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Abstract

Introduction: Sickle cell disease (SCD) is the most common hemoglobinopathy in the world. 

Over 90% of those born with SCD live in low- and middle-income countries (LMICs), yet 

individuals in these settings have much poorer outcomes compared to those in high-income 

countries.

Areas Covered: This manuscript provides an in-depth review of the cornerstones of basic SCD 

care, the barriers to implementing these in LMICs, and strategies to increase access in these 

regions. Publications in English language, peer-reviewed, and edited from 2000 to 2021 were 

identified on PubMed. Google search was used for gray literature.

Expert Opinion: Outcomes for patients with SCD in high-income countries have improved over 

the last few decades due to the implementation of universal newborn screening programs and use 

of routine antimicrobial prophylaxis, increase in therapeutic and curative options, and the adoption 

of specific measures to decrease risk of stroke. This success has not translated to LMICs due to 

several reasons including resource constraints. A combination of several strategies is needed to 

increase access to basic SCD care for patients in these settings.

Full Terms & Conditions of access and use can be found at https://www.tandfonline.com/action/journalInformation?
journalCode=ierr20

CONTACT Jeremie H. Estepp, jeremie.estepp@stjude.org, Department of Global Medicine, St. Jude Children’s Research Hospital, 
262 Danny Thomas Place, Mail Stop 702, Memphis Tennessee 38105. 

Reviewer Disclosures
Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.

HHS Public Access
Author manuscript
Expert Rev Hematol. Author manuscript; available in PMC 2023 April 12.

Published in final edited form as:
Expert Rev Hematol. 2022 April ; 15(4): 333–344. doi:10.1080/17474086.2022.2063116.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.tandfonline.com/action/journallnformation?journalCode=ierr20
https://www.tandfonline.com/action/journallnformation?journalCode=ierr20


Keywords

Global health; sickle cell disease; low- and middle-income countries; newborn screening; 
penicillin; hydroxyurea; stroke; voxelotor; crizanlizumab; l-glutamine

1. Introduction

SCD is a monogenic red blood cell (RBC) disorder, where normal hemoglobin (HbA) 

is replaced by sickle hemoglobin (HbS). It is inherited as an autosomal codominant trait 

[1], and common types of SCD include homozygous hemoglobin SS disease, hemoglobin 

SC disease, and sickle beta-thalassemia [1]. It is a chronic and debilitating condition 

characterized by hemolytic anemia and endothelial dysfunction, with findings of vaso-

occlusive crises, acute chest syndrome, increased risk of stroke, and cumulative multiorgan 

damage. Children with SCD are also at heightened risk of morbidity and mortality from 

specific infections due to functional asplenia. There are approximately 300,000–400,000 

babies born with SCD globally, with over 75% of them born in Africa [1]. Nigeria, India, 

and the Democratic Republic of the Congo alone account for over 50% of patients with SCD 

[2]. This geographic distribution is attributed to the ‘malaria hypothesis’ that the HbS carrier 

state is protective against malaria infection, which was substantiated by the coexistence of 

high HbS carrier rates and malaria infections in Africa [3].

SCD was first described in published literature in 1910 and was noted to be frequently 

fatal in childhood until a few decades ago [4]. Dramatic improvements have been noted 

in the survival of patients beyond childhood in high-income countries, but 50–90% of 

children with SCD in sub-Saharan Africa (SSA) die before the age of five [5]. Estimated life 

expectancy of patients in other LMICs with high prevalence of SCD, such as India, is not 

known [6]. Reduction in mortality for patients in high-income countries is mainly attributed 

to universal newborn screening and our subsequent ability to protect young patients against 

life-threatening infections with antimicrobial prophylaxis and immunizations. The use of 

hydroxyurea and other disease modifying therapies, as well as the use of transcranial 

doppler screening to monitor risk of stroke, has significantly ameliorated outcomes for 

patients with SCD. These aforementioned interventions represent standard of care for 

patients with SCD in high-income countries; however, they are mostly inaccessible to 

patients in LMICs due to insufficient resources.

