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Abstract: Background: Sickle
cell disorders (SCD) are the com-
monest inherited haemoglobin
(Hb) disorders. Globally, about
300,000 babies are born annually
with these conditions. The clinical
profiles of SCD have been de-
scribed in many parts of the
world. These however have not
been adequately investigated in
some parts of Nigeria. This study
evaluated the clinical features, Hb
phenotype and complications of
children with SCD being managed
at a Paediatric haematology clinic
in Northern Nigeria.
Methods: A prospective observa-
tional study of steady state SCD
patients aged 2 – 16 years, was
conducted from January, 2019 –
October, 2020. Historical and
examination findings were docu-
mented. Analysis of data was
done with the Statistical Package
for Social Sciences (SPSS) ver-
sion 20.0.
Results: One hundred children
were studied. Mean age was 6.97
± 3.63 years. Male: female ratio

was 1.6:1.Mean weight and mean
height were lower than reference
standards (t= -1.20, p= 0.14), (t= -
0.66, p= 0.27) respectively. Mean
age at diagnosis was 13.24 ±14.83
months, and at first presentation
was 13.86 ±17.51 months, 58.5%
of subjects were adequately vacci-
nated for age, while 92% had a Hb
phenotype of SS. Acute chest syn-
drome occurred more frequently in
children aged 9-12 years (χ2=
11.59, P ˂ 0.001), and in those
with severe bacterial infections
(χ2= 7.41, p= 0.006).
Conclusion: The complications of
Paediatric SCD in this part of
North-Eastern Nigeria mirrors
those in other parts of the country.
Socio-economic class, Hb pheno-
type and vaccination status had no
influence on the development of
complications.

Key words: Sickle cell disease,
Acute chest syndrome, Pain crisis,
Severe bacterial infections, Socio-
economic class.
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Introduction

Sickle cell disorders (SCD) are easily the commonest
inherited haemoglobin disorder known. Globally, about
300,000 babies are born annually with these conditions.1

Nigeria has the highest burden in the world with a
prevalence of 20- 30/ 1000 live births yearly.2,3 SCD
accounts for about 25% of under- 5 deaths in Sub-
Saharan Africa.4

The clinical profiles of SCD have been described in
many parts of the world.5 Yet these have not been ade-
quately investigated in some parts of Nigeria. Prior re-
search weakly explored the impact of socio-
demographic and clinical features on the development of
complications. Moreover, to our knowledge there is no
previous study on Paediatric SCD in this part of North-
Eastern Nigeria.5,6 This lack of local data is of signifi-
cance given that SCD is known to be associated with
disparity in severity of clinical presentation, often prede-

termined by genetic and environmental factors.7,8 It is
thus essential to pinpoint local clinical features, as well
as socio-demographic factors and their impact on the
development of complications.
This study evaluated the clinical features, haemoglobin
(Hb) phenotype and complications of children with SCD
presenting in steady state, to the Paediatric haematology
clinic of a reference hospital North-Eastern Nigeria. The
impact of the patients’ gender on the clinical presenta-
tion and that of some clinical and socio-demographic
factors on the occurrence of complications were also
assessed.

Subjects, materials and methods
Ethics

The study was conducted in compliance with the ethical
standards of the Helsinki Declaration of 1975 (as



amended). Institutional ethical clearance was obtained
from the Research ethics and Review Committee (ref.
number FMCA/COM/36/Vol.ііі). Prior to recruitment,
written informed consent and/or assent were obtained
from the parent/caregiver of each participant and some
participants respectively, after providing necessary de-
tails about the research. All patients’ information was
handled confidentially. The subjects neither suffered any
harm nor did they incur any extra financial burden on
account of this study.

Study design

This was a prospective observational study of children
with steady state sickle cell disorders and aged 2 – 16
years. The subjects were recruited from the Paediatric
Haematology and Oncology clinics of the Federal Medi-
cal Centre Azare, Bauchi state during routine follow-up
care over a 22-month period (January, 2019 – October,
2020). All the patients who met the inclusion criteria
were consecutively recruited into the study.

Sampling and Sample size determination
Inclusion criteria

1.    Children with SCD presenting at steady state to the
Paediatric Haematology and Oncology clinics.

2.    Children whose parents/ caregivers gave written
informed consent.

3.     Age two years and above.

Exclusion criteria

1. SCD patients with acute illnesses.
2. Children diagnosed with a disease other than SCD.

The sample size was calculated with the formula:9 n =
z2pq/d2 where; n= desired sample size, z= standard nor-
mal deviation at 95% confidence, p = prevalence, q= 1-p
and d= acceptable margin of error. The initial calculated
sample size was 322.7. However, the finite population
correction (for populations less than 10,000) was applied
and a minimum sample size of 90.3 was determined.
Nonetheless, this figure was approximated to 100.

