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Abstract

Sickle cell anemia is an inherited autosomal recessive disorder
characterized primarily by chronic anemia and periodic episodes of pain.
The disorder produces abnormal hemoglobin, which causes the red blood
cells to sickle or become crescent shaped. These sickle shaped RBCs are
much less deformable, and therefore obstruct microcirculation, and cause
tissue infarction. This study aimed to investigate the blood parameters of
patients with sickle cell anemia in comparison to healthy controls. The age
range of this population was from five months to 12 years, with 83% (n =
83) their ages < 7 years and 17% (n = 17) their ages were > 7 years. The sex
ratio of males to females was 1:1 for all studied groups. Venous blood
samples were collected from patients with sickle cell anemia (n = 92) and
controls (n = 8) attending Al Buluk Teaching Hospital, at Omdurman City of
Khartoum State. The samples of patients with sickle cell disease { SS =48
; 52.2% (48/92) }, sickle cell trait AS = 44; 47.8% (44/92) and eight
healthy controls (AA ) were screened for complete blood count and
hemoglobin electrophoresis. The mean and standard deviation for
hematological parameters for each group (SS, AS and AA) were compared
using SPSS 16.00. This study revealed a highly significant differences (P <
0.05) in Hb, PCV and WBCs between healthy controls (AA) and patients
with sickle cell anemia (SS and AS). The present study did not find any
significant differences (P > 0.05) between healthy controls and patients with
sickle cell anemia (SS + AS) concerning other hematological parameters
(MCV, MCH, MCHC, Neutrophiles, Lymphocytes, Monocytes,
Eosinophiles and Basophiles). This study showed low hematological
parameters of SCD patients may also be due to various causes including
poor nutrition as well as infections and hemolytic processes. This study
recommended pre screening for infants and children so as to mount the
necessary precautions to avoid complication of sickle cell anemia that may
lead to death.
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List of abbreviation

* Hb Hemoglobin



« RBc Red Blood cell

« WBC White Blood cell

« Ph Platelit

- PCV Packet Cell volume

e MCV Mean Cell Hemoglobin

« MCH Mean Capsular Hemoglobin

« CBC Complete blood caunt

e Hbss Hemoglobin

e Mbas Hemoglobin As tract

« SPSS Statistical Package of the Social Science

List of Contents

L L R i
Dedication....... ..ot e ii

vi



Acknowledgment............ .o i iii

ADSEIACL. . ... o e iv
Arabic @abstract.......... ..ot \Y
List of CONTeNTS........ccoiitiiiiiii i e, vl
Listof Tables.........ccooooiiiiiiiiiii e xi
Listof plates....... ... e xii
List of Figures. ......coouoiiiiiiiiii i e e xiii
APPEeNIX...... (it e xvi
Chapter One

Introduction and Literature Review

1.1 Introduction .....cccceeeiiiiiinneiiiiiienscccossesssscsssssssscsne sanaaes 1
111 Blood ...... ccviiiiiiiiiiiiiiiniiiieictsactosastossssesensscsnnsccnnes 1
1.1.2 Hemoglobin .......ccceiiiiiiiiiniiiiiniiiinieiinniciensiosssscscnnscnes 1
1.1.3 ANEIMEA .eeiiinniiiineieiinrioseercosssscsssssosssseosssscsssssssssssssssnssns 5
1.1.3.1 Types and potential causes of anemia ..........ccccoovevviniennennee 5
1.1.3.2 Clinical signs and symptoms of anemia ...........ccoeevvieiiieicnnnnn 5

Literature Review

1.2 Sickle Cell ANECINIA ...cvvvriiereniiereeeeereneseessesessscccsssssesscsscnnns 10
1.2.1 DefinItiON. . ...ttt e et 10
LI 5 L] (1) o 10
1.2.3 DSEASES. ...ttt ettt et e 12
1.2.3.1 Sickle cell disease (HbSC or HbSS) ..............ccoiiiiiini. 11
1.2.3.2 Sickle trait (HbSA) .......cooiiiii e, 15
1.2.4 Distribution ...
........... 16

1.2.5 Genetics and molecular bases
........................................... 16

1.2.6 INDETILAIICE o.uuueeeeernniiiieeeeeneeeeeeeeeeeseessssssssscesssssssssosssnnnne 18
1.2.7 Signs and SYMPULOMS. .........oouiiiiiiiiiieiiie e eaieeeieaeannns 18

vii


javascript:openWin('hbsynthesis.html');

