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Secondary polycythaemia in a Malay girl with homozygous Hb Tak
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Abstract

Hb Tak is one of more than 200 high affinity haemoglobin variants reported worldwide. It results 
from the insertion of two nucleotides (AC) at the termination codon, between codon 146 and codon 
147 of the beta-globin gene [Beta 147 (+AC)]. Polycythaemia is the main clinical feature although 
affected carriers are usually asymptomatic and do not require intervention.  Several case studies in 
this region have reported the co-inheritance of Hb Tak with Hb E, delta beta and beta thalassaemia 
with one case of homozygous Hb Tak in a Thai boy. In this case report, a cluster of haemoglobin 
Tak was found in a family of Malay ethnic origin.  Cascade family screening was conducted while 
investigating a 4-year old girl who presented with symptomatic polycythaemia.  She had 2 previous 
Hb analysis done, at 7-month and 2-year-old with the diagnosis of possible Hb Q Thailand and 
Homozygous Hb D, respectively. Both diagnosis did not fit her clinical presentations. She was plethoric, 
had reduced exercise tolerance as well as cardiomyopathy. Her parents were consanguineously 
married and later diagnosed as asymptomatic carriers of Hb Tak. Consequently, re-analysis of the 
girl’s blood sample revealed a homozygous state of Hb Tak.  In conclusion, high oxygen affinity 
haemoglobin like Hb Tak should be considered in the investigation of polycythaemic patients with 
abnormal Hb analyses.  In this case, DNA analysis was crucial in determining the correct diagnosis.
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INTRODUCTION

Hb Tak is a Hb variant that results from 
the insertion of two nucleotides (AC) at the 
termination codon between codon 146 and 147 
of the beta-globin gene.  The insertion causes a 
frameshift in the terminating codon 147 leading 
to an elongated beta chain by 11 amino acids.1-3  
The main property of this haemoglobin is its high 
affinity towards oxygen binding.4  The purified Hb 
Tak has a very low P50 value and is not influenced 
by the addition of 2,3 diphosphoglycerate.5  Its 
oxygen dissociation curve is shifted to the left 
compared with the normal red cells showing its 
high oxygen affinity.4

	 Heterozygous Hb Tak has 30-40% of Hb 
Tak with normal or slightly elevated Hb levels 
between 13-17 g/dL.3,6,7 Clinically, they are 
asymptomatic and are detected incidentally 
during a population screening programme or a 
family study with a known affected patient.

	 A large cohort study was carried out in 
Thailand to look at the various haemoglobin 
variants present in their population. Hb Tak 
was found in 14.2% of the 636 positive cases 
of haemoglobin variants.8  The majority of these 
cases were from central and northeast Thailand.
Heterozygous and compound heterozygous Hb 
Tak with other thalassaemia or haemoglobin 
variant have been described in Malaysia, Taiwan 
and Hong Kong.3,6,9 The Malaysian case was 
reported in 1977, and was a heterozygous 
Hb Tak in a 4-day-old newborn Malay boy 
who suffered from severe neonatal jaundice.  
Structural study and amino acids analysis was 
carried out to identify the abnormal haemoglobin.  
The haemoglobin had an elongation of the beta 
globin by 11 residues at the C-terminus which 
was similar to the structure of Hb Tak.9  Our 
case report describes the first homozygous Hb 
Tak found in a Malay girl.
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CASE REPORT

Background 
The patient was investigated following a 
cascade screening for haemoglobinopathy.  The 
index case, NF, was a 4-year-old girl who was 
referred by the National Heart Institute Kuala 
Lumpur to the Genetic Clinic, Hospital Kuala 
Lumpur, for investigation of possible genetic 
conditions associated with cardiomyopathy in 
the paediatrics age-group. 
	 Earlier in another centre, she was diagnosed 
to have homozygous haemoglobin D, but no 
DNA analysis was done to confirm this.  Her 
parents’ blood samples were taken and Hb 
analysis show discrepancies between the patient 
and her parents’ results.  Thus, new samples 
were requested from the family to confirm the 
diagnosis by DNA sequencing.

