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Executive summary
All over the world, people with sickle cell disease (an 
inherited condition) have premature deaths and preven­
table severe chronic complications, which considerably 
affect their quality of life, career progression, and finan­
cial status. In addition, these people are often affected by 
stigmatisation or structural racism, which can contribute 
to stress and poor mental health. Inequalities affecting 
people with sickle cell disease are also reflected in the 
distribution of the disease—mainly in sub-Saharan Africa, 
India, and the Caribbean—whereas interventions, 
clinical trials, and funding are mostly available in 
North America, Europe, and the Middle East. Although 
some of these characteristics also affect people with other 
genetic diseases, the fate of people with sickle cell disease 
seems to be particularly unfair. Simple, effective 
interventions to reduce the mortality and morbidity 
associated with sickle cell disease are available. The main 
obstacle preventing better outcomes in this condition, 
which is a neglected disease, is associated with 
inequalities impacting the patient populations. The aim 
of this Commission is to highlight the problems 
associated with sickle cell disease and to identify 
achievable goals to improve outcomes both in the short 
and long term.

The ambition for the management of people with 
sickle cell disease is that curative treatments become 
available to every person with the condition. Although 
this would have seemed unrealistic a decade ago, 
developments in gene therapy make this potentially 
achievable, albeit in the distant future. Until these 
curative technologies are fully developed and become 
widely available, health-care professionals (with the 
support of policy makers, funders, etc) should make sure 
that a minimum standard of care (including screening, 
prophylaxis against infection, acute medical care, safe 
blood transfusion, and hydroxyurea) is available to all 
patients.

In considering what needs to be achieved to reduce the 
global burden of sickle cell disease and improve the 
quality of life of patients, this Commission focuses on 
five key areas: the epidemiology of sickle cell disease 
(Section 1); screening and prevention (Section 2); 
established and emerging treatments for the 
management of the disease (Section 3); cellular therapies 
with curative potential (Section 4); and training and 
education needs (Section 5). As clinicians, researchers, 

and patients, our objective to reduce the global burden of 
sickle cell disease aligns with wider public health aims to 
reduce inequalities, improve health for all, and develop 
personalised treatment options. We have observed in the 
past few years some long-awaited momentum following 
the development of innovative point-of-care testing 
devices, new approved drugs, and emerging curative 
options. Reducing the burden of sickle cell disease will 
require substantial financial and political commitment, 
but it will impact the lives of millions of patients and 
families worldwide and the lessons learned in achieving 
this goal would unarguably benefit society as a whole.

Introduction
Sickle cell disease is probably the most common, serious 
inherited disease in the world, and one of the top 50 most 
common causes of non-communicable death globally, 
with most of these deaths occurring in African countries.1 
Furthermore, it has recently been shown to be the most 
common contributor to mortality globally in the 5–14 year 
age group.1 Whereas the majority of common causes of 
death are decreasing, the number of deaths due to sickle 
cell disease are increasing globally.1 Despite this, there 
are fewer than five effective disease-modifying agents 
available and most patients in the world do not have 
access to any of these.2 Although curative treatment is 
possible, by haematopoietic stem-cell transplantation 
(HSCT) and emerging gene therapies, only a tiny 
minority of patients are currently treated with these 
because of the need for infrastructure, the cost, and 
associated adverse effects.3 In the context of increasing 
global health inequalities, partly driven by racism, 
previous calls for action on sickle cell disease have been 
largely ineffective. There is an urgent need for the 
development of research, policies, and public health 
strategies to reduce the morbidity and mortality 
associated with this long-neglected condition.4

