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Summary: Hemoglobin (Hb) H/Constant Spring disease is a common nondeletional Hb H disease, typically causing a more severe
phenotype than the deletional Hb H disease counterpart. Hb Tak,
resulting from a dinucleotide insertion (+AC) at codon 146 of betaglobin gene, has an increased oxygen afﬁnity and usually presents
with polycythemia. We studied a case of a 4-year-old Thai boy with
a severe, early-onset anemia. To our knowledge, he is the ﬁrst
reported patient with Hb H/Constant Spring disease and heterozygous Hb Tak. Trio–whole-exome sequencing does not identify
other genetic variants that may contribute to the severity of anemia.
The observation suggests that coinherited Hb H/Constant Spring
and heterozygous Hb Tak lead to severe hemolytic anemia.
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T

halassemias and hemoglobin (Hb) variants are common
hereditary red blood cell disorders in Southeast Asian
countries including Thailand.1 Although thalassemias are
characterized by quantitative defects in the synthesis of the
globin chain subunits, Hb variants result from the mutations, causing structural or functional defects. Hb Tak is a
Hb variant that was initially reported in a Thai boy from
Tak province in Thailand.2 The variant is caused by a
dinucleotide insertion (+AC, rs3999427; NM_000518.5:
c.440_441dup,p.*148Thrext*11) into codon 146 of the betaglobin gene (HBB), causing a frameshift mutation leading to
a chain elongation and increased oxygen afﬁnity. The typical clinical manifestation of patients with beta-thalassemia/
Hb Tak is polycythemia.3–5 Hb Constant Spring is caused
by a nucleotide substitution (rs41464951; NM_000517.4:
c.427T > C, p.Ter143Gln, also known as p.Ter142Gln) at a
termination codon of alpha 2-globin gene (HBA2) resulting
in an elongated and unstable Hb variant. Hb H/Constant
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Spring, which is a nondeletional Hb H disease, is typically
more severe than the deletional Hb H disease counterpart,
with lower baseline Hb levels and higher proportion of
patients needing regular transfusions in the long term.6–8
The coinheritance of Hb H disease and HBB mutations
are not uncommon.9,10 However, only 4 cases with deletional
Hb H disease and heterozygous Hb Tak have been reported.9,10
All cases had mild-to-moderate anemia. To the best of our
knowledge, our report is the ﬁrst description of Hb H/Constant
Spring and a coinherited heterozygous Hb Tak. The combination results in an early-onset severe hemolytic anemia. Wholeexome sequencing analysis showed no other mutations that
might have added to the severity of anemia.

CASE REPORT
A 4-year-old Thai boy was referred from a provincial hospital
to our institute for a deﬁnite diagnosis of thalassemia disease and iron
chelation plan. His parents were northern Thais. The 24-year-old father
was diagnosed with Hb H disease. He never received transfusion. The
20-year-old healthy mother was known from prenatal screening to be a
carrier of an unspeciﬁed Hb variant. There was no history of congenital
anemia in the extended family members. The patient was born at term.
He had neonatal indirect hyperbilirubinemia, which was treated with
7 days of phototherapy. When the patient was 1-month old, his parents
noticed that he was pale and took him to the hospital. The initial physical
examination showed marked pallor and enlarged liver and spleen. Initial
investigations revealed microcytic anemia. He was diagnosed with Hb H
disease by Hb analysis. Blood transfusion was started at 1 month of age
and continued every 3 to 4 weeks. At 4 years of age, his steady-state
pretransfusion Hb levels were 8.4 to 9.7 g/dL. However, the Hb levels
decreased to 6 to 7 g/dL when he had fever. His weight and height were at
the 10th and 25th to 50th percentile, respectively. After a total of 13
transfusions, when the patient was 15 months old, he had iron overload
with ferritin level of 1645 ng/mL. He received an iron chelator for iron
overload.
At our institute, the investigations were performed to identify
the type of thalassemia disease. The complete blood count was
carried out by using the Sysmex XS-800i hematology analyzer
(Sysmex, Kobe, Japan). The Hb analysis was carried out by highpressure liquid column chromatography using the Variant II highpressure liquid column chromatography system (Bio-Rad Laboratories,
CA) according to the manufacturer’s recommendation. The complete
blood count and Hb analysis results from the patient are presented in
Table 1. The patient had microcytic anemia. The Hb analysis result from
the patient’s posttransfusion sample showed AA2 pattern and 1.6%
abnormal Hb at the retention time of 4.23 minutes. The father had a
typical Hb AHBart’s pattern of Hb H disease. The Hb analysis from the
mother showed AA2, A2 2.5% and 23.9% abnormal Hb at the retention
time of 4.13 minutes. Common HBA mutations including Southeast
Asian, Thai, −3.7 kb, −4.2 kb deletions, Hb Constant Spring, and Hb
Pakse mutations were screened for by polymerase chain reaction–based
methods. Common HBB mutations were screened for by polymerase
chain reaction and high-resolution melting analysis, as previously
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TABLE 1. Characteristic Features of Reported Cases With Hb H Disease and Heterozygous Hb Tak

