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Abstract 
 
Sickle cell disease (SCD) remains a major global health challenge, particularly in sub-Saharan Africa and among 
populations of African descent. Advances in genomic technologies have enhanced understanding of the genetic 
underpinnings of SCD, yet the effective storage, analysis, and sharing of vast genomic datasets demand robust 
computational infrastructure. Cloud-based genomic platforms offer scalable, cost-effective, and collaborative 
environments that can accelerate SCD research, enable precision medicine, and support large-scale genome-wide 
association studies (GWAS). This narrative review explores the opportunities these platforms present, including 
improved data accessibility, integration of multi-omics datasets, and global research collaboration. It also examines 
challenges such as data privacy, compliance with ethical guidelines, internet connectivity constraints in resource-
limited settings, and the need for technical capacity building. Best practices for deploying and using cloud-based 
genomic systems in SCD research are proposed, with an emphasis on sustainable infrastructure, secure data 
governance, and equitable access. Leveraging cloud technologies can bridge the gap between genomic research 
advancements and clinical translation, ultimately improving outcomes for individuals living with SCD. 
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Introduction 
 

Sickle cell disease (SCD) is one of the most 
common inherited hemoglobinopathies 
worldwide, affecting millions of individuals and 
contributing to significant morbidity and 
mortality. It results from a single nucleotide 
substitution in the β-globin gene (HBB), leading 
to the production of abnormal hemoglobin S 
(HbS) [1-2]. Under deoxygenated conditions, HbS 
polymerizes, causing red blood cells to assume a 
rigid, sickle-like shape. This morphological 
alteration underlies the chronic hemolysis, vaso-
occlusion, and multi-organ complications 
characteristic of the disease. While SCD has a 
global presence, the highest burden lies in sub-
Saharan Africa, where limited healthcare 
resources exacerbate disease outcomes. Migration 
patterns have also increased its prevalence in 
Europe, the Middle East, and the Americas, 
making SCD a worldwide public health concern 
[3-4].Over the past two decades, genomic 
research has revolutionized the understanding of 
SCD pathophysiology. Genome-wide association 
studies (GWAS), whole-genome sequencing 
(WGS), and transcriptomic analyses have 
identified genetic modifiers that influence disease 
severity, such as variants in BCL11A, HBS1L-
MYB, and KLF1. These discoveries have 
informed precision medicine approaches aimed at 
stratifying patients by risk, predicting treatment 
responses, and identifying novel therapeutic 
targets. Moreover, the increasing use of multi-
omics approaches—including proteomics, 
metabolomics, and epigenomics—has created 
unprecedented opportunities for a more 
comprehensive understanding of disease 
mechanisms [5-6]. 

Despite these advancements, the generation of 
genomic data for SCD presents substantial 
computational challenges. Large-scale sequencing 
projects produce terabytes to petabytes of data 
that require secure, scalable storage and high-
performance analytical capabilities. Traditional 
on-premises computational systems in many 
research institutions, particularly in low- and 
middle-income countries, are inadequate to 
handle such volumes of data. The lack of robust 

computational infrastructure not only limits data 
analysis but also hinders collaboration between 
research groups, slowing the pace of discovery 
[7].Cloud-based genomic platforms have emerged 
as a viable and transformative solution to these 
challenges. By providing on-demand 
computational power, virtually unlimited storage, 
and integrated bioinformatics pipelines, cloud 
services such as Amazon Web Services (AWS), 
Google Cloud Platform (GCP), and Microsoft 
Azure are enabling researchers to process, 
analyze, and share large genomic datasets 
efficiently. Specialized platforms like DNAnexus, 
Seven Bridges, and Terra have tailored their 
services to meet the needs of genomic scientists, 
offering user-friendly interfaces, workflow 
automation, and compliance with key data 
security regulations [8-9]. 

For SCD research, cloud platforms hold particular 
promise. They allow for the integration of 
genomic data with clinical, epidemiological, and 
environmental datasets, which is critical for 
understanding the heterogeneity of disease 
phenotypes across populations. These platforms 
also enable global collaborations, bridging the gap 
between high-resource and low-resource settings 
by providing equitable access to advanced 
computational tools. Additionally, cloud solutions 
reduce the need for costly on-site infrastructure 
and maintenance, making them more accessible 
for institutions in resource-limited environments 
[10].However, the adoption of cloud-based 
genomic platforms in SCD research is not without 
obstacles. Data security, privacy, and regulatory 
compliance remain significant concerns, 
especially given the sensitivity of genomic 
information. The digital divide—manifested as 
disparities in internet bandwidth, computing 
literacy, and technical expertise—limits the 
ability of many research institutions in high-
burden countries to fully leverage cloud solutions. 
Furthermore, cost models for cloud services can 
be prohibitive for long-term projects without 
sustained funding support, underscoring the need 
for financial sustainability strategies [11]. 

