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Abstract

Hemoglobinopathies are the most common monogenic hereditary diseases, affecting a
large number of people around the world and causing serious consequences.
Hemoglobinopathies have a clear etiology, as well as clear prevention and control
methods, and there are many examples of successful prevention and control practices.
Cyprus, Italy, the UK, Iran, Singapore, Guangxi (China) and many other countries and
districts have successfully reduced the rate of severe hemoglobinopathies at birth with
good prevention and control programs. These successes show that the prevention and
control of hemoglobinopathies can be achieved in all countries, regardless of their
financial status, when effective programs are implemented.

However, effective prevention and control measures have not been implemented
on a large scale throughout the world. There are still 300,000 to 500,000 children born
with severe hemoglobinopathies every year. This report summarizes the global
hemoglobinopathy prevention and control situation, including the global disease
burden, the implementation of disease prevention programs, and successful prevention
experiences, as well as treatment progress. Based on our analyses, we propose that a
global joint effort can realize the challenging and significant goal of fully preventing
new births with severe hemoglobinopathies by 2035.

The WHO announced the elimination of smallpox in 1980 and the elimination of
wild poliovirus type 3 (which causes poliomyelitis) in 2019, and in 2020 set a goal of
eliminating cervical cancer by 2030. Hemoglobinopathies, which affect a similar
number of people and cause as many deaths as poliomyelitis and cervical cancer, can
also be prevented and clinically cured. The impact of preventing hemoglobinopathies
around the world would be as great as the eradication of smallpox and poliomyelitis,

and like those accomplishments, it merits a joint effort from all of us.






Contents

Contents

1. Background: Why is it necessary to prevent and control hemoglobinopathies globally?

....................................................................................................................................... 2
2. The global burden of hemoglobinopathies ............ccceccvierieiiiiiieniieieeeece e, 6
2.1 The etiology and clinical manifestation of hemoglobinopathies.............cccceevuenneee. 6
2.2 The global distribution of hemoglobinopathies.............ccceevverciienieniiienieeieeeee. 8

2.3 Prevention is the optimal choice to reduce the burden of hemoglobinopathies ....11

3. Global prevention of hemoglobinopathies ............cccceevieiiiiiiiiiiiieceeeee e, 14
3.1 Global overview of hemoglobinopathy prevention .............cccocceevevienieenieeneennennn. 14
3.2 Hemoglobinopathy prevention in the AMEricas .........ccceeververieerierienienenieneenens 17
3.3 Hemoglobinopathy prevention in Africa .........cccceevieviienieniieiieeiieeecee e 18
3.4 Hemoglobinopathy prevention in EUroOpe..........ccoeeveviieriieniieiieniieiecee e 19
3.5 Hemoglobinopathy prevention in the Middle East...........cccccooviiiiieniiniiinienene, 22
3.6 Hemoglobinopathy prevention in ASIa ............cccveereeeieeniienieeniienieeiee e eiee e enne 24

4. Global treatment of hemoglobinopathies ............cccceevieriiiiiiieiiiiiiecieeeee e 28
4.1 Conventional therapy ......c.ceovieeiiiiiiieiieie ettt et et sare e 28
4.2 Hematopoietic stem cell transplantation..............ccccecerveeneniienienenienienenienceees 28
4.3 GENE thETAPY ...eevviieiiieiieeiieeiie ettt ettt ettt e st e et e st e esbeessaeeseessseenseesnseenseens 29

5. The goal of hemoglobinopathy prevention and control worldwide ..........c.ccceceevnenneee. 32
5.1 A large scale prevention and control program iS K€Y ........cccceeveeviierieenieenieennnnnn 32
5.2 Aim for a birth rate of affected children of less than 0.3 per 10,000..................... 35
5.3 Aim fOr SUCCESS DY 2035 .iiiiiieiieeieeieeee ettt e 36

5.4 Experiences we can draw upon as well as challenges and opportunities ahead ....37

6. Motives and acknowledgements............cc.oecuieriieriiiniieiiecie e 40
T AUTNOT LISt ...ttt ettt et e sttt e b e s eateenne 42
8. RETEIENCES ...oviieieieeiiee ettt s e et e st e b e s ebeenseeeaae e 43



Contents

Figures
Figure 1 Complications of SCD........ccccooiiiiiiiiiiiniiieiieeece e 7
Figure 2 Complications of B-thalassemia ...........ccceoerierieniniiinienineeeee 8
Figure 3 Global distribution of newborns with hemoglobinopathies ................cc......... 9
Figure 4 Global distribution of newborns with SCD ........ccccceceriiiiniininiiiinicce 9
Figure 5 Global distribution of newborns with a-thalassemia............cccccocveviriencnnnen. 10
Figure 6 Global distribution of newborns with B-thalassemia............cccccocveveriiencennen. 11

Figure 7 The number of thalassemia major births in Northern Cyprus, 1976-2006....21
Figure 8 The number of B-thalassemia major births in Iran, 1989-2015...................... 23
Figure 9 The number of B-thalassemia major births in Singapore, 1997-2003 ........... 26
Figure 10 The reduction rate of affected newborns and per capita GDP for 14 countries

AN TEZIOMS. 1..vviiiiieiie ettt ettt et et e et e et e et e e ssbe e bt e esbeesbeessbeenseesaseenseesssesnseesaseenne 33

Tables

Table 1 Hemoglobinopathy prevention assists the United Nations 2030 agenda for
sustainable deVElOPIMENT .........cccueiiiiiiiiiiieie ettt e 4
Table 2 Summary of hemoglobinopathy prevention and control effects in different
COUMEIICS ...ttt ettt ettt et et ettt e bttt et ettt e a e b e s bt eb e e bt e bt eas et et e s e saesaesaeeneeaeene 15
Table 3 Results of the implementation of prevention and control programs in various

COUNITIES oottt 34

II



Contents

List of Abbreviations

EFS, eVENt-TTe SUIVIVAL ....evviiiiiiiiiiiiiiieiiiee ettt ettt r e e e e e e eeaans 28
GDP, Gross Domestic ProduUCE ........uvviiviiiiiiiiiiiiiiieeee ettt 32
GVHD, graft versus host diSEaSE .........cccuirriieriieriieiiieie ettt ens 29
HSCT, hematopoietic stem cell transplantation............ceceveeverieneenenieneenienieneennen 11
HLA, human 1euKoCyte antigen .........ccueecuieriieiiiinieeiieeie ettt e 11
OS, OVETAll SUIVIVAL ..ottt et e e e e s e s eaaaees 28
POCT, point-0f-care teStING.........cccueerieeriienieeieeeie ettt ettt e e eeees 38
SCD, SICKIE CEIL QISEASE ...oeeiiiiiiieiiiiiiee ettt e e e ettt e e e e e e 2
TSD, Tay-Sachs diSEASE.........eeruiiriiieiieeiieiieeieette ettt ete et eteeste et e seaeesaesaaaens 37
TIF, Thalassemia International Federation ..................cooevvviiiiiiiieeeeiiiie e 2
TFS, thalassemia-free SUrVIVAL.....cc..ovviiiiiiiiiieeee e 28
WHO, World Health Organization .............cccecveeiiienieeiienieeieeeeeie e 2

III



“The many and multiple unmet needs of patients with thalassaemia

across the world, coupled with the tragic COVID-19 pandemic

consequences, have magnified health inequalities, delaying and

jeopardizing the promotion of the United Nation’s Sustainable
Development Goals (SDGs), including the transition of all health

systems to universal coverage.”

