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Abstract 

Sickle cell disease (SCD) remains one of the most significant monogenic disorders 

globally, with Nigeria bearing the highest prevalence, accounting for nearly 50% of 

the world’s annual births with SCD. The genetic landscape of SCD in Nigeria is 

remarkably heterogeneous, characterized by diverse β-globin haplotypes, varying 

allele frequencies, and multiple genetic modifiers influencing clinical outcomes. This 

review synthesizes current knowledge on the molecular and haplotypic diversity of 

SCD in Nigeria and highlights its implications for disease phenotype, prognosis, and 

therapeutic response. We critically evaluate the current management landscape, 

including hydroxyurea therapy, transfusion programs, and newborn screening efforts, 

while identifying barriers to equitable access. Furthermore, we examine emerging 

gene therapy approaches—lentiviral gene addition, CRISPR-Cas9 gene editing, and 

HbF reactivation—and assess their relevance to Nigeria’s unique genotype 

distribution and healthcare infrastructure. Finally, we discuss health equity, policy 

priorities, and capacity-building strategies necessary to ensure broad, affordable 

access to curative therapies. Our review underscores the dual imperative of scientific 

innovation and health equity to transform SCD outcomes in Nigeria. 
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1. Introduction 

Sickle cell disease is a genetic condition that was first identified more than a century ago, and since then it has been the subject 

of intensive research and clinical management. It is an inherited autosomal recessive disorder of the β-globin gene, characterized 

by recurring episodes of vascular occlusion and hemolytic anemia, among other clinical manifestations [1]. Although sickle cell 

disease is a global problem, its prevalence is highest in sub-Saharan Africa, with Nigeria bearing the greatest share of this burden. 

Nearly half of affected children die before the age of five, and survivors have a life expectancy of about 21 years, compared to 
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54 years in high-income countries [2–6]. 

Sickle cell disease (SCD) refers to a spectrum of inherited 

disorders affecting red blood cells, with sickle cell anemia 

being the most prevalent type. Its clinical course varies 

greatly: some individuals experience serious complications 

early in life, while others reach adulthood with fewer and 

milder symptoms. These differences in disease manifestation 

are believed to result not only from genetic factors and the 

extent of sickling but also from the influence of the vascular 

endothelium, platelets, leukocytes, plasma proteins, and 

environmental factors [7]. Owing to this variability, precision 

medicine—which involves customizing treatments based on 

clinical and genetic profiles—holds great potential. However, 

its use is still constrained by the limited number of available 

therapies and the difficulty of predicting disease trajectories. 

Studies on genetic modifier loci in Nigerian patients, 

including BCL11A, HBS1L-MYB, and the β-globin cluster, 

have shown a clear correlation between certain variants and 

higher levels of fetal hemoglobin (HbF), which are linked to 

less severe disease outcomes [8].  

The introduction of therapies such as hydroxyurea, newer 

agents like voxelotor and crizanlizumab, and preventive 

transfusion strategies for stroke provide opportunities to 

refine treatment strategies. In Nigeria, incorporating routine 

HbF measurement, genotyping, haplotype analysis, and 

systematic mapping of genetic modifiers could help establish 

clearer prognostic groups. These genetic insights provide a 

foundation for therapeutic interventions. Building on these 

therapeutic approaches, recent advances in molecular 

genetics and biotechnology, such as gene editing and gene 

addition strategies, have led to the development of gene-

based therapies, thus providing new possibilities for curative 

treatment [10-12]. Equally important is ensuring fair access to 

healthcare. While gene therapies offer great promise, cost, 

infrastructural gaps, and availability risk leaving many 

patients behind [13, 14]. Addressing how genetic diversity, new 

treatments, and equity intersect in Nigeria is key to guiding 

research, clinical care, and policies that support inclusive 

healthcare [15]. 

This review aims to synthesize current evidence on the 

genetic diversity of SCD in Nigeria, examine its implications 

for advancing gene therapy, and discuss equity 

considerations in ensuring fair access to these emerging 

treatments. 
 

 
 

Fig 1: Genetics, burden, and emerging therapies of sickle cell disease in Nigeria, adapted from [4, 27, 52, 53] 

 

2. Epidemiology of SCD in Nigeria 

The genomic analysis carried on SCD has revealed that the 

mutant hemoglobin component β is African in origin, but the 

exact location of the mutation's origin and its accurate age 

currently remain unknown [17]. The single sickle hemoglobin 

allele (also referred to as the sickle cell trait) has proven that 

there is an evolutionary connection between haemoglobin 

subunit β variants and malaria since it provides protection 

against severe P. falciparum malaria, which forms the basis 

of the malaria hypothesis [18, 19]. 

