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Abstract

Background: Saudi Arabia launched its national biotechnology strategy to position the country as a global biotechnology
hub by 2040 and enhance biomanufacturing, medical innovation and self-sufficiency in vaccines and genomics.

Aim: To assess the role of biobanks in advancing the national biotechnology strategy, using the Saudi Biobank as a case
study.

Methods: We collected operational data from the Saudi Biobank and reviewed literature on biobanks published between
2010 and 2024, guided by the 4 pillars of the Saudi national biobank strategy (vaccine localisation, biopharmaceutical
manufacturing, genomics, agricultural biotechnology) and the 5 enabling factors (talent development, infrastructure,
regional presence, regulatory excellence, strategic funding). We compared the Saudi data with the global biobanking
market data, to illustrate the contributions of biobanks to other aspects of healthcare.

Results: By mid-2024, the Saudi Biobank had enrolled 53 338 participants and collected 589 461 biospecimens. It currently
serves as a platform for genomic research, precision medicine, clinical trials, and advanced biotechnology, while also
facilitating technology transfer and commercialisation.

Conclusion: The Saudi Biobank is considered one of the most advanced health initiatives in the Eastern Mediterranean
Region. To enhance its impact, there is a need to strengthen its capacity through increased and sustained investments,
improved data interoperability and data integration, standardised governance systems, increased national and
international partnerships and collaborations, and other policy reforms.
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The Organisation for Economic Co-operation and
Development (OECD) defines a biobank as “a collection
of biological material and the associated data and
information stored in an organised system, for a
population or a large subset of a population” (3). In 2009,
Time magazine identified biobanks as one of “10 ideas
changing the world right now”, emphasising their role
in providing large-scale sample collections that enable
scientific discovery (4).

Introduction

Saudi Arabia’s Vision 2030 identifies biotechnology as a
priority sector for economic diversification and health
innovation. To advance these goals, the government
launched the National Biotechnology Strategy (NBS) in
2024, with the aim of positioning the country as a global
biotechnology hub by 2040 (2).

The NBS sets specific targets, including a 3% contri-

bution of biotechnology to the non-oil Gross Domestic This article examines the role of biobanks in advancing

Product (GDP) by 2040, an estimated economic impact
of 130 billion Saudi riyals (US$ 34.7 billion), and the cre-
ation of 11 000 high-quality jobs by 2030. It focuses on 4
domains: localisation of vaccine production, expansion
of biopharmaceutical manufacturing, advancement of
genomics and gene therapy research, and agricultural
biotechnology to promote food security. These priorities
are supported by 5 enabling factors: workforce develop-
ment, investment in infrastructure, regional presence,
regulatory excellence and strategic funding (2).

Saudi Arabia's biotechnology sector in alignment with
the NBS, with particular attention to the Saudi Biobank
at the King Abdullah International Medical Research
Center (KAIMRC).

Methods

A combination of approaches was used, including a
focused literature review, policy analysis and a case
study. Operational data from the Saudi Biobank at
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KAIMRC were accessed directly. The literature review
covered publications from 2010-2024 identified using
relevant predefined search terms. The NBS document
was analysed to identify alignment opportunities with
biobanking capabilities. A SWOT framework, combined
with the WHO health system building blocks, was
applied to evaluate the Saudi Biobank’s position within
the national biotechnology ecosystem. Global biobanking
market data were used to provide comparative context.

Global distribution and market growth
of biobanks

Biobanks are distributed across Europe (35.16%), North
America (31.43%), Asia-Pacific (26.41%), Latin America
(5%), and the Middle East and Africa (2%). The global
biobanking market has shown significant growth and is
projected to continue expanding. Valued at US$ 71 billion
in 2022, the market is expected to reach US$ 83 billion by
2024, US$ 96 billion by 2026, US$ 115 billion by 2028, and
USs$ 135 billion by 2030, reflecting a compound annual
growth rate (CAGR) of 8% (5,6).

Strategies for sustainable biobanks

Most biobanks operate within sustainable public or not-
for-profit frameworks to advance scientific knowledge
and improve health care rather than to generate
direct revenue (7-9). Sustainability spans financial,
operational, and social dimensions (10). To support long-
term sustainability, biobanks should adopt diversified
financing strategies that strengthen economic viability
and, where appropriate, generate indirect income (7-9).

