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To the editor.

Hemoglobin Tak (Hb Tak) is an extremely rare j3-
globin variant with high oxygen affinity, reported
predominantly in isolated cases. The coexistence of
heterozygous Hb Tak and B-thalassemia is particularly
uncommon, and data regarding its clinical and
hematological manifestations remain limited. Because
high-oxygen-affinity hemoglobin variants can lead to
secondary erythrocytosis, affected patients may be
misdiagnosed as having polycythemia vera, particularly
when iron deficiency is also present. In this context, we
report a series of four Vietnamese patients with
heterozygous Hb Tak/B-thalassemia, aiming to describe
their characteristic hematological profile and to
highlight important diagnostic considerations in patients
presenting with unexplained erythrocytosis.

Introduction. Hemoglobin Tak (Hb Tak) represents an
uncommon hemoglobin variant with elevated oxygen
affinity, arising from the addition of two nucleotides
(AC) at the termination codon of the B-globin gene,
affecting the region between codons 146 and 147,
resulting in a frameshift at codon 147 and elongation of
the B-globin chain by 11 amino acids.* This structural
alteration increases oxygen affinity and clinically
manifests as secondary erythrocytosis.>® Secondary
polycythemia has been documented not only among
individuals with Hb Tak/B-thalassemia but also across
other Hb Tak- related genotypes, such as homozygous
Hb Tak and compound heterozygous Hb Tak/HbE.*®
Only several Hb Tak cases have been reported
worldwide, mostly as isolated case reports, with the first
case reported in Thailand.®

No cases have been documented in Vietnam to date.
At the Thalassemia Center of the National Institute of
Hematology and Blood Transfusion, the largest center
in Vietnam for screening, diagnosis, and treatment of
hemoglobin disorders, we identified and followed 4
patients with Hb Tak/B-thalassemia. By reporting this

case series, we aim to expand the existing literature and
highlight the diagnostic importance of hemoglobin
analysis in patients presenting with erythrocytosis
accompanied by microcytic, hypochromic red blood
cells.

We have described four patients diagnosed with
heterozygous Hb Tak/B-thalassemia at our center
between 2014 and 2025. Case identification was based
on hemoglobin profiling and molecular genetic
analyses. Clinical and laboratory information was
obtained from medical records. Hematological indices
were measured using automated analyzers. Hemoglobin
fractions were evaluated through HPLC. Molecular
analyses included PCR-based assays to screen for the
JAK2V617F mutation, ruling out PV. In addition, 3- and
a-thalassemia mutations were examined using
established PCR techniques, and the presence of Hb Tak
was verified by Sanger sequencing targeting the -
globin gene.

The size of the liver and spleen was measured using
ultrasonography. Splenomegaly was defined by either a
palpable spleen on abdominal examination or a splenic
length greater than 12cm on ultrasonography.” The
severity of splenic enlargement was classified according
to the Hackett grading system.®

Case series

The clinical features:

Patient 1: A 10-year-old boy presented with a
medical history notable for recurrent episodes of
pneumonia beginning at 5 months of age. Since the age
of 15 months, he had exhibited a plethoric appearance,
affecting both the skin and mucous membranes. By the
age of 10 years, the facial and mucosal plethora became
progressively more pronounced, accompanied by
frequent headaches, without motor weakness or
paralysis. He was subsequently evaluated at our
institution and diagnosed with polycythemia secondary
to Hb Tak/p-thalassemia.
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Table 1. Clinical characteristics of the patients at diagnosis.

Patient 1 Patient 2 Patient 3 Patient 4
Age at diagnosis (years) 10 7 4 24
Sex Male Male Male Female

Medical history

Medical history

Medical history

Medical history

Medical history

o Family history

No abnormalities identified

No abnormalities identified

No abnormalities identified

No abnormalities identified

e Personal history

Plethoric appearance of the
skin and mucous membranes

Plethoric appearance of the
skin and mucous

Plethoric appearance of the
skin and mucous

Plethoric appearance of the
skin and mucous

membranes membranes membranes
Recurrent pneumonia and
e Personal history respiratory tract infections; Previously healthy Pneumonia Previously healthy
pruritus
Clinical features at Clinical features at Clinical features at Clinical features at Clinical features at
diagnosis diagnosis diagnosis diagnosis diagnosis
*  Skin and mucous Plethoric Plethoric Plethoric Plethoric
membranes
e Liver size (mm) 142 122 145
* Splenomegaly Grade 3 Grade 3 Grade 3 Grade 2
grading
e BMI* 16,53 15,97 12,1 19,05
e Other findings Pruritus None None None

*BMI: Body mass index. BMI = weight (kilograms)/height (metres)2

Patient 2: A 7-year-old male patient exhibited a
plethoric appearance of the skin and ocular mucosa
since birth. Despite this finding, the patient
demonstrated normal physical growth and development,
as evidenced by weight and height; therefore, no
medical evaluation or treatment was sought during early
childhood. At the age of seven, the patient developed
bilateral ocular swelling and pain accompanied by
conjunctival congestion. Initial assessment at a regional
healthcare facility revealed an elevated hemoglobin
level. The patient was subsequently referred to our
hospital, where he was diagnosed with secondary
polycythemia associated with Hb Tak/p-thalassemia.