Subsequent studies have revealed that more than 25% of the 

variation in severe malaria outcomes can be explained by 

human genetic factors, with sickle cell trait accounting for the 

largest proportion due to a single gene (up to 2%) [20]. 

Therefore, in areas where malaria has historically been 

endemic, the sickle hemoglobin allele is very common—up 

to 20% in some areas, but statistical estimations have set an 

upper limit at 18% [21]. 

Nigeria has the highest prevalence of SCD. It has statistically 

been established that between 150, 000 and 200, 000 children 

are born with sickle cell disease each year in Nigeria [22-23]. 

With regional variations, HbSS affects roughly 2–3% of live 

births, and the carrier rate is around 25%.  

Again, due to migration considering the transatlantic slave 

trade in the past, the sickle hemoglobin allele is most 

common outside of Africa among people of African heritage, 

and has expanded to the Mediterranean, the Americas, the 

Indian subcontinent, and the Middle East [24, 25]. Hemoglobin 

C, the second most common contributor to sickle cell disease, 

occurs mainly in West Africa, with Burkina Faso as its center, 

though it is now spreading more widely [26]. In Africa, about 

65–70% of cases arise from homozygous HBB mutations, 

around 30% from compound heterozygosity with 

hemoglobin C, and the rest from HbS/β⁰-thalassemia [21]. 

The sickle cell trait is the burden that is driving sickle cell 

disease in Nigeria. Projections suggest that by 2050, the 

number of affected newborns will rise by about 100, 000 

globally, with Nigeria and the Democratic Republic of the 

Congo accounting for the largest share [27]. A 2019 survey 

further revealed that 10% of Nigerian children aged 6 months 

to 5 years with severe anemia also had sickle cell anemia [28]. 

The recessive sickle hemoglobin allele is highly lethal in 

malaria-endemic regions, with up to 80% of affected 

newborns dying before the age of five if untreated [29]. In 
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Nigeria, limited early diagnosis and inadequate care 

contribute to the death of about 100, 000 children with sickle 

cell disease each year before they turn five [4].  

The likelihood of HbSS newborns is increased by high 

consanguineous marriage rates [31]. Outcomes are impacted 

by urban–rural differences; metropolitan areas have greater 

access to treatment facilities, whereas rural areas experience 

care gaps and low awareness [32]. Despite pilot programs 

showing lower mortality, nationwide newborn screening is 

still limited [33]. To lessen the burden, health education, 

premarital genetic counseling, and awareness campaigns are 

crucial [34]. 

 

3. Molecular and Genetic Diversity of SCD in Nigeria 

3.1. Genotypic Variants 

The frequencies of sickle cell alleles vary geographically in 

Nigeria. Sickle cell disease presents in several genetic forms 

depending on the hemoglobin genes inherited, HbSS, HbSC, 

HbS/β-thalassemia, and other compound heterozygous 

variants [35-36]. The HbS allele is common in the northern part 

of Nigeria and it is also the most prevalent nationwide, 

whereas HbC is more common in the western regions [28, 37]. 

In contrast, β-thalassemia is relatively rare in the Nigerian 

population [36, 38]. 

 

3.2. Haplotypic Diversity 

Haemoglobin F (HbF) is the key modulator of the sickle cell 

disease (SCD). Haplotypic diversity in SCD is defined as the 

β-globin gene cluster, influences disease severity and clinical 

expression. Research studies have shown that there are five 

major haplotypes of the β-globin gene cluster associated with 

SCD which depends on geographical location: Senegal, 

Benin, Bantu/Central African Republic, Cameroon, and 

Arab-Indian [39–41]. The severity of the disease differs with 

HbF levels; for example, the Benin haplotype, which is 

associated with intermediate HbF levels and moderate 

disease severity, is the most common in West Africa, 

including Nigeria [42, 43]. The study of haplotypic diversity in 

SCD is advantageous as it provides insight into the genetics 

of the disease and aids in predicting prognosis, tailoring 

management strategies, and developing gene-targeted 

therapies [44]. 

 

 
 

Fig 2: The distribution of sickle-cell anaemia haplotypes among nation with high prevalence of the disease [53] 

 

3.3. Modifying Genetic Factors 

The Mendelian condition, sickle cell anemia is characterized 

by remarkable clinical variability. Fetal hemoglobin (HbF) 

concentration and coincident α-thalassemia are two of the 

most significant genetic modifiers; they both have a direct 

impact on the sickled erythrocyte and influence the severity 

of the disease [45]. 