The study subjects were recruited and examined by con-
sultant Paediatricians, and medical officers posted to the
Department of Paediatrics, who then entered the infor-
mation so obtained, into a structured questionnaire de-
signed for the study. Subjects were recruited once and
seen as many times as necessary to complete the ques-
tionnaire within the study period. Care was taken not to
negatively impact the patients’ waiting time in the
clinic. Information obtained included; age in years (at
last birth day), sex, weight, height, parents’ educational
status and occupations, age at diagnosis and at first pres-
entation to our facility. Others were liver span, splenic
size (below the left costal margin), number of blood
transfusions in the 12 months prior to recruitment, and
Hb phenotype which was obtained from the records.
Vaccination status (according to the NPI schedule), his-

tory of dactylitis in infancy, history of acute chest syn-
drome (ACS), avascular necrosis of the femoral or hu-
meral head, stroke, number of acutely significant painful
episodes requiring hospital visit in the preceding 12
months if any, number of haemolytic crises in the last 12
months if any, number of splenic sequestration if any,
aplastic crises, number of severe bacterial infections
documented in the last 12 months if any, history of
hepatopathy, cholecystitis, chronic leg ulcers and priap-
ism were obtained from the records.

Socioeconomic class was determined using the occupa-
tions and highest academic qualifications of the par-
ents.10 Complications were defined in conformity with
standards.11 An acutely significant painful episode was
defined as a painful event requiring a hospital visit and
the use of oral and/or parenteral analgesics. Dactylitis/
hand‑ foot syndrome was defined as painful non-pitting
swelling of the hand/foot/digits. Avascular necrosis
(AVN) was defined as an osteonecrosis or aseptic necro-
sis of the head of femur or humerus confirmed by radi-
ography as irregularity of the articular surfaces of the
head of femur/ humerus. ACS was defined as an acute
illness characterized by fever and respiratory symptoms
(dyspnea, chest pain) and together with new pulmonary
infiltrates on chest radiograph. Haemolytic crisis was
described as a marked drop in haemoglobin concentra-
tion with evidence of increased red blood cell destruc-
tion such as worsening pallor and jaundice, as well as
reticulocytosis. Splenic sequestration was defined as a
rapid enlargement of the spleen associated with anemia
and hypovolaemic shock. Stroke (cerebro‑vascular dis-
ease) was described as acute neurologic symptoms/signs
secondary to occlusion of and/or hemorrhage from cere-
bral vessels confirmed on computerized tomography
(CT) scan. Aplastic crisis was defined as a transient
aplastic situation characterized by clinical and labora-
tory evidences of severe anemia and reticulocytopenia.

Cholelithiasis was verified on abdominal ultrasonogra-
phy in those with severe abdominal pain. Severe bacte-
rial infections were taken as pneumonia, sepsis, menin-
gitis, urinary tract infections, osteomyelitis, and septic
arthritis confirmed by positive cultures and /or radio-
graph. Chronic leg ulcer was described asulceration of
the skin and under lying tissue of the lower extremities.
Priapism was defined as sustained, unwanted, and pain-
ful penile erection.

Hepatic and splenic enlargements were elicited by pal-
pation. A liver span of greater 8 cm was taken as hepa-
tomegaly between the ages of two and twelve years,
from 13 – 15 years values above 13.5 cm were taken as
hepatomegaly while those above 14cm were regarded as
such for children above 15 years. Splenomegaly was
defined as splenic enlargement beyond 1cm below the
left costal margin. The weights and heights of the pa-
tients were measured with a surgilac floor mounted sta-
diometer combined with weighing scales. Weight was
measured with the child wearing light clothing and re-
corded in kilograms (kg). Height was measured with the
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Characteristics Frequency Percentage (%)
Age (years)
2-4 32 32.0
5-8 37 37.0
9-12 20 20.0
13-16 11 11.0
Mean age (years) 6.97± 3.6
Gender
Male 61 61.0
Female 39 39.0
Weight (Kg)
˂ 10 4 4.0
10-19 58 58.0
20-29 29 29.0
30-39 8 8.0
≥ 40 1 1.0
Height (cm)
˂ 89 12 14.1
89-101 13 15.3
102-124 34 40.0
125-149 23 27.1
≥ 150 3 3.5

Socio-economic class 1 0 0.0
Socio-economic class 2 62 62.0
Socio-economic class 3 38 38.0

Socioeconomic classification

child standing erect and barefooted, with the occiput,
scapulae, buttocks, calves, and heels touching the
device. Readings were recorded in centimeters (cm).
Steady State SCD was defined as the absence of crisis or
any clinically significant event in a SCD patient in the
three months prior to recruitment in to the study.

