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We read with interest the article by Roth et al.,1
introducing a newly developed formula for the
detection of β-thalassemia carriers—a complex
mathematical calculation using erythrocyte
parameters—which the authors report can detect
carriers with a sensitivity of 98% and negative
predictive value (NPV) of 99.77%, superior results
to all currently existing formulas. Indeed, βthalassemia major is a devastating disease with an
economic burden, particularly in Mediterranean
populations. Detecting carriers of this recessively
inherited disease and its eventual eradication are
critical. Achieving this goal at minimum cost and
with maximum accuracy is of utmost importance.
Scientists have been endeavoring for years to
develop formulas using erythrocyte parameters on
complete blood count (CBC), and Roth et al. are
congratulated for their contribution toward this
goal. However, it cannot be overlooked that
formulas developed to detect β-thalassemia
carriers inherently rely on the changes in
erythrocyte parameters. Therefore, these formulas
are useful only if the β-thalassemia mutation
effects changes in these parameters. Otherwise,
regardless of their complexity, the formulas fail.
Their ineffectiveness may also be attributed to the
fact that erythrocyte changes are not as expected
or due to the presence of confounding factors in
erythrocyte parameters. In these situations, carriers
may be missed. I herein provide a number of such
examples illustrating how the formulas do not
function in certain circumstances.
Currently, the “expected” red cell parameters in
β-thalassemia
carriers
are
as
follows:

decreased/normal hemoglobin (Hb), decreased
mean corpuscular volume (MCV), decreased mean
corpuscular hemoglobin (MCH), increased red
blood cell (RBC) count, and normal red cell
distribution width (RDW).2 To detect the carriers,
formulas run mathematical methods incorporating
these expected changes. However, there are βthalassemia mutations that do not lead to changes
in red cells. Mutation of the distal and proximal
CACCC boxes within the β-globin gene promoter
is characterized by substitution at nucleotide
position and leads to silent β-thalassemia.3 In the
carriers of this mutation, all erythrocyte
parameters, even MCV, ‘the key diagnostic
indicator’, are normal, and hence, none of the
formulas may be effective in detecting these
carriers. Mutations in the human KLF1 gene cause
silent β-thalassemia minor.4 These mutations occur
in the CACCC box and affect the binding and
responsiveness to erythroid Krüppel-like factor
(KLF1), which is essential for expression of the βglobin gene. Since these mutations may still retain
some binding ability and affinity to the promoter,
they result in a mild phenotype. In these carriers,
all erythrocyte parameters, especially MCV and
MCH—the basic parameters of the new formula—
are within normal range. None of the formulas
developed thus far would detect these carriers.
Mutations involving the catabolite activator
protein (CAP) sites or the 5’ or 3’ untranslated
regions are extremely mild β-thalassemia alleles
and are also unidentifiable in heterozygotes.5
Formulas basically have been developed to
differentiate β-thalassemia minor from iron
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deficiency (ID), and the most effective parameters
for discrimination between the two are RBC and
RDW. While the other parameters are similar in
the two conditions, increased RBC is expected in
β-thalassemia minor and increased RDW in ID.
Roth et al. agree with this expectation by their
statement “…but the red blood cell (RBC) count
and red cell distribution width (RDW) can
differentiate between the two”.1 Although this
expectation is generally true, RBC is not increased
in all carriers (Aslan D, unpublished observation).
In fact, it can sometimes be increased even in pure
ID.6 Again, conflicting with general expectation,
RDW could be increased in pure β-thalassemia
minor (Aslan D, unpublished observation). In
those situations in which the expected erythrocyte
changes are not present, formulas cannot function
properly and cannot identify carriers. In brief,
depending on the β-thalassemia mutation, the
accuracy of formulas may be altered.
These atypical mutations are not rare or
clinically silent. Mutations in the promoter region
of the β-globin gene and KLF1 gene are common
in Mediterranean populations.3,4 While they do not
cause erythrocyte changes alone, when
accompanied by a classical mutation of βthalassemia, they result in β-thalassemia
intermedia.7 Of note, those patients usually have
severe transfusion-dependent β-thalassemia, a
human resource- and cost-intensive disorder as
seen in β-thalassemia major. It is similar for the
mutations with unexpected changes.
When ID, as a confounding factor in
parameters, accompanies β-thalassemia minor,
RDW increases, and formulas may misinterpret
the carriers as ID. δβ-thalassemia minor, a
subgroup of β-thalassemia minor characterized by
increased RDW,8 may likewise be missed by
formulas.
The authors reported a sensitivity of 98% and a
NPV of 99.77%. Sensitivity of a formula shows
the percentage of affected people who are
correctly identified as having the condition (here,
β-thalassemia minor). Where the β-thalassemia
mutation does not effect red cell changes, no
identification is available. The sensitivity of a
formula that is not working is, naturally,
irrelevant. NPV reflects the probability that a
person who is a test-negative is a true-negative
(here, for β-thalassemia minor). Atypical carriers
are not true-negative. They have a mutation but
with no influence on erythrocyte parameters;

