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Background: Sickle cell anemia is an inherited blood disorder caused due to a point mutation at the sixth codon of 
the β-globin gene of both alleles. Sickle cell traits occur when the mutation is in one of the two alleles of the β-globin 
genes. This study was carried out in the Tharu community, which is an indigenous and minority group mostly residing 
in the Terai region of Nepal. They are also considered as the most vulnerable group for inheriting Sickle cell anemia.

Methods: Purposive sampling, which included 130  Tharu individuals of Kanchanpur district of Nepal, was considered 
for the study. The survey was conducted using a descriptive questionnaire that contained relevant information including 
the family history of Sickle cell anemia. This was followed by the analysis of blood samples to determine the prevalence 
of Sickle cell anemia and Sickle cell traits. Primer-mediated enzymatic amplification of target sequences in genomic 
DNA followed by restriction endonuclease assay with an enzyme DdeI was carried out for the confirmation.

Results: Among 130 individuals, only 55.4% had basic knowledge about Sickle cell anemia. After screening for sickle 
cell anemia from 60 participants, 27 (45%) of them were found to be in the heterozygous state (carrier, Hb AS) and 
28 (46.7%) were in the homozygous (normal, AA Hb) state with 5 (8.3%) having the diseased hemoglobin (Hb SS) 
variant of Sickle cell anemia.

Conclusions: This study demonstrated a high prevalence of Sickle cell anemia and Sickle cell traits in the Tharu 
community. This study may be beneficial for concerned personnel policymakers to reduce sickle cell cases by 
improving genetic literacy among the Tharu community.
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INTRODUCTION

Sickle cell anemia (SCA) is caused due to the point 
mutation in the sixth codon of ß-globin gene by the 
substitution of glutamic acid with valine.1 The estimated 
number of infants with SCA is 300,000 annually2 and 
over 300 million people are affected with sickle cell 
trait (SCT) worldwide.3 The high prevalence of SCA 
lies in the malaria-endemic Terai belt of Nepal where 
carriers are protected against death from malaria. 
SCT offers resistance to malaria, through the process 
of natural selection.4,5 Individuals with SCA undergo 
inflammation and pain due to vaso-occlusion6, and 
other clinical manifestations.7 Supportive treatments 
include folic acid, analgesics, RBC transfusion; and 
hydroxycarbamide.8-10 Curative treatment involves bone 

marrow transplantation.11 Genetic counseling among 
couples could help in reducing the disease prevalence. 
The study may help to understand the knowledge about 
SCA and its prevalence in a small region of Nepal.

METHODS 

This was a cross-sectional study carried out among 130 
Tharu individuals, who were purposively selected based 
on clan history and geographical location of the malaria-
endemic region. The sample size was not calculated as 
Kanchanpur is a district known for the high density of 
its Tharu community.12 The duration of the survey was 
from January 2019 to June 2019. The ethical clearance 
for this study was provided by Nepal Health Research 
Council, Government of Nepal (Reg. no. 5/2018). Verbal 
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informed consent and written consent were acquired 
from each participant who accepted to be enrolled in 
the study. Guardians’ consent was taken for the children 
below 18 years. 

All data were collected through face-to-face structured 
interviews. Venous blood samples (3 mL) were collected 
in Vacutainer tubes with EDTA (Ethylene Diamine Tetra 
Acetic Acid) from 60 participants based on questionnaire 
responses with resembled symptoms and family history 
of SCA/SCT, and the blood samples were preserved at 
-20 ℃ before transportation and application of DNA 
extraction were done within a week of collection in 
the Department of Biotechnology, National College, 
Kathmandu.