The first paper on sickle cell disease was published 
in 1910 by James Herrick in Chicago (IL, USA), who 
described the appearance of atypical, sickle-shaped red 
cells in a Black dental student from Grenada, who 
presented with respiratory symptoms.5 Following this 
publication, more clinical and pathophysiological 
observations emerged, including the identification of 
haemolysis as a cause of anaemia and jaundice and vaso-
occlusion as a cause of pain and ischaemic tissue 
damage.6 In 1948, Janet Watson published the key 
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observation that babies did not develop symptoms of 
sickle cell disease in the first few months of life and 
attributed this to high concentrations of fetal 
haemoglobin (HbF).7 This realisation led to a stream of 
therapeutic attempts to increase HbF concentrations to 
recreate the asymptomatic neonatal state, which resulted 
in the emergence of hydroxyurea (also known as 
hydroxycarbamide) as the most effective and widely used 
drug in sickle cell disease.8 HbF is also currently the 
main focus of gene editing trials.9 In 1949, Linus Pauling 
published a paper showing that sickle cell disease was 
associated with atypical electrophoretic mobility of 
haemoglobin S and described it as a molecular disease,10 
with subsequent studies showing the amino acid change 
responsible for the atypical haemoglobin (HbS), and the 
propensity of HbS to form destructive polymers when 
deoxygenated.6 It has also gradually emerged that there 
are more than 15 different genotypes that can cause 
sickle cell disease. The most common and severe form 
occurs when HbS (HbSS) is inherited from both parents, 
with the compound heterozygous states HbSC and 
HbS/β thalassaemia making up most of the remainder 
in most populations. The term sickle cell anaemia refers 
specifically to the homozyzgous condition HbSS 
(sometimes also including HbS/β⁰ thalassaemia), 
whereas sickle cell disease includes all genotypes causing 
the syndrome (appendix p 4). As molecular biology 
developed, the transcription of globin genes was 
increasingly understood and served as an example for 
other inherited and acquired genetic disorders.11 These 
observations form the backbone of our understanding of 
the pathophysiology of sickle cell disease: haemoglobin S 
is inherited, which polymerises when deoxygenated and 
damages the red cell; the damaged red cell occludes 
blood vessels causing ischaemic tissue damage, and also 
lyses prematurely, releasing the toxic erythrocyte contents 
into the circulation.12 There has been a large amount of 
research focusing on the downstream consequences of 
HbS polymerisation, showing abnormalities in nearly 
every measurable biological process, including inflam­
mation, oxidative stress, blood coagulability, vascular 
endothelium function, nitric oxide metabolism, expres­
sion of adhesion molecules, and immune function.6 
Additionally, there is progressive damage to many organs 
resulting in hyposplenism, renal impairment, cerebro­

vascular disease, avascular necrosis of bones and joints, 
cardiopulmonary disease, retinopathy, hepatopathy, and 
priapism.6

In parallel with progress in molecular and clinical 
understanding of sickle cell disease, it became apparent 
that the disease is distributed very unevenly across 
different populations, with the majority of patients being 
of African and African-Caribbean origin. Although most 
babies born with sickle cell disease occur in Nigeria, 
the Democratic Republic of Congo, and India,13 sickle cell 
disease is relatively common in the Indigenous Peoples 
of the Middle East and southern Europe, with substantial 

numbers of people affected in an increasing number of 
countries in the world because of population 
movements.14 The reason for this uneven distribution 
was suggested by John Burdon Sanderson Haldane in 
the 1940s, who hypothesised that carriers of sickle 
haemoglobin (also called sickle cell trait) had relative 
protection against death from malaria, which resulted in 
the disease becoming much more common in countries 
where malaria was or is an important cause of premature 
death. This malaria hypothesis (which also applies to 
other inherited red cell disorders such as α-thalassaemia 
and β-thalassaemia and G6PD deficiency) has largely 
been substantiated by further epidemiological studies, 
although the exact mechanism of protection is still not 
known.15

Although the molecular and cellular aspects of sickle 
cell disease are well understood and have often been 
used as models to understand other molecular 
conditions, clinical aspects have been relatively neglected. 
In addition to the progressive organ damage mentioned 
earlier, sickle cell disease is characterised by acute 
episodes of illness related to vaso-occlusion and infection, 
causing problems such as acute pain, acute chest 
syndrome (ACS), strokes, and—in severe cases—
multiorgan failure and death.6 The majority of patients 
are still thought to die in childhood,16 apart from the 
relatively small number of patients living in some 
countries with better outcomes, such as many high-
income countries (HICs) and Jamaica, where mean life 
expectancy is reduced by about 20 years compared to the 
non-sickle population.17 In 2013, sickle cell disease was 
the fourth most common cause of death in Nigeria (after 
malaria, lower respiratory infections, and AIDS) and the 
36th most common globally.1 In addition to shortened 
life expectancy, sickle cell disease is also associated with 
substantial morbidity in all age groups, resulting from 
unpredictable episodes of acute illness, accumulating 
organ damage, neuropsychological problems, and iatro­
genic complications. For example, in 2017, sickle cell 
disease was one of the leading non-communicable 
disease causes of disability-adjusted life-years in children 
younger than 5 years in African countries (769·4 disability-
adjusted life-years per 100 000 years; 95% uncertainty 
interval 432·9–1076·4).1 As previously mentioned, 
without intervention, this global burden is expected to 
increase over the coming decades.

