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ABSTRACT
Background: Sickle Cell Anemia (SCA) is the most common genetic disease worldwide caused
by a single mutation in the gene HBB. The disease severity is very variable and depends on
many factors. We evaluated the clinical and biological profile of sickle cell anemia children
in rural Central Africa.
Methods: This cross-sectional study was conducted in the Hôpital Saint Luc de Kisantu, located
120 km away from Kinshasa-DR Congo in an area of 35 km around Kisantu with a population of
roughly 80 000 individuals. We included SCA patients aged 6 months to 18 years. We collected
clinical and hematological data. The SCA scoring system proposed by Adegoke et al. in 2013 was
applied to determine the disease severity.We searched for factors associated to the disease severity.
Results: This study included 136 patients, 66 males and 70 females (sex-ratio M/F 0.94). The mean
severity score was 8.21 ± 5.30 (ranges 0–23). Fifty-nine (43.4%) children hadmild disease, 62 (45.6%)
moderate and 15 (11%) severe disease. Girls had higher levels of HbF than boys (p = 0.003). An
inverse correlation was observed between fetal hemoglobin and the disease severity (p = 0.005, r
−0.239, IC95% −6.139; −1.469). Some factors such age influence the occurrence of certain chronic
complications such as avascular bone necrosis.
Conclusion: In conclusion, the disease severity of SCA depends on multiple factors. In this study,
fetal hemoglobin was the main modulator of the disease severity. These data may also serve as a
baseline to initiate HU treatment in this setting.
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Introduction

Sickle Cell Anemia (SCA) is one of the most common
severe genetic disorders worldwide [1,2]. Its preva-
lence is particularly high in sub-Saharan countries,
especially in the Democratic Republic of Congo (DRC)
where 1.4–2.3% of infants are born with SCA. Thus,
the DRC ranks third among the countries with the
highest number of affected patients in the world,
after Nigeria and India [3–5]. An estimated 50-90% of
SCA children die before age of 5 years [6–8]. The
sickle hemoglobin variant (HbS) results from a single
mutation, the substitution of glutamic acid by valine
at position 7 of β globin (E7 V) [9]. HbS polymerizes
in the red blood cells under deoxygenated conditions.
This results in a chain of events leading to acute and
chronic manifestations due to a combination of vaso-
occlusion, chronic hemolysis, inflammation, and endo-
thelial dysfunction. The clinical features and the sever-
ity of the disease vary considerably from one SCA
patient to another but also over time in an individual
patient [10,11]. Assessing clinical severity is a means
to identify a high-risk group who needs close follow-
up and may be eligible for hydroxyurea (HU) treat-
ment. Several scores evaluating the severity of the
disease in children have been proposed. Most of
these includes both clinical manifestations and biologi-
cal or laboratory measurements [12–15]. The main
difference resides in the number and the type of fea-
tures included as well as in the number of severity cat-
egories. The scores also vary in their user-friendliness.
In that particular regard, the score developed by
Adegoke in Nigeria appears to be most suitable to
the setting in a rural environment in Central Africa,
because this score relies on six clinical parameters
that are easy to assess and two standard biological par-
ameters (packed cell volume and white blood cells). In
this score, 15 parameters were assessed to reflect each
patient’s present state, their state during the previous
12 months, and lifetime complications. Items were
scored according to the frequency of occurrence and
severity, with scores ranging from 1 to 5, as shown in
supplementary Table 1. For acute life-threatening
events and neurological complications, higher scores
were assigned: cerebrovascular disease (CVD) was
assigned a score of 5, acute chest syndrome (ACS)
was assigned a score of 3, and avascular bone necrosis
(AVN) was assigned the score of 3 because even
though it is a severe complication of SCA, it does not
immediately lead to acute life-threatening events.
This score has been applied in several studies from
Sub-Saharan Africa [16–20].

The clinical severity is influenced by multiple factors
such as the level of fetal hemoglobin (HbF), including
genetics, age, sex, nutritional and socioeconomic
state, access to medical care and comorbidities such
as thalassemia and malaria. SCA children in rural

areas live in a true vicious circle where malnutrition
leads to an increase in both acute and chronic compli-
cations, triggering increased health expenses and thus
aggravation of poverty, ultimately exacerbating the
malnutrition [21–23]. The recent introduction of HU
to ameliorate SCA disease severity is promising both
in children and adults. However, its use is still limited
in sub-Sahara Africa.

