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Abstract

Alpha-thalassemia is a hereditary microcytic, hypochromic anemia characterized by
a decrease in the amount of α-globin chains resulting from mutations in one or more of
the four α-globin genes. The mode of inheritance is autosomal recessive, with carrier
states divided into silent alpha-thalassemia (one affected gene) and alpha-thalassemia
trait (two affected genes). It has been established that patients with the silent carrier
genotype are asymptomatic with either normal hematologic parameters or occasional
mild microcytosis/hypochromia. Herein, we describe a 15-year-old, Hispanic male with
an unexplained microcytic anemia with accompanying erythrocytosis and normal iron
studies, phenotypically consistent with alpha-thalassemia trait. Genetic testing using
polymerase chain reaction (gap-PCR) and multiplex ligation-dependent probe
amplification (MLPA) detected a heterozygous -α3.7 deletion, consistent with a diagnosis
of alpha-thalassemia silent carrier. This silent carrier with a “non-silent” phenotype
suggests the existence of other genetic and/or environmental factors that can modify
the phenotypic expression of alpha-thalassemia.
Keywords: Alpha-thalassemia; HBA1; HBA2; Heterozygous carrier; Haploinsufficiency.

Introduction

Alpha-thalassemia is a hereditary, autosomal recessive disorder of hemoglobin (Hb)
in which there is decreased production of the α-globin chains of adult and fetal Hb due
to alterations in one or more of the four α-globin genes (2 copies of HBA1 and 2 copies
of HBA2). The structure of hemoglobin is that of a tetrameric protein comprised of two
α-like and two β-like chains that comprise the various types of hemoglobin [1,2]. Normal
adult hemoglobin variants include hemoglobin A (HbA), hemoglobin A2 (HbA2), and
hemoglobin F (HbF), with HbA consisting of about 97% of total Hb levels. All of these
variants consist of two α-globin chains and either two β-globin chains for HbA, two
δ-globin chains for HbA2, or two γ-globin chains for HbF. Therefore, as the α-globin
chains are common to all these normal variants, any disturbances in α-globin synthesis
can detrimentally impact hemoglobin synthesis from fetal through adult life.
Under normal conditions, there are two α-globin genes (HBA1 and HBA2) on each
copy of chromosome 16 (16p13.3), with a total of four α-globin genes responsible for
α-globin synthesis [1,3]. Deficient expression of these genes creates an unbalanced ratio
of α-globin to β-globin. The resulting excess β-globin chains in the adult and excess
γ-globin chains in the fetus form insoluble tetramers, called HbH (β4) and Hb Bart’s (γ4),
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Table 1. Alpha-Thalassemia Syndromes/Classification.
Syndrome

Number of Affected
α-Globin Genes

Genotypes

Phenotype Summary

0

αα/αα

Normal

Silent Alpha-Thalassemia
(Alpha-Thalassemia Minima)

1

-α/αα

Asymptomatic;
No lab abnormalities OR borderline MCV/MCH

Alpha-Thalassemia Trait
(Alpha-Thalassemia Minor)

2

-α/-α (trans)
--/αα (cis)

Asymptomatic;
Mild microcytic anemia;
Low MCV/low MCH with erythrocytosis

HbH Disease
(Alpha-Thalassemia Intermedia)

3

--/-α

Moderate microcytic anemia;
Hemolysis, splenomegaly, variable bone changes, and iron
overload

Hb Bart’s Hydrops Fetalis
(Alpha-Thalassemia Major)

4

--/--

Severe microcytic anemia;
Pronounced hepatosplenomegaly with hydrops; fatal in utero
(23-38 weeks) or soon after birth without transfusions

Normal
(Unaffected)

MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin.

respectively. These tetramers precipitate in the red blood cell
(RBC), leading to hemolysis, ineffective erythropoiesis, and
variable degrees of microcytic, hypochromic anemia and
extramedullary hematopoiesis.

Alpha-thalassemia has a very broad and diverse range of
clinical symptoms [1,2] reflective of the number of affected
α-globin genes (Table 1). HbH disease and Hb Bart’s hydrops
fetalis syndrome are the two major clinical alpha-thalassemia
syndromes, resulting from mutations involving three or four
α-globin genes, respectively. HbH disease is characterized by
moderate anemia, hemolysis with Heinz bodies, splenomegaly,
variable bone changes, and iron overload. Infants with Hb
Bart’s hydrops fetalis syndrome make very little or no α-globin
chains and have a very severe anemia which is lethal in the
fetal or early neonatal period without transfusions [1].

