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CASE REPORT

Beta Thalassemia and Klinefelter syndrome: 
a rare occurrence
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Abstract 

Background:  β-Thalassemia is an inherited haematological blood disorder in the HBB gene, and variations in this HBB 
gene lead to the absence/deficiency of the Beta chain synthesis of haemoglobin leading to severe anaemia. Klinefel-
ter syndrome is a chromosomal abnormality that affects physical and cognitive development in males. Affected indi-
viduals are taller, show gynaecomastia and behavioural problems and have small testes that do not produce much 
testosterone. We describe a boy with β-Thalassemia major referred for chromosomal analysis due to delayed puberty 
and short stature. This is a second case reported in the literature that gives information on two different contradicting 
genetic disorders in a single individual but novel case as he exhibits additional short-stature phenotype.

Case presentation:  A 17-year-old boy with short stature and gonadal dysfunction was referred for chromosomal 
analysis. He needed blood transfusion every 4 weeks. The GTG banding for chromosomal analysis and standard PCR 
for variant detection of HBB gene, Bi-directional Sanger sequencing of the PCR products and multiplex PCR for Y 
microdeletion of the AZF a, b and c regions on the Y chromosome were performed. The cytogenetic analysis revealed 
a karyotype of 47,XXY. The HBB gene detected two heterozygous variants forming a pathogenic compound heterozy-
gous condition. The multiplex PCR revealed that the AZF a, b and c regions were intact and were not deleted.

Conclusion:  To our knowledge, this is the second case of a patient with β-Thalassemia associated with Klinefelter 
syndrome but a novel case with short-stature phenotype association instead of tall stature. The possible association 
of these two disorders and the unusual phenotypic presentation are discussed. This study highlights the possibility of 
ruling out Thalassemia while evaluating patients with short stature and delayed puberty.
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Background
Klinefelter syndrome (KS) is the most common sex 
chromosomal abnormality affecting approximately 1 in 
500–700 males. It is usually associated with the occur-
rence of an extra X chromosome [1]. In addition, it is an 
endocrine disorder associated with tall stature, gynaeco-
mastia, hypogonadism, small testes, impaired spermato-
genesis and androgen deficiency.

β-Thalassemia is a genetic blood disorder that reduces 
the production of haemoglobin. It shows an autosomal 

recessive inheritance pattern. A person with two copies 
of the abnormal gene has the disease, while those with 
only one copy are carriers. Carriers do not have the dis-
ease condition but can pass the defective gene to their 
offspring. The homozygous variations at the haemo-
globin Beta locus (HBB) gene on chromosome 11p15.4 
cause this disorder. There are more than 300 variations 
reported in this gene. The clinical symptoms include fail-
ure to thrive, jaundice, enlarged spleen, liver and heart 
and misshapen of bones. Few adults show growth retar-
dation, delayed puberty and frequent blood transfusions. 
In some cases, excess blood transfusions may result in 
iron overload in the body resulting in liver, heart and hor-
monal problems.
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Usually, the association of these two different genetic 
disorders is rare, with a few exceptions reported in 
the literature, e.g., a case of Klinefelter syndrome with 
Thalassemia intermedia [2], a case of mosaic Klinefel-
ter syndrome associated with Thalassemia [3]; recently, 
there is a case of hereditary xerocytosis due to variations 
in PIEZO1 gene associated with heterozygous pyruvate 
kinase deficiency and β-Thalassemia trait [4]. Also, there 
is a case of Thalassemia and Klinefelter syndrome but 
without short-stature phenotype [5]. This study reports a 
boy with β-Thalassemia major associated with Klinefelter 
syndrome with short stature. Ours is the second report 
in the literature showing the association of these two 
genetic disorders to the best of our knowledge.

Case presentation
A 17-year-old boy who is second born to non-consan-
guineous parents was referred for short stature, gonadal 
dysfunction, small testes, and he was on transfusion 
for anaemia every 4 weeks. He had undergone splenec-
tomy 4 years ago. His height was in the 3rd centile and 
not in the puberty age. His haemoglobin concentration 
was decreased about 10.5  g/dl (normal range is 13–16); 
ESR showed a mild increase, the WBC count was nor-
mal, but RBC was decreased; the hormonal profiles were 
done for serum oestradiol which was within the range 
(19 pg/ml) (normal range 10–40), and serum testosterone 

was decreased (237.18  ng/dL) (normal range 300–800), 
but serum FSH (41mIU/ml) (normal range 1.5–12) and 
serum LH (31.50 mIU/ml) (1.2–8) were increased. The 
hormonal profile was suggestive of primary hypog-
onadism. His iron overload was maintained by chelat-
ing therapy. The HBA2 level was 4.5%. The institutional 
ethical consent was taken from the patient as per the 
guidelines.