Given the transformative potential of cloud-based 
genomic platforms and the critical role of 
genomics in advancing SCD research, this  
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narrative review aims to explore the opportunities, 
challenges, and best practices for their effective 
implementation. We highlight how cloud 
solutions can enhance data analysis, foster 
collaborative research networks, and accelerate 
translation from genomic discovery to clinical 
application. We also address technical, ethical, 
and infrastructural considerations, offering 
recommendations to guide researchers, 
policymakers, and funding agencies in harnessing 
cloud technologies for the benefit of individuals 
living with SCD worldwide. 

Aim 
 
The aim of this narrative review is to examine the 
role of cloud-based genomic platforms in 
advancing sickle cell disease (SCD) research, 
with a focus on their potential to enhance data 
storage, analysis, and collaborative efforts 

 
Methods 
 

This review was conducted using a narrative 
approach to synthesize existing literature on 
cloud-based genomic platforms and their 
application in sickle cell disease (SCD) research. 
A comprehensive search of peer-reviewed 
articles, conference proceedings, and relevant 
reports was performed across major scientific 
databases, including PubMed, Scopus, Web of 
Science, and Google Scholar, up to July 2025. 
Search terms combined keywords and Boolean 
operators, including: “sickle cell disease”, “cloud 
computing”, “genomic platforms”, 
“bioinformatics”, “data security”, and “multi-
omics”. Sources were selected based on their 
relevance to at least one of the review objectives: 
(1) describing the functionalities and capabilities 
of cloud-based genomic platforms, (2) evaluating 
their current or potential role in SCD research, or 
(3) discussing challenges and best practices in 
their deployment. Priority was given to studies 
presenting empirical findings, case studies, or 
well-substantiated expert opinions. Grey 
literature, such as policy documents, technology  

 

white papers, and guidelines from cloud service 
providers, was included where it provided 
technical or ethical insights not available in peer-
reviewed publications. 

The gathered literature was critically appraised 
for credibility, scope, and contextual relevance, 
particularly with respect to application in both 
high-resource and resource-limited settings. 
Findings were organized thematically into 
opportunities, challenges, and best practices, 
ensuring a balanced representation of technical, 
ethical, and infrastructural perspectives. No 
formal meta-analysis was performed due to the 
heterogeneity of study designs and outcome 
measures; instead, the narrative synthesis 
emphasizes trends, recurring themes, and 
actionable recommendations for stakeholders in 
SCD genomic research. 

Opportunities in Cloud-Based Genomic 
Research for SCD 

Cloud-based genomic platforms present 
transformative opportunities for advancing sickle 
cell disease (SCD) research by addressing long-
standing limitations in data storage, 
computational capacity, and global collaboration. 
One of the most significant advantages is the 
ability to manage and analyze massive genomic 
datasets without the need for costly on-premises 
infrastructure. Large-scale initiatives such as 
whole-genome sequencing (WGS) projects and 
genome-wide association studies (GWAS) 
generate terabytes of data that can be stored, 
processed, and accessed in secure, scalable cloud 
environments. This flexibility allows researchers 
in both high-resource and low-resource settings to 
participate in large genomic studies without being 
constrained by local hardware limitations [12-
13].Another major opportunity lies in the 
integration of diverse data types. SCD is a 
complex disorder influenced not only by genetic 
mutations in the β-globin gene but also by genetic 
modifiers, environmental factors, and epigenetic 
changes. Cloud platforms enable the integration 
of genomic data with transcriptomic, proteomic, 
metabolomic, and clinical datasets, facilitating  
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multi-omics research that can reveal novel 
biomarkers, therapeutic targets, and genotype–
phenotype correlations. This capacity for 
integrated analysis supports precision medicine 
approaches, where patient-specific data can 
inform tailored treatment strategies such as gene 
editing or targeted drug therapies [14-15]. 
Cloud platforms also enhance collaborative 
research across geographical boundaries. By 
providing centralized access to datasets and 
computational tools, these platforms eliminate the 
need for physical data transfer, which can be 
time-consuming and prone to security risks. 
Researchers from different institutions and 
countries can work on shared projects in real time, 
applying standardized analytical workflows and 
ensuring reproducibility. This is particularly 
important for SCD research, which requires large, 
diverse datasets to capture population-specific 
genetic variation and understand regional 
differences in disease expression 
[16].Furthermore, cloud-based systems can 
democratize access to advanced bioinformatics 
tools. Many commercial and open-source 
genomic analysis pipelines—ranging from 
sequence alignment to variant calling and 
functional annotation—are pre-configured within 
cloud environments, reducing the technical barrier 
for researchers with limited computational 
training. This accessibility supports capacity 

