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                     Abstract 
 In India, Rajasthan is the largest state having two distinct environments separated by presence of Aravali Mountains. One 

is desert, located in the west region and other is humid in the east region where malaria is endemic. In Rajasthan, vari-

ous inherited erythrocyte genetic disorders, abnormal haemoglobins (Hbs), thalassaemia (thal) and glucose-6-phosphate 

dehydrogenase enzyme defi ciency  (G d ) have been extensively studied in people of scheduled tribe (ST), scheduled caste 

(SC), general caste (GC) and other backward class (OBC) populations residing in both environments. In these populations, 

abnormal haemoglobin variants, Hb-S, Hb-D, Hb-E, Hb-J, Hb-C and Hb-H in heterozygous (trait) and/or homozygous 

state with varying incidence have been detected. Among these Hb variants, sickle cell Hb in trait form (Hb-AS) is common 

and widely distributed in diverse populations. Genes of β-thalassaemia trait (0.0–9.0%) are more prevalent compared to 

α-thalassaemic (1.88–3.07%) genes and are also widely distributed.  G d  disorder is also common in occurrence and widely dis-

tributed with varying incidence (0.64–22.0%) in people of both environments. Relatively a high incidence of Hb-S (31.14%), 

β-thalassaemia (9.00%) and  G d  (22.00%) genes reported in tribals of southern Rajasthan. In present communication, status of 

various erythrocyte genetic disorders in people of both environments, natural selection in tribals against malaria, mitigation 

and  control of these genetic disorders and eff ect of fl uoride exposure in tribals having sickle cell and β-thalassaemic genes 

are considered and critically reviewed. These fi ndings may be useful in framing and implementation of health policies for 

the mitigation and control of erythrocyte genetic disorders in tribal communities. 

   Keywords     Abnormal Hb    ·  Erythrocyte genetic disorders    ·  G-6-PD enzyme defi ciency    ·  Malaria    ·  Natural selection    · 

 Thalassaemia    ·  Rajasthan    ·  India  

      Introduction 

 In India, Rajasthan is the largest state lying between 23°30′ 
and 30°11′N latitude and 69°29′ and 78°17′E longitude with 

its 342,239  km 2  being 10.4% of the area of the country and is 

eco-geographically divided by  Aravali Mountains into two 

diff erent environments (ecosystems). One is the desert (arid) 

environment covering large area in the west region and the 

other is humid existing in the east region where malaria is 

also endemic. This state has a total number of 33 districts, 

of which 12 districts are located in the desert environment. 

The total human population in Rajasthan is 73.53 million 

(India Guide: Population of India: Population of Rajasthan 

in 2015). In the recent years, Rajasthan state has been much 

discussed because its drinking groundwater contained high 

amount of fl uoride and endemic of dreaded fl uorosis disease 

in rural areas of Rajasthan (Choubisa et al.  2001 ; Choubisa 

 2018a ,  b ). 

 Those genetic defects of human erythrocytes (red blood 

cells) inherited from generation to generation are referred 

as erythrocyte genetic disorders such as abnormal haemo-

globins (Hb-S, D, E, C, etc.), α and β-thalassaemia and 

glucose-6-phoasphate dehydrogenase (G-6-PD) enzyme 
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defi ciency  (G d ). These erythrocyte genetic disorders are the 

resultant of genetic mutation. Some of them are lethal and 

causing a varying degree of anaemia and other serious dis-

eases. Genes of these genetic disorders may be restricted or 

widely distributed in human population inhabiting specifi c 

geographical regions. In India, due to their  medical and 

health, anthropological, genetically and evolutionary impor-

tance, researchers have studied blood of thousands of people 

belonging to schedule tribe (ST), schedule caste (SC), other 

backward caste (OBC) and general caste (GC) populations 

of many states for evidence and distribution of these genetic 

disorders (Agarwal et al.  1981 ; Bhatia and Rao  1987 ; Deka 

et al.  1988 ; Choubisa  1989 ,  1997a ; Kar  1991 ; Bhasin et al. 

