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ABSTRACT

Aim: To identify B globin gene haplotypes and their frequencies in patients with SCD in North Darfur state,

western Sudan

Methods: This is a cross-sectional prospective community-based study that was carried out between December
2017 and August 2018. The study took place in the North Darfur state which is located in western Sudan. The
study included 666 individuals (369 females and 297 males). Participants were screened for haemoglobinopathies
using haemoglobin electrophoresis, while B globin haplotypes analysis for patients with SCD was carried out
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).

Results: Among the 666 participants, 579 (86.94%) had normal hemoglobin (AA), while 70 (10.51%), 13 (1.95%),
and 4 (0.6%) had AS, SS, and AD respectively. Cameroon haplotype was found in 42.3% of the study group.
Benin was 26.9%, Bantu was 23.1% and Senegal was 7.7%.

Conclusion: The Cameron haplotype was found to be most prominent in Sudanese patients, thereby confirming

the findings of previous studies in the country.
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INTRODUCTION

Haemoglobinopathies, such as sickle cell anaemia and
thalassaemia, are genetically inherited, widely distributed
and one of the world’s major health problems [1]. Sickle cell
anaemia is inherited in an autosomal recessive manner,
that is, dysfunctional beta-chains are formed by single
amino acid substitution of glutamic acid to valine in the
beta-chain; as such, both copies of the gene in each cell
have mutants [2]. The conceptual formula for sickle
disorder (Hb SS) is a2p26Glu-Val, and normal adult
haemoglobin is made up of 2 alpha and 2 beta globin
polypeptide chains (Hb A)(02B2) [3]. In adults, HbA
constitute approximately 97%, while the two other forms
namely: Hb A2 (0262) and Hb F (a2y2) were represented
by minimal concentrations of 1.5%-3.2% and < 1%,
respectively [4]. In malaria-endemic environments, 30%—
40% of individuals possess one of these significant mutant
variants, and the prevalence of Hb abnormalities varies
from 0.3 to 25 per 1000 live births [5]. Most people with
haemoglobin Hb S live in Africa [6]. The haemoglobin S
disorder in Africa follows a more severe clinical course than
in other parts of the world because of the significant role of
malaria in increasing the disease severity [7]. In Sudan,
sickle cell anaemia is prevalent in many parts of the
country, with residents of the western part having highest
the prevalence among the Sudanese population. The first
case of the disease in the country was reported in 1926
and was considered the first case of sickle cell anaemia in
Africa [8]. In western Sudan, haemoglobin S is very well
documented among the Albagara, an Afro-Arab community
of tribes with a prevalent African ancestry [9]. A previous
study conducted among a subgroup of Albagara (Misseria)

reported a high prevalence of SCD (30%), with 16% of
immigrants from the Blue Nile province suffering from the
disease [10]. Moreover, HbS has been associated with the
high prevalence of SCD in the White Nile [10] and
Khartoum states [11].

All patients with SCD have the same mutation, but
their clinical presentation varies widely. This phenomenon
could be attributed to several factors, one of them is the B-
globin gene haplotype influences the clinical severity of
SCD in patients from different populations. Different
haplotypes have been identified and named according to
the geographic location or ethnic group in which they were
originally identified, i.e. Cameroon [12], Benin, Senegal
[13], Bantu or Central African Republic and Arab-Indian
[14]. The B-globin gene cluster haplotype efficiently serves
as a marker for the genetic background of patients with
SCD and for predicting the disease severity. In this context,
data regarding the 3 globin gene haplotype in Sudanese
patients with SCD are scarce, and additional studies are
required. Therefore, the present study aimed to determine
B globin gene haplotypes in North Darfur community

MATERIAL AND METHODS

Study setting: This study was carried out in North Darfur
state, which is one of the five states in the western part of
Sudan and has an area of 296,420 km?.

Study design and population: This cross-sectional,
prospective community-based study was conducted in
North Darfur state between December 2017 and August
2018. Six hundred and sixty-six inhabitants from all parts of
North Darfur were randomly enrolled in this study, and all of
the major North Darfur tribal groups were represented.
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Sample collection and laboratory investigation: A total
of 5 ml of venous blood samples were collected from each
participant for determination of haemoglobin type. DNA
from the specimens identified as Hb S was extracted and
used for determination of S globin gene haplotypes. Direct
structural interviewing and informed consent questionnaire
were used to collect individual socio-demographics data.
Hemoglobin Electrophoresis: Capillary zone
electrophoresis Minicap Flex Piercing (CZE) was used in
this study to separate the Hb variants in whole blood
[15,16].