building, enabling more scientists in resource-
limited regions to conduct high-quality genomic 
analyses and contribute to global knowledge 
generation [17]. 
 
From a cost perspective, cloud platforms offer a 
pay-as-you-go model, allowing research groups to 
scale computational resources up or down based 
on project needs. This model reduces the financial 
burden of purchasing and maintaining high-
performance computing clusters, making genomic 
research more feasible for smaller institutions and 
projects with limited budgets. Additionally, many 
cloud service providers offer grants, credits, or 
discounted services for academic and non-profit 
research, further expanding accessibility [17]. 
Cloud platforms can play a pivotal role in 
accelerating translational research for SCD. By 
linking genomic data with longitudinal clinical 
records in secure environments, these systems 
support predictive modeling of disease 
progression, drug response, and complications 
such as stroke or organ failure. This capability has 
the potential to inform clinical decision-making, 
guide public health strategies, and ultimately 
improve patient outcomes. When coupled with 
machine learning and artificial intelligence tools, 
cloud environments can uncover complex patterns 
and predictive markers that may be overlooked by 
conventional analysis methods(Table 1) [18]. 

 
Table 1: Opportunities in Cloud-Based Genomic Research for SCD 
 
Opportunity Description Potential Impact on SCD Research 
Scalable Storage & 
Computing 

Cloud platforms provide virtually 
unlimited storage and high-performance 
computing for large genomic datasets. 

Enables analysis of whole-genome, 
transcriptomic, and multi-omic data at 
scale, accelerating discovery of SCD 
modifiers. 

Multi-Institutional 
Collaboration 

Shared workspaces and harmonized 
pipelines facilitate global collaboration. 

Enhances inclusion of diverse 
populations, standardizes data, and 
promotes cross-institutional research in 
SCD-endemic regions. 

Access to 
Advanced 
Analytical Tools 

Integrated bioinformatics tools, machine 
learning frameworks, and visualization 
platforms are available on cloud 
environments. 

Supports variant annotation, polygenic 
risk modeling, and precision medicine 
applications for SCD. 

Enhanced Data 
Security & 

Cloud providers offer HIPAA, GDPR, and 
regional compliance frameworks. 

Protects sensitive patient genomic data, 
fostering trust and ethical research 
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Compliance practices. 
Facilitating 
Precision Medicine 

Cloud analytics enable genotype–
phenotype modeling, pharmacogenomics, 
and population-specific allele mapping. 

Supports tailored interventions, risk 
prediction, and therapeutic 
optimization for individuals with SCD. 

Remote 
Accessibility 

Researchers can securely access data and 
tools from any location with internet 
connectivity. 

Promotes participation of LMIC 
researchers and reduces geographic 
barriers to high-quality genomic 
research. 

 
Challenges and Barriers 
 
While cloud-based genomic platforms hold 
immense promise for advancing sickle cell 
disease (SCD) research, their adoption and 
effective utilization face several technical, ethical, 
and infrastructural obstacles. A primary concern 
is the issue of data security and patient privacy. 
Genomic information is inherently sensitive, 
carrying implications not only for the individual 
but also for family members and communities. 
Unauthorized access, data breaches, or misuse of 
genetic information could result in discrimination, 
stigmatization, or violation of patient rights. 
Consequently, ensuring compliance with stringent 
regulations such as the General Data Protection 
Regulation (GDPR) in Europe and the Health 
Insurance Portability and Accountability Act 
(HIPAA) in the United States is critical but often 
complex, particularly in multi-country research 
collaborations [19-21].Regulatory variability 
further complicates the landscape. Different 
countries have varying rules regarding the 
storage, transfer, and sharing of genomic data, 
and some impose restrictions on hosting data 
outside national borders. This regulatory 
fragmentation can slow down cross-border 
collaborations, which are essential for assembling 
large, diverse datasets needed for robust SCD 
research. Establishing standardized data 
governance frameworks that satisfy multiple 
jurisdictions remains a significant challenge [22]. 
Infrastructure limitations present another major 
barrier, especially in regions with the highest 
SCD burden. Reliable high-speed internet 
connectivity is a prerequisite for efficiently using 
cloud-based platforms, yet many research 
institutions in sub-Saharan Africa and other low-
resource settings struggle with inconsistent 
bandwidth and frequent network disruptions.  