 1992 ; Balgir  1996 ,  2005 ; De et al.  1997 ; Balgir et al.  2004 ; 

Sarnaik  2005 ; Munshi et al.  2009 ; Colah et al.  2010 ,  2014 ; 

Dolai et al.  2012 ; Patel et al.  2012 ; Mohanty et al.  2013 ; 

Mukherjee et al.  2015 ; Ghosh et al.  2015 ; Kumar et al.  2016 ; 

Warghade et al.  2018 ). In Rajasthan, such studies have also 

been performed in subjects belonging to diverse popula-

tions and minor communities inhabiting desert and humid 

environments for  the distribution of genes of mutant Hbs, 

α and β-thalassaemia syndromes and  G d . The frequency or 

incidence of these erythrocyte genetic disorders in various 

caste /ethnic groups of ST, SC, OBC, GC populations of 

both the environments in the state of Rajasthan has been 

depicted in Table  1 .  

 In the present communication, status of distribution of 

abnormal haemoglobin variants, α and β-thalassaemia and 

 G d  genes in diff erent populations residing in arid and humid 

environments of Rajasthan is briefl y and critically reviewed. 

High incidence Hb-S trait, β-thalassaemia minor and  G d  

genes in tribal population of humid environment (malaria 

endemic region) in relation to natural selection against to 

malaria   has also been focused. In the review, mitigation and 

control of dreaded sickle cell anaemia, β-thalassaemia major 

and  G d , gap of future research studies and eff ect of chronic 

fl uoride exposure in tribal subjects having red cell mutant 

genes are also highlighted. The present fi ndings are useful in 

framing and implementation of health plan for the mitigation 

and control of diverse erythrocyte genetic disorders in peo-

ple of Rajasthan especially in   tribal people which are socio-

economically backward  and weaker section of the society. 

    Erythrocyte genetic disorders in Rajasthan 

   Abnormal haemoglobin variants 

 Haemoglobin (Hb) molecule of normal human erythrocyte is 

a conjugated protein and contains four sub-units being made 

up of various combinations of four or possibly fi ve diff erent 

yet related peptide chains. These are designated alpha (α), 

beta (β), gamma (γ) and delta (δ) with alleged fi fth type 

being tentatively represented epsilon (ε). In general, haemo-

globin contains two α-chains plus two other chains, usually 

β, γ or δ. Thus, normal adult Hb (Hb-A) consists of two α 

and two β-chains and is designated therefore, α 2  
A β 2  

A . The 

synthesis of these polypeptide chains is under the control 

of genes located on the chromosomes number 16 and 11, 

respectively. In haemoglobin, four molecules of haem unite 

with one of the globin chains. Both haem and globin are 

synthesized independently with a slightly prior production 

of globin in the developing red cell. Normal Hb accounts for 

about 97% of adult haemoglobin (Hb-A). Another type, foe-

tal haemoglobin (Hb-F) is produced prenatally in the foetus. 

It is also a tetramer, composed of two pairs of polypeptide 

chains, 2α and 2 unique γ-chains that bear some resemblance 

to β-chains (α 2  
A γ 2  

F ).Usually, Hb-F begins to diminish before 

birth and it is practically at zero level at the 6th month of 

age. However, in adult subjects, Hb-F and Hb-A 2  are found 

up to 2.5% and 2–3%, respectively. 

 Abnormal or mutant Hbs are the resultant of structural 

defects of α and β polypeptide chains of globins due to one 

or more amino acid residues being substituted or deleted 

(point mutation). Cause of mutation in genes located on the 

16th and 11th chromosomes resultant to formation of abnor-

mal Hb variants. Globally, more than 1100 Hb variants have 

been detected so far in human populations (Old  2013 ). 

 In India, sickle cell Hb (Hb-S) is the most  common Hb 

variant which is widely distributed in diverse human pop-

ulations as compared to other abnormal Hb variants and 

reported mainly in tribal population with high prevalence 

(Kar  1991 ; Bhasin et al.  1992 ; Mukherjee et al.  2015 ). How-

ever, its origin in India is yet not clear or controversial. Nev-

ertheless, the fi rst authentic documentation of the occurrence 

of sickle cell gene in India goes to Lehman and Cutbush 

(Lehmann and Sukumaran  1952 ). They have reported 8.4% 

incidence of Hb-S in Badagas, 3.3% in Todas and 30% in 

Irulas aboriginal tribal groups. From Rajasthan, sickle cell 

gene was fi rst time detected and reported with an incidence 

of 20.00 to 31.14% in Garasia and 3.45–14.67% in Gamit 

tribes of Udaipur district (Negi  1967 ). In the study, sub-

jects of sickle cell Hb were confi rmed by sickling test .  Later 

on researchers confi rmed Hb-S variant by performing both 

sickling test and electrophoresis and then reported 1.1 to 

5.7% incidence of Hb-S gene in tribal subjects of Udaipur 

district (Jain et al.  1981 ,  1983a ,  b ). Subsequently, subjects 

belonging to non tribal subjects, Hb-S gene with varying 

incidence has also been detected and reported (Table  1 ). 

