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ABSTRACT. The ethnic composition of the Brazilian popula-
tion favors high frequencies of the -α3.7 deletion, responsible for 
α-thalassemia, because this mutation is very common in African 
populations. In spite of its importance, this hemoglobinopathy has 
been poorly investigated in Brazil, especially at the molecular level. 
We investigated the prevalence of the -α3.7 mutation in 220 indi-
viduals attended at the Municipal Hospital of Santarém, in the State 
of Pará. These patients were distributed into three different groups: 
i) 103 individuals with anemia who had microcytosis and hypochro-
mia, ii) 11 individuals without anemia who had microcytosis and 
hypochromia, and iii) 106 individuals with no hematological altera-
tions. We examined the usefulness of investigating α-thalassemia 
carrier status for microcytosis. Among the 103 patients with anemia, 
20 (19.4%) were heterozygotes (-α3.7/αα) and one (1.0%) was a 
homozygote (-α3.7/-α3.7). Among the 11 patients without anemia, 
one heterozygote (-α3.7/αα) was identified; in the third group, com-
posed of normal individuals (106 samples), deletion -α3.7 was found 
in seven samples (6.6%), all of which were heterozygotes (-α/αα).
These frequencies are within the expected range, given available 
data on the distribution of this hemoglobin disorder in human popu-
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lations and the ethnic composition of the population of Santarém. 
We found that α-thalassemia is a common cause of microcytosis, 
given that a high proportion (19.2%) of the microcytic population 
carried α-globin gene deletions.
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INTRODUCTION

α-Thalassemia, the most common single-gene disease in the world, is character-
ized by a reduction or complete absence of α-globin gene expression. Two different dele-
tions (-α3.7 and -α4.2) in the α-globin gene on chromosome 16p13.3, originating from 
homologous recombination between misaligned chromosomes, are the most common 
cause of α-thalassemia (Higgs et al., 1989). The deletion of 3.7 kb of DNA (rightward α+-
thalassemia) is found worldwide, but it is most prevalent in some African, Indian, Nepal-
ese, Sardinian and many other Mediterranean populations, Chinese, and other East Asian 
populations. The -α4.2 deletion (leftward α+-thalassemia) also has a worldwide distribu-
tion, but it is more commonly found in Indian, Melanesian, Thai, and some other Southeast 
Asian populations (Huisman et al., 1997; Weatherall et al., 2001). In the few studies carried 
out in Brazilian populations -α3.7 deletion was the most common deletion. Sonati et al. 
(1991) found α3.7 thalassemia at frequencies varying from 20.0 to 25.0% in a sample of 
black individuals from Campinas, São Paulo State. Borges et al. (2001) studied 339 adult 
outpatients with microcytosis and hypochromia without anemia seen at the University of 
Campinas Hospital and found 49.9% with α-thalassemia (169 individuals), 145 (42.8%) 
heterozygotes (-α3.7/αα) and 18 (5.3%) homozygotes (-α3.7/-α3.7). In the Northeast, -α3.7 
deletion was investigated by Couto et al. (2003) in 106 pregnant women with AC and 
AA hemoglobin pattern, and 21.7% silent carriers (-α3.7/αα) and 0.9% thalassemic trait 
(-α3.7/-α3.7) were found. Adorno et al. (2005) investigated 590 newborns from Salvador, 
Bahia, and observed that one hundred and fourteen (22.2%) had α3.7 thalassemia, of whom 
101 (19.7%) were heterozygous and 13 (2.5%) homozygous.

Carriers of the α-gene deletion have mild microcytosis and hypochromia, and al-
though anemia is either absent or unremarkable, it is important to diagnose α-thalassemia in 
order to identify the cause of microcytosis and to avoid repeated expensive analysis and/or 
prevent either unnecessary or prolonged iron supplementation. In this study, we investigated 
the prevalence of the -α3.7 mutation to evaluate the importance of α-thalassemia carrier status 
for microcytosis in 220 individuals of the population of Santarém, mid-Amazon region, Pará 
State. The subjects were distributed into three different groups, individuals with microcytosis 
and hypochromia with anemia, individuals with microcytosis and hypochromia without ane-
mia, and individuals without hematologic alteration.

SUBJECTS AND METHODS

Subjects 

The study sample was made up of 220 patients seen at the Municipal Hospital of San-
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tarém, Pará State, northern Brazil. All the participants were informed about the study and gave their 
written consent. The sample was divided into three groups: i) 103 individuals with microcytosis 
and hypochromia with anemia (mean corpuscular volume <80 fL, and mean corpuscular 
hemoglobin <27 pg), hemoglobin <12 g/dL for women and <14 g/dL for men, ii) 11 indi-
viduals with microcytosis and hypochromia without anemia, and iii) 106 individuals with 
no hematological alteration.

Hematological, DNA and statistical analyses

Hematological analysis was carried out at the Clinical Analysis Laboratory of 
the Municipal Hospital of Santarém and at Laboratory Celso Matos. Red blood cell indi-
ces were electronically determined. DNA samples were obtained from peripheral blood 
leukocytes by the phenol-chloroform method (Old and Higgs, 1993). -α3.7 deletion was 
investigated using the multiplex gap-polymerase chain reaction method (Liu et al., 2001). 
Statistical analysis was carried out using the statistical package BioStat version 5.0 (Ayres 
et al., 2007), and an independent sample t-test was used for comparison of hematological 
parameters. Allele and genotype frequencies were estimated by gene counting.