These limitations hinder the ability to upload, 
download, and process large genomic datasets in 
real time, ultimately slowing research progress 
[23-24].Financial sustainability also poses a 
challenge. Although cloud computing can be cost-
effective compared to maintaining high-
performance local servers, the cumulative costs of 
long-term data storage, analysis, and subscription 
services can become prohibitive for projects 
without stable funding. Budgetary constraints 
may lead to reliance on intermittent grants or 
donated cloud credits, which, while valuable, do 
not provide a sustainable foundation for 
continuous genomic research [25]. 
 
A further barrier is the shortage of skilled 
personnel trained in computational genomics, 
bioinformatics, and cloud infrastructure 
management. Even when cloud resources are 
available, a lack of expertise in workflow design, 
data interpretation, and security configuration can 
limit their effective use. Without targeted training 
and capacity-building initiatives, the potential of 
cloud platforms may remain underutilized in 
high-burden regions [26].Trust and ethical 
considerations also play a critical role. 
Communities affected by SCD, particularly in 
historically underserved regions, may be hesitant 
to participate in genomic research due to concerns 
about exploitation, misuse of data, or lack of 
direct benefit sharing. Building trust requires 
transparent communication, culturally sensitive 
consent processes, and mechanisms to ensure that 
local populations benefit from research outcomes 
[27-29]. 
 
In addition, the digital divide between high-
resource and low-resource settings risks 
perpetuating inequities in genomic medicine. 
Institutions in well-funded regions may rapidly 
advance in cloud-based genomic research, while  
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those in resource-limited areas struggle to keep 
pace, widening global disparities in both research 
output and access to emerging precision medicine 
interventions. Bridging this gap will require 
coordinated efforts from governments, funding 
agencies, technology providers, and the global 
scientific community [30-31]. 
 
Best Practices for Implementation 
 
Maximizing the potential of cloud-based genomic 
platforms for sickle cell disease (SCD) research 
requires a strategic approach that balances 
technical efficiency with ethical responsibility and 
sustainability. The first cornerstone is robust data 
governance. Institutions should adopt clear 
policies that define how genomic data is 
collected, stored, accessed, and shared. 
Encryption, role-based access controls, and 
regular security audits are essential to prevent 
unauthorized access and ensure compliance with 
international regulations such as GDPR and 
HIPAA. Where cross-border collaborations are 
involved, data-sharing agreements should align 
with all relevant national laws while maintaining 
the highest standards of privacy protection 
[32].Equally important is capacity building in 
computational genomics and cloud infrastructure 
management. Researchers, bioinformaticians, and 
data managers in SCD-endemic regions should 
have access to targeted training programs 
covering cloud-based workflows, security 
protocols, and multi-omics integration. 
Partnerships between high-resource and low-
resource institutions can facilitate skill transfer, 
while cloud service providers can support 
capacity building through sponsored training and 
technical support programs. Such efforts ensure 
that cloud adoption is accompanied by local 
expertise capable of sustaining its use [33]. 
 
Collaborative frameworks form another best 
practice, as cloud-based platforms inherently lend 
themselves to multi-institutional projects. 
Standardized protocols for data formatting, 
annotation, and workflow automation can 
enhance reproducibility and interoperability 
between research teams. Platforms like Terra,  

 
DNAnexus, and Seven Bridges allow for version-
controlled analysis pipelines, ensuring that results 
are consistent across sites. Establishing 
international SCD research consortia with shared 
cloud resources can accelerate discoveries while 
reducing duplication of effort [34-35].To address 
financial sustainability, research programs should 
adopt a mixed funding approach that combines 
grants, institutional investment, and industry 
partnerships. Many cloud providers offer 
academic credits, non-profit discounts, and 
storage optimization tools—such as automated 
archiving of infrequently accessed data—to 
reduce costs. Careful monitoring of cloud usage 
and cost forecasting can prevent budget overruns, 
ensuring that resources remain available 
throughout the project lifecycle [36]. 
 
