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Pitfalls in the diagnosis of β thalassemia intermedia
Abstract
We present case histories of three patients who had β thalassemia trait with “unusual severity” managed as thalassemia intermedia where the basis of disease severity could not be explained with routine hematological and genetic investigations. The clinical diagnosis of “thalassemia intermedia” was justifiable as they had β thalassemia mutation and a disease severity which did not fit in with either thalassemia trait or with thalassemia major. As mutations of α, β and γ genes could not explain the unusual severity of the disease further analysis with next generation sequencing panel for red cell diseases was carried out, which led to the diagnosis of co-existing membranopathies. This case series highlights the inherent difficulty in the diagnosis of thalassemia intermedia with certainty in some patients where the genetic basis is not clear-cut.
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Introduction

β thalassemia intermedia (βTI) is a heterogenous group of disorders that are intermediate in clinical severity between the β thalassemia trait (βTT) and β thalassemia major (βTM). It is known to be extremely diverse both phenotypically and genotypically. This group includes haemoglobin E/β thalassemia and “classic” βTI and is far more complex to manage due to its clinical diversity. 
Alteration of the severity of β gene (primary modifier), effects of inheritance patterns of the 𝛼-genes and haemoglobin F (HbF) up regulators (secondary modifiers) are the most frequent molecular explanations for βTI phenotype [1-3]. In addition, non-globin gene genetic factors (tertiary modifiers) which affect other metabolic processes (e.g. iron loading, bone health and bilirubin metabolism) in a patient would also affect the ultimate clinical picture [4-6]. 
The diagnosis is essentially a clinical one supported by basic hematology including full blood count, a blood picture and haemoglobin typing by high performance liquid chromatography (HPLC) or capillary electrophoresis (CE). In most situations the diagnosis is easy to arrive at once the above factors and family history is considered.

This however is not always the case as we illustrate in this case series, where patients who are clinically diagnosed as βTI turn out to have an alternate explanation.

During a research study where molecular characterizing of βTI patients in Sri Lanka was attempted, there were three individuals with a single β-thalassemia allele with normal α globin genes whose phenotype could not be explained based on the known genetic modifiers [7]. 
Haematological and biochemical investigations were undertaken by obtaining a full blood count by COULTER®AC•T™ 5 diff., (California, USA), microscope analysis of blood smears, Hb variant analysis by high-performance liquid chromatography (HPLC) VARIANT II β-Thalassemia Short Program on VARIANT II™ Haemoglobin Testing System (Bio-Rad Variant II Analyser, Hercules, CA, USA), serum ferratin by Enzyme Linked Immunosorbent Assay (ELISA); Kit 16017, Diagnostic Automation Inc, Calabass, Canada). 

DNA samples were analysed for the presence of point mutations on β globin gene by polymerase chain reaction (PCR) and DNA sequencing [8]. Deflectional forms of beta thalassemia were excluded by MLPA technique. Deletions and multiplications of the α globin gene was analysed by Southern blotting and MLP respectively [9, 10]. Non-deletional forms of α thalassaemia were identified by DNA sequencing technique [9]. Mutations on globin genes were then compared to the databases on the globin gene server (http:// globin.bx.psu.edu. /hbvar) to be identified [11]. Known genetic modifiers of Hb F production, 158 C > T polymorphism in the Xmn1 locus of the promoter gene γ2, HBS1L-MYB of chromosome 6q23.3 and the BCL11A gene on chromosome 2p16 were by analysed by PCR and restriction digestion [12]. Next generation sequencing (NGS) analysis for red cell gene panel based on the llumina MiSeq system and data was analyzed to detect genetic and copy number variants using a bespoke bioinformatics pipeline, validated in the United Kingdom. The panel included 147 genes arranged into sub panels (http://www.viapath.co.uk/our-tests/red-cell-gene-panel) for hemolysis, anemia, and bone marrow failure [13].
Case 1
Proband was a 34-year-old male who was referred to the thalassemia clinic of the North Colombo Teaching Hospital (NCTH), Ragama, Sri Lanka for evaluation of severe anemia. Clinical investigations revealed (Table 1) that he had symptoms of tiredness, shortness of breath and generalized aches and pains for over three years. His haemoglobin (Hb) level at presentation was 7.5 g/dL. On examination he was found to be mildly icteric and had spleen palpable 9 cm below the left costal margin (LCM). Liver was not palpable. No facial deformities or evidence of leg ulcers were seen. He had age-appropriate growth and development. He had been transfused only less than 10 times in his lifetime. and has never been on iron chelation. 

