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Abstract
Background/Aim: Painful vaso-occlusive crisis (VOC) is the most frequent complication of sickle cell disease. The cause of VOC is believed to be ischemic tissue 
injury from the obstruction of blood flow by sickled erythrocytes. Sickling process leads to hypoxia and acidosis; a cycle that eventually leads to ischemic tissue injury. 
The study was aimed at evaluating the biochemical and haematological changes in sickle cell disease patients during crisis and steady state. 

Materials and Methods: One hundred sickle cell anaemia patients attending sickle cell clinic at the University of Nigeria Teaching Hospital, Ituku-Ozalla, Enugu, 
comprising of 40 males and 60 females, aged 10 - 30 years and 50 (25 males and 25 females) apparently healthy control subjects participated in the study. Blood 
sample (5.0 ml) was drawn from a peripheral vein during crisis and steady states for biochemical and haematological analysis using haematological auto analyzer and 
standard spectrophotometric method.

Results: The mean albumin, globulin and total protein concentrations in VOC were significantly higher (p < 0.05) than the mean steady state and the controls. The 
mean haemoglobin, haematocrit, platelet and red blood cell concentration both in VOC and steady state were significantly lower (p<0.05) than the controls while 
the total white blood cell concentration (8.5 ± 1.5x109/L) was significantly higher (p<0.05) than the mean steady state (7.6 ± 0.8x109/L) and the controls (5.1 ± 
1.2x109/L).               

Conclusion: These findings have demonstrated alteration of some biochemical and haematological parameters during VOC and normal state in sickle cell disease.
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Introduction
Sickle cell disease is characterized by painful vaso- occlusive 

crises, chronic inflammation, recurrent infections and organ damage 
resulting in a highly reduced quality of life in both adult and children 
[1-3]. Vaso-occlusive crises caused by sickled red blood cells are 
responsible for chronic and acute damage to tissue and organs and 
cause recurrent and unpredictable episodes of acute pain in the affected 
parts of the body, most usually the arms, legs, joints, and back. There 
are four phases of vaso-occlusive crisis with the typical painful episode 
lasting an average of 10 days [4]. The phase 1 which is the prodromal 
or precrisis phase is associated with numbness and paresthesias which 
may be related to a decrease in red blood cell deformability and an 
increase in red blood cell density as more red blood cells clog vascular 
channels. Phase 2 is often associated with decrease in hemoglobin, 
an increase in the percentage of dense red blood cells, increased red 
blood cell distribution width and increased hemoglobin concentration 
distribution width. In phase 3, the biochemical and heamatological 
changes includes anemia, reticulocytosis, leucocytosis, an increase in 
acute-phase reactants like C-reactive protein and fibrinogen, lactate 
dehydrogenase which is an indication of tissue damage/bone marrow 
infarct, creatine phosphokinase indicating skeletal muscle damage. 
Phase 4 is associated with thrombocytosis, increased fibrinogen levels, 
and a return to baseline hemoglobin levels with decreased sickle cells 
[5]. Factors involved in the development of painful crisis arising from 
vaso -occlusion in sickle cell disease is complex which is triggered 
by many factors that includes poor deformability of red blood cells, 
adhesion among multiple cell types and blood components, as well 

as the local microenvironment like low oxygen concentration and 
acidosis [6-7]. Sickle red blood cells experience intracellular sickle 
hemoglobin polymerization under conditions of low oxygen partial 
pressure, thereby reducing cell deformability [8]. Such reductions 
in deformability can severely impact blood flow in narrow vessels, 
ultimately causing a transient or persistent blockage [9]. Competition 
between the delay time for hemoglobin S polymerization and the red 
blood cell transit time in microcirculation is likely a key determinant 
of disease severity [10].

Leukocytes and neutrophils are important players in the 
pathogenesis of VOC. In sickle mice models generated to study vaso-
occlusion, leukocytes, and especially neutrophils, were identified as 
important players in the pathogenesis of VOC [11,12]. Leukocytes play 
an important role in the development of microvascular obstruction 
and sickle cell disease-related complications [13]. Studies have shown 
that leukocytosis is associated with severity of sickle cell disease and is 
a risk factor for major sickle cell-related complications such as stroke, 
acute chest syndrome and early death [14-16]. Polymorphonuclear 
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neutrophils play an important role in the pathogenesis of vaso-
occlusive painful sickle cell crisis. Upon activation, polymorphonuclear 
neutrophils can form neutrophil extracellular traps which consist of a 
meshwork of extracellular DNA, nucleosomes, histones and neutrophil 
proteases and neutrophil extracellular traps have been demonstrated 
to be toxic to endothelial and parenchymal cells [17-19]. Neutrophils 
play a pivotal role in initiating VOC and their importance has been 
highlighted in various laboratory and clinical studies [20-22]. In 
a mouse model of VOC, instead of attaching to endothelium, sickle 
erythrocytes more commonly adhered to activated neutrophils [20]. 
Neutrophils from sickle cell disease patients express higher levels of 
activation molecules that mediate their adherence to endothelium 
and these immobilized neutrophils may act as cynosure for sickle 
erythrocytes to attach to and cause VOC [23].

