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Abstract

In India, Rajasthan is the largest state and it has total number of 33 
districts. Eight of these districts, namely Banswara, Chittourgarh, Dungarpur, 
Pali, Pratapgarh, Rajasamand, Sirohi, and Udaipur districts have been grouped 
together as the “scheduled area” of Rajasthan. This is the most backward 
and underdeveloped area where more than 70% of the tribal populations 
reside. In this area, most dominating endogamous tribes are Bhil, Damor, 
Meena, Garasiya, Kathudia, and Sahariya and several communicable, non-
communicable and water-borne diseases are endemic. Some inheritable life 
threatening red cell genetic diseases or disorders, such as sickle-cell anaemia 
(Hb-SS) and β-thalassaemia major are also endemic in this tribal region. The 
maximum prevalence of genes in trait form of these genetic diseases in tribals 
has been found 31.14% and 9.00%, respectively. However, sickle-cell and 
β-thalassaemic genes are important and highly significant as these are causing 
morbidity and mortality in the tribal people. In fact, sickle-cell anaemia and 
β-thalassaemia major are lethal and found in adults and children, respectively. 
The curative option of these genetic diseases is bone marrow transplant and 
their available remedy is lifelong blood transfusion and removal of iron by 
chelation therapy. Both the options not only cost more, but also cause constant 
torment to the child. The cost of bone marrow technology is also so high that it is 
not easy for tribals to afford it. Secondly, this technology is not so accessible that 
everyone can get its facility. But by adopting special measures, the occurrence 
of these dangerous genetic diseases in tribals can be prevented and controlled. 
In this communication, these measures have been focussed.
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Introduction
In India, Rajasthan is the largest state and it has total number of 

33 districts. Eight of these districts, namely Banswara, Chittourgarh, 
Dungarpur, Pali, Pratapgarh, Rajasamand, Sirohi, and Udaipur 
districts have been grouped together as the scheduled area which 
is located in south eastern part of Rajasthan (Figure 1). This area 
is the most backward and underdeveloped and characterised with 
preponderance of diverse tribal communities. As per Census of 
2011, total population of scheduled area is 64, 63,353, out of which 
scheduled tribe population is 45, 57, 917 which is 70.43% of the 
total population of the scheduled area. Three districts of this tribal 
dominating area, namely Banswara, Dungarpur and Pratapgarh are 
known as full tribal districts and remaining are partial tribal districts. 
In this area, the most dominating endogamous and tribes are Bhil, 
Damor, Meena, Garasiya, Kathudia and Sahariya and several parasitic 
and non-parasitic and water-borne diseases are endemic [1-23]. 
However, few inheritable life threatening diseases, such as sickle-cell 
anaemia (Hb-SS), α and β-thalassaemia syndromes, and G-6-PD are 
also endemic in tribals of this area [24-38]. 

The socio-economic and nutritional status, literacy rate, and 

health education in the tribal people of this area is very poor. These 
people are not even health conscious. In general, tribal people prefer 
to live in the forest and remote hilly areas in isolated form. Financially, 
tribals are depending on traditional agriculture, animal husbandry, 
and forest yields. However, for daily income, they prefer daily wages 
and farming work. These people have several health deteriorating bad 
habits, such as consuming of wine, smoking, and tobacco. In general, 
tribal people are shy, conservative, highly orthodox, and superstitious. 

Status of Sickle-cell and β-thalassaemic 
Genes in Tribals 

In India, erythrocyte genetic disorders (haemoglobinopathies 
and G6PD deficiency) have been extensively studied in diverse 
populations of different states and union territories [39-49]. In the 
state of Rajasthan, haemoglobinopathies (abnormal haemoglobins 
and α and β-thalassaemia) and G6PD deficiency have also been 
well studied in subjects belonging to different populations, such as 
Schedule Tribe (ST), Schedule Caste (SC), Other Backward Caste 
(OBC), General Caste (GC) populations, and minor communities as 
well [50-56]. 