Revenue streams and market dynamics

Potential revenue streams include controlled data access
and licensing, partnerships and collaborations, and
commercialisation arising from discoveries. Biobanks
can monetise de-identified data by selling or licensing
controlled access to researchers, pharmaceutical
companies and other organisations through
partnerships, collaborations or secure data-sharing
platforms (11). For example, the United Kingdom Biobank
has implemented a structured access policy that allows
qualified researchers to apply for use of its extensive
dataset and samples (11,12). It has also partnered with
major pharmaceutical companies to advance disease
research, providing mutual benefits to the biobank and
its partnering organisations. Additionally, biobanks may
participate in the commercialisation of discoveries made
using their resources. Where research using biobank
samples identifies a novel biomarker or therapeutic
target, the biobank can collaborate in developing a
commercial product or service and may receive royalties
or other forms of compensation (13,14).

The commercialisation process usually begins with
discovery using biobank resources to identify new
biomarkers or therapeutic targets, followed by protection
of the resulting intellectual property through patents.

These discoveries are then developed into commercial
products or services through collaboration with
pharmaceutical or biotechnology partners. The next
stage involves marketing and distribution to health care
providers, patients, or other sectors, after which revenue-
sharing mechanisms allow the biobank to benefit through
royalties or a percentage of the income generated (15-17).

Financial arrangements for biobanks are often
complex and resource-intensive. Designing an optimal
financing model for a national data and research
infrastructure system requires careful assessment of
the revenue and operating models. Managing a diverse
range of biobanks and financial streams demands
significant time, skilled management and accounting
capacity, which adds to operational costs. Long-term
sustainability is essential, yet unpredictable revenue
flows can hinder strategic planning, expansion, and
infrastructure upgrades. Biobanks must preserve
samples and services over extended periods to maximise
their value to the research community, while continually
updating data systems and adopting improved laboratory
and management practices (6,12,18,19).

Biobanks often rely on short-term, investigator-
initiated funding, which weakens their sustainability,
limits strategic oversight and reduces capacity for
innovation. In countries such as the United States
of America, research funders tend to prioritise new
discoveries, while biobanking is often considered an
enabling infrastructure and may not always align with
funding priorities. As a result, many biobanks experience
financial instability, which limits their ability to support
large-scale, longitudinal or translational research.

To strengthen their strategic role, biobanks should
be embedded within national policy frameworks that
align with public health priorities while also supporting
bottom-up, project-based growth. Sustained coordination
requires dedicated resources, including permanent
operational staff, quality assurance teams and strategic
management capacity, as well as support for essential
functions such as communication, outreach and travel.
Long-term viability is best achieved through a stable core
funding model, ideally public and potentially integrated
intonational health services. This canbe complemented by
industrial sponsorships oratiered research infrastructure
membership structure. Importantly, financial models
must remain inclusive and avoid creating barriers for
users, particularly small and medium-sized enterprises
(SMESs) that may lack extensive resources but contribute
significantly to innovation and application (20-23).

The biobanking sector is expanding rapidly, driven by
advances in genomic research and precision medicine,
particularly in relation to chronic diseases. As DNA
sequencing becomes more affordable, demand for high-
quality biospecimens and curated data will increase.
Biobanks play a central role in personalised health
care by providing diverse samples and clinic data that
support biomarker discovery and targeted therapies
for conditions like cancer, diabetes and cardiovascular
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Table 1 Growth drivers, challenges and key actors in the biobanks market

Aspect Insights

Growth drivers Expansion of genomic research projects

Enhanced research and development in precision medicine, particularly in oncology and gene therapy

Large-scale use of population-based data for chronic disease research

Research and monetisation of sample data as emerging drivers

Challenges Persistent legal and ethical concerns

Substantial operational costs

Lack of standardisation and lengthy approval processes

Limited public awareness of biobanking

Key actors

Research institutions: conducting projects using sample data

Data custodians: providing access to critical datasets

Service Facilitators: applying sample data and technologies to deliver enhanced services

disease. Table 1 identifies the key stakeholders needed to
maximise the impact of biobank resources (24).

Case study: The Saudi Biobank

As of 2024, 8 biobanks were listed in Saudi Arabia (25).
Additional initiatives have since been launched, including
the National Biobank at the Public Health Authority
(26). The Saudi Biobank was established and funded by
KAIMRC, under the Ministry of National Guard Health
Affairs (MNGHA). It was inaugurated with the ambitious
goal of recruiting 200 000 participants to strengthen
research capacity in genetic and environmental
determinants of health (27). It was the first biobank in
Saudi Arabia to obtain ISO 20387:2018 accreditation for
biobanking.

