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Introduction
Sickle Cell Disease (SCD), precipitated 

primarily by β-globin gene mutation, has 
fundamental pathophysiological outcomes 
leading to hemolytic events and the 
initiation of the inflammatory activities 
that finally contribute to vaso-occlusion. In 
addition, these inflammatory procedures 

also contribute significantly to many acute 
and severe clinical symptomatologies and 
complications of the disease such as stroke, 
acute chest syndrome, acute bone pains, 
autosplenectomy, pulmonary hypertension, 
leg ulcers and kidney infarcts [1]. The disease 
is concomitant with hypercoagulable state in 
which platelet activation is enhanced and may 
demonstrate augmented stickiness to inner 

Abstract
Introduction: Painful vaso-occlusive crises are frequent complications of sickle cell disease (SCD), 
which affects about 3% of the Nigerian population with a high mortality in children. Relevance of 
hematological and biochemical parameters to clinical symptoms of SCD are not often documented.  
Aims and Objective: This study aimed at determining the prevalence of fatigue, acute bone pains 
(ABP) and acute chest syndrome (ACS) and to assess the associating hematological and biochemical 
parameters before and after administration of ImmunozinTM. Materials and Method: This study was 
a double-blind, two-arm, randomized control pilot study with 30 SCD patients presenting with fatigue, 
acute bone pains (ABP) and ACS, each of whom was given the study agent. At the first visit, after 
thorough assessment of each patient had been undertaken and hematological parameters were measured, 
the study drug was administered to each patient accordingly. This process was repeated monthly for 
five more monthly visits when the study concluded. At each visit, venous blood sample was collected 
for hematological parameters, electrolytes, urea and creatinine analyses within 2 hours of collection. 
Results: Means (±sd) of age and BMI (Kg/m2) of the study subjects were 13.0 (5.6) and 16.1 (1.9) 
respectively with 26 (86.7%) of the patients underweight. At enrollment into the study, 25 (83.3%), 18 
(60.0%) and 10 (33.3%) of the patients presented with ABP, fatigue and ACS respectively but at the end 
of study, post administration of study drug, 11 (36.7%), 8 (26.7%) and 7 (23.3%) presented with ABP, 
fatigue and ACS. At enrollment, females were less likely to present with moderate fatigue (χ²=2.03, 
P-value=0.15, OR=0.23, 95% CI: 0.05, 1.18), moderate ABP (χ²=0.09, P-value=0.77, OR=0.80, 95% 
CI: 0.18, 3.46) and moderate ACS (χ²=0.01, P-value=0.90, OR=0.40, 95% CI: 0.03, 4.96) compared to 
males. Only one patient each presented with fatigue and ABP at the end of study. The values of many 
hematological parameters, electrolytes, urea and creatinine significantly varied at the end of the study 
compared with enrollment values. A significant positive correlation (Pearson’s r=0.40, P-value=0.031) 
was observed between serum urea and ACS at enrollment, and astonishingly between fatigue and ABP 
(r=0.52, P-value=0.003) but no notable correlation between any of the clinical symptoms and other 
variables at the end of study. Conclusion: The significant reduction in proportion of patients with 
fatigue, ABP and ACS at the end of study, after administration of test drug may suggest the therapeutic 
consequence of the test drug among SCD patients. There is urgent need to conduct multi-center and 
multi-disciplinary studies to corroborate these findings.
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procurable herbal nutritional capsule supplement, composed 
of Allium sativum, Balanites aegeptiaca, Guiera senegalensis 
and Azadirachta indica was administered to sickle cell disease 
patients who also presented with various degrees of severity of 
fatigue, acute bone pains and acute chest syndrome. 

Sample size calculation: Sample size calculation was based 
on the formula of Cochran [26] and Levy and Lemeshow [27]. 
Accordingly, a universal formula for selecting the sample 
size for a clinical trial or research problem based on a level of 
significance and a chosen margin of error was proposed. Thus 
sample size calculation in this study has been reported earlier 
[25]. 

Study area: The study took place in Kaduna City, Northern 
Nigeria with a projected population of 1,582,102, according to 
the 2006 national census outcome [28]

Study population: The study population consists of Sickle 
Cell Disease patients who reported at the pediatric and adult 
hematology clinics at Barau Dikko Teaching Hospital, Kaduna 
City in Nigeria. 