In this review, we will discuss the components of basic SCD care and elaborate on the 

barriers faced by patients in accessing SCD care in LMICs. We will then describe strategies 

to address some of these hurdles. Given the high burden of SCD in the region, the review 

will primarily focus on SSA. Peer-reviewed publications in English, edited between 2000 

and 2021, were identified on PubMed, and supplemented with literature known to the 

authors. Boolean terms were used with the following search terms: sickle cell anemia/

disease, low- and middle-income countries, access, newborn screening, antimicrobials, 

prophylaxis, immunizations, hydroxyurea, transcranial doppler screening, cost, health 

system, treatment, hydroxyurea. We augmented these publications with technical reports 

and other gray literature found through Google web search.
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2. Newborn screening (NBS)

2.1. Benefits of NBS

Children with homozygous SCD (hemoglobin SS) are at increased risk for bacterial 

infections and septicemia; especially Streptococcus pneumoniae. In 1981, the Cooperative 

Study for Sickle Cell Disease in the United States of America (USA) documented a 

pneumococcal septicemia rate for infants with SCD under three years old at ‘10 per 100 

person-years, with a 30% case fatality rate [7].’ Those stark statistics prompted the group 

to initiate a double-blind, randomized, placebo-controlled clinical trial with the hypothesis 

that administering oral penicillin twice a day to infants with SCD between three months 

and three years of age would reduce the rate of septicemia. The study was terminated early 

because S. pneumoniae infection was reduced by 84% in the group receiving penicillin 

compared to the control group, and there were no deaths in the penicillin group compared 

to three deaths in the control group [8]. These results prompted the National Institutes of 

Health (NIH) consensus panel to recommend NBS for SCD, and prophylactic penicillin for 

infants with homozygous SCD by three months of age. This was the advent of NBS for SCD 

[9,10].

Effective management for SCD begins with early diagnosis, genetic counseling, initiation 

of prophylactic penicillin, and comprehensive follow-up care [11–14]. Since the initiation 

of NBS in the USA, 95% of children with SCD live to 18 years of age [15]. However, in 

LMICs, it is a different story.

2.2. Barriers to NBS in LMICs

Nigeria has the greatest burden of SCD in the world with about 150,000 children born 

yearly with SCD, and it is estimated that this figure will increase by 100% by the year 

2050 in the absence of effective control measures [16]. Even though more than two-thirds 

of children with SCD are born in SSA, there are no national universal NBS programs for 

SCD [17–19]. One of the greatest barriers to NBS in SSA and other LMICs is cost. In high-

income countries, hemoglobin identification for NBS is performed by high-performance 

liquid chromatography (HPLC), isoelectric focusing, or tandem mass spectrometry [20,21]. 

These techniques are cost and resource intensive, and most LMICs do not have the resources 

to replicate and sustain a NBS model using these technologies [22]. Alkaline hemoglobin 

electrophoresis is the most commonly used and available method of diagnosing hemoglobin 

phenotypes in Nigeria and other LMICs, but it has its limitations [23]. Several partnerships 

between high-income and LMICs have proved successful in establishing NBS for SCD, but 

only a few have proved sustainable (lasting more than five years), and none have achieved 

national universal NBS.

Poverty, comorbidities, lack of transportation, competing health-care priorities, social 

stigma, lack of knowledge and perceived benefits, and other complex cultural issues 

further hinder NBS implementation and follow-up in LMICs. While genetic counseling 

is seemingly straightforward, cultural factors must be weighed carefully when developing a 

NBS program in LMICs [24–26]. Many LMICs have high rates of consanguinity (25–70%), 

and practice polygyny [27]. Also, significant gender inequality exists in many LMICs. SCD 
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genetic counseling advocates must be aware of cultural norms and ensure that identification 

of females ‘at-risk’ of having a child with SCD does not result in punitive or negative 

sanctions [28].

Prophylactic penicillin and immunizations are the hallmarks of a successful NBS follow-

up program for SCD. Additionally, genetic counseling is also an important component 

of NBS as families are informed early about SCD and its complications, as well as the 

misconceptions attached to this inherited blood disorder. However, most NBS programs in 

LMICs are hosted by academic or top-tier hospitals where patients (or other organizations) 

pay for their medications [29,30]. Additionally, childhood immunization rates in SSA and 

other LMICs lag far behind those in high-income countries. In the US, >90% of infants are 

fully vaccinated by 24 months of age compared to approximately 76% of infants in Africa 

[31,32].

