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Aim: Alloimmunization (the production of antibodies against foreign red blood cell (RBC) antigens) is a significant complication in 
patients with sickle cell disease (SCD) who require chronic transfusion. This retrospective study examined the distribution of ABO and 
Rh phenotypes in SCD patients at Dr. Soliman Fakeeh Hospital in Jeddah (DSFH-J) and their implications for alloimmunization risk. 
The high immunogenicity of the K antigen in the Kell system, second only to that of the D antigen in the Rh system, makes it 
a frequent target.
Results: Among 241 patients with SCD, the most common blood group was O (58.5%), followed by A (26.97%), B (12.03%), and 
AB (2.9%). The majority of patients (93.36%) were Rh-positive (D antigen-present). Among Rh antigens, the e antigen was the most 
prevalent (97.51%), while C antigen and c antigen were detected in 68.04% and 75.52% of patients, respectively. Within the Kell 
system, K was found in 8.29% of the study population. The most common antibodies detected were anti-E (20%) and anti-C (15%), 
indicating Rh incompatibilities to be a major concern. Kell system antibodies (anti-K) accounted for 12.5% of cases, and unidentified 
alloantibodies represented 17.5%. Although antibodies from other blood group systems (such as Kidd, Duffy, Lutheran, and MNS) 
were detected at low frequencies, their presence and known clinical significance in causing transfusion reactions underscore the need 
for extended RBC phenotyping to include these systems.
Conclusion: The observed distribution of Rh phenotypes and the presence of alloantibodies beyond the prevalent ones highlights the 
need for extended RBC phenotyping to include other blood group systems, such as Kidd and Duffy. Establishing a national blood 
donor registry with comprehensive RBC antigen data is a crucial step toward ensuring safer transfusions. Standardizing blood 
screening protocols across hospitals in Saudi Arabia and introducing routine extended RBC typing before transfusions would minimize 
alloimmunization risks and improve the overall patient safety.
Keywords: sickle cell disease, RBC alloimmunization, Rh phenotype, blood transfusion

Introduction
Sickle cell disease (SCD) is a hereditary genetic disorder that causes abnormal hemoglobin structure,1 resulting from 
a mutation in the β-globin gene.2,3 This mutation leads to the production of an abnormal hemoglobin type known as 
hemoglobin S.3,4 In classic autosomal recessive, inheritance of one normal allele and one abnormal allele results in 
a sickle cell trait, a carrier state without clinical symptoms.2,5 The condition manifests clinically when two mutated 
alleles are inherited, or through codominance with other distinct beta globin mutations, encompassing various genotypes. 
This includes homozygosity for the Beta S allele, which results in sickle cell anemia, considered the most severe form. It 
is characterized by chronic hemolytic anemia, recurrent pain, increased susceptibility to infection, and other significant 
complications.2 Red blood cell (RBC) transfusion therapy serves as a cornerstone in the management of SCD, aiming to 
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alleviate symptoms and prevent complications.1,6,7 However, with the increased use of transfusion techniques to manage 
patients with SCD, alloimmunization has become an important issue.8,9 The development of alloantibodies remains 
a significant challenge in patients with SCD, limiting the availability of suitable blood for transfusion.9,10