Recruitment, inclusion and exclusion criteria: To be 
included in the study, a participant must have been diagnosed 
as an SCD patient, must have provided informed consent (or 
agreement by parent or care-giver for minors) and explicit 
willingness to abide by all study procedures as well as 
availability for the duration of the study. Inclusion criteria also 
involved (i) manifestation of any clinical signs and symptoms 
of SCD with atleast one episode of crisis monthly (ii) ability to 
take oral medication and (iii) compliance with the medication 
regimen. Exclusion criteria involved (i) concomitant use 
of any other medication or medical devices not part of the 
study (ii) known allergic reactions to any of the components 
of study drug, (iii) pregnant or lactating women or women 
who were planning to get pregnant within five months after 
commencement of the study, (iv) patients with cardiac, hepatic 
or kidney disease, (v) patients who had one or more episodes 
of febrile illness within 1 month preceding the study (vi) 
those with concomitant disease such as malaria, tuberculosis, 
measles and (vii) those who were alcohol or tobacco users 4 
months prior to the start of the study. 

Study design and protocol: At enrollment into the study, 
each patient went through clinical examination and baseline 
blood sample was aseptically collected for hematological 
analysis and for serum electrolytes and urea. A questionnaire 
was served to document the severity of fatigue, acute bone pains 
and chest syndrome in each of the patients. Clean-catch mid-
stream urine was collected for urinalysis and for pregnancy 
test among females in child-bearing age group. Each patient 
received the first dose of the test drug consisting of 500 mg 
(pediatric patients 5-18 years) or 1000 mg (adult patients >18 
years) given twice daily, (every 12 hours) for a minimum of 120 
days, in addition to standard of care practices. Each patient 
was also re-assessed monthly (approximately 30 days apart) 
for hematological and biochemical parameters. At the end of 
the study, a questionnaire with the same set of questions was 
again served to document the severity of clinical symptoms of 
interest to this study - fatigue, ABP and ACS.

 Ethical approval: Each study subject (or caregiver/
guardian) signed a consent form to participate in the study 
and was assured that his/her data will be discreet, coded, and 

lining of blood vessels (vascular endothelium), a potential 
causative pathology to the vaso-occlusive process [2]. Sickle cell 
disease is characterized by the existence of sickle hemoglobin, 
which has the specific attribute of polymerizing when 
challenged with deoxygenation, and by dense, dehydrated 
red cells that are characteristic of the pathophysiology of 
acute and chronic manifestations of the disease [3]. Recent 
studies have indicated that SCD is characterized by a 
hypercoagulable state that contributes to the vaso-occlusive 
events in microcirculation, leading to acute and chronic sickle 
cell-related organ damage [4-6]. The disease is often associated 
with different symptoms of which acute presentation of vaso-
occlusive crisis, especially acute bone pains (ABP), is the 
commonest [7,8]. Chronic pain reported by SCD patients 
represents not only pain consequent upon vaso-occlusion but 
pain confirmatory of avascular necrosis of big joints — “the 
hips, shoulders and ankles, in decreasing order of frequency” 
[9]. Older studies report that approximately 5.2 percent of 
SCD patients present with up to 10 episodes of painful crises 
annually [7] though in most of them, the crisis resolves within 
five to seven days [10].  Factors that may precipitate crisis in 
SCD patients include dehydration, infection, cold weather, 
low oxygen tension and infection, among others [11]. Earlier 
studies reported acute chest syndrome (ACS) as the major 
cause of death and hospitalization in SCD patients [12-14] and 
that the pathology is consequent upon fat embolism and fat-
laden pulmonary macrophages from bronchoalveolar fluid [15-
18]. However, in the past decade, studies have characterized 
it as “a new radiodensity on chest radiograph accompanied by 
fever and/or respiratory symptoms” with a higher magnitude of 
disease severity and a higher mortality rate in adults, largely 
due to a higher incidence of bone marrow and fat emboli in 
adults [19-21].  