The biobank operates through 2 recruitment modali-
ties: a prospective population cohort and disease-specific
biobanking. The population cohort recruits participants
at random to enable investigation of genetic determi-
nants of disease, while the disease-specific arm enrols in-
dividuals diagnosed with common chronic diseases that
have a high prevalence in Saudi Arabia.

The Saudi Biobank is governed by a comprehensive
ethical and regulatory framework that prioritises
participant autonomy, confidentiality and accountability.
Its policies are consistent with Islamic bioethical
principles and international standards, including
those of the International Society for Biological and
Environmental Repositories and the Declaration of
Helsinki (28).

Informed consent is central to participation.
Individuals are required to provide written consent
voluntarily after receiving clear information on the
nature, purpose, the intended use of their samples and
data, potential risks, and the possibility of future research
applications. The biobank uses a broad consent model,
allowing samples and data to be used in current and
future studies provided they are approved by recognised

ethics committees. This approach preserves scientific
flexibility while upholding ethical integrity.

Robust safeguards protect data privacy and
confidentiality. All operations comply with the Saudi
Health Information Exchange Policy (SeHE) and the
Personal Data Protection Law, which mandate secure
storage, strict access controls, and anonymisation or
pseudonymisation of identifiers to prevent misuse or
unauthorised re-identification. Data access requests
are subject to internal agreements and review by
institutional ethics committees. Regulatory oversight
is provided by institutional review boards and by the
National Committee of Bioethics (NCBE), at the national
level.

The Saudi Biobank is considered one of the most
advanced initiatives in the Eastern Mediterranean
Region, distinguished by its scale and affiliation with
the KAIMRC and King Abdulaziz Medical City (KAMC).
KAMC provides infrastructure that includes disease-
specific cohorts, longitudinal sampling and linkage with
clinical and genomic data. On a global scale, the Saudi
Biobank is moving towards the operational standards
of well-established models such as the United Kingdom
Biobank, Biobank Graz in Europe and the All of Us
programme in the United States of America. While
these initiatives benefit from long-standing regulatory
frameworks and sustained funding, the Saudi Biobank
is uniquely positioned to leverage recent national
investments in biotechnology, with strong links to public
health policy, academic research, and biomanufacturing
priorities.

By mid-2024, 53338 participants had contributed
589 461 samples: serum (158 013), plasma (219 511), buffy
coat (106 808) and red blood cells (105129). And, 1897
pathology specimens, including breast and colon cancer
samples, were collected. The biobank compiled clinical,
outcomes and self-reported data, and plans to sequence
most samples. With 78% of Saudi population under
40 years of age, the biobank has a unique opportunity
to build diverse collections, reinforcing its value for
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medical and scientific research (29). It supports large-
scale epidemiologic and genomics research, localisation
of biopharmaceutical technologies, and contributes
to precision medicine, vaccine trials and research on
consanguinity-related disorders. Its infrastructure also
supports public-private partnerships, commercialisation
pathways and cross-sector research and development.

To enhance clarity and policy relevance, this paper
applies a dual analytical framework combining SWOT
analysis with the WHO health system building blocks.
This enables a structured assessment of the Saudi
Biobank’s role in supporting the NBS by identifying
internal and external factors affecting performance
and mapping them across 6 domains: service delivery,
health workforce, health information systems, access
to essential medicines, financing, and leadership and
governance. This framework highlights the interplay
between the current state of biobank development and
the broader health care system. Saudi Arabia has strong
public investment and policy support, but gaps persist
in intersectoral coordination, data harmonisation and
workforce specialisation. At the same time, opportunities
such as public-private partnerships, workforce training
initiatives, and regional expansion offer practical
pathways to address these weaknesses.

Enabling genomic diversity studies

The Saudi Biobank is a strategic resource for genomic
diversity research, addressing the underrepresentation
of non-European populations in global genomics. As of
June 2021, 86.3% of genomic studies had been conducted
among individuals of European descent (30). Research
communities have relied heavily on resources with
relatively uniform access models, such as the United
Kingdom Biobank, which comprises largely participants
of European ancestry (30). This imbalance leaves a large
proportion of the global population, with distinct genetic
architecture and associated disease burden, under-
examined and insufficiently addressed.

The Global Biobank Meta-analysis Initiative (GBMI)
was established to connect biobanks internationally
and enable larger, more diverse studies of genetic data,
with greater representation of ancestral groups. It now
includes 24 biobanks across 5 continents, with data from
more than 2.2 million participants. Early findings from
GBMI identified genetic variants showing stronger
associations with disease when stratified by sex or
ancestry (31). By assembling population panels and
conducting genome-wide analyses, GBMI has advanced
the identification of ancestry-informative markers that
characterise specific populations and regions.