DNA extraction and B globin haplotyping assay: DNA
extraction was carried out using the Chelex matrix (Bio-
Rad, USA) according to the manufacturer’s instruction. The
isolated DNA was stored at -20 °C until use in subsequent
analyses. B-globin haplotyping assay was carried out for six
specific loci of the B globin gene cluster by using
polymerase chain reaction (PCR) followed by restriction
fragment length polymorphisms (RFLP) as described
previously [17]. The six loci were amplified using specific
sets of primers to generate PCR fragments of 760 bp, 650
bp, 323 bp, 635 bp, 914 bp and 328 bp (Supplementary
Table 1). The PCR reaction was prepared in final volume of
20 pl containing 4 pl of 5x HOT FIREPol Blend Master Mix,
1.5 pl from each primer and 2 pl of DNA template. The
amplification was carried out under the following conditions:
initial denaturation at 94 °C for 6 min, followed by 35 cycles
of amplification at 94 °C for 1 min, annealing at 58 °C for 1
min, extension cycle at 72 °C for 1 min and final extension
cycle at 72 °C for 8 min.

The amplified fragments containing the six restriction
sites were digested by the appropriate restriction enzyme
(Supplementary Table 1). The restriction digestion reaction
was performed in a total volume of 20 pl containing 10 pl of
the amplified products of the B globin gene and 5 units of
appropriate enzyme. The mixture was then incubated at 37
°C overnight. B Globin haplotypes were determined through
absence (-) and/or presence (+) of each of the six
restriction enzyme sites in individuals with Hb SS.
Visualisation of B-haplotype fragments: In brief, 15 pl of

RESULTS

A total of 666 residents comprising 369 (55%) females and
297 (45%) males of the North Darfur state were enrolled in
the current study. The mean ages of the female and male
participants were 21.7+ 18.3 years and 20.9 +15.4 years,
respectively. Table 2 shows the average values
of haematological parameters in all study population (total),
normal group (Hb AA), hemoglobin D (Hb AD), sickle trait
(Hb AS) and sickle cell disease (Hb SS) groups. The
respondents came from 59 tribes, which included the
entirety of the North Darfur community as well as all of the
state’s localities (Table 3). All the 666 samples were
successfully genotyped by capillary electrophoresis. The
predominant genotype detected was the Hb AA type, with a
prevalence of 86.94%, followed by heterozygous Hb AS
(10.51%), Hb SS (1.95%) and Hb AD 0.6%.

In this study, B globin haplotypes were determined by
RFLP using five restriction sites in the B globin gene
cluster. Four major haplotypes and seven haplotype
combinations were identified among the chromosomes of
the 13 Sudanese patients with homozygote Hb S in the
North Darfur state. Cameroon haplotype was the most
frequent (42.3%), followed by Benin and Bantu haplotypes,
with frequencies of 26.9% and 23.1%, respectively (Table
1). Only two chromosomes (7.7%) had the Senegal
haplotype, while the Arab haplotype was not observed in
this population (Table 4). The heterozygote Cameron/Benin
B globin gene haplotype was the most common haplotype
detected in four of the studied patients (4/13, 30.8%)
followed by heterozygous Cameron/Bantu in 3/13 (23.1%)
patients and homozygous Cameron/Cameron in 2/13
(15.3%) patients. The following haplotype combinations,
namely, Senegal/Benin, Benin/Benin, Senegal/Bantu and
Bantu/Bantu, were identified in each of the four remaining
patients. The haematological parameters of homozygote
Hb S patients as well as their physical signs and clinical
features are presented in Supplementary Table 2, 3 and 4,
respectively.