Dessap et al [22] also described ACS as a lung injury in 
SCD patients, consequent upon toxic cycle of “lung infarction, 
inflammation, and atelectasis culminating in ventilation–
perfusion mismatch, hypoxemia, and acute increases in 
pulmonary artery and right ventricular pressures”. Further, 
fatigue, shortness of breath and dizziness are frequent 
indications of SCD [23] which are likely due to smaller size of 
the erythrocytes or its distortion or both and as such, cannot 
convey oxygen efficiently and effectively to all parts of the 
body as do healthy erythrocytes [23] and may be a predictor of 
impending crisis, especially fatigue [24]. There is paucity of data 
on the prevalence of fatigue, ABP and ACS among sub-Sahara 
Africans with SCD. Even more scarce are data on whether 
phyto-medicinal interventions, and other African Medicinal 
Poly-herbal preparations (AMPp) have any therapeutic effect 
on these symptoms and on hematological and biochemical 
profiles of patients before and after management. The 
objectives of this study were to determine the prevalence and 
severity of fatigue, ABP and ACS among sickle cell patients in 
Nigeria, and to document the hematological and biochemical 
parameters of these patients before and at the end of treatment 
with ImmunozinTM, so as to determine possible therapeutic 
effect of the study drug on these symptoms.

Materials and Methods
This double-blind, randomized, control trial, carried out 

between January and May of 2018, has already been described 
in a previous publication [25]. Summarily, a commercially 
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unnamed. The study was approved by the Human Research 
Ethics Committee (HREC) with a reference number 17-0025 
and protocol number 17-0027-1. 

Definition:  Fatigue was defined as a feeling of exhaustion 
and lack of energy [29]; Acute bone pain was defined as an 
acute episodic painful crisis that results from microcirculatory 
obstruction by sickle erythrocytes leading to ischaemic-
reperfusion injury of bone and necrosis of bone marrow [30]; 
Acute chest syndrome was defined as a new radiodensity on 
chest radiograph accompanied by fever and/or respiratory 
symptoms [19].  

Data management and statistical analysis: Body Mass 
Index (Kg/m2) was segregated into <18.5, 18.5-24.9.  NCSS 
software (LLC, Kaysville, Utah, USA) was used for analysis. 
Student’s t-test was used to evaluate significant differences in 
means between two continuous variables. Pearson’s correlation 
matrix was used to determine association between clinical 
symptoms and other variables at the beginning and at the end 
of the study. Chi-square and Odd ratio with 95% Confidence 
Interval (CI) were used to test the significance of differences 
between two proportions. Data were presented as absolute 
numbers, percentages or proportions for categorical variables, 
as mean with standard deviations for continuous variables 
and as Tables and Figures for all variables. A P-value <0.05 was 
considered statistically considerable.
Results
General observation (Table 1)

Of the 33 patients with Sickle Cell Disease (SCD) who were 
enrolled into the study, data for 30 (90.9%) were analyzed in 

this study as records of acute bone pains in 3 patients were 
unavailable and thus removed from investigation. The means 
(±sd) of age (years) and Body Mass Index (BMI) (Kg/m2) of 
all study subjects (14 males, 16 females) were 13.0 (5.6) and 
16.1 (1.9) respectively. In all, 26 (86.7%) were underweight 
(BMI<18.5 Kg/m2) and only 4 (13.3%) were normal weight. 
At enrollment, SCD patients were 5.7 times more likely to 
present with ABP (n=25, 83.3%; χ²=9.64, P-value=0.002, 
OR=5.71, 95% CI: 1.93, 19.93) than with fatigue (n=18, 60.0%; 
χ²=0.02, P-value=0.88, OR=1.07, 95% CI: 0.44, 2.62 ) or chest 
syndrome (n=10, 33.3%; χ²=10.00, P-value=0.0005, OR=0.20, 
95% CI: 0.08, 0.51), making ABP the commonest clinical 
presentation with a prevalence of 83.3%, followed by fatigue 
with a prevalence of 60.0% and by chest syndrome with a 
prevalence of 33.3%. At the end of the study, SCD patients were 
1.7 times as likely to present with ABP (n=11, 36.7%; χ²=1.31, 
P-value=0.25, OR=1.74, 95% CI: 0.68, 4.47) than with fatigue 
(n=8, 26.7%; χ²=0.11, P-value=0.74, OR=0.85, 95% CI: 0.32, 
2.26) or chest syndrome (n=7, 23.3%; χ²=0.67, P-value=0.41, 
OR=0.66, 95% CI: 0.24, 1.80). Thus, the prevalence of ABP 
decreased to 36.7%, that of fatigue to 26.7% and that of 
chest syndrome to 23.3% at the end of the study. Of the 18, 
25 and 10 SCD patients that presented with fatigue, ABP and 
Chest syndrome, 17 (94.4%), 23 (92.0%) and 8 (80.0%) were 
underweight (BMI<18.5 Kg/m2). Figures 1a and 1b illustrate 
the histogram and percent distribution of age (years) of the 
patients in the study, indicating that approximately 32% of 
the subjects were aged between 12 and 16 years while Figure 
2 a and 2b elaborate the histogram and percent distribution of 
Body Mass Index (Kg/m2) which indicate that approximately 
50% of the patients were between 14-16 Kg/m2.   

