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Abstract

Sickle cell anemia burden is generally studied by calculating how many sickle cell carriers are found in specific diagnostic 
camps based on combination of screening test and confirmatory tests i.e. sickle cell carrier prevalence method. Where as 
actual total numbers of alleles can be estimated by combining data of how many carriers and homozygous patients are found 
in the confirmatory testing camps, which is a gene frequency calculation method. Aim of this study is to compare prevalence 
and gene frequency calculations for one village data, for study conducted in year 2005 at Visapur village, Chandrapur district, 
Central India. Sampling was done in village school followed by screening and confirmatory testing at field work laboratory 
at Ballarpur city which included solubility test, hemoglobin estimation, hemoglobin electrophoresis using cellulose acetate 
membrane method followed by pedigree analysis after parent studies. 
This is a sickle cell anaemia study of single village data point. Out of total population of the village, 6.68% population were 
randomly studied. Total registrations done for 755 individuals and out of that total 628 individuals were tested (N = 628, 
293 were females and 335 were males) for solubility tests followed by haemoglobin electrophoresis. For socioeconomically 
disadvantages groups, it was noted that out of 628 individuals, tribals were 111 and non-tribals, 517. Out of total tested, 
N=628, SCD homozygous status were found in 7 cases (Hb S+S electrophoresis pattern). In 87 cases sickle cell carrier status 
(Hb A+S electrophoresis pattern) were observed and in remaining 534 individuals, non-sickle cell status observed i.e. Hb A+A 
electrophoresis pattern. Based on this sickle cell prevalence observed for total tribal and non-tribal is 13.85% After classifying 
tribal Vs non-tribal population, 7 homozygous patients were found in non-tribal communities, 5 in Schedule caste, 1 in OBC 
and 1 in open category, there is no SCD patient found in tribal community. Out of 50 sickle cell carriers, 7 were found from 
tribal community and remaining all 80 belongs to non-tribal community. Out of which, 49 are from scheduled cast and 31 from 
OBC community.
After studying sickle cell prevalence and gene frequency pattern, it is found that gene frequency gives more accurate status of 
sickle cell anaemia even in small population size, i.e. independent study of single village, as compared to estimation sickle cell 
anemia using sickle cell carrier prevalence method.
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Abbreviations 

NT: Nomadic Tribe; OBC: Other Backward Caste; SC: 
Scheduled Caste.

Introduction

Sickle cell anemia, one of the most common inherited 
genetic disorders in Indian tribes, is highly prevalent in 
Central India along with Western and Southern Indian 
states. Sickle cell anemia Obeagu E, et al. [1,2] a single base 
substitution on beta globin chain, i.e. presence of valine 
instead of glutamic acid in human hemoglobin facilitating 
hydrophobic interaction of this valine side chain to other 
amino acids of other hemoglobin molecules leading to 
polymerization of hemoglobin is the hallmark of this 
hematological disorder. Gene frequency and genotype 
studies reported from: Chhattisgarh suggested about 
variabilities of tribal population from state to state Singh 
G, et al. [3], Madhya Pradesh Nigam R, et al. [4], Wayanad 
district, Kerela Feroze M, et al. [5], Yavatmal Chede S, et al. 
[6], Jammu and Kashmir Fareed M, et al. [7], and a general 
view all over India [8]. In the state of Maharashtra various 
studies were designed and camps were conducted for 
understanding the prevalence pattern at state level district 
levels Kate, et al. [9]. Prevalence of sickle cell gene in Yemen 
was also done [10]. We designed study in one specific 
block and 50% of that block was studied with up to 15% 
of the total population of each village. One of the villages 
is Visapur belongs to block Ballarpur district Chandrapur 
where random sampling was done for screening and 
confirmatory tests for the final lab testing of sickle cell 
anemia. Objective of the present study is to compare sickle 
cell carrier prevalence verses gene frequency in a small 
population size, of various socio-economic groups of single 
villages to asses which one gives more correctness of sickle 
cell status. Some gene frequency and prevalence studies 
were even done abroad, in Gabon, Central Africa Delicat-
Loembet M, et al. [11], Saudi Arabia, Alzahrani YA, et al. [12].