-Thalassemia International Federation
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1. Background: Why is it necessary to prevent and control

hemoglobinopathies globally?

Hemoglobinopathies are the most common monogenic hereditary diseases, affecting a
large number of people around the world and causing serious consequences'.
Hemoglobinopathies have a clear etiology, as well as clear prevention and control
methods, and there are many examples of successful prevention and control practices.
Cyprus?, Italy?, the UK#, Iran®, Singapore®, Guangxi (China)’ and many other countries
and districts have successfully reduced the rate of severe hemoglobinopathies at birth
with good prevention and control programs. These successes show that the prevention
and control of hemoglobinopathies can be achieved in all countries, regardless of their
financial status, when effective programs are implemented.

Hemoglobinopathies mainly consist of sickle cell disease (SCD) and thalassemia.
There are other types of hemoglobinopathies such as HbE disease and HbC disease.
Among newborns with hemoglobinopathies, 83 and 17% suffered from SCD and
thalassemia®, respectively (another report recorded 70 and 30% have SCD and
thalassemia, respectively®). To highlight the importance of preventing and controlling
SCD, SCD was recognized as a public health problem by the United Nations General
Assembly in 2008!°. The World Health Organization (WHO) has issued a strategy for
SCD prevention in Africa in 2010!! and summarized its implementation progress in
2020'2. To prevent and control thalassemia, a WHO working group started laid down
guidelines for the control of hemoglobin disorders in 1989'3. The Thalassemia
International Federation (TIF) published ‘Prevention of Thalassemia and Other
Hemoglobin Disorders’, in 20034,

Despite these publications and calls to action, effective prevention and control

measures have not been implemented on a large scale throughout the world. There are
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still 300,000 to 500,000 children born with severe hemoglobinopathies every year’.
Most patients suffering from hemoglobinopathies inhabit areas where medical
resources are scarce, and so they cannot be treated effectively. The unequal distribution
of medical resources has become one of the key factors hampering the global
prevention and control of hemoglobinopathies. In low and middle-income countries,
50%—80% of children with SCD and 50,000 to 100,000 children with thalassemia die
each year’. The continuing global COVID-19 pandemic has also undoubtedly
exacerbated inequalities in medical resources. Therefore, the theme of this year’s
International Thalassemia Day (8" May 2021) is “Addressing Health Inequality Across
the Global Thalassemia Community”.

This report summarizes the global hemoglobinopathy prevention and control
situation, including the global disease burden, the implementation of disease prevention
programs, successful prevention experiences as well as treatment progress. It aims to
bring more attention to these diseases around the world to accelerate the prevention and
treatment of these detrimental genetic disorders. This goal is consistent with the United
Nations 2030 agenda for sustainable development! (Table 1) and the global strategy

for women, children and adolescent healthcare (2016-2030)'°.
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Table 1 Hemoglobinopathy prevention assists the United Nations 2030 agenda

for sustainable development'?

Hemoglobinopathy prevention contributes to the following sustainable

development goals

Goal 1 End poverty in all its forms everywhere.

Goal 3 Ensure healthy lives and promote well-being for all at all ages

3.2 By 2030, end preventable deaths of newborns and children under 5
years of age, with all countries aiming to reduce neonatal mortality to
at least as low as 12 per 1,000 live births and under-5 mortality to at
least as low as 25 per 1,000 live births

3.4 By 2030, reduce by one third premature mortality from non-
communicable diseases through prevention and treatment and promote

mental health and well-being

Goal 10 | Reduce inequality within and among countries




e 300,000-500,000 children are born with hemoglobinopathies

annually and 80% of the them are born in developing countries®.

® Carrier screening should be provided to 113 million pregnant

women every year and prenatal diagnosis should be provided to 1.33

million pregnant women™®.
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2. The global burden of hemoglobinopathies

2.1 The etiology and clinical manifestation of

hemoglobinopathies

Hemoglobinopathies are genetic disorders caused by variants in globin genes. They
mainly include SCD, thalassemia and other hemoglobinopathies. Individuals who carry
only one pathogenic variant from one parent are usually healthy carriers and do not
show symptoms. One must carry variations from both parents in the same gene to show
symptoms of hemoglobinopathies. The clinical manifestations of SCD are chronic
hemolytic anemia, small vessel occlusion, susceptibility to infection, and recurrent pain,
which can all result in organ tissue damage (Figure 1)!”. The clinical manifestations of
severe thalassemia (including HbE-f thalassemia) are severe anemia,
hepatosplenomegaly, and jaundice, and these are accompanied by developmental
delays and other symptoms (Figure 2)'®. Hemoglobinopathies are responsible for some

of the most significant causes of early deaths worldwide'®.
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Figure 1 Complications of SCD (Figure 2, reference 17)
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Figure 2 Complications of B-thalassemia (Figure 2, reference 18)

2.2 The global distribution of hemoglobinopathies

Around 5.2% of the global population carries an abnormal hemoglobin gene'®, and
300,000-500,000 children are born with hemoglobinopathies annually, 80% of whom
are in developing countries”. Among newborns with hemoglobinopathy, 83% are born
with SCD and 17% with thalassemia® (Figure 3—Figure 6). In low and middle-income
countries, 50%—-80% of children with SCD and 50,000 to 100,000 children with
thalassemia die each year’.