2.3. Strategies to promote NBS in LMICs

Learning collaboratives with shared resources and knowledge can improve disease outcomes 

in LMICs; that is, HIV/AIDS organizations have been performing POC testing in the field 

for years to track disease progression, and the World Health Organization (WHO) has had 

an initiative to increase immunizations in LMICs since 1974 [31,33]. These techniques can 

be adapted to SCD to improve healthcare access. Point of care (POC) testing has been used 

in LMICs as an alternative hemoglobin identification method for SCD. The benefits of POC 

testing include instantaneous results, and low overall cost since it is cheap and trained lay 

people can perform the test. Pilot studies have proved that POC testing for SCD is reliable, 

cost effective, and feasible in LMICs [34–36].

Partnering with non-government organizations (NGOs) with complimentary missions is 

another way to leverage resources, that is, H20 for Life and Drop in the Bucket are 

two organizations dedicated to improving access to clean water and sanitary conditions 

in LMICs. Many health-care facilities in LMICs do not have access to clean water, yet 

handwashing is one of the best methods to prevent infection in SCD [37], and infection is 

one of the leading causes of death in infants with SCD in LMICs.

Community health workers (CHWs) have been used for years to support disease 

management in LMICs [38]. Using CHWs can help address barriers of NBS in SCD; CHWs 

are inexpensive and can engender trust within the community [39]. Social media is another 

method to increase community acceptance of SCD. NBS programs in LMICs can employ 

community influencers and adapt social media techniques for use in SCD. For example, 

Sierra Leone engaged community and faith-based leaders and used social mobilization 

to successfully combat vaccine hesitancy and increase Diphtheria-Pertussis-Tetanus (DPT) 

immunization uptake [40].

Integrating NBS into public health programs like immunizations and antenatal care packages 

is yet another strategy that can help establish NBS program in LMICs. Figure 1 provides an 

overview of the aforementioned barriers and alternative strategies for implementing NBS in 

LMICs.
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Establishing universal NBS for SCD in LMICs is challenging. However, it is incumbent 

upon high-income countries and global organizations to partner with LMICs to develop NBS 

for SCD. Early diagnosis and treatment are essential to decreasing mortality and morbidity 

for children with SCD.

3. Antimicrobial prophylaxis and vaccine implementation

3.1. Immune dysfunction in SCD

SCD is associated with increased susceptibility to infections, which is partly due to 

autosplenectomy and functional hyposplenism resulting from recurrent vaso-occlusive 

infarcts within the spleen [41]. Several other factors that predispose patients with SCD 

to infections have also been reported. These include abnormalities of opsonization, antibody 

production, alternate complement pathway, leukocyte function, and cell-mediated immunity 

[42–44]. Neutrophilia is a major hematological manifestation of SCD [45]; however, it does 

not protect patients against infections because of the functional defect in neutrophils in 

patients with SCD [46].

The range of immune abnormalities in SCD determines the pattern of susceptibility to 

microbial agents to a large extent. Hyposplenism predisposes to severe infections with 

malaria and encapsulated organisms including Haemophilus influenzae and Streptococcus 
pneumoniae. Low serum IgM levels, impaired opsonization, and abnormality of the 

complement pathway further increase susceptibility to other common infective agents, 

including Mycoplasma pneumoniae, Salmonella typhimurium, Staphylococcus aureus, and 

Escherichia coli[41,47]. In addition to immunological dysfunction, recurrent tissue infarcts 

also increase susceptibility to bacterial infection in patients with SCD. Tissue infarcts 

provide potential primary foci for infections that are easily propagated within the context 

of pre-existing immunological dysfunction associated with SCD [48]. Tissue infarcts are 

particularly supportive of microaerophilic bacteria species, such as salmonella, which is thus 

a very common infective agent in patients with SCD [49].

It is abundantly reported that malaria, other bacterial infections, and non-bacterial infections 

are associated with crises, exacerbation of SCD morbidities, and poor survival among 

patients with SCD [16,50,51]. Unfortunately, SCD patients are at high risk of acquiring both 

transfusion and non-transfusion transmissible infections [49]. The risk is especially high in 

Africa and other tropical regions, which carry the heaviest global burden of both SCD and 

infectious diseases [8,50–52]. Hence, the need for prophylactic measures against infections 

among patients with SCD cannot be overemphasized.