DNA was extracted from blood collected from participants 
by using Quick-gDNATM Blood Miniprep kit (Zymo Research, 
USA) following the manufacturer’s instructions. Primer for 
amplification of β-globin gene was designed using Primer 
3 software.13 The β-globin gene sequence was obtained 
from the NCBI database, NCBI Reference Sequence 
(NG_059281.1). The target DNA sequence was amplified 
by the polymerase chain reaction (PCR) using the 
primers SCA F (5’-GCAACCTCAAACAGACACCA -3’position 
at 32-52) and SCA R (5’-CCTCACCACCAACTTCATCC 
-3’position at 112-132) that primed amplification of 
101-base-pair (bp) segment of a beta-globin gene.14 The 
DNA clean and concentrator-5 kit (Zymo Research, USA) 
was used to purify impurities present in PCR products. 
The protocol was followed as described by manufacturer 
and electrophoresis of PCR product was performed with 
3% agarose gel. Finally, the amplification of the PCR 
product was analyzed.

The amplified DNA was digested with a restriction 
endonuclease DdeI (Biolab, New England) according to 
the manufacturer’s instructions. All restriction reactions 
were performed in a final volume of 10 μL: 1 μL buffer, 
0.75 μL of restriction enzyme, 4 μL of DNA sample, 
and nuclease-free water to maintain the volume. The 
reaction tube was incubated in a water bath at 37ºC for 
25 minutes. Then, gel electrophoresis was carried out 
using 5 % agarose gel in TAE (Tris – acetic acid – EDTA 
pH 8.3) with ethidium bromide for the confirmation 
of the sickle cell hemoglobin S (HbSS), hemoglobin T 
(HbAS), and normal hemoglobin (HbAA) genotypes. The 
electrophoresis was run at 100 volts for 45 minutes. A 
gel documentation system (Clever scientific, UK) was 
used for visualization of the electrophoretic mobility of 
the gel. The DNA sizes was determined using a 100 bp 
Ladder (Takara, USA).15 Samples were analyzed based 
on a positive sample which was derived from a defined 

sickle cell anemic patient and was provided by Seti 
Zonal Hospital, Dhangadi.

Data was entered using MS-Excel 2010. Statistical 
analyses were performed using the Statistical Package 
for the Social Sciences (SPSS) version 19.0 software 
(IBM), and P values <0.05 were considered significant. 
The Chi-square test was used to analyze the qualitative 
variables.

RESULTS 

A total of 130 participants were enrolled in the study. 
All the enrolled participants responded to the self-
structured questionnaires developed at the Department 
of Biotechnology, National College, Kathmandu. Gender-
wise distribution of the participants showed that the 
majority of them (69; 53.1%) were females and 61 
(46.9%) were males. Almost half of the respondents, 
65 (50%) were in the age group between 15-29 years 
whereas individuals between the age group 60-74 
years had the least representation with only 6 (4.6%) 
respondents. The average age of the study participants 
was (28.7 ± 14.2 S.D.). The marital status of the study 
participants showed that both married and unmarried 
respondents were comparable with 62 participants 
(47.7%) each, whereas only 6 (4.6%) widows comprised 
the study population (Table 1).

Table 1. Socio-demographic characteristic of 
respondent.

Socio demographic  characteristic
Total (n=130)

Number (%)

Gender

Male 61 (46.9)

Female 69 (53.1)

Age group

1- 14 16 (12.3)

15 - 29 65 (50)

30 - 44 25 (19.2)

45-  59 18 (13.9)
60 - 74 6 (4.6)

Average age in year ± SD 28.7±14.2

Marital status

Single 62 (47.7)

Married 62 (47.7)
Widow 6 (4.6)
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Table 2. Association between knowledge of sickle cell 
anemia with socio- demographic characteristics of 
respondents.