In Rajasthan, besides the Hb-S in AS and SS forms, other 

abnormal Hb variants Hb-D, Hb-E, Hb-C, Hb-J and Hb-H 

in trait or heterozygous and /or homozygous state have also 

been detected in diverse populations as well as in minor 

communities of arid and humid environments (Choubisa 

 1991 ,  2003 ; Choubisa et al.  2004 ; Choubisa and Choubisa 

 2006 ; Jain et al.  1970 ). 
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 Though, sickle cell (Hb-S) gene is prevalent and restricted 

in ST population (Kar  1991 ). But this gene is also found and 

reported in subjects belonging to SC, OBC and GC popu-

lations with an average frequency of 4.3% (range: 0–44%) 

(Mohanty and Mukherjee  2002 ). Presence of sickle cell gene 

in non-tribal subjects (Table  1 ) in Rajasthan is not mysteri-

ous and is possible due to premarital sexual contacts and 

marriage between tribal and non-tribal individuals. Nev-

ertheless, Hb-S is predominantly endemic in central India. 

In Rajasthan, the highest incidence of sickle cell gene was 

found in ST (31.14%) population followed by SC (10.88%), 

OBC (5.98%) and minor community (1.56%) (Table 1 ). Inter-

estingly, this mutant gene was not detected so far in people 

of GC population. 

 In southern Rajasthan (humid environment) where 

malaria is hyperendemic, rare abnormal haemoglobin variant 

Hb-C in trait form (Hb-AC) was also detected and reported 

in tribal subjects. Its occurrence has been reported for the 

fi rst time in India (Choubisa  2010 ). Though, its incidence 

is very low (0.17–0.27%) but evolutionary point of view, 

its evidence and presence have much impotence and sig-

nifi cance. Later on, in other studies, few cases of its double 

heterozygous form (Hb-SC) were also detected in tribal and 

Bohara-Muslim communities (Table 1 ). Its occurrence in 

malaria endemic tribal region is yet not clear. Therefore, 

for better understanding of its signifi cance and importance, 

more scientifi c studies are highly suggestive in population 

of malaria endemic and non-malaria endemic regions in the 

state of Rajasthan. 

 Abnormal Hb-D and E variants are also prevalent in 

Indian populations. However, these are regional spe-

cifi c. Hb-D is predominantly reported in the state of Pun-

jab, Gujarat, Uttar Pradesh and Jammu and Kashmir (Agar-

wal et al.  1981 ; Balgir  1996 ). In Rajasthan, its frequency is 

lower than Hb-S variant and varies from 0.29–1.61% in ST, 

0.68–2.94% in SC and 0.09–1.78% in OBC and GC popula-

tions (Table  1 ). In Rajasthan, a case of its homozygous state 

(Hb-DD) has also been reported in Christian community. 

This indicates that Hb-D gene has wide range of distribution 

as of Hb-S gene. 

 Abnormal Hb-E is widely distributed mainly in the 

north-eastern region of India (Balgir  1996 ,  2005 ; De et al. 

 1997 ). The highest incidence of Hb-E (46.4%) was reported 

from Assam. This incidence is one of the highest for any 

mutant Hb reported so far from any population in the world 

(Agarwal  2005 ). Though, in Rajasthan, its prevalence is 

also very low (0.19–1.04%) and restricted in subjects of GC 

population of humid environment. Few cases of rare mutant 

haemoglobin Hb-J in trait (Hb-AJ) and  homozygous (Hb-

JJ) state have also been detected in subjects of ST and GC 

populations (Choubisa  2003 ; Choubisa and choubisa  2006 ). 

