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  ABSTRACT  
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alpha thalassemia, compound 

heterozygosity. 

 Alpha thalassemia is a genetic disorder of hemoglobin synthesis deletion 

or non-deletion mutation of the alpha-globin gene. Non-deletional 

mutations cause abnormalities in the structure of alpha-globin chain, 

creating an unstable variant of hemoglobin. Furthermore, hemoglobin 

Adana (HbAdana) and Constant Spring (HbCS) are common non-

deletional alpha-thalassemia in Indonesia. However, compound 

heterozygosity cases of these types of mutations have rarely been 

reported. A 12-year-old boy is hospitalized with anemia, and complete 

blood count showed hemoglobin 9.1 g/dL, Mean Corpuscular Volume 

(MCV) 87.2 fl, and Mean Corpuscular Hemoglobin (MCH) 24.3 pg. On 

microcapillary hemoglobin electrophoresis examination, HbA 95.7%, 

HbA2 1.5%, and HbC 2.8% were obtained, and they led to the suspicion 

of HbCS. Furthermore, examination of polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP) found 

compound heterozygosity of HbAdana and HbCS. The genetic 

inheritance of compound heterozygosity Hb Adana and HbCS was 

discovered as the father was heterozygous for HbCS and the mother was 

heterozygous for Hb Adana. Generally, non-deletional mutations 

produce variant hemoglobin that is not clinically significant. However, 

when the point mutation occurs in essential amino acid residues, it will 

result in very unstable hemoglobin, which causes more serious clinical 

symptoms of hemolytic anemia than the deletional mutation. HbAdana 

and HbCS are variants of alpha thalassemia that are very unstable and 

can easily prevent hemolysis. Therefore, the compound heterozygosity 

of the two non-deletional mutations causes recurrent severe anemia. The 

compound heterozygosity of non-deletional alpha-thalassemia mutation 

is very rare, and microcapillary hemoglobin electrophoresis with 

molecular examinations are required for the diagnosis of HbAdana and 

HbCS. 
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1. Introduction 

Thalassemia is caused by reduced or absent synthesis or production of the hemoglobin-forming globin 

chains [1], [2]. Based on the type of globin chain whose synthesis is disrupted, thalassemia is genotypically 

divided into thalassemia , , , ,  and  [2], [3]. Alpha thalassemia is the single most common 

gene disorder and based on the WHO report, more than 20% of the world's population are carriers. The 

prevalence in Indonesia is around 2.7 - 11% [4], [5]. 

 

Alpha thalassemia is caused by deletion or point mutation in the globin gene. Deletion mutation is most 

often found as a cause of alpha thalassemia. Non-deletional mutations that inactivate one of the two alpha-

globin genes are less common. Generally, it causes hemoglobin variants without clinical significance. 

However, when it is located in essential amino acid residues, there will be a more severe decrease in the 

production of alpha-globin chains than the deletion mutation caused by a very unstable variant. This may 

result in clinical symptoms of hemolytic anemia [2], [6], [7]. Most variants of unstable hemoglobin are 

identified when they interact with other types of alpha thalassemia. The condition of a person that possess 

two different mutation variants in the alpha-globin gene cluster, or two different mutation variants in the 

beta-globin gene cluster, is termed as compound heterozygosity [1], [2], [8]. 

 

In Southeast Asia, non-deletional mutations are Hb Constant Spring (codon 142), Hb Pakse (codon 142), 

Hb Quong Sze (codon 125), Hb Suan Dok (codon 109), Hb Adana (codon 59), and codon 30. In Indonesia, 

the type found are mutations in the α2 globin gene, namely at codon 59 (Hb Adana), codon 22 

(GGCglycine GGTglycine), and Hb Constant Spring [9]. Hb Constant Spring (HbCS) is formed as a result of 

mutations in the α2 globin gene termination codon (TAA> CAA). Therefore, 31 additional amino acids are 

formed in the α globin chain, and this mutation causes a decrease in α chain synthesis (1% of normal). 

Furthermore, Hb CS is characterized by highly ineffective erythropoiesis and severe erythroid apoptosis 

than deletional α thalassemia. Hemoglobin Adana is caused by a point mutation at codon 59 in the alpha 1 

or 2 (GGC→GAC) gene that causes a change in amino acid glycine to aspartic acid (Gly→Asp) [6], [9], 

[10]. The compound heterozygosity of non-deletional alpha-thalassemia mutation will result in a severe 

phenotype than the combination of both [6], [7], [9], [10]. 