Patient 3: A 6-year-old male patient had a history of
plethoric appearance of the skin and mucous membranes
since the age of three. At six years of age, he was
presented with fever, cough, and dyspnea and was
admitted to our hospital. He was diagnosed with
pneumonia, pulmonary arterial hypertension, and
polycythemia associated with Hb Tak/B-thalassemia.
The patient subsequently received antibiotic therapy and
therapeutic phlebotomy.

Patient 4: A 24-year-old female patient had a long-
standing history of plethoric skin and mucous membrane
appearance, which had not been previously investigated.
She married at the age of 23 and delivered her first child
via spontaneous vaginal delivery at 24 years of age. One
week postpartum, she developed severe, diffuse
abdominal pain accompanied by nausea and recurrent
vomiting, without fever. She was diagnosed with acute
mesenteric  ischemia secondary to postpartum
mesenteric thrombosis in the setting of secondary
polycythemia due to Hb Tak/B-thalassemia.

The clinical characteristics of patients were
summarized in Table 1.

Laboratory features at diagnosis. All four patients
demonstrated erythrocytosis, with hemoglobin levels
exceeding 160 g/L in the female patient and 165 g/L in
the male patients, and elevated hematocrit values greater
than 0.50 L/L. Peripheral blood smear examination
revealed microcytic, hypochromic red blood cells with
marked anisocytosis and poikilocytosis, characterized
by multiple abnormal morphologies, including target
cells, teardrop cells, ovalocytes, and others.
Reticulocyte counts were increased in all cases,
indicating enhanced erythropoietic activity (Table 2).

Furthermore, all patients exhibited laboratory
evidence of ongoing hemolysis, as reflected by elevated
indirect bilirubin levels. Reduced serum ferritin
concentrations (depleted iron stores) and markedly
elevated erythropoietin levels were also consistently
observed across all four cases (Table 2).

Hemoglobin electrophoresis: all four cases showed
increased HbA2 and the presence of another hemoglobin
type (suspected to be Hb Tak) in very high proportions,
ranging from 76.6% to 83.6% (Table 2). Only cases 3
and 4 showed HbF (Table 2 and Figure 1).

In the entire case series, they were tested for the
JAK2V617F gene mutation, and all results were
negative. The globin gene mutation was identified in all
cases with a genotype of BTak/Bo (Table 2 and Figure
2).

Discussion. Hemoglobin Tak (Hb Tak) is one of several
very rare high-oxygen-affinity B-globin variants, first
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Table 2. Comparison of the laboratory results in the patients.

Characters Patient 1 Patient 2 Patient 3 Patient 4

Hematological parameters Hematological Hematological Hematological Hematological
parameters parameters parameters parameters

Hb (g/L) 185 182 204 189

Hct (%) 0.523 0.525 0.553 0.537

MCV (fL) 53.7 65.4 54.1 54.7

MCH (pg) 18.9 227 19.9 19.3

MCHC (g/L) 353 346 360 352

RET (%) 2.92 2.25 1.9 1.77

RDW-CV (%) 235 23.6 216 29.7

PLT (G/L) 152 130 144 116

Biochemical parameters Biochemical parameters | Biochemical parameters | Biochemical parameters | Biochemical parameters

Bilirubin total (umol/L) 81 33 36.5 33.2

Biliubin indirect (umol/L) 75.3 24.4 294 27.9

Ferritin serum(ng/mL) 20 134 4.8 20,8

Iron serum (umol/L) 4.3 5.2 4.6 4

EPO serum (mlU/mL) > 1000 > 1000 > 1000 3715

Hemoglobin analysis Hemoglobin analysis Hemoglobin analysis Hemoglobin analysis Hemoglobin analysis

HbA1 (%) 6.9 15.8 6.7 5.8

HbA2 (%) 5.7 6.7 6.1 6.6

HbF (%) 0 0 45 4

Molecular analysis Molecular analysis Molecular analysis Molecular analysis Molecular analysis

JAK2V617F mutation () ) O] )

Globin gene (PCR) (-CTT%dr?elt/eA;izygote ﬁgeerJz(?g?t—g (-CTT'I(':)dr?elt{:r?)zygote CDI7(A>T) heterozygote

g;\r']';ers)eq“e”"i”g (by the Cd146/147 (+AC) Cd146/147 (+AC) Cd146/147 (+AC) Cd(ifél)”

Genotype BTak/Bo BTak/Bo pBTak/po BTak/Bo

*Abbreviation: Hct: Hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular
hemoglobin concentration, RET: reticulocyte, RDW: Red cell distribution width- Coefficient of Variation, PLT: platelet, EPO: erythropoietin,

PCR: Polymerase chain reaction; (-): Negative.