History and clinical presentation
NF was the only child of consanguineous parents, 
who was born at term via spontaneous vaginal 
delivery at a local hospital in Malaysia. Her 
birth weight was 2.5 kg and her mother had 
an uneventful antenatal history. At 7 months of 
age, she was admitted for bronchopneumonia 
associated with jaundice.  Her haemoglobin level 
was 9.0 g/dL and the peripheral blood film test 
showed features of haemolysis.  Haemoglobin 
analysis was sent to the General Hospital Kuala 
Lumpur. The report suggested possible Hb Q 
Thailand with co-inheritance of alpha or other 
beta variants.  Thus, DNA analysis was suggested 
but unfortunately, the family migrated to another 
state and defaulted follow up. 
	 During this time, she was also seen at the 
National Heart Institute Kuala Lumpur for 
investigations of a heart murmur.  She was noted 
to have a patent foramen ovale with left to right 
shunt and a mild mitral regurgitation.  At 2 years 
old, she had a second haemoglobin analysis done 
at another health centre in Kuala Lumpur but 
this time, a diagnosis of homozygous Hb D was 
made.  Similarly, no confirmatory DNA analysis 
was carried out.
	 Throughout her early childhood, she required 
frequent clinic visits and hospital admissions for 
respiratory tract infections.  She had one intensive 
care unit admission for severe pneumonia.  
Fortunately, no mechanical ventilation was 
required. 
	 At her new residence in Johor Bharu, she 
was noted to have persistent symptomatic 
polycythaemia and was seen by paediatricians 

at the Hospital Sultanah Aminah, Johor Bharu. 
Therapeutic venesection was carried out every 
3-4 weeks to relief her symptoms, with good 
effect. 
	 Currently, she is 4 years old and her growth 
chart is below the 10th centile with frail, 
plethoric features. On examination, she has a soft 
pansystolic murmur with no hepatosplenomegaly.  
Her haemoglobin levels ranged between 20 to 25 
g/dL, depending on the last venesection done.  
Her echocardiogram showed dilated ventricles, 
moderate tricuspid regurgitation with pressure 
gradient of 48 mmHg, mild mitral regurgitation, 
and good ejection fraction at 70%. 
 	 Her current treatment consists of syrup 
Furosamide, Aldactone and Captopril, as well 
as regular venesection.  Developmentally, her 
speech and language are normal, but her gross 
motor skills are limited due to reduce exercise 
tolerance. She is able to recognise numbers and 
letters, and holds a pencil in a mature grip.  Her 
gait is normal and neurological examination 
including cranial nerves are intact. 
	 She had never received any exchanged 
transfusion and the DNA analysis for congenital 
heart disease associated with cardiomyopathy 
screening were negative.

Laboratory investigations
Patient and parents blood samples were collected 
in EDTA bottle and subjected to complete 
blood counts (CBC), blood smear, haemoglobin 
analysis and capillary gel electrophoresis at pH 
8.5 and pH 6.0. 
	 The child’s CBC showed haemoglobin of 
24.3 g/dL with erythrocytosis, normochromic 
normocytic red cells and mild thrombocytopenia 
of 104 X 109/L. The blood smears showed some 
platelet clumps and satelitism that may explain 
the low count in the automated haematology 
analyser. The father also had polycythaemia 
with haemoglobin level of 18.8 g/dL whereas 
the mother, being in her reproductive age, had 
normal haemoglobin at 14.0 g/dL. Other red 
cell parameters for the parents were within the 
normal limits. 
	 High performance liquid chromatography 
(HPLC) of the index case NF, showed mildly 
increased Hb F and Hb A2 levels. A variant 
haemoglobin eluted at RT 4.08 (D-window) 
measuring at 88.3%.  The parents had normal 
Hb F and HbA2 levels and reduced Hb A level. 
The Hb variant level for father and mother was 
32.3% and 35% respectively. 
	 Further analysis by capillary electrophoresis 
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(CE) showed the index case had mildly raised 
Hb A2 with 92.1% Hb variant at zone 7.  Her 
parents had reduced Hb A with Hb variant level 
of 32.8% and 34.4% respectively (Table 1 and 
Fig. 1).
	 Haemoglobin gel electrophoresis (GEP) tests 
of the child showed an abnormal band between 
Hb S/D/G and Hb F region in alkaline pH 8.5, 
while in the acid gel pH 6.0 the abnormal band 
was anodal to the Hb A region (Fig. 2). 
	 DNA sequencing confirmed the presence of an 
AC dinucleotide into 147 region of the beta globin 
gene. The child (proband) was homozygous for 
this mutation while the parents were carriers 
(Fig. 3). 

DISCUSSION

Haemoglobin Tak was reported in various regions 
in Asia in forms of heterozygous and compound 
heterozygous inheritance but a homozygous state 
was only reported in a Thai boy in 2003.2  This 
is the first case report of homozygous Hb Tak in 
a Malay girl who presented with symptomatic 
polycythaemia and cardiomyopathy. 
	 The clinical presentation of Hb Tak depends 
on the amount of the high oxygen affinity 
haemoglobin produced compared to the normal 
adult haemoglobin, Hb A. As expected, the 
patient with homozygous Hb Tak have higher red 