This study aims to determine the clinical and bio-
logical features of SCA children in a rural area of
central Africa and evaluate the factors associated to
the disease severity. Since these SCA children pre-
viously only receive the basic treatment of penicillin
and folic acid, these data may serve as a baseline to
initiate HU treatment in this setting.

Methods

Recruitment and data collection

This is a cross-sectional study conducted in Kisantu
Saint Luc Hospital (KSLH), in a rural area located
120km west from Kinshasa the capital. KSLH is the
major referral hospital in the region, following
around 250 adult and children SCA patients. During a
period of 12 months, from September2017 to end of
August 2018, we included patients aged 6 months to
18 years meeting the following inclusion criteria:
confirmed SCA by both capillary hemoglobin electro-
phoresis and DNA testing. The patients had also to
be in steady state, defined by the absence of painful
crises and infections during the past four weeks, the
absence of blood transfusion in the past four
months. Parents or legal guardians had to provide a
signed consent form.

We recorded the following variables: age, gender,
number of hospitalizations (in days), transfusions and
painful crises during the previous year, and past occur-
rence of acute chest syndrome, avascular bone necro-
sis, priapism, clinical signs of cerebral infarct and acute
splenic or hepatic sequestration. We obtained a full
blood cells count (red blood cells (RBC), white blood
cells (WBC), platelets and reticulocytes). Biochemical
analyses included lactate dehydrogenase (LDH), biliru-
bin (Bili), serum creatinine (Crea), aspartate amino-
transferase (AST) and alanine aminotransferase (ALT)
(Laboratory of Biochemistry and Hematology, Faculty
of Pharmaceutical Sciences of the University of Kin-
shasa (UNIKIN)).

Hemoglobin electrophoresis was performed using
the automate Minicap (Sebia, Phoresis Rel 8.6.3.),
DNA was extracted by the salting out method and
mutation analysis for the SCA mutation (E7 V) were
performed in the Laboratory of Human Genetics at
UNIKIN. A restriction fragment length polymorphism
(RFLP) test for SCA was performed, using the Ddel
restriction enzyme to differentiate between the
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mutant allele (S) and wild-type allele (A) of a PCR
product spanning the SCA mutation site [24].

We applied the SCA scoring system proposed by
Adegoke et al. [15] to determine the disease severity.
This scoring system contains 15 parameters that
assess patient state during the previous 12 months
and lifetime complications. Items were scored depend-
ing on the frequency of occurrence and the severity of
the event. A score between 0 and 5 was assigned to
items (Supplementary Table 1). The total score
equaled the sum of scores obtained by individual
items and ranged from 0 to 34. This allowed to dis-
tinguish 3 categories of disease severity: smild (total
score < 8), moderate (8–17), and severe (>17).

Ethical committee

The study was approved by the ethical committee of
the school of public health of the University of Kin-
shasa (Approval reference: ESP/CE/079/2016), DRC.
We provided necessary information to the family
(parent or guardian) prior to the written consent.
Age-appropriate assent was obtained from children.
Information sheets and consent forms were written
in two languages in Lingala (local language) and in
French. Survey forms and sample tubes were labeled
with unique patient identification codes to protect
privacy.

Statistical analyses

We collected data on an Excel sheet in Microsoft
Windows 2010 and imported and analyzed with IBM
SPSS Statistics 25.0 software. Qualitative data (sex,
nutritional status, severity score, molecular testing
result) were presented as proportions whereas quanti-
tative data (age, weight, height, biological parameters)
were presented using mean and/or median and stan-
dard deviation. Columns and Bars were used to
provide clear data visualization. Anova with a Bonfer-
roni post-hoc test was used to compare the values
between quantitative variable and qualitative one
with more than two groups; Student tests were used
to compare means and Chi-square and Fischer tests
compared proportions. Mann Whitney-U test com-
pared medians when the data did not follow a
normal distribution. Logistic regression allowed us to
establish associations between variables. The level of
statistical significance was defined by a p-value less
than 0.05.

Results

Description of the population

We recruited 136 children with homozygous form of
SCA (SS children) in an area of 35 km around the

hospital, 66 males and 70 females (sex-ratio M/F
0.94). Age ranged from 6 months to 18 years, with
mean age (±standard deviation) 9.64 ± 4.55 years:
males 9.0 ± 4.7 years and females 10.2 ± 4.3 years (p
= 0.112) (Table 2). Thirty-one children (22.8%) were in
preschool-age (1-5years), 49 (36%) were in school-
age (6-10years) and 56 (41.2%) were adolescents (10-
18 years) (Table 1).

