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Abstract

Sickle cell disease (SCD) is a genetic blood-borne disease that is inherited from one generation to the next in humans
and is most common in young people. This fatal disease causes anaemia; hence it is also called sickle cell anaemia
(SCA). The disease also causes pain crises, stunted growth and affects multiple organs such as the lungs, heart,
kidneys, eyes, bones and brain. The disease is the result of a "point mutation" in the haemoglobin (Hb) gene located
on autosome 11. People suffering from this disease do not survive long and it becomes more severe with age. The
disease is endemic in geographical areas where malaria is prevalent. In India, the disease is endemic and widespread,
mainly in tribal areas and among various tribal communities. In the country, the gene of this disease (HB-S) is found
in 0-18% of the tribals of Northeast India, 0-33.5% in Western India, 1-40% in Southern India and 22.5-44.4% in
Central India, while its frequency has been found to be between 0.31-0.41%. This disease is not only affecting the
entire life of the tribals in the country, but is also causing them huge economic losses. This disease causes morbidity
and mortality among the tribals, therefore, the Ministry of Health and Family Welfare, Government of India has
taken a comprehensive and challenging step to eliminate this disease as a public health problem by 2047 through the
“National Sickle Cell Anaemia Elimination Mission” launched on 1st July 2023. To eliminate SCD, the main focus
of this mission is on identification, management, prevention, and awareness. Presently, as on 18.03.2025, about 5.11
crore persons in the age group of 0-40 years have been screened in 278 SCD affected tribal districts and 1,91,103
SCD (Hb-SS) cases and 13,73,597 carriers (Hb-AS) have been identified in a short period. If this mission continues
at the same pace and works sincerely, it is possible to completely eliminate the spread of this disease from Indian
tribes or reduce its prevalence. However, its success rate depends on certain factors, which have been focused upon
in this communication. Also, the author has drawn attention to the social problem created in the tribal communities
due to this mission, which has also been highlighted.
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Introduction

During human evolution, under the pressure of certain environmental or
biological factors, many types of red blood cell genetic disorders have also
developed due to mutations in genes. In the human population, the most
common of these red blood cell genetic disorders are abnormal or mutated
haemoglobin, thalassemia, and G-6-PD enzyme deficiency (GD). Some of
these blood disorders lead to serious diseases that can even Kill humans.
These blood genetic disorders are limited or widely spread in human
populations depending on specific geographical or environmental regions.

In humans, the genes for these genetic disorders are usually found in
heterozygous and homozygous states. However, they may also exist in
double-heterozygous state, but this is rare. When the genes for certain
genetic disorders, such as sickle cell haemoglobin (Hb-S) and B-
thalassaemia, are found in homozygous state, they pose serious threats to
human health and cause varying degrees of morbidity and mortality in
human population. These genetic disorders are also called ‘killers' and the
genes for these red blood cell disorders are commonly called ‘lethal genes'.
Interestingly, these erythrocyte mutant genes are also regional and
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population-specific. Genes for Hb-S, p-thalassemia, and Gd are more
prevalent in malaria-affected areas and tribal people [1-17]. It is well known,
malaria is fatal, caused by infection with Plasmodium falciparum-malaria
parasite. According to the recently released World Malaria Report, 2022 by
the WHO [18], thousands of people die due to malaria every year worldwide.
The interesting thing is that the malaria parasite and its carriers and the tribal
people have been living together for thousands of years or centuries and are
still living together, yet the tribal people are alive and safe from malaria
infection. After all, how do these tribal people avoid malaria and remain
safe? Actually, this has been possible in these tribal people only through
natural selection [19-23]. Perhaps this is an amazing, unique, and rare
example of human biological development or evolution. In fact, malaria
itself is an important biological factor responsible for this natural selection
in tribals [24-26]. During biological evolution, under the pressure of this
malarial strain caused mutations in the B-polypeptide or globin gene on
chromosome 11 associated with human erythrocytes or red blood cells,
leading to the formation of Hb-S in these cells [27]. Due to this, the blood
cells become sickle- shaped (Figures 1 and 2). These mutated B-globin
genes, also known as sickle cell genes, are inherited from one generation to
the other among the tribals, which is still present in them today. These sickle
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cell genes are responsible and capable of protecting these tribals from deadly
malaria [28-41]. In addition to the sickle cell gene, some other genes for red
cell genetic disorders, such as Hb-C, B-thalassaemia, glucose-6-phosphate
dehydrogenase (G-6-PD) deficiency (Gd), and certain blood groups are also
found for genetic resistance to malaria in human populations [42-53]. But
sickle genes are found in large numbers among the tribals of India, due to
which thousands of tribal men and women are suffering from sickle cell
disease (SCD). This disease is not only fatal but is also weakening the
economic condition of the tribals. Therefore, the Medical and Health
Department of the Government of India has started a mission (National
Sickle Cell Anaemia Elimination Mission) on 1st July 2023 to eliminate or
reduce the prevalence of this disease in the tribals across the country. In this
contemporary review, apart from the cause and prevalence of this disease,
special attention has been paid to whether it is possible to eradicate or reduce
the prevalence of this disease among the tribals through this mission run by
the Medical and Health Department of the Government of India. The factors
responsible for its success have also been highlighted, which can prove to
be more important and useful as suggestions. In this review, the author has
also drawn attention to a serious social problem arising among the tribals
due to this mission, which needs to be considered.