HbF is very important because it reduces the mean 

corpuscular HbS concentration and does not take part in HbS 

polymerization. Though its protective effect varies 

depending on the population and medical conditions, 

elevated HbF levels are linked to less painful episodes, fewer 

leg ulcers, and improved mortality [45, 46]. Three quantitative 

trait loci have been found to be important regulators of 

heritable HbF levels; The HBB cluster (chromosome 11p), 

where polymorphisms influence HbF production capacity, 

BCL11A (chromosome 2p16.1), where reduced expression  

variants increase HbF and ameliorate SCD severity, and the 

HBS1L-MYB region (chromosome 6q22–23), where 

variants lowering MYB expression elevate HbF and mitigate 

disease complications [47, 48]. 

Beyond HbF, α-thalassemia, found in more than 30% of 

individuals with SCD, modifies disease expression by 

lowering intracellular HbS concentration and reducing 

polymer-induced injury.  

Additional genetic modifiers further shape disease 

heterogeneity: variants in ANXA2, TEK, TGFBR3, and 

ADCY9 are associated with stroke susceptibility [49]; the 

TGF-β/Smad/BMP signaling pathway is linked to multiple 

subphenotypes [50]; and genome-wide association studies 

have identified polymorphisms in UGT1A1 (bilirubin 

metabolism), NPRL3 (hemolysis), and CSMD1 (tricuspid 

regurgitant jet velocity) as contributors to disease outcomes 
[51]. 
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4. Current landscape of Sickle Cell Disease (SCD) 

management in Nigeria 

Among countries with a high rate of people living with SCD, 

Nigeria has the highest burden of Sickle Cell Disease, and the 

treatment environment illustrates the conflict between 

significant programmatic advancements and high unmet 

demand. It's also critical to acknowledge the disparities in 

SCD clinical practice and treatment delivery that exist in 

Nigeria today. The majority of patients still face significant 

gaps in access to disease-altering medicine and care, while 

transfusion safety, curative therapeutic choices, and 

comprehensive genetic screening remains a serious challenge 

to grapple with despite the existence of several registries, 

pilot initiatives, and tertiary centers that offer good care. Each 

of the primary facets of modern SCD care in Nigeria is 

examined in the remaining portion of this section. Curative 

hematopoietic stem cell transplantation (HSCT), standard-of-

care disease-modifying medications (hydroxyurea), 

transfusion services and iron management, basic medical care 

measures which often and are not limited include vaccination, 

administration of penicillin, malaria prevention health 

programs, and pain management). Other care systems include 

genetic screening (newborn screening, carrier screening, and 

genotyping) are all major components of this care process. 

This part also covers workforce and infrastructure 

constraints, the role of registries and data systems, and 

research and trial preparedness utilizing recent Nigerian and 

regional literature to uncover practical realities of the disease 

as well as evidence-based implementation lessons. 

 

4.1. Standard-of-care medical therapies 

Hydroxyurea: evidence, uptake and implementation 

barriers 

The most often prescribed disease-modifying treatment for 

sickle cell disease (SCD) is hydroxyurea (HU), which has a 

proven track record of lowering hospitalization, transfusion 

reliance, and vaso-occlusive crises. Although 

implementation studies and analyses of Nigerian multicenter 

registries support clinically significant advantages for HU 

users, acceptance in Nigeria is still low in comparison to the 

number of eligible patients. Despite positive patient 

experiences and observable decreases in user problems, a 

multi-center survey related to SPARCO found that less than 

15% of registered patients were using hydroxyurea at the time 

of reporting [54, 55]. 

It is also important to note that operational adoption of HU 

faces strict limitations by traditional monitoring paradigms 

that require clinical evaluation and periodic full blood counts; 

in many basic and secondary care settings, limited laboratory 

access increases clinician hesitancy to prescribe or escalate 

HU. According to recent research from Nigeria and 

cooperative African consortia in this area, task-sharing to 

community health workers and trained nurses, along with 

streamlined dosing and monitoring protocols, can improve 

adherence, reduce monitoring burden, and preserve safety [56]. 

Simplified pediatric HU regimen pilot trials suggest scale-ups 

that are safer in regions with very limited resources. 

However, to guarantee quality and safety, and achieve 

reliable results, these methods need standardized algorithms, 

systematic training, and result tracking systems to be enacted 
[56]. 

 

Support for adherence and financing models 

According to previous studies, once patients are placed under 

HU, they often report better outcomes. These outcomes 

include fewer hospitalizations and pain crises; the most 

frequent reasons for stopping HU are availability and cost [55]. 

Nigerian data sources indicate that clinic-level adherence 

support which ranges from counselling and SMS reminders 

to integrated pharmacy supply increases treatment 

persistence. However, pooled procurement, local generic 

production, and the inclusion of HU in national insurance 

formularies or essential-medicines procurement frameworks 

may lower financial barriers [54-56]. 

