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Abstract: Introduction: Generally, microcytic anaemia is caused by sideropenia or a genetic gap. The
suspicion that microcytic anaemia is caused by a genetic gap must always be considered in the face
of an inadequate response to martial therapy. The aim of this paper is to highlight how biochemical
diagnosis alone is sometimes not sufficient to understand the cause of microcytic anaemia. For
this reason, for a correct genotype–phenotype correlation, it is essential to identify the defective
gene underlying the microcytic anaemia. Detailed Case Description: This case concerns a married
couple who both have microcytic anaemia. They came to our attention because the lady, pregnant
at 12 weeks, underwent screening for chromosomal abnormalities using combined tests in the first
trimester of pregnancy. A biochemical screening performed ten years earlier showed that both
spouses were healthy carriers of the beta-thalassemia trait. A careful analysis of the biochemical data
and an in-depth molecular diagnosis of the alpha and beta globin genes showed that the woman was
a healthy carrier of the beta-thalassemia trait while the husband was a healthy carrier of a mutation
in the ALAS2 gene. Analysis of the biochemical data of her husband and family members revealed
that she had X-linked microcytic sideroblastic anaemia caused by an alteration in the function of
the ALAS2 (5′-Aminolevulinate Synthase 2) gene located on the short arm of the X chromosome
(Xp11.21). Discussion and Conclusions: This result is very relevant as, during genetic counselling,
we explained to the couple that invasive prenatal diagnosis was not necessary as there is no risk of
procreating a transfusion-dependent individual.
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1. Introduction

Microcytic anaemia (AM) is the most common type of anaemia, characterized by the
presence of small hypochromic red blood cells typically marked by a low mean corpuscular
volume in the peripheral blood (MCV) [1].

Once common reasons are ruled out, unusual causes of anaemia should be considered;
these are primarily genetic in nature, and include anaemia with the ectopic production of
hepcidin, sideroblastic anaemias, porphyria, and anaemias resulting from a deficiency of
genes related to iron metabolism [2].

Understanding the appropriate framework for a case of anaemia is essential, partic-
ularly in the context of preconceptional and prenatal counselling. In fact, this particular
type of anaemia is frequently confused with iron deficiency anaemia, which can be caused
by malnutrition or the presence of a thalassaemia trait carrier. This can, in some instances,
result in an incorrect diagnosis [3].
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2. Detailed Case Description

A 28-year-old woman who was pregnant at 12 weeks of gestation (Mrs. La. Ch.,
Figure 1, family tree III1) came to our clinic to undergo combined testing and screening for
major foetal chromosomal abnormalities (trisomy of chromosomes 13, 18 and 21).
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Figure 1. Pedigree family. Mr. III1 and III2 came to observation because Mrs. III2 was pregnant in 
the first trimester of pregnancy. Molecular family investigation has shown that II2 and III2 are 
healthy carriers of a mutation in the ALAS2 gene. The ALAS2 gene is localed on the short arm of 
the X chromosome (Xp11.21). 
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genes revealed the β039 C→T mutation in heterozygosity. Mrs Pe. Gi.‘s erythrocyte indi-
ces (family tree III2) are given in Table 1 and show the features associated with trait beta 
thalassaemia. Molecular analysis of the globin genes did not reveal the presence of 
pathogenic variants. Therefore, Mrs Pe. Gi. did not appear to carry the thalassaemic trait 
[4]. Mr. Pe. Gi.‘s family history did not show any consanguinity between his parents 
(Figure 1 family tree: II1 and II2). It was reported that the maternal grandfather (Figure 1, 
family tree I1) died at the age of 51 and had microcytic anaemia. In addition, the maternal 
grandfather’s brother was reported to have microcytic anaemia and has undergone 
hepatotransplantation for unspecified causes. Mr. Pe. Gi. reported that for his microcytic 
anaemia, he took pyridoxine chlorhydrate (vitamin B6) at a dose of 300 mg/day for ninety 

Figure 1. Pedigree family. Mr. III1 and III2 came to observation because Mrs. III2 was pregnant
in the first trimester of pregnancy. Molecular family investigation has shown that II2 and III2 are
healthy carriers of a mutation in the ALAS2 gene. The ALAS2 gene is localed on the short arm of the
X chromosome (Xp11.21).

A biochemical screening performed ten years earlier showed that both spouses were
healthy carriers of the beta thalassaemia trait and had microcytic anaemia.

