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Abstract

Background: Antigens DIIIa, DAR and DAU are common in peo-
ple of African descent and are involved in anti-D alloimmunization. 
Sickle cell disease (SCD) patients frequently need blood therapy and 
are vulnerable to alloimmunization.

Methods: The study included SCD patients from the Brazilian state 
of Bahia, which has the highest incidence of the disease in Brazil; 241 
SCD patients and 220 healthy individuals were studied. Alleles were 
characterized by PCR-RFLP and PCR-SSP techniques.

Results: The DAU allele was found in 22.3% (43/193) of the SCD 
patients. Two (1%) patients had the DIIIa/D wild-type genotype, one 
(0.5%) had the DIIIa/D- genotype, 11 (5.7%) had the DAR/D wild-
type genotype and three (1.6%) had the DAR/D- genotype. Two pa-
tients were positive for the 667T>G mutation and the 1136C>T muta-
tion, one (0.5%) had the genotype DIIIa/DAU, and one (0.5%) had 
the genotype DAR/DAU.

Conclusion: There was statistical significance when the allele fre-
quencies were evaluated among SCD, sickle cell anemia (HbSS) 
patients and healthy individuals. The frequencies of the DIIIa, DAR 
and DAU alleles among SCD patients differ from those of healthy 
individuals from the same population, and a high frequency of the 
DAU variant was associated with anti-D alloimmunization in these 
patients.
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Introduction

The Rh system is polymorphic and is composed of antigens 
characterized by high immunogenicity, especially the D an-
tigen. The D antigen (ISBT 004001; RH1) is a red blood cell 
(RBC) membrane antigen associated with a blood group that 
is of great importance in blood therapy, because Rh-negative 
individuals easily develop antibodies when exposed to D-pos-
itive RBC [1].

The partial D phenotype is characterized by the absence 
of one or more epitopes of the original D antigen that were re-
placed by other amino acid sequences. Those changes are pro-
moted mostly by missense point mutations in the RHD gene or 
by gene rearrangements between the RHD and RHCE genes 
due to the high homology and the short distance between them, 
and they qualitatively change the D protein in its extracellular 
localization [2-4].

Partial D antigens are rare in the Caucasian population, 
with frequencies of less than 1%, but are frequent among Af-
ricans and individuals of African descent [2-4]. The variant 
DIIIa was first described in 1996 as one of the six categories 
of variants of the Rh-positive antigen among individuals who 
developed anti-D antibody [5]. The DAR variant is character-
ized by the complete absence of at least nine of the 37 epitopes 
and is commonly found in Rh-positive individuals. The DAU 
variant is common in people of African descent, but it is rare 
in Caucasians. In 1989, du Toit et al conducted a study in the 
region of Cape Town, South Africa, and reported that 11% of 
pregnant women were anti-D Rh-positive [6].

Sickle cell disease (SCD) is a genetic disease character-
ized by an autosomal recessive inheritance. It shows a high in-
cidence and prevalence in Brazil, especially in the Bahia state 
[7]. Sickle cell anemia (HbSS) is the most severe type of SCD, 
and individuals with this need frequent blood therapy and are 
vulnerable to alloimmunization, which elevates the risk of 
blood transfusion reactions that can be severe or even fatal due 
to overall organ damage [4].

Therefore, the present study aimed to investigate the fre-
quencies of the DIIIa, DAR and DAU alleles associated with 
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the partial D antigen among SCD patients from the North-
east of Brazil and to estimate the risk of anti-D alloimmuni-
zation.

Materials and Methods

Study population

A cross-sectional study was developed during the period of 
2003 - 2007. The population studied was composed of 241 
SCD patients selected from the Hematology Outpatient Clinic 
of the Fundacao de Hematologia e Hemoterapia do Estado da 
Bahia (HEMOBA). All patients were phenotyped as D positive 
or D weak. Clinical data were collected from the medical re-
cords, and demographic data were provided by interviews with 
the patients or with their parents or guardians when the patient 
was less than 21 years of age. The eligibility criteria included 
only SCD patients. All patients were at the steady state of the 
disease, which was characterized as a period without any acute 
events, and had not had blood therapy prior to blood sampling. 
The exclusion criteria included the presence of infectious dis-
ease, previous blood therapy (less than 4 months before the 
study) and inflammatory episodes during the study.

