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Background: Information about the association with alpha thalassemia in sickle cell
patients is unknown in the Democratic Republic of Congo. There is very little data on
the alpha thalassemia in patients suffering from sickle cell anemia in Central Africa,
and their consequences on the clinical expression of the disease.

Methods: A cross-sectional study was conducted in 106 sickle cell patients living in
the country’s capital Kinshasa. The diagnosis of sickle cell anemia was confirmed with
a molecular test using PCR-RFLP (restriction fragment length polymorphism) tech-
nique. The diagnosis of thalassemia was performed by the technique of multiplex liga-
tion dependent probe amplification.

Results: The mean age of our patients was 22.4+13.6 years. The o’ heterozygous
deletion, the «>” homozygous deletion and the o7 triplication were respectively en-
countered in 23.6%, 25.5% , and 11.3% of patients. Patients with normal aa/0ax geno-
type represented 39.6% of the study population. The average of severe vaso-occlusive
crises, the rates of blood transfusions per year, the rate of osteonecrosis, cholelithiasis
and leg ulcers were significantly lower in the group of patients with o’ homozygous
deletion and o> triplication.

Conclusion: The prevalence of o7 triplication was higher in sickle cell patients in the
Democratic Republic of Congo than in worldwide series. The o7 triplication and o>
homozygous deletion were associated with less severe forms of the Sickle cell anemia
in Congolese patients. These results showed the need to investigate systematically the

alpha-globin gene mutations in sickle cell population in Central Africa.
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1 | INTRODUCTION

Sickle cell anemia (SCA) is a qualitative hemoglobinopathy character-
ized by the substitution of glutamic acid for valine at the sixth codon
of the beta chain S globin.! This substitution results in the production
of an abnormal protein called hemoglobin S (HbS) (a, ;).

The disease is characterized by its extreme clinical heterogeneity.
This clinical polymorphism is influenced by environmental factors and
genetic factors.2* Genetic factors modulators of sickle cell phenotype
have been associated with asymptomatic phenotype. These genetic
factors include the influence of fetal hemoglobin (HbF) (a,y,) and the
association between SCA and alpha-thalassemia.>”

The modulator and protective effect of alpha-thalassemia on clin-
ical manifestations of sickle cell anemia is due to the fact that the
decrease of the mean corpuscular hemoglobin concentration. The hy-
pochromic anemia resulting from this situation reduces the risk of the
polymerization of the HbS.?

Thalassemic syndromes are very common in malaria-endemic
areas.® Silent alpha thalassemia form (-a/aa) and cis or trans alpha-
thalassemia minor forms are most encountered in sub-Saharan
Africa.” These forms are often clinically asymptomatic.’® The 3.7 kb
alpha-globin chain deletion (7 kb deletion) is a common silent form
encountered.'**3 In previous studies, the o-triplication was reported
with low frequency in sub-Saharan populations.'*

The Democratic Republic of Congo (DRC) has the second high-
est incidence of SCA patients in Africa after Nigeria. The prevalence
of the disease is estimated from 0.97% to 1.4% in newborns and an
incidence of SCA is estimated to be 30 000 to 40 000 neonates per
year.'> In Congolese population, the disease is characterized by a
low level of fetal hemoglobin and F-Cells, and the risk of developing
severe clinical symptomatology.

Despite high prevalence of this hemoglobinopathy in the DRC, in-
formation about the association between SCA and alpha thalassemia
in population suffering from SCA are unknown. We therefore con-
ducted a cross-sectional study in sickle cell patients living in Kinshasa,
the DRC. The objectives of this study were to estimate the prevalence
of this association and to assess its influence on clinical and hemato-

logical profile in our midst.

2 | METHODS

2.1 | Study design and population

The present cross-sectional study is the first part of a larger ongo-
ing study of genetic overview in sickle cell anemia in the DRC. The
study was conducted in Sickle cell center of Yolo/Kalamu in Kinshasa
February 2013 and April 2014, the capital of the DRC. This health
facility provides most of the public beds in the DRC for sickle cell
patients.

The samples were collected from patients in steady state regularly
followed up at the outpatient clinic of Sickle cell center of Yolo. All
patients were free of pain for at least 1 month and had not been hos-
pitalized for at least 100 days before the study.'?

We excluded subjects with (i) initiated antibiotics treatment prior to
seeking medical care; (i) previous blood transfusion in the 3 months prior

to the study (iii) under hydroxyurea (iv) under chronic transfusion program.