blood cells count with prominent hyperviscosity 
symptoms like headache and recurrent chest 
infection due to sluggish respiratory blood flow.2  
Heterozygous patients on the other hand, would 
have no apparent symptoms with normal to 
mildly increased red cell counts. 
	 The index case who is a homozygous Hb 
Tak has hyperactive myocardium with dilated 
ventricles. This may be due to the increase 
in hypoxic drive as Hb Tak is a high oxygen 
affinity haemoglobin, thus reducing release 
of oxygen to the tissues. The associated 
secondary erythrocytosis is another mechanism 
to compensate the tissue hypoxia.
	 Generalised growth failure as well as poor 
exercise tolerance in this girl was also seen in 
the Thai boy with homozygous Hb Tak.2 Her 
parents being heterozygous, did not experience 
any clinical symptoms related to the secondary 
erythrocytosis.
	 The complete blood count and the blood 
smear for the index case with homozygous 
Hb Tak showed polycythaemia with marked 
erythrocytosis.  Her father also had polycythaemia 
but was clinically asymptomatic. On the other 
hand, her mother had normal haemoglobin and 
red cell counts. These may be attributed to her 
monthly menstrual cycle and thus no significant 
polycythaemia on the blood count indices were 
observed.

Table 1: HPLC and CE of index case and parents

	 Hb A (%)	 Hb A2 (%)	 Hb F (%)	 Hb Variant (%)	
	 HPLC	 CE	 HPLC	 CE	 HPLC	 CE	 HPLC	 CE

Child, NF (index)	 -	 -	 4.4	 4.7	 3.1	 -	 88.3	 92.1
Father	 57.7	 63.3	 2.4	 3.4	 0.1	 -	 32.3	 32.8
Mother	 55.4	 61.9	 2.5	 3.7	 0.4	 -	 35.0	 34.4 

(A) (B)

FIG. 1: (A) HPLC and (B) CE of index case

Hb Variant
(D window)

Hb Variant
(zone 7)
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	 Compound heterozygous delta beta/Hb Tak 
and b0/Hb Tak caused similar phenotypes to 
homozygous Hb Tak due to the absence of a 
normal beta globin gene effect.1,3,7 However, 
these cases present later in young adulthood 
with plethoric appearance and erythrocytosis. 
	 A case report on compound heterozygous Hb 

b0/ Tak in Hong Kong described a young male 
presenting with erythrocytosis and splenomegaly. 
He was initially diagnosed as polycythaemia 
rubra vera (PRV) but the other typical peripheral 
blood and marrow findings of PRV were lacking.3  
In this case, the diagnosis of PRV was made 
due to the markedly increased normochromic 

FIG. 3: DNA sequencing of index case (proband) & parents which showing Beta 147 (+AC)

FIG. 2: GEP of index case in (A) alkaline pH 8.5 and (B) acid pH 6.0 gels

NF (Index)

NF (Index)

A B
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normocytic red cells and raised haematocrit 
level. The subsequent Hb analysis and DNA 
sequencing confirmed the diagnosis of compound 
heterozygous Hb b0/ Tak.
	 In compound heterozygous delta beta/ Hb 
Tak, b0/Hb Tak or homozygous Hb Tak with 
concomitant alpha thalassaemia, instead of 
normochromic normocytic red cells, red cell 
microcytosis may be present.1,3

	 The index case was erroneously diagnosed as 
Hb Q Thailand and Hb D disease at 2 different 
occasions as the haemoglobin analysis show 
presence of haemoglobin variant at D window 
in HPLC.  Hb Tak elutes at D window (RT 3.98-
4.31) or S window (RT 4.31-4.38) in HPLC.8  
Both Hb Tak and Hb Q Thailand were seen to 
be the most common haemoglobin variant in 
S-window in a Thai study.10  However, Hb Q 
Thailand and Hb D disease did not match the 
clinical presentation of polycythaemia. 
	 Addit ional  analysis  with capi l lary 
electrophoresis (CE) or gel electrophoresis 
(GEP) is recommended to investigate further 
the haemoglobin variant. Haemoglobin Tak 
appears at zone 7 in capillary electrophoresis.11  
In alkaline GEP it is seen between Hb S/D/G 
and Hb F region and moves anodal to Hb A in 
acid.3,9 
	 These methods should be able to exclude 
Hb S and Hb D, followed by confirmation by 
DNA sequencing.12 In centres where Hb Tak 
oligonucleotides primers are available, allele 
specific PCR may be used to confirm the 
diagnosis, for example the use of multiplex 
allele specific PCR by the Thai investigators to 
simultaneously detect the presence of Hb Tak, 
Hb S and Hb D Punjab.13

	 Treatment options recommended for 
homozygous Hb Tak are exchange transfusion 
and allogenic stem cell transplant if a suitable 
donor is available. At present, this girl is on 
regular venesection and exchange transfusion 
has not been started. Exchange transfusion is 
a preferred method than venesection as the 
exchanged RBCs have normal oxygen affinity 
thus, reducing the hypoxic tissue drive.  This 
will subsequently improve her compensatory 
erythrocytosis.  In her case, allogenic stem cells 
transplant was not a likely option, as she is an 
only child and no potential donor is available.
	 In conclusion, careful interpretation of 
haemoglobin analysis, as well as its correlation 
with clinical history is important in determining 
the correct diagnosis of haemoglobinopathy.  
This is especially in the paediatrics age group 

and young adults with secondary erythrocytosis, 
where an abnormal Hb analysis should be 
followed by confirmatory DNA analysis as the 
presence of a high affinity oxygen haemoglobin 
should be considered.