 

2. CASE 

A 12-year-old boy is treated at the Rembang Regency Hospital for recurrent anemia. From the age of 8 

years, the patient begins to look pale and was given blood-added medicine in the form of iron and vitamin 

tablets. With fever or infection, the patient becomes increasingly pale and the eyes turn yellow. 

Furthermore, he was taken to the hospital and checked for Hb 3 g/dL, and was given blood transfusion. At 

the age of 10 years, the boy was again pale and was referred to Semarang to received regular blood 

transfusions every month. The patient is the second child of three siblings that are very healthy with no 

family history of thalassemia. The results of the physical examination found that the patient was pale, 

malaise, and there was no enlargement of the spleen or liver. 

 

The laboratory test results showed a low Hb, normal MCV, an increase in unconjugated bilirubin levels, and 

a negative HbH inclusion body. In the peripheral blood smear, the morphology of hemolytic anemia was 

obtained, there were anisocytosis and polychromation (Figure 1). HB analysis using microcapillary 

hemoglobin electrophoresis further showed the presence of normal HbA and HbA2 and the peak was 

obtained in the HbC/HbCS zone (Figure 2). 
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Figure 1. Peripheral blood smear of the patient (May-Grunwald Giemsa stain, magnification 400x) 

 

Hb analysis by hemoglobin microcapillary electrophoresis showed the presence of normal HbA and HbA2 

and the peak was obtained in the HbC/HbCS zone (Figure 2). 

 

 
Figure 2. Graph of a patient's microcapillary hemoglobin electrophoresis examination 

 

The results of complete blood counts and hemoglobin analysis of parents and siblings are shown in Table 1. 

There were peaks detected in the HbC/HbCS zone on the microcapillary hemoglobin electrophoresis 

examination of the father and siblings. In addition, DNA analysis using the RFLP technique confirmed the 

diagnosis as compound heterozygosity of non-deletional alpha-thalassemia (Hb Adana and HbCS) (Figure 

3). 
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Table 1. Results of complete blood count, hemoglobin analysis, diagnosis of the patient and his family 

Parameter Patient Father Mother Elder Brother Younger brother 

Gender Male Male Female Male Male 

Age (years) 12 39 35 16 9 

Hb (g/dL) 9,1 11,3 13,5 9,6 12,8 

RBC (106/ uL) 3,74 4,62 5,50 4,62 5,09 

MCV (fL) 87,2 78,6 74,7 67,1 74,1 

MCH (pg) 24,3 24,5 24,5 20,1 25,1 

MCHC (fL) 27,9 31,1 32,8 31,0 34,0 

Hb electrophoresis      

HbA (%) 95,7 93,0 97,7 96,5 97,5 

HbA2(%) 1,5 1,4 2,3 1,5 2,0 

HbF(%) -- -- -- -- -- 

HbC(%) 2,8 5,6 -- 2,0 0,5 

Diagnosis Compound 
heterozygosity of 

HbCS- HbAdana 

Heterozygous 
HbCS 

Heterozygous 
HbAdana 

Heterozygous 
HbCS 

 

Heterozygous 
HbCS 

DNA analysis using the RFLP technique confirmed the diagnosis as compound heterozygosity of non-

deletional alpha-thalassemia (Hb Adana and HbCS) (Figure 3). 

 

 
Figure 3a. PCR RFLP Hb CS results with TaqI restriction enzyme. M = 100 pb DNA marker, U = uncut, 

PCR product before digestion, K (-/-) = negative control, P = Patient (red arrow) with heterozygous HbCS 

result, K (+/+) = homozygous positive control, K (+/-) = heterozygous positive control. 

 

RFLP product size of undigested normal band 222 kb, undigested mutant band 200 bp. 
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Figure 3b. Results of PCR RFLP Hb Adana with TaqI restriction enzyme. M = DNA marker 100 bp, K (-/-

) = negative control, P = Patient (red arrow) with heterozygous Hb result, K (+/-) = heterozygous positive 

control. RFLP product size of undigested normal band 285 bp, undigested constant band 175 pb, and 

undigested mutant band 153 pb. 