The study also included a group of 220 healthy individu-
als from the same population as the patient group. This group 
was included to test the frequency of the studied alleles in the 
same general population. The healthy group was composed 
of volunteers selected by the Clinical Analysis Laboratory of 
the Faculdade de Farmacia of Universidade Federal da Bahia 
(UFBA).

The study was approved by the Centro de Pesquisa Gon-
calo Moniz of Fundacao Oswaldo Cruz (CPqGM-FIOCRUZ) 
Human Board, and all subjects provided written informed 
consent. For patients younger than 21 years, parents or guard-
ians signed written informed consent followed by the child’s 
agreement. The study was developed in accordance with the 
Declaration of Helsinki of 1975 as revised in 2000. Clinical 
information was collected from the patients’ charts and their 
physicians.

Hemoglobin profile and hematological data

The hemoglobin profile was confirmed by high-performance 
liquid chromatography (HPLC) using the VARIANT I (Bio-
Rad, CA, USA) equipment, which uses the principle of ion 
exchange. Calibrators were evaluated before the samples, ac-
cording to the manufacturer’s recommendations.

Molecular biology analysis

Genomic DNA was extracted from leukocytes in 200 µL of 
peripheral blood using the DNA Kit (Qiagen, Foster City, CA, 
USA) according to the manufacturer’s recommendations. The 
DNA concentration was measured spectrophotometrically us-
ing the Nanodrop ND-1000 (Isogen Life Science, Amsterdam, 
The Netherlands).

Molecular biology analysis was performed by polymerase 
chain reaction (PCR) amplification using specific oligonucleo-
tides for study-specific gene regions.

The restriction fragment length polymorphism (PCR-
RFLP) technique was used to identify gene polymorphisms as-
sociated with the DIIIa and DAR alleles (Table 1). All samples 
containing the HincII restriction enzyme site had the 667C>G 
(exon 5) mutation in the RHD gene and were subjected to a 
second PCR reaction to search for the 455A>C (exon 3) and 
the 1025T>C (exon 7) mutations. The DNA fragment ampli-
fied by PCR was digested with the BanI restriction enzyme, 
to identify the 455A> C mutation specific for the DIIIa allele, 
and by the HphI restriction enzyme, to identify the 1025T>C 
mutation specific for the DAR allele [8, 9].

The identification of the DAU allele was performed by PCR-
SSP using the primers dau1b and daub to amplify the mutant al-
lele located in exon 8 of the RHD gene [10]. The beta globin 
(HBB) gene was amplified as an internal control (Table 1) [11].

Statistical analysis

The analysis of the probability distribution of the variables was 

Table 1.  Synthetic Oligonucleotides Used to Amplify Exons 3, 5, 7 and 8 of the RHD and HBB Genes

Gene Sequence (5′→3′) Exon RHD/mutation and HBB gene Reference
RHDI4’ F: TAAGCACTTCACAGAGCGG Exon 5/667T>G [8]
EX5R R: TCTTGCTGATCTTCCCTTGG
RHDEX3F F: TATTCGGCTGGCCACCATGA Exon 3/455A>C [8]
RHDI3R R: TTCTAATTTTGCCTGTAATC
RHD16F F: TCATAGTGTGGTCCGTAAAC Exon 7/1025T>C [9]
RHDEX7R R: CAATCATGCCCATTGCC
DAU 1B F: TTGGCCATCGTGATAGCTCACAT Exon 8/1136C>T [10]
DAUB R: GGAGATGGGGCACATAGACATC
HBB108 F: CAAGGACAGGTACGGCTGTCGTCATCAC Promoter region [11]
HBB109 R: TTTTCCCAAGGTTTGAACTAGCTCTTC IVS-2 region

F: forward; R: reverse. HBB: internal control beta globin gene.
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performed using the Kolmogorov-Smirnov test together with 
ANOVA parametric tests or non-parametric Kruskal-Wallis 
tests. The ANOVA test was used to analyze the distribution 
of means of quantitative or numerical variables with Gaussian 
distribution within categories. Moreover, to determine whether 
there was likely to be a difference between the mean values, 
we conducted multiple comparisons of means by the Bonfer-
roni test (or post hoc). The non-parametric Kruskal-Wallis test 
was used for non-Gaussian distribution.