Age, sex
Hb (g/dL)
MCV (fL)
MCH (pg)
MCHC (g/dL)
RBC (×1012/L)
RDW (%)
Hb analysis
Hb H inclusions
Genotype
Diagnosis
Clinical features

This
Report

Fucharoen
and Fucharoen9

4 y, male
8.4*
68.2
21.9
32.1
3.84
28.2
AA2Tak
A2 3.0%
Tak 1.6%*
Not done
- -SEA/αCSα, β;/βTak

10 y, male
8.8
66.9
19.1
28.5
4.6
36.4
AA2Tak
A2 2.9%
Tak 7.8%
None
- -SEA/-α-3.7,
β/βTak
Hb H disease/Hb
Tak
Mild anemia, no hepatosplenomegaly, no history of
blood transfusions

Hb H/Constant Spring
disease and Hb Tak
Early-onset of anemia,
transfusion-dependent

Panyasai et al10

Panyasai et al10

Panyasai
et al10

Unknown
8.9
51.3
16.3
—
5.7
—
A2 3.7%
F 4.9%
Tak 6.2%
Not done
- -SEA/-α-3.7,
β/βTak
Hb H disease/Hb
Tak
NA

Unknown
6.6
60.5
18.8
—
3.5
—
A2 1.9%
F 33.4%
Tak 6.7%
Not done
- -SEA/-α-3.7,
β/βTak
Hb H disease/Hb
Tak
NA

Unknown
10.1
57.8
18.3
—
5.5
—
A2/E 50.1%
F 5.9%
Tak 30.9%
Not done
- -SEA/-α-3.7,
βE/βTak
Hb H disease/Hb
E and Hb Tak
NA

*Blood count and Hb analysis results at 4 years of age between monthly transfusions. The sample was taken 4 weeks after the previous transfusion.
Hb indicates hemoglobin; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume;
NA, not applicable; RBC, red blood cell count; RDW, red cell distribution width.

described.11 The HBB mutation detected by high-resolution melting
analysis was further conﬁrmed by an automated DNA sequencing.12 The
molecular identiﬁcation revealed that the patient had Hb H/Constant
Spring disease (Southeast Asian deletion/HBA2 codon 142 (T > C), - -SEA/
αCSα) with heterozygous Hb Tak (HBB codon 146 (+AC), β/βTak). The
father had deletional Hb H disease (Southeast Asian and 3.7 kb deletions,
- -SEA/-α-3.7). The mother was a carrier of both Hb Constant Spring (αα/
αCSα) and Hb Tak (β/βTak).
To search for other genes that may add to the severity of
anemia, trio–whole-exome sequencing analyses from the patient and
both parents were performed, as per the method described
previously.13 The analysis did not reveal other genes that may result
in anemia.

DISCUSSION
This case report suggests that the coinheritance of Hb
H/Constant Spring and heterozygous Hb Tak results in
severe hemolytic anemia. The hematologic manifestation is
more severe than those seen in cases with deletional Hb H
disease and heterozygous Hb Tak in the previous reports.9,10
The effects of other genes on the severity of anemia are not
found by whole-exome sequencing analysis.
Hb H disease is caused by mutations of 3 of 4 alleles
of HBA, leaving one intact allele. The disease can be
classiﬁed into deletional and nondeletional Hb H disease
according to the type of mutations on the alpha+-thalassemia allele. Patients with nondeletional Hb H disease
usually have more severe hemolytic anemia than those with
deletional Hb H disease.6–8 Among nondeletional Hb H
diseases, Hb H/Constant Spring disease is the most common genotype.1 Hb Constant Spring is caused by a point
mutation from T > C at codon 142 or termination codon,
resulting in an amino acid substitution and an elongation
of alpha-globin. A signiﬁcant minor fraction of patients
with Hb H/Constant Spring disease may require transfusion in the long term.7,8
The pathophysiology of Hb Constant Spring involves
several mechanisms. Hb Constant Spring carriers typically

