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Abstract

Although sickle cell disease is well documented in The Gambia, 
West Africa, and α-thalassemia has also been identified, we are not 
aware that β-thalassemia has been reported previously. We presented 
here a 5-year-old Gambian female with homozygous β+-thalassemia. 
Genetic analysis revealed the c.316-3C>A variant (also known as 
IVSII-848(C>A)) in the HBB gene. Since at least one hemoglobin 
subunit β mutation for β-thalassemia is present in The Gambia, and 
carrier status of sickle hemoglobin (HbS) is common, the possibil-
ity of homozygous β-thalassemia and HbS β-thalassemia should be 
considered in individuals with the appropriate clinical features and 
consistent laboratory findings.
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Introduction

Hemoglobinopathies are a major cause of anemia in sub-Sa-
haran Africa. In The Gambia, the sickle hemoglobin (HbS) 
carrier frequency is 15-20% [1, 2], but the thalassemias are 
less well characterized. α-thalassemia has been reported [3, 
4], but β-thalassemia has not previously been described, de-
spite its presence in neighboring West African countries [5-
9]. We report the first documented case of homozygous β+-
thalassemia in The Gambia, caused by the rare c.316-3C>A 
(IVSII-848 C>A) variant, underscoring the need to consider 
β-thalassemia in the differential diagnosis of severe anemia 
in this region.

Case Report

A 5-year-old girl was referred to the hematology clinic, Ed-
ward Francis Small Teaching Hospital, Banjul, The Gambia, 
with suspected leukemia. She had a 4-year history of recurrent 
pallor, tiredness and progressively increasing abdominal dis-
tension. There was no history of painful episodes or dactyli-
tis. She had required several hospital admissions and received 
three blood transfusions.

The pregnancy and delivery were uneventful. Immuniza-
tions were reported to be up to date, but the infant welfare card 
was lost. The parents were in a monogamous, consanguineous 
marriage and stated Mandinka as their ethnicity. The patient 
was the second of four children; the first pregnancy ended in a 
preterm stillbirth; the third child also had a history of abdomi-
nal swelling and blood transfusions and died at age 3 years; the 
fourth child, a 1-year-old girl, was alive and well. The father 
reported that he had two younger female siblings and three 
older male siblings, all of whom were alive and well. Other 
than the consanguineous marriage, no information was avail-
able about the mother’s family.

On examination, the patient was markedly pale but hemo-
dynamically stable. There was a prominent forehead, flat nasal 
bridge, marked prominence of the maxilla, gingival hypertro-
phy and disordered dentition. There was no bruising, petechi-
ae, jaundice, or lymphadenopathy. The abdomen was grossly 
distended, soft with non-tender, smooth hepatomegaly of 11 
cm below the right costal margin and splenomegaly of 16 cm 
below the left costal margin (Fig. 1). A review of the other 
systems was unremarkable. There was severe stunting (height-
for-age z score < -3) but no wasting (weight-for-height z score 
> 1).

Based on the history and examination, particularly the 
characteristic facies and massive splenomegaly, a clinical di-
agnosis of β-thalassemia major was suspected. Abdominopel-
vic ultrasound examination confirmed hepatosplenomegaly.

Full blood count showed severe microcytic anemia, low 
red blood cell count and a raised reticulocyte count (Table 1). 
The automated white blood cell count was markedly raised 
with lymphocytosis and a reduced proportion of granulocytes 
(Table 1). Microscopy of a Leishman’s stained thin blood film 
revealed markedly abnormal red cell morphology, including 
anisocytosis, hypochromasia, poikilocytosis, numerous nucle-
ated red cells, fragmented cells, target cells and teardrop cells. 
There was no evidence of marked leukocytosis (Fig. 2). Cel-
lulose acetate hemoglobin (Hb) electrophoresis of a red cell 
lysate revealed predominantly fetal hemoglobin (HbF) with 
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some adult hemoglobin (HbA) and HbA2.
In the patient’s father, there was mild anemia, microcyto-

sis and raised red blood cell count. Cellulose acetate electro-
phoresis of the father’s red cell lysate revealed HbA and an 
elevated HbA2. The proportion of HbA2, quantified by elution 
and spectrophotometry, was raised. Microscopy of the thin 
blood film showed microcytosis, poikilocytosis, target cells 
and some hypochromasia. It was not possible to obtain a blood 
sample from the mother.