Mrs La. Ch.’s erythrocyte indices (gene tree III1) are shown in Table 1 and display
the features associated with trait beta thalassaemia. Molecular analysis of the globin
genes revealed the β039 C→T mutation in heterozygosity. Mrs Pe. Gi.’s erythrocyte
indices (family tree III2) are given in Table 1 and show the features associated with trait
beta thalassaemia. Molecular analysis of the globin genes did not reveal the presence of
pathogenic variants. Therefore, Mrs Pe. Gi. did not appear to carry the thalassaemic trait [4].
Mr. Pe. Gi.’s family history did not show any consanguinity between his parents (Figure 1
family tree: II1 and II2). It was reported that the maternal grandfather (Figure 1, family tree
I1) died at the age of 51 and had microcytic anaemia. In addition, the maternal grandfather’s
brother was reported to have microcytic anaemia and has undergone hepatotransplantation
for unspecified causes. Mr. Pe. Gi. reported that for his microcytic anaemia, he took
pyridoxine chlorhydrate (vitamin B6) at a dose of 300 mg/day for ninety days. This therapy
has proven to be effective in combating microcytic anaemia. An abdominal ultrasound
showed a liver of normal structure and size, a gallbladder with adenomas up to 6 mm in
diameter, and a spleen measuring 170 × 65 mm. A comparison of the biochemical data of
Mr. Pe. Gi. and his parents (Table 2) showed that the biochemical parameters of his parents
were perfectly within the normal range. The microscopic study of the erythrocytes in Mr.
Pe. Gi.’s venous blood shows anisocytosis and poikilocytosis. In the bone marrow, there is
hyperplasia in the erythroblasts, with there being 60% ring sideroblasts. For these reasons,
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we thought that Mr. Pe. Gi. had X-linked microcytic anaemia. In addition, a positive
response to treatment with pyridoxine poses an indication for the molecular analysis of
the ALAS2 gene. This gene indicates an enzyme localised in the mitochondrion and is
specific for an erythroid called 5-aminolevulinate synthase. The encoded protein catalyses
the first step in the heme biosynthetic pathway. Mutations in this gene are responsible for
the X-linked form of sideroblastic anaemia [5]. Next-generation sequencing (NGS) analysis
of the ALAS2 gene identified the pathogenic variant c.1354 C > T (p. Arg452Cys) in exon 9
in a heterozygous state [6].

Table 1. Blood indices of Mrs Pe. Gi. (pedigree III 2).

Blood Levels

Normal Values

Erythrocytes 106/µL 5.87↑ 4.0–5.60
Hb g/dL 12.4 12.8–16.5
MCV fl 69.9↓ 80–98

MCH pg 21.1↓ 27–32
MCHC g/dL 30.2↓ 31.0–37.0

HCT % 41.1 41–53
PLT 103/µL 116.0↓ 150–450
RDW-CV % 33.8↑ 11.0–15.0

HbA2 % 2.2 <3.2
HbF % 0.7 <1.0

Serum ferritin ng/mL 170.0 22–322
serum iron µg/dL 261.0↑ Male: 80–180 Female: 60–160
transferrin mg/dL 170 200–360

% transferrin saturation 57↑ 15–55

Table 2. Blood indices. ↑: higher than normal value; ↓: lower than normal value.

Blood Levels

Proband: Pe.
Gi.(III2) Father (II1) Mother (II3) Normal Values

Erythrocytes 106/µL 5.87↑ 5.03 5.15 4.0–5.60
Hb g/dL 12.4 15.0 13.40 12.8–16.5
MCV fl 69.9↓ 93.0 83.4 80–98

MCH pg 21.1↓ 29.7 26.0↓ 27–32
MCHC g/dL 30.2↓ 32.0 31.2 31.0–37.0

HCT % 41.1 46.8 42.9 41–53
PLT 103/µL 116.0↓ 145.0↓ 203.0 150–450

HbA2 % 2.2 2.6 2.5 <3.2
HbF % 0.6 0.3 0.4 <1.0

Serum ferritin ng/mL 170.0 133.0 83.0 22–322

Serum iron µg/dL 261.0↑ 83.0 140.0 Male: 80–180
Female: 60–160

3. Discussion and Conclusions

This report demonstrates how biochemical parameters are useful for diagnosing
microcytic non-sideropenic anaemia but, in some cases, are insufficient to understand the
origin of the defect in erythropoiesis. For this reason, a family and genetic study must
go hand in hand with the biochemical picture to rule out or confirm potential genetic
disorders. The family and genetic study allowed us to identify with extreme precision the
factors that led to the occurrence of microcytic anaemia in both spouses. The biochemical
screening performed ten years earlier only suspected that the presence of a possible trait,
beta thalassemia, was the cause in both spouses.

The molecular study of the beta globin genes carried out on Mrs La. Ch. revealed
the presence of the pathogenic β039 C→T variant in heterozygosity. She is therefore a
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healthy carrier of the beta thalassaemic trait. The molecular analysis of the globin genes
performed on Mr Pe. Gi. did not reveal the presence of pathogenic variants, but a molecular
investigation of the ALAS2 gene revealed the pathogenic variant ALAS2 c.1354 C > T
(p. Arg452Cys) in the heterozygote in exon 9. As a result, Mr Pe.Gi. was found to have
X-linked sideroblastic anaemia [7,8].

Identifying these specific cases has significant implications for how invasive prenatal
diagnosis is approached. An accurate description of the healthy carrier followed by a
thorough examination of the partner’s condition is essential. Studying the gene defect
molecularly helped determine that the spouses are not at risk of having children who
are dependent on transfusions. The couple received detailed information during genetic
counselling, leading them to understand the pointlessness of undergoing an invasive
prenatal diagnosis, as they had been informed a decade ago.
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