In Rajasthan, especially in desert region, research studies 

on abnormal Hbs are too scanty or inadequate. Therefore, 

to know the status of mutant Hb variants in desert popula-

tions, more scientifi c survey studies are needed. Evolution-

ary and genetic point of views fi ndings of these studies are 

very important and will be useful  in understanding of basic 

cause of genetic mutation in human erythrocytes. 

     Thalassaemia 

 This erythrocyte genetic disorder is the resultant of unbal-

anced synthesis of α and β-globin chains which are nearly 

all structurally normal. In general, therefore, two forms of 

thalassaemia, α-thalassaemia and β-thalassaemia are found 

in the human population. 

   α-Thalassaemia 

 α-Thalassaemia referes to a group of disorders characterized 

by inactivation of four alpha globin genes located on chro-

mosome 16. Absence or non-function of three alpha genes 

results in haemoglobin-H disease, and the loss of all four 

alpha genes usually results in intrauterine death. The more 

severe type is known as hemoglobin Bart’s hydrops fetalis 

syndrome, which is also called Hb Bart’s syndrome or alpha 

thalassemia major. 

 In India, α-thalassaemic genes are prevalent in diverse 

populations with a frequency of 1–40% in Andhra Pradesh 

and Gujarat (Mukherjee et al.  1997 ). However, the prev-

alence  α-thalassaemia is highly variable from one geo-

graphical region to another and population to population. 

Very high prevalence of α-thalassaemia has been reported 

in Gujarat (95%), Nilgiri Hills in south India (85.7%), 

Orissa (42-71%) and Andhra Pradesh (11%)  (Balgir 

  Table 2       Incidence of 

α-thalasaemia (Hb-Bart’s) 

in diff erent populations of 

Rajasthan (India)  

 Figures in parenthesis indicate percentage 

  Population    Cord blood 

samples  

  Number of positive cases of    Total  

  α-Thalassaemia1    α-Thalassaemia2  

  Scheduled tribes (ST)    618    14 (2.26)    5 (0.80)    19 (3.07)  

  Scheduled castes (SC)    487    5 (1.02)    2 (0.41)    7 (1.43)  

  General castes (GC)    642    5 (0.77)    –    5 (0.77)  

  Total    1647    24 (1.45)    7 (0.42)    31 (1.88)  



440 Proceedings of the Indian National Science Academy (2021) 87:433–445

1 3

 2000 ). These fi nding indicate that tribals are the reservoir 

of α- thalassaemic genes. α-Thalassaemia in cord blood 

was fi rst time observed by Agar and Lehmann ( 1958 ). 

From India, α-thalassaemia (Hb-Bart’s) has been first 

time reported in Bengali population with frequency of 4% 

(Swarup et al.  1965 ). In Rajasthan, the highest incidence of 

α-thalassaemic genes, 5.0% has been reported in ST popu-

lations followed by 2.3% in SC, 2.2% in Muslims and 0.9% 

in GC population of Dungarpur district (Choubisa  1990b ). 

In people of Banswara, Bhilwara, Chittorgarh, Dungarpur, 

Sirohi and Udaipur districts of Rajasthan, 0.77–3.07% 

prevalence of α-thalassaemia (Hb-Bart’s) has also been 

reported (Choubisa et al.  2000 ) (Table  2 ). However, in the 

state of Rajasthan where multiple populations exist, stud-

ies on α-thalassaemia are inadequate. Therefore, to know 

the exact status of this mutant gene more research surveys 

are needed.    

    β-Thalassaemia 

 In Indian population, mainly two forms of β-thalassaemia, 

heterozygous (β-thalassaemia minor or trait) and homozy-

gous (β-thalassaemia major or disease) forms are endemic. 

Those subjects having its heterozygous state are commonly 

referred as thalassaemia carriers. All of them are adults and 

have normal appearance and survive as healthy individu-

als.These are adult individuals, normal in appearance and 

survive as healthy individuals. In India, their frequency 

varies from 1 to 17% with an average of 3.2% (Agarwal 

 2005 ). In children, β-thalassemia major is restricted and 

causing mild to severe anaemia. This condition become 

more severe as advancing of age, ultimately, children die. 