ABO blood groups are a fundamental classification of human blood based on the presence or absence of A and 
B antigens on the surface of RBCs.11,12 The ABO system is characterized by naturally occurring anti-A and anti-B 
antibodies.11 These antibodies are responsible for acute hemolytic transfusion reactions if ABO-incompatible blood is 
transfused.12,13 Individual with type A blood have anti-B antibodies, those with type B have anti-A antibodies, those with 
type O have both, and those with type AB have neither.14 The prevalence of ABO blood groups exhibits variations across 
different populations;15 For instance, A subgroups are more frequent in European descent, whereas B subgroups are more 
frequent among the Japanese population.12,16 Additionally, the frequency of ABO blood groups can influence suscept
ibility to certain infections, with individuals in the O blood group being protected from severe forms of malaria, but have 
a greater risk of cholera.12,17 The Rh blood group system is the second most important blood group system in transfusion 
medicine after ABO.12 It is characterized by a high degree of polymorphism, with 56 defined antigens.18 The most 
clinically significant Rh antigen is the D antigen, which is highly immunogenic.12,18 Individuals who have the D antigen 
are referred to as Rh-positive, whereas those who lack it are Rh-negative. In addition to D antigen, other important Rh 
antigens include C, c, E, and e. These antigens can elicit an immune response and lead to alloimmunization following 
transfusion.12,19 The frequency of these antigens varies among populations.20 For example, among 28,946 blood donors, 
the frequency of e antigen was 97.95%, while the frequency of E antigen was 26.0%.12 Given the complexity and 
polymorphism of the Rh system, accurate Rh typing is crucial in transfusion medicine to ensure compatibility and 
prevent alloimmunization.12,18 In transfusion therapy, the expression of Rh antigens is a crucial point to consider.18 The 
incidence of alloimmunization in SCD patients ranges from 7% to 47% and is influenced by factors such as age, 
ethnicity, sex, RBC exposure, and antigen mismatch.9 Despite Blood transfusions are a critical component in managing 
SCD, they present numerous associated challenges, particularly alloimmunization. Studies conducted in different regions 
of Saudi Arabia have highlighted the prevalence of alloantibodies among transfusion-dependent patients, with the Rh and 
Kell blood group systems being the primary contributors. However, in 2015, a pilot study in Jeddah at King Abdulaziz 
University Hospital (KAUH) documented a 12.8% rate with Rh (65.1%) and Kell (18.6%) antibodies.9 In Jazan 
Province, a multicenter study reported an overall rate of 7.6%, with anti-E (25.9%) and anti-K (24.1%) predominating. 
Rates were lower than in other Saudi regions (eg, 12.8–39.4% in Western Saudi Arabia), attributed to the Rh system and 
K-matched transfusions.21 In 2024, a study at King Abdulaziz Medical City-Jeddah (KAMC-J) found an alloimmuniza
tion rate of 17.4% among pediatric patients with SCD, with anti-K (23.7%), anti-E (19%), and anti-S (9.5%) as the most 
common antibodies. Patients receiving frequent transfusions, exchange transfusions, or those under 3 years of age have 
higher alloimmunization risks.22 This increase may reflect changes in transfusion practices, patient demographics, or 
screening protocols over time. Moreover, studies from Kuwait have highlighted the prevalence of alloantibodies among 
transfusion-dependent patients, with Rh and Kell blood group systems being the primary contributors. In fact, 65.5% of 
alloimmunized patients in these studies were found to carry antibodies against the Rh and Kell antigens.23 These findings 
underscore the importance of implementing extended Rh antigen matching to minimize transfusion-related complications 
and improve patient outcomes.10,24 With a high prevalence of antibodies targeting Rh phenotypes, optimizing transfusion 
protocols is crucial for ensuring the effective long-term management of patients with SCD. In this study, we examined 
the prevalence of RBC antigens among patients with SCD at Dr. Soliman Fakeeh Hospital (DSFH-J) and assessed the 
impact of Rh phenotype-matched transfusions on alloimmunization rates and overall patient care.

Materials and Methods
Patients and Data Collection
This study was conducted at DSFH-J, Saudi Arabia, from 2021 to 2024, and included 241 patients with SCD. The study 
was executed under the DSFH-J criteria after obtaining approval from the Institutional Review Board (IRB) (Approval 
No. 517/IRB/2023). Clinical and laboratory data were gathered from the DSFH information system. These data included 
diagnoses of SCD for admitted patients, records from the blood transfusion service, and results from routine indirect 
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antiglobulin tests (IAT) performed on patients receiving transfusions. Blood samples were withdrawn from the patients as 
a protocol for health care examination and routinely checked for blood group, Rh phenotype, and RBC antibody 
screening. Antibody identification was performed when the antibody screening was positive.

Pre-Transfusion Testing
All samples were tested using the column agglutination method DiaClon ABO DVI+ for blood groups A, B, O, and AB 
with Rh type followed by C, E, c, e, and K antigens using a column agglutination gel card (Bio-Rad, Germany). The 
plasma samples were prepared for antibody screening and identification. Automated column agglutination (Daymate 
S Analyzer, Switzerland) was used for screening, following the manufacturer’s instructions. A three-cell screening panel 
was used for IAT. All positive antibody screen samples were subjected to antibody-identification screening. The 
antibodies were manually identified using commercial 11-cell identification panels (Bio-Rad). The screening and 
identification of red cell antibodies using commercially available O cells met worldwide standards for antibody detection.

Statistical Analysis
Patient characteristics were analyzed using descriptive statistics in SPSS, and the differences between alloimmunized, 
non-alloimmunized, and autoimmunized patients were assessed for frequencies of antigen as a percentage. P-values were 
used to calculate the Z-test for population proportions to evaluate the significant association between alloimmunization 
rate and transfusion data. A significant association was indicated when the P-value was less than or equal to 0.05.