Methodology 

In India, marriages are done within a specific caste and 
category of the community, and it is well-known and majority 
of marriages now also within a community. Sickle cell anemia 
is prevalent in two major subtypes, which can be divided 
into tribal population Vs non tribal population. History of 
sickle cell anemia is trace back to civilization era around five 
thousand years before tribal population are early settlers in 
India. After that various migration waves happened resulting 
in displacement of tribal communities towards geographic 
boundaries such as banks of rivers, high mountains, and 
deep forests etc. Sickle Cell Hemoglobin (Hb S gene) might 

have introduced from tribal community group to non-tribal 
community group, as an occasionally or accidently while 
retaining majority of the matings within community, i.e. 
conserved gene pool for every community. To understand 
how far sickle cell anemia is spreading or progressing in the 
communities, any of the both an indicators of estimating 
disease burden can be used, i.e. the “prevalence of sickle 
cell carriers” or “presence of Hb S gene frequency”, Mostly, 
sickle cell status is generally studied using sickle cell carrier 
prevalence. Objective of the present study is to compare sickle 
cell carrier prevalence verses HbS gene frequency in a small 
population size, of various socio-economic groups within a 
single village to asses which one gives more correctness of 
sickle cell presence in the community. As mentioned above, 
tribal population are generally not mixing with the general 
population, so both the broadly defined communities, tribal 
Vs non tribals, are not marrying in between communities. 
So, even though it’s a genetic analysis, classification of the 
subjects needs to do, and here we did as tribal Vs non tribal 
communities.

Total registrations were done for 5195 individuals 17 
geographic locations including mostly villages and few 
towns. This was the largest project during that time period, 
where 10% to15% sampling were covered from most of 
the villages except towns. Total solubility tests were done 
for 4008 samples. All solubility test positive samples were 
processed for Hemoglobin electrophoresis alongwith 
large number of solubility test negative and solubility 
test doubtful cases also tested for confirmatory tests.
Out of 4008 total screening samples, 3408 samples were 
processed for Hemoglobin electrophoresis in this random 
population study, where total males were 1773, average age 
14.42 years (1 to 90 years, except one SS patient) and total 
females were 1635, average age 15.23 years (1 to 80 years). 
From the confirmed analyzed data (N=3408, AA= 2829, 
AS= 526 and SCD=53), community-wise and village-wise 
prevalence was reported based on percent of sickle cell 
carriers in this region. From the confirmed analyzed data, 
[N=3408, AA=2829, AS=526 and SCD = 53], Community 
wise prevalence in the studied block of Chandrapur district 
were found to be, in non tribal population groups, SC (Hb 
AS 234/ Total tested SC community = 853) = Sickle Cell 
carriers prevalence 27.43% in year 2005), OBC (HbAS 185 
/1512 = Sickle Cell carriers prevalence 12.23%), other Non 
tribal general population (other than SC and OBC) (Hb AS 
4/48 = Sickle Cell carrier prevalence 8.33%). And in tribal 
population, in ST (HbAS 91/722 = Sickle Cell prevalence 
= 12.6%) and in NT (HbAS 7/ 263 = Sickle Cell carriers 
prevalence 2.66%). Whereas, overall sickle cell HbAS 
carriers prevalence of this study from 110 Sq km area of 
Ballarpur block from 17 villages in district Chandrapur in 
Central India found to be 15.43% (HbAS 526 from total 
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N= 3408 confirmed tested). In this research paper, we are 
reporting one of the villages for assessing Prevalence Vs 
Gene Frequency, which one better expresses how much 
sickle cell anaemia is spreading in one specific village".

Type of Study

This report is a single village data point study with an 
analytical element that includes patients from Visapur, a 
small village in Maharashtra, Central India. Registration 
in schools were done with permission from the school 
authorities and sampling were done using 2 ml whole 
blood in EDTA tubes along with informed consent forms 
in local language. Haemoglobin testing was done using 
Sahli’s method followed by solubility test as a screening 
test and haemoglobin electrophoresis at alkaline pH by 
cellulose acetate membrane method as a confirmatory test 
[13]. Hemoglobin electrophoresis is a versatile technique 
using different supporting media such as cellulose acetate 
membrane, citrate agar as well as agarose gel [14]. Pedigree 
analysis also done for patients, i.e. homozygous SCD cases 
after matching results of parents and siblings for specific 
family for index patient as well as for sickle cell carrier index 
cases. Pre-Marriage counselling done for unmarried youths 
and genetic counselling done for those who got married 
recently or in the recent past with both life partners sickle 
cell carriers. Gene frequency calculations as well as sickle 
cell carrier prevalence analysis were done within specific 
groups to compare and analyse which one provide correct 
status of presence of sickle cell anemia in the community 
among the tested individuals within specific communities 
i.e. tribal Vs non tribals. Inclusion criteria: We included all 
patients who had registered and undergone the given tests 
(N=627, female =292 and male=353). Exclusion criteria: 
Patients that had undergone registration but hadn’t 
undergone the given tests (i.e. Sahli’s method, solubility and 
hemoglobin electrophoresis) were excluded from the study. 
Fetal hemoglobin (F) was excluded from gene frequency and 
prevalence calculations. 