therefore, the situation appears, and is interpreted,
as if these individuals do not have a mutation. In
this case, NPV is false high and inaccurate. In the
case of the formula presented by Roth et al., if the
reliability of the sensitivity and negative
predictivity are in question, the other features of
the study (e.g., the size and the homogeneity of the
population, or the integration of the formula to the
automated systems) lose their relevance. As is for
accuracy, the sensitivities and negative
predictivities for the formulas are related to the
underlying mutations, as was also previously
reported.9
HbA2 elevation, as the next step in detecting βthalassemia carriers, is reported as the gold
standard. However, as previously reported, HbA2
level may be normal in β-thalassemia minor
(namely, “Normal A2 β-thalassemia minor”).5
HbA2 level may be normal, or even low, due to
accompanying ID and also in δβ-thalassemia
minor.8 For these reasons, absence of HbA2
elevation does not exclude β-thalassemia minor.
In any situation in which red cell parameters are
not as expected or even when the HbA2 level is
not elevated, family history remains a good guide.
Presence of subtle laboratory findings in any
sibling or parent strongly suggests the possibility
of β-thalassemia minor.
In conclusion, formulas detect and interpret
erythrocyte changes. If the β-thalassemia mutation
does not effect such changes, none of the
formulas, including the one presented by Roth et
al., can function properly. Further, if the red cell
parameters are not as expected or are affected by
confounding factors, formulas can miss the
identification of carriers. Awareness of these
critical points is essential for achieving eradication
of β-thalassemia.
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The arguments that the authors of this letter
arose lead to the final conclusion that any
screening is not good enough and just molecular
analysis can be the state of art for the diagnosis of
thalassemia carriers.
But any screening procedure, as its name
means, is just a screening. As the authors of this
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letter wrote "achieving this goal (screening) at
minimum cost and with maximum accuracy is of
utmost importance", principally when thalassemia
carriers are under diagnosed all over the world,
principally in low developed countries.
Of course, "formulas developed to detect βthalassemia carriers inherently rely on the changes
in erythrocyte parameters, …. these formulas are
useful only if the β-thalassemia mutation effects
changes in these parameters".
In our study all of the "false negative" results
belongs to individuals with MCV ≥77.6 fl and
based in molecular analysis performed in some of
those carriers, indeed they carried mild mutations

like -101 C>T (c:-151C>T) which is a mild
mutation. Unfortunately, since the data was
obtained from the screening databases not all the
patients / carriers were analyzed molecularly. It
should be done in the future.
In the future when we perform validation of
both formulas presented in our study in a cohort of
adult males we can suggest incorporating one of
those formulas in the electronic counters and
provide an alert flag indicating that this is a blood
count suspected to belong to a thalassemia carrier.
Same analysis should be done in proven α
thalassemia.
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