Figure 1. Histogram (a) and percent distribution (b) of age (years) of study subjects (Shapiro-Wilk W test value=0.90, probability level=0.01, 
decision (5%) is to reject normality)   
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Gender and clinical presentation (Table 2)
At the beginning of the study, females were 2½ times more 

likely to present with no fatigue (χ²=0.67, P-value=0.41, 
OR=2.50, 95% CI: 0.55,11.41), 1.62 times as likely to present 
with no ABP (χ²=0.00, P-value=1.00, OR=1.62, 95% CI: 0.23, 
11.26) and 1.22 times more likely to present with no ACS 
(χ²=0.00, P-value=1.00, OR=1.22, 95% CI: 0.27, 5.59) compared 
to males. At end of study, females were 2.41 times as likely to 
present with no fatigue (χ²=0.40, P-value=0.53, OR=4.41, 95% 
CI: 0.46, 12.72), approximately 4 times as likely to present with 
no ACS (χ²=1.14, P-value=0.29, OR=3.89, 95% CI: 0.62, 24.52) 
but less likely to present with no ABP (χ²=0.00, P-value=1.00, 
OR=0.93, 95% CI: 0.21, 4.11). 

At enrollment, females were 1.67 times as likely to present 
with mild fatigue (χ²=0.04, P-value=0.85, OR=1.67, 95% CI: 
0.32, 8.74), 1.04 more likely to present with mild acute bone 
pains (χ²=0.00, P-value=0.96, OR=1.04, 95% CI: 0.24, 4.41), and 
twice as likely to present with mild ACS (χ²=0.08, P-value=0.78, 
OR=2.00, 95% CI: 0.31, 13.06) compared to males. However, at 
enrollment, females were less likely to present with moderate 
fatigue (χ²=2.03, P-value=0.15, OR=0.23, 95% CI: 0.05, 1.18), 
with moderate acute bone pains (χ²=0.09, P-value=0.77, 
OR=0.80, 95% CI: 0.18, 3.46) and with moderate ACS (χ²=0.01, 
P-value=0.90, OR=0.40, 95% CI: 0.03, 4.96). The only SCD 
patient with severe chest syndrome was a male.

At the end of the study, females were 0.26 times as likely to 
present with mild fatigue (χ²=1.14, P-value=0.29, OR=0.26, 
95% CI: 0.04, 1.62), 0.82 as likely to present with mild acute 
bone pains (χ²=0.00, P-value=1.00, OR=0.82, 95% CI: 0.18, 
3.74), and 0.26 as likely to present with mild acute chest 

syndrome (χ²=1.14, P-value=0.29, OR=0.26, 95% CI: 0.04, 1.62) 
compared to  males. No patient presented with severe fatigue, 
acute bone pains or acute chest syndrome at the end of the 
study.  (Table 2).

Fatigue (Tables 3 and 4)
While the mean [±sd] reticulocyte count of patients with 