3.2. Prevention of infection in SCD Patients: chemoprophylaxis and vaccinations

The incidence of bacterial infections can be reduced by penicillin prophylaxis and 

vaccinations against encapsulated organisms. The introduction of the pneumococcal 

polysaccharide vaccine has markedly reduced the risk of invasive pneumococcal infections 

in children with SCD receiving daily prophylactic penicillin [52,53]. The heptavalent 

pneumococcal conjugate vaccine (PCV7) introduced in the year 2000 led to a further 70% 

reduction in the incidence of invasive pneumococcal infections [54], while the 13-valent 
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pneumococcal vaccine (PCV13) vaccine introduced in 2010 also decreased the incidence 

of serious pneumococcal infections among a large cohort of patients with SCD in North 

America [54,55]. The pneumococcal conjugate vaccine (PCV) and Haemophilus influenza 
type b (Hib) vaccine are both administered during early infancy under the Expanded 

Program on Immunization in African countries [8,56]. In 2012, Nigeria joined other African 

countries to launch the Pentavalent vaccine (which contains the Hib vaccine) and in 2014, 

the 10-valent pneumococcal conjugate vaccine (PCV10) was also launched as part of 

its routine immunization schedule. Before the launch of the immunization program, few 

families could afford to vaccinate their children.

Current guidelines from the National Heart, Lung, and Blood Institute (NHLBI) have 

endorsed oral penicillin-V prophylaxis twice daily in all children with SCD [57]. The 

guidelines recommend the discontinuation of penicillin prophylaxis at five years of age 

if there is no history of invasive pneumococcal infection or surgical splenectomy as long 

as pneumococcal vaccinations have been given [57]. It still remains uncertain whether 

penicillin prophylaxis should be continued throughout childhood and adulthood [16]. 

However, the majority of pediatric hematologists recommend termination of prophylaxis 

at five years of age [43], though some pediatricians may elect to continue it for a longer 

period of time [43]. Therefore, standard practice for preventing bacterial disease in SCD 

should include the initiation of daily prophylactic penicillin by two months of age and the 

completion of the pneumococcal vaccine series (consisting of both PCV13 and PCV23) by 

five years of age, after which prophylactic penicillin can be discontinued [16]. In addition 

to pneumococcal vaccines, salmonella, and meningococcal vaccines may be useful in 

patients with SCD, especially in tropical settings where these diseases are endemic [58,59]. 

However, the availability of these vaccinations is limited and routine penicillin prophylaxis 

is unavailable in the majority of medical centers in SSA. In a recent study conducted across 

18 SCD clinics in Nigeria, only eight of them routinely gave prophylactic penicillin [60]. 

This is in contrast to a study conducted in Brazil where 76.1% of patients with SCD received 

penicillin prophylaxis [61].

Malaria infection is the most common and potent trigger of vaso-occlusive crisis (VOC) 

in SCD patients living in malaria-endemic countries [62]. This underscores the importance 

of preventing malaria in patients with SCD living in these settings [63,64]. The WHO 

recommends that SCD patients in endemic areas should receive antimalarial prophylaxis 

[65] since prophylaxis is effective at reducing malaria infection [65–67]. Moreover, patients 

with SCD in tropical countries should receive a complete set of local routine immunizations 

[68,69]. There are several options for malaria prophylaxis regimens, including proguanil, 

chloroquine, pyrimethamine, sulfadoxine-pyrimethamine. Proguanil is recommended based 

on its lower side effect profile and the observation that adherence to once daily dosing is 

better than multiple times daily dosing.

3.3. Barriers to use of antimicrobial prophylaxis in LMICs

Although the NHLBI has recommended oral penicillin prophylaxis for children with SCD, 

the majority of patients in SSA still do not have access to this life-saving medication [57,60]. 

There are several challenges to widespread and efficient use of antimicrobial prophylaxis 

Dua et al. Page 6

Expert Rev Hematol. Author manuscript; available in PMC 2023 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in low resource settings, particularly in SSA. Lack of affordable healthcare is a major 

hindrance to the effective management of SCD. While inexpensive, prophylactic penicillin is 

still beyond the financial reach of most people in LMICs. The unique challenge of limited 

resources and out-of-pocket health expenditures with no health insurance coverage needs to 

be addressed in order to improve access to preventive therapies in LMICs.

Aside from cost, barriers to the use of penicillin prophylaxis include poor adherence, non-

prescription of penicillin, and unavailability of penicillin. Oral penicillin suspension is often 

not available in health facilities in LMICs and even when available, refrigeration of oral 

penicillin suspension is a challenge.

Non-availability of vaccines in some medical centers in SSA is a major barrier to its use. 

Even when the vaccines are available, they are underutilized. Galadanci et al. noted that 

only 13.2% and 32.3% of screened participants in their trial had received the entire PCV-13 

and Hib series respectively[70]. The implementation of childhood immunization schedules, 

including universal PCV and Hib conjugate vaccination, could substantially improve the 

survival of children with SCD living in LMICs.