RESULTS

The initial analysis of hematological parameters was done on 202 samples. Of 
these samples, 114 displayed microcytosis and hypochromia, 103 with anemia and 11 
without anemia. Of the 103 patients with anemia, 20 (19.4%) were heterozygotes (-α3.7/
αα) and one (1.0%) was homozygote (-α3.7/-α3.7). The carrier status in these 103 patients 
was 20.4%, and the frequency of the -α3.7 deletion in this group was 10.7%. Among the 
11 patients without anemia, the -α3.7 deletion was identified in only one patient, a silent 
carrier (-α/αα), and the frequency of -α3.7 deletion in this group was 4.5%. In the third 
group, formed by normal individuals (106 samples), α-thalassemia due to deletion -α3.7 
was 6.6% (7 samples), all heterozygotes (-α/αα). The frequency of mutation in this group 
was 3.3% (Table 1). Table 2 shows the hematological data (mean and standard devia-
tion) of α-thalassemia carriers compared with those of patients with normal α-genes. As 
expected, the mean corpuscular volume and mean corpuscular hemoglobin values among 
thalassemic carriers were lower than those found among the non-thalassemic ones from 
the sample without hematological alterations. However, it should be considered that the 
hematological parameters exhibited by the thalassemic carriers were also certainly influ-
enced by iron deficiency, which was not evaluated in this study.

Sample N αα/αα -α3.7/αα -α3.7/-α3.7 -α3.7

Microcytic hypochromic anemia 103   82 (79.6%) 20 (19.4%) 1 (1.0%) 10.7%
Microcytosis and hypochromia without anemia   11   10 (90.9%)   1 (9.1%)    4.5%
No hematological alterations 106   99 (93.4%)   7 (6.6%)    3.3%
Overall 220 191 (86.8%)   28 (12.7%) 1 (0.5%)   6.8%

Table 1. Genotype and allele frequency of α-thalassemia (-α3.7) in patients admitted to the Municipal Hospital 
of Santarém, Pará.
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DISCUSSION

The prevalence of α-thalassemia observed in 103 patients with microcytic and hypo-
chromic anemia from the population of Santarém (19.4% silent carriers, -α3.7/αα genotype, 
and 1% with thalassemic trait, -α3.7/-α3.7 genotype) was similar to that found by Pereira et al. 
(2002) in microcytic hypochromic anemia patients from the population of Belém, PA, where 
the silent carrier and thalassemic trait phenotypes were found with frequencies of 17.3 and 
4.5%, respectively. These two populations have similar genetic backgrounds, resulting from 
the miscegenation between European, mostly Portuguese, and African, and indigenous people, 
in quite close proportions (Santos et al., 1996). This can explain their similar frequencies of 
the -α3.7 mutation. The paucity of data on α-thalassemia genotyping in Brazil and the sample 
heterogeneity of the studies available hinder the comparison of our results with those obtained 
in other Brazilian populations.

Inherited hemoglobin disorders have not been found in Amerindians and no α-globin 
gene deletion was found in the five Amerindian tribes studied to date, although the triplicate 
α-globin gene chromosome was found at relatively high frequencies in two tribes (Zago et al., 
1995). Therefore, the deletion was probably brought to the Amazonian area predominantly by 
African slaves and by Portuguese settlers to a lesser degree. The results observed in Santarém 
are in agreement with those expected based not only on the available data about the distribu-
tion of this hemoglobin disorder in human populations, but also on the ethnic composition 
of the population of Santarém, whose contributions of Portuguese, African, and indigenous 
people have been estimated at 37, 28, and 35%, respectively (Santos et al., 1996).

Microcytic hypochromic anemia is a common hematological abnormality in clinical 
practice and it is usually caused by iron deficiency and thalassemia (α and/or β, depending 
on the ethnic diversity of the population). Our results point out that the ethnic diversity of the 
Santarém population makes α-thalassemia a common cause of microcytosis, given that a sig-
nificant proportion (19.2%) of the microcytic population carries the α-globin gene deletion(s), 
indicating the importance of investigating, besides serum iron levels, the α-thalassemia carrier 
status for microcytosis, to prevent unnecessary and potentially harmful medical intervention 
and iron therapy in patients with microcytic anemia due to thalassemia.
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Hematological data Normal α-genes (N = 191) -α3.7 thalassemia carriers (N = 29) P 

Hb (g/dL)    12.8 ± 1.76 11.1 ± 1.67 0.008
MCV (fL)    81.827 ± 10.827   72.2 ± 9.162 0.000
MCH (pg)  27.076 ± 3.078   23.9 ± 3.342 0.000
Hct  36.289 ± 5.597   33.5 ± 4.991 0.009

Table 2. Hematological data, reported as means ± SD, of patients with and without α-thalassemia.

Hb = hemoglobin; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; Hct = hematocrit.
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