Solubility Test

Solubility tests were conducted to identify the presence 
of HbS, an abnormal hemoglobin that arises from a point 
mutation in the HBB gene which encodes the beta-globin 
chain of the hemoglobin. This mutation leads to a single 
nucleotide change leading to the substitution of the amino 
acid glutamic acid with valine on the 6th amino acid position 
on the β-globin chain [15]. Solubility testing is primarily 
based on the insoluble nature of HbS (abnormally low 
solubility) in the presence of a concentrated phosphate 
buffer, a hemolyzing agent and sodium dithionite. The 
presence of these agents crystallizes the HbS and precipitates 

the cells (precipitate deforms red cells and gives them their 
sickle shape), these cells refract the light and cause solution 
turbidity [16]. In contrast to this, other forms of hemoglobin 
are completely soluble hence giving a clear solution [9]. But 
this test can’t differentiate between sickle cell trait and sickle 
cell disease and is sensitive to the detection of HbAS Arishi, et 
al. [16] hence it was used in conjunction with other methods 
like Hb electrophoresis. Solubility test is a most cost-effective 
screening test reported by various workers in early phase of 
sickle cell screening test [17].
 

Hemoglobin Electrophoresis

By using Cellulose acetate membrane electrophoresis 
various abnormal hemoglobins have been reported in 
India. Most prominent abnormal hemoglobins present in 
India are HbD, HbE and HbS [17,18]. This technique was 
used in conjunction with solubility testing, it allows for 
the separation of the hemoglobin based on the charge that 
its globin proteins carry [19]. Clinician use it across the 
globe for assessment of sickle cell anemia [20]. Each of the 
different types of hemoglobin has an electrical charge that 
varies by a degree from the others, this charge is determined 
by the polypeptide chains that constitute the make-up of 
the protein [19]. This process involves the facilitation of the 
migration of electrically charged particles (hemoglobin) by 
applying an electrical field to the hemoglobin components 
from red blood cells. Based on their charge the components 
separate and move away from each other at different rates 
hence forming a series of distinctly pigmented bands. The 
bands are subsequently compared with control samples on 
the same membrane strip. The quantification of the different 
types of hemoglobin can be used to denote the severity of 
any abnormality [9]. 

Hemoglobin Estimation

To gain an insight on the status of anemia in Visapur 
Sahli’s method was used to estimate the concentration of 
hemoglobin in the blood. Blood samples were collected 
using finger prick method and were mixed with an acidic 
solution (HCl) to convert the hemoglobin present in the 
blood cells to a brownish compound called acid hematin. The 
concentration of hemoglobin in the blood is proportional 
to the intensity of the color of acid hematin. Distilled water 
was then used to dilute the acid hematin solution until its 
color was of a similar nature to that of a standard reference 
solution. Using Sahli’s haemoglobinometer (comparator 
with brown glass) the solution was then compared with the 
set of color standards which correspond to various known 
concentrations of hemoglobin. Results were interpreted in 
gms/dl as given on the hemoglobin tube [19]. 
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Statistical Analysis

A database was designed with the categories village, age, 
gender, tribal and non-tribal population groups, hemoglobin 
levels, WHO anemia scale, solubility and electrophoresis. 
Gene frequency (allele frequency) as well as sickle cell carrier 
prevalence calculations. Gene frequency can be defined as 
the percentage of a population that carries a type of gene 
variant at a specific locus [21]. For sickle cell anemia, gene 
frequency is widely studied in India and elsewhere [22].

Prevalence = Total number of carriers*100/ Total 
number tested.

In population genetics, the Hardy-Weinberg equation, 
p2+2pq+q2 is used to represent allele frequency and how 
alleles are categorized into genotypes within a population. 
In this equation, p and q represent allele frequencies in a 
population, and because there are only two possibilities and 
they have to add upto 100 %, p + q = 1.

