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Introduction: Although sickle cell trait is considered a benign condition, 
there are studies showing that it presents relevant clinical manifestations, 
which makes it important to carry out studies to know its prevalence. 
Objective: To estimate the prevalence of sickle cell trait in blood donors 
in the Midwest region of the state of Minas Gerais (MG). Methodology: 
Information on the presence of HbS in the blood, ethnicity, gender, 
education, age, hemoglobin levels and origin of blood donors were 
consulted in the Hemote Plus system of the Hemominas Foundation 
(FH). Results: The mean age of blood donors in the Midwest region 
of MG was 34.4 ± 11.3 years, 51.4% were male, 52.8% self-declared 
white, 53.3% had up to high school and the mean hemoglobin levels 
were 15.1 ± 1.3 g/dL. The prevalence of sickle cell trait was 2.2% in 
this population. Among the donors with sickle cell trait, there was a 
higher frequency of self-declared brown, followed by self-declared white 
(30.7%) and self-declared black (26.5%), aged 21 to 30 years (31.9%) 
and 31 to 40 years (30.7%) and females (53.9%) were more prevalent 
and the mean hemoglobin levels were 14.8 ± 1.3 g/dL. Conclusion: 
The prevalence of sickle cell trait found in our study was 2.2%, which 
is similar to that found in the Brazilian population and is slightly lower 
than in the state of MG. These findings contribute to other prevalence 
studies in Brazil.
Palavras-chave: Sickle cell trait; Blood donors; Prevalence.
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Introduction

Variant hemoglobinopathies are caused by mutations 
in structural genes responsible for hemoglobin synthesis, 
originating hemoglobins with biochemical and 
physicochemical characteristics different from normal 
hemoglobins, called variant hemoglobins. These disorders 
represent a public health problem in many countries 
due to the high prevalence and severity that their clinical 
manifestations can present. Hemoglobins S (HbS) and 
C (HbC) are the most frequent variant hemoglobins in 
Brazil. The term Sickle Cell Disease (SCD) is used to define 
hemoglobinopathies in which the predominant phenotype 
is that of HbS, even when associated with another variant 
hemoglobin or thalassemia. The most frequent types of SCD 
are HbSS (sickle cell anemia), HbS-beta thalassemia and the 
heterozygous pairs HbSC and HbSD. The heterozygous 
presentation of HbS is called sickle cell trait (HbAS)1-4. 

Individuals with heterozygous HbS tend not to 
have severe clinical symptoms, except when exposed 
to exceptional circumstances. Situations that cause low 
blood oxygen tension (dehydration, intense physical 
exertion, high and low temperatures, stress) favor sickling 
of erythrocytes. Sickled erythrocytes increase blood flow 

Introdução: Apesar do traço falciforme ser considerado uma condição benigna, 
existem estudos mostrando que apresenta  manifestações clínicas relevantes, o 
que torna importante a realização de estudos para conhecer sua prevalência. 
Objetivo: Estimar a prevalência de traço falciforme em doadores de sangue 
da região Centro-Oeste do estado de Minas Gerais (MG). Metodologia: As 
informações sobre a presença de HbS no sangue, etnia, gênero, escolaridade, 
idade, níveis de hemoglobina e procedência dos doadores de sangue foram 
consultadas no sistema Hemote Plus da Fundação Hemominas (FH). 
Resultados: A média de idade dos doadores de sangue da região Centro-
Oeste de MG foi de 34,4±11,3 anos, 51,4% eram do sexo masculino, 52,8% 
se autodeclararam brancos, 53,3% possuíam até 2º grau completo e a média 
dos níveis de hemoglobina foi de 15,1±1,3 g/dL. A prevalência de traço 
falciforme foi de 2,2% nessa população. Entre os doadores portadores do 
traço falciforme houve maior frequência de autodeclarados pardos, seguidos 
de autodeclarados brancos (30,7%) e autodeclarados negros (26,5%), as faixas 
etárias de 21 a 30 anos (31,9%) e de 31 a 40 anos (30,7%) e o sexo feminino 
(53,9%) foram mais prevalentes e a média dos níveis de hemoglobina foi de 
14,8±1,3 g/dL. Conclusão: A prevalência de traço falciforme encontrada em 
nosso estudo foi de 2,2%, o que se assemelha à encontrada na população 
brasileira e é discretamente menor que a do Estado de MG. Esses achados 
contribuem com os demais estudos de prevalência no Brasil.
Palavras-chave: Traço Falciforme, Doadores de Sangue, Prevalência.

