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BACKGROUND

The Congenital Anemias Unit at Centro 
Hospitalar de Coimbra (CHC), Portugal, is a 
reference center for red blood cell (RBC) 
disorders. A multidisciplinary team provides 
the clinical and laboratory diagnosis and the 
medical advice, treatment and prevention of 
the severe forms.

The biochemical and molecular diagnosis 
covers the hemoglobinopathies, defective 
RBC metabolism, membrane disorders, 
sideroblastic anemia, pure red cell aplasias, 
congenital erythrocytosis and the phenotype 
modulating factors related to iron overload 
and hyperbilirrubinemia. Prenatal diagnosis is 
provided when indicated.

METHODS

The methodology for RBC disorders 
investigation is mainly based on the clinical 
history, family data, hematological 
parameters, including RBC morphology, and 
follow the standard biochemical and 
molecular tests described elsewhere. 

In addition to patients from CHC out- and in-
patient clinic, many samples are received from 
other Hospitals all over the country and from 
abroad.

RESULTS

Among the RBC disorders severe phenotypes, 
Thalassemia intermedia, Sickle cell disease 
and PK deficiency are the most frequent.

The prenatal diagnostic studies were 
performed on pregnancies at risk of severe 
forms of Hemoglobinopathies , PK deficiency, 
TPI deficiency, sideroblastic anemia and 
congenital pure red cell aplasia.

Recently, we implemented a 
Hemoglobinopathies screening program at the 
central region of Portugal. The target 
population are young adults and pregnant 
women attending the primary care medical 
centers and Obstetrician Units. We developed 
a new procedure for HPLC Hemoglobin 
studies using capillary blood samples. Couples 
at risk of having children with severe forms of 
the disease are referred to Prenatal Diagnosis 
Units. Among the 20000 samples studied the 
frequency of beta-chain hemoglobinopathies 
carriers was 2,1%.

CONCLUSIONS

Severe forms of RBC disorders are relatively 
rare and should be investigated and treated in 
dedicated clinical/laboratory units with 
technical expertise and clinical experience. 
Correct diagnosis, made as early as possible, 
can prevent many complications associated 
with these diseases. Carrier screening, genetic 
counseling and prenatal diagnosis should be 
available.

Hemoglobinopathies screening program 
at the Central Region of Portugal
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In summary:

• In the population living in Central 
Portugal b - Hemoglobinopathies carrier 
frequency is 2,1%.

• Among the Hb S carriers 22 out of 95 
have Portuguese ancestry, as well as the 
26 Hb D-Punjab carriers.
As the HbS and HbD carriers have 
normal hematological parameters, the 
unpredicted identification of these 121 
individuals among the Portuguese 
autochthon population stresses the 
indication for an universal 
Hemoglobinopathies screening among 
young adults.

• Our methodology is efficient and simple 
and allows large population carrier 
detection in primary care medical centers 
with no facilities to collect venous blood 
samples

Samples studied 20650

bbbb-HbP Carriers 444

bbbb-thal minor 295

Hb variants

Hb S 95

Hb Lepore 18

Hb D-Punjab 26

Hb C 4  

Hb E 1

Other variants 5   
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Aims of the study

Carrier screening in order to evaluate the 
prevalence of beta-globin chain 
Hemoglobinopathies in autochthon and immigrant 
population and to identify couples at risk of having 
children with severe forms of anemia.
To introduce carrier detection at primary care 
health services.
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Methods

After informed consent, capillary blood samples were 
collected with the “HbA1c Capillary Collection System”
(BioRad). Quantification of HbA2, HbF and separation of 
Hb fractions were done  by HPLC analysis (b Thal Short 
Program, BioRad) (Bento C et al, 2006). 

