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CLINICAL PRACTICE: HEMATOLOGY

Trans Type Genotype Alpha Thalassemia Trait:
A Case Study
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ABBREVIATIONS: CBC = complete blood count; IDA =
iron deficiency anemia; MCHC = mean corpuscular hemo-
globin concentration; MCV = mean corpuscular volume;
RBC = red blood cell; TIBC = total iron binding capacity.

INDEX TERMS: Thalassemia.
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A 22-year-old Caucasian female clinical laboratory science
student agreed to donate several anticoagulated tubes of her
blood to be used for analysis in the hematology student labo-
ratory. She was in apparent good health and had no known
history of a hematological disorder. Since manual white blood
cell and platelet counts were being performed that day, her
blood was run on an automated instrument so that the stu-
dents’ values could be checked for accuracy against the in-
strument values. Laboratory results (Table 1) and peripheral
blood smear (Figure 1) are shown.

This complete blood count (CBC) was done on an instrument
which employs impedance and pulse editing technology in
measuring the mean corpuscular volume (MCV). This tech-
nology has been reported to result in a ‘clamped mean corpus-
cular hemoglobin concentration (MCHC)’ which may not ac-
curately reflect hypochromia. Hypochromic cells are more de-
formable and therefore present a smaller cross sectional profile
as the cells pass through the aperture to be counted and sized.
This results in an MCV that is reported as slightly lower than it
actually is. Since the hematocrit is calculated by multiplying

the MCV by the red blood cell (RBC) count, the hematocrit
value will also be falsely decreased and therefore the MCHC
will be somewhat overestimated. The net result is a slightly de-
creased sensitivity of the MCHC to the presence of hypochro-
mia.1 However, a repeat CBC performed on a second instru-
ment which employs pulse editing and hydrodynamic focusing

Table 1. Laboratory data

Test Case results Reference ranges
RBC count 5.30x1012 4.0 - 5.2 x 1012/L
Hemoglobin 124 120 - 160 g/L
Hematocrit 0.388 .35 - .46 L/L
MCV 73.1 80 - 100 fL
MCH 23.5 26 - 34 pg
MCHC 321* 310 - 370 g/L
Platelet count 204 x 109 130 - 400 x 109/L
RDW 13.2 11.1 - 14.5

Suspect flags: 3+ microcytosis, 2+ hypochromia*
Hemoglobin electrophoresis: normal

* Although the MCHC was within normal limits, the instru-
ment suspect flag indicated 2+ hypochromia

Figure 1. Peripheral blood smear showing micro-
cytic, hypochromic red cells (Wright’s stain, x 1000)
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reported a comparable MCHC of 32.4 g/dL. Hydrodynamic
focusing has been reported to improve the clinical usefulness of
the MCHC.1 On manual review, the technologist reported 1+
microcytosis and 1+ hypochromia.

QUESTIONS TO CONSIDER
1.What are the possible causes for the decreased MCV and MCH?
2.What initial tests should be performed to attempt to

determine the cause of the apparent microcytosis?
3.What additional special tests might be indicated?

The findings of microcytosis and hypochromia may be associ-
ated with iron deficiency, thalassemia, hemoglobin E, anemia
of chronic disease, and sideroblastic anemia. Of these, the two
most common causes are iron deficiency and thalassemia. Iron
studies including serum iron, ferritin, and total iron binding
capacity (TIBC) levels along with the red cell distribution width
(RDW) can be used to help differentiate these disorders. A com-
parison of test results is found in Table 2. Also included in the
table are results of iron studies performed on this case. It is
apparent from these results that this was not a case of iron defi-
ciency anemia (IDA). The normal results also exclude a diag-
nosis of sideroblastic anemia in which the percent saturation of
transferrin would be elevated. The student was in good health
and had no evidence of a chronic disease process. Hemoglobin
electrophoresis was performed and the results were normal. From
this information, a form of α-thalassemia was suspected.

THALASSEMIA
In the normal adult the majority of hemoglobin present, ap-
proximately 97%, is hemoglobin A. Hemoglobin A is com-
posed of two alpha globin chains and two beta globin chains
(α2β2). Other hemoglobins normally present include hemo-
globin A2 (α2δ2) about 2%, and hemoglobin F (α2γ2) about
1%. Thalassemia is an inherited disorder in which there is de-

creased or absent production of one or more of the globin chains.
This reduced production of globin leads to the formation of
microcytic, hypochromic red cells. Alpha and beta globin genes
are located on chromosomes 16 and 11 respectively. Thalassemias
occur in Mediterranean populations, the Middle East, parts of
India and Pakistan, Southeast Asia, and Africa. However,
thalassemias have also been observed in the homozygous state
in persons of pure Anglo-Saxon ancestry, so ethnic origin does
not preclude the diagnosis.2

In beta thalassemia, beta chain production is reduced along with
a compensatory increase in gamma and delta chain produc-
tion. Over 120 beta thalassemia genes have been identified which
accounts for the great diversity in the phenotypic expression of
this disorder. β0 refers to a gene which produces no beta chains.
β+ refers to a gene which produces less than normal amounts of
beta chain. Production can vary from 80% to 90% of normal
to less than 10%. In the homozygous condition (β0/β0,β0/β+,
or β+/β+) anemia can be moderate, requiring minimal medical
intervention, to severe, requiring regular transfusions. The ma-
jority of hemoglobin present is F. Hemoglobin A is decreased
or absent and hemoglobin A2 levels are slightly increased. Ex-
cess unpaired α-chains precipitate resulting in premature eryth-
rocyte destruction and ineffective erythropoiesis. In the het-
erozygous condition (β0/β or β+/β) anemia can vary from slight
to moderate with slight increases in A2 and F levels.