fatigue at enrollment (2.4 [0.7]) and at the end of the study (1.7 
[1.2]) were not significant, the value among patients without 
fatigue was significantly higher (t-test=3.07, P-value=0.003) at 
enrollment into the study (2.6 [1.0]) compared to the value at the 
end of the study (1.5 [1.0]). There were no significant alterations 
in the means [±sd] of platelets, neutrophils, lymphocytes, 
eosinophils, total white blood cells or hemoglobin. However 
the mean [±sd] monocyte count at the end of the study (4.1 
[0.8]) was significantly higher (t-test=4.18, P-value=0.0002) 
than the value at enrollment (2.9 [0.8]).  (Table 3). There was 
no notable alteration in the sodium concentration, though 
those without fatigue had a significantly higher (t-test= -2.98, 
P-value=0.003) level of potassium at the end of the study (6.0 
[1.0]) compared to the value at enrollment (5.0 [0.9]). Among 
those with fatigues, the mean [±sd] bicarbonate value was 
significantly elevated (t-test= -4.22, P-value=0.0002) at the end 
of the study (25.5 [2.3]) than at enrollment (18.7 [5.9]) but less 
so among those without fatigue (t-test= -3.00, P-value=0.004). 
Among those with fatigue, mean [±sd] creatinine value was 
also raised significantly (t-test= -2.57, P-value=0.01) at the end 
of the study (53.2 [11.9]) compared to the enrollment value 
(40.8 [10.1]). The values of bicarbonate and of urea were also 
significantly raised among those without fatigue.

Figure 2. Histogram (a) and percent distribution (b) of body mass index of study subjects (Shapiro-Wilk W test value=0.95, probability lev-
el=0.22, decision (5%) is can’t reject normality)
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Acute Bone Pains (Tables 3 and 4)
Sickle cell disease patients with ABP recorded a mean [±sd] 

reticulocyte count of (2.4 [0.7]) at the beginning which was 
reduced significantly (t-test = 5.83, P-value = 0.000001) to (1.2 
[0.5]) at the end of the study. There was no noticeable difference 
in the mean reticulocyte count among SCD patients without 
ABP at the enrollment and at the end of the study. The mean 
values of platelets, neutrophils, lymphocytes and hemoglobin 
were not altered at enrollment compared to the values at the 
end of study among SCD patients with ABP. However, the mean 
[±sd] monocyte count of those with ABP at enrollment (3.4 
[0.9]) was significantly elevated (t-test = -2.66, P-value = 0.007) 
at the end of the study (4.2 [0.8]) and the enrollment value 
of those without ABP (2.8 [0.8]) also significantly increased 
(t-test = -2.98, P-value = 0.01) at the end of the study (4.0 [0.8]). 
There were also noteworthy changes in eosinophil and total 
white blood cell values among those with and without ABP at 
enrollment and at the end of the study. Means of potassium, 
chloride and bicarbonate concentrations of those without ABP 
were significantly higher (t-test = -3.09, P-value = 0.007; t-test 
= -2.49, P-value = 0.03; t-test = -2.40, P-value = 0.03) at the end 
of the study compared to the value at enrollment. However, 
means of urea and creatinine were notably higher among those 
with ABP when values at the end of study were compared to 
those at enrollment.

Acute Chest syndrome (Tables 3 and 4)
Significant differences were observed in the mean [±sd] 

reticulocyte count of those with (t-test = 2.46, P-value = 0.02) 
and without (t-test = 2.62, P-value = 0.006) chest syndrome 
when values at enrollment were compared with values at the 
end of the study. Among those without chest syndrome, the 
mean values of monocytes, neutrophils, eosinohils and total 
white blood cells at enrollment were notably varied (t-test = 
-2.87, P-value = 0.003; t-test = 4.19, P-value = 0.0001; t-test = 
-2.98, P-value = 0.002; t-test = 2.03, P-value = 0.02) compared 
to the values at the end of the study. Apart from the serum 
level of sodium which significantly decreased (t-test = 2.38, 
P-value = 0.02) at the end of the study (135.5 [5.0]) compared 
to the value at enrollment (140.5 [2.9]) among those with chest 
syndrome, the serum levels of potassium (5.3 [1.0]; 6.2 [0.9]), 
bicarbonate (16.0 [4.9]; 23.4 [3.4]) and creatinine (38.7 [13.6]; 
52.3 [14.9]) significantly increased  (t-test = -1.94, P-value = 
0.04; t-test = -3.68, P-value = 0.001; t-test = -1.92, P-value = 
0.04) among this group of patients. Incidentally, among those 
without chest syndrome, the means of potassium, bicarbonate, 
urea and creatinine also increased significantly at the end of 
the study in comparison with the values at enrollment. 