Analyses of qualitative or categorical variables with three 
or more groups were performed by non-parametric Chi-squared 
tests, properly corrected by Mantel-Haenszel and Yates tests. 
When values less than 4 were obtained, a Fisher’s exact test 
was used, and 95% confidence intervals (CIs) and prevalence 
ratios (PRs) were calculated for these variables.

The Mann-Whitney test and the independent t-test were used 
to analyze two quantitative variables by comparing two groups 
of values within a variable, taking into account their distribution.

The data analysis was performed using EPIInfo 6.04 
(CDC, Atlanta, GA), the Statistics Data Analysis (STATA) SE 
10 (StataCorp, TX, USA) and GraphPad Prism 5.0. A P value 
of less than 0.05 was considered statistically significant.

Results

Patient characteristics

We investigated 241 SCD patients with an average ± standard 

deviation (SD) age of 17.3 ± 10.9 years, of whom 134 (49.8%) 
were female. All of these subjects had hemoglobin patterns 
compatible with SCD, 171 (71%) with HbSS and 56 (29%) 
with SC disease (HbSC). A healthy control group was included 
in the study and was composed of 220 individuals with an av-
erage age of 36 ± 9.2 years, of whom 98 (44.2%) were female. 
All of the individuals in the healthy group had normal hemo-
globin patterns.

RHD gene mutation frequencies

Tables 2 and 3 show the 667C>G (exon 5) mutation frequen-
cies among the SCD and HbSS patients. The presence of the 
D partial phenotype was confirmed by searching for the DII-
Ia allele associated with the 455A>C mutation (exon 3), the 
DAR allele associated with the 1025T>C mutation (exon 7) 
and the DAU allele associated with the 1136C>T mutation in 
the RHD gene. All results were compared with the frequency 
of the same allele among healthy individuals from the control 
group.

Of 241 SCD patients selected, 193 were analyzed for 
the 667T>G (exon 5) mutation and 90.1% (174/193) had the 
wild-type allele, while 9.9% (19/193) had the mutant allele. 
Of these 19 SCD patients with the 667T>G mutant allele, 
78.9% (15/19) were heterozygous, and 21.1% (4/19) were 
hemizygotes with a negative D allele (D667T>G/D-). The re-
sults from the group of healthy individuals showed that 95.9% 
(211/220) had the wild-type allele for the 667T>G mutation 
and 4.1% (9/220) had the mutant allele. Of these, 66.7% (6/9) 

Table 2.  RHD Gene Mutation Frequencies Among the SCD Patients and Healthy Individuals

Genotype SCD (N = 193) (%) Healthy group (N = 220) (%) OR (95% CI); P
667T>G
  T/T 174 (90.1) 211 (95.9) 2.56 (1.07 - 6.29); 0.034§

  T/G 15 (7.8) 6 (2.7)
  G/D- 4 (2.1) 3 (1.4)
455A>C (DIIIa)
  A/A 189 (97.9) 220 (100) 0.047§§

  A/C 3 (1.5) 0
  C/D- 1 (0.6) 0
1025T>C (DAR)
  T/T 178 (92.2) 211 (95.9) 1.99 (0.8 - 5.05); 0.16§

  T/C 12 (6.2) 6 (2.7)
  C/D- 3 (1.6) 3 (1.4)
1136C>T (DAU)
  Absence 150 (77.7) 212 (96.4) 7.65 (3.34 - 18.18); < 0.000§

  Presence 43 (22.3) 8 (3.6)
DIIIa/DAR or 
1136C>T (DAU)
  Absence 114 (78.6) 203 (92.3) 3.25 (1.65 - 6.43); 0.002§

  Presence 31 (21.4) 17 (7.7)