Results
For all patients with SCD the demographic characteristics of 241 sickle cell patients at DSFH-J were analyzed. The 
Majority of patients (47.3%) were age range 25–45 years, highlighting that a significant proportion of transfusion- 
dependent individuals were adults. The second largest age group, comprising 30.7% of patients, was younger than 17 
years. Meanwhile, 16.6% of the patients belonged to the 17–24 age category, reflecting the transition of adolescent 
patients into adulthood while still managing complications (Table 1).

Blood group O was the most common (58.5%), followed by groups A (26.97%), B (12.03%), and AB (2.9%). Most 
patients were Rh-positive (D antigen-present) (93.36%). In terms of the Rh antigens, e antigen was the most prevalent 
(97.51%), whereas C and c appeared in 68.04% and 75.52% of patients, respectively. Within Kell system, K antigen was 
found in 8.29% of the study population (Table 2).

The most common phenotype among the patients was R1r (DCcee), appearing in 34.02% of the cases. This phenotype 
suggests a strong presence of the D, C, and e antigens, making it significant for transfusion strategies, as individuals with 

Table 1 Demographic Characteristics of 
Sickle Cell Patients

Parameter Frequency %

Age <17 74 30.70

17-24 40 16.59

25-45 114 47.30

46-60 12 4.97

>60 1 0.41

Total 241 100

Sex Male 131 54.35

Female 110 45.64

Total 241 100
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this phenotype are likely to be compatible with donors possessing similar Rh antigen expression. The second most 
prevalent phenotype, R1R1 (DCCee), was observed in 21.58% of the cases, reinforcing the predominance of D and 
C antigens within the population. Subsequently, R0r (Dccee) was found in 15.35% of patients, indicating a moderate 
representation of the D, c, and e antigen combination. These patients may require more precise matching to avoid 
transfusion-related complications. Meanwhile, the least common phenotypes, RzRz (DCCEE) and r’r’ (dCCee), were 
present in only 0.41% of cases each, highlighting their rarity and the potential difficulties in finding compatible blood 
units for individuals with these phenotypes (Table 3). Among the 241 patients, 40 individuals were found to have 

Table 2 Distribution of 
Blood Groups and Rh 
Phenotypes Among 
Sickle Cell Patients

All Patients n= 241

Antigen n %

A 65 26.97

B 29 12.03

AB 7 2.90

O 141 58.50

D 225 93.36

C 164 68.04

c 182 75.51

E 49 20.33

e 235 97.51

K 20 8.29

Table 3 Distribution of Different Rh Phenotypes Among Patients Based on the 
Weiner and Fisher-Race Classification Systems

Weiner Fisher-Race ABO Total

AB A B O

Phenotype rr dccee n 0.00 3.00 4.00 6.00 13.00

% 0.00 1.24 1.66 2.49 5.39

r’r dCcee n 0.00 0.00 0.00 1.00 1.00

% 0.00 0.00 0.00 0.41 0.41

r’r’ dCCee n 0.00 1.00 0.00 0.00 1.00

% 0.00 0.41 0.00 0.00 0.41

R0r Dccee n 1.00 14.00 2.00 20.00 37.00

% 0.41 5.81 0.83 8.30 15.35

(Continued)
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alloantibodies. These antibodies were distributed across multiple blood group systems, including Rh, MNS, Kell, 
Lutheran, Kidd, and Duffy. The most common antibodies were anti-E (20%) and anti-C (15%), emphasizing the 
prevalence of Rh incompatibility. Kell system antibodies made up 12.5%, while Kidd and Duffy blood groups showed 
minimal occurrences. Unidentified alloantibodies accounted for 17.5% of the cases, showing gaps in the diagnostic 
classification (Table 4). This study reported an alloimmunization rate of 11.2% among 241 patients with SCD. In 
comparison, a multicenter study in Jazan Province documented a rate of 12.98%,25 indicating no substantial difference in 

Table 3 (Continued). 