Variables Knowledge about sickle cell 
anemia

p 
value

Having  
(n=72)
Number (%)

Lacking  
(n=58)
Number (%)

Gender
Male 30 (41.7) 31 (53.5)  0.253

Female 42 (58.3) 27 (46.5)

Age group

1- 14 2 (2.8) 14 (24.1)

15 - 29 46 (63.9) 19 (32.8)

30 - 44 15 (20.8) 10 (17.2) 0.001

45 - 59 6 (8.3) 12 (20.7)

60 - 74 3 (4.2) 3 (5.2)

Marital status

Unmarried 34 (47.2) 26 (44.8)

Married 35 (48.6) 29 (50) 0.959

Widow 3 (4.2) 3 (5.2)

Out of 130 participants, the knowledge about sickle 
cell anemia (SCA) was present in 72 (55.4%) whereas 
58 (44.6%) of the respondents lacked knowledge about 
the disease. Among 72 knowledgeable participants, 
42(58.3%) were females and 30 (41.7%) were males. 
In contrast, 27 (46.5%) of the female respondents and 
31(53.5%) of the male respondents lacked knowledge 
about sickle cell anemia (p = 0.253). Similarly, a 
significant association between knowledge of sickle 
cell anemia in the enrolled age groups was found (p = 
0.001) (Table 2) where 46 (63.9%) of the individuals in 
the age group between 15-29 years had knowledge about 
the disease but in contrast, the same age group had 19 
(32.8%) participants who lacked the knowledge about 
the disease. Furthermore, the response of married and 
unmarried individuals in relation to the knowledge about 
SCA comprised 35 (48.6%) and 34 (47.2%) respectively 
with only 3 (4.2%) widows being aware of the disease 
(Table 2). In addition, there was not much difference 
in the awareness of the SCA between married and 
unmarried individuals representing 29 (50%), 26 (44.8%) 
of the study population respectively with widows in 
minority 3 (5.2%) who were unfamiliar with the clinical 
condition (p = 0.959) (Table 2). 

The Source of knowledge about sickle cell anemia 
among the participants was found to be mainly from 
medical workers and through an awareness program 
with a representation of 24 (33.3%) each, information 

from friends was 18 (25%), family 5 (7.0%) and the facts 
acquired from school was 1 (1.4%) (Table 3). 

Table 3.Source of knowledge about sickle cell anemia 
among respondent.

Source of knowledge about sickle cell 
anemia

Total (n=72)
Number (%)

Medical worker 24 (33.3)

Family 5 (7.0)
Friend 18 (25)

School 1 (1.4)

Awareness program  24 (33.3)

Table 4. Respondent with familial history of SCA.

Socio demographic  characteristic
Total (n=60)

Number (%)

Gender

Male 38 (63.33)

Female 22 (36.67)

Age group

1- 14 8 (13.3)

15 - 29 24 (40)

30 - 44 19 (31.7)

45 - 59 8 (13.3)

60 - 74 1 (1.7)

Average age in year ± SD 12±9.30

A total of 60 samples were collected from participants 
based on the family history of sickle cell anemia in addition 
to the information collected from questionnaires. The 
samples were processed and the results were analyzed 
(Table 4). A 101 bp fragment of the β-globin gene was 
amplified using PCR. (Additional file, Table S1, and S2). 
Fig. 1 shows agarose gel electrophoresis of the amplified 
product. The amplified product was then digested with 
the help of DdeI restriction enzyme which showed three 
types of PCR bands. The normal sample has two bands 
of 37 bp and 67 bp. A single band of 101 bp was seen in 
patients with sickle cell anemia and samples containing 
sickle cell trait has PCR bands of lengths 101 bp, 67 
bp, and 37 bp when compared to the 100 bp ladder 
(Additional file, Figure S1). Among 60 samples, 5 were 
found to have homozygous sickle cell disease (SS), 27 
had sickle cell trait (AS), and the remaining were normal 
hemoglobin genotype (AA) (Figure 2). 
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in our study. This was similar to a study conducted by 
Olakunle et al., in which the major source of information 
related to disease was chiefly from health professionals 
(36.5%).17 A study done in Chicago, the United States by 
Acharya et al., showed that the most common sources of 
evidence related to clinical conditions were pediatricians 
(89%) and clinic staff (89%).20 These findings recommend 
that extensive educational programs regarding diseases 
are mostly confined to hospitals, health posts, and 
communities.