Additionally, there are two alpha-thalassemia carrier
states. In alpha-thalassemia trait, two α-globin genes are
defective while two functional genes remain, resulting in a
mild microcytic, hypochromic anemia with erythrocytosis that
is generally asymptomatic [1,2,4]. In silent alpha-thalassemia,
only one α-globin gene is defective. Patients with silent alphathalassemia are said to be silent carriers due to their
asymptomatic presentation and lack of significant
abnormalities in hematologic parameters, other than possible
mild microcytosis and/or borderline hypochromia [1,2,4].
However, recent studies have shown some silent carriers to
have clinically significant microcytosis, hypochromia, and
erythrocytosis similar to alpha-thalassemia trait [5-7]. Here
we present a case study of a 15-year old, Hispanic male with
a heterozygous -α3.7 deletion, consistent with silent carrier
status, but with marked microcytosis, hypochromia, and
erythrocytosis analogous to the alpha-thalassemia trait
phenotype. The study was approved by the UTMB’s
Institutional Review Board (IRB #02-089).

Clinical History

One month prior to presentation, a 15-year old, Hispanic
male with a history of recurrent epistaxis was discovered to
have microcytic anemia after routine laboratory studies
revealed a low Hb of 11.2 g/dL and a low mean corpuscular
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volume (MCV) of 65 fL. Iron studies at that time were within
normal limits: serum iron, 116 µg/dL; serum ferritin (SF), 92
ng/mL; total iron-binding capacity (TIBC), 376 µg/dL; and
transferrin saturation (TS), 31%. Additionally, all coagulation
parameters including measures of von Willebrand factor
(VWF) and factor VIII (FVIII) were within normal limits. Due to
the patient’s microcytic anemia in the context of normal iron
studies, the patient’s pediatrician referred him to pediatric
hematology at our institution to evaluate for a suspected
hemoglobinopathy, such as thalassemia trait.
Upon presentation to the pediatric hematology clinic, the
patient reported a history of epistaxis since early childhood
with a frequency of one to two episodes per week and
duration of approximately five minutes per episode. He stated
that these episodes usually were provoked by heat and/or
showering and that his left nostril was predominantly affected.
Other than epistaxis, he had no other abnormal bleeding
tendencies, such as easy bruising or melena/hematochezia,
nor symptoms of anemia, such as excessive fatigue, chest
pain, or shortness of breath. The only member of his family
with anemia was his 13-year-old sister, who at the time was
being treated with oral iron therapy. The patient did not have
any known family history of bleeding disorders or
hemoglobinopathies.

On examination, the patient appeared to be a healthy
adolescent male in no acute distress who was alert and
oriented. His weight was 83 kg, placing him at the 96th
percentile for his age and height. Vital signs were within
acceptable parameters. Nasal examination revealed slight
septal deviation in the left nostril. Otherwise, the rest of his
physical examination yielded no abnormalities.

A complete blood count (CBC) done by our laboratory
confirmed the presence of a microcytic anemia: Hb, 11.3 g/dL
(13.0-16.0 g/dL); MCV of 66.2 fL (78.0-95.0 fL). Additionally,
the CBC revealed a significant erythrocytosis of 6.01 × 106
cells/µL (4.50-5.30 × 106/µL), as well as a markedly low mean
corpuscular hemoglobin (MCH) of 18.8 pg (26.0-32.0 pg), and
a low mean corpuscular hemoglobin concentration (MCHC)
of 28.4 g/dL (32.0-36.0 g/dL). Red cell distribution widthstandard deviation (RDW-SD) also was low at 37.0 fL (38.549.0), while the red cell distribution width-coefficient of
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Date

RBC*
(106 cells/µL)

Hgb
(g/dL)

Hct
(%)

MCV
(fL)

9/2019

---

11.2 (L)

37.9

10/2019

6.01
(H)

11.3
(L)

39.8

Table 2. Patient Test Results.
MCH
(pg)

MCHC
(g/dL)

RDW-SD
(fL)

RDW-CV
(%)

SF
(ng/mL)

Iron
(µg/dL)

Hb Electrophoresis
(%)

65.0 (L)

---

---

---

17.4
(H)

92

116

---

66.2
(L)

18.8
(L)

28.4
(L)

37.0
(L)

16.1
(H)