The clinical diagnosis of severe thalassemia intermedia 

was confirmed by genetic analysis in a molecular pathol-
ogy diagnostic laboratory, with appropriate quality control. 
Next-generation sequencing of the Hb subunit β (HBB) gene 
revealed homozygous β+-thalassemia due to the c.316-3C>A 
variant (also known as IVSII-848(C>A)). Multiplex ligation-
dependent probe amplification (MLPA) analysis did not detect 
any deletions or duplications of the β-globin gene cluster, nor 
evidence of delta β-thalassemia, deletional hereditary persis-
tence of fetal hemoglobin (HPFH), or other deletions causing 
a hemizygous state. In addition, MLPA analysis did not de-
tect any deletions or duplications in the α-globin gene cluster; 
therefore, there is no evidence of deletional α-thalassemia or 
additional α-globin genes that may exacerbate the beta thalas-
semia phenotype.

Testing of the father’s DNA revealed that he is a β+-
thalassemia heterozygote and carries the c.316-3C>A variant.

Discussion

Although α-thalassemia has been reported in The Gambia [3, 

Table 1.  Hematological Findings

Patient Father
Hb concentration (g/dL) 6.1 (11.5 - 14.0) 13.8 (14.0 - 18.0)
Mean cell volume (fL) 61 (80 - 100) 64.1 (80 - 100)
Mean cell Hb (pg) 16.1 (27.0 - 31.0) 22.2 (27.0 - 31.0)
Red blood cell count (1012/L) 2.3 (4.0 - 5.5) 6.2 (4.0 - 5.5)
Reticulocytes (%) 10.7 (0.4 - 3.0) -
Hb electrophoresis Predominantly HbF, with some HbA and a raised HbA2 Predominantly HbA with a raised HbA2

HbA2 (%) 4.5 (2.5 - 3.1) 4.1 (2.5 - 3.1)
White blood cell count (109/L) 75.8 (4.5 - 11.0) -
White blood cell differential (%) Lymphocytes 68.3% (20 - 40); granulocytes 25.5 (41.5 - 68.0) -

Normal reference ranges are shown in parentheses. Hb: hemoglobin; HbF: fetal hemoglobin; HbA: adult hemoglobin.

Figure 2. Thin blood film. Thin blood film fixed in methanol and stained 
with Leishman stain; × 1,000 magnification. Note the markedly abnor-
mal red cell morphology, including anisocytosis, hypochromasia, poikil-
ocytosis, numerous nucleated red cells, fragmented cells, target cells 
and tear drop cells and no evidence of a marked leukocytosis.

Figure 1. Clinical image. Note the marked pallor, prominent forehead, 
flat nasal bridge, marked prominence of the maxilla, gingival hypertro-
phy with disordered dentition and grossly distended abdomen.
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4], and β-thalassemia has been described in other countries in 
West Africa, including Liberia [5], Nigeria [6], Guinea Bissau 
[7], Mauritania [8] and neighboring Senegal [9], to the best of 
our knowledge, this is the first reported case of homozygous 
β-thalassemia in The Gambia.

The c.316-3C>A (IVSII-848(C>A) variant identified in 
this child and her father is rare, with a global allele frequency 
of 0.00002 [10] and has not been described previously in West 
Africa. It was first described in 1988, in a black patient with 
β-thalassemia from southern USA [11] and has subsequently 
been found in Egyptian [12-14], Iranian [12] and Syrian [15] 
patients, in both homozygous and compound heterozygous 
β-thalassemia and is associated with a severe phenotype. This 
rare variant may have arisen de novo in this Gambian family or 
may be due to intermarriage outside of the region.