Hematological investigations (Table 2) revealed that his Hb was 8.6 g/dL and indices were consistent with βTT. Mean corpuscular volume (MCV) and mean corpuscular Hb (MCH) were 64.4 fL and 24.2 pg respectively. HPLC results revealed haemoglobin A2 (HbA2) level of 4.3% and HbF level of 5.3%.  Steady state Hb level was 8.9 g/dL. Blood smear analysis was consistent with the diagnosis of a minor haemoglobinopathy.  Bone marrow aspiration which was done in an attempt to explain the “severe” phenotype only revealed features compatible with erythroid hyperplasia. 

His molecular analysis revealed the presence of heterozygous IVS-I-5(G>C) (HBB:c.92+5G>C) mutation on β globin gene without the common deletional forms of α thalassemia or excess α globin genes.  DNA sequence analysis confirmed the absence of any point mutations on the α globin genes. Analysis of single nucleotide polymorphisms (SNPs) of HbF up-regulators showed that he was heterozygous -158 XmnI Gγ (+/-) and B-cell lymphoma 11A (BCL11A) (rs11886868) (T>C) (+/-) polymorphic sites. NGS analysis revealed that the patient had co-inherited a pathogenic ankyrin 1 gene variant (ANK 1 c.4485G>A; p.Trp1495) which creates a premature termination codon  in the mRNA transcript suggesting the diagnosis of β thalassaemia carrier co-existing ANK1-related membranopathy.
Case 2

A 24-year-old male presented to the thalassemia clinic at the NCTH, Ragama, Sri Lanka for evaluation of anemia. Clinical investigations result of the patient are summarized in Table 1.  Anemia has been identified and blood transfusions had been commenced at the age of three months. He had received over 25 units of transfusions early on in his life but over the last 15 years he received only an occasional transfusion He was minimally symptomatic. On clinical examination he was found to be mildly icteric and had no signs of facial deformities or leg ulcers. He had splenomegaly 7 cm below the LCM without hepatomegaly. He had normal growth and development. 
Hematological investigations (Table 2) revealed that he was anemic (Hb 7.7 g/dL) and the red cell indices were close to normal. MCV and MCH were 84.3 fL and 26.5 pg respectively. HPLC results revealed HbA2 level of 4.3% which was consistent with βTT.  His steady state Hb level was 6.5 g/dL.  Blood smear analysis had been reported as consistence of βTT with “unusual severity”.
The molecular analysis of the proband revealed the presence of heterozygous IVS-I-5 (G>C) (HBB:c.92+5G>C) mutation of the β globin gene and normal copy number of (αα/αα) α globin genes. He also had no excess α globin genes. No point mutations of the α globin genes too were detected. He was negative for -158 XmnI Gγ (-/-) polymorphic sites.  We proceeded to NGS as for case one which revealed that he had co-inherited the solute carrier family 4-member 1 (SLC4A1) pathogenic deletional variant (SLC4A1 c.1199_1225del27; p. Ala400_Ala408del) associated with South Asian Ovalocytosis.
Case 3

A 16-year-old girl who was managed as “beta thalassemia trait with unusual severity” at the Teaching Hospital, Anuradhapura, was referred to the thalassemia clinic at the NCTH, Ragama, Sri Lanka for further investigations. Clinical investigations revealed (Table 1) that she had been treated for recurrent respiratory tract infections since the age of 3 years. She had been diagnosed as βTI at the age of 6 years and the Hb level at diagnosis was 7.9 g/dL. Her steady state Hb level was (6.9 g/dL). She had been given only two blood transfusions in her lifetime. She attaining menarche at the age of 15 years only after pubertal induction
On clinical examination, she was found to be pale, mildly icteric, had she had very prominent “thalassemic face” with frontal bossing, flat nasal bridge and maxillary prominence. Abdominal examination revealed a large spleen with an abdominal span of 17 cm below LCM.  Liver was palpable 5 cm below right costal margin (RCM). The patient had features of severe growth retardation (height below 3rd percentile).   
Hematological investigations (Table 2) revealed her Hb to be 8.4 g/dL with normal red cell indices. (MCV and MCH were 79.8 fL and 28.3 pg). HPLC revealed HbA2 level of 5.2% which was consistent with βTT. Family screening of the patient’s mother and sister confirmed elevated levels of HbA2 while her father had an HbA2 level of 3.1%. 
The molecular analysis of the patient confirmed the presence of heterozygous CD 15 (–T) (HBB:c.46delT) mutation on β globin gene with normal copies of (αα/αα) α globin genes. No point mutations of the α globin genes were detected. SNPs analysis revealed -158 XmnI Gγ (-/-) and BCL11A (-/-) and HBS1L-MYB (-/-).  Analysis using the red cell panel found the proband to be compound heterozygous for SPTA1 (c.3570-21_3570-11delinsGTCTACTCTCC) variant which effect on the splicing of the mRNA transcript and SPTA1 c.[5572C>G:6531-12C>T];p.Leu1858Val (LELY) variant suggesting of presumptive hereditary spherocytosis. The LELY variant was known to modify the phenotype of SPTA1-related membranopathies. However, as the clinical significance of the former variant is unknown, its contribution to the phenotype needs to be assess further with family studies
Discussion