In India, this syndrome was fi rst time reported in a Ben-

gali boy (Mukherjee  1938 ). Later on this β-thalassemic 

gene was reported from all parts of the India in diff er-

ent communities, indicating that India is a rich reservoir 

of β-thalassemia and allied disorders (β-thalassemia syn-

dromes) (Agarwal  2005 ). 

 In Rajasthan, the frequency of β-thalassemic genes varied 

greatly in diff erent ethnic groups or populations (Table  1 ).

The highest incidence (9.0%) of β-thalassemia trait was 

found in tribal population (ST) followed by OBC(7.05%), 

SC (3.96%) and GC (0.35%). However, few unrelated cases 

of β-thalaasseamia major (heterozygous state) have also been 

detected. Few cases of association of β-thalassemic gene 

with abnormal haemoglobin variants (HbS-thalassemia, 

HbD-thalassemia and HbE-thalassemia) have also been 

detected in diff erent caste groups of Rajasthan (Choubisa 

 1991 ,  2003 ; Choubisa et al.  2004 ; Choubisa and Choubisa 

 2006 ; Bansal et al.  1988 ) but such interactions of mutant 

genes are uncommon. 

    Glucose-6-phoasphate dehydrogenase enzyme 
defi ciency  (G d ) 

 Glucose-6-phoasphate dehydrogenase (G-6-PD) is the fi rst 

and also the fate-limiting enzyme of the pentose phosphate 

shunt (PPS) and plays a pivotal role in the series of reactions 

which culminate in detoxifi cation of  H 2 O 2  in the erythrocyte 

and thus prevent destruction of erythrocyte itself. 

 Interestingly,  G d  is a sex-linked defect being transmit 

from mother to son only. While 50% of the son shows severe 

enzyme defi ciency, the mother reveals only slightly lowered 

or normal values. Thus, this sex-linked character fi nds full 

expression in the hemizygous male and homozygous female 

and only partial expression in the heterozygous female. The 

gene responsible for  G d  is located on X-chromosome, thus 

the activity in the female may be expected to be twice that 

of males. However, many studies showed no diff erence in 

the enzyme activity between males (XY) and females (XX). 

 G d  has been extensively studied worldwide due to its 

medical and health, genetically and anthropological and 

malaria importance. Moreover,  G d  is also a predisposing 

factor in the causation of drug induced haemolytic anaemia 

and congenital non-spherocytic haemolytic disease resulting 

in oxidative damage to erythrocyte membrane and hymoly-

sis. This defective gene aff ecting around 400 million people 

worldwide and is characterized by considerable biochemical 

and molecular heterogeneity. In India,  G d  has been exten-

sively studied in diverse populations of diff erent geographi-

cal areas or states and union territories. However, maximum 

studies were carried out in tribal populations residing in 

malaria endemic provinces. The incidence of  G d  is greatly 

varied from region to region and community to community 

in India. Many researchers (Das et al.  1982 ; Khare  1998 ; 

Santhi and Sachdeva  2004 ; Dash et al.  2005 ; Balgir  2007 ; 

Achoubi et al.  2010 ; Memon et al.  2016 ; Devendra et al. 

 2019 ) have screened blood of thousands of people belonging 

to ST, SC, OBC and GC populations for evidence of  G d  gene 

and reported its variable incidence from Andhra Pradesh 

(0.0–11.63%), Arunachal Pradesh (0.0–19.4%), Assam 

(4.7–15.8%), Bihar (0.0–20.34%), Chhattisgarh (0.0–5.0%), 

Goa and Daman (0.0–1.1%), Gujarat (0.0–19.53%), Hary-

ana (6.13–11.49%), Himachal Pradesh (2.6–14.86%), 

Jammu & Kashmir (4.59–8.40%), Karnataka (0.0–9.4%), 

Kerala (0.0–11.90%), Madhya Pradesh (0.0–21.55%), 

Maharashtra (0.0–33.5%), Manipur (7.84–21.32%), 

Meghalaya (0.0–14.28%), Mizoram (0.0–17.5%), Nagaland 

(9.1–27.6%), Odisha (13.7–30.4%), Punjab (2.1–13.5%), 

Rajasthan (0.67–22.0%), Tamil Nadu (0.0–9.0%), Uttar 

Pradesh (1.3–7.40%), West Bengal (2.2–19.40%), Dadra and 

Nagar Haveli (6.3–19.6%) and Delhi (2.1–2.8%). 