Infrastructure readiness is another critical factor. 
Research institutions should assess and, where 
possible, improve internet bandwidth, stability, 
and redundancy before migrating to cloud-based 
workflows. In areas with limited connectivity, 
hybrid solutions that combine local processing 
with periodic cloud synchronization can bridge 
the gap until full infrastructure upgrades are 
feasible. Additionally, establishing regional cloud 
access points in high-prevalence areas could 
reduce latency and improve data transfer 
efficiency [35].Integrating ethical and equity 
principles into best practices is essential to ensure 
fair participation and benefit sharing. Community 
engagement should begin early in the research 
process, with transparent communication about 
how genomic data will be used and what potential 
benefits can be expected. Researchers should 
prioritize returning relevant results to 
participating communities, either through clinical 
translation or capacity-strengthening initiatives. 
Equitable access to cloud resources must be a 
central policy goal to prevent widening disparities 
in genomic research and healthcare outcomes 
[34]. 
 
Continuous evaluation and adaptation should be 
embedded into the implementation process. Cloud 
technologies evolve rapidly, and best practices 
must be regularly updated to reflect emerging 
security threats, new analytical tools, and  



Int. J. Curr. Res. Chem. Pharm. Sci. (2026). 13(3): 8-19 

© 2026, IJCRCPS. All Rights Reserved                           14 

 

 
improved cost-efficiency strategies. Regular 
feedback from end-users—both researchers and 
community stakeholders—can guide platform 
optimization, ensuring that cloud solutions remain 
relevant, secure, and impactful in advancing SCD 
research [36]. 
 
Ethical and Equity Considerations 
 
The integration of cloud-based genomic platforms 
into sickle cell disease (SCD) research introduces 
important ethical responsibilities that extend 
beyond technical implementation. Central to these 
responsibilities is the protection of participant 
autonomy and the safeguarding of sensitive 
genetic information. Informed consent processes 
must clearly explain the scope of data collection, 
how genomic information will be stored and 
shared, and the potential risks and benefits of 
participation. Because genomic data has 
implications not only for individuals but also for 
their families and communities, consent 
frameworks should also address long-term storage 
and possible secondary uses of data, ensuring that 
participants understand and agree to these terms 
[37].Equity considerations are equally critical. 
SCD disproportionately affects populations in 
sub-Saharan Africa, India, the Middle East, and 
other historically underserved regions, yet these 
same regions often have limited capacity to 
participate fully in genomic research. Without 
deliberate strategies to ensure equitable access, 
cloud-based platforms risk reinforcing existing 
disparities, enabling well-resourced institutions to 
advance rapidly while low-resource settings lag 
behind. Funding bodies, governments, and 
technology providers must therefore prioritize 
infrastructure development, capacity building, and 
subsidized access to cloud resources in high-
burden regions to prevent the widening of the 
global genomic divide [38]. 
 
Community trust forms the foundation of ethical 
genomic research. Historical instances of 
exploitation, lack of benefit sharing, and limited 
return of results have created skepticism toward 
research initiatives in many affected communities.  
 

 
To address this, researchers must actively engage 
communities from the earliest stages of project 
planning. Engagement should involve not only 
disseminating information but also seeking input 
on study design, data usage, and benefit-sharing 
mechanisms. Benefits may include direct clinical 
applications, public health interventions, or 
investment in local scientific infrastructure. 
Transparent reporting of findings and culturally 
sensitive communication of results can further 
strengthen trust and encourage sustained 
community participation [39].The principle of 
reciprocity should guide international 
collaborations in SCD genomics. Research 
conducted in high-prevalence but low-resource 
regions should generate tangible benefits for those 
communities, such as improved diagnostic 
capabilities, access to new therapies, or training 
opportunities for local scientists. Additionally, 
data-sharing agreements must ensure that 
contributing researchers from these regions 
receive proper recognition and authorship in 
scientific publications, avoiding the “parachute 
research” model where data is extracted without 
equitable intellectual contribution [40-41]. 
 
