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Abstract: Hemoglobin S is a hereditary blood pathology, with higher prevalence worldwide. The homozygous patients have
anemia in varying degrees of severity, while heterozygous carrier sickle cell trait may have hematocrit and hemoglobin which
can be used in donation. The hemoglobin carrier erythrocyte characteristics does not allow you to be a good donor blood
transfusion undesirable effects may be due to both the potential sickling as to changes in hemotherapeutic product as a result of
processing and storage. In Cape Verde, no studies related to the prevalence of hemoglobin S and program for screening of
hemoglobin S in the blood donors are reported. The main objective of this study was to determine the prevalence of
hemoglobin S in blood donors attended in the Dr. Agostinho Neto Hospital, between August to October (2013). Sickling of red
blood cell technique was performed. Between samples we found that four donors from 104 (3.9%) that were screened had
positive results, gender, age and hemoglobin concentration, naturally, county of residence, blood groups and regular donors
were associated with the presence of such a hemoglobin variant. The results underscore the importance of screening this
abnormality in the blood donors and further studies must be performed. Also we recommend the implementation of
information strategies, awareness, early detection and treatment of diseases associated with hemoglobin S.
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present values of hematocrit and hemoglobin that may be
possible to donate blood °. However, in this situation the
actual morbidity is quite controversial, since there are reports
of clinical complications after received blood and exposed to
low oxygen tension environment'.

Hemoglobin S cases just happened when clinician's
observed the publication splenic infarcts in AS pilots staying
in unpressurized cockpit after aircraft flights. However, in
normal conditions, the carriers of sickle cell trait showed no
clinical signs'.

While the heterozygote individuals present do not usually
evident clinical manifestations are reports of clinical
complications, and even sudden death in patients exposed to
conditions of low oxygen tension such as general anesthesia,
diving, pressurized aircraft in flight also dehydration in
strenuous physical exertion, severe respiratory infections,
heart failure and respiratory acidosis episodes, which can
lead to sickling of erythrocytes, causing vascular
complications, splenic infarction and renal complications and
genitourinary tract'.

The erythrocyte characteristics of sickle cell trait carrier

1. Introduction

Hemoglobin is a protein in red blood cells which mainly
transports oxygen and CO2. It consists of two parts: a protein,
comprises four globin chains which are grouped forming a
tetramer and contains a heme group iron molecule’.

Hemoglobin S (HbS) variant hemoglobin, results from the
point mutation at position 6 of the B globin chain gene
(substitution of glutamic acid for valine), with consequently
changes the physicochemical properties of molecule™*.

Genetic hemoglobin change is a group of high clinical
relevance and has been important in public health. Thousands
hemoglobin variants have been described. However, the vast
majority are not clinical important'?.

Individuals with sickle cell trait (HbAS) are considered
healthy carriers and such genotype are called sickle cell trait.
Therefore, they are clinically and hematogenously healthy
and able to donate blood."*

According Lisot in 2003, the carriers of sickle cell trait,
Hemoglobin SC and other related hemoglobinopathies may
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not allow to be a desirable blood donor®. The undesirable
effects of transfusion, when it comes to erythrocytes
containing HbS may be due to the sickling potential in the
receiver as well as the changes in hemotherapeutic product
caused by processing and storage” .

Heterozygous red blood cells should not be used in
patients with sickle cell anemia during sickling crisis,
newborns (especially premature), and individuals in severe
hypoxia! 1113,

In Cape Verde, the material used during blood donation and
the procedures is regulated by Law No. 18 / VII / 2007 of 26
November, traces of infectious agents and pre-transfusion tests.
However, none rules have been documented related to
established the mandatory screening of HbS. After revising the
literature and found lacking studies related to sickle cell
disease in the blood donation, we decide to carry out this study.

Therefore, the objective of this study was to determine the
prevalence of HbS and its relationship to the characteristics
of the study population.

2. Methodology
2.1. Study Population

This was a prospective study, applying quantitative and
qualitative approaches that determined the prevalence of
hemoglobin S in the blood donors attended in Dr. Agostinho
Neto Hospital during the period from August to October
2013. We discuss the nationality, age, blood group, donation
frequency, county and hemoglobin concentration. All data
was obtained from blood bank. All data was well organized
in computer.

The project of this study was previously approved by the
National Committee for Ethics in Research for Health
(CNEPS). We followed all measures established in Decree
Law No. 26/2007 of 30 July which includes the free
signature and informed consent by the patients. Also we
guaranteed not harm the physical integrity of patients.