Table 1: Interpretation of haplotypes,

the digested products were run on 2% agarose gel Haplotype Avall | Hindll Hindlll | HindllIGy | XmnIGy Hindll
dissolved in 1X TBE buffer and electrophoresed for 1 h at - Ay

. . Benin + + _ _ _
80 V. The fragments were visualised on UV trans- A -
. h . . . rab-Indian | + + _ + + +
illuminator to interpret and identify the haplotypes (Table 1). Cameron " " " " - »
Ethics declarations: Prior to be recruited, all the Senegal " " " "
participants were briefed about the objectives of the study. Bantu + ~ ~ + ~ —
A written informed consent was obtained from all adult Bantu Al +
participants and from a parent or guardian for child Bantu A2 + _ _ _ _ +
participants aged less than 18 years prior to obtaining the Bantu A4 * * *
blood sample. The study protocol was reviewed and Bantu A u - u * ~ ~
approved by the State Ministry of Health ethics committee
(NO: 23 at 13.8.2017).
Table 2: Mean haematological parameters among study group
Blood parameters Total (n=668) AA (n=579) AD (n=4) AS (n=70) SS (n=13)
Hb (g/dI) 12.6+2.19 12.9+2.4 12.4+2.9 11.8£2.0 7
PCV% 385 39.2 38.9 35.2 22.1
RBCs (10%2/L) 4.7+0.8 4.7+0.9 4.7+0.6 4.3+0.8 2.2+0.5
MCV (fl) 84.9 85.2 83.3 81.3 92.3
MCH (pg) 27.9 27.9 26.3 27.2 29.1
MCHC(g/dl) 32.8 32.7 31.6 33.2 315
TWBCs (109/L) 6.9+2.2 6.719.9 8.6+8.0 6.7t4.5 18.5+15.0
PLT (10%L) 263.1+116.7 259.9+114.2 180.3+86.3 278.4£110.7 392.4£178.1
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Table 3: Distribution of hemoglobin variant according to localities

patients

Count %
Haplotype
Cameron 11 42.3
Benin 7 26.9
Senegal 2 7.7
Bantu 6 23.1
Total 26 100
Genotype
Cameron/Benin 4 30.8
Cameron/Cameron 2 15.3
Cameron/ Bantu 3 23.1
Senegal/Benin 1 7.7
Benin/Benin 1 7.7
Senegal/Bantu 1 7.7
Bantu/Bantu 1 7.7
Total 13 100

North Dartiw

0 45 w 80 270 260
- — w—

Figure 1: A map indicating the sampled state (North Darfur) within

the Sudan borders

Locality Total Hemoglobin variant

AA AS SS AD

Fre % Fre % Fre % Fre %
Alfasher 195 160 82.1 26 13.3 6 3.1 3 1.54
Sarf-omr 15 13 86.7 2 13.3 0 0 0 0
Kalmendo 15 13 86.7 2 13.3 0 0 0 0
Almalha 17 17 100 0 0 0 0 0 0
Alkoma 19 14 73.7 3 15.7 1 5.3 1 5.3
Ombaro 26 25 96.2 1 3.8 0 0 0 0
Altewsha 12 8 66.7 3 25 1 8.3 0 0
Alwaha 33 30 90.9 3 9.1 0 0 0 0
Um-kadad 14 14 100 0 0 0 0 0 0
Allayeed 33 33 100 0 0 0 0 0 0
Alseraf 21 20 95.2 1 4.8 0 0 0 0
Dar-alslam 41 27 65.9 11 26.8 3 7.3 0 0
Tawela 56 49 87.5 7 12.5 0 0 0 0
Kutom 40 38 95 2 5 0 0 0 0
Maleet 17 17 100 0 0 0 0 0 0
Korma 52 47 90.4 5 9.6 0 0 0 0
Kabkabya 10 9 90 1 10 0 0 0 0
Altena 33 30 90.9 3 9.1 0 0 0 0
Karnoy 17 15 88 0 0 2 12 0 0
Total 666 579 869 | 70 10.5 13 2 4 06