 

4.2. Transfusion services and iron management 

For people living with SCD, blood transfusions are still a 

traditional intervention and remain a vital component of long-

term treatment plans including perioperative care and 

primary/secondary stroke prevention. In Nigeria, the 

transfusion ecosystem is plagued with low voluntary 

donation rate which is majorly due to non-renumeration 

practices among treatment centers. Other challenges are 

partly due to dependency on family/replacement donors in 

many centers, and ongoing shortages of safe blood are 

documented by national and facility surveys [57, 58]. In 

addition to complicating caregiving in emergencies during 

acute severe anemia and acute chest symptoms, the small 

pool of volunteer donors and sporadic blood service 

functionality make prolonged chronic transfusion programs 

less feasible [57, 58]. 

 

Transfusion safety and alloimmunization 

The risk of alloimmunization and transfusion-transmitted 

infections is increased by pre-transfusion testing limitations, 

inconsistent donor screening quality, and the relative lack of 

systematic extended phenotyping. Significant 

alloimmunization rates among multiply transfused SCD 

patients are reported by systematic reviews and single-center 

studies conducted throughout sub-Saharan Africa, including 

Nigerian cohorts. Pooled analyses show a clinically 

significant alloimmunization prevalence, with some recent 

studies carried out in Nigeria, reporting rates that are 

clustered around a high teenage population range in heavily 

transfused groups [58, 59]. These findings highlight the 

necessity of better donor recruitment tactics, trustworthy 

transfusion-transmissible infection screening, and, whenever 

feasible, phenotype-matched care for patients who receive 

frequent transfusions [55]. 

 

Exchange transfusion and iron chelation 

A small percentage of tertiary institutions offer exchange 

transfusions, which can be automated or manual and are 

useful for acute problems, reducing sickle hemoglobin 

burden prior to surgery, or in times of extreme emergency. 

However, the availability of routine exchange transfusion 

outside of metropolitan tertiary settings is limited by its 

technical and supply requirements, which include skilled 

personnel, the ability to perform manual exchange protocols 

or apheresis, and an appropriate supply of blood. This is due 

to the fact that chelation agents like deferoxamine, 

deferasirox, and deferiprone are expensive and not always 

readily available, iron overload from chronic transfusion is  
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acknowledged and often goes untreated; published 

experiences in Nigeria and other regions show varying but 

significant iron-overload prevalence and uneven chelation 

use [60, 61]. Safe long-term transfusion techniques are further 

hampered by limitations related to cost, supply, and 

monitoring. 

4.3. Hematopoietic stem cell transplantation (HSCT) 

Local experience and capacity 

The only proven treatment for SCD is still allogeneic HSCT 

with sibling donors who match HLA. Over the past ten years, 

Nigeria has reported a few transplants and case series that 

show technical feasibility and acceptable results in certain 

individuals; nonetheless, local HSCT provision is not always 

available and at the time of this article, is yet a scalable 

alternative in Nigeria [56, 58]. The primary obstacles include 

the lack of donor registries and extensive HLA-typing 

services, the lack of skilled transplant teams, the capacity of 

intensive care units, the absence of regular apheresis and 

other facilities which include graft-processing tools, and the 

exorbitant out-of-pocket expenses for families [62]. 

 

Strategic opportunities and caveats 

Experience from other low- and middle-income nations 

demonstrates that sustainable transplant programs may be 

established through international twinning and training 

alliances, staged infrastructure build-out, and carefully 

planned regionally targeted investments (centers of 

excellence). Though there still remains a persistent need for 

strong peri-transplant ecosystems and infrastructures and 

follow up programs initiated long-term for patients, novel 

transplant techniques including haploidentical transplants 

and reduced-intensity regimens may eventually increase 

donor pools and decrease toxicity (62). Therefore, 

investments in donor provision and registry facilities, 

laboratory assistance for HLA-typing and stem-cell 

processing, and finance approaches that shield families from 

unaffordable costs must go hand in hand with any HSCT 

scale-up in Nigeria. 

 

5. Gene therapy for SCD: global advances and local 

opportunities 

The development of gene-based treatments for SCD has 

advanced quickly from proof-of-concept studies to regulatory 

approvals and regulated clinical application. The two main 

clinical strategies are ex-vivo cell therapies that either (a) 

modify autologous hematopoietic stem and progenitor cells 

(HSPCs) to increase fetal hemoglobin (HbF) (CRISPR/Cas9-

based editing of erythroid regulators such as BCL11A) or (b) 

introduce a corrective or anti-sickling globin transgene 

(lentiviral gene addition). Other approaches, such as non-

viral vectors, small-molecule HbF inducers, and in-vivo 

editing, are still in the early phases of development and could 

eventually provide lower-infrastructure alternatives, but they 

are not yet licensed. The primary modalities, their clinical 

results to date, and known safety concerns are outlined in this 

section. It then looks at the prospects and particular 

difficulties of applying these developments to the Nigerian 

setting [59, 63-66]. 