 

3. FINDINGS AND DISCUSSION 

Symptoms and signs in thalassemia patients include pale, yellowish skin, and limp during fever/infection. In 

HbCS, the elongated α globin chain variant does not experience instability. This was reported by several 

previous studies which proved that the mRNA of αCS was highly unstable due to the incorrect translation of 

non-coding region 3'which is the location of disturbed sequence [11], [12]. Furthermore, it was shown that 

the binding of αCS globin chains to the inner membrane of erythrocytes containing HbCS increased 

hemolysis and erythrocyte abnormalities in patients [11], [13]. The interaction between these two types of 

non-deletional mutations in the α2 globin gene resulted in an intermedia thalassemia phenotype even though 

both α1 genes were still functioning. Signs and symptoms of HbCS appear in early childhood with 

symptoms of anemia and jaundice exacerbated by fever. Pyrexia has been shown to increase the formation 

of intra-erythrocytic inclusion bodies which may lead to acute hemolytic crises associated with infection. In 

patients, there is an indirect increase in bilirubin and it indicates a hemolytic process. Hemolysis plays a 

more dominant role in causing anemia in the compound heterozygosity of non-deletional mutations 

compared to ineffective erythropoiesis in patients with HbH disease [10]. 

 

Normal MCV was found in the patient and was higher in non-deletional alpha-thalassemia with an 

increased level of anemia. Erythrocytes are hyperhydrated, resulting in an increased volume relative to the 

Hb content. This is due to the entry of oxidized αCS globin chains into the erythrocyte membrane and 

cytoskeleton. Early closure of K-Cl cotransporter in alpha thalassemia erythrocytes prevents the loss of 

water as well as leads to higher erythrocyte hyperhydration and MCV. Reticulocytosis is more common in 

non-deletional alpha thalassemia, and due to various changes at the cellular level, patients tend to have a 

higher erythrocyte volume and do not correspond to the degree of anemia [10], [11]. The severe effects of 

non-deletional mutations on erythrocytes are caused by many factors mentioned above. Therefore, it is 

understandable that the involvement of two non-deletional gene mutations will result in a severe phenotype 

than the combination of both [10], [11]. 

 

Heterozygous HbCS usually has normal Hb levels with MCV and slightly low MCH. The decrease in MCH 

was not very significant with the mean normal MCV due to damage of erythrocyte membrane by oxidized α 
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and αCS globin chains which may lead to cellular overhydration. Therefore, the HbCS carrier status may 

easily be missed when screening is based solely on the red blood cell index [14]. 

 

Mutations in codon 59 (Hb Adana) cause a change in the amino acid glycine to aspartate (GGCglycin 

GACaspartate) and result in a very unstable variant of hemoglobin. The clinical picture, which may occur in 

Hb Adana is thalassemia intermedia or major and even hydrops fetalis10. In Hb Adana, a molecule, which 

is very unstable and has no product to be visualized by routine screening examination is formed [10]. 

Therefore, this molecular defect cannot be detected on the screening examination for hemoglobin analysis 

(HPLC or Hb electrophoresis methods). Therefore, the diagnosis can only be confirmed by DNA analysis. 

Hb Adana is a hyperunstable variant of Hb, thereby it needs to be considered in cases of suspected alpha 

thalassemia by negative HbH inclusion body examination and normal electrophoretic Hb examination 

results [10]. Furthermore, Hb Adana carrier showed no symptoms or only mild anemia as evident in the 

phenotype of the patient's mother [10]. The diagnosis of heterozygous Hb Adana would easily be missed 

when clinical history was not considered [10], [15]. 

 

Hb CS is an abnormal Hb caused by a mutation in the α2 globin gene termination codon, TAA CAA. This 

mutation causes the synthesis of α globin chain which extends from 141 to 172 amino acid residues, making 

it unstable. The level in peripheral blood is very small and may be difficult to be detected, and 

approximately 1-2% of total Hb may be obtained in heterozygous HbCS. The presence of HbCS may be 

detected on the Capillary Electrophoresis examination where HbCS appears as a peak in the HbC/HbCS 

zone. Therefore, the peak in HbC/HbCS zone leads to suspicion in the diagnosis of HbCS due to molecular 

examination [11]. 

 

The more severe phenotypic condition of alpha thalassemia with compound heterozygosity of non-

deletional mutations is a very important problem in thalassemia prevention and management programs. 

These conditions need to be anticipated with tighter clinical monitoring, early transfusion to avoid 

irreversible bone expansion and splenectomy [10]. 

 

4. Conclusion 

Hb Adana and HbCS are the most common non-deletional alpha-thalassemia in Indonesia, but compound 

heterozygosity cases of these mutations are rarely reported. It highlights the importance of considering the 

compound heterozygosity of highly unstable hemoglobin variant (Hb Adana, HbCS) with the clinical 

phenotype of thalassemia intermedia to major with a normal erythrocyte index and a negative HbH-

inclusion test. Routine laboratory screening programs cannot easily detect both variants of hemoglobin and 

a definitive diagnosis is mainly determined by DNA analysis. 
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