---

---

HbA>97.2,
HbA2<2.8

RBC: Red Blood Cell count; Hb: Hemoglobin; Hct: Hematocrit; MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin;
MCHC: Mean Corpuscular Hemoglobin Concentration; RDW-SD: Red cell Distribution Width Standard Deviation; RDW-CV: Red cell
Distribution Width Coefficient of Variation; SF: Serum Ferritin; H: Higher than normal reference range values; L: Lower than normal reference
range values.
*White blood cell count and platelet count were within normal limits and thus not reported in this table.

variation (RDW-CV) was elevated at 16.1% (RDW-CV) (Table
2). Peripheral smear review by our hematopathologist visually
confirmed this microcytic, hypochromic anemia, additionally
noting the presence of microcytes, ovalocytes, and a few
target cells. Hemoglobin electrophoresis by capillary
electrophoresis (CE) and high-performance liquid
chromatography (HPLC) demonstrated a normal pattern of
HbA and HbA2, the lack of elevated HbA2 ruling out betathalassemia trait from the differential diagnosis. Given that
the patient’s iron studies were normal, iron deficiency as the
underlying etiology of his microcytosis was excluded.
Therefore, alpha-thalassemia trait was suspected.
Molecular studies were performed to investigate for
suspected alpha-thalassemia. We tested DNA extracted from
the patient’s peripheral blood for the seven most common
α-globin deletions using single-tube multiplex polymerase
chain reaction (GAP-PCR) methods [8,9]. Additionally, we
tested him for additional deletions/duplications using the
SALSA multiplex ligation dependent probe amplification
(MLPA) probemix P140 HBA assay (MRC Holland, Amsterdam,
NL). Both gap-PCR and MLPA revealed the patient to have
one copy of the -α3.7 deletion, consistent with a diagnosis of
silent alpha-thalassemia.

Laboratory Role in Diagnosis

The diagnosis of alpha-thalassemia primarily relies on a
combination of laboratory data, including CBC and iron
studies, hemoglobin electrophoresis, and genetic testing. As
most affected individuals have some degree of anemia,
reduced MCH, reduced MCV, and either erythrocytosis or
relative erythrocytosis (in which the RBC count is
disproportionally normal in relation to the degree of anemia),
alpha-thalassemia is most frequently suspected after a routine
CBC demonstrates a microcytic, hypochromic anemia with
erythrocytosis in the context of iron sufficiency [1,2].
Combined use of HPLC and capillary electrophoresis is useful
to detect abnormal hemoglobin fractions, such as HbH and
Hb Bart’s, seen in the major clinical alpha-thalassemia
syndromes. It can also detect other Hb variants to assess for
combined hemoglobinopathies, such as combined alphathalassemia sickle-cell traits. Additionally, patients with alphathalassemia have normal or slightly reduced HbA2 levels [1],
which can be useful in excluding a concomitant betathalassemia trait, in which the HbA2 levels are elevated above
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3.5% [10]. However, while hemoglobin electrophoresis can
make the distinction between these two thalassemias, it
cannot differentiate the various alpha-thalassemia syndromes,
nor can it definitively diagnosis alpha-thalassemia. Therefore,
molecular analysis of the α-globin gene cluster is necessary to
confirm the diagnosis, especially since alpha-thalassemia
carriers show normal levels of HbA, HbA2, and HbF [1,4].

The α-globin gene family resides on chromosome
16p13.3 [2,3]. The α-globin gene cluster in its entirety contains
the following genes in order from 5’ to 3’: ζ2-ψζ1-ψα2-ψα1α2-α1-θ1, where ψζ1, ψα2, and ψα1 are pseudogenes and θ1
has undetermined function [2-4,11]. About 90% of alphathalassemia cases are caused by deletions of one (-α) or both
(--) α-globin genes from a haploid chromosome 16 [1,4],
referred to as α+ and α0 thalassemia deletions, respectively.
The most common deletions are the -α3.7 and the -α4.2 single
α-globin gene deletions. Common double α-globin gene
deletions include --SEA, --FIL, --THAI common in those of
Southeast Asian descent and the --MED and the -(α)20.5 most
frequently seen in those of Mediterranean descent [1,2]. The
remaining small minority of cases are caused by point
mutations, usually within the HBA2 gene [12], as well as
deletions removing the upstream regulatory elements of the
α-globin cluster [1,2].