Table 4: Frequency of B globin gene haplotypes in studied SCD DISCUSSION

In this study, heterozygote Hb AS and homozygous Hb
SS types were found in 83 of the 666 respondents, with an
overall prevalence of 12.5%. Of these participants, 70
(10.51%) were patients with sickle cell trait (Hb AS) and 13
(1.9 5%) were patients with sickle cell disease (Hb SS).
These values were lower than the 11.3% of Hb AS and
3.5% of Hb SS observed in another study conducted in the
same area [18] and the 44.06% among the Beja tribes in
eastern Sudan [19]. In contrast, it is less than the
prevalence of SCT (52%) and SCD (14%) in Meseria tribes
in the south west of Kordofan [20]. However, the
prevalence was higher than that in Khartoum area [21,22]
and Blue Nile states [10]. The considerable variation in the
disease prevalence could be due to variations in sample
size and diagnostic methods. Most of these studies
reported the high prevalence of Hb S among patients who
are originally from west Sudan. The discrepancy in the
prevalence of Hb SS and Hb AS was also reported in other
African and Arab countries. A study conducted in Uganda
revealed that the overall prevalence of sickle cell trait was
13.3% and that of the disease was 0-7% [23]. Although Hb
AS sickle cell trait was reported in 18.8% of Nigerian
children, none of them had Hb SS [24]. The existence of
HbSS has been established in Arabic countries of variable
extents; for example, in Saudi Arabia, the prevalence of Hb
AS was 4.20%, while 0.26% of the participants in the same
study had Hb SS [25]. Moreover, 20% of Egyptian primary
school children were found to have sickle cell disorder [26].

The values of haematological parameters are affected
by a number of factors even in apparently healthy
populations. These factors include age, sex, and ethnic
background, body build, social and nutritional. Complete
blood components investigation revealed that sickle cell
triat (SCT) in the study area, like other SCT individuals,
were normal and not suffering or compiling from blood
disorder, and if anaemia is present, it would be attributed to
causes (such as iron deficiency) other than sickling state.
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All the mean of haematological parameters were found
within the normal range. The study shows a different
pattern in the profile of hemoglobin values, this is because
the study population was included AS trait, SS, AD and AA.
The difference in mean hemoglobin values between AA
and AS, as well as AD was statically not significant. (SS)
patients they have extremely low Hb concentration.

The B globin gene cluster haplotypes are useful
markers for identifying and tracing common genetic
features in a population. The specific association of these
haplotypes with the clinical severity of SCD and
geographically distinct populations has provided valuable
information on predicting disease severity and history and
spreading of the sickle cell mutation. In the present study,
the analysis of B-globin haplotypes showed the presence of
four major haplotypes and seven haplotype combinations in
the chromosomes of Sudanese patients with homozygote
Hb S in the north Darfur state. In the present study, the
Cameroon haplotype was the most common, accounting
for 42.3% of all the haplotypes, followed by Benin, Bantu
and Senegal haplotypes, with frequencies of 26.9%, 23.1%
and 7.7%, respectively. This finding is consistent to
previous reports from Sudan [27,28], thereby validating the
predominance of Cameroon haplotype in Sudanese
patients. The high frequency of Cameroon haplotype in this
region of the country could be attributed to the gene flow
from the surrounding regions; the Cameroon haplotype is
common among ethnic groups of west Africa [29]. The
second prevalent detected haplotype was Benin haplotype,
with a frequency of 26.9%. This haplotype is the most
predominant in many parts of the world, particularly African
continent and Middle East countries [13,17]. The frequency
of the Benin haplotype in the current study is consistent
with earlier reports from Sudan and Brazil [27,30].
However, the frequency is higher than those reported in US
and Brazil [31,32] and lower than those in Panama and
Palestine [12,33]. Furthermore, Bantu and Senegal
haplotypes were found in appreciable frequencies. The
presence of both haplotypes was also reported earlier in
India, Brazil and Panama [12,34,35].

Although Sudanese are a mix of African and Arab
descent, only African haplotypes were observed and the
Arab-Indian haplotype was not observed [27]. The present
study was conducted in only one state in the western part
of Sudan, which is close to the west Africa, where African
haplotypes originated. Therefore, the haplotype patterns do
not reflect the patterns in entire country. Additional studies
are needed to further explore the presence of the Arab-
Indian haplotype among Sudanese population.