§Chi-squared Yates corrected. §§Fisher’s exact test. SCD: sickle cell disease; OR: odds ratio; CI: confidence interval.
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were heterozygous, and 33.3% (3/9) were hemizygotes with a 
negative D allele. The 455 A>C mutation, which characterizes 
the DIIIa allele, was found in 2.1% (4/193) of SCD patients. 
Of these, 75% (3/4) were heterozygous, and 25% (1/4) were 
hemizygous (DIIIa /D-). Interestingly, the 455A>C mutation 
was not found among the group of healthy individuals. The 
667T>G and 1136C>T (DAU) mutations were associated with 
DIIIa/DAR or 1136C>T (DAU) alleles that were not in Hardy-
Weinberg equilibrium in either the SCD group or the HbSS 
group.

No difference was observed when the allele frequencies of 
SCD and HbSS patients groups were compared for 667T>G, 
1136C>T (DAU), and the associated DIIIa/DAR or 1136C>T 
(DAU).

Distribution of DIIIa, DAR and DAU alleles

Table 4 shows the distribution of the DIIIa, DAR and DAU 
alleles in the RHD gene among the SCD, HbSS and HbSC dis-
ease patients.

Distribution of partial D genotype frequencies

Table 5 shows the genotype distribution of the DIIIa, DAR and 
DAU alleles of the RHD gene in the SCD, HbSS, and HbSC 
groups and in the group of healthy individuals. Patients with 
the D genotype associated with hemizygosity (D partial/D 

negative) or homozygosity or compound heterozygosity (D 
partial/D partial) were subject to alloimmunization. From a 
total of six patients, one (16.6%) had the genotype DIIIa/D-, 
three (50%) had the genotype DAR/D-, one (16.6%) had the 
genotype DIIIa/DAU, and one (16.6%) had the genotype 
DAR/DAU. Three (1.4%) of the healthy individuals were 
hemizygous and had the genotype DAR/D-.

Distribution of the “C”, “c”, “E”, and “e” antigens of the 
Rh system and the DIIIa, DAR and DAU alleles of the RHD 
gene

Phenotypic data for the antigens “C”, “c”, “E” and “e” of 
the Rh system were investigated in the medical records of 
the patients. This information was available for 75 SCD and 
60 HbSS patients. The most common phenotype found in 
the SCD group and the HbSS group was “ccee”, with 37.3% 
(28/75) and 36.7% (22/60) of patients demonstrating this phe-
notype, respectively. The second most common phenotype 
was “Ccee”, with 29.3% (22/75) in the SCD group and 30.0% 
(18/60) in the HbSS group.

In analysis of the frequencies of the phenotypes of the Rh 
system antigens in 36 patients with SCD who had a mutation 
in the RHD gene, the phenotype “ccee” was the most frequent 
at 56.8% (21/37), followed by “Ccee” at 18.9% (7/37) and 
“ccEe” at 18.9% (7/37) (Table 6).

The distribution of the Rh system phenotypes among 
the SCD patients showed that the incidence of 667T>G and 

Table 3.  Distributions of DIIIa, DAR and DAU Alleles Frequencies in the RHD Gene Among Individuals With HbSS and Healthy 
Individuals

Genotypes HbSS (N = 137) (%) Healthy individual group, N (%) OR (95% CI); P
667T>G
  T/T 122 (89.1) 211 (95.9) 2.88 (1.15 - 7.38); 0.021§

  T/G 13 (9.5) 6 (2.7)
  G/D- 2 (1.4) 3 ( 1.4 )
455A>C (DIIIa)
  A/A 134 (97.8) 220 (100) 0.05§§

  A/C 2 (1.4) 0
  C/D- 1 (0.8) 0
1025T>C (DAR)
  T/T 125 (91.2) 211 (95.9) 2.25 (0.86 - 5.95); 0.11§

  T/C 11 (8.0) 6 (2.7)
  C/D- 1 (0.8) 3 (1.4)
1136C>T (DAU)
  Absence 109 (79.6) 212 (96.4) 6.81 (2.84 - 16.89); < 0.000§

  Presence 28 (20.4) 8 (3.6)
DIIIa/DAR or 1136C>T (DAU)
  Absence 71 (77.2)** 203 (92.3) 3.53(1.67 - 7.48); < 0.000§