A rare mutation comprising of an insertion of thymidine 
between codons 42 and 43 in exon 2 of the β-globin gene, al-
tering the nucleotide sequence of codon 43 has been reported 
in a 17-year-old black male with sickle cell disease (SCD, 
HbS-β0 phenotype) residing in Spain. Although this young 
man was stated to have been born in The Gambia, his ethnicity 
is unclear [16].

Recognition that there is at least one β-thalassemia gene 
present in The Gambia is important for distinguishing ho-
mozygous β-thalassemia from SCD because clinical manage-
ment differs especially with respect to blood transfusion and 
iron chelation requirements and the role of hydroxyurea. In 
addition, given the high frequency of the sickle cell gene in 
The Gambia, previously estimated to be 19.5% [1] and 15.9% 
[2], this case highlights the likelihood of HbS/β-thalassemia 
in patients attending hematology clinics. This is especially 
important where diagnosis is based only on point-of-care, 
rapid diagnostic tests such as the HemoType SC (Silverlake 
Research Corporation, California, USA). Although this test 
identifies HbS, C and A, additional tests applicable to low-
resource settings, such as Hb electrophoresis and elution, are 
required to identify raised HbA2 consistent with β-thalassemia 
trait, as well as raised HbF and reduced HbA in β+-thalassemia 
homozygotes. In addition, the referral diagnosis of suspected 
leukemia was based on the clinical presentation and an appar-
ently markedly raised white cell count. However, many auto-
mated hematology analyzers miscount nucleated red cells as 
white blood cells [17], and this can be resolved by examination 
of a thin blood film, as in this case.

As in this case, homozygous β-thalassemia can be dif-
ferentiated from sickle cell anemia (SCA), the most common 
hemoglobinopathy in this region, based on characteristic fa-
cial features resulting from a greater degree of extramedullary 
hematopoiesis, such as marked gingival hypertrophy and dis-
ordered dentition. In addition, dactylitis is common in SCA 
but does not occur in homozygous β-thalassemia. In contrast, 
massive splenomegaly is more common in the thalassemias 
than SCA. The diagnosis can also be supported by a consistent 
family history, such as another child with a likely inherited 
anemia and a similar clinical picture as occurred in this family. 
Finally, as in the father of this case, compatible hematological 
findings - including low red cell indices and a raised HbA2 in 
first-degree relatives - support the diagnosis.

HbS/β+ thalassemia can be suspected in patients with 

HbAS on a rapid diagnostic test who present with more severe 
clinical manifestations, such as bone pain and blood transfu-
sion requirement [18], than usually occur in sickle cell trait. 
It should also be noted that in cases of HbS/β0 thalassemia, a 
rapid diagnostic test such as HemoType SC would only detect 
HbS due to the absence of HbA in this condition [19].

The implications for newborn screening are complex. At the 
time of writing, neonatal screening tests utilized in The Gambia 
are limited to the detection of HbA, S and C (HemoType SC 
test) and are unable to detect infants born with β0-thalassemia 
or differentiate between HbSS and HbS/β0-thalassemia. Further-
more, β+-homozygotes, as in our case, would likely be identified 
as normal due to the presence of HbA and the absence of abnor-
mal Hbs S and C. This complexity highlights that, in addition to 
newborn screening currently available in The Gambia, addition-
al tests are required in infants and children with equivocal test 
results or clinical features consistent with a hemoglobinopathy 
including genetic analyses, Hb electrophoresis later in infancy 
and testing of parents.

Limitations of our report are that we were unable to obtain 
and test a blood sample from the mother, to get clear details of 
the family pedigree and undertake screening of the other fam-
ily members due to their remote location. A more detailed fam-
ily pedigree may have helped differentiate between a de-novo 
mutation and gene flow from other populations. Furthermore, 
the remote location also compromised clinical follow-up of the 
child.

This case highlights that combining clinical and labora-
tory expertise is required for the reliable diagnosis of the he-
moglobinopathies and is achievable even in limited resource 
settings.
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