RESUMO

viscosity and impair blood perfusion due to vasoocclusion 
in the microcirculation. This pathological process leads 
to complications such as ischemia and tissue necrosis, 
triggering painful crises, hemolytic anemia and several other 
more serious clinical manifestations 1,2,3. SCD encompasses 
a set of different genetic alterations, which can present from 
mild, asymptomatic forms to severe forms such as the one 
described above that, even with advances in treatment, 
still significantly affect the reduction of life expectancy of 
patients with this disease 4. 

Although sickle cell trait is considered a benign 
condition, numerous studies have shown relevant clinical 
manifestations related to this condition 5-11. A case-control 
study conducted in Atlanta concluded that sickle cell trait is 
a risk factor for venous thromboembolism5. Humphries et al. 
described a case report of a 23-year-old man with recurrent 
episodes of thrombosis, in which sickle cell trait was the 
only potential risk factor identified 6. Naik et al. evaluated 
the association between sickle cell trait and chronic kidney 
disease (CKD) in African Americans and concluded that 
heterozygosity for HbS is associated with increased risk of 
CKD, albuminuria, and decline in estimated glomerular 
filtration rate (eGFR)7,8. A population-based longitudinal 
study found a significantly higher risk of exertional 
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rhabdomyolysis among black soldiers with sickle cell trait 9. 
Other studies have shown that there is a positive association 
between the presence of sickle cell trait and stroke 10 and 
complications in patients with diabetes11.

As individuals with sickle cell trait are, for the most 
part, asymptomatic, many discover their condition 
through blood donation. A donation from an individual 
heterozygous for HbS may reduce the effectiveness of the 
transfusion for a recipient who also has sickle cell trait or 
for a newborn. Thus, with the objective of minimizing these 
problems and prioritizing the quality of the transfusion, 
Ordinance No. 158 of February 4, 2016 instituted the 
mandatory search for HbS in blood donors and those who 
are positive for HbS research are notified and sent to the 
Donor Medical Service for clarification on their condition. 
Blood bags from HbS donors should not be used in patients 
with hemoglobinopathies, severe acidosis, newborns, 
intrauterine transfusion patients, surgical procedures with 
cardiopulmonary bypass and hypothermia1. 

In view of the possible complications that individuals 
with sickle cell trait can develop, it is of great importance 
to carry out studies to identify and calculate the prevalence 
of this population. The prevalence of heterozygosis for HbS 
is higher in African countries, and in Nigeria it reaches 
approximately 20%12. In Brazil, studies show that this 
prevalence can range from 0.43% to 9.80%, depending on 
the region of the country 13,14. Machado et al. 15 identified 
a prevalence of 0.4% in São Paulo 16 and Soares et al. 17 
found a value of 3.9% among blood donors in the State 
of Piauí. Other studies performed analyzing secondary 
database of neonatal screening records 18,19 and also blood 
donors20 described values on the prevalence of sickle cell 
trait in various regions of the country, however there is no 
information on the Midwest region of Minas Gerais.

Given the relevance of the topic in question, it is 
important to estimate the prevalence of sickle cell trait in 
blood donors in the Midwest region of the State of Minas 
Gerais, since this region does not have epidemiological 
studies carried out in this area of interest, thus contributing 
to other prevalence studies in Brazil.

Methodology

Design

This is a descriptive study based on data from blood donors 
registered at the Hemonúcleo de Divinópolis/Hemominas 
Foundation (FH). 

Study location and population

The Midwest region of Minas is one of the ten planning 
regions in the State of Minas Gerais, comprising 56 cities. 
With a population of almost 2 million inhabitants, its 
main most populous cities are Arcos, Boa Esperança, Bom 
Despacho, Campo Belo, Candeias, Cláudio, Divinópolis, 
Formiga, Iguatama, Itaúna, Itapecerica, Lagoa da Prata, Nova 
Serrana, Oliveira , Pains, Pardons, Pepper and Piumhi21,22. 
According to the 2010 census of the Brazilian Institute 
of Geography and Statistics (IBGE), the municipality of 
Divinópolis/MG has a population of 213,016 inhabitants 
and the estimated population in 2019 is 238,230 people 23.  
The Hemonúcleo de Divinópolis (FH) was created in 1995 
by Ordinance No. 1,105 of June 19, 1995 24, based on the 

partnership between the State Health Department, São João 
de Deus Hospital (Fundação Geraldo Correa), Hemominas 
Foundation (FH) and the Municipal Government. The 
Hemonúcleo de Divinópolis/FH performs hemotherapy 
and hematology services, serving the entire Midwest 
region of the State of Minas Gerais through contracts with 
establishments that provide hemotherapy services in the 
region, which, during the study period, totaled 42 health 
services (hospitals, clinics and Emergency Care Units/
UPAs), distributed in 31 cities in the region, including 
Divinópolis. 