Hemoglobinopathies originated in tropical and subtropical regions of the world.
Carriers of abnormal hemoglobin genes are more resistant to malaria, enabling the
carrier frequency of abnormal globin genes to be increased in populations exposed to

8
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malaria risk. Global migration then spreads these genes to other regions of the world.
For example, 10% of the population of the USA belong to ethnic minorities who are at
risk for hemoglobinopathies, while in north and west Europe, the proportion is 2%—9%.
In some Southeast Asian countries, population migration may have increased the
number of thalassemia newborns?’. Of the world’s 229 countries, 71% have a high
incidence of hemoglobinopathies and these countries account for 89% of global annual
births?!. Some researchers have suggested that carrier screening should be provided to
113 million pregnant women and prenatal diagnosis should also be provided to 1.33

million pregnant women every year '°,
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Figure 1. Estimated annual affected births of children with p-thalassemia.
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Figure 6 Global distribution of newborns with B-thalassemia (Figure 1, reference 24)

2.3 Prevention is the optimal choice to reduce the burden of

hemoglobinopathies

There are 20-25 million SCD patients worldwide, and 50%—80% of SCD children in
Africa would die during their first 5 years of life without effective treatment?.
Currently, more than 90% of thalassemia children can survive to 1620 years of age
with standard treatment, and patients with optimal treatment can expect to live up to
50-60 years. However, the lifetime cost of treatment can reach up to around £800,000%,
which can be an enormous economic burden both individually and for society.

The clinical definitive treatments for hemoglobinopathies are hematopoietic stem
cell transplantation (HSCT) and gene therapy. Transplanting hematopoietic stem cells
from a human leukocyte antigen (HLA) matched healthy person to the patient can

clinically cure the condition?’. However, this therapy presents a risk of transplant failure

11
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due to immunological rejection. In addition, the availability of transplants is far from
sufficient to treat all patients. Recent studies have reported that gene therapy has
successfully treated several hemoglobinopathy patients®8, but this approach will not be
sufficient to meet the needs of all patients within a short time.

Therefore, prevention is the optimal choice in order to reduce the

hemoglobinopathy burden.

12



® Prevention is the optimal choice to reduce the hemoglobinopathy

burden.

® Historically, Cyprus?, Italy®, the UK#, Iran® Singapore®, Guangxi
(China)’, and many other countries and districts have successfully
reduced the birth rate of severe hemoglobinopathies with prevention

and control programs.
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3. Global prevention of hemoglobinopathies

3.1 Global overview of hemoglobinopathy prevention

Prevention is the optimal choice to control hemoglobinopathies, and many studies have
shown that the cost of prevention is much lower than the economic burden of the
disease?”-**. Prevention measures can vary to accommodate different countries, cultures,
religions, and laws. There are three main approaches:

1) Reduce high-risk marriages through pre-marital screening to prevent the birth
of affected newborns.

2) Prevent the birth of affected newborns through assisted reproductive technology
and prenatal screening/diagnosis.

3) Early detection and treatment of affected newborns through neonatal screening,
coupled with guidance for the next pregnancy.

Historically, Cyprus?, Italy?, the UK#, Iran®, Singapore®, Guangxi (China)’, and
many other countries and districts have successfully reduced the birth rate of severe
hemoglobinopathies with effective prevention and control programs.

Information from the WHO, national public health programs, and the academic
literature was collected to summarize hemoglobinopathy prevention and control
progress in different regions of the world in order to help guide the prevention of
hemoglobinopathies. The prevention and control programs in several countries or

regions are elaborated in detail in Table 2.

14
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Table 2 Summary of hemoglobinopathy prevention and control effects in different countries

Reduced
Country/ Prevention Volunteer/ Start-up . ecuce )
. Range . Prevention and control outcome neonatal Disease Ref
Region method Compulsory time .
morbidity
America
. ) Birth rate of SCD: d d fi
Cuba Prenatal screening | Volunteer Nationwide | 1983 ) /1lr’ 60 Or EE 169 8?)5) t0 1/5.0 Ozc(r;gsleg) rom 68% SCD 35
Europe
o- thalassemia
Prenatal tal H lobi thy birth rate d d .
Greece rena?,neonaa Volunteer Nationwide | 1973 cMOEToBINopatity B Tate Ceereased 90o4 B- thalassemia, | 36
screening by 90%
SCD
Prenatal. neonatal Hemoglobinopathy birth rate: decreased - thalassemia
renatal, n - ,
UK . Volunteer Nationwide | 2001 from 0.6/1,000 (2006) to 0.4/1,000 | 33% 37
screening SCD
(2018)
Pre-marital, Number of thalassemia newborns - thalassemia
France neonatal Volunteer Partial areas | 1978 decreased from 18 (1971) to 2 (2001) / SCD "1 38
screening (Marseille)
Neonatal Number of SCD newborns decreased
i 1 Nati ide | 2003 86% SCD 39
Spain screening Compulsory atomwide from 42 (2007) to 5 (2015) °
. ) ) Number of neonatal patients decreased o- thalassemia, | 40,4
Prenatal 1 Nat 1 100%
Cyprus renatal screening | Compulsory ationwide | 1973 from 50-70 (1980) to 0-2 (1985) 0 B- thalassemia | 1
Sardinia ) : : Hemoglobinopathy birth rate decreased ,
Prenatal lunt Nat 1 94% - thal 42
Ttaly renatal screening | Volunteer ationwide | 1975 from 1:250 (1975) to 1:4.000 (1990) 0 B- thalassemia
Middle east
Pre-marital, ) Number of B-thalassemia newborns: 22 B- thalassemia,
lunt Partial 1 87% 34
Isracl renatal screening | © O UIeeT artial areas | 1980 (1987-1997) to 4 (2001-2011) ° SCD
p g

15
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Table 2 Summary of hemoglobinopathy prevention and control effects in different countries

Reduced
Country/ | Prevention Volunteer/ Start-up ) equee .
) Range ) Prevention and control outcome neonatal | Disease Ref
Region method Compulsory time .
morbidity
Rate of risk couples decreased from
Saudi Pre-marital . . 2.14% (2005) to 1.13% (2009) and the B-thalassemia,
C 1 Nat de | 2004 . ) / 43
Arabia screening Ompuisery atomwide marriage rate of risk couples decreased SCD
from 90% to 73%
Pre-marital ) ) Numb f thal i borns: 20 :
Lebanon scf:ecrelrl:ilrrllga Compulsory | Nationwide | 1994 ( 1:215)6:0; 2 O?Sssemla Hewbomns 90% - thalassemia | 44
a- thalassemia
Number of tal patients: 272 (2002 .
Turkey prenatal screening | Volunteer Partial areas | 2003 Hber of iconatal patients ( ) 90% B- thalassemia, | 45
to 25 (2013)
SCD
1991 (Some
Pre-marital ) ) areas), Birth rate of B- thalassemia decreases )
Iran screening Compulsory | Nationwide 1997 90.13% (2015) 90% B-thalassemia | 46
(nationwide)
Asia
Predicted thalassemia newborns: 285 .
. . . . B-thalassemia,
Maldives | prenatal screening | Volunteer Nationwide | 1992 (1993-2007), actual newborns: 120, | 60% SCD 48
reduced 60%
N tal patients: 15-20 (1988) to 1 .
Singapore | prenatal screening | Volunteer Nationwide | 1997 ( 2?)(();; @' patients ( ) to 92% B-thalassemia | 6
G ) Pre-marital, Autonomo Incidence of fetal edema syndrome: o-thalassemia
angxi u - )
Y } 8 neonatal and | Volunteer Y : 2010 26.38/10,000 (2008) to 3.15/10,000 | 88% : 49
(China) s region B-thalassemia

prenatal screening

(2017)

16




Global prevention of hemoglobinopathies

3.2 Hemoglobinopathy prevention in the Americas

Migration is responsible for the American distribution of hemoglobinopathies, which
mainly consists of SCD.