Correlation coefficients (Tables 5 and 6)
Surprisingly, a significant positive correlation (Pearson’s 

r = 0.40, P-value = 0.031) was observed between serum urea 
and chest pain at enrollment, and astonishingly between 
fatigue and ABP (r = 0.52, P-value = 0.003). Other correlation 
coefficients and values of their level of significance are as shown 
in Table 5. There was no noteworthy correlation between any 
of the clinical symptoms and other variables at the end of the 
study though other correlation coefficients and values of their 
level of significance could be found in Table 6.  

Discussion
This study was designed to investigate the prevalence of 

fatigue, acute bone pains and chest syndrome at enrollment 
and at the end of the study. In addition, the study also 
examined the hematological and biochemical parameters 
of patients presenting with these three symptoms of sickle 
cell disease and compared enrollment values with the values 
obtained at the end of the study, after the trial drug had 
been given to patients over a period of six months. The study 
aimed to determine whether the proportion of SCD patients 
with fatigue, acute bone pains and chest syndrome would 
decrease, remain the same or increase at the end of the study. 
Our intention was to avoid presupposing that the study drug 
has therapeutic efficacy, allowing the data to present its own 
internal representation of the observation. Sickle cell disease is 
an illness that is usually associated primarily with abnormality 
of the red blood cells (sickle hemoglobin) which deform when 
deprived of oxygen, causing obstruction to the flow of blood it 
passes through, especially in very small veins or arteries. The 
disease is also affiliated with abnormalities in the coagulation 
system, disruption of platelet activation and accumulation, 
poor functioning of the inner wall of blood vessels, and with 
cell inflammatory responses, among others [3]. 

This study includes relatively new information about 
the prevalence of fatigue, ABP and ACS as well as the 
hematological and biochemical parameters associated with 
these clinical symptoms before and after the administration 
of a novel study drug among Black Africans. One of the key 
findings in this study is that acute bone pains had the highest 
prevalence than fatigue and ACS among the patients, probably 
due to bone marrow ischaemia or infarction. The 94% 
prevalence of ABP observed in this study is higher than the 
70% reported by Shah et al [31]. The higher reticulocyte count 
among SCD patients with and without ABP may indicate 
attempt by the bone marrow to counterbalance consequential 
anemia associated with SCD. Contrary to what Canalli et al 
[32] reported, eosinophil level was not elevated at enrollment 
in this study. Evidence is scarce on possible functional 
changes of eosinophils and their derived mediators in SCD, 
especially with the administration of the study drug, though 
these cells are known to participate in body’s inflammatory 
processes. It is not certain what role eosinophil plays in vaso-
occlusion of SCD in Africa population. It is speculated that 
the insignificant increase of eosinophil count at the end of the 
study may indicate a probable activation leading to an attempt 
to ameliorate adhesion of sickle erythrocytes to the vascular 
endothelium but this should be a topic for another study, 
considering therapeutic management with the study drug. 

The 60.0% prevalence of fatigue observed among the 
patients in this study is similar to the 65% reported by 
Ahmadi et al [33] from a study in Iran. In the present study 
of adolescents with SCD, mild to moderate fatigue may be 
devastating when it interferes with patient’s ability to study, 
have a retentive memory, engage in peer-group activities, or 
in performing their daily chores. Further, fatigue could reveal 
a poorer quality of life as it does in other chronic diseases 
such as cancer and diabetes [34-37]. Adolescent SCD patients 
have disturbance of sleep and cognitive function [38] and 
significantly lower levels of energy [39] compared to healthy 
peer and population, respectively. This corroborates finding 
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in this study that, at enrollment, approximately 94% of those 
who presented with fatigue were also underweight with a BMI 
of <18.5, a figure that is much higher than the 48% reported 
by Odetunde et al [40].  It is observed that SCD patients in 
developed countries are living longer, thanks to new therapies, 
and it is not unusual to find this group of patients in their 
sixth, seventh and eight decade of life [41] with obesity as a 
confounding factor to SCD [42]. Woods et al [43] documented 
an increase in the prevalence of obesity among SCD patients. 
Thus, if SCD patients in Africa have access to affordable 
therapy, they may also have a longer life expectancy. In this 
study, fatigue was not associated with age, in line with what 
Ameriga et al reported [23]. However, at enrollment, fatigue 
was significantly associated with ABP, which is a novel 
finding. The only possible explanation that can be adduced to 
this association is that probably, both symptoms are directly 
related to each other in that acute bone pains cause fatigue 
and fatigue exacerbates acute bone pains. The pathophysiology 
of this relationship requires further studies. At the end of the 
study, there was no significant association between fatigue and 
ABP or with any other variable, an observation that calls for an 
important study of the mechanism of action of the study drug. 
Data on acute chest syndrome (ACS) among sub-Sahara Black 
Africans with SCD is very rare and as such, this may be one of 
the first studies, if not the first, to report the prevalence of this 
syndrome, an aggregation of symptoms that take place when 
sickled cells are clustered in the lungs. Data are also scarce on 
the hematological and biochemical characteristics associated 
with ACS among Africans with SCD. 