2.2 | Data collection procedure and blood analysis

Five milliliters (mL) of venous blood sample were drawn from each
study participant into an Ethylenediaminetetraacetic acid (EDTA)
tube, used to determine hematologic parameters. These were deter-
mined using an automated Hematology Analyzer Sysmex XS-1000i
(Lincolnshire, IL, USA). Hematological and biochemical analyzes were
performed in the laboratory of the Institut National de Recherche
Biomédicale de of Kinshasa (INRB). Molecular analyzes were per-
formed at Center for Human Genetics, University hospital, Katholieke

Universiteit de Leuven, Belgium.

2.3 | DNA extraction

Genomic DNA was extracted from 5 mL of venous blood collected in
a tube with EDTA, using the method of “Salting out”.

2.4 | Diagnosis of sickle cell anemia

Sickle cell screening was performed using semi-automated electrophore-
sis technique with the Hydrasis Il apparatus (Sebia, Lysse, France). The
electrophoresis technique separates hemoglobin in acid and alkaline aga-
rose gel. SCA was diagnosed in the presence of production of HbS with no

Hb -A. The concentrations were measured by an integrated densitometer.

2.5 | Confirmation of the diagnosis of sickle
cell anemia

The DNA was concentrated to 50 ng/pL with a robot dropsence
(Trinean NV, Gand, Belgium).

The diagnosis of sickle cell anemia was confirmed with a mo-
lecular test with a molecular test using PCR-RFLP technique. This
test sought E6V mutation in the mutated HBB gene. A fragment of
440 bp HBB gene was amplified with the following primers: For:
TGTGGAGCCACACCCTAGGGTTG,Rev: CATCAGGAGTGGACAGATCC.
The primers were supplied by Integrated DNA Technologies. The ampli-
fied fragment contains two sites of restriction for the enzyme Ddel. The
first restriction site is eliminated in the presence of the mutation E6V.
After enzymatic digestion, normal individuals (AA) had three fragments
of 72 bp, 167 bp and 201 bp, respectively. The heterozygous individu-
als (AS) had four fragments of 72 bp, 167 bp, 201 bp and 368 bp, re-
spectively. Homozygous subject (SS) had two fragments of 72 bp and
368 bp, respectively. The amplification after digestion was performed
with a thermal cycler ABI GenAmp 2700 (Foster City, CA, USA).

2.6 | The diagnosis of thalassemia

The diagnosis of thalassemia was performed by the technique of multi-
plex ligation dependent probe amplification (MLPA). The analysis was
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performed using the SALSA MLPA kit P140 probemix HBA provided
by MRC-Holland (Amsterdam, the Netherlands).

The technique used for the diagnosis comprises five steps: (a) dena-
turation: in a mixture of 4 pL of water with 1 pL of genomic DNA concen-
tration to 50 ng/uL at 98°C for 5 min.(b) hybridization: In each microtube,
3 pL of mix consisting of 1.5 uL of probe mix and 1.5 pL of MLPA buffer
were added at room temperature. The hybridization was performed at
60°C for 16 hours (c) ligation: In each microtube, 32 pL of mix consisting
of 3 pl of buffer A, 3 pL of buffer B, 25 pL of water and 1 pL of ligase were
added at 54°C. The ligation of the program comprises a phase at 54°C
for 15 min and another phase at 98°C for 5 min. (d) PCR MLPA: 10 pL
of a mixture consisting of 2 pL of primers, 7.5 pL of water and 0.5 pL of
polymerase were added at room temperature. Amplification was per-
formed for 35 cycles and included an initiation phase at 95°C for 30's,
followed by hybridization at 60°C for 30 s, an elongation at 72 ° C for
1 minute and a final elongation at 72°C for 20 min. (e) The analysis of
the fragments was carried out after denaturation at 96°C for 3 min with
a mixture made of 1 pL of the PCR mixture and 20 uL HiDi Formamide/
Rox (Applied Biosystems, Foster City, CA, USA). The fragments of MLPA
were analyzed with the software GeneMarker v1.91.

The various alpha-thalassemia deletions were categorized accord-
ing to the ratios of the probes of the deletion area (Table 1). The nor-
mal ratio is between 0.75 and 1.25. Deletion was defined for a ratio
lower than 0.75 and triplication for a ratio higher than 1.25. Details are

shown in Figures 1, 2 and 3.

2.7 | Ethical considerations

All major participants provided written consent for study participa-
tion. Since some participants were minors, their legal guardians pro-
vided written consent for study participation. This consent procedure
and the study were reviewed and approved by the National Ethical
Committee of the Public Health School of the University of Kinshasa,
Kinshasa, the DRC (ESP/CE/027B/2011), in compliance with the prin-
ciples of the Helsinki Declaration Il. The aim and the procedures of
the study were explained to the participants. The participants were
informed that they could withdraw anytime without further obligation.