Data collection

This study was based on a data source provided by the 
donor registry sector of the Hemonúcleo of Divinópolis/
FH, from data consultation in the Hemote Plus system, 
exclusive to the Hemominas Foundation (FH), containing 
information on the presence or absence of HbS in blood, 
ethnicity, gender, education, age, hemoglobin levels (g/dL) 
and origin of blood donors registered at the Hemonúcleo 
de Divinópolis/FH from January 2018 to December 2019.

The method adopted by the Hemonúcleo de Divinópolis/
Hemominas Foundation (FH) for HbS screening is sodium 
dithionite and confirmation is made by Hb electrophoresis 
at alkaline pH25,26.

Data analysis

The collected data were organized in a Microsoft Excel® 
spreadsheet. First, donors with more than one donation in 
the study period were excluded, so as not to be counted 
twice, as well as those who were classified as eligible in the 
clinical screening, but did not show up for the donation, 
either for reasons of withdrawal or inability for screening 
hematologic. The origins of blood donors were grouped, 
according to information provided by the Government 
of the State of Minas Gerais27, in the Midwest region of 
the State of Minas Gerais and other regions of the State 
of Minas Gerais, with only donors from Midwest region. 
Thus, the prevalence of sickle cell trait was calculated (ratio 
between the number of positive donors for HbS in the 
Midwest region and the total number of donors from this 
same region in the stipulated period). Descriptive analysis of 
the data obtained as a measure of frequency of the general 
characteristics of the study participants and those positive 
for HbS was performed. The chi-square test was performed 
to compare sex proportions and the Mann-Whitney test to 
compare age and hemoglobin levels between HbS positive 
and negative donors. 

Ethical Considerations

This project was approved by the Ethics and Research 
Committees of the Universidade Federal de São João  
del-Rei - Centro Oeste Dona Lindu Campus and the 
Hemominas Foundation.

Results

Among the 19,398 blood donors who donated at the 
Hemonúcleo de Divinópolis/FH from January 2018 to 
December 2019, 76.9% were from the Midwest region of 
the State of Minas Gerais, 16.9% from other regions of 
the State of Minas Gerais, 6.1% from other states in Brazil 
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and 0.01% from other countries. Among donors from the 
Midwest region of Minas Gerais (n=14,923), the mean 
age was 34.4 ± 11.3 years, 51.4% were male, 52.8% self-
declared white and 53 .3% had completed high school. The 
mean hemoglobin levels of these donors was 15.1 ± 1.3 g/
dL (Table 1).

Of the 14,923 blood donors in the Midwest region of 
the State of Minas Gerais, 332 donors were positive for 
HbS, which means a 2.2% prevalence of sickle cell trait in 
the population studied.

Regarding blood donors with sickle cell trait, the mean 
age was 33.8 ± 11.4 years, 53.9% were female, 42.8% self-
declared brown and 57.4% had up to high school complete. 
The mean hemoglobin (Hb) levels of these donors was 14.8 
± 1.3 g/dL (Table 2).

Discussion

The objective of the present study was to estimate 
the prevalence of sickle cell trait in blood donors in the 

Midwest region of the State of Minas Gerais, with a value  
of 2.2%.

The prevalence of sickle cell trait in the Brazilian 
population is 2.1% .28 A study by Naoum et al.29 showed 
the prevalence of sickle cell trait for each region of Brazil, 
resulting in 4.49% in the North region, 4, 05% in the 
Northeast, 3.11% in the Midwest, 1.87% in the Southeast 
and 1.87% in the South. In tables 3 and 4 we present studies 
that described the prevalence of the sickle cell trait for some 
Brazilian states and municipalities, respectively.