Weiner Fisher-Race ABO Total

AB A B O

R2r DccEe n 1.00 4.00 2.00 14.00 21.00

% 0.41 1.66 0.83 5.81 8.71

R2R2 DccEE n 0.00 3.00 0.00 2.00 5.00

% 0.00 1.24 0.00 0.83 2.07

R1r DCcee n 4.00 21.00 12.00 45.00 82.00

% 1.66 8.71 4.98 18.67 34.02

R1R2 DCcEe n 0.00 5.00 1.00 14.00 20.00

% 0.00 2.07 0.41 5.81 8.30

R1R1 DCCee n 1.00 11.00 6.00 34.00 52.00

% 0.41 4.56 2.49 14.11 21.58

R1Rz DCCEe n 0.00 0.00 0.00 2.00 2.00

% 0.00 0.00 0.00 0.83 0.83

RzRz DCCEE n 0.00 0.00 1.00 0.00 1.00

% 0.00 0.00 0.41 0.00 0.41

– Unknown n 0.00 2.00 1.00 3.00 6.00

% 0.00 0.83 0.41 1.24 2.49

Total n 7.00 64.00 29.00 141.00 241.00

% 2.90 26.56 12.03 58.51 100.00

Table 4 Distribution of Erythrocyte 
Alloantibodies in Sickle Cell Patients

System Red Cell Antibody n %

Rh anti-D 2 5

anti-C 6 15

anti-E 8 20

anti-c 3 7.5

(Continued)
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alloimmunization rates, similar to the Eastern Region’s reported 13.7%.26 A study conducted at King Abdulaziz 
University Hospital in 2020 reported a significantly higher rate of 39.42%.20 In Oman, the rate was 31.6%,27 and in 
Kuwait, two cohorts showed rates of 65.5% and 23.6%.23 A study of pediatric patients with SCD in KAMC-J found an 
alloimmunization rate of 17.4%.22 These findings confirm the statistical significance of the alloimmunization rates, with 
variations potentially reflecting differences in transfusion protocols, antigen matching practices, and population genetics. 
P-values indicate statistical significance (Table 5).

Table 5 Alloimmunization Rates Across Different Studies in Saudi Arabia and Neighboring Regions

Study Location Population (n) Alloimmunized Patients Alloimmunization Rate (%) P-value

This study 241 27 11.20

Jazan25 385 50 12.98 0.5

Eastern Region26 350 48 13.7 0.36

KAUH20 104 41 39.42 <0.05

Oman27 133 42 31.6 <0.05

KAMC-J22 121 21 17.4 0.12

Kuwait Group 123 72 47 65.5 <0.05

Kuwait Group 223 123 29 23.6 <0.05

Abbreviations: SCD, Sickle Cell Disease; RBC, Red Blood Cell; IRB, Institutional Review Board; DSFH-J, Dr. Soliman Fakeeh Hospital – 
Jeddah; KAUH, King Abdulaziz University Hospital; KAMC-J, King Abdulaziz Medical City – Jeddah; IAT, Indirect Antiglobulin Test.

Table 4 (Continued). 

System Red Cell Antibody n %

MNS anti-M 0 0

anti-N 1 2.5

anti-S 0 0

anti-s 0 0

Kell anti-K 5 12.5

Lutheran anti-lua 2 5

anti-lub 1 2.5

Kidd anti-jka 1 2.5

anti-jkb 0 0

Duffy anti-fya 3 7.5

anti-fyb 0 0

Other anti-ch/rg 1 2.5

unidentified alloantibodies 7 17.5

Total 40 100
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Discussion
Blood transfusions are a cornerstone of SCD management, providing critical support to patients experiencing complica
tions, such as vaso-occlusive crises and acute chest syndrome. However, these transfusions carry the risk of alloimmu
nization, a condition in which the immune system produces antibodies against antigens on the surface of the transfused 
RBCs. Alloimmunization remains a significant concern in SCD management, as it can lead to complications, such as 
delayed hemolytic transfusion reactions and difficulties in finding compatible blood for future transfusions.