Batch 93, Rack D, Vial 032, 4290045106
Nov 10, 2
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Figure 1. Using the automated HPLC, the haemoglobin analysis of
patient 3 demonstrated 82.7% of abnormal Hb at the retention time
of 2.960 min (peak 10), 6.7% HbA1, 4.5% of HbF and 6.1% of
HbA2.

described in Thailand in 1971.5%1 To date, while recent
literature has begun to report case series of high-oxygen-
affinity hemoglobin variants in general,! data on
heterozygous Hb Tak/B-thalassemia have been
dominated by isolated case reports, with only a few
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Figure 2. Representative Sanger sequencing chromatogram
illustrating the B-globin Tak mutation (solid arrow).

small case series reported, notably by Panyasai et al. and
Rukwong et al.,*>*3 all originating from Thailand. In this
context, our report represents the first cluster of Hb
Tak/B-thalassemia cases described in Vietnam. This
case series adds to the currently limited body of
evidence on this rare genotype and provides valuable
data to improve diagnostic awareness, particularly in
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patients  presenting  with thalassemia
phenotypes.

Clinically, the patients showed facial plethora,
pinkish  mucous membranes, mild to moderate
hepatosplenomegaly, findings comparable to those
reported in other high-oxygen-affinity hemoglobin
variants (Table 1). Hematologically, all cases displayed
microcytic, hypochromic indices with elevated HbA-
(>3.5%)'* and/or HbF, consistent with B-thalassemia
carrier status.’® Notably, the abnormal hemoglobin
fraction accounted for a high proportion (76.6%-83.6%)
on HPLC. This predominance of Hb Tak is likely
attributable to the absence of normal B-globin chain
synthesis in p-thalassemia, resulting in Hb Tak
becoming the nearly dominant hemoglobin species.
Molecular analysis confirmed heterozygous f-
thalassemia mutations in all patients, and Sanger
sequencing verified the characteristic AC insertion
between codons 146 and 147, which is responsible for
Hb Tak (Figure 2).

Despite elevated hemoglobin levels, reticulocyte
counts were also increased, indicating marked erythroid
hyperplasia in bone marrow. This finding is consistent
with the pathophysiology of Hb Tak/B-thalassemia: the
markedly increased oxygen affinity of Hb Tak impairs
oxygen delivery to tissues, leading to relative tissue
hypoxia. This, in turn, stimulates renal EPO production
and compensatory erythropoiesis. Accordingly, serum
EPO levels were markedly elevated in all patients; the
combination with negative JAK2V617F mutation
testing allowed PV to be reasonably excluded without
the need for invasive bone marrow biopsy.*®

Similar to thalassemia patients in general,
individuals in our cohort exhibited evidence of chronic
hemolysis, as reflected by elevated total bilirubin levels,
predominantly unconjugated (Table 2). However, in
contrast to the iron overload commonly observed in
thalassemia, patients with Hb Tak/p-thalassemia in our
series showed reduced iron stores (Table 2). This
finding may be attributed to increased iron utilization
driven by sustained erythroid hyperplasia in response to
tissue hypoxia. When heightened erythropoietic demand
persists in a setting of inadequate iron supply, patients
may develop functional or absolute iron deficiency.

Concerning potential complications, the first and
third patients in our series experienced recurrent
episodes of pneumonia. This manifestation has been
previously reported in a pediatric case from Thailand
with homozygous Hb Tak, in whom polycythemia and

atypical

increased blood viscosity were considered contributing
factors.* In addition, the fourth patient developed
mesenteric thrombosis, representing a thrombotic
complication in our cohort. Notably, high-oxygen-
affinity hemoglobin variants have occasionally been
reported to be associated with thrombotic or
hemorrhagic events, including recurrent intracranial
hemorrhage in patients with Hb Tak.!” Taken together,
our observations, in comparison with previously
reported hemorrhagic and thrombotic cases, suggest that
patients with Hb Tak/B-thalassemia may have a
predisposition to vascular complications. Such
complications may become clinically relevant under
certain conditions, including dehydration, infection,
pregnancy, or increased tissue oxygen demand.*®

About treatment and clinical management, due to
limited available data, standardized management
guidelines for these patients are lacking. In our center,
low-dose aspirin (81 mg) was considered based on
clinical symptoms and hematocrit levels to mitigate
thrombotic risk, and phlebotomy was performed every
6-8 weeks to maintain hematocrit below 45%.

Conclusions. Our case series expands current
knowledge of Hb Tak/B-thalassemia, an extremely rare
genotype associated with a distinctive yet frequently
overlooked phenotype. The  coexistence  of
erythrocytosis and microcytosis should raise suspicion
of high-oxygen-affinity hemoglobin variants rather than
attributing it solely to iron deficiency or primary
erythrocytosis. Importantly, in pediatric patients
presenting with erythrocytosis, this group of
hemoglobin disorders should be actively considered
during the diagnostic workup. Incorporation of
hemoglobin analysis and targeted molecular testing into
the diagnostic algorithm for patients (particularly
children) with unexplained erythrocytosis and
microcytosis may help prevent unnecessary invasive
investigations and inappropriate treatments, while
facilitating timely diagnosis and appropriate genetic
counseling for affected families.
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