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Abstract

Objective: Itis estimated that 50% to 90% of infants born with (SCA) in sub-Saharan Africa die before 5 years old.
Northern Darfur State at western Sudan region has a multiethnic population with a high frequency of sickle cell
anaemia, but little about it is published. This study aimed to determine the prevalence of sickle cell anaemia among
children admitted to Al Fashir Teaching Hospital in Al Fashir, Northern Darfur State, Sudan.

Results: The prevalence of sickle cell disease by haemoglobin electrophoresis among these 400 children patients
was 59 (14.8%). Sickle cell trait patients were 11.3% and Sickle cell disease positive patients were 3.5%. Individuals with
SCA have consistently low blood Hb concentration, normal MCV and high mean WBC's. Individuals with sickle cell
trait had haematological parameters near to those of normal individuals.
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Introduction

Sickle cell anaemia (SCA) is an autosomal recessive blood
disorder lead to the production of red blood cells that
appear abnormal. The disease occurs due to a mutation
in the haemoglobin-encoding gene [1, 2].

Hb S gene prevalence in at least 40 countries varies
between 2 and 30%, resulting in high SCD-related mor-
bidity and mortality. Deaths from SCA complications
occur mostly in children under 5 years, adolescents and
pregnant women [3-5].

Exceed 75% of the global burden of SCA occurs in sub-
Saharan Africa, where health resources insufficiency
accompanied by lack of training among health care staffs
and the lack of general public awareness contribute to
shocking rates of early mortality. True mortality rates
are unknown due to the shortage of data from neona-
tal screening programs, and the absence of prospective
natural history studies, [4—6]. It is estimated that 50% to

*Correspondence: mudathirdodo@gmail.com

! Faculty of Medical Laboratory Science, Al Fashir University, Al Fashir,
Sudan

Full list of author information is available at the end of the article

B BMC

90% of infants born with (SCA) in sub-Saharan Africa die
before 5 years old [6—8].

Archibald reported the first case of sickle cell anae-
mia in Sudan in 1926, considered the first reported case
in Africa [9]. The prevalence rate of sickle cell anaemia
in Sudan ranging from 2 to 30.4% [10]. Western Sudan
residents represent the highest prevalence of SCA in the
Sudanese population. Immigrants from West African
tribes, especially Housa, Folani and Bargo, are thought to
have brought sickle cell gene to Sudan [11-13].

Sickle cell anaemia is very well documented among
Albagara tribes, a study performed by Bayoumi et al.
in western Sudan [14]. Also, in a subgroup of Albagara,
Messeryia, studies conducted by Ahmed and his col-
leagues in 1986 showed that, the prevalence of sickle cell
disease was 30% [15] and 16% among immigrants from
the Blue Nile province and 18% among Nilotic tribes in
the south of Sudan in separate study done by Foy et al.
[16]. Furthermore, Hb S is also known to be prevalent
in the White Nile (1986) and Khartoum states (1972) as
documented by Ahmed and his colleagues [15] and Omer
et al. [17] respectively.
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Main text

Methods

Time and duration of the study

This was a descriptive cross-sectional hospital-based
study, carried out from December 2017 to August 2018
among children 0-18 years old who were admitted to Al
Fashir Teaching Hospital, Sudan. The hospital is a 285-
bed tertiary care facility, which serves as a referral Cen-
tre for North Darfur State. The average all ages patient
turnover at the hospital is 150—300 patients per day.

Study population

Four hundred children patients at the pediatric ward
Al Fashir hospital during the study period were asked
to answer a structured questionnaire consisting of
socio-demographic data (age, gender, and tribe). The
informed consent related volunteers were recruited
randomly, any child admitted to the pediatric ward has
a chance to be selected a once. Four hundred children
parents have consented for their children to participate
in this study with a moderate rate of refusal.

Blood samples collection

Peripheral venipuncture (under completely aseptic
condition) was used to draw 5 ml of blood from each
patient. Samples were sent to the laboratory within
5 min, samples were then immediately tested for com-
plete blood count using an automated haematological
analyzer, Sysmex Kx 2IN (Toa Medical Electronics,
Japan) and haemoglobin electrophoresis using MINI-
CAP HEMOGLOBIN capillary zone electrophoresis
(CZE) (Sebia, France).