Clinical variables and disease severity

The mean severity score was 8.21 ± 5.30, ranging from
0 to 23. Fifty-nine (43.4%) children had mild disease, 62
(45.6%) moderate and 15 (11%) severe disease. The
disease severity tended to be higher in males (8.77 ±
4.74) compared to females (7.67 ± 5.70), but this was
not statistically significant (p = 0.225) (Table 2). Anova
with Bonferroni post-hoc showed that children in
school-age (6-10years) have a significantly higher
severity score as compared to adolescents (Anova p
= 0.016, Bonferroni p = 0.013). In males, the severity
score showed a decrease with age, but this did not
reach the statistical significance threshold (Figure 1).
Chronic complications were observed in 13/136
(9.6%) children including stroke in 4 children who
were all males (2.94%), avascular bone necrosis in 7
children (5.15%), and leg ulcers in 2 children (1.47%);
two children presented acute chest syndrome
(1.47%). These complications added much weight to
the severity score (Supplementary table 4). After logis-
tic regression, stroke was not associated to any

Table 1. Description of the population (n = all patients = 136).
Clinical variables Number (%)

Gender
Male 66(48.5)
Female 70(51.5)
Age group
Preschool (1-5years) 31(22.8)
School-age (6-10years) 49(36)
Adolescents (10-18years) 56(41.2)
Biological variables Normal values Means values ± SD

Hb (g/dl) 12–14 7.46 ± 2.36
Ht (%) 36–52 22.58 ± 5.9
HbF (%) 0–2 9.72 ± 1.86
MCV (fl) 75–96 83.64 ± 10.92
WBC (10³/mm3) 4–10 13 958.3 ± 6727.1
Neutrophils (10³/mm3) 2–8 6 093.5 ± 3413.6
Platelets (10³/mm3) 150–400 392.65 ± 157.83
Reticulocyte (10³/mm3) 20–80 180.42 ± 118.14
Bili T (mg/dl) 0-1.1 3.03 ± 2.21
Bili D (mg/dl) 0-0.3 0.47 ± 1.52
Bili I (mg/dl) 0-0.7 2.31 ± 1.42
LDH (IU/L) 230–460 1 872.36 ± 874.83
SGOT(AST) (IU/L)
15–40 57.85 ± 27.12
SGPT (ALT) (IU/L) 20–40 22.10 ± 14.86
Crea (mg/dl) 0.5-2 0.76 ± 0.42

Note: Hb: hemoglobin, Ht: hematocrit, HbF: fetal hemoglobin, MCV: mean
corpuscular volume, WBC: white blood cells, Bili T: total bilirubin, Bili D:
direct bilirubin, bili I: indirect bilirubin, LDH: Lactate dehydrogenase,
SGPT: serum glutamic pyruvic transaminase, SGOT: serum glutamic-oxa-
loacetic transaminase, AST: aspartate aminotransferase, ALT: alanine
aminotransferase.
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variables (supplementary table 2); but avascular bone
necrosis was associated with age (OR 2.274, p =
0.045) (Supplementary table 3).

Biological data

Biological data showed normocytic normochromic
anemia with high reticulocytes count and signs of
hemolysis (Table 1 and Table 2). Direct bilirubin
and creatinine levels were significantly different
between girls and boys, with higher levels in boys
(Table 2). Mean HbF levels were 7.46%±1.86 (range
0-33.1), and were significantly higher in girls (10.73
± 7.69%) compared to boys (8.64 ± 4.91%) (p =
0.003) (Table 2). We observed an inverse correlation
between fetal hemoglobin and the disease severity
score (p = 0.005, r −0.239, IC95% −6.139; −1.469)
(Figure 3). Moreover, fetal hemoglobin levels

tended to decrease with age (Figure 2). Biological
factors not included in the severity score that were
associated with disease severity include neutrophil
count (higher in moderate versus severe disease,
with p = 0.028) (Supplementary table 5) and HbF
levels (inversely correlated with disease severity)
(Table 3, supplementary table 5, Figure 3).