In our study, we observed an alloimmunization rate of 11.2% among 241 patients with SCD. This finding highlights 
the ongoing challenge in managing transfusion-related risks in this population. In this context, it is crucial to compare 
them with global data, which shows varying alloimmunization rates influenced by factors such as genetic diversity, 
healthcare practices, and transfusion protocols.28 In the United States, alloimmunization rates among transfused patients 
range from approximately 25% to 30%, with variations influenced by ethnicity and transfusion practices.29 In 
a systematic review conducted across sub-Saharan Africa, the overall incidence of alloimmunization was 7.4%. 
However, in certain countries, this rate escalated to as high as 28.0%, highlighting that even with blood group similarities 
between donors and recipients, the risk of alloimmunization remains significant.30 A comparative analysis of alloimmu
nization rates across various studies in Jazan, Eastern region of Saudi Arabia, KAUH, Oman, KAMC-J, and Kuwait is 
shown in Table 5, which highlights the variances in transfusion practices and their respective effects on patient outcomes. 
The significant variations observed in alloimmunization rates can largely be attributed to several key elements. Diverse 
transfusion protocols and their implementation play a crucial role. While studies have consistently emphasized the 
importance of established transfusion protocols as a protective measure against alloimmunization,9 the stringency and 
specific guidelines of these protocols can vary, potentially leading to differing outcomes. Despite these protocols, the 
complete elimination of alloimmunization remains a challenge.1 Antigen matching for individuals receiving chronic 
transfusions is a critical determinant, a strategy that has been demonstrated to reduce both alloimmunization and 
hemolytic transfusion reactions.31 However, challenges persist due to inherent differences in RBC antigen frequencies 
between donor populations, often predominantly Caucasian, and SCD patients, who are primarily of African descent.28 In 
addition, the inherent genetic characteristics of the population significantly impact alloimmunization rates. Genetic 
diversity between recipients and donors is a major contributing factor.22 A lower incidence of alloimmunization is 
often linked to racial similarity and homogeneity in RBC antigens between donor and recipient populations. Conversely, 
disparities in racial antigen profiles can lead to higher alloimmunization frequencies.1

Beyond these primary factors, other variables such as the patient’s age, gender, the cumulative number of packed 
RBC units transfused, and the presence of autoantibodies also influence the risk of alloimmunization.18 For example, the 
lower rate observed in Jazan (12.98%)25 has been attributed to routine Rh and Kell matching, whereas KAUH’s higher 
rate (39.42%)20 may arise from limited antigen matching and a more heterogeneous donor pool. KAMC-J, which 
reported a rate of 17.4%,22 implemented pediatric-focused transfusion strategies, including early initiation of exchange 
transfusions and extended phenotyping for high-risk patients. These institutional differences underscore the need for 
standardized national protocols and region-specific donor registries to mitigate alloimmunization risk. Homogeneity 
studies have shown that when patients receive blood from donors of the same ethnicity, the risk of alloimmunization is 
lower.22,32

This study revealed that the most common alloantibodies were anti-E, anti-C and anti-K. This observation aligns with 
existing research, indicating the significant role of Rh and Kell blood groups in alloimmunization. Another study reported 
that anti-E and anti-K were the most frequent alloantibodies identified in approximately 18.6% of the total 
alloantibodies,20 while in Omani SCD patients, anti-E was the most frequent antibody (26.8%), followed by anti-K 
(12.2%).27 Meanwhile, the KAMC-J Study revealed that alloimmunized patients comprised approximately 17.4% of the 
population, with anti-K (23.7%) and anti-E (19%) being the most frequent antibodies.22 The presence of these antibodies 
likely resulted from exposure to incompatible transfusions administered at facilities where extended antigen phenotyping 
was the standard practice, although adherence was not consistently maintained.24 In a similar study in Palestine, the 
alloimmunization rate was 7.76%, with the highest occurrence of K antigens (33.3%), followed by anti-E (22.2%), anti-C 
(11.1%), anti-c (11.1%), and anti-D (11.1%).33 This indicates that the Rh antigens, particularly D antigen, are highly 
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immunogenic,12 which has the capability to trigger the immune response in individuals who lack antigens. Other Rh 
antigens may have inadequate matching during transfusions is a major cause.34 The K antigen in the Kell system is 
highly immunogenic, second only to the D antigen in the Rh system.35 While the K antigen is not as common as some Rh 
antigens, its presence in a subset of the population means that there is a risk of exposure and subsequent alloimmuniza
tion in those who lack the antigen, which makes it a frequent target.12 Beyond the prevalent alloantibodies, this study also 
identified RBC alloantibodies associated with the MNS, Lutheran, Kidd, and Duffy blood group systems. Within the 
MNS system, anti-N antibodies were detected in 2.5% of the patients. The other antigen-induced antibodies within 
Lutheran system revealed the presence of anti-Lua antibodies in 5% and anti-Lub antibodies in 2.5% of the patient 
population. Furthermore, within the Kidd system, anti-Jka antibodies presented in 2.5% of the patients, whereas the 
Duffy system presented anti-Fya antibodies in 7.5% of the cases. Migration patterns from other regions can alter the 
genetic distribution of the population, potentially increasing the alloimmunization risk if donors are from different 
genetic backgrounds. However, the frequency and volume of blood transfusions are directly correlated with an increased 
risk of alloimmunization, as each transfusion introduces the recipient to new antigens, thereby elevating the probability 
of antibody formation. Additionally, Rh D positive was observed to be higher than Rh D negative, similar to many 
studies in Jazan and KAUH.15,20 In these studies, the Rh e antigen was the most prevalent, followed by the C and 
c antigens, while the E antigen showed the lowest prevalence. However, the Jazan study reported a slightly higher 
prevalence of the Rh c antigen (86.39%)25 compared to DSFH-J (75.52%), suggesting regional variations in Rh antigen 
distribution. Furthermore, the prevalence of E antigen (20.33%) in DSFH-J was lower than that in Jazan (26.76%),25 