 

5.1. Overview of gene-therapy approaches 

A. Ex-vivo lentiviral gene addition (β-globin transgene) 

Lentiviral gene-addition works by using patient-derived 

autologous HSPCs, transducing them ex-vivo. This is usually 

carried out with the use of a lentiviral vector with a self-

inactivating property that then encodes an anti-sickling β-

globin gene, conditioning the patient (often with 

myeloablative chemotherapy), and then infusing the patient 

with the altered cells [67]. Consequently, the long-lasting 

manufacture of anti-sickling globin long term in erythroid 

cells derived from the modified HSPCs is what gives the 

treatment its efficacy. Lomotibeglogene autotemcel 

(Lyfgenia; LentiGlobin for SCD) is an example of a clinical 

product that was approved by the FDA in December 2023 

after several years of clinical development and long-term 

follow-up that demonstrated a significant decrease or even 

complete elimination of events such as vaso-occlusion and 

also transfusion dependence that are popular occurrences in 

many treated patients [68, 69].  

Clinical results and supporting data includes noticeable 

strong increases in anti-sickling hemoglobin species, 

combined with significant decreases that are observed also in 

vaso-occlusive crises (VOCs) [61, 70]. Other observations 

include transfusion independence in patients who were 

previously dependent on transfusions, and long-lasting 

engraftment in numerous participants were all shown in 

clinical trials with lentiviral β-globin addition. Although 

patient-level diversity has also been markedly observed in 

transgene expression and clinical response, the longest-

running programs demonstrate lasting responses for many 

patients up to several years of follow-up [71, 72]. 

Although contemporary self-inactivating vectors have 

reduced the hazards of insertional mutagenesis and lentiviral 

vectors that have a lengthy history of clinical development, it 

is also important that strict long-term monitoring for 

occurrences like clonal growth and hematologic malignancy 

is still necessary to get the best results from patients [60]. 

Moreover, other clinical actions like GMP-grade vector 

manufacture, verified cell-processing facilities, apheresis, 

myeloablative conditioning, inpatient transplant care 

capacity, and long-term follow-up infrastructure are 

operational requirements for lentiviral gene addition [61, 72]. 

 

B. Ex-vivo CRISPR/Cas9-based editing to reactivate HbF 

(targeting BCL11A and related regulators) 

Mechanism for this primarily relies on the erythroid-specific 

regulatory regions of BCL11A, a γ-globin repressor, are the 

focus of the most clinically sophisticated editing technique. 

Research from gene activation has shown that when erythroid 

BCL11A expression is disrupted, γ-globin is repressed, 

raising HbF levels and decreasing sickling. Also, autologous 

HSPCs that have been ex-vivo modified using CRISPR/Cas9 

reagents and injected to make up the modified result of this. 
[68, 73]. The method has been shown to substantially decrease 

sickle hemoglobin polymerization by imitating hereditary 

persistence of fetal hemoglobin (HPFH) [69, 74]. 

Clinical results and supporting data include rapid also marked 

by significant increases in HbF and attendant decreases 

noticeable in VOC frequency. This is to say many patients 

became VOC-free throughout follow-up, and a decrease in 

the need for transfusions were all reported in pivotal trials for 

BCL11A-targeting medicines. Furthermore, the majority of 

adverse outcomes are linked to factors such as conditioning 

and the procedure adopted for transplantation, with little 

concerns relating to the editing itself. These observations are 

shown by the early and mid-term safety data. In order to keep 

an eye out for any delayed adverse outcomes, longer follow-

up is being gathered [74, 75]. 
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C. HbF reactivation by alternative molecular strategies 

and in-vivo editing (emerging) 

The mechanism for this procedure involves procedures such 

as base editing, prime editing, shRNA/miRNA knockdown of 

BCL11A, and in-vivo delivery systems that modify HSPCs. 

This is done without ex-vivo manipulation. Additionally, 

gene-addition methods producing γ-globin and small-

molecule HbF inducers are currently being investigated for 

their potency and if proven safe and successful, in-vivo 

editing which is a procedure that involves giving patients 

their editing reagents directly could significantly lower 

infrastructure requirements by avoiding the cell processing 

and conditioning that usually happens ex-vivo [68, 69, 71]. 

However, it is important to also note that in-vivo methods still 

face challenges ranging from delivery, specificity, to safety 

challenges and are still in the research stage [76, 77]. 