1.2.7.1 Acute Chest Syndrome.................ccoooiiiiiiiiiiiiiiiiie e, 19

1.2.7.2 AplastiCc CriSes ..........ccouiiiiiiiiii i, 20
1.2.7.3 Splenic Sequestration Crises................ccoovviiiiiiiiiennnnnnnn. 20
1.2.7.5 Hemolytic CriSes...........coouiiiriiiiiiiiiiiiiiiiinieeieannanns 20
1.2.8 Pathophysiology.............ccooiiiiiiiiiii 20
1.2.8.1 AcCUte CIiSiS .....oonuiiiiiii i 23
1.2.8.2 Acute Chest Syndrome (ACS)........coooiiiiiiiiiiiiiiiiieiiiee 23
1.2.8.3 Cerebral vascular accidents....................coooiiiiiiiiiennnn.n 23
1.2.8.4 Chronic Problems......................ooiiiii 24
1.2.9 Pathology..........ccooiiiiiiiiii 26
1.2.10 Complications of sickle-cell anemia .............................. 28
1.2.11 Morbidity ........coooiiiii 31
1.2.12 Mortality .........coooiii i 32
1.2.13 DIQ@NOSIS ..eovvriinrrinnriiniiinreierssnersssossssssssssssssssosnssnnsens 32
1.2.13.1 FullBlood Count ..............coooiiiiiiiiiiiiiiiiiiiiineieenen, 32
1.2.13.2 Sodium Metabisulphate............................ 33
1.2.13.3 Haemoglobin Electrophoresis..........................coooel 33
1.4.13.4 Genetic Analysis............coviiiiiiiiiiiiiii i, 34
1.2.13.4.1 Prenatal Diagnosis..............ccooiviiiiiiiiiiiiiiiiieenineanns 34
1.2.13.4.2 Postnatal Diagnosis................ccoeiiiiiiiiiiii i, 35
1.2.13.5 Molecular Diagnosis ...............cceiiiiiiiiiiiiiii e, 36
Chapter Two

viii


http://en.wikipedia.org/wiki/Acute_chest_syndrome

Material and Methods

2.1 Patients and samples.................c.oooiiiiiiiii 40
2.2 Complete blood count (CBC)............ccooviiiiiiiiiiiiiiiiiiieenens 40
2.2.1 Hemoglobin measurement.................c..cooeeiuiiiiiiiinininenennnn. 41
2.2.2 Leukocytes Analysis.............cooviiiiiiiiiiiiiiiiiiiiiie e 41
Table 3.1 Parameters of WBCs ............c..coooiiiiiiiiiiiiiiiiiii e, 42
2.2.3 Erythrocytes analysis.............ccooiiiiiiiiiiiiiiiiiiiiini e, 42
2.2.4 Platelets analysis..............coiiiiiiiiiiiiii 44
(i) Reagents of Mythic 18................oooiiiiiiii i 44
(ii) Steps of Mythic 18 Method..........................coiiiiiii 44
2.2.5 Peripheral blood pictures.................coooiiiiiiiiiiii 45
(i) Manual preparation of blood............................ 45
(i) Labeling..........coooiiiiiii e 45
(iii) Fixation of blood films............................ 45
(iv) Staining of blood films........................... 45
(v) Principles of staining......................ooiiiiiiiiiii 46
(vi) Method of Staining...................oooiiiiiiiiiiiiii i 46
(vii) Preparation of Leishman's stain........................................ 47
2.2.6 Examination of blood films............................. 48
2.2.7 Hemoglobin Electrophoresis Method................................ 48
2.2.7.1 Principle ..o 48
2.2.7.2 Electrophoresis reagents................c.cccevviiiiiiiiiinnnnnn. 48
2.2.7.3 Haemalysing reagent.................ccooviviiiiiiiiiininennnennn. 48
2.2.7.4 Electrophoresis buffer (TEB pH8.5)........................... 48
2.2.7.5 Protein Staiming.............ccviiiiiiiiiiiiiiiiiiieiiiieiiieeeaann 48
2.2.7.6 Destaining solution..................oooiiiiiiiiiiiiiiiiiiiii 48
2.2.7.7 Cleaning solution ................ccooiiiiiiiiiiiiiiiiiiiiiiiie e, 48

ix



2.2.7.8 Preparation of sample hemolysates................................. 48

2.2.7.9 Preparationof control.............................. 49
2.2.7.10 Method...... ..o 49
Chapter Three
ReSUlts. ..o 51
3.1 Studied population ..................oooiiii 51
(i) Patients and controls. ..o, 51
T 7 L P 51
() SO ..ttt e 51
3.1.1. Patients with sickle cell disease (SS).............cccooiiiiiiiiii. 51
3.1.2. Individuals with sickle cell trait (As carriers) ....................... 52
3.1.3. Healthy controls.................coooiiiiiiii e, 52
3.2. Hematological parameters of patients with sickle cell anemia and
healthy controls...................oiiiiii e, 54
3.2.0. POV L 54
32,2, WBCS. .ttt e 62
3.2.3. MOV oot e 64
3.24. Mean MCH.........ooiiiiiiiiiiii e 64
3.2.5.Mean MCHEC........ ..o e, 67
3.26 Meanplatelets...............coooiiiiiiiiii 69
3.2.7. Mean Neutrophiles...................oooiiiiii 71
3.2.8 Mean Lymphocytes .............ccoooiiiiiiiiiiiiiiiiii e, 73
3.2.9 Mean MODOCYTES. ......o.uuuitiiiitte et eaaieeeererneeeeaanneen 75
3.2.10 Mean Eosinophiles..................co.oooiiiii 78
3.2.11 Mean Basophile .................... 80