Materials and methods 
Patients and blood collection

The subjects comprise of 100 sickle cell anemia patients attending 
clinic at University of Nigeria Teaching hospital, Ituku Ozalla, Enugu 
Nigeria of both sexes aged 10 to 30 years and 50 apparently healthy 
age and gender-matched controls. Haemoglobin electrophoresis on 
cellulose acetate was used to diagnose the homozygous disease [24].

Inclusion and exclusion criteria 

Inclusion criteria: Known patients with sickle cell anaemia as 
diagnosed by cellulose acetate electrophoresis [24] in steady state and a 
state of well-being without any symptoms or signs suggestive of crisis 
established by a careful history and complete physical examination.

Known patients with sickle cell anaemia as diagnosed by cellulose 
acetate electrophoresis [24] considered clinically to be in VOC based 
on the following criteria: Bone and joint pains or multiple sites of pain, 
requirement for analgesics and patients considering the episode as 
typical of crisis which necessitates hospital admission. 

Exclusion criteria: The exclusion criteria were established as 
follows: patient with disorders that may affect the haematological and 
biochemical values such as renal and liver disease, pregnancy and any 
patient with recent blood transfusion during the preceding three months. 

Blood collection and analysis

Blood sample (6 ml) was collected from subjects and controls 
into tri-potassium ethylene diamine tetra acetic acid anticoagulant 
containers and plain bottles and analyzed using haematological auto 
analyzer (Sysmex KX-21N) following manufacturers guideline. Total 
serum protein, albumin and globulin were further determined on both 
subjects and controls using standard methods. 

Analysis of data

The Statistical Package for Social Science (SPSS) computer software 
version 17 was used for data analysis. The results of the tests were 
analyzed using analysis of variance (ANOVA) and student’s t-test 
at 95% confidence interval with p value of ≤ 0.05 been considered as 
significant.

Ethical Permit

Ethical permit was sought and obtained from the research and 
ethics committee of College of Medicine, University of Nigeria, Enugu 
Campus. The procedures followed in this study were in accordance with 
the ethical standards of ethics committee on human experimentation.

Results
The mean albumin, globulin and total protein values in VOC were 

significantly higher (p<0.05) than the mean steady state and the controls 
values (Table 1). The mean haemoglobin, haematocrit, platelet and red 
blood cell values both in VOC and steady state were significantly lower 
than the controls values while the total white blood cell value (8.5 ± 1.5) 
was significantly higher than the mean steady state (7.6 ± 0.8) and the 
control (5.1 ± 1.2) (Table 2).

Tables 3 and 4 is the mean ± SD of Biochemical indices of male 
and female patients during crisis and steady state and its comparison 
with male and female controls respectively. There was no significant 
difference between the mean ± SD of serum albumin, globulin and total 
protein of sickle cell male and female patients during crisis and steady 
state when compared with male and female control respectively.

The hematological indices of male during crisis and steady state 
showed that the mean haemoglobin (7.8 ± 0.6), haematocrit (21 ± 0.5) 
and red blood cell (3.2 ± 0.35) in VOC were significantly lower than 
the mean steady state and the controls while the total white blood cell 
concentration in VOC was significantly higher compared to the mean 
steady state and the control. The mean platelet in VOC (85 ± 10) and 
the steady state (105 ± 15) were significantly lower when compared 
with the control (Table 5). The hematological indices of female 
during crisis and steady state reveled that haemoglobin (6.5 ± 0.5), 

Biochemical indices Crisis stage Steady stage Control
Albumin (g/dl) 5.5 ± 0.7* 5.1 ± 0.6 4.8 ± 0.4
Globulin (g/dl) 4.4 ± 0.7* 3.4 ± 0.5 3.1 ± 0.5
Total protein (g/dl) 9.9 ± 1.2* 8.5 ± 1 7.9 ± 0.9
*(p < 0.05)

Table 1. The mean ± SD of Biochemical indices during crisis and steady state

Haematological 
indices Crisis stage Steady state Control

HGB (g/dl) 7.6 ± 0.5* 10.3 ± 1.3* 13.1 ± 1
HCT (L/L) 22 ± 0.8* 30 ± 1.5* 38 ± 1.2
RBC (x 1012/L) 3.2 ± 0.24* 3.6 ± 0.33* 4.9 ± 0.27
MCV (FL) 67.86 ± 0.42 80.23 ± 0.35 76.71 ± 0.38
MCH (Pg) 23.63 ± 0.76 28.56 ± 0.44 26.79 ± 0.61
MCHC (g/dl) 34.98 ± 0.23 34.87 ± 0.52 34.93 ± 0.35
TWBC (x 109/L) 8.5 ± 1.5* 7.6 ± 0.8 5.1 ± 1.2
Platelet (x 109/L) 98 ± 12* 118 ± 10* 158 ± 10
*(p < 0.05)
HGB: Haemoglobin; HCT: Hematocrit; RBC: Red blood cell; MCV: Mean corpuscular 
volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin 
concentration; TWBC: Total white blood cell.