Capillary zone electrophoresis
The blood sample was kept at 2—8 °C for several hours to
form a sediment. Then centrifuged at 5000 rpm for 5 min,
and the plasma was discarded. The sediment was vortexed
for 5 s; a sufficient number of reagent cups for analysis
in the reagent cup holder was inserted. The level of hae-
moglobin buffers and wastes were verified. Tests samples
and Normal Hb A2 control each were placed into a new
haemolysing tube and labelled with the specific barcode
for normal Hb A2 controls and tests, then were placed in
the appropriate position of the carousel. Results were dis-
played on the screen and were printed out.

Data (Additional file 1) were analyzed by the statis-
tical software package of social sciences (SPSS) pro-
grammed for Windows, version 20.

Results

All four hundred children were enrolled in this study;
43.8% were male and 56.2% were females with age nom-
inal maximum and minimum of 18 and 0. The average of
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blood parameters obtained by complete haemogram for
the all study group was Hb 11.6 2.4 g/dl, PCV 35.5%,
MCYV 82.6 fl, MCH 27.1 pg, MCHC 32.7 g, TWBCs
7.946.3 x 10%/ul, RBCs count 4.54+1.5x 1012/1 and
platelets count was 285 % x 134.6 x 10%/pl.

Individuals with SCA (Hb SS) consistently had a
low average of blood Hb concentration 7.0+1.1 g/
dl, normal MCV 924+7.4 fl and high TWBCs
17.34+15.1 x 103/pL in comparison to the SCT. Then
individuals with SCT (Hb AS) had haematological
parameters similar to normal individuals (Table 1).

The participants belong to 41 tribes and these repre-
sent most of the Northern Darfur tribes, Zaghawa, Fur
and Bartey were the predominant tribes (Additional
file 2: Table S1).

The prevalence of sickle cell anaemia by Hb electro-
phoresis among 400 children patients was 59 (14.8%).
SCT (Hb AS) and SCD (Hb SS) positive patients were
11.3% and 3.5% respectively. Statistically, significant
association (P.value=0.00) between the sickle cell
anaemia and normal blood haemoglobin.

The homozygous form of HbSS was found in five
tribes, stratified as follows: Housa 5 (35.7%) followed
by Fur 4 (28.6%), Bartey and Zaghawa 2 (14.3%) and
finally, Arab-Bashir were 1 (7.1%), (Table 2). While the
heterozygous form, (HbAS) was detected in sixteen
tribes of Northern Darfur State.

Sickle cell trait was found in nine localities of 18
localities of Northern Darfur State (Fig. 1). Altwasha
and Ombaro regions had the lowest prevalence, being
about 2.2%. While Elfashir region had prevalence reach
to 67%.

Discussion

World Health Organization considers sickle cell anaemia

as a public health concern Worldwide; it is the most com-

mon inherited blood disorder in sub-Saharan Africa [18].
The prevalence of sickle cell anaemia in various regions

of Sudan is about 0.8% in central Sudan to 30.4% in

Table 1 The hematological parameters of study normal
group (Hb AA), sickle trait (Hb AS) and sickle cell disease
(Hb SS) groups

Blood parameters  AA AS SS

RBCs (10'%/1) 4444084 4194068 646469
Hb (g/d)) 1183423 1128418 70+£1.1
HCT (%) 363465 339454 223430
MCHC (g/d) 326+18 333+16 315426
MCV () 825483 803493 924474
MCH (pg) 270431 278422 291432
TWBCs (10%/pl) 76455 78449 173415.1
PITs (10%/ul) 278141327 298441210 400441737
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Table 2 Frequency of (Hb SS) and (Hb AS) among tribes
of study group

Tribes Frequency (%)

SS AS

Housa 5(35.7)
Fur 4(28.6)
Zagawa 2(143)
Bartey 2(143)
Arab Basher 1(
Kenen

Ziadya

Mema

Tongour

4

2

2

1
Fallata 1
Etafaat 1
Barno 1
Tama 1
Bin Hussain 1
Mararet 1
Rezegat 1
Awladrashed 1
Total 5

14 (100) 4

Western Sudan as revealed by the available data. The
Messeryia tribe in Kordofan and Darfur represent the
highest frequency of sickle cell anaemia. High prevalence
of sickle cell gene was documented among the population
that migrated from Western Africa reported in Al Gada-
rif state in Eastern Sudan region [11].