  Presence 21 (22.8)** 17 (7.7)

**N = 92. §Chi-squared Yates corrected. §§Fisher’s exact test. OR: odds ratio; CI: confidence interval; HbSS: sickle cell anemia.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.thejh.org 77

Moura Neto et al J Hematol. 2017;6(4):73-80

1136C>T mutations with the R1R phenotype was more fre-
quent among carriers of the wild-type allele, representing 
36.4% (8/22) of the patients, followed by R0r with 22.7% 
(5/22). Regarding the presence of the 667T>G mutation and 
the 1136C>T mutation, the phenotype R0r was the most fre-

quent, corresponding to 56.8% (21/37) of the patients, fol-
lowed by the phenotype R1R with 18.9% (7/37).

The mutations 667T>G and 1025T>C, which are related 
to the DAR allele, were associated with a high risk of hospi-
talization (Fig. 1).

Table 4.  Distributions of the DIIIa, DAR and DAU Alleles in SCD and Healthy Groups

RHD alleles SCD patients (n = 193) Healthy controls (n = 220) OR (95% CI) P
667T>G 19 (9.8%) 9 (4.1%) 2.56 (1.07 - 6.29) 0.034*
DIIIa 4 (2.1%) 0 - 0.047**
DAR 15 (7.8%) 9 (4.1%) 1.99 (0.8 - 5.05) 0.16*
1136C>T (DAU) 43 (22.3%) 8 (3.6%) 7.65 (3.34 - 18.2) < 0.000*

HbSS (n = 137)
667T>G 15 (10.9%) 9 (4.1%) 2.88 (1.15 - 7.38) 0.021*
DIIIa 3 (2.2%) 0 - 0.05**
DAR 12 (8.8%) 9 (4.1%) 2.25 (0.86 - 5.95) 0.110*
1136C>T (DAU) 28 (22.2%) (n = 126) 8 (3.6%) 6.81 (2.84 - 16.89) < 0.000*

HbSC (n = 56)
667T>G 4 (7.1%) 9 (4.1%) - 0.31**
DIIIa 1 (1.8%) 0 - 0.20**
DAR 3 (5.4%) 9 (4.1%) - 0.71**
1136C>T (DAU) 14 (20.9%) (n = 67) 8 (3.1%) 7.00 (2.58 - 19.38) < 0.0001*

*Chi-squared Yates corrected. **Fisher’s exact test. OR: odds ratio; CI: confidence interval; SCD: sickle cell disease; HbSS: sickle cell anemia; 
HbSC: hemoglobin SC.

Table 5.  Distribution of Partial D Genotype Frequencies in the SCD, HbSS and Healthy Groups

RHD gene alleles SCD (N = 193) (%) HbSS (N = 137) (%) Healthy individual group (N = 220) (%)
DIIIa/D normal 2 (1.0 ) 1 (0.7) -
DAR/D normal 11 (5.7 ) 11 (8.0) 6 (2.7)
DIIIa/D- 1 (0.5) 0 -
DAR/D- 3 (1.6) 1 (0.7) 3 (1.4)
DIIIa/DAU 1 (0.5) 1 (0.7) -
DAR/DAU 1 (0.5) 0 -
DAU/ D-, D normal or DAU/DAU 40 (20.7) 27 (19.7) 8 (3.6)

SCD: sickle cell disease; HbSS: sickle cell anemia.

Table 6.  Distribution of the “C”, “c”, “E”, and “e” Antigens of the Rh System and the DIIIa, DAR and DAU Alleles of the Gene RHD 
Among Sickle Cell Disease Patients

RHD alleles ccee Ccee ccEe CcEe Not conclusive
DIIIa/D normal - 1 - - -
DAR/D normal 5 2 2 - -
DIIIa/D- - - - - 1
DIIIa/DAU 1 - - - -
DAR/DAU 1 - - - -
DAU/D-, D normal or DAU/DAU 14 4 5 1 -
Total (%) 21 (56.8) 7 (18.9) 7 (18.9) 1 (2.7) 1 (2.7)
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Discussion

The Rh system is extremely polymorphic and has important 
features related to ancestry, as changes described in this sys-
tem are not homogeneously distributed among different eth-
nic groups [12]. Partial D antigens are rare in the Caucasian 
population but have high frequencies among individuals from 
Africa or of African descent [2-4].