Ethical stewardship in cloud-based genomic 
research requires ongoing oversight. Ethics 
review committees and institutional review boards 
should be trained to evaluate the unique 
considerations of cloud storage, cross-border data 
transfer, and large-scale data analytics. As 
technology evolves, ethical frameworks must be 
revisited to incorporate emerging risks, such as 
the re-identification of anonymized data or biases 
in artificial intelligence algorithms applied to 
genomic datasets. By embedding equity and 
ethics into every stage of cloud-based SCD 
research, the global scientific community can 
ensure that technological advancements translate 
into fair, inclusive, and lasting health benefits 
[42]. 
 
Future Directions 
 
The future of cloud-based genomic platforms in 
sickle cell disease (SCD) research is poised to be 
shaped by emerging technologies, evolving data  
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governance frameworks, and growing 
international collaboration. One of the most 
promising developments is the integration of 
artificial intelligence (AI) and machine learning 
(ML) into cloud-based workflows. These tools 
can rapidly analyze complex, multi-dimensional 
datasets to uncover novel genetic modifiers, 
predict disease progression, and identify patient 
subgroups that may benefit from targeted 
therapies. AI-driven approaches also have the 
potential to accelerate drug discovery pipelines by 
modeling therapeutic responses in silico before 
clinical trials, reducing both cost and time to 
treatment availability [43].Another key 
advancement lies in federated learning models, 
which allow for collaborative data analysis 
without transferring raw data across borders. In 
this approach, algorithms are sent to local datasets 
stored in secure environments, and only model 
parameters—not sensitive data—are shared back 
to a central system. This method could address 
both privacy concerns and regulatory barriers, 
enabling large-scale global studies while 
maintaining compliance with local data protection 
laws. For SCD research, such models could 
facilitate meta-analyses of genetic variation and 
treatment outcomes across diverse populations 
without compromising individual privacy [44]. 
 
Blockchain technology is also likely to play a role 
in future genomic data management. By providing 
transparent, immutable records of data access and 
transactions, blockchain could enhance trust in 
how sensitive SCD genomic data is handled. This 
could be especially valuable in multi-institutional 
projects where ensuring accountability and 
traceability is critical [45].In terms of 
infrastructure, regional genomic data hubs 
connected via secure cloud networks could help 
bridge connectivity gaps in low-resource settings. 
These hubs would allow local researchers to 
upload and process data without relying on high-
latency international networks, while still 
enabling global collaborations through 
synchronized cloud repositories. Coupled with 
continued investment in internet infrastructure, 
such hubs could significantly reduce the digital 
divide in SCD genomic research [46].On the 
policy front, global standards for genomic data  

 
sharing—developed collaboratively by 
governments, research institutions, and 
technology providers—will be essential. These 
standards should harmonize ethical, legal, and 
technical requirements to facilitate international 
research while ensuring participant protection. 
Future frameworks may also include built-in 
benefit-sharing mechanisms that guarantee that 
high-burden communities directly benefit from 
research conducted on their genomic data [47]. 
Expanding capacity-building initiatives will be 
critical to ensure sustainable use of cloud 
platforms. This includes developing advanced 
training programs in bioinformatics, AI, and data 
governance, as well as creating mentorship 
networks that connect researchers in low-resource 
regions with global experts. By combining 
cutting-edge technology with equitable access and 
strong ethical safeguards, the next phase of cloud-
based SCD genomic research can be both 
scientifically transformative and socially 
responsible [48]. 
 

Conclusion 
 

Cloud-based genomic platforms represent a 
pivotal advancement in sickle cell disease (SCD) 
research, offering scalable, cost-effective, and 
collaborative solutions to the challenges posed by 
large and complex genomic datasets. These 
platforms enable the integration of multi-omics 
data, foster global research partnerships, and 
democratize access to advanced bioinformatics 
tools, thereby accelerating discovery and 
precision medicine efforts. However, significant 
challenges remain, including data security, 
regulatory compliance, infrastructure limitations, 
and capacity gaps, particularly in regions most 
affected by SCD. By adopting best practices that 
emphasize robust data governance, capacity 
building, equitable access, and ethical 
engagement, the global research community can 
harness cloud technologies to bridge existing 
disparities and improve clinical outcomes. 
Looking forward, emerging innovations such as 
artificial intelligence, federated learning, and 
blockchain, alongside supportive policy 
frameworks, promise to enhance the security, 
efficiency, and inclusivity of cloud-based SCD 
genomics. 
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