The screening program for high-risk SCD couples launched in Virginia in 1970
was the world’s first population screening of hemoglobinopathies®®. In 1975, New York
included SCD screening in its neonatal screening program, and in 2005 the United
States included hemoglobinopathies in its national neonatal screening program?'-2,
Presently, Canada performs preconception and prenatal carrier screening program for
couples from hemoglobinopathy high-risk areas>>.

National screening programs for hemoglobinopathies have also been established
in several Latin American countries.

Cuba introduced a national prenatal screening program for hemoglobinopathies in
198334, SCD was the most common genetic disease in Cuba, with a birth rate of
1/1,600% and 4,000 SCD patients nationwide in the early 1980s%. In 1983, Cuba
initiated a national program of prenatal SCD screening and diagnosis, and termination
of the pregnancy was offered to parents with affected fetuses®. In 1988, the coverage
of prenatal screening and diagnosis in Cuba exceeded 90%. From 1995 to 2018, 98%
of pregnant women in Cuba received hemoglobin electrophoresis. This program
reduced 68% of the birth rate of SCD (from 1/1,600 in the 1980s to 1/5,000 in 2018)
and extended the life expectancy of SCD patients by an average of 16 years*. Cuba’s
experience demonstrates that a middle-income country can successfully relieve the
impact of genetic diseases by implementing a universal, public-funded primary
healthcare program nationwide™.

Brazil has the largest number of SCD patients in Latin America, with
approximately 30,000 SCD patients and an annual SCD birth rate of 1/1,000¢. In 2001,

Brazil included SCD in their National Neonatal Screening Program®’. Costa Rica is
17
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another country that includes thalassemia and SCD screening in their National Neonatal
Screening Program®. Colombia, Uruguay, and the Dominican Republic are
undertaking pilot projects for neonatal hemoglobinopathy screening but these countries
do not as yet have a national screening program>>-%°. Chile, Uruguay, Mexico, Argentina,
Colombia, Paraguay, and Venezuela all have established national neonatal screening

programs, but hemoglobinopathy screening is not yet included>®.

3.3 Hemoglobinopathy prevention in Africa

SCD accounts for the highest proportion of hemoglobinopathies in Africa. Globally,
more than 400,000 children are born with SCD annually, 75% of which are in sub-
Saharan Africa®!.

In 2010, a SCD strategy for the WHO African Region was proposed'!. In 2020,
the WHO reported the progress and assessment of this strategy in 26 Member States'?.
Below, we review the key points of the report.

Designated SCD units were established in all 23 Member States which had a high
SCD burden. Most of the Member States (except for Burundi, Comoros, Mauritania,
Senegal, and Sierra Leone) were able to integrate the strategy into their national health
plans. However, the allocation of funds for this strategy varied significantly between
Member States. For example, only eight Member States (Benin, Burkina Faso, Guinea,
Liberia, Mali, Nigeria, Togo, and Zambia) allocated funding from their national budget
for SCD health promotion, and only five Member States (Burkina Faso, Kenya, Liberia,
Niger, and Nigeria) allocated funding for SCD screening. Only three Member States
(Burkina Faso, Liberia, and Nigeria) allocated funding for the surveillance, monitoring
and assessment of the strategy, and seven (Benin, Burkina Faso, Congo, Liberia, Mali,
Nigeria, and Senegal) allocated funding for the capacity building of SCD prevention
and management. Five Member States (Benin, Burkina Faso, Liberia, Mali, Togo, and

Zambia) allocated funding for SCD-related research.
18
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The purpose of this strategy was the successful implementation of nationwide
SCD control programs in half of the high-burden countries. Newborn screening for
SCD has been implemented in some regions of 12 Member States. Newborn screening
is being performed in tertiary health facilities in most states except for Mali, the
Democratic Republic of the Congo, Uganda, and Ghana. In these four states, the
collection of the samples is performed by the healthcare system, and the samples are
then all transported to tertiary facilities for newborn screening. To improve the early
detection and control of SCD, the control program was integrated into other nationwide
programs in some states. For example, the newborn SCD screening program was
integrated into the HIV screening programs in Burkina Faso and Uganda. In the
Democratic Republic of Congo, Gabon, Ghana, Guinea, the United Republic of
Tanzania, and Uganda, the newborn SCD screening programs were integrated into the
reproductive, maternal, newborn and child healthcare programs.

In summary, African countries adopt different prevention and control programs
for SCD. However, due to insufficient allocation of funds by the Member States and

lack of medical resources, progress in the implementation of this strategy was slow.

3.4 Hemoglobinopathy prevention in Europe

Immigration is increasing the number of hemoglobinopathy patients in Europe,
especially with respect to SCD patients®?.

Europe is one of the pioneers to start hemoglobinopathy prevention and control
programs. In the 1970s, Greece®’, Cyprus®, and Sardinia (Italy)® implemented
hemoglobinopathy prevention and control by pre-marital, pregestational, and prenatal
screening. The UK was the first country in the world to introduce both prenatal and
neonatal screening for hemoglobinopathies®®. At present, France®®, Holland®’,

39,71

Belgium®, Malta®, Portugal’®, and Spain already conduct hemoglobinopathy

screening. Although hemoglobinopathy occurs in Germany’? and Sweden’? as a result
19
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of population migration, hemoglobinopathy screening programs have not been
implemented in these two countries as yet.

The implementation of screening programs resulted in significant reductions in
hemoglobinopathy birth rates (Table 2). The reduction in the annual rate of
hemoglobinopathy in Cyprus, Sardinia (Italy), Greece, the UK, and Spain were 100%,
94%, 90%, 33%, and 86%, respectively.