None of the authors collected samples. Samples were collected and

TABLE 1 The ratio of the probes in the different alpha-
thalassemia polymorphisms

Heterozygous = Homozygous o7

a7 deletion o7 deletion Triplication

(Figure 1) (Figure 2) (Figure 3)
Probes ratio ratio ratio
08498-L08422 0.5 0 +1 copy
04633-L23748 0.5 0 +1 copy
18096-L22520 0.5 0 +1 copy
18880-L24428 0.5 0 +1 copy
08494-L08417 0.5 0 +1 copy
14855-L23604 0.5 0 + 1 copy
18093-L22517 0.5 0 +1 copy
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FIGURE 1 Severe Vaso-occlusives crises per year
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FIGURE 2 Mean of blood transfusion per year in the study
population
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FIGURE 3 Frequency of osteonecrosis in the study population

sent to the authors by the Research unit of Sickle cell Centre of Yolo.
Anonymity of the participants was guaranteed and no personal details
were recorded.

2.8 | Data management and analysis

Data are represented as meanststandard deviation (SD) when the dis-
tribution was normal or median with range when the distribution was
not normal. Frequency of various clinical and laboratory findings are
expressed as percentages. The confidence interval at 95% was calcu-
lated. Associations between variables and subtypes of polymorphisms
were evaluated using chi-square and fisher exact test. A P value <.05

was considered significant.

2.9 | Role of the funding source

None of the funders had involvement in the study design, data col-

lection, data analysis, data interpretation, writing of the report, or
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decision to submit for publication. The corresponding author had full
access to all the data in the study and had the final responsibility for

the decision to submit for publication.

3 | RESULTS

The mean age of our patients was 22.4+13.6 years. The sex ratio

female/male was 3.2.

3.1 | Alpha thalassemia polymorphism

The o®’ heterozygous deletion (silent thalassemia) was encountered
in 25 (23.6%) patients, o3 homozygous deletion (thalassemia minor)
in 27 (25.5%) patients, the o7 triplication was encountered in 12
(11.3%) patients. Forty two (39.6%) patients with normal genotype

oo/ were identified.

3.2 | Hematologic parameters in the
study population

The Hb and HbF were significantly lower in the group of patients
with triplication. Leukocytosis and reticulocytosis were similar in
all groups. However, the group of patients with o7 triplication had
the lowest rate of platelets with a statistically significant difference.
Mean corpuscular volume (MCV) and mean concentration hemo-
globin (MCHC) were significantly lower in the group of patients
with homozygous o®” deletion and «®” triplication. Other details are

shown in Table 2.

3.3 | Frequency of acute and chronic
complications of SCA

The average of severe vasoocclusive crisis (VOC), the rates of blood
transfusions per year, the rate of osteonecrosis, cholelithiasis and the
rate of leg ulcers were significantly lower in the group of patients with
homozygous o7 deletion and o> triplication (Figures 1-5).

3.4 | Relationship between alpha-thalassemia
polymorphism and microcytosis

Microcytosis was more frequent in sickle cell patients with homozy-
gous deletion (thalassemia minor) and was found in 17 (16.03%) cases.
Microcytosis was a rare event in sickle cell patients with heterozygous
o*7 heterozygous deletion (1.9%), o> triplication (0.9%) and also in
those with normal o genotype (2.8%).

Chlolelithiasis (%)

*
20 — P<0.001
15 *
|——TI
l I B Chlolelithiasis (%

aa/aa  Del/Het Del/Hom Triplic a

10
)

(6]

FIGURE 4 Frequency of cholelithiasis in the study population

Leg ulcer (%)

20 P=0.001*
I

15 * %k %k
% %k %
10 -
I I I W Leg ulcer (%)

aa/aa Del/Het Del/Hom Triplic a

(6]

FIGURE 5 Frequency of leg ulcers in the study population

4 | DISCUSSION

Alpha-thalassemia associated with SCA has been described as a
modulating factor of sickle cell phenotype.®?*2?! Despite the high

TABLE 2 Hematologic characteristics of the study population according to alpha-thalassemia polymorphisms

Heterozygous o’ deletion

Variables oo/aw (n=42) (n=25)

Age (years) 22.5+5.1 20.1+3.6

Hb (g/dL) 8.6+x1.4 9.0+1.2

HbF (%) 9.1+£5.1 13.6+4.6
HbA, (%) 2.0+0.5 1.7+0.7

GB (x10%/pL) 10.3+4.0 9.0£3.1
Reticul (%) 12.8+7.9 12.2+6.7
Platelets (x10%/pL) 360.4+246.9 272.4+145.6
MCV (fL) 77.6+9.0 80.5+7.9
MCHC (g/dL) 34.0+1.5 33.3+1.2