3.4. Strategies to improve access to infection prophylaxis in LMICs

Evidence-based interventions (EBI) targeted at SCD management must address patient, 

provider, and system-level barriers of care delivery. Findings from a recent Cochrane 

systematic review indicate that effective strategies for implementation of EBI in LMICs 

are those that involve a multi-level approach and are tailored to the context of the built-

environment [71]. At the systems level, availability of therapy at a low cost will ensure that 

patients are able to afford medication. At the provider-level, training physicians (including 

non-hematologists) and other health-care providers (e.g. nurses) in the appropriate use 

and management of side effects of therapies may improve prescription practices [72,73]. 

This would also enable some aspects of SCD management such as health maintenance to 

be carried out at the primary care level, thereby increasing access to care. At the patient-

level, educating caregivers around the importance of antimicrobial prophylaxis, routine 

immunizations, and knowledge on when families should seek urgent care (such as in the 

setting of fever) can improve patients’ condition [74]. Community leaders can utilize social 

media to increase immunization uptake, as was done with the DPT vaccine in Sierra Leone 

[40].

4. Use of hydroxyurea

4.1. Clinical benefits of hydroxyurea

Hydroxyurea (hydroxycarbamide) is a potent antimetabolite that selectively inhibits 

ribonucleoside diphosphate reductase [75]. In SCD, hydroxyurea increases RBC hemoglobin 

F (HbF) levels and RBC water content, improves deformability of sickled RBCs, and alters 

adhesion of RBCs to the endothelium [76].

Hydroxyurea decreases the frequency of acute and chronic complications of SCD, including 

fewer episodes of pain and acute chest syndrome, decreased hemolysis, and prolongs life 

overall [75,77]. In high-income countries, the use of hydroxyurea is standard of care as 
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the primary disease modifying therapy for patients with SCD regardless of clinical severity. 

The NIH, the American Society of Hematology, and the British Society of Hematology 

recommend offering hydroxyurea to all patients with hemoglobin SS/Sβ0-thalassemia type 

SCD aged nine months and older [76,78]. Despite the overwhelming evidence supporting 

the benefits of hydroxyurea for patients with SCD in high-income countries, the majority 

of patients with SCD (who live in LMICs) still do not have access to this life-saving 

medication [76,79].

4.2. Toxicity/tolerability of hydroxyurea

Hydroxyurea side effects include dose-related neutropenia, thrombocytopenia, and 

reticulocytopenia [75]. Long-term studies on patients taking hydroxyurea have demonstrated 

the impressive safety profile of hydroxyurea and debunked theoretical concerns of infertility, 

teratogenicity, mutagenicity, or carcinogenicity [76,77].

4.3. Evidence supporting hydroxyurea use in LMICs

Until recently, there were no randomized clinical trials evaluating the role of hydroxyurea 

in SSA. Table 1 summarizes key clinical trials over the past decade evaluating the efficacy 

of hydroxyurea in SSA. The studies demonstrate evidence of hydroxyurea efficacy with 

expected decreases in SCD adverse events (AEs) including frequency of vaso-occlusive 

pain episodes, blood transfusions, and deaths. Recent studies in SSA demonstrated that 

hydroxyurea use does not increase the risk of severe malaria or other infections [80,81].

There is evidence to support the use of hydroxyurea in LMICs outside SSA as well. In 

a double-blind randomized controlled study in central India with 60 children, low-fixed 

dose (10 mg/kg/day) hydroxyurea demonstrated effectiveness with significant reductions in 

frequency of vaso-occlusive crises, hospitalizations, and blood transfusions [85]. An open 

label observational study in eastern India also had similar findings using low-fixed dose 

hydroxyurea, with significant decrease in frequency of painful crises in both pediatric and 

adult groups, with no significant adverse events [86].

4.4. Barriers to use of hydroxyurea in LMICs

Although the WHO currently lists hydroxycarbamide as an essential medicine for 

hemoglobinopathies, majority of patients with SCD in SSA still do not have access to 

this life-saving medication [79,87]. There are still several challenges to widespread and 

efficient use of hydroxyurea in low resource settings, particularly in SSA, which has a 

disproportionate burden of SCD (Table 2). Many LMICs utilize a self-pay system for 

hydroxyurea therapy and subsequent laboratory monitoring, which is cost-prohibitive for 

majority of families in these settings [70].