ACKNOWLEDGEMENT

Our highest gratitude to Dr Raudhawati Bt Osman 
(former Head of Haematology unit Department 
of Pathology Hospital Kuala Lumpur) for her 
support during the investigation of this case 
and Dr Muzhirah Aisha Binti Md Haniffa 
(Genetic Specialist Hospital Kuala Lumpur) for 
her help and contributions regarding patient’s 
clinical presentation and progress. This case 
was presented as a poster communication at the 
20th Annual Scientific Meeting of the Malaysian 
Society of Paediatric Haematology and Oncology 
2015.  The authors declare no relationships or 
financial benefits that may lead to a conflict of 
interest in this report.

REFERENCES

	 1.	 Prakobkaew N, Singsanan S, Fucharoen G, Surapot 
S, Fucharoen S. Secondary erythrocytosis caused 
by hemoglobin Tak/(δβ)0-thalassemia syndrome. 
Acta Haematol. 2010; 124: 115-9.

	 2.	 Tanphaichitr VS, Viprakasit V, Veerakul G, Sanpakit 
K, Tientadakul P. Homozygous hemoglobin Tak 
causes symptomatic secondary polycythemia in 
a Thai Boy. J Pediatr Hematol Oncol. 2003; 25: 
261-5.

	 3.	 Chu R. A young man with polycythaemia. The Hong 
Kong Association of Blood Transfusion [Internet]. 
2001 [cited 2016 September 29]. Available from: 
http://www.fmshk.com.hk/hkabth/em/dec2001.htm.

	 4.	 Imai K, Lehmann H. The oxygen affinity of 
haemoglobin Tak, a variant with an elongated beta 
chain. Biochim Biophys Acta. 1975; 412: 288-94.

	 5.	 Imai K, Tientadakul P, Opartkiattikul N, et al. 
Detection of haemoglobin variants and inference of 
their functional properties using complete oxygen 
dissociation curve measurements. Br J Hematol. 
2001; 112: 483-7.

	 6.	 Shih MC, Wu KH, Liu SC, Chang JG. Hb Tak: a 
beta chain elongation at the end of the beta chain, 
in a Taiwanese. Hemoglobin. 2005; 29: 65-7.

	 7.	 Charoenkwan P, Thanarattanakorn P, Chaovalusakul 
S, Sittipreechacharn S, Sae-Tang R, Sanguansermsri 
T. Hematological and molecular characterization of 
beta-Thalassemia/Hb Tak compound heterozygote. 
Southeast Asian J Trop Med Public Health. 2003; 
34: 415-9.

	 8.	 Srivorakun H, Singha K, Fucharoen G, Sanchaisuriya 
K, Fucharoen S. A large cohort of hemoglobin 
variants in Thailand: molecular epidemiological 
study and diagnostic consideration. PLoS One. 
2014; 9: e108365. 



Malaysian J Pathol December 2017

326

	 9.	 Lie-Injo LE, Randhawa ZI, Ganesan J, Kane J, 
Peterson D. Hemoglobin Tak in a newborn Malay. 
Hemoglobin. 1977; 1: 747-57.

	10.	 Jindadamrongwech S, Tungbuppha N, Chuncharunee 
S, Butthep P. Hb Tak and HB Q-Thailand in Thai 
patients are S-window hemoglobin variants revealed 
by high performance liquid chromatography. 
Hemoglobin. 2010; 34: 161-4.

	11.	 Fucharoen G, Srivorakun H, Singsanan S, 
Fucharoen S. Presumptive diagnosis of common 
haemoglobinopathies in Southeast Asia using a 
capillary electrophoresis system. Int J Lab Hematol. 
2011; 33: 424-33.

	12.	 Saechan V, Nopparatana C, Nopparatana C, 
Fucharoen S. Molecular basis and hematological 
features of hemoglobin variants in Southern 
Thailand. Int J Hematol. 2010; 92: 445-50.

	13.	 Sanchaisuriya K, Chunpanich S, Fucharoen G, 
Fucharoen S. Multiplex allele-specific PCR assay 
for differential diagnosis of Hb S, Hb D-Punjab 
and Hb Tak. Clin Chim Acta. 2004; 343: 129-34.

  	