 

5.2. Applicability to the Nigerian context 

It is necessary to assess biological applicability, 

programmatic preparation, infrastructure and personnel 

capacity, regulatory landscape, financial alternatives, and 

ethical issues in order to translate the promise of gene therapy 

into fair benefit for Nigeria. This area is discussed 

extensively in the sections below.  

 
A. Biological applicability across genotypes and haplotypes 

Mechanistic independence from the haplotype of β-globin: 

Regardless of the underlying β-globin haplotype (Benin, 

Senegal, Cameroon, Arab-Indian), or whether the patient has 

HbSS, HbSC, or HbS/β-thalassemia, the operationally 

accepted ex-vivo gene therapies which are primarily 

lentiviral β-globin addition and BCL11A-targeting CRISPR 

editing are activated by improving erythrocyte 

polymerization dynamics, a procedure that is made possible 

by increasing HbF levels or providing anti-sickling globin. 

Therefore, these treatments are mechanistically applicable to 

all frequent Nigerian genotypes [69, 71, 72, 74, 78]. 

Variability in clinical response and modifier alleles are other 

crucial factors to consider. It is observed that baseline genetic 

modifiers, which can affect baseline severity and HbF 

dynamics, vary among diverse groups and they include the 

co-inheritance of α-thalassaemia by patients, polymorphisms 

that occur at the BCL11A and HBS1L-MYB loci, and most 

occurring, haplotype-associated HbF levels. Hence, these 

variations may have considerable impact on not only the size 

of the clinical response, but also the absolute HbF levels 

attained following treatment of the patients. Local genetic 

data therefore are useful for interpreting trial results and for 

predicting various reactions or dangers in the Nigerian 

community, but it's important to note that none of the crucial 

approvals limited use to certain haplotypes. Thus, it is wise 

to include modifier genotyping and local genomic 

surveillance when designing and preparing trial materials and 

also following up with post-marketing monitoring [64, 75, 78]. 

 

B. Workforce, training and regulatory capacity 

One of the impediments of SCD medical care in Nigeria is 

the current concentration of attention and caregiving in urban 

tertiary hospitals with varying transplant expertise; hence, 

ramping up care requires targeted training programs, 

international partnerships, and the creation of standard 

operating procedures and competency frameworks. 

Delivering effective cell therapies in underserved regions in 

Nigeria requires the experienced and well put together 

multidisciplinary teams which includes haematologists, 

transplant physicians, apheresis teams, cell-processing 

scientists. This of course wouldn't be in exclusion of 

specialized nursing and pharmacy support [62, 64]. 

Regulatory and ethical frameworks are other concerns in 

management of SCD in Nigeria. While many African 

national regulatory bodies are quickly expanding their ability 

to assess sophisticated biologics, post-marketing 

surveillance, an area that still needs critical attention is long-

term follow-up, and standardized guidelines for somatic gene 

treatments. These two areas have shown an urgent need to be 

strengthened. Also, data processing for genomic and 

biobanking resources, thorough and balanced patient 

selection for trials and access, which also requires informed 

consent must all be covered under ethical frameworks. 

Hence, to guarantee that trials and access initiatives are 

morally and legally sound, Nigeria will require explicit 

cooperation between the regulator, industry, academia, and 

patient advocacy [67, 75]. 

 

C. Supply chain, manufacturing and cost barriers 

Ex-vivo gene therapies globally, currently rely on highly 

specialized supply chains, including the creation of GMP 

vectors and cold-chain logistics for cell products. It also 

requires thoroughness in the verification of sterility as well as 

uncompromised quality-control testing, and frequently, 

cross-border shipping to specialist manufacturing facilities. It 

then follows that establishing reliable production at local 

level would drastically cut delivery time and costs but 

involves large production expenditure, technical skill and 

regulatory control. Moreover, shipping autologous cells 

across local processing units to foreign contract 

manufacturing companies and having the finished product 

returned are examples of interim models; these are costly and 

logistically challenging [71, 72]. 

 

D. Trial design, ethics and population prioritisation 

Local epidemiology and trial inclusion criteria: Nigeria have 

a very high mortality rate of infants, a population rarely 

captured in the major early trials. This is often due to the fact 

that these trials were carried out in high-income urban 

statements. In order to curb this in the near future, Nigerian 

ethical trial design must balance the potential benefit of early 

therapeutic therapies against procedural hazards, particularly 

when conditioning regimens are necessary, as well as the 

local illness burden and mortality patterns (increased 

childhood mortality). As long as there is strong control and 

community involvement, protocols tailored to local realities 

such as capturing infants under well planned safety 

monitoring may be ethically acceptable [67, 75]. 

Furthermore, explicit equity safety protocols must be 

included in roll-out plans to prevent gaps from expanding. 