4.5. Strategies to improve access to hydroxyurea in LMICs

Hydroxyurea is a proven inexpensive and efficacious disease modifying treatment for SCD 

and has been shown to be scalable for use in low resource settings. It is critical to address 

barriers against the use of hydroxyurea in LMICs to ensure that all patients with SCD 

have access to this life-saving medication. Power-Hays and Ware [76] outlined the critical 

steps required to improve hydroxyurea use in LMICs, including increasing awareness about 
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hydroxyurea use and effectiveness, measures to improve acceptance of medication, and 

facilitating increased uptake and affordability [76]. There is an urgent need to include 

hydroxyurea on national essential drug lists and improve local health systems by facilitating 

partnerships among governmental and NGOs, academic institutions, and pharmaceutical 

industries to improve access to hydroxyurea therapy in LMICs [76,79]. Hydroxyurea was 

recently approved for the use of SCD in India following partnerships between research 

institutions, a local pharmaceutical company, and the central governmental drug approval 

committee [88]. This will lead to expanded access for patients using hydroxyurea at standard 

dosing, and will also enable development of different formulations at smaller doses, thereby 

increasing access for younger children who are often excluded due to unavailability of 

age-appropriate formulations [88]. Local production of essential medicines may be another 

strategy to increase access in LMICs. For example, the SPIN trial employed the use of 

hydroxyurea that was produced locally in Nigeria, which led to decreased costs compared 

to hydroxyurea produced elsewhere [70]. Creating region-specific dosing and monitoring 

guidelines may also increase affordability of hydroxyurea. There is some evidence to 

suggest that fixed low-dose hydroxyurea may be sufficiently effective for patients in India, 

though larger studies would be required to elucidate this finding [85,86]. If confirmed, this 

would reduce resource utilization and costs in comparison to the use of hydroxyurea at 

maximum-tolerated dose.

5. Transcranial Doppler (TCD) Ultrasound Screening

5.1. Description of process

Approximately 11% of unscreened and untreated children with SCD are at increased risk of 

stroke and will have at least one stroke by 17 years of age [89]. In high-income countries, 

evidence-based practices (EBP) for primary stroke prevention in children with SCD involves 

screening for abnormal TCD velocity (>200 cm/s). The ultrasound is performed over the 

temporal area on a child’s head to measure the speed of blood through the middle cerebral 

artery. Patients with abnormal TCD velocity receive blood transfusion therapy for at least 

one year followed by treatment with hydroxyurea [90,91]. This EBP decreases the risk of 

stroke by 92% [92], leading to a 10-fold drop in stroke incidence from 0.67 to 0.06 strokes 

per 100-patient-years [92,93].

5.2. Barriers in LMICs

Unfortunately, this well-established EBP for stroke prevention in children with SCD is not 

implemented in low-resource settings like Nigeria where more than 50% of the world’s 

300,000 children with SCD are born [16,94]. This is due to unavailability of safe blood for 

regular blood transfusions, and TCD screening services including trained personnel certified 

in performing TCD ultrasounds and shortages of TCD machines dedicated to primary stroke 

prevention [60,95].

5.3. Guidelines in LMICs

Following a feasibility trial on primary stroke prevention using hydroxyurea in children with 

SCD in Nigeria [95], the National Institute of Neurological Disorders and Stroke funded a 

multicenter randomized controlled trial for primary stroke prevention, randomly allocating 
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low dose (10 mg/kg/day) and moderate dose (20 mg/kg/day) hydroxyurea to children with 

SCD in northern Nigeria [95,96]. Prior to these trials, there was no standard of care TCD 

screening for children with SCD in most regions of SSA. After completion of the trials, 

stroke prevention teams were established at the trial sites (academic centers) and few other 

hospitals in the region. The outcome of these trials led to the recent American Society 

of Hematology (ASH) Central Nervous System Guidelines that recommend moderate-dose 

hydroxyurea (20 mg/kg) to children with SCD with abnormal TCD measurements living in 

resource-constrained settings where regular blood transfusions are not readily available [97].