2.2. Sickling Cell Test

The detection of hemoglobin S was performed mixing
10pL of whole blood with of 50pL sodium metabisulphite
(NazS;0s5) 2%. In this technique the deoxy-Hb form
polymers, causing change in the morphology of the red blood
cells, acquiring the sickle shape.'

2.3. Statistical Analysis

All collected data were organized in a database created
using Microsoft Excel 2010 and imported to the computer
statistical program R (R Core Team, 2013). To characterize
the profile of participants’ frequency comparison tests were
used and average for two and / or more groups according to
the nature of the variables was determined.

To determine the factors related to the presence of
hemoglobin S, logistic regression was calculated. To assess
the degree of association, the strength of association ("odds
ratio") was determined using the exponential value estimated

by the model. All statistical analyzes were conducted at a
confidence level of 95% (a = 0.05).

3. Results

According to the results we found significant differences
between sex of donors (2= 19:47; p <0.001), with a
predominance of males (72.12%). Regarding the age of the
donors, we observed the variation between 18 and 58 years.
However there were no significant differences in their
average when sex and age was compared (W = 1225; p-value
=0.32).

The numbers of blood donors varied significantly by
residence. More than 75% of donors was from Praia. Only
one participant had permanent residence outside of the
Santiago Island. Blood group O + was the most prevalent
(44.2%). A important number of donors participants has
blood group A + (22.1%), + B (12.5%) and O- (12.5%).

During the period of study we found 104 donors, which
represent 3,9% with positive result for the presence of
hemoglobin S.

The logistic regression analyses showed the association
between the variables and the presence of HbS, compared to
females, males were significantly more associated with the
presence of HbS (OR=1.04) fig. 1.

The wvariation of age (OR=0.97) and hemoglobin
concentration (OR=0.36) fig. 2, was linked to the presence of
HbS. Santiago Island, Sdo Nicolau and Poland were the most
associated with the presence of HbS (OR>10) fig. 3.
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Fig. 1. Logistic regression relating Gender of blood donors and presence of
hemoglobin S.
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Fig. 2. Logistic regression relating Age and hemoglobin of blood donors and
presence of hemoglobin S.
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Fig. 3. Logistic regression County of Residence and presence of hemoglobin
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Fig. 4. Logistic regression blood groups of blood donors and presence of
hemoglobin S.

When comparing blood groups, we verified that the groups
O+ and A+ were among the most associated (OR>10) fig.4.
Surprisingly we found some regular donors (2nd time or
more per year) were significantly associated with the
presence of HbS than those who donated blood for the first
time, fig.5.
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Fig. 5. Logistic regression regular donors and presence of hemoglobin S.

4. Discussion

The present study was performed on 104 of non
remunerated voluntary blood donors attended in Blood Bank
of Dr. Agostinho Neto Hospital. We found a predominance of
males blood donors (72.12%) similar results were found in
other studies "+ > !¢

The relatively lower numbers of female donors could be
related to the physical state such as anemia and by Law No.
18 / VII / 2007 to 26 November, which established that
women should donate every 4 months and man every 3
months. The majority of blood donors in this study ranged
from 18-58 years. Most donors were from Praia City. This
may be due to localization of blood bank in this city.

The prevalence of HbS in this study was 3.9% (n= 4), the
Prevalence of HbS found in this study is low compared to
other developed studies in Cape Verde, this may be due to
only three months study peroxide (104 donors), shortening
the decision of the study period just three months it should be
a number of reasons. First, dealing with a first cross-sectional
study, the aim is certainly to have a view of the object of
study of the situation in the place of study (Blood Bank of the
Hospitals of Cape Verde Central). Secondly, as you know, the
Cape Verdean legislation establishes that men should give
blood in a three months interval while women every four
months. Thus, in order to minimize the possibility of
including the same individual twice (which would result in
duplication of a negative or positive result and skewing the
particular prevalence), reduced the period of study in order to
ensure that there would be no time one individuals return to
the Blood Bank with the intention of donating blood.

Another’s studies showed a higher prevalence of Hb,
specifically in individuals from tropical Africa and among
blacks’ countries where the slave trade occured. The
hemoglobin S gene is also found in another’s populations.
However this prevalence is lower when compared with
African countries and Brazil.