Polymerase chain reaction (PCR) is the most common
method utilized to confirm the diagnosis of deletional
α-thalassemia [4], with single-tube multiplex polymerase
chain reaction (gap-PCR) developed to detect the seven most
common alpha-thalassemia deletions. Since most alphathalassemias are deletional, this provides a very quick way to
diagnose α+ and α0 thalassemia deletions [11]. Additionally,
multiplex ligation dependent probe amplification (MLPA) has
become widely used [4]. Since gap-PCR cannot be used to
diagnose rare α+ and α0 thalassemia mutations as their
breakpoint sequences have not been determined, MLPA can
be used to detect both known and unknown deletions. MLPA
can also detect gene rearrangements leading to duplication
of the α-globin genes in the form of triple and quadruple
α-globin gene alleles [13]. Thus, MLPA is a valuable adjunct
method to gap-PCR when investigating both known and
unknown deletions causing alpha-thalassemia [1].

Patient Follow-up

As his prior coagulation studies were within normal limits
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Table 3. Test Results of Additional Patients with the -α3.7/αα Genotype (Silent Carriers).

Age
(Years)

Gender

RBC
(106 cells/µL)

Hb
(g/dL)

Hct
(%)

MCV
(fL)

MCH
(pg)

MCHC
(g/dL)

RDW-SD
(fL)

RDW-CV
(%)

Hb Electrophoresis
(%)

44

Female

4.30

12.9

38.4

89.3

30.0

33.6

40.3

12.5

HbA>97.2,
HbA2<2.8

27

Female

4.24

11.8

34.6 (L)a

81.6

27.8

34.1

36.7
(L)

12.5

HbA=60.4,
HbA2=3.4,
HbS=36.2b

15

Male

6.01
(H)

11.3
(L)

39.8

66.2
(L)

18.8
(L)

28.4
(L)

37.0
(L)

16.1
(H)

HbA>97.2,
HbA2<2.8

10

Female

4.46

10.9
(L)

35.0

78.5

24.4
(L)

31.1

40.8

14.3
(H)

N/A

1

Male

5.35
(H)

11.2

35.1

65.6
(L)

20.9
(L)

31.9

32.6
(L)

14.2

HbA=59.3,
HbA2=3.5
HbS=33.0b

RBC: Red Blood Cell count; Hb: Hemoglobin; Hct: Hematocrit; MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin;
MCHC: Mean Corpuscular Hemoglobin Concentration; RDW-SD: Red cell Distribution Width Standard Deviation; RDW-CV: Red cell
Distribution Width Coefficient of Variation; H: Higher than normal reference range values; L: Lower than normal reference range values.
a
Normal reference ranges differ between age and gender groups, affecting whether a value is classified as H or L.
b
Two patients were discovered to have concomitant sickle cell trait on Hb electrophoresis.

and thus inconsistent with coagulopathy, his epistaxis was
attributable to either a bone spur or trauma from nose
picking, unrelated to his hematologic findings. The patient
was advised to return to pediatric hematology in one month
and referred to pediatric otolaryngology for his epistaxis and
deviated nasal septum. Unfortunately, the patient was lost to
subsequent follow-up.

Discussion

Alpha-thalassemia is the most common hemoglobinopathy
worldwide [14] and one of the most common human
monogenic diseases [1,3], affecting more than 300,000 people
born worldwide per year [2]. Of all globin disorders, alphathalassemia has the widest distribution [1]. It occurs at very
high frequencies in subtropical and tropical regions, with
some areas reaching carrier frequencies as high as 80-90%,
likely due to the carrier state providing a selective advantage
in malaria-endemic areas [1]. However, as a result of massive
global migration patterns over the past several decades,
alpha-thalassemia’s prevalence in the rest of the world,
including Northern Europe and North America, has
significantly risen [1,4], thereby becoming increasingly
included on the differential diagnosis of microcytic anemia
after iron deficiency has been excluded.

Clinical phenotype severity can be predicted based on the
number of mutated α-globin genes, with severity directly
correlating with the number of genes affected. Along these
lines, the degree of microcytosis and hypochromia (as well as
other hematologic parameters) can in theory be predicted by
the number of affected α-globin genes and vice versa.
Investigating the ability of hematologic parameters to predict
the underlying genotype, a study in 2017 by VelascoRodríguez et al. involving 129 cases of deletional alphathalassemia demonstrated a good correlation between the
number of deleted α-globin genes and MCV (r=-0.672,
p<0.001), MCH (r=-0.788, p<0.001), and RDW (r=0.633,
p<0.001). Notably, they also found that MCH<21.90 pg and/
or MCV<70.80 fL was strongly indicative of at least one α0
Int J Hematol Blood Res.
ISSN: 0000-0000

allele [4], thereby implying a genotype consistent with at least
alpha-thalassemia trait. For silent carriers ages 3 to 16 years,
MCV was expected to be 75.6 ± 3.82 fL and MCH 24.2 ± 1.07
pg [4]. While distinct cut-off parameters for the various alphathalassemia types have yet to be established, it is generally
accepted that hematologic parameter abnormalities tend to
be more pronounced in alpha-thalassemia trait than in silent
alpha-thalassemia [1].