Statistical analysis

Analysis of the collected data was done with the Statisti-
cal Package for Social Sciences (SPSS) version 20.0.
Presentation of data was made using tables and prose.
Means ± standard deviations were computed for con-
tinuous data, and the means were compare with the T
test (mean weights and heights were compared to refer-
ence standards),12,13 while categorical variables were
compared with the Chi‑square or Fisher’s exact tests as
appropriate. A P value < 0.05 was regarded as statisti-
cally significant.

Results

Patients’ age, gender, anthropometry and parental socio-
economic class
One hundred children with SCD were recruited. The
mean age was 6.97 ± 3.63 years. There were 61(61%)
boys and 39(39%) girls giving a male: female ratio of
1.6:1. The mean weight of the subjects was lower than
the reference standards but the difference did not reach
statistical significance (t= -1.20, p= 0.14). Forty percent
were between 102cm and 124cm tall, while 12(14.1%)
were less than 89cm tall. The mean height of the sub-
jects was also lower than the reference standards, this as
well did not differ significantly (t= -0.66, p= 0.27).
There was no representation of the upper socio-
economic class among the parents of the study subjects,
whereas 38(38%) belonged to the lower socio-economic
class. These are shown in Table 1.

Clinical characteristics of SCD

Table 2 illustrates the clinical characteristics of the study
subjects. The mean age at diagnosis was 13.24 ±14.83
months, while the mean age at first presentation to our
facility was 13.86 ±17.51 months. Forty-eight subjects
(58.5%) were adequately vaccinated for age, while 92
((92%) had an Hb phenotype of SS. Ten (10%) subjects
were on hydroxyurea therapy, 22(22%) had steady state
hepatomegaly, and 27(27%) had steady state
splenomegaly. Ten (10%) had an episode of ACS within
the 12-months preceding recruitment, while 40(40%)
had at least one acute bacterial infection.

Table 1: Socio-demographic and anthropometric characteris-
tics of patients with SCD

Table 2: Clinical characteristics of patients with SCD

Gender and clinical features of SCD

The number of blood transfusions per year for both gen-
ders did not differ significantly (p= 0.70), steady state

Characteristics Number of
patients

Percentage
(%)

Age at first presentation (months)
0-5 12 12.0
6-12 64 64.0
13-24 12 12.0
˃ 24 12 12.0
Mean age at first presentation (months) 13.86 ± 17.5
Age at diagnosis (months)
0-5 13 13.0
6-12 64 64.0
13-24 13 13.0
˃ 24 10 10.0
Mean age at diagnosis (month) 13. 29 ± 4.8
Vaccination status
Adequate for age 48 58.5
Inadequate for age 34 41.5
Haemoglobin type
SS 92 92.0
SS+F 6 6.0
SC 2 2.0
Number on hydroxyurea 10 10.0
Steady state hepatomegaly 22 22.0
History of Dactylitis 51 51.0
History of acute chest syndrome 10 10.0
History of stroke 9 9.0
Avascular necrosis of the femoral head 1 1.0
Steady state splenomegaly 27 27.0
Severe bacterial infections 40 40.0
Sickle cell hepatopathy 3 3.0
Chronic leg ulcer 1 1.0
Priapism 1 1.0
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splenic and hepatic sizes also did not differ significantly
(p= 0.49, 0.41 respectively). The mean age for boys of
7.27 ±3.91 years and that for girls(6.49± 3.14 years) did
not differ significantly as well (p= 0.09). Table 3 out-
lines the gender differences in clinical features.

Impact of socio-demographic and clinical features on
the occurrence of severe bacterial infections and haemo-
lytic crises

Table 4 shows that age, Hb phenotype, parental socio-
economic status, vaccination status, presence of steady
state hepatomegaly and splenomegaly had no statisti-
cally significant impact on the development of severe
bacterial infections and haemolytic crises.

Influence of socio-demographic and clinical features on
the occurrence of acute chest syndrome and pain crises

ACS occurred more frequently in children aged 9-12
years of age as well as those who had severe bacterial
infections. The associations between ACS and age (χ2=
11.59, p ˂ 0.001), and with severe bacterial infections
(χ2= 7.41, p= 0.006) were statistically significant. Table
5 also demonstrates that a history of dactylitis in infancy
increased the frequency of occurrence of pain crises in
this cohort of SCD patients (χ2= 3.65, p= 0.01). All the
other clinical and socio- demographic features did not
significantly impact the occurrence of ACS and pain
crises.