-

Figure 1: Erythrocytes (red blood cells) are normally round and flexible. But in sickle cell disease, some of the red blood cells take on a sickle-
shaped appearance called sickle cells.

Cause of sickle cell disease (SCD)

It is well known that in humans, synthesis of sickle cell haemoglobin (Hb-
S) is the result of a single base-pair point mutation (GAG to GTG) in the f3-
polypeptide or globin gene located on chromosome 11. This genetic
mutation is responsible for the substitution of the amino acid glutamic acid
for valine

at the sixth position of the B-chain of haemoglobin (B6Glu—Val), the
resulting haemoglobin (Hb) is called sickle cell haemoglobin or Hb-S which
was discovered by Herrick in 1910 in a black student from the West Indies
[27]. His blood film revealed the presence of sickle-shaped erythrocytes or
sickle cells (Figure 2).
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Figure 2: Blood film of a SCD patient, showing both normal (spherical) and sickle-shaped erythrocytes.

The gene responsible for Hb-S synthesis is called the sickle cell gene.
Heterozygotes have mutations in only one of the two B-globin chains,
resulting in sickle cell trait (Hb-AS). Homozygous individuals (Hb-SS) have
mutations in both B-globin chains, resulting in "sickle cell disease" (SCD).
When deoxygenated, Hb-S distorts erythrocytes from a bulging disc to a
crescent or "sickle" shape. This change in shape damages erythrocyte
membrane, leading to premature destruction of these blood cells and chronic
haemolytic anaemia. Sickled erythrocytes can obstruct blood flow and cause
tissue hypoxia, which can lead to severe ischemic pain or even stroke. Sickle
cell patients also have functional asplenia and are at increased risk of
recurrent infections [54, 55]. Patients develop anaemia due to sickle cell
disease, hence the term "sickle cell anaemia"(SCA). In addition to pain, the
disease also causes growth retardation, and affects many organs of patients
such as lungs, heart, kidneys, eyes, bones, and brain. The disease worsens
with age and often leads to death in the absence of effective treatment.

Sickle cell genes in tribals

Sickle cell genes appear in humans according to Mendel's laws of
inheritance. Sickle cell gene alleles are usually found in two forms,
heterozygous (AS) and homozygous (SS). In the population, those who are
AS heterozygous have genes for both normal Hb (Hb-A) and sickle cell
haemoglobin (Hb-S) and these people live like normal individuals but they
are carriers of SCD and are therefore commonly called “carriers”. These
carriers are usually protected from malaria. But SS homozygotes have SS
alleles and these people develop an inherited haemolytic disease called SCD
(SCA). There is no cure for most people with SCD. Treatments can only
relieve pain and help prevent complications associated with the disease.
“According to Mendel's laws of inheritance, if a normal person marries a
carrier (heterozygotes), then 50% of their children are likely to be normal
and 50% will be carriers. Similarly, if carriers marry then 25% of their
children are likely to be normal, 25% will be SCD patients and 50% will be
carriers. If two people with SCD get married, all their children will also have
the disease”. The prevalence of the sickle cell gene varies considerably
across regions, but reaches up to 40% in some areas of sub-Saharan Africa,
eastern Saudi Arabia, and central India [3,4]. Among diverse Indian tribes
the prevalence of the sickle cell gene has been found to range from 0 to 44%.
In the country, the sickle cell gene among tribal communities is found to be

