave the way for equitable microbiome research and precision

solutions tailored for Africa.

Collaborative networks such as the African
Microbiome Special Interest Group
(AMSIG), African Microbiome Institute, the
vaginal microbiome research consortium
for Africa (vmrc4africa), and H3Africa’s
Microbiome Task Force play an instrumental
role in fostering knowledge exchange and
addressing Africa’s unique health, agricul-
tural, and environmental challenges.
Leveraging advanced sequencing technolo-
gies and developing African-specific refer-
ence genomes that reflect the continent’s
diverse ethnic and lifestyle contexts is es-
sential for a comprehensive understanding
of Africa’s microbiomes.

Equitable global collaborations should em-
phasize shared benefits, resource sharing,

and capacity-building to equip African
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researchers with the tools and training
needed to lead microbiome studies. A stra-
tegic roadmap, outlined in Figure 2, detalils
five key strategies to accelerate the devel-
opment of African microbiome reference
genomes and biomarker discovery.

By implementing these targeted strategies,
microbiome research can effectively address
Africa’s unique needs, enabling tailored pub-
lic health interventions and positioning Africa
as a global leader in microbiome science.
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