Gene exists in dominant and recessive forms; these are 
individually referred as alleles. In where p = dominant allele 
frequency and q = recessive allele frequency.

Results

Tribal V.S. Non-Tribal
Individuals Alleles Gene Frequency Prevalence

Total AA AS SS A S A S
Tribal 111 104 7 0 215 7 0.968 0.031 6.306

Non-Tribal 517 430 80 7 940 94 0.909 0.09 15.473
628 534 87 7

Tribal
Individuals Alleles Gene Frequency Prevalence

Total AA AS SS A S A S
Nomadic Tribe 36 36 0 0 72 0 1 0 0

Scheduled Tribe 75 68 7 0 143 7 0.953 0.0466 9.333
111 144 7 0

Non-Tribal
Individuals Alleles Gene Frequency Prevalence

Total AA AS SS A S A S
Open 16 15 0 1 30 2 0.937 0.062 0

Other Backward caste 293 261 31 1 553 33 0.094 0.056 10.58
Scheduled caste 208 154 49 5 357 59 0.858 0.141 23.557

364 282 76 7
Total Data

Individuals Alleles Gene Frequency Prevalence
AA AS SS A S A S

Total (N = 628) 534 87 7 1155 101 0.919 0.08 13.853
Table 1: Sickle Cell Anemia Carrier Prevalence and Gene Frequency Studies in Various Socio-economic Groups. Total data set = 
628.

https://medwinpublishers.com/MJCCS/


Medical Journal of Clinical Trials & Case Studies
5

Lingojwar D, et al. Sickle Cell Gene Frequency Analysis in Visapur, District Chandrapur: A Case 
Study of Single Village from Central India. Med J Clin Trials Case Stud 2024, 8(3): 000380.

Copyright© Lingojwar D, et al.

Figure 1: Gene Frequency in studied Tribal communities.

Figure 2: Gene  Frequency in studied Non-Tribal 
communities.

Figure 3: Graphical representation of Sickle Cell carrier 
(HbAS) percent prevalence across all the studied socio-
economic groups.

Discussion

Table 1 shows the gene frequency and prevalence of 
sickle cell disease among a total sample size of 628 individuals 

which is also indicated in fig. 3 for overall prevalence of sickle 
cell anaemia in tribal and non-tribal population groups. The 
Hb A gene frequency in the total data is higher than the gene 
frequency of Hb S indicating a higher number of normal 
(HbAA) as well as carrier patients (HbAS) when compared 
to affected patients (HbSS). It can also be seen that the 
prevalence of SCD in Visapur is approximately 13.85%. These 
results align with the hardy Weinberg principle indicating 
a higher proportion of normal and carrier individuals as 
compared to individuals affected with SCD. Table also shows 
a comparison of the gene frequency and prevalence of SCD 
among the tribal and non-tribal communities in Visapur with 
a total sample size of 628. The tribal sample included 111 
individuals with a SCD prevalence of approximately 6%. It 
can also be seen that Hb A had a higher gene frequency than 
Hb S indicating a higher number of normal as well as carrier 
patients compared to affected patients. The non-tribal 
sample included 517 individuals with a SCD prevalence 
of approximately 15%. It can also be seen that the gene 
frequency of both Hb A and Hb S are almost equal with 
negligible difference. Based on the higher prevalence of SCD 
in non-tribal communities we can infer that there could be a 
change or difference in the genetic dynamics among the non-
tribal population.

Table 1 indicates a comparison of the gene frequency 
and prevalence of SCD among nomadic and scheduled tribes 
in Visapur with a total sample size of 111 individuals. The 
nomadic tribe included 36 individuals with a SCD prevalence 
of 0%. It can also be seen that the gene frequency of Hb A 
is 1 in the absence of Hb S. These results could be due to 
the small sample size and may differ in a larger sample. 
The scheduled tribe included 75 individuals with a SCD 
prevalence of approximately 9.3%. It can also be seen that 
the gene frequency of Hb A is significantly higher than the 
gene frequency of Hb S. Based on the comparison of the 
collected data we can infer that SCD is more prevalent among 
scheduled tribes than nomadic tribes. Table also indicates a 
comparison of the gene frequency and prevalence of SCD 
among open, OBC and scheduled castes in Visapur with a 
total sample size of 517 individuals. Open consisted of 16 
individuals with a SCD prevalence of 0%. It can also be seen 
that HbA had a higher gene frequency than HbS by 0.875. 
OBC has a sickle cell prevalence of approximately 10.58% 
and the gene frequency of HbA is higher than the gene 
frequency of HbS. With 23.57% scheduled caste has the 
highest prevalence amongst the 3 groups. It also has a higher 
HbA gene frequency than HbS. Due to the higher prevalence 
in scheduled castes, we can interpret that they have a higher 
genetic risk for SCD compared to OBC and open.