In Sudan, epidemiological studies about sickle cell dis-
ease are generally scarce. We believe this study represents
the first attempt to determine the prevalence of sickle cell
anaemia among children in Al Fashir hospital. Here there
is no neonatal screening program and a paucity of data
regarding children hospitalized by sickle cell anaemia in
the North Darfur region.

Admittedly, this study is of children who had some
reason to be attending hospital, the prevalence of sickle
cell anaemia among 400 children patients was 59 (14.8%);
lower than (26.9%)/1000 the prevalence of SCA docu-
mented in a recent similar study by Stephen et al. [19] in
Nigeria, our sample was smaller than that of Nigeria.

The highest prevalence of sickle cell trait was detected
in Elfashir region 67%, compared with low preva-
lence were detected in other regions of the state. This is
referred to the fact that Elfashir is the capital of the state
where the populations were accumulated due to the
shortage of social services out site big cities and to the
presences of displaced camps as a result of civil war.

This study reported (Hb AS) and (Hb SS) positive
patients were 11.3% and 3.5% respectively.
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Half of 14 (3.5%) of Hb SS patients were known by
their parents as SCD patients because they are hospital-
ized more than a once, while the others were identified
as SCD patients for the first time by this study. However,
our results agreed with the studies reported in North
Darfur, West Kordofan and Heglig area in Western Sudan
by Elderderry et al. [20], Daak et al. [13] and Mustafa
et al. [21] the prevalence of SCT and SCD were (10.1%)
(1.5%), (3.6%) (21.2%), (52%) and (14%) respectively.
Similar results were documented in Cameroon, Kenya,
and Uganda by Sack et al. [4], Musoriza [22], Ndeezi
et al. [23] (16.8%) & (0.75%), (19.0%) & (0.9%), (13.3%) &
(0.7%) respectively. The high prevalence of SCA among
patients attending Al Fashir hospital refer to the fact that
the majority of them from districts rural areas of Darfur
region with a low socio-economic background who are
furthermore often illiterates.

Our results showed that individuals with SCA (Hb SS)
consistently had a low average of Hb 7.0+ 1 g/dl, normal
MCV 92.4+£7 fl and high TWBCs 17.3£15 x 103/ul
compared to the normal individuals’ group. While indi-
viduals with SCT (Hb AS) had haematological param-
eters similar to the normal individuals, where SCA
individuals are not suffering from the blood disorder, and
if anaemia is present, it would be because of factors (such
as iron deficiency) other than sickling state. The same
finding was described by Elderderry et al. [20] in North-
ern Darfur tribes, Mustafa et al. [21] in Higlig Kordofan
and Macharia et al. [5] in Kenya (Hb SS) patients mean
Hb g/dl, MCV fl and TWBCs x 103/ul were [(6.95),
(92.2) & (18.9)], [6.6), (92.5) & (20.4)] and [(6.31), (80.5)
& (21.7)] respectively. The actual anaemia of the SCD
is caused by haemolysis, the destruction of the sickle
red cells inside the spleen. Although the bone marrow
attempts to compensate by creating new red cells, it does
not match the rate of destruction, by the other side, the
infectious complications often lead to leukocytosis.

In this study SCA (Hb SS) was detected in the Negroid
ethnic group; they are a part of Nilo-Saharan language
family of North Darfur localities such as Housa 35.7, Fur
28.6%, Zagawa and Bartey 14.3%. While the heterozygous
form, (HbAS) was detected in 16 tribes of Northern Dar-
fur State.

The presence of (Hb SS) is already well documented
among Kordofan and Darfur region inhabitants, espe-
cially among Albaggara, an Afro-Arab constellation of
tribes with predominantly African descent, in addition
to Bederia, Fulani, Messeryia, Hummer, Berge, Fur and
Masaleet [11]. Our findings agreed with (Hb SS & Hb
AS) reported by Elderderry et al. [20] among North Dar-
fur tribes were The homozygous form of HbSS was found
in four tribes, Housa 10.26%, Fur 3.1%, Bartey 2.7% and
Zagawa 1.74%. The heterozygous form (HbAS) was found
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Fig. 1 Prevalence of sickle cell trait in 18 localities in Northern Darfur State, Sudan. Prevalence range from 2.2 to 67%. Sincere thanks to the
Extended Immunization Program, North Darfur State whom provide these maps for common uses

as 13.2% Fur, 12.8% Housa, 10.5% Ziadya, 9.6% Zagawa
9.5% and Bartey. The high prevalence of SCD and SCT in
Northern Darfur tribes is probably due to the high rates
of consanguinity, and first cousin marriages there, which
could increase the prevalence of autosomal recessive dis-
eases. Moreover, the lack of public health measures and
services for the prevention of genetic disorders in gen-
eral, in addition to the selective termination of pregnancy
of an affected fetus is illegal in Sudan.