In alpha thalassemia, alpha chain production is reduced or
absent. Because there are two alpha genes (identified as α1

and α2) on each chromosome 16, an individual may inherit
one, two, three, or four defective alpha genes. α0 refers to a
deletion of both α genes on chromosome 16 (--); α+ refers
to a deletion of one α gene on chromosome 16 (α-). Geno-
types of α-thalassemia and the resulting phenotypic expres-
sions are shown in Table 3.
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Table 2. Comparison of laboratory results in microcytic, hypochromic anemias

Ferritin Serum iron TIBC* % saturation RDW†

Iron deficiency ⇓ ⇓ ⇑ ⇓ ⇑
Chronic disease N‡ to ⇑ ⇓ N to ⇓ ⇓ N
Sideroblastic anemia ⇑ ⇑ N to ⇓ ⇑ ⇑
Thalassemia trait N to ⇑ N N N N
This case N N N N N

* TIBC=total iron binding capacity
† RDW-red blood cell distribution width
‡ N = normal
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In α-thalassemia, excess unpaired γ and β-chains combine
to form tetramers of γ

4
 (Hb Barts) and β

4
 (Hb H). These

tetramers have an extremely high oxygen affinity and are
therefore poor oxygen carriers. Hb Barts and Hb H are fast
moving hemoglobins and migrate past hemoglobin A on cel-
lulose acetate at alkaline pH. Hb Barts will be present at
birth but will be replaced by Hb H as the switch from γ-
chain to β-chain synthesis occurs. In the silent carrier and
thalassemia minor conditions, hemoglobin electrophoresis
in the adult is normal. In hemoglobin H disease, Hb H lev-
els vary from 5% to 40%. Hb H is somewhat unstable and
can be induced to precipitate in the red cells by incubation
of the blood with brilliant cresyl blue. Although demonstra-
tion of hemoglobin H inclusions is considered diagnostic of
α-thalassemia trait, patients with α-/αα and α-/α- geno-
types usually have negative results. Patients with the --/αα
(trans) genotype are much more likely to test positive for
hemoglobin H inclusions.3 Because hemoglobin electro-
phoresis is normal in α-thalassemia trait and the absence of
Hb H inclusions does not rule out this disorder, diagnosis is
problematic. These patients are at risk of producing homozy-
gous (Barts hydrops fetalis) or doubly heterozygous offspring
(Hb H disease) and therefore, must be identified for pur-
poses of genetic counseling. The use of red cell parameters
in differentiating between the cis and trans type has been
reported. In one study, the --/αα genotype was associated
with lower MCVs, higher RBC counts and the presence of
Hb H inclusions.3

In this case, the blood tested negative for hemoglobin H
inclusions. The moderately decreased MCV, slightly elevated
red cell count and negative test for Hb H inclusions were
suggestive of either a α-/αα (silent carrier) or α-/α- (trans)
genotype.3 The father was deceased and a CBC on the mother
and only sibling showed normal results.

DNA ANALYSIS
Genotyping, while expensive and time consuming, provides
the definitive diagnosis. Southern blot analysis using the re-
striction endonucleases Bam HI and Hind III in addition to
PCR assays were performed. No α2-globin genes were de-
tected by PCR, and Southern blot analysis confirmed the
absence of the α2-globin genes on both chromosomes. These
results establish the diagnosis of α-thalassemia minor with a
trans type genotype of α-/α-.

This form of α-thalassemia occurs with a high frequency
throughout West Africa, the Mediterranean, the Middle East,
and Southeast Asia.2

SUMMARY
This is a case of hypochromic, microcytic red cells in a young
adult Caucasian female. It illustrates the importance of per-
forming iron studies to confirm suspected iron deficiency
anemia (IDA). Thalassemia minor is often misdiagnosed as
IDA and iron therapy may be needlessly administered. More-
over, the patient will be unaware of an inherited hemato-
logical disorder which may require genetic counseling.
α-thalassemia patients with the --/αα (cis) genotype should
be advised of the risk for producing offspring with Hemo-
globin H disease (genotype --/α-).

In this case, DNA analysis confirmed the diagnosis of a trans
type gene deletion α-thalassemia trait. Ancestry on the ma-
ternal side is German and French. On the paternal side the
ancestry is Dutch and Scandinavian. Additionally, there was
no knowledge of any family history of anemia on either the
maternal or paternal side of the family. This case reaffirms
that Anglo-Saxon ancestry does not preclude the diagnosis
of α-thalassemia. It also supports the findings of Wang that
when laboratory findings are suggestive of α-thalassemia
minor, a moderately decreased MCV, slightly elevated red
cell count, and the absence of hemoglobin H inclusions is
probably indicative of trans rather than cis type gene dele-
tion α-thalassemia trait.
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Table 3. α-thalassemia genotypes and phenotypes

Genotype Disorder Anemia

--/-- Hb Barts Severe – fatal
  hydrops fetalis

--/α- Hb H disease Moderate

--/αα (cis) or
α-/α- (trans) Thalassemia Mild or none

  minor/trait

α-/αα Silent carrier None
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