Partial D antigens are involved in anti-D alloimmuniza-
tion because they are recognized as weakly D positive by the 
monoclonal and polyclonal antisera typically used in serology. 
Individuals with these antigens usually have been transfused 
with Rh-positive RBC [13].

In this study, we investigated the distributions of the DIIIa, 
DAR and DAU alleles among SCD individuals from the Bra-
zilian state of Bahia after identifying the 667T>G, 455A>C, 
1025T>C, and 1136 C>T mutations in the RHD gene. Indi-
viduals with SCD that participated in this study had the highest 
frequencies of the DIIIa, DAR and DAU alleles. Of 241 SCD 
patients, 25.7% were positive for at least one of the RHD gene 
mutations investigated. Our data corroborate previous reports 
that showed high frequencies of the partial D alleles among 
African people [3, 4, 14].

The 667C>G mutation is associated with both the DIIIa 
and DAR alleles and was therefore used as an indicator of 
either of these alleles. The 667C>G mutation was frequent 
among SCD patients, with a 2.5-fold higher probability for 
the presence of the DAR or DIIIa allele in SCD patients com-
pared with healthy individuals. When the HbSS patient group 
was considered, the 667C>G mutation was found at a higher 
frequency, with a 2.9-fold higher probability of being found 
among patients compared with individuals from the healthy 
group. However, no differences were found between the al-
lele frequencies in HbSC patients and HbSS patients, indicat-
ing that the alloimmunization risk is high even among HbSS 
patients. The observation of a higher allele frequency among 
SCD patients could represent a selection of patients with se-
vere disease that attend the outpatient clinic and have a high 
risk of developing RhD antibodies, increasing the risk of al-
loimmunization.

In our work, 2.1% of SCD patients had the 667C>G and 
the 455A>C mutations, indicating the presence of the DIIIa 
allele. Only one patient was hemizygous for this allele. The 
DAU and DAR alleles were found in 22.3% and 7.8% of the 
patients, respectively. Castilho et al in 2005 reported the DIIIa 
allele frequency among Brazilian SCD patients from the city 
of Campinas, located in the South of Brazil, a region with a 
predominance of Caucasian individuals, where 9.2% of pa-
tients had the 667C>G mutation, comprising 3.1% of the geno-
type DIIIa/D wild type, and 6.1% had the genotype DIIIa/D-. 
While Castilho et al in 2005 reported that hemizygous indi-
viduals (DIIIa/D-) predominated, the most common genotype 
in our study was DIIIa/D normal [9]. However, the finding of 
a greater number of hemizygous individuals (DIIIa/D-) may 
suggest an increased risk of alloimmunization among SCD pa-
tients from Campinas.

The DIIIa allele was not found among individuals from 
the control group, and analysis of this allele among SCD, 
HbSS and HbSC patients and the healthy group did not show 
significant differences. Three of four patients with the 667C>G 
mutation were from the HbSS group, providing an estimate of 
the incidence of a partial D genotype DIIIa, of 2.2% of these 
patients. These findings corroborate the observation that a high 
frequency of this mutation is common in people of African ori-
gin and uncommon among individuals with a Caucasian ge-
netic heritage [8].

We found the DAR allele in 7.8% of SCD patients and 
in 8.8% of HbSS patients, which is higher than reported in 
other studies. Hemker et al studied 326 individuals from South 
Africa and reported a frequency of 4.9% for the DAR allele, 
representing 1.5% of all homozygotes or hemizygotes [15]. In 
populations of Caucasian origin, however, the frequency of the 
DAR allele is lower than in populations of African origin, with 
reported frequencies lower than 0.1% [10]. The frequency of 
the DAR allele reported by Avent in 2009 was 0.0002%, while 
the frequency of the DAU allele was 0.0001% among 33,864 
healthy individuals from a German population. In our study, 
the frequency of the DAR variant was 7.8% of the mutant al-
leles in SCD patients [16]. Castilho et al in 2005 described a 
frequency of 6.9% for this allele in SCD patients from Campi-
nas [9].