These protocols include clear selection criteria, subsidized 

access for low-income patients, a clear-cut commitment to 

capacity-building, and, where practical, attention to local 

manufacture and training. In order to guarantee culturally 

appropriate consent procedures and post-treatment care 

(long-term follow-up, fertility counseling), patient groups 

should be at the center of the planning process [67, 75]. 
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Table 5.1: Comparison matrix of gene-therapy modalities matched against Nigerian health ecosystem & constraints 
 

Modality Clinical Evidence 
Core Infrastructure 

Required 

Compatibility status to 

Nigerian 

Genotypes/Haplotypes 

Cost and 

Expenditure 
Scalability 

Risks and 

Ethical 

Concerns 

Implementation 

Strategy 

Ex-vivo lentiviral 
gene addition 

Thorough data 
from multiple 

annual trails 

showing 
major decrease in 

transfusion 

dependence and 
VOCs 

Apheresis, cell-
processing labs, 

transfusion services 

and cell-therapy 
teams 

Genotype-agnostic. This 

applies to HbSS, HbSC and 

HbS 

Extremely 

expensive. 

Production and 
shipping costs add 

up as recurring 

expenditure 

Not feasible at 
scale for short 

term, medium 

level feasibility 
is possible if 

there's sufficient 

investment and 
partnership 

Requires long-

term safety 
monitoring; 

creates ethical 

concerns if 
accessible to the 

rich alone 

Medium level 
priority 

Ex-vivo 

CRISPR/Cas9 
editing to 

reactivate HbF 

Critical pivotal trial 

potency; FDA 

approval Dec 2023; 
ongoing post-

marketing follow-

up. [69, 74] 

Similar high-

complexity platform 
as lentiviral 

approach: apheresis, 

GMP editing/CMC, 
cell-processing, 

transplant 

infrastructure, 

molecular monitoring 

& registries. [62, 74] 

Genotype-agnostic. 

Requires local genomic 

surveillance 

Procurement cost 

is very high. 

Proves 
unsustainable 

without external 

funding 

On short term, 

not deliverable 

locally 

Under strong 
policy based 

scrutiny in 

genomic editing 
areas, 

complexities 

around ethical 

consent 

Medium level 
priority 

In-vivo Editing 

Clinical 
development is at 

early stage; poses 

strength by its 
promising 

preclinical data, 

however, human 
efficacy is limited 

/safety data as of 

2024–25. [76, 79] 

If successful, would 
drastically reduce the 

need for ex-vivo 

GMP processing 

Shows potential to be 
broadly applicable across 

Nigerian genotypes, but 

requires proof of efficacy 

Indeterminate; 

could be 

significantly 
cheaper than ex-

vivo perhaps only 

if single-visit in-
vivo therapy 

succeeds, 

Short term 

scalability is 
currently 

unavailable. At 

medium level, it 
could be 

feasible if trails 

are done in 
Africa 

Major safety 

and delivery 

challenges, high 
regulatory 

barriers 

Low priority 

Pharmacological 

therapies 

Clinical potency is 
not strongly 

established across 

candidates; There 
are not yet proofs 

that match curative 

outcomes of cell 

therapies; several 

in Phase II/III 
pipelines. [76] 

Has low 

infrastructure. Also 

require supply chains 
and adherence 

programs 

Highly efficient to apply 

across genotypes 

Has a much lower 
cost expectation in 

contrast to cell 

therapies 

High potential 

at short term 

High 

dependency on 

therapy, less 
effective but 

equitable 

High priority 

when proven 

Allogeneic HSCT 

curative therapy is 

well researched 

and established, 
with vast 

experience; 

replicable 
outcomes with 

matched sibling 

donors in 
experienced 

centres 

Relies on HLA-
typing, donor 

registries, apheresis, 

transplant units, ICU 
support, transfusion 

& infection control. 
[62] 

Finding donor among 

Nigerian families is the 

major limiting factor. 
However, is reliable in the 

availability of donor 

Expensive, but 
cheaper than 

commercial gene 

therapies 

Short term 
feasibility 

affected 

primarily by 
scarcity of 

patients at 

tertiary centers 

Ethical 
concerns for 

selection of 

recipients 

High priority 

 

6. Health Equity and Policy Considerations 

Given that Nigeria has the greatest global prevalence of sickle 

cell disease (SCD), the promise of gene therapy for the 

condition has significant ramifications for health equity. 

However, if access is limited to a privileged minority, the 

implementation of these cures runs the risk of further 

entrenching inequality. Who will profit from these 

discoveries and if they will be available to the most 

vulnerable communities raise ethical concerns? Only wealthy 

elites or patients who can go overseas may be able to access 

gene therapy, which might lead to a two-tiered healthcare 

system in which a population of patients with sickle cell 

disease are functionally "cured" while the majority suffers 

from the debilitating effects of insufficient care. This of 

course has implications which is majorly lack of confidence 

in the larger population in biomedical innovation by 

exacerbating already-existing health disparities and even 

inciting animosity or mistrust among impacted communities 
[57, 58]. 