 In Rajasthan,  G d  has also been widely studied in vari-

ous populations of desert and humid environments. Its 

prevalence varies from 8.03–22.0% in tribal communities 
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followed by 1.31–16.66% in SC and 0.64–17.60% in OBC 

and GC population. Incidence of  G d  gene in various endoga-

mous ethnic groups of various populations has been depicted 

in Table   1 . The association of  G d  gene with any mutant 

Hb variant and thalassaemic genes has not been reported 

from Rajasthan. However,  G d  genes are relatively more 

prevalent in subjects of humid environment as compared to 

subjects of desert (Table  3 ).  

    Natural selection in tribals against malaria 

 In Rajasthan, relatively a high incidence of Hb-S, 

β-thalassaemia and G-6-PD enzyme defi ciency  (G d ) genes 

has been observed and reported in tribal individuals resid-

ing in humid environment as compared to people inhabiting 

desert environment (Table  3  and Fig.  1 ). In humid environ-

ment dreaded malaria is also endemic. Evolution or natural 

selection point of view, the occurrence of high incidence 

of these mutant genes in tribal people of malaria endemic 

provinces has great signifi cance. Indeed, malaria as biologi-

cal factor exerts a selective pressure for mutation in red cell 

(erythrocyte) genes located on chromosomes. These muted 

genes play a vital role in protection against dreaded malaria 

in tribal individuals and thus tribals prevented from infection 

of malaria parasites. In human evolution, this is an intri-

cate or unique kind of natural selection in tribal people who 

are living in such a geographical region where malaria is 

endemic. 

 It is well documented, ‘natural selection’ as the princi-

pal driving force for evolution of living organisms (Darwin 

 1956 ) and “evolutionary theory” is largely based on the 

understanding of “selection” and its consequences for ori-

gin of species. The concept of ‘fi tness’ is a central theme of 

the theory of evolution. The Darwinian concept of selection 

is now understood in population genetics as the operational 

force that determines the relative fi tness of a genotype in 

the population, thus aff ecting the gene concerned (Thomson 

and Thomson  1986 ). It is also recognized that selection has 

playing an important role the one hand, in the evolution of 

living organisms in achieving change in gene frequency by 

diff erential survival and reproduction of genotype, and on 

the other hand, playing a conservative role by producing 

equilibrium between mutation and selection (Stem  1968 ). 

One of the best examples for balance polymorphism or nat-

ural selection is sickle cell haemoglobin (Hb-S) which is 

more prevalent in tribes inhabiting malaria endemic areas. 

The heterozygote or individual has sickle cell trait (Hb-AS) 

is protected against  falciparum  malaria and does not suff er 

from lethal sickle cell disease (Hb-SS), whereas the nor-

mal homozygote (Hb-AA) is vulnerable to malaria (Allison 

 1956 ; Choubisa  1997a ,  b ). Further it was also confi rmed 

that malaria parasite,  Plasomodium  is unable to penetrate 

or infect the plasma membrane of red blood cells containing 

Hb-S (Friedman  1978 ).  G d  and thalassaemia syndromes are 

also examples of natural selection and are protective factors 

against the malaria in tribals (Swarup  1978 ; Choubisa et al. 

 1984b ; Choubisa  1985b ). The relationship between malaria 

and these mutant genes has been investigated and it is now 

generally accepted that malaria exerts a selective pressure 

for the maintenance of higher frequencies of sickle cell and 

 G d  genes. In malaria endemic southern Rajasthan, Hb-C and 

Hb-SC genes have also been detected. Though, these genes 

are less prevalent but their presence in the tribal population 

has great signifi cance in relation to malaria. The relation-

ship between other abnormal Hb variants and malaria is 

still unclear or controversial. However, these are, perhaps, 

due to eff ect of physical and biological factors of particular 

geographical region or environment. For the justifi cation, 

studies of in-vitro culture of malaria parasite in blood of 

subjects having abnormal Hb variants can clear the correla-

tion between malaria and abnormal Hb variants. 

