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ABSTRACT 
Sickle cell anemia and glucose – 6 – phosphate dehydrogenase (G6PD) deficiency are two major genetic health 
problems in many states of India including Chhattisgarh. Present work was undertaken to determine frequency of 
G6PD deficiency among sickle cell anemia patients and to establish correlation between both monogenetic disorder 
among target population for study of future course of management. Total 1,091 samples from four villages of Durg 
district of three different age groups i.e. 10-20, 20-30 and 30-40 years were analyzed. Frequency of sickle cell anemia 
was determined by slide test followed by electrophoresis and G6PD deficiency by methemoglobin reduction test. 
Correlation among both diseases was analyzed by Karl Pearson’s Correlation Coefficient. Overall frequency of sickle 
cell anemia and G6PD deficiency among sickle patients was reported 5.13% and 23.21% respectively. A high degree of 
positive correlation between sickle cell anemia and G6PD deficiency was reported from three villages of Durg district 
(Jamgaon- r=0.86; Belaudi- r=0.94; Thanod- r=0.94) and low degree of negative correlation was reported from one 
village (Khapri- r= -0.49)  The study makes possible the successful management and control of genetic diseases. 
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INTRODUCTION 
Sickle cell disease (SCD) is a single gene haematological inherited disorder results from inheritance of 
two copies of mutated variant of β-globin gene. It is common in individuals of African, Arabian and 
Indian origin [1]. SCD is caused due to point mutation at 6th position of β-globin chain which results in 
replacement of glutamate by valine and ultimately it leads to misshapen RBC [2]. 
Inheritance of sickle cell anemia (SCA) occurs by an autosomal recessive gene and clinical symptom 
appears only in individuals with homozygous (HbSS) condition [3]. Decreased expression of HbSS 
during fetal life is due to production of increased level of HbF. Thus clinical symptom begins to appear 
after six months of birth, when there is reduction in level of HbF [4]. SCD leads to polymerization of 
RBCs and thus it becomes rigid, sticky and becomes sickle shaped and these RBC causes obstruction in 
blood flow. The two major symptoms of SCD are severe anemia and vaso-occlusion crisis. Pain is 
typically caused by vaso-occlusion crises (VOC) which is the hallmark of SCD. Hypoxia, ischemia and 
intolerable painful episodes are results of SCD [5]. Sickle cell traits are generally asymptomatic but 
exposure of carriers to stressed condition shows various medical conditions like hematuria, splenic 
infarction, hyposthenuria etc [6]. 
In India, the disease was first detected in 1952 among residential tribes of Nilgiri hills of South India. 
Central and Western region of India has high prevalence of sickle cell trait as well as disease [7]. 
Affected gene is distributed mainly in Madhya Pradesh, Chhattisgarh, Maharashtra, Odisha, Tamil Nadu, 
Kerala etc [8]. 
According to a report of Jawahar Lal Nehru Memorial Medical college, Raipur, in Chhattisgarh, 10% of 
total population are affected with sickle cell disease among which tribal population are common 
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sufferers. According to Dr. A. R. Dalla – former Chairman of Indian Red Cross Society, Chairman Sickle 
Cell Organization of India – per year 10,000 children die of sickle cell in Chhattisgarh state. In a report 
released in December, 2017 by State Health Resource Centre, Raipur, 20% of Gond tribes suffers from 
sickle cell disease while 22% of prevalence rate reported from Sahu and Kurmi population. State govt. 
of Chhattisgarh has also started various initiatives to control sickle cell anemia in collaboration of SHRC, 
C.G. and TISS, Mumbai [9]. 
Another single gene disorder is G6PD deficiency which is the most common X-linked enzymopathy 
affecting approximately 400 million people worldwide leading to acute haemolytic anemia [10]. It plays 
important role in maintenance of reduced glutathione which protects cell from damage due to oxidative 
stress. G6PD is especially important in RBC’s because in RBC, G6PD enzyme is the only source that can 
generate NADPH [11]. Deficiency in G6PD shows polymorphism in malaria endemic regions. Frequency 
of prevalence of G6PD deficiency is 2.3% – 27% in India while it is reported 7.7% in tribal communities. 
More than 10 percent of Gd- genotype reported from tribal communities of different states i.e. 
Nagaland, West Bengal and Chhattisgarh while it is less than 10 percent in the states like Himachal 
Pradesh, Uttarakhand, Andhra Pradesh and Madhya Pradesh [12].  
Although a lot of studies regarding prevalence and association of sickle cell anemia and G6PD deficiency 
have been carried out in national as well as international level, limited reports regarding its prevalence 
and association are available for Chhattisgarh. Thus present study was carried out in Sahu and Kurmi 
community of Durg district to determine the frequency and correlation among both diseases i.e. Sickle 
cell anemia and G6PD deficiency. 
 