Conclusions

This study revealed a high prevalence of sickle cell anae-
mia among children patients attending Al Fashir hospital,
which was not previously established in this hospital.

Recommendations
Sickle cell disease is a largely neglected leading cause of
mortality among children in African countries.

Newborn screening is needed in this region of west-
ern Sudan due to the huge immigration of West African
tribes carrying high prevalence of SCA, in addition to
the illiteracy, consanguineous marriage, closure socie-
ties, and lack of medical counselling and prevention from
genetic disorders in general.

SCA control programs are needed in the Darfur area
to establish premarital screening, health education, and
immunization and to collect, analyze of data and publi-
cize the outcome.
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Studies to quantify the public health burden of SCA are
required to be conducted.

Limitation
Although the present study is the first to detect the prev-
alence of sickle cell anaemia among the tribes attending
the pediatric clinic in Al Fashir Teaching Hospital during
January to February 2018 and not include all the tribes of
Northern Darfur populations.

In the present study, haemoglobin electrophoresis was
conducted to detect 14 types of haemoglobin, rather than
Hb S, no abnormal haemoglobin was detected.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513104-019-4682-5.

Additional file 1. Gender, age, tribes, CBC parameters and Hb electropho-
resis of the study population.

Additional file 2. Examples for the study populations families informed
consents.

Abbreviations

MCH: mean cell haemoglobin; MCHC: mean cell haemoglobin concentration;
MCV: mean cell volume; RBCs: red blood cells; WBC: white blood cells; USA:
United States of America.

Acknowledgements

Our best regards and thanks to Al Neelain University- Faculty of Medicine,
Medical Research Centre, Tropical Medicine Research Institute, Alafia medical
complex, and El Fashir teaching hospital for their co-operation and accept-
ance to do the research there. We are deeply indebted to the participants in
this study.

Authors’ contributions

NKA, design, conducted the study and drafted the paper. BAM, coordinated
the laboratory control, revised and approved the manuscript critically for
important intellectual contents. MAA, reform, revised and draft the paper for
publication. All authors read and approved the final manuscript.

Funding

The personal resources of the authors supported the study, it did not receive
any kind of external financial support, and no foundation has a role in this
study. Study design, collection, analysis, interpretation of data, and writing the
manuscript completed by the authors own resources.

Availability of data and materials
The raw dataset analyzed during the current study are presented within an
additional Microsoft Word Document file.

Ethics approval and consent to participate

Approvals from the Ministry of Health Northern Darfur State and Medical
Research Review Board Al Neelain University/2007 were obtained. Following
written informed consent from families were taken (Additional file 2).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 5 of 6

Author details

! Faculty of Medical Laboratory Science, Al Fashir University, Al Fashir, Sudan.
2 Pathology Department, Faculty of Medicine, Karari University, Khartoum,
Sudan.

Received: 12 May 2019 Accepted: 28 September 2019
Published online: 16 October 2019

References

1. Ifeanyi OF, Ochei KC, Nwachukwu BN, Ogechi NB. Sickle cell anaemia: a
review. Sch J App Med Sci. 2015;3(6B):2244-52.

2. Modell B, Darlison M, Birgens H, Cario H, Faustino P, Giordano PC. Epide-
miology of haemoglobin disorders in Europe: an overview. Scand J Clin
Lab Investig. 2007;67(1):39-69.

3. Mulumba LL, Wilson L. Sickle cell disease among children in Africa: an
integrative literature review and global recommendations. Int J Afr Nurs
Sci. 2015;3:56-64.

4. Sack FN, Njangtang DM, Chemegni BC, Djientcheu VP. Prevalence of
sickle cell disease in newborns in the Yaounde Central Hospital. JMR.
2017,;3(6):277-9.

5. Macharia AW, Mochamah G, Uyoga S, Ndila CM, Nyutu G, Makale J, et al.
The clinical epidemiology of sickle cell anaemia in Africa. Am J Hematol.
2018;93:363-70.