The successful prevention and control experience of Cyprus has been used as a
reference by many countries and regions around the world. Cyprus launched a
thalassemia prevention and control program at the beginning of the 1970s.
Thalassemia-related knowledge was disseminated through mass media, lectures,
discussions, and school teachings. The compulsory screening was implemented
nationwide through legal measures and by religious edicts’. In 1983, the Orthodox
Archbishop of Cyprus declared that Cypriot citizens (Greek Cypriots) were required to
provide a thalassemia test report before entering a church for marriage registration.
Through a series of measures including carrier screening, genetic counseling, prenatal
diagnosis, and pre-implantation diagnosis, remarkable prevention and control outcomes
have been achieved. The thalassemia-major birth rate in Cyprus dropped from 50—

70/year to 0-2/year*®’

. In Northern Cyprus, only five babies were born with
thalassemia major between 1991 and 20017¢ (Figure 7), and no babies with thalassemia

were born between 2002 and 2007.
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The decrease in the number of babies born with homozygous [-thal in
North Cyprus(1976-2006)
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Figure 7 The number of thalassemia major births in Northern Cyprus, 1976-2006

(Figure 1, reference 76)

In the UK, hemoglobinopathy screening was introduced in some areas during the
1980s”7, and an SCD and thalassemia screening program through the National Health
Service was established in 2001 and completely implemented in 2008*. The program
consists of two parts: prenatal screening, genetic counseling and prenatal diagnosis for
all pregnant women and their spouses as well as neonatal screening of all newborns®>’8,
With this program, the prenatal screening rate for SCD and thalassemia reached 99.3%
in 20162017 financial year”, and the neonatal screening rate reached 96.7% in 2017—
2018 financial year *’. After more than a decade of screening and prevention, the
neonatal prevalence rate decreased from 0.6/1,000 (2005-2006 financial year) to
0.4/1,000 (20172018 financial year)*’.

In Greece, the carrier rate of B-thalassemia and SCD was about 8.0% and 1.5%?>S,
respectively. A national thalassemia prevention program was established in 1973, and
the prenatal diagnosis was provided from 1977%°. The prevention and control program

was voluntary and free of charge. With public education through mass media, schools,

and other social groups, public awareness of hemoglobinopathies was raised, and
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screening services were also provided by dozens of blood transfusion organizations.
More than 35,000 cases have been tested by 20113, The average number of thalassemia
babies born in Greece was four each year from 2003 to 2018, which represents a 90%

reduction in the incidence of this disease>®.

3.5 Hemoglobinopathy prevention in the Middle East

The carrier rate of hemoglobinopathies varies greatly in the Middle East, with a carrier
rate of 1-58% for a-thalassemia, 1-11% for B-thalassemia, and 0.3-30% for SCD?. In
1980, Israel pioneered the screening of hemoglobinopathies for at-risk groups. Over
recent years, the list of countries and regions carrying out mandatory pre-marital
screening and genetic counseling for hemoglobinopathies have gradually grown to
include Lebanon*t, Iran®!, the Gaza Strip®*, Saudi Arabia®, Jordan®*, and Kurdistan
(Northern Iraq)®.

In most countries and regions in the Middle East, pre-marital screening of
hemoglobinopathies is mandatory. However, Turkey is an exception. Turkey provides
voluntary pre-marital screening in 33 provinces in the Mediterranean and southern
regions, where the incidence of hemoglobinopathies is high. Although screening is not
mandatory, the proportion of people participating voluntarily greatly increased (from
30% in 2003, 81% in 2008%, to 86% in 2013, resulting in a 90% reduction in the
annual rate of newborns with hemoglobinopathies (272 hemoglobinopathy newborns
in 2002, 23 in 200886, 25 in 2013%).

In Iran, the carrier rate of f-thalassemia is about 1.5-12%, and more than 1,000
children are born with thalassemia each year. The annual treatment cost for these
children imposes a heavy burden on the national health system®’. In 1995, Iran began
to develop a nationwide thalassemia prevention program. In 1997, pre-marital
thalassemia screening and genetic counseling were implemented nationwide. From

1996 to 2015, the number of children born annually with B-thalassemia decreased from
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864 to 155 nationwide (Figure 8). In 2015, this program prevented the birth of 90% of
children who would have had B-thalassemia®. This achievement was mainly attributed
to the scientific prevention and control programs implemented by the Iranian
government, the strengths of which presented as: 1) in order to avoid stigmatizing the
female partner, the screening would first be carried out on the male member of a couple,
and if he proves to be a thalassemia carrier, the female partner would then tested and 2)
in 1997, a religious edict allowed abortion to become a special medical reason for

terminating a pregnancy before 19 weeks if a fetus was prenatally diagnosed with -
thalassemia®®,
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The implementation of pre-marital screening in most Middle East countries and
regions reduced the proportion of couples in which both partners were at-risk. For
example, the proportion of marriages between at-risk couples in Saudi Arabia dropped
from 90% in 2005 to 73% in 2009, and the number of couples with both partners at risk
dropped from 2.14% to 1.13%*. In addition, in order to make the prevention of

hemoglobinopathies more effective, education and screening were recommended to be
23



Global prevention of hemoglobinopathies

carried out earlier among school children rather than when couples were preparing for

marriage in some areas®-.

3.6 Hemoglobinopathy prevention in Asia

High rates of thalassemia and HbE are observed in most countries in East and Southeast
Asia. HbE is prevalent in Southeast Asia, with about 30 million Southeast Asians being
HbE heterozygous and 1 million being HBE homozygous. India has a high incidence
of both thalassemia, SCD, and HbE. However, there are almost no cases of
hemoglobinopathies in Japan, South Korea, and North Korea.

Maldives*®°! and Taiwan (China)®> pioneered the screening of
hemoglobinopathies in 1992 and 1993, respectively. National screening programs for
thalassemia were also established in Sri Lanka (2006)%3, Thailand (1997)°, Malaysia
(2004)*4, Singapore (1997)%%, and the Philippines (2014)°. While the Philippines
conducts neonatal screening, the other areas conduct the screening at the pre-marital or
prenatal stages. Some states in India also deployed screening programs for
hemoglobinopathies. In 2016, India’s Ministry of Health & Family Welfare issued
guidelines for the prevention and control of hemoglobinopathies in India®®. High
incidence rates of hemoglobinopathies also occurred in Bangladesh?’, Pakistan®®, and
Nepal®. Despite research on the incidence of hemoglobinopathies, nationwide screening
programs in these countries are still lacking. China has launched a pilot project to
prevent and control thalassemia in 10 southern provinces (autonomous regions and
municipalities directly under the central government)”. Large-scale thalassemia
screening programs have been deployed in Guangdong!'®, Guangxi!®!, and Hainan'%2,

The carrier rate of B-thalassemia in the Maldives is 16—-18%, and it is one of the
regions with the highest incidence of B-thalassemia in the world®'. The first national
thalassemia program in the Maldives was initiated by the Society for Health Education

(SHE), a non-governmental organization, in 1992°!. In 2012, a thalassemia prevention
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law was enacted which required all the citizens of the Maldives to be tested before
turning 18 years old. This test was a prerequisite for marriage. However, this rule was
only fully implemented in the capital. Since the implementation of the screening
program, the birth rate of children with thalassemia has dropped by over 60%%.
However, according to a Ministry of Health report in 2013, a mean of 28 new cases
was still being recorded annually over the previous decade. The rate of patients with
thalassemia remains stable, and the carrier rates of B-thalassemia increased. This may
be related to the high rate of marriage between relatives in Maldives!®. Public
awareness of thalassemia in the Maldives needs to be further strengthened, and more
medical interventions should be provided®'.