The prevalence of sickle cell trait found in our study was 
similar to the average of the Brazilian population (2.1%) 
and slightly below that found in the State of Minas Gerais, 
which was 3%. It is known that the distribution of the S 
gene in Brazil is quite heterogeneous, depending on the 
black or Caucasian composition of the population.30 The 
State of Minas Gerais has a higher prevalence of sickle cell 
trait than Brazil and that of the Southeast region, which was 
1,87%. It is expected that the regions that received a larger 

Tabela 1. Características gerais dos doadores de sangue da 
região Centro-Oeste do estado de Minas Gerais (N=14.923).

N %

Gender
Male
Female
Total

7.669
7.254

14.923

51,4
48,6
100

Age
16-20 years 1.543 10,3
21-30 years 4.776 32,0
31-40 years 4.365 29,3
41-50 years 2.700 18,1
51-60 years 1.351 9,1
61-70 years
Total

188
14.923

1,3
100

Ethnic group
Yellow
White
Indigenous
Black
Brown
No information
Total

141
7.881

6
1.434
5.428

33
14.890

0,9
52,8
0,04
9,6
36,4
0,2
100

Education
Illiterate
Up to elementary school
Up to complete high school
Up to complete high school
No information
Total

12
4.212
7.874
2.673
152

14.771

0,1
28,5
53,3
18,1
1,0
100

Hemoglobin levels (g/dL) 15,1 ± 1,3

Tabela 2. Características dos doadores de sangue com traço 
falciforme da região Centro-Oeste do estado de Minas Gerais 
(N=332).

N % P value*
Gender
Male
Female
Total

153
179
332

46,1
53,9
100

0,055

Age 0,355
16-20 years 41 12,3
21-30 years 106 31,9
31-40 years 102 30,7
41-50 years 48 14,5
51-60 years 32 9,6
61-70 years
Total

3
332

0,9
100

Ethnic group
Yellow
White
Indigenous
Black
Brown
Total

0
102
0
88
142
332

0,0
30,7
0,0
26,5
42,8
100

-

Education
Illiterate
Up to elementary school
Up to complete high school
Up to complete high school
No information
Total

0
96
187
43
6

326

0,0
29,4
57,4
13,2
1,8
100

-

Hemoglobin levels (g/dL) 14,8 ± 1,3 <0,001
*Comparison between blood donors in general (Table 1) 
versus blood donors with sickle cell trait.
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contingent of slaves will have a higher prevalence of the 
sickle cell trait, since this condition is closely related to black 
ethnicity. The Southeast region of the country was a region 
largely colonized by Europeans and black Africans due to the 
economic and extractive activities that the region offered at 
the time of slavery31,32, especially the State of Minas Gerais, 
which had a large number of mines, thus demanding great 
number of slaves to work.

 In this study, a higher frequency of self-declared mixed 
race (42.8%) was found among donors with sickle cell trait, 
which shows the great influence of miscegenation in this 
region, followed by self-declared white (30.7%) and self-
declared black (26 .5%), a fact justified by the ascendancy of 
white ethnicity in the Brazilian population and the biases in 
the categorization of skin color33. However, among the self-
declared brown, black and white blood donors, 2.6% (142 
of 5,428), 6.1% (88 of 1,434) and 1.3% (102 of 7,881) 
were carriers of the sickle cell trait, respectively. . Thus, for 
the total population of blood donors evaluated in this study, 
the sickle cell trait was more prevalent among self-declared 
blacks, which is expected since it is a common genetic 
alteration in this ethnic group4.

It is known that the mutation that gives rise to the sickle 
cell trait is not linked to sex, so a significant difference in 
the prevalence of sickle cell trait between men and women 
is not expected.34 In this study, of the 332 positive donors 
for hemoglobin S research , 153 were male and 179 female 
(46.1% and 53.9% respectively), similarly, the data in table 
1, referring to all donors in the Midwest region of the State 
of Minas Gerais ( 51.4% and 48.6%, respectively, p = 0.051) 
showed no significant difference in the proportion between 
men and women. Soares et al.35 and Bernieri et al.20 found a 
male predominance among individuals with sickle cell trait, 

which can be justified by the fact that, in Brazil, according 
to the National Health Surveillance Agency (ANVISA), the 
number of male blood donors is higher 36.