Even though sickle cell disease is a common and 
severe condition, there is little evidence on what 
constitutes effective clinical management and few 
treatment options, especially when compared with rarer 
conditions such as haemophilia A and cystic fibrosis. 
For example, it is unclear how simple supportive 
measures (eg, intravenous fluids and oxygen) should be 
used during acute complications. There is good evidence 
to support the use of phenoxymethylpenicillin 
prophylaxis18 and hydroxyurea,19 but until about 5 years 
ago these were the only drugs available to try and prevent 
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complications. With increased commercial interest in 
orphan diseases and financial incentives to develop 
drugs for their treatment, more drugs have emerged 
over the past decade, with crizanlizumab,20 voxelotor,21 
and L-glutamine22 variably licenced for use in different 
countries. Although these are expensive and non-
curative drugs, they are indicative of an increasing 
academic and commercial interest in sickle cell disease, 
as suggested by the increasing number of publications, 
and there are currently a large number of drugs in 
commercial development that could offer further 
important benefits.23 Additionally, there is rapid progress 
in the development of stem cell treatments, with 
advances in HSCT and gene therapy,24 with the potential 
to make curative treatments available to all patients; 
however, widespread use is still a long way from clinical 
reality everywhere, but particularly so in low-income and 
middle-income countries (LMICs). Importantly, there 
are also ongoing advances in methods for screening and 
diagnosis of patients with sickle cell disease. In 
particular, emerging point-of-care testing (POCT) 
devices could facilitate the earlier identification of 
patients in many LMICs that do not have an established 
network of laboratories able to perform these tests.

It is difficult to know exactly why sickle cell disease 
has been so neglected, particularly when compared with 
other less common inherited disorders. To some extent, 
sickle cell has been seen as a disease mainly affecting 
African countries, and in those countries its relative 
importance was diminished by the devastation caused 
by infectious diseases, including malaria, diarrhoea, 
and AIDS. In HICs, this disease has occurred 
predominantly in low-income populations, who have 
little political influence, and has been prioritised by few 
health-care systems around the world. Equally, the 
pharmaceutical industry previously had little or no 
interest in the condition, although this has changed in 
the past decade with financial incentives to develop 
drugs for orphan diseases and the apparent profitability 
of selling such drugs. WHO has passed two resolutions 
on sickle cell disease: in 2006 they called for affected 
countries to strengthen their response to sickle cell 
disease and thalassaemia and in 2010 they made various 
statements on the prevention and management of sickle 
cell disease and other inherited conditions, encouraging 
the promotion of awareness, improved access to health-
care services, and support for research. In August, 2022, 
the WHO regional office for Africa, African health 
ministers, and some other interested parties launched a 
campaign to reduce the burden of sickle cell disease in 
African countries.25 Other influential global health 
organisations, including the UN and the Bill & Melinda 
Gates Foundation, have offered some statements and 
support for sickle cell disease, although this is limited 
compared to other global health problems, such as HIV 
and malaria. Although this high-level support is 
encouraging, there has been very little progress in 

actual management of sickle cell disease in most parts 
of the world.

To sustainably achieve good health and wellbeing for 
all people with sickle cell disease, identifying and 
promoting appropriate policies that consider the priority 
challenges of the 21st century (eg, growing inequalities, 
poverty, and climate change) are needed. The aim of this 
Commission is to describe the current situation for 
people with sickle cell disease and to identify the changes 
that need to be made to the organisation and provision of 
health care to develop sustainable policies to substantially 
reduce morbidity and mortality over the coming decades. 
Although other strategies have been produced previously, 
most notably the US National Academy of Sciences, 
Engineering, and Medicine Strategic Plan and Blueprint 
for Action, Addressing Sickle Cell Disease,26 these have 
mostly been focused on particular countries, and the aim 
of this Commission is to take an international perspective, 
with representative multinational involvement, and 
broad recommendations relevant to both high-income 
and low-income regions. The main areas of focus are 
understanding the epidemiology, the development of 
screening programmes, providing better access to 
established treatments, ensuring that people in all 
countries can benefit from emerging therapies, and 
training health-care workers and empowering them to 
better manage sickle cell disease.

Section 1: epidemiology
Data quality and data quantity
Epidemiological data on disease distribution, prevalence, 
mortality, and morbidity are essential to monitor progress 
towards reducing the global burden of disease. Public 
health authorities require precise, reliable, comparable, 
and multidimensional data on the burden of disease to 
setup, plan, implement, and evaluate policies and break 
through one-size-fits-all health interventions. Currently, 
in most countries, many gaps in epidemiological data 
remain; this affects funding allocation and the 
development of adequate public health policies. In 
addition, there are substantial disparities in health-care 
prevention, coordination, and management programmes 
between HICs and LMICs, as well as within countries. 
Reducing these disparities would both decrease the 
burden caused by sickle cell disease and improve the 
quality of life of patients. A first step towards this goal is 
to agree on minimum accurate standard epidemiological 
data to be collected.