Singapore has a carrier rate of nearly 3% for pathogenic thalassemia variants, and
this poses a high risk of having children affected with severe thalassemia. In 1988,
Singapore introduced a thalassemia screening program. In 1992, a national thalassemia
registry was developed to provide screening, counseling, and prenatal diagnosis
services for the high-risk population. In 1997, a national voluntary screening program
was developed?!. By 2003, the number of births with B-thalassemia was reduced from
15-20 cases per year to 1 case per year (Figure 9), demonstrating the successful

implementation of the screening program®3,
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Figure 9 The number of B-thalassemia major births in Singapore, 1997-2003

(reference 6)

Thalassemia is one of the most serious genetic diseases in the Guangxi Province
of China. The carrier rate in this area is as high as 24%. In order to effectively prevent
and control thalassemia, the health authorities in Guangxi Province developed a
thalassemia prevention program in 2010. The implementation of this program was
remarkably successful. A total of 6,410,100 individuals completed pre-marital
thalassemia screening, resulting in the detection of 13,775 fetuses with intermediate
and severe thalassemia. Of these, 8,645 fetuses with major thalassemia received
medical interventions. The percentage of fetuses undergoing medical interventions with
major thalassemia increased from 65.51% in 2011 to 98.29% in 2017. In 2008, hydrops
fetalis caused by thalassemia was the most common birth defect at birth (incidence rate
of 26.38 per ten thousand). This dropped to the eighth most common birth defect in
2017 (incidence rate of 3.15 per ten thousand) by virtue of an 87.83% decrease in the

incidence of thalassemia’.
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4. Global treatment of hemoglobinopathies

4.1 Conventional therapy

There are two main types of hemoglobinopathies, thalassemia and SCD. The
conventional treatment for thalassemia consists of blood transfusions and iron chelation
therapy. Due to the large number of patients with SCD, providing blood transfusions
for all SCD patients is difficult. Most SCD patients are treated with antibiotics and
hydroxyapatite to relieve the clinical symptoms and pain, and to prevent various
potential complications. With effective treatment, the lifespan of most patients can be
over 50 years. However, lifetime treatment costs for each patient have been estimated

to be over £800,000%°, which represents a major economic burden.

4.2 Hematopoietic stem cell transplantation

HSCT refers to the transplantation of hematopoietic stem cells from an HLA-matched
healthy donor to the patient. HSCT is clinically curative for patients with transfusion-
dependent B-thalassemia. In 1981, bone-marrow transplantation was used successfully
for the treatment of a 14-month old child with B-thalassemia major for the first time.
Since then, HSCT has been widely used in the treatment of patients with transfusion-
dependent B-thalassemia. According to a 2018 report, 3,856 transfusion-dependent
thalassemia and SCD patients in Europe received transplantation treatment between
2000 and 2017. The overall survival (OS) and event-free survival (EFS) for patients
with SCD were 94% and 92%, and the OS and EFS for thalassemia patients were 90%
and 84%, respectively!®*. In 2020, a multi-center study from China reported OS and

thalassemia-free survival (TFS) rates of 94.7% and 93.3%, respectively, in 486
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HSCTs!%. Combined with previous reports, it was found that the corresponding
transplant-related mortality for matched sibling donor HSCTs had dropped down to less
than 5%. At present, transplantation outcomes are much improved with a long-term OS
of over 90% and a TFS of over 80% being acheived'’. HSCT from well-matched
donors is limited, so in recent years, HLA-haploidentical HSCT has been widely used

in the treatment of patients with major thalassemia!®’

. However, a high incidence of
graft failure and graft versus host disease (GVHD) may be caused by HSCT from
mismatched unrelated donors. Due to the technical challenges as well as the intensive

nursing requirements, together with the limited availability of transplants, the number

of patients that can be treated with HSCT remains low.

4.3 Gene therapy

Gene therapy based on autologous HSCT does not have the above limitations and is a
promising approach for the treatment of patients with hemoglobinopathies. Through
genome editing of the patient’s own hematopoietic stem cells, this method can correct
and/or compensate for the malfunctioned gene. Since it is based on autologous
hematopoietic stem cells, immunosuppression and GVHD can be avoided. Moreover,
the transplant process and post-transplant care are less demanding. Gene therapy is
currently mainly used to treat hemoglobinopathies with B globin deficiency, and these
include transfusion-dependent B-thalassemia and SCD!%. Many organizations are
engaged in relevant clinical research, such as Bluebird Bio, CRISPR Therapeutic,
Sangomo, CSL Behring, Orchard, Boston Children, San Raffaele University, EdiGene,
BRL medicine, and BGI.

There are two main strategies being used for gene therapy of hemoglobinopathies
and these are expression of vector-derived beta-globin (a vector-based gene-addition
strategy) and reactivation of fetal hemoglobin by gene-editing techniques (a fetal

hemoglobin reactivation strategy). The vector-based gene-addition strategy has a long
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history in clinical applications and the treatment of hemoglobinopathies. It has been
successfully used to treat nearly 100 patients with f-thalassemia and SCD over the last
10 years, with a success rate of over 90%!%. So far, there have been no reports of deaths
caused by anti-host immune rejection, and no carcinogenic risk was reported for this
strategy'%!10, Tn 2019, the first vector-based gene-addition product, Zynteglo, was
approved for the treatment of patients with B-thalassemia in the European Union. In
2020, when Zynteglo was first commercially available in Germany, the price was more
than €1.6 million. In 2021, Bluebird announced that it had decided to withdraw
Zynteglo from the German market after failing to reach a reimbursement agreement for
the drug.