As a result, the problem transcends beyond technological 

challenge but also political and structural ones. If Nigeria 

wants to move from gene therapy as a theoretical alternative 

to a population-level solution, it must increase its capacity for 

genomic medicine. Within a regulatory framework that 

places a high priority on patient safety and ethical integrity, 

this entails creating local infrastructure for hematopoietic 

stem cell collection and manipulation. It doesn't stop here, as 

there are also emergent needs for better molecular 

diagnostics, and the safe delivery of gene-editing vectors [57]. 

In order to optimize gene therapy regimens to fit the local 

genetic landscape, it is equally important to establish national 

biobanking initiatives to map and catalog Nigeria's unique 

SCD haplotypes. In the absence of these resources, Nigerian 

patients run the danger of being turned away from 

international clinical trials or being given inadequate 

treatment plans that are not suited to their demographic. A 

key factor in accomplishing these objectives is government 

commitment. This is because gene therapy is so costly and 
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treatment currently stands at over $500, 000 per patient in 

high-income nations. A figure like this, places treatment costs 

beyond affordability, especially without external creative 

financing schemes. Nonetheless, these treatments might be 

subsidized by public-private partnerships, which would 

enable Nigeria to bargain with pharmaceutical companies for 

reduced costs or risk-sharing arrangements. 

Another important factor to consider is collaboration on a 

global scale, as the nation cannot create this ecosystem alone. 

Nigeria can become an active contributor to science rather 

than just a passive recipient of innovation by joining 

international consortia that facilitate technology transfer, 

workforce training, and shared access to trial infrastructure. 

Finally, community engagement must stay at the forefront of 

policy design. Building trust among impacted families, 

advocacy groups, and local health personnel will be 

important to ensure acceptance when medicines become 

accessible [57]. 

 

7. Conclusion 

For the development of future curative treatments, Nigeria's 

sickle cell disease (SCD) genetic diversity offers both a 

difficulty and an opportunity. The complicated haplotype 

distribution of sickle cell disease (SCD) in Nigeria, the 

effects of genetic modifiers such as α-thalassemia and HbF-

promoting loci, and their effects on clinical severity and 

treatment response have all been addressed in this article. It 

is essential to comprehend these subtleties as they influence 

how gene therapy and other cutting-edge remedies can be 

applied to the affected Nigeria's particular populace [80]. 

Moreover, clinical trials conducted in the Nigerian health 

ecosystem have shown that "one-size-fits-all" strategy based 

on Euro-American cohorts will not be enough to produce 

sustainable long-term treatment results. 

Gene therapy's quick development around the world portends 

a paradigm shift in the treatment of sickle cell disease, no 

doubt. However, replicating the successes of this innovation 

in the Nigerian local population requires intentionality and 

precision in planning. Also, other areas that need focusing 

include Infrastructure development, molecular diagnostics, 

biobanking, and stem cell processing facilities which must all 

be emphasized to prepare for large-scale clinical deployment 
[81, 82]. The country must provide fair access and prevent a 

future in which benefits from curative therapy are only 

accessible by the wealthy. Policies that balance affordability 

and sustainability are required due to the nation's 

socioeconomic reality and the startlingly high frequency of 

SCD [82, 83]. 

To sustain advancements already made in SCD treatment and 

management, international cooperation will be crucial. With 

international partnership, Nigerian patients can benefit from 

reduced expenses, easier technology transfer, and quicker 

clinical trial participation through collaborations with global 

research consortia, biotechnology companies, and charitable 

groups. To maintain these initiatives, however, local 

capacity-building which Marjory involves the training of 

credible hematologists, local genetic counselors, 

bioinformaticians, and molecular scientists is the ultimate 

performance standards [82, 84, 85]. In addition to carrying out 

treatment, a self-sufficient, competent staff is required for 

ongoing innovation, which involves modifying gene therapy 

approaches in response to emergent regional epidemiological 

data [82, 8, 86]. 

This review highlights the importance of combining genetic 

research, translational medicine, and equitable healthcare 

strategies to scale the trajectory of SCD for future 

generations. In the end, the fight against SCD in Nigeria is as 

much a public health challenge as it is a scientific one, and 

success will require coordinating state-of-the-art genomic 

tools with patient-centered policies, community engagement, 

and national health priorities [87, 87]. Curative therapy may 

become a widely accessible reality rather than a far-off hope 

if policymakers, scientists, and advocates take decisive action 

now. 
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