6. McGann PT, Hemandez AG, Ware RE. Sickle cell anaemia in sub-Saharan
Africa: advancing the clinical paradigm through partnerships and
research. Blood. 2017;129:155-61.

7. Grosse SD, Odame |, Atrash HK, Amendah DD, Piel FB, Williams TN. Sickle
cell disease in Africa. Am J Prev Med. 2011:41(6):5398-405.

8. Michael MD. Wolter Kluwer; c2019. Sickle cell disease in sub-Saharan
Africa; 2019. [about 15 screens]. http://www.uptodate.com. Accessed 21
Feb 2019.

9. Archibald RG. A case of sickle cell anaemia in Sudan. Trans R Soc Trop
Med Hyg. 1926;19(7):389-93.

10. Ahmed FE, Gaboli HO, Salih KMA. Clinical profile of sickle cell anaemia in
Sudanese children. NMJ. 2014;3(14):12-9.

11. Sabahelzain MM, Hamamy H. The ethnic distribution of sickle cell disease
in Sudan. Pan Afr Med J. 2014;18(13):3280.

12. Abbas YM. Haematological parameters in Sudanese children with sickle
cell disease. Am J Res Commun. 2014,2(2):20-32.

13. Daak AA, Esamani E, Ali EH, Mohammed FA, AbdelRahman ME, Elderly
AY, et al. Sickle cell disease in western Sudan: genetic epidemiology and
predictors of knowledge attitude and practices. Trop Med Int Health.
2016;5(21):642-53.

14. Bayoumi RA, Taha TS, Saha N. A study of some genetic characteris-
tics of the Fur and Baggara tribes of Sudan. Am J Phys Anthropol.
1985,67(4):363-70.

15. Ahmed HA, Baker EA. Sickling in the East Sudan. Afr Med J.
1986,63(6):395-9.

16. Foy H, Kondi A, Timms GL, Brass W, Bushra F. The variability of sickle
cell rates in the tribes of Kenya and Southern Sudan. Br Med J.
1954;2(6):1294-7.

17. Omer A, Ali M, Omer AH, Mustafa MD, Satir AA, Samuel AP. The incidence
of G-6-PD deficiency and abnormal haemoglobins in the indigenous and
immigrant tribes of Sudan. Trop Geogr Med. 1972,24(4):401-5.

18. Marks LJ, Munube D, Kasirye P, Mupere E, Jin Z, LaRussa P, et al. Children
with sickle cell disease in sub-saharan Africa: a systematic review and
meta-analysis. Glob Pediatr Health. 2018;5:1-9.

19. Stephen N, Nden N, Gusen NJ, Kumzhi PR, Gaknung B, Auta DA, Bulndi LB,
Mbursa C, Kumari VP, Nanvyat N. Prevalence of sickle cell disease among
children attending plateau specialist hospital, Jos, Nigeria. Acta Med Int.
2018;5:20-3.

20. Elderderry A, Adam NK, Mohamed BA. Haemoglobinopathies in Northern
Darfur State, stratified by tribes and ages. IJBAR. 2015;6(12):864-7.


https://doi.org/10.1186/s13104-019-4682-5
https://doi.org/10.1186/s13104-019-4682-5
http://www.uptodate.com

Adam et al. BMC Res Notes (2019) 12:659

21.

22.

23.

Mustafa MH, Eltayeb EA, Elmisbah TE, Babiker HM, Ali NA, Nasir O. Fre-
quency of the sickle cell disease and sickle cell trait in Heglig Area-Sudan.
Int Public Health Epidemiol. 2013;3(1):001-6.

Muscoriza C. Prevalence of sickle cell and a-thalassaemia traits in children
enrolled in a malaria vaccine clinical trial in Komobewa, Western Kenya.
(Master’s thesis). Kenyatta University; 2007.

Ndeezi G, Kiyaga C, Hernandez AG, Munube D, Howard TA, Ssewan-

yana |, et al. Burden of sickle cell trait and disease in the Uganda sickle

Page 6 of 6

surveillance study (US3): a cross-sectional study. Lancet Glob Health.
2016;4:2195-200.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Prevalence of sickle cell disease and sickle cell trait among children admitted to Al Fashir Teaching Hospital North Darfur State, Sudan
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Time and duration of the study
	Study population
	Blood samples collection
	Capillary zone electrophoresis

	Results
	Discussion
	Conclusions

	Recommendations
	Limitation
	Acknowledgements
	References