Databases, mapping, and networking
Although a substantial body of data has been assembled 
on the distribution of sickle cell disease,27–29 reliable, 
precise, and representative data are still scarce for the 
prevalence and distribution of the condition in most 
countries. As reflected in discrepancies between existing 
estimates, including those from the Global Burden of 
Diseases Study,1 there remains a lot of uncertainty in 
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prevalence and burden estimates in many parts of the 
world. These discrepancies, combined with a long-term 
neglect of sickle cell disease, affect progress towards 
improving the management of the disease. These 
estimates are important to help develop national policies 
and often highlight the need to use standardised protocols 
in epidemiological studies. Furthermore, monitoring 
spatial and temporal changes in the frequencies of sickle 
cell disease, and other malaria-related red blood cell 
genetic disorders (eg, thalassaemia and G6PD deficiency), 
is essential for public health authorities to develop 
adequate long-term policies and interventions.

Estimates tend to be based on newborn screening and 
life expectancy data or rely on regional and national 
registries, natural history studies, clinical and admini­
strative data, and surveys and cross-sectional reports in 
sample cohorts whose data are generalised.30 Many of 
these data are collected on a voluntary basis or are part of 
short-term funded research projects. Very few of these 
data collections are sustained in the long-term with 
adequate staff or funding.

The development of various international collaborative 
networks, such as the Global Sickle Cell Disease Network, 
the Sickle Pan African Research Consortium, and the 
Réseau d’Etudes de la Drépanocytose en Afrique Centrale 
(appendix p 5), has the potential to fill some of these data 
limitations and to promote the use of standardised 
protocols. These networks have all shown the benefits of 
collaborative work. The development of a centralised 
electronic portal (eg, the Sickle Cell Disease Ontology) 
further extended these collaborations to provide tracking 
systems for recruitment, data quality assurance, and 
reporting of research studies. Similarly, in Europe, 
collaborations between national registries (eg, through 

EuroBloodNet) have increased to standardise approaches 
and better monitor changes. In the USA, the Centres for 
Disease Control and Prevention’s Sickle Cell Data 
Collection programme developed a population-based 
longitudinal surveillance system to identify people living 
with sickle cell disease by centralising data from several 
sources. Other collaborations, such as the PhenXToolkit, 
have focused on the development of common data 
collection. The next steps are to enlarge and join up these 
collaborative efforts (eg, through more coordinated 
efforts between anglophone and francophone sub-
Saharan African countries); to promote interoperability 
between data sources; to integrate epidemiological data 
with emerging omics and real-life data; and to further 
join up and expand all these national, regional, and 
global efforts to provide near real-time, consistent, and 
high-quality epidemiological data. Although machine 
learning algorithms could help fill some of the knowledge 
gaps, their outputs will largely depend on the quality of 
input data used.

Data on prevalence and mortality of sickle cell disease
Apart from a few countries with a universal newborn 
screening programme (eg, the UK and USA; figure 1), 
precise data on the annual number of children born with 
sickle cell disease are non-existent. A review of the 
burden of sickle cell disease in children younger than 
5 years only identified 52 studies containing relevant data 
on incidence and prevalence and 15 with mortality data, 
further highlighting the need for better epidemiological 
data on sickle cell disease.31 Although epidemiological 
data are not necessary to set up policies and interventions, 
they are essential to assess changes and measure the 
effect of public health decisions taken.

Figure 1: Level of newborn screening programmes in each country
Overview of newborn screening programmes for sickle cell disease across countries, based on the following categories: national—a newborn screening programme, 
either universal or targeted, is in place across the entire country, can be the result of progressive implementation over years in various parts of the country (eg, the 
USA); regional—there is no national-level programme, but specific parts of the country (eg, provinces) have an ongoing newborn screening programme in place; 
pilot—there is no national or regional newborn screening programme, but there are either ongoing local newborn screening efforts (eg, Kumasi, Ghana) or one-off 
pilot studies to support wider programmes; none—we could not find any evidence of any newborn screening programme in these countries; no data—we did not find 
any information for these countries. References used to compile the data presented are listed in the appendix (pp 7–9). 
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