5.4. How Nigeria has addressed these barriers

Despite the high stroke burden within the region, the coverage of TCD screening is still 

very low. Three years into establishing the stroke prevention teams, in northern Nigeria the 

reach for TCD, which is defined as ‘the proportion of children with SCD that had TCD 

screening divided by the number of children with SCD eligible for TCD screening,’ was 

only 14.7% (471/3200) [98]. As highlighted by Galadanci et al., significant hindrances to 

stroke prevention strategies include a lack of TCD services in Nigeria [60], mainly due 

to lack of trained personnel certified in performing TCD, shortages of TCD machines 

dedicated to primary stroke prevention, and accessibility to blood [60,95]. Conservatively, it 

is estimated that there are 300 certified radiologists in Nigeria, a country with a population 

of 175 million people, that is, ~one radiologist per 700,000 people [98–100]. Suffice to say, 

even if all the radiologists in Nigeria are trained to interpret TCD ultrasounds, there would 

still not be a sufficient number of radiologists to cover the demand for TCD screening in the 

country.

To address the lack of TCD screening services, the research leadership of the SPIN/SPRING 

trial provided TCD machines and organized training sessions on the conduct of TCD and 

stroke detection. Given the shortage of radiologists in the hospital, initially non-radiologist 

medical officers were trained to conduct TCD screening. Subsequently, nurses were included 

in this ‘task-shifting’ process, making this a more sustainable option than only training the 

radiologists. Additionally, TCD screenings were done on clinic days, allowing for children 

with abnormal TCD values to be evaluated by the pediatrician on the same day. This 

eased the burden on families by reducing the costs associated with a second visit, such as 

transportation costs, missed work hours for parents, and missed school days for the children.

Having recognized the knowledge gap regarding increased stroke risk among families of 

children with SCD, culturally relevant general education materials were developed on SCD 

with emphasis on the signs and symptoms of a stroke. These included videos and pamphlets 

in Hausa, the region’s indigenous language. Additionally, radio shows were aired on local 

stations describing stroke as a complication of SCD, stroke prevention methods, and the 

availability of TCD screening at designated hospitals with established stroke prevention 

programs. Also, to ensure that children with SCD and abnormal TCD velocities had 

hydroxyurea, the governments of the three northern Nigerian states of Kano, Kaduna, and 

Katsina committed to providing free hydroxyurea to affected children.
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6. Expert commentary

There have been significant strides in therapeutic options for the management of SCD 

over the last few years. Prior to 2017, hydroxyurea and blood transfusions were the only 

commonly used disease-modifying therapies [101]. However, as noted above, these therapies 

still remain vastly inaccessible in areas with significant prevalence of SCD, where their use 

is limited to small subsets of patients at higher risk of poor outcomes. In 2017, the U.S. Food 

and Drug Administration (FDA) approved L-Glutamine, a medication intended to decrease 

vaso-occlusive crises by reducing oxidative stress in sickled RBCs [102]. Crizanlizumab, 

an antibody against p-selectin, was approved in 2019 with the same goal of reducing 

vaso-occlusive crises [103]. Voxelotor, an inhibitor of hemoglobin S polymerization, was 

approved shortly after, with the intention of increasing baseline hemoglobin concentrations 

in patients with SCD [104]. While the introduction of these new disease-modifying therapies 

has changed the landscape of SCD management for many patients living in high-income 

countries, the significant costs of these therapies, ranging from 40,000 to 132,000 USD 

annually [105], are inhibitory in LMICs without government-supported health insurance 

[105]. For example, in Nigeria, the country with the highest number of patients with SCD 

in the world [106], 40% of the population lives on one USD per day [106,107]. Therefore, 

the use of costly therapies in LMICs is often dependent on public–private partnerships. 

One such example is the partnership between the government of Ghana, Novartis, and 

other stakeholders. As a result of this partnership, Novartis has supplied hydroxyurea to 

thousands of patients, and implemented a Crizanlizumab clinical trial in Ghana [108], 

thereby providing access to a medication that was previously inaccessible to patients there 

[108].

At present, allogeneic hematopoietic stem cell transplant (HSCT) is the only curative 

therapeutic option for patients with SCD. The current standard of care involves the use of 

HLA-matched sibling donors, which restricts the usability of this option since less than 20% 

of patients have a healthy fully matched sibling donor [109]. HSCT is also an expensive, 

resource-intensive, and very specialized procedure [110], making transplant an unattainable 

option for most patients in low-income settings given the lack of capacity to support such 

procedures [110]. Gene therapy, which includes gene editing and gene addition techniques, 

is currently being investigated as a curative option in laboratory and very limited clinical 

settings. A significant advantage to gene therapy is that a matched sibling donor is not 

needed for this procedure as it would involve the alteration of the patient’s own genetic 

material. While the cost and intensity of resources required for gene therapy have not been 

evaluated at this time, the increased accessibility and expected long-term savings following 

curative therapy may make this an attractive option for patients in LMICs. However, this will 

need to be studied if and when gene therapy is approved for clinical use over the next few 

years.