Table 3: The impact of patients’ gender on clinical features

Hb = Haemoglobin

Clinical feature Gender P- value
Male Female

Mean age (years) 7.27± 3.9 6.49 ± 3.1 0.09
Mean weight (Kg) 19.08 ± 8.4 18.14 ± 6.5 0.53
Mean height (cm) 113.6 ± 22.5 113.21 ± 18.8 0.93
Splenic size (Steady
state)

0.44

Normal 25 (65.8) 13 (34.2)
Splenomegaly 35 (57.4) 26 (42.6)
Liver size 0.41
Normal 45 (68.4) 32 (31.6)
Hepatomegaly 15 (68.2) 7 (31.8)
Number of blood
transfusions in 12
months

0.70

None 39 (60.0) 26 (40.0)
One 12 (57.1) 9 (42.9)
Two 5 (62.5) 3 (37.5)
Three 5 (83.3) 1 (16.7)
Mean number of pain
crises in 12 months

3.20 ± 2.7 2.55 ± 2.05 0.23

Mean number of
haemolytic crises in 12
months

1.83 ± 1.4 2.09 ± 1.9 0.68
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Discussion

We set out to evaluate the clinical features, Hb pheno-
types and complications among steady state SCD pa-
tients seen at our Paediatric haematology clinic. The
effects of gender on the clinical presentations, as well as
the impact of clinical and socio-demographic factors on
the occurrence of some complications were also as-
sessed. Our findings mainly indicated that the patients
predominantly had the SS haemoglobin phenotype, and
that gender had no significant influence on the clinical
presentation of SCD in Azare. We also found that age
and the development of severe bacterial infections sig-
nificantly influenced the occurrence of ACS. In addition,
a history of dactylitis in infancy increased the risk of
contracting pain crises. However, vaccination status had
a less than significant impact on the risk of contracting a
severe bacterial infection, and Hb phenotypes did not
significantly impact the occurrence of crises and severe
bacterial infections.

This study found that the mean weight and height of our
SCD patients were less than that for normal children.
SCD patients are known to have lower anthropometric
indices than normal children as demonstrated in several
studies.14,15 Reasons proposed for this include, recurrent
infections, micronutrient deficiencies, endocrine dys-
function, chronic anaemia with chronically high rate of
haematopoiesis, increased oxidative stress and higher
resting energy utilization.16-20 However, Eke et al.21

reported a high rate of obesity among pre- school chil-
dren with SCD in Enugu. Also, a study conducted in
Lagos found no differences between the weights and
heights of children with SCD and reference values.22 Hb
SS was the predominant type in this cohort, this is con-
sistent with findings from across Nigeria,23,24 and also in
agreement with the fact that HbSC disease is rare in
Northern Nigeria.23

The common complications in the present study were,
pain crises, dactylitis, severe bacterial infections and
haemolytic crises respectively. ACS, stroke, acute
splenic sequestration and sickle cell hepatopathy oc-
curred less frequently. Priapism and chronic leg ulcers
were rare in this group of patients. These are in line with
previous studies.23,25 Polymerization of deoxygenated
HbS and to a lesser extent HbC, vaso-occlusion, hae-
molysis, as well as an increased predisposition to infec-
tions are central to the pathophysiology of these compli-
cations.26, 27 The overwhelming predominance of the
HbSS type may have played a role in the prevalence of
these complications here, given that the HbSC type
which is known to have a less severe course only oc-
curred in 2% of subjects.25

Few studies have explored the influence of gender on
morbidity in Paediatric SCD. The majority seem to
agree that girls have a milder course than boys,28-30 It has
been speculated that males produce less nitric oxide
(NO) than girls.28,31 NO is vital in sustaining vasomotor
tone, controlling platelet aggregation, inhibiting ischae-
mic reperfusion injury, and regulating endothelial adhe-
sion molecule expression.31 Estrogens are known to en-
hance NO production and limit its depletion, NO has
also been associated with transcriptional control of fetal
haemoglobin.28 Our data did not indicate a significant
association between gender and clinical features. The
reason for this is not clear. Nevertheless, it may be ex-
plained by our relatively small sample size, and the fact
that our sample was skewed towards the male gender.