CONCLUSION

In conclusion, the main mutational event causing SCD in
North Darfur, western Sudan was the mutation of the
globin gene on the Cameron haplotype, thereby confirming
the findings of previous studies in the country. However,
similar studies in other regions are highly recommended to
further explore the presence of other haplotypes.
Comprehensive investigations on different haematological
parameters coupled with clinical outcomes could highlight
the role B globin haplotype diversity in predicting clinical
severity among patients with homozygous Hb S.

Acknowledgments: Our best regards and thanks to the
staff member of hematology department in (SUST),
Alneelain University- Faculty of Medicine,
Medical Research Centre, and to the Tropical Medicine
Research Institute, Alafia medical complex and El Fasher
University for their co-operation and acceptance to do the
research there.

REFERENCES
1.

Weatherall DJ. Haemoglobin and the inherited disorders of
globin synthesis. Postgraduate Haematology. 2005:85-103.

2. Coleman E, Inusa B. Sickle cell anemia: targeting the role of
fetal hemoglobin in therapy. Clinical pediatrics.
2007,;46(5):386-391.

3. Tsaras G, Owusu-Ansah A, Boateng FO, et al
Complications associated with sickle cell trait: a brief
narrative review. The American journal of medicine.
2009;122(6):507-512.

4. Strader MB, Kassa T, Meng F, et al. Oxidative instability of
hemoglobin E (326 Glu— Lys) is increased in the presence
of free a subunits and reversed by a-hemoglobin stabilizing
protein (AHSP): Relevance to HbE/B-thalassemia. Redox
biology. 2016;8:363-374.

5. Modell B, Darlison M. Global epidemiology of haemoglobin
disorders and derived service indicators. Bulletin of the
World Health Organization. 2008;86:480-487.

6. Piel FB, Hay SI, Gupta S, et al. Global burden of sickle cell
anaemia in children under five, 2010-2050: modelling based
on demographics, excess mortality, and interventions. PLoS
medicine. 2013;10(7):e1001484.

7. Rees DC, Williams TN, Gladwin MT. Sickle-cell disease.
Lancet (London, England). 2010 Dec 11;376(9757):2018-31.

8. Archibald RG. A Case of Sickle Cell Anaemia in the Sudan.
Transactions of the Royal Society of Tropical Medicine and
Hygiene. 1926;19(7):389-393 pp.

9. Bayoumi R, Taha T, Saha N. A study of some genetic
characteristics of the Fur and Baggara tribes of the Sudan.
American journal of physical anthropology. 1985;67(4):363-
370.

10. Ahmed H, Baker E. Sickling in the East sudan. Afr Med J.
1986;63(6):395-399.

11. Omer A, Ali M, Omer AH, et al. Incidence of G-6-PD
deficiency and abnormal haemoglobins in the indigenous
and immigrant tribes of the Sudan. Trop Geogr Med. 1972
Dec;24(4):401-5.

12. Rusanova I, Cossio G, Moreno B, et al. B-globin gene cluster
haplotypes in sickle cell patients from Panama. American
Journal of Human Biology. 2011;23(3):377-380.

13. El-Hazmi MA, Al-Hazmi AM, Warsy AS. Sickle cell disease
in Middle East Arab countries. The Indian journal of medical
research. 2011;134(5):597.

14. Pagnier J, Mears J, Dunda-Belkhodja O, et al. Evidence for
the multicentric origin of the sickle cell hemoglobin gene in
Africa. Proc Natl Acad Sci U S A. 1984 Mar;81(6):1771-3.

15. Joutovsky A, Hadzi-Nesic J, Nardi MA. HPLC retention time
as a diagnostic tool for hemoglobin variants and
hemoglobinopathies: a study of 60000 samples in a clinical
diagnostic laboratory. Clinical chemistry. 2004;50(10):1736-
1747.

16. Kutlar F. Diagnostic approach to hemoglobinopathies.
Hemoglobin. 2007;31(2):243-250.

17. Abou-Elew HH, Youssry |, Hefny S, et al. B S globin gene
haplotype and the stroke risk among Egyptian children with
sickle cell disease. Hematology. 2018;23(6):362-367.

18. Adam MA, Adam NK, Mohamed BA. Prevalence of sickle
cell disease and sickle cell trait among children admitted to
Al Fashir Teaching Hospital North Darfur State, Sudan. BMC
Research Notes. 2019 2019/10/16;12(1):659.