0-18% in Northeast India, 0-33.5% in Western India, 1-40% in Southern
Indiaand 22.5-44.4% in Central India and its frequency varies between 0.31-
0.41% [3,4,56]. Tribal groups with a high prevalence of the sickle cell gene
(20-35%) include the Bhils, Madias, Pawaras, Pradhans and Otakars [2,4].
In India, apart from tribal individuals, sickle cell genes have also been in
subjects belonging to the Scheduled Castes (SC), Other Backward Castes
(OBC) and minorities, including Muslim, Bohra-Muslim, and Jain
communities [ 57-65].

Sickle cell disease among Indian tribes

In the country, tribal people are facing several types communicable and non-
communicable diseases and environmental issues [66-92]. But sickle cell
disease (SCD) is more dangerous and ultimately causes death among tribal
people. Individuals with this have reduced life expectancy. A recent study
estimated the life expectancy of adults with SCD to be 54 years,
approximately 20 years shorter than that of adults without SCD [93, 94].
This genetic disease is not only responsible for morbidity and mortality
among the tribals but also causes huge economic loss to the tribals as well
as has a profound impact on their living standards. India has the second
highest prevalence of sickle cell disease in the world, with 1 in 86 births
having sickle cell disease (SCD). The exact information or authentic
statistical data about how many tribals are dying every year due to this
disease in the country is still not available. However, the Ministry of Health
& Family Welfare, Government of India is very serious and concerned about
this disease among these poor tribal people. Therefore, the Government of
India has decided to eliminate or reduce the spread of this disease among the
tribes living in different areas of the country. For this, the “National Sickle
Cell Anaemia Elimination Mission- 2023” (NSCAEM -2023) was launched
by the Hon'ble Prime Minister of India on 1st July 2023. To eliminate SCD
(SCD) among tribals, the main focus of this mission is on identification,
management, prevention and awareness. Presently, as on 18.03.2025, about
5.11 crore tribal persons aged 0-40 years have been screened in 278 SCD
affected tribal districts and 1,91,103 SCD cases and 13,73,597 carriers (Hb-
AS) have been identified in the short term [95]. Interestingly, in a one-year
survey in the state of Rajasthan, a total of 10,746 tribal individuals from
Rajsamand, Chittorgarh, Pali, Sirohi, Dungarpur, Banswara, Pratapgarh,
Baran, and Udaipur districts were screened for evidence of SCD. Of these,
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2,980 (27.73%) individuals were diagnosed with the SCD and 7,766
(72.26%) showed early symptoms of this disease. Out of the 2,980
individuals, 1590 (%) were women [96]. These initial figures are very
surprising and full of achievements in a short time, which are extremely
important and useful in the elimination of this dangerous disease. It is clear
from these figures that testing of tribal people living in various tribal areas
of the country should be necessary and mandatory. Such surveys can reveal
the real status of the number of patients and carriers of this disease, which
can help in preventing it.

Treatment of SCD

Generally, in the country, most of the tribal people are economically very
poor, uneducated, orthodox, and superstitious and have deep faith in their
local deities and believe that these will keep them healthy. Tribal people
usually use herbs and also use their traditional methods to treat various
diseases. One of these methods is cruel, horrible, and painful. In this, they
brand the forehead, hands, legs, back, and stomach of the patient with a hot
iron rod for treatment. Although this method does not cure the patient,
sometimes the patient dies due to secondary infection. No specific treatment
or medicine has been developed yet to treat this disease, which means that
this disease is still incurable. But the main aim of managing this disease is
to avoid pain attacks, relieve symptoms, and prevent complications and
infections. Lifestyle, vaccinations, and immunizations can also reduce the
severity of this disease. Its treatment may also include medicines
(hydroxyurea, L-glutamine oral powder, crizanlizumab, antibiotics, etc.)
and blood transfusions. In some children and adolescents, bone marrow and
stem cell transplants may offer the possibility of curing the disease. Gene
therapies are also being developed that may provide a cure for people
suffering from SCD. But these therapies are so expensive that they are
difficult to make available to all patients.

Is it possible to eliminate SCD among Indian tribes?