have a low level of ~1% Hb Constant Spring.14 The low
level of Hb Constant Spring has been shown to be related to
the instability of alpha-Constant Spring mRNA.15–17 A
study of alpha-globin mRNA expression in a subject with
Hb H/Hb Constant Spring by Liebhaber and Kan15 reveals
that alpha-Constant Spring mRNA is present in erythroid
precursors from the bone marrow but absent in reticulocytes. A study in transgenic mouse lines also reveals that
a selective degradation of alpha-Constant Spring mRNA
occurs early in bone marrow erythroid cells but not late in
peripheral reticulocytes.16 The mRNA destabilization is
paralleled by the phased shortening of the poly(A) tails. A
study in murine erythroleukemia cells suggests that the
mutation at the termination codon of HBA2 allows a
translational read through of ribosome into the 3′ untranslated region, resulting in a disruption of a determinant that
is required for mRNA stability in erythroid cells.17
Patients with Hb H/Constant Spring typically have
more severe disease than those with deletional Hb H disease.
Moreover, individuals with homozygous Hb Constant
Spring have moderate anemia and elevated Hb Bart, unlike
the carrier phenotype in homozygous deletional alpha-plus
thalassemia. A study in homozygous Hb Constant Spring
shows that, in addition to mRNA instability and a
decreased alpha-globin protein synthesis as a mechanism of
anemia, the cessation of globin protein synthesis and the
destruction of excess beta-globin chains occurs unusually
rapidly.18 Schrier and colleagues demonstrates that there are
both oxidized beta-globin chains and oxidized alpha-Constant Spring globin chains on the red cell membranes of Hb
Constant Spring red cells. The oxidized globin chains cause
a damage to red cells and are likely the cause of the more
severe phenotype in Hb H/Constant Spring than in deletional Hb H disease.6
Approximately 20% to 30% of the Thai population are
carriers of alpha-thalassemia.1 In the northern Thai population, the estimated prevalence of deletional and nondeletional Hb H disease is 13.6:1000 and 1.6:1000,
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respectively.19 Coinheritance of Hb H disease with other Hb
variants is common. The coinheritance with Hb E resulting
in AEBart’s or AEBart’s Constant Spring disease is the most
common and well-studied entity.20,21 Homozygous Hb
Constant Spring, although generally characterized by mild
hemolytic anemia, has been reported to associate with fetal
anemia and hydrops, which can be improved with intrauterine transfusion.22 The interaction between the alphaConstant Spring and gamma-globin is possibly the cause of
severe anemia in the intrauterine period that improved
after birth.
Hb variants in Thailand are common. In one large
cohort study, among 26,013 normal subjects investigated,
636 people (2.4%) were found to carry Hb variants.16 Hb
Tak was one of the most common beta-globin chain variants that comprised 14.2% of all Hb variants detected.10,23
Hb Tak is caused by a dinucleotide insertion (+AC)
between codon 146 and the termination codon 147. This
causes a frameshift mutation that results in a substitution
of the C-terminal histidine residue by threonine and an
elongation of beta-globin peptide. The mutated region
functions in the conformational changes of the Hb molecule between fully oxygenated and deoxygenated Hb. Hb
Tak mutation results in a high oxygen afﬁnity, noncooperativity, and lack of Bohr effect.3,4,24 Individuals
with heterozygous Hb Tak (β/βTak) are usually asymptomatic with normal Hb level or borderline polycythemia.10,25 Compound heterozygosity of beta-thalassemia
and Hb Tak (β0/βTak) and Hb E/Hb Tak (βE/βTak) typically
result in polycythemia rather than in anemia.4,5,10 Homozygous Hb Tak has been reported with polycythemia and
complications of hyperviscosity.4
Previous reports of 4 cases with Hb H disease and Hb
Tak are reviewed in Table 1. All cases have deletional Hb H
disease (- -SEA/-α-3.7). Three have heterozygous Hb Tak, and
1 has compound heterozygosity of Hb E and Hb Tak (βE/
βTak). One case of a 10-year-old boy with Hb Tak and Hb H
disease has mild anemia, no hepatosplenomegaly, and no
history of blood transfusion.9 The other 2 cases with Hb Tak
and Hb H disease and 1 case with Hb Tak/Hb E and Hb H
disease have mild-to-moderate anemia, although the clinical
information is not available.10 The case with Hb H/Constant Spring and Hb Tak in our study has more severe
disease. This could be from the interaction between the
alpha-Constant Spring globin and beta-Tak globin that
increases the degree of hemolysis. Of note, in one previously
reported case with deletional Hb H disease/Hb Tak, the Hb
H and Hb Bart and Hb H inclusion bodies were absent. This
may be explained by the decreased levels of normal betaglobin in Hb Tak carriers. In our case, the Hb analysis was
performed after several transfusions, and hence we could
not conclude whether the Hb H and Hb Bart were absent or
not. Apart from the severe anemia requiring transfusion, it
was also observed that the patient had an early onset of iron
overload. The iron loading could be from both transfusions
and the increased iron absorption associated with ineffective
erythropoiesis.
Our case illustrates a complex genotype of Hb H/
Constant Spring and heterozygous Hb Tak resulting in an
increased severity of hemolytic anemia. In the regions with
high prevalence of thalassemia and Hb variants, coinheritance causing complex genotypes is frequently encountered.
Thorough molecular characterization is essential to establish
a correct diagnosis for treatment planning and genetic
counseling.

Coinherited Hb H/Constant Spring and Hb Tak
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