Discussion

Studies of SCA clinical and biological profile in the
Central Africa, especially in rural area are very scarce.
First, since there is no national SCA neonatal screening
program, only children presenting acute clinical event
or chronic complications are ascertained. Second,
given the high mortality in SCA, children with most
severe presentation are under-represented in this
cohort. In addition, although the consent form was

Table 2. Gender with clinical and biological features.
Mean values ± SD

p-valueAll patients (n = 136) Female (n = 70) Male (n = 66)

Clinical variables
Age 9.64 ± 4.55 10.2 ± 4.3 9.0 ± 4.7 0.112
Score 8.21 ± 5.30 7.67 ± 5.70 8.77 ± 4.74 0.225

Normal values Biological variables

Hb (g/dl) 12–14 7.46 ± 2.36 7.72 ± 1.89 7.20 ± 1.82 0.801
Ht (%) 36–52 22.58 ± 5.9 23.53 ± 5.88 21.63 ± 5.82 0.710
HbF (%) 0–2 7.46 ± 1.86 10.73 ± 7.69 8.64 ± 4.91 0.003
MCV (fl) 75–96 83.64 ± 10.92 84.37 ± 12.11 82.92 ± 9.64 0.097
WBC (103/mm3) 4–10 13958.3 ± 6727.1 13514.35 ± 5809.8 14395.23 ± 7543.7 0.138
Neutrophils (103/mm3) 2–8 6093.5 ± 3413.6 5961.2 ± 3185.5 6223.7 ± 3645.1 0.120
Platelets (10³/mm3) 150–400 392.65 ± 157.83 391.32 ± 156.33 393.97 ± 160.54 0.838
Retic (10³/mm3) 20–80 180.42 ± 118.14 197.05 ± 133.36 163.79 ± 989.82 0.310
Bili T (mg/dl) 0-1.1 3.03 ± 2.21 2.67 ± 1.60 3.41 ± 2.68 0.217
Bili D (mg/dl) 0-0.3 0.47 ± 1.52 0.250 ± 0.51 0.707 ± 2.10 0.044
Bili I (mg/dl) 0-0.7 2.31 ± 1.42 2.14 ± 1.51 2.50 ± 1.30 0.664
LDH (IU/L) 230–460 1872.36 ± 874.83 1826.9 ± 717.8 1917.8 ± 964.3 0.283
SGOT(AST) (IU/L) 15–40 57.85 ± 27.12 57.56 ± 27.4 58.12 ± 27.2 0.486
SGPT (ALT) (IU/L) 20–40 22.10 ± 14.86 21.97 ± 16.43 22.23 ± 13.41 0.521
Crea (mg/dl) 0.5-2 0.76 ± 0.42 0.71 ± 0.46 0.82 ± 0.38 0.012

Note: ‘Bold values’ means that the difference is statistically significant, p-value < 0.05.
Hb: hemoglobin, Ht: hematocrit, HbF: fetal hemoglobin, MCV: mean corpuscular volume, WBC: white blood cells, Bili T: total bilirubin, Bili D: direct bilirubin,
bili I: indirect bilirubin, LDH: Lactate dehydrogenase, SGPT: serum glutamic pyruvic transaminase, SGOT: serum glutamic-oxaloacetic transaminase, AST:
aspartate aminotransferase, ALT: alanine aminotransferase.

Figure 1. Disease severity with age and sex.
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written in French and Lingala, some parents were
unable to read and understand the content. This fact
highlights the complexity of working in a rural environ-
ment in Africa, where poverty and multilingualism
have taken up residence. The disease severity of SCA
varies from a patient to another, and in the same
patient over the time [10,11]. That severity is depend-
ing on many factors related to the individual, the clini-
cal parameters and biological variables. In a rural area,
the clinical and biological profile may depend on
certain factors such as the lack of quality care which

reduces life expectancy; but also malnutrition and
iron deficiency which can aggravate anemia. A com-
parative study in an urban environment could better
illustrate the difference between the two
environments.

Several clinical scores exist in the literature to
assess disease severity of SCA [12–15]. Among
them, the Adegoke score seems to be the most suit-
able in our setting of a low-income country,
especially in rural area. In rural hospitals, indeed,
the technical platform is limited, and also people
live in deep poverty so that they cannot afford
some investigations. The Adegoke score appears
therefore to be the most affordable since it relies
on six clinical parameters that are easy to assess
and two standard biological parameters (packed
cell volume and white blood cells). In contrast, the
other scores require some more investigations like
MRI, Transcranial Doppler ultrasound, CT Scan, X-
Ray. Regarding Adegoke score, some clinical par-
ameters such as stroke, acute chest syndrome, avas-
cular bone necrosis and leg ulcers contribute much
to the score and allow to discriminate the different
severity, because only individuals with severe form
of the disease have presented those complications.
Overall, parameters proposed by Adegoke score are
not age and sex dependent, so that the score can
be used either in pediatrics or in adult patients.
Patients with a severe score showed a low neutrophil
count, which is contrary to what is expected. We did
not find a clear explanation for this. We hypothesized

Figure 2. HbF levels with age and sex.