Cytogenetic analyses
Chromosomal analysis was carried out on peripheral 
blood lymphocytes by GTG banding, revealing a karyo-
type of 47,XXY (Fig. 1A).

HBB mutation analysis
The DNA from the peripheral blood was isolated (Qia-
gen DNeasy extraction kit) and subjected to PCR (Qiagen 
Fast Cycling PCR kit) using multiple primer sets covering 
the HBB gene. The PCR products were bi-directionally 
sequenced by the Sanger method on ABI PRISM 3730XL 
Genetic analyser. The chromatograms showed two het-
erozygous variants. One is in exon 1, showing an IVS1-5 
(G > C) heterozygous variation (Fig. 1B) and the other in 
exon 3 showing Poly A (T > C) variant (Fig. 1C). Thus, a 
pathogenic compound heterozygous condition was iden-
tified in the HBB gene.

Fig. 1  A The GTG banded karyogram showing 47,XXY. B The electropherogram showing the IVS1-5 (G > C) heterozygous variant. C The 
electropherogram showing the Poly A (T > C) heterozygous variant
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Y microdeletion detections (AZF genes)
The DNA was subjected to multiplex PCR with seven sets 
of STR primers specific for two AZFa, AZFb and AZFc 
regions, along with internal control ZFX/Y genes. Two 
multiplex PCRs were set up; 1: AZFc1 (sY254), AZFa2 
(sY86), AZFb1 (sY127) ZFX/Y. 2: AZFa1 (sY134), AZFc2 
(sY255), ZFX/Y. The amplified products were analysed 
by agarose gel electrophoreses. All the AZF genes in this 
patient were intact, and there were no deletions.

Discussion
Thalassemia is among the most common genetic dis-
orders occurring worldwide, resulting in the defective 
synthesis of haemoglobin. Treatment can help, but this 
condition cannot be cured as there will be no or insuffi-
cient blood production in such patients; they require reg-
ular blood transfusions. The patients are usually stunted 
in growth with hepatosplenomegaly and other features.

KS is usually associated with gynaecomastia, tall stat-
ure and infertility. This condition is generally identified 
in men’s prepubertal stage due to the non-development 
of secondary sexual characters. But, rarely, the chromo-
somal analysis would be done in childhood since the 
manifestation of the secondary sexual characters would 
be shown in the pubertal stage.

In our study, the patient was anaemic and was under 
transfusion and suspected of Thalassemia with additional 
features of short stature and gonadal dysfunction. He was 
referred for short-stature evaluation, and a chromosomal 
analysis was done. Although haemoglobin electrophore-
sis confirmed Thalassemia, the mutation was unknown. 
Hence, mutation detection confirmed compound het-
erozygous variants in the HBB gene. Also, as the sec-
ondary sexual characters were underdeveloped, the AZF 
gene deletions were checked. The chromosomal analysis 
revealed 47,XXY, and the AZF gene on Y chromosome 
showed no deletions. There are reports of Thalassemia 
with delayed puberty and growth retardation in litera-
ture. And as mentioned, the features of KS are tall stature 
and infertility. In this case, although delayed puberty is 
a feature associated with both Thalassemia and KS, the 
short-stature phenotype in the patient is a feature that is 
not found in KS. Still, the stunted growth may be due to 
blood transfusion.

KS is associated with the development of tumours of 
the seminiferous tubules and breast cancer [6]. There 
have also been few reports of the coexistence of haema-
tological malignancies and KS [6]. Autoimmune diseases, 
diabetes mellitus and hypothyroidism, are also common 
in KS. Hence, testosterone replacement therapy could be 
started early to minimize androgen deficiency’s physical 
and psychological effects [7].

In our case, the short stature is probably caused due 
to Thalassemia, and although KS is present, the tall 
stature is masked.

We recommend that chromosomal analysis be offered 
as the first-tier test to all the Thalassemia male children 
to rule out any sex chromosomal abnormalities. This 
would help the patients in early diagnosis of suspected 
malignancies. Furthermore, it also helps in counselling 
the patient and further referring to the Endocrinologist 
for any tumours.

In conclusion, this is the second case in the literature 
with the coexistence of two different genetic disorders 
exhibited in a single individual. Although the first case 
reports both Thalassemia and Klinefelter syndrome 
associations, their case had no short stature. The diag-
nosis at an early age could help better manage genetic 
disorders.
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