All these treatments for SCD are very expensive and cannot be availed by
every poor tribal patient. However, there is no guarantee that these
treatments will cure the disease. That is why the only cure for this disease is
prevention. For this, it is very important to prevent the disease from passing
on to the next generation. “For this, it is necessary that the persons who have
the genes of this disease should neither marry nor have physical relations,
that is, neither between the carriers of this disease nor between its patients.
This is possible by developing awareness and genetic counselling. If the
foetus of such persons has this disease, then abortion of such a foetus is the
right and effective way to eliminate or reduce the prevalence of this disease”.
Therefore, it is very important to first identify the carriers and patients of
this disease, which is being done under the NSCAEM- 2023. The success of
this mission depends on detecting the carriers and patients of this disease
through screening by genetic or recommended test in the shortest possible
time.

The government is committed to eradicate this disease before the Amrit Kaal
of India in 2047. Undoubtedly, it is possible to eradicate or reduce the
prevalence of SCD through this mission. But it is too early to say how much
time it will take. However, for the success of this mission, it is also important
to pay attention to the following suggestions or points: -

e Apart from screening of tribal people aged 0-40 years for this
disease, unborn babies should also be screened for this disease
in tribal areas. For this, genetic testing facility for this disease
should be available in every tribal district hospital.

e  Establishment of separate and well-equipped laboratories in
Primary Health Centres (PHCs) or district hospitals so that
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every tribal can easily reach these laboratories and get their
SCD tested. If the disease is confirmed, there should be a
provision for free treatment of the patient at these hospitals.

e Appointment of well-qualified, honest, and dedicated medical
officers, technical or laboratory staff, and genetic counsellors in
these hospitals is also vital for the success of this mission.

e  Genetic counsellors should behave in a friendly, brotherly, and
affinity manner towards carriers and patients of this disease.
They should be able to convince them that those who carry the
genes for this disease should not marry each other.

e There is a need to monitor the mission to ensure there is no
misuse of funds and corruption.

e To ensure that there is no shortage of funds for the smooth
running of the mission, the government should allocate a special
budget as per the need.

e  The responsibility of carrying out this mission should be vested
only in the hands of able and energetic people who have
adequate experience in administration and management.

e Proper monitoring of this mission time to time is also essential.
There is also a need to run an awareness campaign about this
disease among the tribal people and school children.

Social problem among tribals caused by NSCAEM-2023

There is no doubt that NSCAEM-2023 being run by the government in tribal
areas is a positive and laudable step towards the eradication of this deadly
sickle cell disease. But it has also given rise to a new social problem in the
tribal communities which needs to be addressed. “Although this genetic
disease does not discriminate on the basis of gender, the identification of this
disease is now creating discrimination among tribal people which needs to
be considered. Because this mission reveals the identity of the carriers and
patients of SCD. This identification has started creating a feeling of
discrimination among the families of tribals. Recently it has been observed
that no one likes to marry the members of the family in which carriers and/
or patients of this disease are present. Whereas normal people are also found
in such families.” What form this social problem of discrimination will take
in the future is in the womb of the future. But to solve this problem, along
with this mission, there is a need to formulate a strategy from now itself,
otherwise this social problem can take a serious form in the near future
which can also have adverse consequences. Therefore, it should not be
ignored.

Conclusions

Sickle cell disease (SCD) is a genetic and fatal disease that is inherited from
generation to generation. Usually, the disease is endemic in malaria-affected
areas. India ranks second in the world in terms of SCD, where 1 in every 86
children suffers from SCD. The disease is mainly prevalent in the tribal
communities of the country and thousands of tribals are suffering from this
disease and lakhs of people are also carriers of it. There is also no exact cure
for this disease. Therefore, prevention of this disease is the only treatment.
SCD is not only causing morbidity and mortality among the tribals but also
affecting their lifestyle and economic condition. Therefore, the Ministry of
Health and Family Welfare, Government of India has initiated its
elimination program in the tribal areas of the country through National
Sickle Cell Anaemia Elimination Mission- 2023. Under this, 5.11 crore
tribal people in the age group of 0-40 years were screened in a short period
and 1,91,103 SCD cases and 13,73,597 carriers (HB-AS) were identified. If
this mission continues at the same pace with honesty and there is no misuse
of money and corruption in it, then there is no doubt that the spread of this
disease in the tribal communities of the country can be eliminated or
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reduced. But the social discrimination that is developing among the people
due to this mission also needs attention. People often do not like to marry
members of a family in which this disease or carrier is present, which is

regrettable.
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