    Chronic fl uoride exposure and erythrocyte genetic 
disorders 

 In southern Rajasthan, having more than 70% tribal popula-

tion, almost all the drinking groundwater sources are highly 

contaminated with fl uoride toxicant (Choubisa et al.  1995 ; 

 1996a ; Choubisa  1997b ). In this region, thousands of tribal 

people are suff ering with serious fl uorosis disease and other 

health complaints due to excess consumption of fl uoridated 

water in drinking and cooking (Choubisa et  al.  1996b , 

 1997 ; Choubisa  1998 ,  2001 ,  2012 ). It is well established, 

fl uoride damage not only hard tissues (teeth and bones) 

but also diverse soft tissues including blood cells. In the 

recent studies, it has been concluded that excess fl uoride 

exposure accelerate the various haematological degeneration 

leading to erythrocyte death and anaemia (Agalakova and 

Gusev  2013 ; Yasmin et al.  2014 ; Pornprasert et al.  2017 ). In 

southern Rajasthan, sickle cell disease and β-thalassaemia 

major are lethal and causing a varying degree of anaemia in 

  Table 3       The highest incidence (%) of Hb-S, β-thalassaemia and  G d  

genes in diverse populations inhabiting desert and humid environ-

ments of Rajasthan (India)  

  Environment    Population    Hb-S    β-Thalassaemia    G d   

  Humid    ST    31.14    9.00    22.00  

    SC    10.88    3.96    16.66  

    OBC and GC    5.98    7.05    17.60  

  Desert    ST    1.08    3.47    8.69  

    SC    1.35    1.35    5.66  

    OBC and GC    –    0.75    2.24  
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adults and children of tribes, respectively (Choubisa  1997a , 

 b ). Therefore, earlier death is possible due to chronic fl uo-

ride intoxication in tribal individuals having these red cell 

genetic diseases. For its confi rmation, extensive scientifi c 

studies are needed in tribal subjects living in the fl uoride 

and fl uorosis endemic areas. 

    Mitigation and prevention 

 In tribal people of Rajasthan, genes of sickle cell anaemia 

and β-thalassaemia major are prevalent and causing adverse 

health eff ects and death. In fact, both diseases are killer. For 

the treatment, tribal people generally used a cruel method 

in which they staining sharp hot iron rods on various body 

parts, hands, feet, stomach and forehead of sicklers and 

  Fig. 1       Prevalence (%) of Hb-S, 

β-thalassaemia and  G d  genes in 

ST, SC, OBC and GC popula-

tions of desert and humid envi-

ronments of Rajasthan (India)  
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thalasseamic children. After few days, they may die due 

to secondary infection. For better and healthy life of tribal 

people, eff orts towards checking of further inheritance of 

these red cell lethal genes in tribals are necessary. For the 

amelioration and control of these erythrocyte genetic dis-

orders, free blood testing facility and genetic counseling 

center at health centre or at district head quarter are highly 

suggestive in tribal areas of Rajasthan. Children are not 

born with red cell genetic disorders, it is necessary; neither 

the marriage between the conductors or carriers nor the 

physical relationship between them which is possible by 

genetic counseling and health education in tribal individu-

als. These are eff ective ways by which inherited of these 

disorders can be controlled or checked for their further 

inheritance in new generation. 

     Conclusion 

 In Rajasthan, genes of various abnormal Hb variants, 

Hb-AS/SS, Hb-AD, Hb-AE, Hb-AC, Hb-AJ/JJ and 

Hb-AH, α and β-thalassaemia and  G d  are endemic with 

varying incidence in various endogamous ethnic/caste 

groups of ST, SC, OBC and GC populations of both 

desert and humid environments. Genes of sickle cell Hb, 

β-thalassaemia and  G d  are common and prevalent with 

high incidence in tribal people as compared to non tribal 

subjects. Genes of HbS-thalassaemia, HbD-thalassaemia 

and HbE-thalassaemia are also endemic but these rare in 

occurrence. These fi ndings indicate, Rajasthan is a reser-

voir of various inherited red cell genetic disorders. High 

incidence of Hb-AS and β-thalassaemia trait and  G d  genes 

in tribal people are the resultant of natural selection and 

protecting them against malaria infection. But genes of 

sickle cell anaemia (Hb-SS) and β-thalassaemia major are 

lethal. Therefore, well proof health plan should be imple-

mented in tribal areas of Rajasthan for the mitigation and 

control of further inheritance of genes of these erythrocyte 

genetic diseases or orders.         
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