Table 2. The mean ± SD of haematological indices during crisis and steady state

Biochemical indices Crisis stage Steady stage Control
Albumin (g/dl) 5.2 ± 0.7* 4.9 ± 0.64 4.4 ± 0.5  
Globulin (g/dl) 4.4 ± 0.8* 3.2 ± 0.71 3.1 ± 0.6 
Total protein (g/dl) 9.6 ± 1.3* 8.1 ± 0.6 7.5 ± 0.9 
*(p < 0.05)

Table 3. The mean ± SD of Biochemical indices of male during crisis and steady state

Biochemical indices Crisis stage Steady stage Control
Albumin (g/dl) 5.4 ± 0.6* 5.1 ± 0.4 5.0 ± 0.2 
Globulin (g/dl) 4.4 ± 0.5* 3.3 ± 0.7 3.1 ± 0.3 
Total protein (g/dl) 9.8 ± 1.1* 8.4 ± 1.1 8.1 ± 0.9 
*(p < 0.05)

Table 4. The mean ± SD of Biochemical indices of female during crisis and steady state
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haematocrit (18 ± 0.7), red blood cell (3.1 ± 0.8), Mean corpuscular 
volume (58.06 ± 0.23) and mean corpuscular heamoglobin (20.97 ± 
0.44) in VOC were significantly lower than the mean steady state and 
the controls while the total white blood cell (8.5 ± 1) concentration in 
VOC was significantly higher compared to the mean steady state and 
the controls. The mean platelet (115 ± 8) in VOC and the steady state 
(120 ± 10) were significantly lower when compared with the control 
(160 ±15) (Table 6).

Discussion
Vessel occlusion and ischaemia caused by decrease in sickle 

blood cell elasticity and damage to the cell membrane are central to 
the pathophysiology of sickle cell anemia [25]. Pain management 
medications are used as remedies for vaso-occlusive pain crises. Sickle 
cell anaemia patients, particularly children, are vulnerable to infections 
leading to increased mortality [26].

The mean albumin, globulin and total protein values in VOC 
were significantly higher (p<0.05) than the mean steady state and the 
controls values (Table 1). Isichei [27] in his study carried out on sickle 
cell disease children aged 5-11 years showed that mean total protein and 
the mean globulin in the homozygous sicklers was very significantly 
greater than the values found in normal children in the same age group. 
The high level of globulin in sickle cell homozygous individuals both 
in VOC and steady states could be attributed to increased erythrocyte 
destruction during sickling [28]. In a study carried out in patients 
attending sickle cell clinic at University of Benin Teaching Hospital 
(UBTH) Nigeria, the mean total protein and albumin were significantly 
higher (P<0.05) in sickle cell disease patients when compared with 
heterozygous AS and normal controls patients [29]. Famodu, et al. [30] 
observed high level of albumin in sickle cell patients especially during 

occlusive crisis. On the contrary, Tripathi, et al. [31] found low levels of 
total protein and albumin in sickle cell disease individuals.

The mean haemoglobin, haematocrit, platelet and red blood cell 
values both in VOC and steady state were significantly lower than 
the controls values. The sickle cell anaemia patients are continually 
haemolysing their red cells with a short survival rate of the erythrocytes 
between 12-14 days [32] and as a result, the haemoglobin, haematocrit, 
platelet and red blood cells are usually lower than normal healthy 
individuals. This is in accordance with the result of a study carried out 
in the sickle cell clinic of Lagos State University Teaching Hospital, 
Nigeria which revealed a significant decrease (p<0.05) in the mean 
values of hemoglobin concentration in sickle cell disease patients 
compared with normal human subjects [33].

The total white blood cell counts in VOC and steady state were 
significantly higher (P<0.05) than in controls (Table 5). This could be 
attributed to increase concentration of neutrophils in venous blood 
of sickle cell patients which include demargination of intravascular 
neutrophils, accelerated release from the bone marrow and reduction 
in the rate at which neutrophils leave the blood [34]. The platelet count 
in VOC and steady state were statistically significantly lower than the 
control (Tables 2, 5 and 6) and this is contrary to previous studies 
which show that platelet count is higher in sickle cell anaemia than in 
healthy control [35].

The MCV was significantly lower in VOC than in steady state and 
control and this is also in contrary with previous studies which showed 
higher MCV in VOC and steady state than the healthy control [36]. The 
result of this study showed increased levels of albumin, globulin and 
total protein in sickle cell disease patients in VOC and steady state but 
not statistically significant when compared with the apparently healthy 
subjects (Tables 3 and 4). This is in line with the result of a study carried 
out by Adu, et al. [29] who reported similar trend of albumin in sickle 
cell disease subjects.

Conclusion
In conclusion, this study demonstrated alterations in the 

biochemical and haematological parameters of sickle cell patients 
attending clinic at University of Nigeria Teaching Hospital, Enugu 
Nigeria. The study was limited with few subjects which were not 
enough to establish conclusive assertions on the findings. 
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