The prevalence (33%) of ACS reported in this study is much 
lower than the 45% suggested in other studies [21, 44, 45]. The 
prevalence, prognosis, recurrence and mortality of ACS in 
different African countries or in different parts of any African 
country or region cannot be verified at this time until a multi-
center and muti-disciplinary study is conducted. Acute chest 
syndrome may be a more common complication of SCD in 
sub-Sahara Black African children or adults with SCD. One 
surprising observation is that the proportion of SCD patients 
with chest syndrome dropped from 33% at enrollment to 
23% at the end of the study. This drop may seem insignificant 
but it might be a pointer to the mechanism of action of the 
study drug which, it is speculated, may unclog the micro-
circulation in yet unexplained mechanism of action or may 
prevent adhesion of various cells or may prevent release of 
inflammatory substances. It is also pertinent to say that those 
with ACS at enrollment were comparatively older than those 
with fatigue or with ABP. Also the proportions of those with 
mild and with moderate ACS were lower that those with mild 
or moderate ABP or with mild or moderate fatigue. This may 
indicate that ACS is not as common as the other symptoms but 
could be more lethal. 

Study limitations
This study used questionnaire to determine fatigue. There 

could have been a bias as the responses were subjective. A 
Multidimensional Fatigue Symptom Inventory-Short Form 
(MFSI-SF), a 30-item survey that assesses fatigue over the past 
month prior to the study would have presented a more robust 
measure of fatigue [46, 47]. However, the 4-point Likert-type 
format with response options ranging from 0 (Not at all) to 3 

(Severe) was used and deemed adequate for this study. Also, 
questionnaire was used by patients to subjectively rate their 
pain on a numeric rating, subjectively describing their pain 
during the past 24 hours prior to the study. Brief Pain Inventory 
(BPI) would have been used to assess pain [48,49] had it been a 
multi-center, multi-disciplinary study. For a small sample size 
of 30 and a preliminary study, questionnaire documentation 
was decided and considered to be adequate. Records on length 
of stay in hospital and ICU were available for few and not all 
the patients and for this reason, they were not documented in 
this paper. Further, prognosis and mortality were unavailable. 
Lung function test were not performed. This would have been 
a valuable test to determine the involvement of the lungs, 
especially among patients with ACS. A future study will take 
these into consideration.

Conclusion
New therapeutic agents for improved outcome of SCD are 

needed and scientists are daily studying novel approaches 
to this end. Gutsaeva et al [50] recently reported an anti-
P-selectin aptamer to inhibit adhesive interaction between 
circulating sickle red blood cells (RBC), leukocytes and 
endothelial cells. In this study, it was observed that there was 
an increase in eosinophil level at the end of the study compared 
to at enrollment and it is speculated that eosinophil may be 
activated, in the presence of the study drug, to also prevent 
adhesion of RBC and leukocytes. Acute chest syndrome among 
SCD patients in sub-Sahara Africa is mostly undocumented, 
though it might be the cause of significant morbidity and 
mortality. There is no evidence of whether its prevalence, 
recurrence and mortality are high or low in comparison to 
other parts of the world. It is a frequent hindrance in SCD 
which often calls for frequent hospital admissions. Clinicians 
caring for SCD should be acutely made aware for early clinical 
signs of ACS so that the best prophylactic measures are given 
and appropriate procedures, such as chest X-ray and other 
laboratory protocols are promptly undertaken. It goes without 
saying that, because a large number of Africans within the 
continent and in diaspora suffer from SCD and its variants, 
studies should be conducted throughout Africa to concentrate 
on various clinical symptoms, immuno-diagnostic tools, 
pathophysiology, hospital and home management as well as on 
consequence of not only ACS but other symptoms of SCD in 
Africans.
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