indicating potential differences in immunogenic exposure among patients with SCD. Although the K antigen prevalence 
in DSFH-J (8.29%) was marginally higher than in Jazan (6.34%),25 the difference was not pronounced and may reflect 
minor demographic. The presence of rare Rh phenotypes, such as RzRz (DCCEE), which is uncommon in the general 
population,12,18 presents significant challenges for transfusion.36 Owing to the limited availability of compatible blood, 
patients with such phenotypes face an elevated risk of alloimmunization,37 complicating the identification of matched 
donors for those requiring transfusions.

The most prevalent blood type was O, present in 141 individuals. The significance of universal donors has been 
emphasized in numerous studies, and their contributions are highly valued.38 Blood group A was the second most 
common group (64 patients). Blood groups B and AB were less represented, with 29 and 7 patients, respectively. 
Regarding Rh phenotype distribution, the R1r phenotype was most frequently observed across all ABO blood groups, 
with a total of 82 patients. The R1R1 phenotype was also common and present in 52 patients. A similar study on 
voluntary blood donors in South India found R1R1 to be 35.2%.39 Data from European ethnicity showed 17.6% and 
African ethnicity 2.9%. Another study in a South Indian population reported 43.4%.40 Moreover, the presence of 
additional phenotypes, including R0r and R2r, were observed, which have been noted to potentially induce anti-C 
alloantibodies when exposed to the common phenotype. Conversely, rare phenotypes, such as r’r, r’r’, R2R2 and RzRz, 
had minimal representation within the studied population, similar to other studies across most populations. In a study on 
the Macedonian population, the most frequent Rh phenotype was DCcee (32.7%), and Rh phenotypes with homozygous 
expression of the E antigen are rare because their frequency in the presence of the D and C antigens is < 1%.12 The 
prevalence of R2R2 phenotype among Saudi donors has been reported to be 0.2%. Furthermore, patients with multiple 
antibodies encounter significant challenges in obtaining compatible antigen-negative blood units. Women, particularly 
those with previous pregnancies, are at a higher risk of alloimmunization due to fetal-maternal antigen exposure.20 This 
highlights the importance of rigorous blood screening protocols, particularly for patients who undergo frequent 
transfusions.

To mitigate transfusion complications, this study recommends expanding phenotyping protocols beyond Rh and Kell 
systems to include Kidd, Duffy, MNSs, Lewis, Lutheran, and P blood groups, which have been implicated in alloimmu
nization cases. Establishing a national blood donor registry with comprehensive RBC antigen data is proposed as 
a crucial step toward ensuring safer transfusions.37,41 Such a registry would improve blood matching efficiency and 
prevent hemolytic reactions, particularly in chronically transfused patients.

Additionally, this study emphasizes the need for policy changes in blood screening protocols across hospitals in Saudi 
Arabia. Introducing routine extended RBC typing before transfusion minimizes alloimmunization risk and improves 
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overall patient safety. Hospitals should adopt pretransfusion antibody screening to prevent complications and reduce the 
likelihood of incompatible transfusions.

Limitations
The absence of genotyping analysis for SCD patients who have undergone external post-transfusion procedures may lead 
to mixed-field reactions. The available data lack sufficient standardized information for a reliable comparison of specific 
factors such as geographical area, population characteristics, and institutional differences.

Conclusion
This study describes the distribution of Rh phenotypes and ABO blood groups in patients with SCD in DSFH-J. The high 
prevalence of the R1r phenotype, coupled with the presence of rarer phenotypes and the risk of alloimmunization, 
illustrates the importance of improved transfusion practices. Implementing extended RBC phenotyping, establishing 
a national blood donor registry, and standardizing blood screening protocols across hospitals are crucial steps toward 
mitigating transfusion complications and enhancing patient safety. Furthermore, future research should focus on 
investigating the genetic basis of Rh and ABO blood group distribution in different regions of Saudi Arabia and 
assessing the impact of these variations on alloimmunization risk.
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