The fetal hemoglobin reactivation strategy is based on the reactivation of fetal y-
globin by CRISPR-Cas9, zinc finger therapy, or TALEN. CRISPR-Cas9-based gene
editing is an emerging technique enabling specific editing of the genome. The use of
CRISPR-Cas9 to edit the enhancer region of BCL11 could restore the synthesis of y-
globin and reactivate the normal function of B-globin. Recently, this technique has been
used in real clinical settings. In 2020, CRISPR Therapeutic reported the successful use
of this technique to treat a patient with B-thalassemia and another with SCD!!!, China
National Medical Products Administration approved a clinical trial of ET-01 (a product
from EdiGene) in 2020!'2. BRL medicine has also initiated clinical trials!!3:!14,

In summary, the successful treatment of hemoglobinopathies requires the
implementation of various strategies. We hope that advances in technology can further
improve the treatment of hemoglobinopathy patients who underwent HSCT and gene

therapy, as well as lowering the cost and improving the safety of treatment.
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5. The goal of hemoglobinopathy prevention and control

worldwide

Hemoglobinopathies can be prevented and clinically cured. For prevention and control
of hemoglobinopathies worldwide, there are a few questions that need to be first
considered. What should we do? What target should we aim for? When will we achieve
this target? What experiences can we draw upon, and what are the challenges and

opportunities ahead of us?

5.1 A large scale prevention and control program is key

Implementing a large-scale, population-level prevention, and control program is the
key to the prevention of births with severe hemoglobinopathies. Our review of some
programs that have been implemented shows that there is not a strong connection
between a region’s economic level and the successful implementation of a prevention
program (Figure 10). With a (Gross Domestic Product) GDP per capita of less than
5,000 USD, Cyprus, and Iran have all successfully reduced the prevalence of affected
newborns by about 90%. Today, the per capita GDP of many countries and regions
exceeds this level. The key factor to prevent and control hemoglobinopathies is to
integrate the prevention and control program into the national healthcare plans and to
provide a conducive atmosphere for the whole society to participate in these

endeavors!!.
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Figure 10 The reduction rate of affected newborns and per capita GDP for 14

countries and regions.

Note: Please refer to the fourth column of Table 3 for the detailed reduction rates. Per capita GDP for the 14 countries

and regions was derived from reference 115.
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Table 3 Results of the implementation of prevention and control programs in various

countries
Rate of affected Rate of affected Reduction
newborns before | newborns after the rate of
Countries/regions Program duration
the program (per program (per ten affected
ten thousand)? thousand)® newborns
Cuba 6.25 2.00 68% 35 years (1983-2018)
Greece / 0.37 90% 17 years (1973-1990)
United Kingdom | 6.00 4.00 33% 17 years (2001-2018)
Spain 0.84 0.12 86% 12 years (2003-2015)
Cyprus 45.12 0.00 100% 12 years (1973-1985)
Sardinia, Italy 40.00 2.50 94% 15 years (1975-1990)
Israel 0.23 0.03 87% 21 years (1980-2001)
Lebanon 2.27 0.22 90% 17 years (1994-2011)
Turkey 2.01 0.19 90% 10 years (2003-2013)
Iran / 1.03 90% 24 years (1991-2015)
Maldives / / 60% 15 years (1992-2007)
Singapore 2.89 0.21 92% 15 years (1988-2003)
Guangxi, China 26.38 (fetal hydrops) | 3.15 (fetal hydrops) | 88% 9 years (2008-2017)

@ b Rate of affected newborns = The number of affected newborns / The number of newborns. The number of affected

newborns was derived from table Table 2. The number of newborns was derived from Our World in Data

116

In addition, the cost of implementing a prevention and control program is much

lower than that of treating patients who would develop hemoglobinopathies?*3. As

mentioned above, globally implementing prevention and control programs for

hemoglobinopathies via national healthcare plans is a sensible economic strategy and

provides high returns on the initial investment made.
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5.2 Aim for a birth rate of affected children of less than 0.3

per 10,000

There are two elements involved in the implementation of prevention and control
strategies for hemoglobinopathies worldwide: firstly, the prevention of births with
severe hemoglobinopathies and secondly, the successful treatment of all existing
patients with hemoglobinopathies.

The prevention of births with severe hemoglobinopathies is a key factor for the
successful prevention and control of hemoglobinopathies worldwide. The rate of
affected newborns is less than 0.3 per 10,000 in Cyprus, Spain, Israel, Lebanon, Turkey,
and Singapore. Although the prevalence of affected newborns in Greece and Sardinia
has been reduced by more than 90%, it is still above 1 per 10,000 (Table 3). The
implementation of a prevention and control program greatly reduced the rate of affected
children in the Guangxi Province of China. In 2018, a new program was initiated to
achieve a birth rate of fewer than 0.3 children with severe thalassemia per 10,000 births
in Guangxi Province’. Due to different cultural and religious practices and other factors
in different regions, the decision of how to handle potential births of affected children
can vary greatly. Each country should understand the benefits of implementing a
prevention program and then establish one based on its own national conditions.

The second element is the successful treatment of all transfusion-dependent
hemoglobinopathies. HSCT and gene therapy can provide a clinical cure for existing
patients and affected fetuses. However, HSCT faces the problem that only a small
number of patients can receive transplants in time. The lack of suitable donors and the
shortage of transplant facilities can cause patients to miss the optimal age for
transplantation. Gene therapy uses self-modified hematopoietic stem cells and therefore

does not require a donor and has few limitations in terms of transplantation age.
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However, as this technology is still in its initial stages, its long-term safety and

effectiveness still need to be evaluated.

5.3 Aim for success by 2035

It took between 10 and 17 years (12 years for Cyprus, 17 years for Greece, 15 years for
Italy Sardinia, 17 years for Lebanon, 15 years for Singapore, 10 years for Turkey, and
12 years for Spain) for 7 countries/regions to reduce the prevalence of affected
newborns by about 90% (Table 3). The birth rate of affected children has been reduced
to less than 0.3 per 10,000 in Cyprus, Spain, Lebanon, Turkey, and Singapore. If this is
taken as the target for the successful prevention of newborns with severe
hemoglobinopathies, we believe that countries could reach this goal in around 15 years.
This time period is challenging but achievable although it will require a joint effort
from everyone involved.

The WHO plays a pivotal role in global public health prevention and control. The
eradication of smallpox and poliomyelitis greatly depends on efforts from the WHO. In
2020, the elimination of cervical cancer was stated as a clear goal by the WHO!'7. If
the prevention of newborns with severe hemoglobinopathies was to be included in the
work goals of the WHO, this would provide a strong impetus for the prevention of
hemoglobinopathies, and more countries would integrate the prevention programs into
their national healthcare plans before 2025. Within 10 years of implementation, the
percentage of participants in prevention and control programs could exceed 90% in
most countries and regions, making it possible to achieve the goal of preventing births
with hemoglobinopathies by 2035.