Figure 1 indicates Gene Frequency in Tribal communities. 
The figure shows differentiating gene frequency between 
Nomadic Tribe (NT) (N = 36) and Scheduled Tribe (N = 75) 
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along with the total tribal gene frequency (NT + ST = 111). 
First bar represents the ‘A’ Allele and Second bar represents 
‘S’ Allele.

Figure 2 Indicates Gene Frequency in Non-Tribal 
communities. The figure shows differentiating gene 
frequency between Open caste (N = 16), Other Backward 
Caste (OBC) (N = 293) and Scheduled Caste (SC) (N = 208). 
First bar represents the ‘A’ Allele and Second bar represents 
‘S’ Allele.

Figure 3 Indicates Graphical representation of Sickle 
Cell carrier (HbAS) percent prevalence across all the socio-
economic groups. The figure shows differentiating precent 
prevalence between Nomadic Tribe (NT) (N = 36), Scheduled 
Tribe (N = 75), Open caste (N = 16), Other Backward Caste 
(OBC) (N = 293) and Scheduled Caste (SC) (N = 208).
 

Prevalence calculations showed that the population has 
a notable prevalence of individuals affected with SCD (HbSS) 
as well as sickle cell carriers (HbAS). The data also shows that 
the population deviates from Hardy-Weinberg equilibrium 
which indicates the presence of evolutionary pressures like 
non-random mating and natural selection which could be due 
to the heterozygote advantage in malaria-endemic regions. 
We can also infer from the prevalence and gene frequency 
calculations that scheduled tribes, scheduled castes and non-
tribal communities are at a higher risk for SCD as compared 
with their counterparts. Hence more public initiatives 
focusing on genetic screening, marriage counseling and for 
providing free or affordable healthcare are necessary for the 
management and reduction of SCD in the population.

Since in open category, where sample size was very 
small, i.e. N=16, so out of 16, 15 were normal individual, 1 
was found to be sickle cell patient, in such case, since sickle 
cell carrier prevalence is zero, became there is no sickle cell 
carrier in this community from a small sample size. However, 
one homozygous patient clearly suggests that sickle cell 
exists in the community. So, although sickle cell prevalence is 
zero, gene frequency is 0.062. This suggests for a very small 
sample size also, gene frequency gives accurate result than 
sickle cell carrier prevalence studies. 

Conclusion

Given the variation in sample sizes between Tribal and 
Non-Tribal groups, prevalence calculations based solely on 
sickle cell carriers may not accurately reflect the presence 
of the HbS gene. This is because gene frequency calculations 
consider sum of all alleles (i.e. addition of all genotypes 
HbAA, HbAS, and HbSS), while prevalence studies focus only 
on sickle cell carriers (HbAS) (calculation of only HbAS, while 
not considering genotype HbSS) resulting in missing data of 

homozygous patients (HbSS) who attend screening camps. 
Consequently, if carriers are absent from these camps for 
that particular community, the presence of the HbS gene may 
be underestimated. In contrast, gene frequency calculations 
provide a more comprehensive measure of the gene’s 
prevalence in specific communities and villages, including 
both Tribal and Non-Tribal groups. With a sample size of 
628 being adequate for a single village, gene frequency may 
be prioritized for monitoring sickle cell gene trends over 
generations, rather than sickle cell carrier prevalence. 

Future Directions

The data collected in 2005, when individuals identified 
as sickle cell carriers might have married partners who are 
carriers or normal individuals, is particularly valuable. A 
follow-up study in 2024-25 will be crucial for understanding 
how reproductive choices have influenced the gene’s 
prevalence and frequency. This long-term data will enhance 
insights into the gene’s distribution and the effectiveness 
of public health interventions, and can be further analyzed 
using advanced AI technologies to predict future trends.
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