However, it has become increasingly recognized that
some alpha-thalassemia silent carriers may have hematologic
parameters similar to alpha-thalassemia trait [5,6]. In a recent
study by Gilad et al. involving 192 children found to be
heterozygous for the -α3.7 deletion, it was found that these
silent carriers had significantly lower Hb and MCV than
controls and significantly higher RBC counts [7], similar to
that found in our patient. Furthermore, the greatest reduction
in Hb was seen in adolescent males [7]. We observed similar
findings at our institution. In the five, non-iron deficient
patients diagnosed with a single -α3.7 deletion, this patient
had the greatest number and degree of hematologic
abnormalities followed by the infant and 10 year-old child,
while two adult patients had no to minimal red blood cell
abnormalities (Table 3).
To our knowledge, no previously established literature
exists explaining why some heterozygous -α3.7 carriers (silent
alpha-thalassemia) show hematologic patterns similar to
homozygous -α3.7 carriers (alpha-thalassemia trait). This
prompts a closer examination of the molecular mechanisms
of alpha-thalassemia and the limitations of diagnostic
methods.

As previously stated, alpha-thalassemia is more frequently
caused by deletions than non-deletional mutations [1].
However, when they occur, heterozygous non-deletional α+
thalassemia mutations typically result in a more severe
reduction in α-globin chain synthesis and a more severe
clinical phenotype than heterozygous α+ thalassemia
deletions [1,15], likely due to these mutations involving
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genomic regions that regulate normal expression of the
α-globin genes [15]. This raises the possibility that this patient
– as well as other silent carriers of alpha-thalassemia with
pronounced hematologic abnormalities – have an additional,
undetected non-deletional mutation. In the most commonly
used diagnostic laboratory methods, gap-PCR only detects
the seven most common alpha-thalassemia deletions [1,4,13],
so it cannot detect these non-deletional mutations.
Furthermore, while MLPA can detect unknown deletions and
gene rearrangements leading to duplication of the α-globin
genes [1,13], the SALSA MLPA probemix P140 HBA assay used
in our laboratory cannot detect point mutations except for
the Hb Constant Spring mutation. While the Hb Constant
Spring mutation was not detected in this patient, it has been
shown that co-inheritance of Hb Constant Spring and a single
-α3.7 deletion results in a phenotype similar to at least alphathalassemia trait [16]. Therefore, it is possible that coinheritance of other undetected non-deletional mutations
with a single -α3.7 deletion may also lead to an alphathalassemia trait-like phenotype. Thus, this patient – as well as
other heterozygous -α3.7 deletion carriers at institutions using
similar methodology – might in theory have an additional
point mutation undetectable by the current laboratory
methods.
Additionally, some autosomal recessive disorders in rare
instances have shown heterozygotes to unexpectedly have a
clinical phenotype similar to affected homozygotes. An
example of this was demonstrated in a case report of a
heterozygous C282Y HFE carrier with a family history of
hemochromatosis presenting with laboratory evidence of
iron overload [17]. While typically C282Y carriers with iron
overload are assumed to have other genetic or environmental
influences since hemochromatosis is an autosomal recessive
disorder, the presented patient did not have any associated
additional risk factors for iron overload. Thus the authors
concluded that haploinsufficiency of the HFE gene may lead
to iron overload in some heterozygous HFE carriers. While to
the best of our knowledge isolated alpha-thalassemia
syndromes have not been attributed to haploinsufficiency,
alpha-thalassemia retardation associated with chromosome
16 syndrome (ATR-16 syndrome) has been associated with
haploinsufficiency [18]. This syndrome is characterized by
dysmorphic features, mental retardation, and an
accompanying alpha-thalassemia, with heterozygous
deletions in chromosome 16p that involves HBA1, HBA2, and
other genes [18]. However, it is currently uncertain if
haploinsufficiency alone or in part can lead to phenotypically
expressive silent alpha-thalassemia.
While at this time we cannot definitively explain selectively
increased phenotypic expression in some silent alphathalassemia carriers, this case emphasizes the continuously
emerging complexities associated with the refinement of the
molecular etiologies and diagnosis of alpha-thalassemia.
Emerging technologies including next generation sequencing
[13] may provide further insight into the intricate molecular
anomalies of alpha-thalassemia.
Int J Hematol Blood Res.
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