The successful treatment of all existing patients with hemoglobinopathies is
heavily reliant on advances in treatment technologies. At present, the number of
clinically cured patients is still very small. A report from China showed that only 5.7%

of patients with thalassemia had undergone transplantation treatment. The conditions
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of only 19% of the remaining patients were suitable for transplantation'!8, We hope that
advances in technology can help further improve the treatment of patients with

hemoglobinopathies.

5.4 Experiences we can draw upon as well as challenges and

opportunities ahead

From the successful prevention and control of hemoglobinopathies in Cyprus and some
other countries, we can see that there are key factors for the successful implementation
of the program, including public health education, large-scale screening, and diagnosis
as well as genetic counseling®’. There are also some differences between the countries
and regions which have successfully implemented a prevention program. Different
countries and regions may choose different screening methods, including school, pre-
marital, prenatal, and newborn screening regimens. The impact of religious beliefs and
legal systems (for instance, the legality of abortions in a particular country) can also be
significant factors. The screening can be mandatory or voluntary. The program can be
successfully implemented in both developed and developing countries. Thus, every
country can find a model that can be used as a reference to develop its own prevention
and control programs.

One worthwhile comparison is the prevention and control of Tay-Sachs disease
(TSD) in the Jewish population. TSD is an inherited disease that causes mental
retardation, blindness, paralysis, and eventually death. The disease is 90 times more
common in Ashkenazi Jews than non-Jews!'?. In 1971, the Jewish community carried
out TSD carrier screening through synagogues and other social organizations. By 2003,
none of the ten TSD children born in North America came from Jewish families. By
2004, there was no newborn in Israel with TSD!?°. As a result of an effective prevention

program, TSD was almost completely controlled within the Jewish population.
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The main challenge in preventing hemoglobinopathies worldwide is dealing with
SCD, which accounts for 83% of hemoglobinopathies. Most of the patients with SCD
are in Africa and India, where nationwide prevention and control plans have not been
established. The lack of medical facilities in these areas makes it more challenging to
establish nationwide prevention and control programs.

Developments in science and technology can provide new opportunities to prevent
hemoglobinopathies worldwide. For example, firstly, the internet makes the knowledge
required for successful prevention and control more accessible to the general public and
secondly, advances in technology make the detection of hemoglobinopathies more
convenient and faster. In addition, point-of-care testing (POCT) is a convenient strategy
which requires no professional training. Using POCT to detect SCD is more suitable
for low- and middle-income countries!?!. Genetic screening based on massively parallel

sequencing is high-throughput!?*123

and thus suitable for large-scale population
screening. A recent study in Yunnan, China showed that the input/output ratio when
using this type of screening technology was as high as 1:5.21!2*, Preimplantation
genetic diagnosis technology provides an option for couples who do not want to
terminate a pregnancy and want a healthy baby. We envisage that advances in
technology and clinical applications will help to achieve the prevention of
hemoglobinopathies worldwide.

SCD and thalassemia were first named in 1910 and 1925, respectively!2>126, At
the end of the last century, there was no newborn baby with severe thalassemia in
Cyprus®. However, today there are 300,000-500,000 affected children born yearly
worldwide®. All the world’s population share the same fate. Hemoglobinopathies can
be prevented and clinically cured. This should not be done in only a few areas but
should be accomplished globally.

The WHO announced that both smallpox and wild poliovirus type 3 (poliomyelitis)

were respectively eradicated worldwide in 1980 and 2019'?7-128, Historically, 300

million people died of smallpox. Poliomyelitis affects mainly children under 5 years of
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age, and causes irreversible paralysis in 1 in 200 infections, of whom 5-10% die due to
immobilization of their breathing muscles. Cases due to wild poliovirus have decreased
by over 99% since 1988, from an estimated 350 000 cases then, to 33 reported cases in
2018'?°, Before the implementation of the poliomyelitis eradication program, 17,500 to
35,000 people died because of the disease every year!?’.

Birth defects with a genetic etiology account for nearly 8 million babies worldwide
each year!°, and up to 6% of these are born with hemoglobinopathies®. Diseases caused
by viral infections can be eradicated or controlled by vaccines. Can disease-causing
genetic defects be also prevented or controlled? Since the completion of the Human
Genome Project in April 2003, improvements in the awareness of genetic technology
as well as the understanding of global prevention and control programs in public health,
have provided us with the chance to eliminate hemoglobinopathies. The impact of
preventing hemoglobinopathies would be as great as the eradication of smallpox and

poliomyelitis, and like those accomplishments, it merits a joint effort from all of us.
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6. Motives and acknowledgements

For thousands of years, considerable and continuous efforts have been made in the
pursuit of human health which has been greatly improved by advances in healthcare
technology and public awareness of prevention and control efforts. In 1980 and 2019,
the WHO declared the respective eradication of smallpox and Wild Poliovirus type 3
(poliomyelitis). In 2020, the WHO developed a global strategy to eliminate cervical
cancer by 2030.

Hemoglobinopathies, which affect a similar number of people and cause as many
deaths as poliomyelitis and cervical cancer, can also be prevented and clinically cured.
By the end of the last century, there were no newborns with severe thalassemia in
Cyprus. However, today there are still 300,000-500,000 affected children born every
year in the world. Our motive in writing this report is to raise awareness regarding
hemoglobinopathies around the world. We hope that hemoglobinopathy prevention and
control programs can be integrated into national healthcare programs and these will act
as an impetus for reducing the number of cases of hemoglobinopathies around the world.

We would like to sincerely thank all our colleagues for the valuable information
in their published articles, and especially acknowledge Frédéric B. Piel, David J.
Weatherall, Subarna Chakravorty, Moira C Dick, Martin H. Steinberg, David C. Rees,
H.W. Goonasekera, C.S. Paththinige, V.H.W. Dissanayake for the valuable reference
information in their review articles. We gratefully acknowledge Xiangmin Xu,
Baosheng Zhu, Xinhua Zhang, Dongzhu Lei, Yan Chen, Sixi Liu and Lai Kuan Teh for
offering valuable suggestions to improve this report. We thank our BGI colleges Yifan
Bai, Yujie Hu, Ning Li, Yuehua Luo, Qian Mao, Ye Yin for their constructive work
with respect to the writing and design of the manuscript. We also thank Sedeer el-
Showk and Dev Sooranna for English language editing of the manuscript. We sincerely

thank all colleagues around the world for their great efforts in the prevention and control
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of hemoglobinopathies. We hope that this overview will help us all move forward to

achieve complete eradication of hemoglobinopathies worldwide.
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