Figure 1. Distribution of 1025T>C, which is related to the DAR allele, and its association with a high risk of hospitalization.
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A study conducted in the region of Cape Town, South 
Africa, demonstrated that approximately 11% of pregnant 
women had Rh-positive anti-D. Molecular biology analysis 
revealed that all of these women were positive for a D par-
tial allele [6]. This variant is very common in African popu-
lations according to previous reports [17]. In 2009, Hustinx 
et al studied people of African descendant and found a fre-
quency of 24.5% for the DAU allele identified by PCR-SSP 
[18]. In Brazil, the DAU allele has not been reported previ-
ously, and the high frequency of this allele among our SCD 
patients demonstrates the relevance of this work. In our study, 
the variant DAU was identified by a single codon mutation, 
1136C>T [10]. Thus, the DAU allele, compared with DIIIa 
and DAR, was the most frequent in the SCD patients studied. 
These data reinforce the report that the DAU allele, not the 
DIIIa allele, is the most frequent RHD allele in the Brazilian 
population of Bahia, followed by the DAR allele. Castilho et 
al, in 2005, found 9/130 (6.9%) HbSS patients with the DAR 
allele, but only 5/130 (3.9%) with the DIIIa allele [9]. On the 
basis of the results obtained here, the DAU allele may be as-
sociated with a heterogeneous distribution of hemoglobin S 
(HbS) in Brazil, but this allele was not investigated in this 
study. In Northeast Brazil, mainly in Bahia, the population is a 
tri-racial mixture of Europeans (mostly Portuguese), Africans 
and indigenous people. The frequency of HbS in the state of 
Bahia is the highest in Brazil, varying from 4.5% to 14.7% in 
several population groups studied [7].

The distribution of the “C”, “c”, “E” and “e” antigens of 
the Rh system, according to positivity for the 667T>G and 
1136C>T mutations, indicated that the phenotype R1R was 
the most common at 36.4% (8/22) of patients, followed by 
R0r with 22.7% (5/22). Among patients who were positive for 
any of the mutations, the most common phenotype was R0r 
at 56.8% (21/37), followed by R1R at 18.9% (7/37). Another 
study detected a DAR variant allele correlated with the “ce” 
phenotype in an Afro-Caribbean woman [19]. A group of Eu-
ropean Caucasians individuals with the 1136C>T mutation ex-
hibited the R0R2 phenotype more frequently than the Brazil-
ian population [18].

For a similar Bahia population, D-typing strategies may 
be appropriate because of the variety of alleles presented by 
African clusters that are difficult to identify. In the case of SCD 
patients, this picture is even worse. In patients with anemia, the 
disease may be aggravated due to hemolysis caused by a trans-
fusion reaction. This may decrease the effectiveness of trans-
fusion therapy, generating free hemoglobin with the potential 
to damage kidneys and lungs, and increasing the level of reac-
tive oxygen species, which can aggravate the disease patho-
genesis [20]. These effects may partly account for the 3.6-fold 
increase in the risk for hospitalization in the SCD patients with 
the DAR allele in our study and indicate the need for improving 
transfusion therapy, for example, by genotyping patients for 
DAR, DIIIa and DAU, especially those who are candidates for 
chronic transfusion, to prevent alloimmunization [21].

Conclusions

Distributions of the variants of DIIIa, DAR, and DAU among 

SCD patients from the Brazilian state of Bahia differ from the 
frequencies observed in healthy individuals from the same 
population. The data presented here show that the DIIIa, DAR 
and DAU alleles are common in SCD and HbSS patients when 
analyzed separately, with a high frequency of the DAU allele; 
this is the first description of these high incidences in Brazil. 
The variant DAU was associated with the occurrence of anti-
D alloimmunization among the SCD patients investigated. 
However, further studies should be performed to confirm 
the alloimmunization occurrence in two double hemizygous 
DAR/D- and DIIIa/D- patients who were submitted to several 
transfusion events, but had negative indirect Coombs.
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