MATERIAL AND METHODS 
Present study was carried out in Sahu and Kurmi community from four villages (Jamgaon R, Khapri, 
Belaudi and Thanod) of Durg district of Chhattisgarh, India. Total 1,091 blood samples were collected 
for analysis after approval from Institutional Ethical Committee. Collected samples were sub-divided 
into three different age groups (10-20, 20-30 and 30-40 years).  
Selection of population and area: Chhattisgarh state is also known as state of tribal communities as 
well as Sahu and Kurmi communities are native community of the state and consanguineous marriage 
is common phenomena among some communities which restrict the diversification of gene thus 
adversely affecting these communities. For this reason Sahu and Kurmi community of Durg district was 
selected for study. 
Screening of Sickle Cell Anemia and G6PD deficiency: Total 1,091 samples were screened for 
detection of sickle cell anemia and G6PD deficiency. Two ml intravenous blood sample was collected 
and subjected to sodium metabisulphite slide test followed by Cellulose Acetate Paper Electrophoresis 
for detection of HbAS and HbSS while G6PD deficiency was detected by methemoglobin reduction test. 
Statistical validation of data: Correlation between G6PD deficiency and sickle cell anemia was 
established by Karl Pearson’s Correlation Coefficient.  
 
RESULTS 
High frequency of both sickle cell anemia and G6PD deficiency was reported in Sahu and Kurmi 
community from four different villages (Jamgaon R, Khapri, Belaudi and Thanod) of Durg District of 
Chhattisgarh, India. Total 4.53%, 5.23%, 6.01% and 4.90% were found suffering from sickle cell anemia 
(Fig 3) and 21.4%,18.18%, 25.0% and  26.6% sickle patients were reported with G6PD deficiency from 
Jamgaon R, Khapri, Belaudi, Thanod respectively (Table 1-4; Fig 1(a-b); Fig 2; Fig 4). A high degree of 
positive correlation between sickle cell anemia and G6PD deficiency was also reported in our study 
except in village Khapri (r = -0.49) (Table 5; Fig 3-4). 

 
Table 1: Showing frequency of prevalence of Sickle cell anemia and G6PD deficiency among population 

in village Jamgaon R (Patan) of Durg district of Chhattisgarh, India. 
S.No. Age Group 

(in years) 
Total no. of 

subjects 
Total sickled 
individuals 

Total no. of sickled 
individuals with 
G6PD deficiency 

HbAS HbSS 

1.  10-20 years 150 05 01 05 01 

2.  20-30 years 122 04 -- 03 01 

3.  30-40 years 37 05 02 04 -- 

Total  309 14 03 12 02 

Total Percentage   4.53% 21.4% 3.88% 0.64% 
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Table 2: Showing frequency of prevalence of Sickle cell anemia and G6PD deficiency among population 
in village Khapri of Durg district of Chhattisgarh, India. 

S.No. Age Group 
(in years) 

Total no. of 
subjects 

Total sickled 
individuals 

Total no. of sickled 
individuals with 
G6PD deficiency 

HbAS HbSS 

1.  10-20 
years 

104 04 01 04 -- 

2.  20-30 
years 

73 03 01 03 -- 

3.  30-40 
years 

33 04 -- 04 -- 

Total  210 11 02 11 00 

Total Percentage   5.23% 18.18% 5.23% 0.00% 

 
Table 3: Showing frequency of prevalence of Sickle cell anemia and G6PD deficiency among population 

in village Belaudi of Durg district of Chhattisgarh, India. 
S.No. Age Group 

(in years) 
Total no. of 

subjects 
Total sickled 
individuals 

Total no. of sickled 
individuals with 
G6PD deficiency 

HbAS HbSS 

1.  10-20 years 133 06 02 05 01 

2.  20-30 years 69 05 01 05 -- 

3.  30-40 years 64 05 01 05 -- 

Total  266 16 04 15 01 

Total Percentage   6.01% 25.0% 5.63% 0.37% 

 
Table 4: Showing frequency of prevalence of Sickle cell anemia and G6PD deficiency among population 

in village Thanod of Durg district of Chhattisgarh, India. 