Table 3. Factors associated to disease severity.
Parameters p Beta Confidence INTERVAL (95%)

Age (years) 0.684 0.053 −0.032–0.048
Sex 0.430 −0.098 −0.447–0.193
HbF (%) 0.013 −0.333 −0.061–(−0.007)
Hb (g/dl) 0.549 −0.246 −0.471–0.253
Ht (%) 0.670 0.174 −0.089–0.137
MCV (fl) 0.423 0.112 −0.011–0.025
Reticulocyte (/mm3) 0.725 −0.047 0.000–0.000
Platelets (/mm3) 0.328 −0.143 0.000–0.000
WBC (/mm³) 0.175 0.470 0.000–0.001
Neutrophils (/mm³) 0.089 − −0.002–0.000
Bili T (mg/dl) 0.503 0.131 −0.411–0.024
Bili D (mg/dl) 0.892 −0.248

0.025
−0.344–0.395

Bili I (mg/dl) 0.720 0.123 −0.261–0.375
LDH (IU/L) 0.715 0.047 0.000–0.000
SGOT (IU/L) 0.165 0.047 0.000–0.000
SGPT (IU/L) 0.298 −0.168 −0.021–0.007
Crea (mg/dl) 0.684 0.053 −0.032–0.048
Note: Hb: hemoglobin, Ht: hematocrit, HbF: fetal hemoglobin, MCV: mean
corpuscular volume, WBC: white blood cells, Bili T: total bilirubin, Bili D:
direct bilirubin, bili I: indirect bilirubin, LDH: Lactate dehydrogenase,
SGPT: serum glutamic pyruvic transaminase, SGOT: serum glutamic-oxa-
loacetic transaminase, AST: aspartate aminotransferase, ALT: alanine
aminotransferase.
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that the small study population size may be the
cause. In addition, we did not find a significant differ-
ence between disease severity and hemolytic par-
ameters such as LDH and bilirubin. We
hypothesized that the hemolysis was high overall
and that there may be other comorbid factors such
as malaria that could explain this hemolysis. Unfortu-
nately, we did not evaluate this in the present study.
We noticed a negative correlation between fetal
hemoglobin and disease severity (p = 0.005, r
−0.239, IC95% −6.139; −1.469) (Figure 3). The level
of fetal hemoglobin is also dependent of sex; we
observed a significant higher level in female (10.73
± 7.69) compared to the male (8.64 ± 4.91) (p =
0.003) (Table 2). Fetal hemoglobin and fetal cell
count are influenced by several genetic variants.
Craig et al found two factors (beta thalassemia and
Xmn I-G gamma site) on chromosome 11p. In
addition to the two previous factors, Garner et al
described a trans-acting locus controlling HbF and
fetal cell production mapped to chromosome 6q23
[25–28]. The fact that HbF is high in female than in
male is not clearly explained, but was hypothesized
to be related to polymorphisms in a locus located
on Xp22.2. In fact, Dover at al 1992 observed that
F-cell count was significantly higher in females than
in males. It is known that the level of F-cell is
related to HbF levels [25,26]. We thus confirm that
the fetal hemoglobin is a main modulator of
disease severity, also in our study [1,25]. Although
the access to HU treatment is a major concern in a
rural African setting due to poverty, studies in

high-income countries show that socioeconomic
factors, availability of HU and adherence to therapy
remain barriers to this treatment also in other parts
of the world [29,30]. In conclusion the fetal hemo-
globin remains the main modulator of the disease
severity. Some factors such age influence the occur-
rence of certain chronic complications such as avas-
cular bone necrosis. We need therefore to look for
this complication and treat it in old children.
However, our study has some limitations. The first
one is the small study population with a low
power in some statistical tests. The second one is
the fact that this is a cross-sectional study and not
longitudinal study. Therefore, we were unable to
determine the childhood mortality due to SCA in a
rural environment in Central Africa.
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