Severe bacterial infections were common among our
patients, 40% of the study subjects had at least one se-
vere bacterial infection. The basis for increased suscepti-
bility of SCD patients to infections is well docu-
mented.27 Yet, our data did not indicate significant asso-
ciations between age, Hb phenotypes, vaccination status,
socio-economic class, hepatomegaly as well as
splenomegaly and the risk of contracting a severe bacte-
rial infection. Adegoke et al.24 reported similar results in
Osun State, South-Western Nigeria. However, in their

Table 5: The impact of some socio-demographic and clinical features on the occurrence of acute chest syndrome and pain
crises

Features Acute chest syndrome p value Pain crises p value
Present Absent Present Absent

Age (years) ˂0.001 0.15
2-4 (%) 2 (2.0) 30 (30.0) 21 (21.0) 11 (11.0)
5-8 (%) 1 (1.0) 36 (36.0) 32 (32.0) 5 (5.0)
9-12 (%) 6 (6.0) 14 (14.0) 17 (17.0) 3 (3.0)
13-16 (%) 1 (1.0) 10 (10.0) 8 (8.0) 3 (3.0)
Hb type 0.70 0.39
HbSS (%) 10 (10.0) 82 (82.0) 70 (70.0) 22 (22.0)
HbSS+F (%) 0 (0.0) 6 (6.0) 6 (6.0) 0 (0.0)
HbSC (%) 0 (0.0) 2 (2.0) 2 (2.0) 0 (0.0)
Socio-economic class 0.40 0.24

1(%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
2(%) 5 (5.0) 57 (57.0) 46 (46.0) 16 (16.0)
3(%) 5 (5.0) 33 (33.0) 32 (32.0) 6 (6.0)

Dactylitis in infancy (%) 5 (5.0) 46 (46.0) 0.95 45 (45.0) 6 (6.0) 0.01
Severe bacterial infections(%) 8 (8.0) 32 (32.0) 0.006 32 (32.0) 8 (8.0) 0.69

Hb = Haemoglobin



study there was a significant association between mean
age and severe bacterial infections. School age children
were most likely to contract these infections. In addition,
a Spanish study demonstrated that routine vaccination
significantly reduces the risk of severe bacterial infec-
tions in a cohort of Paediatric SCD patients.32 The rea-
sons for the dissimilarities in our study is not evident
but, one could speculate that our patients were not vacci-
nated against most of the bacterial agents implicated in
these infections.

None of the clinical and socio-demographic factors
evaluated was significantly associated with haemolytic
crisis in this cohort. Other studies have demonstrated
that pre-school age, socio-economic class 3 and HbSS
phenotypes are more likely to predict haemolytic crises
in paediatric SCD patients.24,25 Our data did indicate that
the majority of those with haemolytic crises had the
HbSS phenotypes but this did not reach statistical sig-
nificance. The relatively small sample size and less rep-
resentation of the HbSC type in the current study could
explain these discrepancies.

We found that our patients were more likely to develop
ACS if they were aged 9-12 years and had previously
contracted a severe bacterial infection. Similar studies
done previously observed that socio-economic status,
age and gender were associated with ACS.24, 33 Differ-
ences here are perhaps due to dissimilarities in study
design, sample size, and pattern of Hb phenotype. His-
tory of dactylitis in infancy was associated with an in-
creased likelihood of contracting pain crisis in this co-
hort. This probably underlines the fact that both condi-
tions are triggered by the acute vaso-occlusive phenome-
non and hence would possess the same risk factors.34

Highlighting this association could assist clinicians to
predict the prospects of future pain crises early in in-
fancy and hence, institute preventive interventions for
reduction of the frequency of pain crises. Other re-
searchers however, did not explore this associa-
tion.5,7,824,35

The present study has documented some baseline pa-
rameters of Paediatric SCD in our setting. Nonetheless,
limitations to the study were recognized. One of such is
the fact that a prospective cohort design would have
been better suited to this study. In addition, a multicen-
ter approach with a larger sample would have been more
representative. Also, assessment of sensitive markers of

inflammation would have been applied in the determina-
tion of patients in steady state rather than solely relying
on clinical assessment. Future research in this area may
be directed at determining the pathophysiology of the
complications of SCD and recommending more specific
therapies.

Conclusion

The complications of Paediatric SCD in this part of
North-Eastern Nigeria mirrors those in other parts of the
country. ACS was more likely to occur in children with
a previous severe bacterial infection. Socio-economic
class, Hb phenotype and vaccination status appeared to
have no influence on the development of complications.

Recommendations

We propose that in the evaluation of children with SCD,
dactylitis in infancy could be taken into account as a risk
factor for future development of frequent pain crises and
in the establishment of personalized preventive interven-
tions. There is also the need for advancement in the pre-
vention of severe bacterial infections.
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