Homozygous o7 deletion o7 Triplication

(n=27) (n=12) P (ANOVA)
23.8+4.5 23.8+3.3 .017
8.6+1.9 7.2+0.4 .009
9.7£6.0 5.2+£2.9 <.001
2.0+0.6 2.9+0.5 <.001
8.2+£2.6 8.4£3.0 .07
10.2+6.8 9.9+4.9 .37
250.4+95.0 249.4+96.9 .047
72.2+6.8 78.6£9.4 .003
32.8+1.0 32.6x1.1 <.001

MCH, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration.
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prevalence and incidence of the disease in Central Africa, there is still
very little information on alpha-thalassemia in patients suffering from
SCA living in this part of the world.”?1-23 This study was the first to
be performed specifically in Central Africa where sickle cell anemia is
most frequent with a predominance of Bantu haplotype.

Our study showed that association between alpha-thalassemia
and SCA is frequent in our midst. Indeed, nearly 49% of sickle cell
patients are carriers of a deletional thalassemia. Among them, 25.5%
had a homozygous o®7 deletion and 23.6% had a heterozygous o3’
deletion. This frequent association between alpha-thalassemia and
sickle cell anemia has been reported in several African and Arab-Indian
studies.?”?*726 On the other hand, the frequency of o7 triplication ob-
served in this Congolese series is the highest reported compared to
worldwide series where the frequencies range from 1.3% to 5%.24%7"
27 This difference may be explain by the fact that the frequency of
a-triplication varies according to population origin.30 However, the
frequency in non SCA Congolese population is unknown.

We report a lower level of Hb, leukocytes, platelets, HbF, MCV and
MCHC in patients with sickle cell anemia with co-existent o7 tripli-
cation. Low MCHC and low MCV are described as factors that could
reduce morbidity in SCA.2%! The decrease of MCHC is a major factor
which reduces the risk of polymerization of HbS, while the low MCV is a
factor which improves rheology in SCA patients.? Furthermore, it is well
known that leukocytosis, thrombocytosis and increased reticulocyte
production are major factors of acute sickle cell crises.®*"3* Thus, the
low expression of these disease markers could explain the protective ef-
fect of homozygous deletion and triplication on the severity of the SCA.

Our study showed that the annual average of severe VOC and
lower blood transfusions were low in patients with o’ triplication
and homozygous o7 deletion compared to patients with normal gen-
otype aa/or and heterozygous o’ deletion. The reduction of VOC
and lower blood transfusions may be associated with the modification
of hematological parameters changes observed in these two groups.
Indeed, the risk of VOC risk in SCA is increased by the cytoadher-
ence of granulocytes and reticulocytes to endothelium. Additionally,
the risk of VOC in SCA is associated with increased cytoadherence
of polynuclear and reticulocytes to endothelium, while platelets are
involved in VOC by the secretion of thrombospondin.®>~%7

Hemolysis in sickle cell disease is often secondary to the process
of polymerization and the vaso-occlusion. Chronic complications of
hyperhemolysis are gallstone cholecystitis and leg ulcers.®®%? In our
series, cholelithiasis and leg ulcers were less frequent in groups of pa-
tients with o®” triplication and homozygous o’ deletion. Alpha thal-
assemia was identified as a protective factor against cholelithiasis and
leg ulcers.*®

In this report, patients with homozygous o®7 deletion and o7 trip-
lication were less likely to develop osteonecrosis of the femoral head
compared to other groups. The protective effect of alpha-thalassemia
of osteonecrosis is not well established. In a previous study, SCA pa-
tients with alpha-gene deletion were at the greatest risk for osteone-
crosis.** ™3 In this series, the protective effect of the homozygous o3’
deletion and o7 triplication observed could be associated with the

observed hematological changes in these two groups.

WILEY->°

These results are in contrast with those of India in which clinical
symptoms occurred at higher frequency and were more severe. This
difference may be due to the fact that in their series, the authors in-
cluded patients with o3 triplication in the without a-deletion group
of patients.?* Furthermore, in sickle cell B-thalassemia patients, the
presence of an alpha triplication worsens the clinical state.**

5 | CONCLUSION

The prevalence of the association between SCA and alpha thalassemia
encountered has been described and the influence on clinical and
hematological profile assessed in our midst. In our study, the preva-
lence of o7 triplication was higher than those reported in worldwide
series. The homozygous deletion and triplication were associated with
less severe forms of the SCA in Congolese patients. These results
showed the need to investigate systematically the alpha-globin gene
mutations in sickle cell population in our midst. Providing data that can
properly be used for advocacy as well as for developing further strate-
gies for improving the care of the SCA patients is very important for

region with high prevalence of the disease such as the Central Africa.
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