It is well documented that abnormal or mutant haemoglobins 
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(Hbs) are synthesised due to structural defects either in alpha or beta 
polypeptide chains of globins by the mechanism of substitution or 
deletion of amino acid residues. This is also known as ‘point mutation’ 
which is generally taking place under the control of genes that are 
responsible for synthesis of Hb molecule. In human population, more 
than 1100 abnormal or mutant Hbs have already been identified. 
However, medical and health and evolutionary point of view, sickle- 
cell haemoglobin (Hb-S) is important and highly significant. 

In India, Hb-S is the commonest genetic disorder and more 
prevalent in various populations as compared to other abnormal Hb 
variants. However, the maximum incidence of sickle-cell gene has been 
reported in tribal subjects of different geographical provinces [39,47]. 
In the country, the origin of sickle-cell gene is still controversial. 
However, this gene was detected for first time in India by Lehman and 
Cutbush [57]. These workers have reported relatively a high incidence 
(3.3% to 30.0%) of Hb-S genes in diverse tribes. In the north eastern, 
western, southern, and central India, the prevalence of Hb-S gene in 
diverse tribal communities found to be 0-18%, 0-33.5%, 1-40%, and 
22.5-44.4%, respectively and its frequency varies between 0.31- 0.41 
[58]. In the scheduled area of Rajasthan, the maximum prevalence of 
Hb-S gene was found to be 14.6% and 31.14 % in Gameti and Garasiya 
tribes, respectively [24]. From this area, 1.47% incidence of sickle-cell 

gene in homozygous state (Hb-SS or sickle-cell anaemia) in Bhil tribe 
has also been reported [31]. The co-inheritance of the Hb-S gene with 
abnormal Hb-C (Hb-SC) was also reported in tribals of scheduled 
area [34,59] which is the rarest combination being reported from 
India (Figure 2).

Thalassaemia is also one of the haemoglobinopathies and found 
more common in diverse Indian populations. Abnormal Hbs are 
the resultant of changes in structure of polypeptide α and β- globin 
chains while thalassaemia is due to delay or unbalanced production of 
these chains. During their production, both are structurally normal. 
Based on delay in synthesis of α and β- globin chains, two forms of 
thalassaemia, α and β-thalassaemia are recognised which are widely 
distributed globally. However, medical and health point of view, 
β-thalassaemia is more significant. 

In almost all the Indian populations, genes for both β- thalassaemia 
minor (trait) and β- thalassaemia major (disease) are endemic and 
rampant with varying incidence. This indicates that India is a rich 
reservoir for β-thalassaemic genes [43,45,46,60]. Subjects having 
these genes are the carriers of β- thalassaemia major. Generally, these 
people (carriers) are normal in appearance and live life-long as healthy 
person. The frequency of β- thalassaemia carriers in India varies from 

 

Figure 1: Map showing scheduled area of Rajasthan as per notification of Government of India, 2018.
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1% to 17% with an average of 3.2% [60]. However, β-thalassaemia 
major is lethal and found in children. 

In the scheduled area, the incidence of β-thalassaemic genes 
varied greatly in various tribes. The maximum prevalence (9.0%) of 
β- thalassaemia trait was reported in the Bhil tribe. However, 0.35% 
prevalence of β- thalassaemia trait in GC, 3.96% in SC and 7.05% 
in OBC population has also been reported [50]. In few unrelated 
tribal children, genes β- thalassaemia major have also been detected. 
However, interaction β-thalassaemic genes with genes of abnormal 
Hb-S, D and E has also been detected in the scheduled area but the 
prevalence of such association of mutant genes are rare [50,61].