The origin and demographic roots of sickle cell anemia 
are said to have begun in malarial endemic areas 21 
with the Tharu being the popular indigenous ethnic 
group residing in these malaria-prone zones.22 The study 
carried out among 100 suspected samples from the 
Tharu community of the southwestern region of Nepal 
revealed 5% SCA positive test, 38% SCT positive traits, 
and 36% normal cases 23 while in our study, we found 
8.3% SCA positive test, 45% SCT positive traits, and 
46.7% normal cases. From both studies, it is evident that 
there are high numbers of heterozygous cases among 
the Tharu community of Nepal. The study done among 
fertile aged women from western Nepal using the DdeI 
restriction enzyme reported 110, 54, and 56 bp in the 
heterozygous case.24  Our study done among the Tharu 
community revealed an almost similar result with 101, 
67, and 37 bp in the heterozygous case,  37 bp and 67 
bp in normal samples, and 101 bp in the samples with 
gene mutations (Fig. 2). A study showed that a single 
point mutation eliminates new fragment of 376 bp in 
sickle cell anemia when compared to 201 bp and 175 bp 
fragments found in normal individuals and people with 
sickle cell traits respectively.25 A similar study done by 
Monk et al showed DdeI digestion of amplified β-globin 
sequencing revealed mutation by the formation of a PCR 
band of 381 bp and normal with 201 and 180 bp.26 MstII 
restriction enzyme was used to detect sickle cell anemia 
producing PCR band of varying sizes of 54 bp and 56 bp 
in normal beta gene and 110 bp in mutated gene with a 
single fragment.27 

Individuals with sickle cell trait (SCT) are generally 
healthy but bear a 50% chance of passing the trait on to 
their offspring.28 Being asymptomatic, most SCT people 
have no clue about their condition, resulting in the 
potential of having a child with SCT or SCA.29 Therefore, 
our study hopes to spread awareness about sickle cell 
anemia. A further large-scale study should be performed 
which would involve a more diverse population in order 
to extrapolate better generalizability of the target 
population and also for greater statistical reliability.

Knowledge and DdeI Based Confirmation of Sickle Cell Anemia

Figure 1. Amplified PCR product of β globin gene in 
lane S1- S13.

Figure 2. Restriction digestions of amplified products 
showing sickle cell mutation, heterozygous mutation, 
and normal β globin gene. Lane 1: ladder; S1, S3, S4, 
S5, S6, S7, S8, S11, S12, S13: HbAS; S9, S10: HbAA; 
S14: HbSS; S2: positive control.

DISCUSSION

Almost half of the respondents had poor knowledge 
about sickle cell anemia. Therefore, health education 
programs and access to genetic counseling is needed at 
the primary level of health care to improve and increase 
the level of awareness. A study done in Manhattan 
and Nigeria has shown that there is a common 
misapprehension and poor understanding of sickle cell 
anemia even though a high prevalence of SCD is found 
among the respondents.16,17 The findings in our study are 
consistent with the study done in Oakland, California 
conducted by Treadwell et al., in which over 68% of 
respondents had poor knowledge about the disease 
(32.8%).18 In another study performed by Al-Suwaid et 
al., in Saudi Arabia it was found that the age group 
between 15-29 years constituted the highest number of 
people who lacked the knowledge about SCA.19

Medical personnel and awareness programs were a good 
source of information about SCA for the participants 
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CONCLUSIONS 

Based on the finding from our study, sickle cell trait is 
highly prevalent among the studied Tharu community 
ultimately increases the chance of sickle cell anemia 
in near future. Understanding knowledge about sickle 
cell inheritance is essential for its prevention. As 
certain population of the Tharu community is unknown 
about the disease therefore, formal genetic education 
about sickle cell anemia, trait condition, and access to 
genetic counseling, especially for people of the region is 
recommended.
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