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Introduction

Thalassemia is one of the most common genetic disorders 
worldwide [1]. The spectrum of beta-thalassemia syndrome en-
compasses a wide range of disorders of the hemoglobin chain 
with over 350 identified mutations [2]  in the beta-globin gene 
(HBB gene) resulting in various phenotypes including homozy-
gous, compound heterozygous and carrier states.

The incidence of thalassemia shows considerable geographic 
variation, and each ethnic group has a few predominant mu-
tations and a variable number of rare ones [3]. The highest 
rates of thalassemia are observed in the Mediterranean region, 
Middle East, and parts of Asia including India and Pakistan [4].  
In contrast, hemoglobin C (HbC) defects are rare in the Indian 

subcontinent, with a reported prevalence of 0.32% in Pakistan 
[5], although it shows a higher prevalence in malaria-endemic 
areas such as Atlantic West Africa and Southeast Asia due to 
its protective effect against malaria similar to sickle hemoglobin 
[6]. Compound heterozygosity for Hb C/Beta thalassemia (Hb 
C/β0/+) is exceedingly rare accounting for 6% of all HbC defects 
[7] consequently it has never been reported in Pakistan. Here, 
we describe 52 year-old patient who was diagnosed with com-
pound heterozygous Hb C/β thalassemia.

Case presentation

A 52-year-old male, Baloch by ethnicity and resident of Ka-
rachi presented to the Hematology Clinic with complaints of 
generalized weakness, palpitation and exertional dyspnea. The 
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given history dates to 4 years back in time with insidious onset 
and symptoms have been progressive over time. He was man-
aged initially before referring to our institute with blood trans-
fusions and iron supplements. There was an improvement in 
his symptoms in the early period of treatment, however, later 
on the symptoms stopped responding to iron replacement and 
transfusion requirement also increased. There was no history 
of hemoglobinopathy or symptomatic anemia in the siblings or 
extended family. He was a product of a non-consanguineous 
marriage. The family survey could not be carried out because of 
the death of both parents. Clinical examination revealed pallor 
and moderate splenomegaly only. 

His complete blood count (CBC) revealed a hemoglobin level 
of 5.6 g/dL and a mean corpuscular volume (MCV) of 69 fl, while 
the red-cell distribution width (RDW) was within normal limits, 
the mean corpuscular hemoglobin concentration (MCHC) was 
low. A peripheral smear revealed anisocytosis, poikilocytosis, 
hypochromic microcytic cells, target cells, nucleated red blood 
cells, and Hemoglobin crystals (Figure 1).

Further investigations showed normal hepatic and lipid pro-
files, however, there was an increasein levels of lactate dehy-
drogenase (LDH), reticulocyte count, and indirect bilirubin, 
while haptoglobin levels were suppressed and the Direct Anti-
globulin Test was negative.

Figure 1: Peripheral smear showing anisopoikilocytosis, 
hypochromic microcytic cells, spherocytes, target cells, Nucleated 
RBC, and hemoglobin crystals (denoted by arrow).

Figure 2: Hb electrophoresis of the patient along with control.

The patient’s ferritin level was elevated at 780 ng/ml. He-
moglobin electrophoresis demonstrated a band in the region 
of HbA2 corresponding to 94.8% and an HbF fraction of 5.2% 
(Figure 2), raising suspicion of hemoglobinopathy.

To confirm this, the patient’s blood samples were sent for ge-
netic analysis. Beta-globin gene sequencing was performed on 
the ABI 3500 genetic analyzer. Two mutations were identified in 
the heterozygous state:

1. Mutation in Exon 1, c.19G>A (p.Glu7Lys) [Hb C].

2. Mutation in Exon 1, c.27dupG (Fr8/9+G)

These findings confirmed the diagnosis of compound hetero-
zygosity for Hb C and beta-thalassemia.

Discussion

Hemoglobinopathies are either quantitative abnormalities, 
such as thalassemia, or qualitative abnormalities that result in 
defective hemoglobin. Thalassemia is an inherited, autosomal 
recessive disorder of the hemoglobin gene, characterized by re-
duced or absent production of the beta-globin subunit of the 
hemoglobin molecule [8]. 

Understanding the molecular basis of the HBB gene muta-
tions elucidates the diversity of clinical manifestations. Beta 
(zero)-thalassemia typically has a more severe clinical presenta-
tion, causing thalassemia major in homozygous and compound 
heterozygous states, whereas beta (+)-thalassemia results in a 
milder phenotype (thalassemia intermedia) [9]. In beta-thalas-
semia, the common mutations are frameshift or nonsense in 
HBB exons 1 and 2, caused by small insertions and deletions. 