3.2.12 Mean Hemoglobin (Hb)....................o i 82

Chapter Four

D) E a1 1) (1) o U 84
ConCluSION. ... 87

Recommendation.................uuiiiiiiiiiiii e, 88

ReEfereNCeS. ... 89
Electronic References................ccooiiiiiiiiiiiiiiiiii i 93

APPENAiX.......oiiiiii i e 94

xi



List of Tables

Table 1.1 WHO's Hemoglobin thresholds

used to define anemia (1 g/dL = 0.6206 mmol/L) ......................... 8

Table 3.1 Age and sex of patients with sickle cell disease and sickle cell

trait and healthy control...................... i 53

Table 3.2. : Descriptive data analysis of

hematological parameters of patients with

sickle cell anemia (SS & As) and healthy

control using SPSS 16 One Way ANOVA Test...........cccevvvvvivnnnnn. 58

Table 3.3. Multiple comparisons of hematological

parameters of patients with sickle cell disease,

sickle cell traits and healthy controls using SPSS.16

ANOVA One Way Test........ccooiiiiiiiiiiiiiiiiiiiii e 59

xii



List of plates

Plate 1.2 Hemoglobin protein (two alpha and
two beta) of RBCs

................................................................. 3

Plate 1.3 Syptoms and signs of anemia ........c.ccoeveiiieieinrnnerennionnnenns 7
Plate 1.4 Normal hemoglobin AA and Sickle hemoglobin ................ 13
Plate 1.5 Sickle cell anemia ..................c.oiiiiiii 14
Plate 1.6 Interaction of sickle cells with vascular endothelial............. 29

xiii



List of Figures

Figure 1.2 Hemoglobin Structure................

Fig 3.1.a sex of patients with sickle cell disease trait

and healthy controls.....................oii 55
Fig 3.1.b Age distribution of patients with sickle cell disease,

sickle cell trait and healthy controls................................. 56
Fig. 3.1.c Mean age of the study population
(Patients with sickle cell disease, sickle cell trait

and healthy controls)...................oiii 57

Fig. 3.2.1 The mean PCV for patients with
sickle cell disease (SS), patients with sickle

cell trait (AS) and healthy controls .........................ol, 62

Fig. 3.2.2. The mean W.C.C.S (unit) of patients with
sickle cell anemia (SS and AS) and healthy controls...................... 64

Fig. 3.2.3 the mean MCYV (unit) of sickler patients
(SS and AS) in relation to healthy controls (AA)............ccocvvenvenn. 66

Fig. 3.2.4. The mean MCH of patients with
sickle cell anemia (SS and AS) and healthy
controls (AA) according to their genotype.......................oiieinil. 67

Xiv



Fig. 3.2.5 comparison of mean MCHCH
between healthy controls and patients with

sickle cell disease and trait..............cooviiiniiiiiiiiiiiiie i, 69

Fig. 3.2.6 Illustration of the relationship of mean
platelet count in patients with sickle cell anemia
(SS and AS) in comparison to the normal control (AA)................... 71

Fig. 3.2.7 The mean Neutrophiles count of sicker

patients (SS and AS) and healthy controls (AA)...........cooeevviiinnn. 73
Fig. 3.2.8 The differences between healthy

controls (AA) and patients with sickle anemia

(SS and AS) in relation to their mean lymphocyte......................... 75

Fig. 3.2.9 The mean monocytes of patients with
sickle cell disease (SS), sickle cell trait (AS)
and healthy controls (AA).......c.cooiiiiiii e 77

Fig. 3.2.10 The effects of mutations in patients
with sickle cell disease (SS) and patients with
sickle trait (AS) and healthy controls with wild

phenotype (SS), in relation to their mean eosinophils.................... 79

XV



Fig. 3.2.11 The differences in the mean
basophiles values in sickler patients

with homozygous (SS) and heterozygous (AS)
phenotypes and the wild type (AA) of healthy

(1) 111 1) T 81

Fig. 3.2.12 The differences in the mean

hemoglobin values in sickler patients

with homozygous (SS) and heterozygous (AS)

phenotypes and the (AA) healthy controls.............................. 83

XVi



	Literature Review
	1.2 Sickle Cell Anemia  ……………………………..…………….….…10
	1.2.6  Inheritance ……………………………………………………..…..18

	1.2.7  Signs and symptoms………………………………………….……18
	1.2.10 Complications of sickle-cell anemia  ………….………….….28 

	1.2.13  Diagnosis  …………………………………………..…………...32
	1.2.13.1  Full Blood Count …………………………………...……….32
	2.2.1  Hemoglobin measurement………………………………...….…..41

	2.2.3  Erythrocytes analysis…………………………………………..…..42
	Plate 1.3  Syptoms and signs of anemia ……………………..……………7
	Plate 1.5   Sickle cell anemia   …………………..………………………..14