The Saudi Biobank's contribution to genomic
diversity is of scientific and economic importance. By
incorporating diverse genetic samples, it enriches global
research, fosters international collaborations and attracts
investment. Social and cultural factors in Saudi Arabia
have produced a distinctive genetic profile, with a high
prevalence of certain inherited conditions, such as sickle-

cell anaemia (32). This underscores the need for context-
specific screening and research priorities, as well as
access to advanced technologies like CRISPR.

Economically, the emphasis on genomic diversity
supports the development of precision medicine and
personalised health care, stimulates innovation, and
creates opportunities for the commercialisation and
export of biotechnology (33).

Consanguinity, or marriage between close relatives,
remains relatively common in Saudi Arabia and has
important implications for genetic research and health
care. Biobanks play a crucial role in investigating
consanguinity-related disorders by collecting and
storing genetic material from affected and unaffected
individuals (34). Such collections enable researchers
to examine genetic factors, estimate prevalence and
identify potential therapeutic approaches. They facilitate
large-scale genetic studies that deepen understanding
of the genetic basis of diseases common in populations
with high consanguinity rates, thereby contributing
to the advancement of personalised medicine and the
development of targeted public health strategies.

Fostering localisation of health technol-
ogy and talent

The Saudi Biobank plays a critical role in fostering
the localisation of health technologies and talent
development in the country. Through partnerships
with universities, research institutions, and industry
stakeholders, it can facilitate the transfer of technologies,
such as genomics and biomanufacturing. Collaborative
research, licensing agreements and the creation of local
innovation hubs are central to this process.

The biobank contributes to capacity-building through
joint programmes with Saudi universities, providing
students with training, and by offering internships
and fellowships to develop expertise in biobanking and
genomics. Collaborations with international biobanks
and research centres enable knowledge exchange and
technology transfer, while partnerships with domestic
biotechnology companies strengthen local innovation in
sample management and analysis.

The biobank can support start-ups and SMEs by
granting access to anonymised datasets for artificial
intelligence diagnostics and personalised medicine,
mentoring entrepreneurs, and collaborating with
incubators to provide laboratory resources and specialised
support. By serving as a bridge between academia and
industry, the biobank enhances innovation capacity and
helps retain talent within the country (33).

Facilitating vaccine development

The Saudi Biobank enables researchers to investigate
genetic factors that influence disease susceptibility,
supporting the development of vaccines adapted to
diverse genetic backgrounds. It provides resources to
study pathogen variability within the Saudi population,
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Table 2 SWOT analysis of the Saudi Biobank mapped to WHO health system building blocks

Building block

1. Service delivery

2. Health workforce

3. Information systems

4. Access to products and
technologies

5. Financing

6. Governance

Strengths

Structured, high-quality
biospecimen storage

Skilled technical teams,
growing expertise

Advanced IT
infrastructure and
in-house laboratory
information management
system

Availability of high-quality
biosamples, devices and
reagents

Government-backed
funding

Supportive national

Weaknesses

Limited integration across
all hospitals and primary
health care facilities

Shortage of specialised
genomic biobanking staff

Data standardisation and
interoperability issues

Reliance on imported
biobanking kits and
consumables

Limited private
investment in early-stage
biobanking

Fragmented policies
across institutions

Opportunities

Potential linkage with
national registries and
electronic health record
systems

Academic partnerships to
train new talent

National unified health
record initiatives

Potential for local
biomanufacturing

Incentives for public-
private partnership,
potential to attract
venture capital and angel
investors

Development of a unified

Threats

Risk of underutilisation
if not embedded in care
pathways

Brain drain, competition
from the private sector
and international
institutions

Data security and privacy
concerns

Supply chain disruptions,
regulatory delays

Volatility in long-term
public funding priorities

Bureaucratic barriers,

policies (e.g. NBS, Vision
2030), internal steering
committee

national biobanking
regulatory framework

delays in obtaining
international accreditation

which is critical for broad-spectrum and targeted vaccine
strategies.

During outbreaks, access to genetic and clinical
data can accelerate vaccine development by clarifying
host-pathogen interactions and supporting preclinical
evaluation of safety and efficacy. These insights may
inform the development of personalised vaccines,
designed to improve effectiveness and reduce adverse
reactions.

The biobank facilitates vaccine clinical trials by
identifying participants on the basis of genetic profiles
and supports longitudinal studies to monitor vaccine
performance over time. Such studies contribute to the
development of booster doses and the refinement of
vaccine formulations (35).