HbC is a structural variant of normal adult hemoglobin 
caused by a missense mutation of the β-globin chain; this muta-
tion concerns the first nucleotide of this codon, and it is the sub-
stitution of guanine by adenine (GAG→AAG). This results in the 
replacement of glutamic acid with lysine (βGlu-Lys, HBB:c.19G 
> A) at position 6. This mutation produces HbC, which has re-
duced solubility, leading to the formation of intracellular crys-
tals and a shortened lifespan of red blood cells [10]. Hemoglo-
bin C crystals can be visualized on blood smears as rhomboidal 
crystals with straight parallel edges in an otherwise empty red 
blood cell [11]. In a heterozygous state, Hb C causes no symp-
toms, while in a homozygous state, it results in mild hemolytic 
anemia [12].

In C/β-thalassemia, an individual inherits a thalassemia trait 
from one parent and an abnormal hemoglobin condition from 
the other parent. This heterozygous condition is expressed in 
two ways: C/β0, in which HbA is absent, and C/β+, in which HbA 
can reach up to 30%. β+ is more common than β0 in subjects 
with HbC; this compound heterozygosity is found more specifi-
cally in people of African descent and also reported in Italy (Sic-
ily), Turkey, and South Africa [13].

Compound heterozygosity for Hb C/β is rare and clinically 
manifests as thalassemia intermedia [14]. Patients usually pres-
ent with mild hypochromic, microcytic anemia requiring in-
frequent transfusions with or without splenomegaly and may 
present with gallstones. Characteristic blood film examination 
shows hemoglobin C crystal, target cells, and irregularly con-
tracted cells; Pappenheimer bodies may also be observed [11]. 
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Our patient also presented with a similar clinical history of hy-
pochromic microcytic anemia and splenomegaly along with the 
peripheral smear findings of Hb C crystals.

The diagnosis of thalassemia is based on CBC with periph-
eral smear examination alongside hemoglobin electrophoresis 
or High performance liquid chromatography (HPLC) and thal-
assemia gene analysis [15]. Similarly, diagnosis of Hb C is also 
established on these combined modalities; however, with cer-
tain caveats. On Hb electrophoresis, the band of Hb C appears 
in the same region as Hb A2, Hb E, or Hb O Arab, which can 
make differentiation challenging. However, Hb C can be more 
clearly distinguished on HPLC, as it elutes separately, providing 
a more reliable clue for diagnosis [16]. Molecular studies for the 
identification of specific gene mutations are essential for the 
confirmation of the definitive diagnosis of thalassemia and its 
variants.  

Thus initial diagnostic workup comprising Hb electrophoresis 
alone can be misleading, as was seen in our patient in whom the 
Hb electrophoresis was inconclusive with a major band seen in 
the region that corresponds to more than one hemoglobin vari-
ant. HPLC can be more helpful in this scenario as it distinguishes 
many more Hb variants than conventional Hb electrophoresis. 
The diagnosis in this patient was ultimately confirmed through 
gene analysis. Unfortunately, the patient was unable to provide 
information about their parents due to their demise, and fur-
ther family screening is currently pending.

The patient was initially treated with packed red cell trans-
fusions and supplementation of deficient nutrients, such as 
vitamin B12 and folic acid. Hydroxycarbamide was later initi-
ated, resulting in symptomatic improvement and maintaining 
hemoglobin levels above 9 g/dL. Due to the rarity of HbC/β 
thalassemia, there are no established guidelines for the specific 
management of this disease; however, a case reported by A. 
Agapidou et al. described a patient with HbC/β who responded 
to hydroxycarbamide treatment, showing an increase in Hb F 
levels from 14% to 24.5% [17]. Following this precedent, we ad-
opted a similar approach for our patient.

Iron chelation therapy will be initiated based on serial moni-
toring of serum ferritin levels. To assess potential disease-relat-
ed complications, the patient underwent a DEXA scan for bone 
health evaluation, which showed osteopenia with an increased 
risk of osteoporotic fractures (T-score -2.4 SD); hence he was 
commenced on weekly alendronate. The findings of T2 MRI*, 
which showed a cardiac T2* value of 32 ms, and hepatic T2* 
value of 14 ms, ruled out organ iron overload.

Conclusion

Hb C/β-thalassemia is a rare disorder with a clinical presen-
tation resembling thalassemia intermedia. Its rarity, particularly 
in certain regions, combined with the potential ambiguity of 
the initial diagnostic workup, makes it a diagnostic challenge. 
Therefore, molecular analysis is crucial for achieving an accu-
rate and definitive diagnosis.
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