The prevalence identified in the study is in line with the
region surrounding the Mediterranean Sea, including the
northern coast of Africa, Turkey, Lebanon, Syria and Greece
and in Portugal. In these regions the prevalence is between 2
and 5%. However, it is important to note that within those
regions (or countries) various prevalence considerably among
racial groups, as in the case of Eti-Turks in Turkey (14%) and
between Khazramah Syria (25%)’.

According Naoum (2000), in Brazil, in the northeast, the
prevalence of hemoglobin S is 4.05%". According to Aguiar
& Maia (2011), the regional Blood Center of Montes Claros,
Minas Gerais, the prevalence of hemoglobin S is 4%.'

More studies should be performed on blood donors with
more sensitive methods and a longer study period to
determine the real prevalence of HbS in blood banks in Cape
Verde.

The hemoglobinopathies is an important public health
problem. Study by Cruz et al ( 1979), showed a genotype
frequency: HbAS=7.86%, HbSS= 0.16% and HbAA = 91.36%
3, higher than those observed in our study. Also another study
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carried out by Alves (2010), reported a prevalence of
HbAA=92%, HbAS=7% and HbSS=1% (n=217). These
results are probably due to the difference in sample size and
the methodology applied. Since the methodology followed is
more sensitive than sickling technique used in this study”.

Logistic regression showed a greater association of
presence of HbS with sex (OR=1.04). This may be explained
by the higher number of male donors attended. However,
gender is not a crucial factor related to the presence of HbS,
since genes that express the synthesis of the B globin chain
are not restricted by this condition" * . Also the age not
influences the gene expression.

According, Murao & Ferraz (2007) the concentration of
Hb in HbAS carriers may be below 30%, with hemoglobin
concentration ranging from 13 to 15 g/dl, which correlated
with the results found in male donors, where the values of Hb
are within the standard for donation®.

Depending on the residence, we conclude that all carriers
of HbS were from Santiago Island. According to data, in this
island, resides a greater number of males compare to female.
The model is identified as a risk factor for the presence of
HbS.

The high association between HbS and Poland (OR=10)
and S3o Nicolau Island (OR=33.8), may be due to the model
risk factors for the presence of HbS.

This is, to our knowledge, the first study on the prevalence
of HbS in Blood Bank to take place in the archipelago of
Cape Verde, as emphasized in the work. Therefore, we
considered this study (hemoglobin S) important for public
health and should be revised in national legislation. Also, this
study provides data and fundamental information which may
be the base for health care plans, especially those related to
blood transfusion.

WHO Working Group recommends the population survey
of the prevalence of hemoglobinopathies and thalassemia,
because it allows the identification of heterozygous and
homozygous Moreover, these programs also have a
responsibility to clarify and educate patients'’. Therefore, the
identification of people with sickle cell trait or heterozygous
for hemoglobin S is very relevant. These people should have
the knowledge of their genetic condition, knowing that
present a high risk of bearing children with sickle cell anemia
and heterozygous children, who are parents of other future
sickle patients '°.

The importance of screening HbS may increase the interest
for the preventive detection of this variant, the possibility the
ability to obtain offspring carrying the same trait or sickle cell
anemia. This also will allow early detection of this abnormality
in children and hence proper medical attention. If the HbS is
detected prior to transfusion, the health professional may carry
about the quality of transfused blood which prevents many
complications, cost and risk for the patient.

In addition to the donor screening, these results further
highlight the importance for screening in the population to
identify carriers of this variant hemoglobin. Also this
approach may be important to inform the possible genotype
of descended avoiding complications and further costs.

5. Final Consideration

In this study, we concluded that the prevalence of
hemoglobin S is 3.9% in blood donors attended in the blood
bank. These results also underline the need to carry out
further studies in other populations.

This result will outline guidelines on this issue which may
be the base for the implementation of strategies, awareness,
early detection and treatment of this disease.

Such studies provide precious information for the
inclusion policy decision of mandatory screening of
hemoglobin variants before blood donation and transfusion.
Thus contributing significantly to the improve the health care
system in Cape Verde.

Early detection of carriers of the Hemoglobin S or
hemoglobinopathies and allows counseling and/or genetic
counseling and treatment to patients. National Health System
Cape Verdean should focus on implementation of the
National Comprehensive Care System for People with sickle
cell disease hence it can function as a means to prevent costs
for the health system if there is an increase in the number of
carriers.
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