Dos 332 doadores com traço falciforme, a maioria está 
compreendida entre as faixas etárias de 21 a 30 anos (31,9%) 
e de 31 a 40 anos (30,7%). No estudo de Martins et al. 
observa-se cerca de 53% dos doadores de sangue com traço 
falciforme em idade fértil 37. Estes dados nos mostram que 
estes se encontram em idade reprodutiva, demonstrando a 
importância de enfatizar a realização do aconselhamento 
genético com estes indivíduos, a fim de se evitar futuros 
filhos portadores da forma mais grave da doença. 

Flôr et al.38 in a study carried out with blood donors 
from three major blood donation centers in Brazil, the Pró-
Sangue Foundation in São Paulo (São Paulo), Hemominas 
Foundation (FH) in Belo Horizonte (Minas Gerais) and 
Fundação Hemope in Recife (Pernambuco), observed 
that most of the study participants were male (65.4%), 
under 45 years old (86.6%), with an average age of 32.6 
years, reported being brown (42.4%) or white (40.1%) 
and completed at least 11 years of study (61.4%). These 
findings are similar to those found in our study and in 
other studies39,40, showing that this is a predominant profile 
among blood donors. The higher level of education among 
blood donors than the general population of Brazil41, may 
be related to the lack of information about the donation 
process and also to unfounded negative beliefs about blood 
donation and the consequences that this process could cause 
among those with low education.39,40,42

As expected, the median hemoglobin levels of HbS 
positive donors are within normal values ​​14.7 (13.9-15.7), as 
otherwise they would not be able to donate blood. However, 
when comparing the median hemoglobin levels between 

Table 3. Studies on the prevalence of sickle cell trait in different Brazilian states.

Regions of Brazil Location (municipality) Period Study population N Hb AS References

North Rondônia 2003 Neonatal screening 25.446 2,98% Siqueira et al.47

Northeast

Maranhão 2013-2015 Neonatal screening 283.003 3,8% Souza et al.48

Pernambuco 2007 Neonatal screening - 4,0% Cançado et al.30

Bahia 2007 Neonatal screening - 5,3% Cançado et al.30

Piauí 2014-2015 Neonatal screening 69.180 4,1% Reis et al.18

Sergipe 2011-2012 Neonatal screening 32.906 2,79% Leite et al.49

Sergipe 2004-2005 Blood donors 1.345 4,1% Vivas et al.43

Rio Grande do Norte 2001 Neonatal screening 1.940 1,5% Araújo et al.50

Midwest
Distrito Federal 2004-2006 Neonatal screening 116.271 3,23% Diniz et al.51

Mato Grosso do Sul 2000-2005 Neonatal screening 190.809 1,64% Holsbach et al.52

Southeast

Rio de Janeiro 2000-2001 Neonatal screening 99.260 4,7% Lobo et al.53

Rio de Janeiro 2007 Neonatal screening - 4% Cançado et al.30

São Paulo 2007 Neonatal screening - 2,6% Cançado et al.30

Minas Gerais 2007 Neonatal screening - 3% Cançado et al.30

South

Paraná 2001-2004 Neonatal screening 548.810 1,53% Watanabe et al.54

Rio Grande do Sul 2007 Neonatal screening - 2,0% Cançado et al.30

Rio Grande do Sul 2003-2004 Neonatal screening 117.320 1,14% Sommer et al.55
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donors with and without sickle cell trait, it is noted that the 
former have slightly lower, but statistically significant, levels 
when compared to those without sickle cell trait [14,7 (13,9-
15,7) vs. 15,1 (14,0-16,1), p <0,001]. 

Early detection of sickle cell trait has been carried out 
in Brazil since the 1990s. Thus, donor screening is valuable 
for those who are of childbearing age and have not been 
screened by the neonatal screening test, as it allows for 
guidance of these individuals about their genetic condition 
and the risks it poses to bear children with sickle cell 
anemia. In this way, they can opt for an examination to 
screen their partner for sickle cell trait, if the partner does 
not know if he/she has this condition, despite the fact that 
the research on sickle cell anemia by the National Neonatal 
Screening Program is already consolidated in Minas Gerais 
since 199843 and through the result, together decide for 
the pregnancy or not. This could thus reduce costs with 
future complications and treatment for patients with  
SCD44, 45.

Conclusion

The data obtained in this study show the importance 
of calculating the prevalence of sickle cell trait carriers in 
blood donors in the Midwest region of Minas Gerais, as 
there are still no published studies on this region and also 
the benefits of identifying these individuals for know the 
epidemiological profile and enable the construction of a care 
network, if necessary. Thus, this study contributed to other 
prevalence studies in Brazil.
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