Future opportunities

A thriving biobanking ecosystem in Saudi Arabia
requires a multifaceted strategy. Key priorities include
strengthening international collaboration with other
biobanks and research institutions globally, and
engaging the private sector through incentives and
partnerships. A comprehensive regulatory framework
will be essential to ensure ethical practice and data
privacy. Investment in education and the recruitment of
international experts can build local capacity and sustain
competitiveness. The country’s expanding education and
research infrastructure already offers a foundation for
skilled professionals and for addressing talent shortages
in traditional biotechnology markets.

Establishing a national biobank network would
facilitate large-scale genomic studies and enhance

collaboration among institutions. Standardised protocols
are necessary to ensure consistency and reliability in
research outputs. Incorporating sustainable biobanking
practices, such as energy-efficient storage and renewable
energy solutions, could position Saudi Arabia as a
leader in environmentally responsible biobanking. This
initiative would complement the Open Access National
Gateway to Research Infrastructure, recently established
by the Research, Development, and Innovation Authority.

Robust cybersecurity measures will be required to
safeguard sensitive genetic information, particularly as
cloud-based systems become more widely integrated into
biobanking. Demographic changes, including population
ageing, will increase demand for health care services
and create opportunities for innovative therapies and
diagnostics tailored to older people. Securing private
venture funding and improving investor literacy in
biotechnology will be critical for long-term sectoral
growth. Equally vital is the development of a strong
talent pipeline through STEM education, international
collaborations and industry-academia partnerships.

Promoting advanced research in genomics and
personalised medicine, together with facilitating
technology transfer and commercialisation, can drive
innovation and support economic diversification.
An integrated approach that includes governance,
sustainability, security and talent development will
be key to building a robust and globally competitive
biobanking ecosystem.

Conclusion

To realise the potential of the Saudi National
Biotechnology Strategy and Vision 2030, the biobanking
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system must be strengthened through targeted policy
reforms, sustained infrastructure investment and
integration with research. Priorities include standardised
governance, harmonised ethic frameworks and cross-
institutional data sharing to support national and
international collaboration. Infrastructure development
should focus on next-generation biobanking platforms,
automation and secure, interoperable data systems.

Research efforts need to be strategically aligned with
national health priorities, with emphasis on population
genomics, vaccine development and rare disease research.
The global competition in biotechnology underscores
the urgency for action. By leveraging its biobank assets,
Saudi Arabia has the potential to drive innovation, attract
investment and advance knowledge-based economic
diversification, while establishing itself as a regional
leader with global impact.
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Role des biobanques dans la promotion de la stratégie nationale de biotechnologie
en Arabie saoudite

Résumeé

Contexte: L'Arabie saoudite a lancé sa stratégie nationale de biotechnologie afin de positionner le pays comme
centre mondial de la biotechnologie a 'horizon 2040 et de renforcer la biofabrication, 'innovation médicale et
l'autosuffisance en vaccins et en génomique.

Objectif : Evaluer le role des biobanques dans la promotion de la stratégie nationale de biotechnologie, en prenant la
Biobanque saoudienne comme étude de cas.

Méthodes: Nous avons recueilli des données opérationnelles auprés de la Biobanque saoudienne et examiné la
littérature sur les biobanques publiée entre 2010 et 2024, en nous appuyant sur les quatre piliers de la stratégie
nationale saoudienne en matiére de biobanque (localisation des vaccins, fabrication biopharmaceutique, génomique,
biotechnologie agricole), ainsi que sur les cinq facteurs favorables (développement des talents, infrastructures,
présence régionale, excellence réglementaire, financement stratégique). Nous avons comparé les données saoudiennes
aux données du marché mondial des biobanques pour illustrer leurs contributions a d’'autres aspects de la santé.

Résultats : A la mi-2024, la Biobanque saoudienne avait recruté 53 338 participants et recueilli 589 461 échantillons
biologiques. Elle sert actuellement de plateforme pour la recherche génomique, la médecine de précision, les essais
cliniques et la biotechnologie de pointe, tout en facilitant le transfert de technologie et la commercialisation.

Conclusion : La Biobanque saoudienne est considérée comme l'une des initiatives de santé les plus avancées dans la
Région de la Méditerranée orientale. Pour améliorer son impact, il est nécessaire de renforcer ses capacités grace a
des investissements accrus et durables, a une meilleure interopérabilité et intégration des données, a des systémes de
gouvernance normalisés, a un renforcement des partenariats et collaborations aux niveaux national et international,
ainsi qu'a d'autres réformes politiques.
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