PJMHS Vol. 15, No.10, OCT 2021 3083



Sickle Cell Disease and B Globin Gene Haplotypes Among Selected Sudanese Population in North Darfur State

19.

20.

21.

22.

23.

24,

25.

26.

27.

Gibreel MO, Elkarsani MES, Munsoor MM. Screening for
hemoglobinipathy in Beja tribes and other minor groups
living in Port Sudan City. Journal of Medical Laboratory and
Diagnosis. 2014;5(4):35-40.

Mustafa M, Eltayeb E, Elmisbah TE, et al. Frequency of the
sickle cell disease and sickle cell trait in Heglig Area-Sudan.
Int J Public Health Epidemiol. 2013;3:1-6.

Elderdery AY, Mohamed BA, Cooper AJ, et al. Tribal
distribution of haemoglobinopathies in a Sudanese patient
population. Journal of Medical Laboratory and Diagnosis.
2011;2(4):31-37.

Elderdery AY, Mohamed BA, Karsani ME, et al
Hemoglobinopathies in the Sudan. Hemoglobin. 2008
2008/01/01;32(3):323-326.

Ndeezi G, Kiyaga C, Hernandez AG, et al. Burden of sickle
cell trait and disease in the Uganda Sickle Surveillance
Study (US3): a cross-sectional study. The Lancet Global
Health. 2016 2016/03/01/;4(3):€195-200.

David AN, Jinadu MY, Wapmuk AE, et al. Prevalence and
impact of sickle cell trait on the clinical and laboratory
parameters of HIV infected children in Lagos, Nigeria. Pan
Afr Med J. 2018;31:113-113.

AlHamdan NA, AlMazrou YY, AlSwaidi FM, et al. Premarital
screening for thalassemia and sickle cell disease in Saudi
Arabia. Genetics in Medicine. 2007 2007/06/01;9(6):372-
377.

Moez P, Younan DNA. High prevalence of haemoglobin S in
the closed Egyptian community of Siwa Oasis. Journal of
Clinical Pathology. 2016;69(7):632.

Elderdery A, Mills J, Mohamed B, et al. Molecular analysis of
the B-globin gene cluster haplotypes in a Sudanese

28.

29.

30.

31.

32.

33.

34.

35.

population with sickle cell anaemia. International journal of
laboratory hematology. 2012;34(3):262-266.

Mohammed AO, Attalla B, Bashir FM, et al. Relationship of
the sickle cell gene to the ethnic and geographic groups
populating the Sudan. Public Health Genomics.
2006;9(2):113-120.

Bitoungui VJ, Pule GD, Hanchard N, et al. Beta-globin gene
haplotypes among cameroonians and review of the global
distribution: is there a case for a single sickle mutation origin
in Africa? Omics : a journal of integrative biology. 2015
Mar;19(3):171-9.

Alves AC, da Silva VAL, Dos Santos A, et al. Sickle cell
anemia in the state of Maranhao: a haplotype study. Annals
of hematology. 2020;99(6):1225-1230.

Watanabe AM, Pianovski MA, Lenzi L, et al. The frequency
of BS-globin haplotypes in the state of Parana, Brazil, and
clinical manifestations of sickle cell anemia. Jornal Brasileiro
de Patologia e Medicina Laboratorial. 2017;53(1):24-30.
Crawford DC, Caggana M, Harris KB, et al. Characterization
of B-globin haplotypes using blood spots from a population-
based cohort of newborns with homozygous HbS. Genetics
in Medicine. 2002;4(5):328-335.

Samarah F, Ayesh S, Athanasiou M, et al. Bs-globin gene
cluster haplotypes in the west bank of palestine.
Hemoglobin. 2009;33(2):143-149.

UmaMahesh K, Aggarwal A, Bhasker MV, et al. Distribution
pattern of HbS and B-globin gene haplotypes among Koya
Dora tribe of Andhra Pradesh. International Journal of
Human Genetics. 2011;11(2):123-126.

Lemos Cardoso G, Farias Guerreiro* J. African gene flow to
north Brazil as revealed by HBB* S gene haplotype analysis.
American Journal of Human Biology. 2006;18(1):93-98.

3084 PJMHS Vol. 15, No.10, OCT 2021