S.No. 
Age Group 
(in years) 

Total no. of 
subjects 

Total sickled 
individuals 

Total no. of sickled 
individuals with G6PD 

deficiency 

HbAS HbSS 

1.  10-20 years 161 06 02 04 02 
2.  20-30 years 102 05 01 04 01 
3.  30-40 years 43 04 01 04 -- 

Total  306 15 04 12 03 
Total %   4.90% 26.6% 3.92% 0.98% 

 
Table 5: Showing Karl Pearson’s correlation coefficient among G6PD deficient, HbAS and HbSS 

individuals. 
S.No. Villages Correlation coefficient (r) G6PDd and HbS 

1. Jamgaon R (Patan) 0.86 
2. Khapri                  -0.49 
3. Belaudi 0.94 
4. Thanod 0.94 

 

             
a.                                                                 b. 

Fig 1: (a) Microscopic view of sickled RBC; (b) Cellulose Acetate Paper Electrophoresis for detection of 
HbAS and HbSS condition. 
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Fig 2: G6PD deficiency test; Partial/No Decolorisation – G6PD deficient sample, Complete 

Decolorisation – G6PD present. 
 

                           
Fig 3: Percentage frequency of sickle cell anemia in different villages of Durg district of Chhattisgarh 

India. 

 
Fig 4: Percentage frequency of G6PD deficiency in different villages of Durg district of Chhattisgarh 

India. 
DISCUSSION 
With time genetic diseases are gaining proportionately greater importance as compared to any kind of 
infectious diseases like beta thalassaemia, sickle cell disease, and haemoglobin E disease which is 
responsible for significantly high rate of morbidity and mortality in India and other parts of world. The 
most prevalent inherited blood disorder is sickle cell anemia which results from single point mutation 
within beta globin gene [13]. Gene flow from the region with high allelic frequency of sickle cell anemia 
i.e. Sub-saharan Africa, Middle east and India to Europe and various regions of America is due to the 
movement of population, which leads to increase in sickled individuals throughout the world [14]. As 
according to different reports available each year approximately 3,00,000 newborns are with sickle cell 
anaemia and most of these births takes place in countries with poor social and economic condition 
[6,15]. The tribal communities of South India were first in India among whom the sickle cell mutation 