In this case series we highlight the difficulties in diagnosis of βTI. All three patients were been managed as βTI (βTT with unusual severity) by specialist physicians based on clinical features, baseline haemoglobin concentrations and transfusion requirements. Their clinical features were consistent with βTI. All had classic thalassemia intermedia features such as late presentation of the disease, splenomegaly and steady state Hb around 7 g/dl. None of them were on regular (>8 per year) blood transfusions. 
Hematological findings revealed all of them to be severely anemic (Hb ~ 8 g/dl). Though the red cell indices were consistent with hypochromic and microcytic only in one patient (Case 1), all three of them were confirmed to be βTT on HPLC. Routine blood smear examinations by specialist hematologists had confirmed the diagnosis of a minor haemoglobinopathy and in neither case had a clue to diagnosis of an underlying membranopathy been suggested. Basic genetic testing did not explain their intermediate phenotypes other than the heterozygous β allele which warranted further assessment with the red cell panel test with NGS. Co-existence of membranopathies in these three cases were only identified by advanced genetic analyses by NGS.  
This is the first reports of occurrence of the membranopathies co-exiting in heterozygous state of beta thalassemia which could result in an “intermediate phenotype” to be documented from Sri Lanka. This emphasizes the intrinsic difficulty in diagnosing individuals with βTI, since routine testing may not always identify co existing hematological anomalies and advanced genetic testing facilities may not be available in many resources limited settings.  
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Table 1: Clinical Findings 

	Clinical Findings
	Proband 1
	Proband 2
	Proband 3

	Age at first presentation (years)
	31
	-
	6

	Age at clinical review (years)
	34
	24
	12

	Splenectomised
	No
	No
	No

	Splenomegaly
	Yes
	Yes
	Yes

	Spleen size (cm)
	9.0 
	7.0
	17.0

	Hepatomegaly
	No
	No
	Yes (5 cm)

	Jaundice
	Yes+
	Yes+
	Yes++

	Leg ulcers
	No
	No
	No

	Severe Facial changes  
	No
	No
	Yes

	Fractures
	No
	No
	No

	Body Mass Index (BMI)
	21
	20.1
	13.7

	Age-appropriate Tanner staging
	Yes
	Yes
	No

	Delayed puberty
	No
	No
	Yes 

	Total no. life-long blood transfusions 
	4
	26
	2

	Age at first transfusion(years)
	31
	-
	8

	Average No. blood transfusions per year
	2,0
	1.6
	0.5

	Total blood transfusion load (pints)
	5
	-
	2

	Number on Iron chelation
	No
	No
	No


Table 2: Hematological and Biochemical Findings 
	Parameter
	Proband 1
	Proband 2
	Proband 3

	Hb at first presentation (g/dL)
	7.5
	-
	7.9

	Steady state Hb (g/dL)
	8.9
	6.5
	6.9

	Hb at Clinical review (g/dL)
	8.6
	7.7
	8.4

	MCV (fl; normal range > 80 fl)
	64.4
	84.3
	79.8

	MCH (pg; normal range > 27 pg)
	24.1
	26.5
	28.3

	HPLC: HbA2 (%; normal range < 3.5%) 
	4.3
	6.3
	5.2

	HPLC: HbF (%)
	5.3
	1.3
	14.3

	Reticulocyte count (%)
	3.4
	1.6
	4.2

	HbF cell count (%)
	5.0
	2.6
	12.8

	Ferritin (ng/ml; normal range 25-283) 
	259.2
	355.4
	146