Prevention and Control 
It is well known that Hb-S and β- thalassaemic genes appear 

in individuals in homozygous state then causes serious and life-
threatening diseases, sickle-cell anaemia (Hb-SS) and β- thalassaemia 
major, respectively, Both are responsible for morbidity and high 
rate of mortality in them. In fact, both the diseases are fatal. It is 
estimated that 35 to 45 million people are silent carriers of the β- 
thalassaemia in India [62]. Every year about 10,000 children are 
born with thalasseamia major in the country accounting for 10% of 
thalasseamia major worldwide. Around eight to ten thousand cases 
of thalasseamia being added every year in India. In fact, India has 
a huge burden with an estimated around 100,000 patients with a 
β-thalassemia syndrome and around 150,000 patients with sickle- cell 
disease [62]. Whatsoever, in the country, both the diseases are more 
prevalent in tribal population as compared to non-tribal populations. 

Mostly, illiterate tribal people of scheduled area, generally, used 
their own traditional methods for the treatment of sickle-cell anaemia 
and β-thalassaemia. One of the methods, which is cruel, terrible and 
very painful method, they stained with hot iron rods on the patient’s 

forehead, hands, feet, abdomen, etc. for the treatment. Many times 
patients die by this non-scientific method.

The curative option of these red cell genetic diseases is stem cell 
therapy or bone marrow transplant and their available remedy is 
lifelong blood transfusion and removal of iron by chelation therapy. 
Both the options not only cost more, but also cause constant torment 
to the child. The cost of bone marrow technology is also so much 
that it is not a matter for everyone to afford it. And it is not possible 
at all for tribal people. Secondly, this technology is not so accessible 
that everyone can get its facility. Therefore, to save the tribal health 
and economy, the prevention and management are better options so 
that these diseases can be control in the coming generation of tribal 
people. 

For the prevention and control of these diseases, it is necessary 
to identify their carriers prominently and create awareness among 
the tribal people about them. Both of these are such important 
factors by which the expected success in controlling these diseases is 
achieved. But for this there is a need for proper, timely, and effective 
management. In every district Government hospital of scheduled 
area, it is necessary to have a genetics consultant along with adequate 
screening or testing facilities for the identification of carriers. Those 
who are carriers of these diseases, as far as possible, they should 
neither be married nor have physical relations with them. It is 
necessary to take these steps so that children are not born with such 
red cell genetic diseases. This is possible through genetic counselling 
by genetic counsellor. A concentrated effort towards education 
and awareness generation will continue to be needed in the tribals 
of scheduled area. At least one community health centre at each 
block should have prenatal diagnosis and fetal sampling procedures. 
Abortion of such pregnant babies having red genetic defects also 
helps in the prevention of these diseases or can lead to a significant 
reduction in affected births. Stem cell transplantation in Government 
hospital at regional level should be encouraged for low risk patients 
and families who can afford the cost. 

A joint effort by all, the Rajasthan State Government with help 
from NGOs and corporate houses and strongly backed by political 
support would be required for success of prevention and control 
programme for these genetic diseases in the scheduled tribal area of 
Rajasthan. Moreover, in the scheduled area, the implementation and 
following the guidelines for the prevention and control of sickle-cell 
disease and β-thalassaemia prepared by the National Health Mission, 
Ministry of Health and Family Welfare, New Delhi (2016) is also 
useful and highly suggestive. 

Conclusions
In scheduled area of Rajasthan, genes of sickle-cell anaemia and 

β-thalassaemia major are endemic in the tribal people. The highest 
incidences of these genes in trait form are found to be 31.14% and 
9.0%, respectively. When these genes occur in homozygous states then 
these are more serious to health and causing considerable morbidity 
and mortality among the tribal people. Both the red cell inheritable 
diseases are fatal, irreversible and untreatable. Therefore, it is more 
important to run a health project with the help from Rajasthan State 
Government and NGOs in the most backward and underdeveloped 
scheduled area of Rajasthan to prevent and control of these dreaded 

Figure 2: Paper-electrophorosis showing migration pattern of Hb variants 
detected in various populations of scheduled areas of Rajasthan, India [50].

https://www.sciencedirect.com/topics/medicine-and-dentistry/stem-cell-therapy
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genetic diseases in the tribal individuals. It is also suggestive that 
“neonatal screening” is also better way for early diagnosis of these 
lethal diseases and their carriers. 
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