Since 80–90% of children with SCD die before their fifth birthday in SSA, the impact of 

improved therapeutic options in LMICs will only be significant when progress is made in 

identifying patients with SCD at a young age. The cost associated with programs, such as 

NBS has been the reason universal screening has not been implemented in many LMICs. 

A report by the Economist Intelligence Unit in 2020 estimated that universal NBS for SCD 
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in Ghana would cost 6.8 million USD per year, which is almost 1% of its health-care 

budget [111]. Public–private partnerships, involving academia, industry, and governmental 

organizations, have been established to begin building capacity towards universal NBS. In 

Angola, screening laboratories have been set up and lab personnel have received training 

through such a partnership [112]. In 2020, the American Society of Hematology funded 

the Consortium on Newborn Screening in Africa, which will screen over ten thousand 

babies per year over five years in seven African countries [113]. Such efforts are crucial, 

but we remain in the infancy of the journey to improving outcomes of individuals with 

SCD in LMICs. It is imperative to continually engage local governments and demonstrate 

the long-term cost-effectiveness of screening and infection prophylaxis programs to sustain 

ongoing progress.

7. Five year view

Three new disease-modifying therapies for SCD have been approved over the last five 

years, with multiple new therapeutic targets being developed currently. Hematopoietic 

stem cell transplants with haploidentical donors are being performed in investigational 

settings at limited centers. Over the next few years, we foresee increased success with 

using haploidentical donors, reduced conditioning regimens, and improved management of 

graft-versus-host disease, leading to higher utilization of hematopoietic stem cell transplants 

in high and potentially middle-income settings [101].

Looking ahead, we hope for increased access to basic SCD care in LMICs, with strong 

emphasis placed on establishing universal NBS programs, consistent provision of infectious 

prophylaxis, and monitoring of patients for poor outcomes with tools, such as TCD 

screening. Building capacity at multiple levels will also improve EBI adoption for SCD 

management in LMICs. We envision further development of public–private partnerships that 

increase access to disease-modifying therapies, such as hydroxyurea and also invest in the 

development of infrastructure to bring potential curative therapies, such as gene therapy to 

the forefront of the management of SCD in LMICs.
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Article Highlights

• Over 300,000 babies are born with SCD annually. Approximately 90% of 

these births take place in LMICs.

• The highest incidence of disease is seen in SSA, where 50–90% of children 

with SCD die before they reach age five.

• Effective management for SCD begins with early diagnosis via NBS. 

However, the areas with the highest burden of SCD often lack universal NBS 

programs.

• SCD is associated with increased susceptibility to infection secondary 

to encapsulated bacteria. Current recommendations include the use of 

prophylactic antimicrobials and the completion of the pneumococcal vaccine 

series. However, the availability of immunizations and penicillin is limited in 

LMICs.

• Hydroxyurea decreases the frequency of acute and chronic complications of 

SCD and is standard of care for patients with SCD in high-income countries. 

The majority of patients in LMICs still do not have access to this life-saving 

medication.

• Children with SCD are at increased risk of ischemic stroke. In high-income 

countries, EBP for primary stroke prevention includes screening for abnormal 

transcranial Doppler ultrasound velocity and use of blood transfusion therapy 

for repeated abnormal velocities. Unfortunately, this can often not be 

implemented in low-resource settings.

• HLA-matched sibling donor hematopoietic stem cell transplantation is 

standard of care curative therapy for SCD. However, this is an expensive 

and resource-intensive procedure that is not accessible for most patients in 

LMICs.

• Many strategies are being used to increase access to care for SCD patients 

in LMICs. Strategies include establishing public–private partnerships, training 

CHW to support SCD management, engaging local government officials and 

religious leaders to develop culturally competent programs, and developing 

locally relevant educational materials for patients and families.
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Figure 1.. 
Overview of major barriers and alternative strategies for NBS in LMICs.
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Table 2.

Barriers limiting widespread use of hydroxyurea in LMICs.

Lack of availability, affordability, and accessibility

Limited education about hydroxyurea use and side effects

Limited knowledge about hydroxyurea dosing and drug monitoring

Lack of public health priority

Limited implementation infrastructure
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