NBS1 (exons 3 to 10)Nijmegen  Breakage Syndrome

RHDRhesus blood group variants

RHD, RHCE
Rhesus blood group,
CcEe and D antigens 

ALAS2 
Sideroblastic Anemia, 
X-linked

RPS 17, 19 and 24Diamond-Blackfan anemia

EPOR, VHL, HBA, HBB, 
JAK2, MPL Polycythemia

HFE, TFR, HEPC, HJV, 
DMT1Hemochromatosis 

UGT1A1 (insertion TA) Gilbert Syndrome

AE1 
Membrane disorders RBC
Hereditary Spherocytosis (HS) 
Hereditary Elliptocytosis (HE)

G6PD, PK, TPI, P5’N 

Enzymopathies RBC, deficiency of:

Glucose-6-phosphate dehydrogenase
Pyruvate-kinase
Glucosephosphate isomerase
Triose phosphate isomerase
Pyrimidine-5’-nucleotidase 
Diphosphoglyceratomutase
Hexokinase
Aldolase
Other enzymes 

HBA; HBB; HBD; HBG

Hemoglobinopathies 
Thalassemias 
Sickle cell anemia 
Hemoglobin Variants
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Child with sickle cell 
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Couple with no risk:
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Thalassemia 
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Molecular studies

DATA

Molecular studies are performed when 
necessary for diagnosis or prognosis and for 
genetic counseling and prenatal diagnosis. 

b0CD 39 (C-T) / bA  + Triplication �5
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Hb Lep-Balt /b+ IVSI-6 (T-C)1

7.4 kb db del / b0CD 39 (C-T)1
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Thalassemia Intermedia patients

Hemoglobinopathies:
HPLC

HbA2 and Hb F
Hb variants

Hb electrophoresis
Instability test
Solubility Test
Hb H inclusions 
F cells % 
(Dacie et al, 2002)

• Clinical and familial history 
• Red cell indices
• Blood film morphology

Enzymopathies
Red cell enzyme assays 
(Dacie et al, 2002)

Red cell membrane disorders:
Osmotic Fragility 
Acidified glycerol lyses test
Quantification of membrane 
proteins
(Dacie et al, 2002; Tse et al, 1999)
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SDS - PAGE electrophoresis
Quantification of 
membrane proteins

METHODOLOGY

Enzymopathies

�Pyrimidine-5’-nucleotidase

�Hexokinase

��Glucose-6-phosphate 
dehydrogenase

��Pyruvate-kinase

�Triose phosphate 
isomerase

nnEnzymeEnzyme

57

98

nn

14 patients
(5 families)

Diamond-Blackfan
anemia

15 patients
(11 families)

Sideroblastic Anemia, 
X-linked

Mutations Mutations 
found in:found in:

PathologyPathology

Patients with other types of anemia

Mild microcytosis in 

heterozygotes
Hb E (b26 Glu-Lys)

Target cells in 
peripheral smears 

Hb C (b6 Glu-Lys)

UnstableHb Genova (b28 Leu-Pro)

Normal in 
Heterozygotes

Hb S (b6 Glu-Val)

Normal in 
Heterozygotes

Hb Cocody (b21 Asp-Asn)

Increased oxygen 

affinity
Hb Vila Real (b36 Pro-His)

Mild microcytosis in 
heterozygotes

Hb Plasencia (�Þ125 Leu-Arg)

Unstable Hb Köln (b98 Val-Met)

Increased oxygen 

affinity
Hb San Diego Hb San Diego (b109 Val-Met)

NormalHb D-Punjab (b121 Glu-Gln)

Increased oxygen 

affinity
Hb Coimbra (b99 Asp-Glu)

Mild microcytosis in 
heterozygotes

Hb Lepore (db hybrid)

Unstable Hb Sabine (b91 Leu-Pro)

HematologyHematologyVariantVariant

Types of Hemoglobin Variants found

Hereditary Spherocytosis (HS) or Hereditary
Elliptocytosis (HE)

62Prot. 4.141
� + b

Espectrinas103HE

5Prot. 
4.2

132Band 3 
Prot.4.2

248Anquirin/Esp/
Prot 4.2

449HS