G6PD deficient 
sample 

G6PD deficient 
sample 
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was described [8], but the prevalence among both tribal and non-tribal population is very high. The 
prevalence rate of sickle cell anemia in India is extremely high in the central and western regions [16]. 
According to the survey report of ICMR 20% of children with sickle disease died by the age of two and 
30 percent of children with sickle cell disease among the tribal community also die before they reach 
adulthood [17]. The actual incidence and most of our understanding and knowledge of the natural 
history of the sickle cell disease comes from developed countries where effective interventions have 
resulted in significant reduction in mortality.  
The major clinical manifestation of homozygous sickle cell anemia in India as well as in other countries 
is vaso-occlusion [18] the incidence of which is high during winter season [19]. Though present 
study provides valuable information about sickle patients in different villages of Durg district of 
Chhattisgarh, India and percentage prevalence was reported 4.53%, 5.23%, 6.01% and 4.90% from 
Jamgaon R (Patan), Khapri, Belaudi and Thanod of Durg district respectively but there is further need 
for collaborative studies to get a complete picture of SCD in the country. A high prevalence of HbS from 
Gujarat was also reported i.e. 13-31%. 20.8% prevalence of sickle cell trait among males of Jos, Nigeria 
was also reported by Egesie et al., 2008 [20]. Frempong et al., 2008 [21] have also reported 20-40% 
prevalence of sickle cell trait among Ghanaian population while a similar work done by Baffour et al., 
2015 in Ghana reported comparatively lower percentage of SCT i.e. 11.3% [22]. 
Main source of energy for red cell is glucose and there are two major pathways for metabolism of 
glucose i.e. glycolytic pathway and hexose monophosphate (HMP) shunt or pentose phosphate 
pathway. Glucose-6-phosphate-dehydrogenase (G6PD) is an enzyme that catalyzes first step of HMP 
shunt and produces NADPH which is essential for maintenance of reduced glutathione (GSH). GSH plays 
important role in protecting red cells from oxidative stress and ultimately damage due to oxidative 
stress [23] and deficiency of this enzyme makes red blood cell sensitive to any kind of oxidative stress. 
The major clinical manifestations of this disorder are drug induced haemolytic anaemia, neonatal 
jaundice and chronic non-spherocytic haemolytic anaemia [24]. The overall prevalence of G6PD 
deficiency is 7.7% of which more than 10% of G6PD deficiency was reported from Chhattisgarh region, 
West Bengal, Gujarat etc. while less than 5% G6PD deficiency was reported from Tripura, Uttarakhand, 
Himachal Pradesh, Andhra Pradesh etc. According to survey report of World Health Organization, 0-
10% prevalence of G6PD deficiency was reported in India with maximum frequency among tribals as 
compared to caste population [25, 26]. Moinuddin et al., 2017 reported 0.40% prevalence of G6PD 
deficiency in Bangalore, Karnataka among neonates, they also reported significant difference in 
prevalence between male and female individuals with p value of 0.002 [27]. 
The area wise frequency of G6PD deficiency ranges between 0% - 30.70% in Eastern India, 0% - 27.9% 
in Western India, 0% - 23.21% in Northern India, 0% - 18% in Southern India, 1.86% - 15.71% in 
North-eastern India and 0% - 19.23% in Central India [28]. Present study was carried out to determine 
the frequency of G6PD deficiency among population of different villages of Durg district of Chhattisgarh, 
India. Results reported that percentage frequency of G6PD deficiency are 21.4%, 18.18%, 25.0% and 
26.6% from Jamgaon R (Patan), Khapri, Belaudi and Thanod villages from Durg district of Chhattisgarh 
state respectively.   
Sickle cell anemia and Glucose-6-phosphate dehydrogenase deficiency are major genetic problems in 
Central part of India. There is a concept that a positive association exist between sickled and G6PD 
deficient individuals and present study was undertaken to determine association between both genetic 
diseases with an expectation that outcome of the study will be helpful for better quality of life of the 
people suffering from such diseases. Bouanga et al., 1998 reported frequencies of three different alleles 
of G6PD i.e. B, A+ and A- alleles were 56.9, 20.8 and, 22.2% in the patients as compared to 56.3, 21.2 
and, 22.5% in the controls respectively [29]. They concluded that prevalence of G6PD genotypes in 
HbSS did not differ (p > 0.05) from that found in the controls. Mohammad et al., 1998 [30] reported 
47% G6PD deficiency from HbSS genotype and 19% from control group and on the basis of their data 
obtained they concluded positive association between G6PD deficiency and sickle cell anemia which is 
due to endemicity of falciparum malaria in regions of Saudi peninsula. Dominique et al., 2018 [31] 
reported the frequency of G6PD A- mutation among 13% of sickled individuals in Senegal which is 
similar to prevalence in African region and the deficiency of G6PD enzyme is not responsible for 
severity of disease. Memon et al., 2017 [32] also reported that 5.3% of sickled individuals are G6PD 
deficient but concluded no positive association between both.  
However the findings of the present study is contradictory to those of Dominique et al, 2018, Memon et 
al., 2017 and Bouanga et al., 1998 [29, 31, 32] in that the sickle cell gene leads to elevated G6PD levels 
in G6PD deficient males. Present result indicates positive as well as negative correlation among both 
condition with r values of 0.86, -0.49, 0.94, 0.94 from Jamgaon R, Khapri, Belaudi and Thanod of Durg 
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district respectively which is novelty of our study because no literatures are available regarding 
positive correlation among sickle cell anemia and G6PD deficiency. Thus present study suggests that 
sickle haemoglobin do not exert any beneficial effect on G6PD deficiency. 
 
CONCLUSION 
On the basis of our study we reached on conclusion that in villages of Chhattisgarh state of India, there 
is a positive correlation between two monogenetic diseases i.e. Sickle cell anemia and Glucose-6-
phosphate dehydrogenase deficiency inspite of several reports of negative correlation from several 
parts of the world, so based on this study we recommend screening of all sickled population for G6PD 
study also to protect them from various drug induced hemolysis.  
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