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Abstract: Background: Sickle cell disease (SCD), carrying a varied worldwide prevalence, is a commonly encountered entity in Kingdom of 
Saudi Arabia and Mediterranean. It is characterized by a range of complications. Blood transfusion is essentially required for both episodic and 
chronic indications. These blood transfusions inherently imply various risks including alloimmunization.

Objective: To ascertain the incidence of red blood cell alloimmunization in children having sickle cell disease (SCD).

Materials and Methods: Retrospective cross-sectional study was conducted at the Department of Pediatric Medicine, Armed Forces Hospital 
Southern Region, Khamis Mushait, Saudi Arabia, after obtaining permission from Research Ethics Committee (REC certificate number AFHS-
RMREC/2024/Pediatrics/745). The data was collected for last three years 1st July 2021 to 30th June 2024, regarding pediatric patients having 
sickle cell disease while aged one to fourteen years.

Result: 188 patients of sickle cell disease - all with Saudi ethnicity - were selected with 81 (43%) patients being female and 107 (57%) male. 
The mean age was 6 years 2 months. Each patient had an average of 2.3 admissions during the course of the disease. Out of these 188 patients, 
14 (7.4%) patients were found to have alloimmunization. Mean age at which they developed alloimmunization was 6 years 8 months. 12 
patients were on hydroxyurea and 7 patients (50%) underwent splenectomy. On average these cases received 13 transfusions. In contrast, only 
three (21.4%) patients had undergone exchange transfusion. The most commonly identified single alloantibody was anti-E as seen in 3 patients 
(21.4%), followed by anti-M in two cases (14.3%). In 4 cases (28.6%), there was an indeterminate antibody (with no specific pattern). Two 
(14.3%) children were having combination of alloantibodies.

Conclusion: Among the children from southern region of Kingdom of Saudi Arabia, the incidence of alloimmunization in SCD was 7.4%.

Keywords: Alloimmunization, Anemia, Complications of sickle cell anaemia, Hemoglobin, Red blood cell transfusion, Sickle cell disease. 

INTRODUCTION

Sickle cell disease (SCD) is a disorder involving hemoglobin 
with autosomal inheritance pattern. SCD exhibits a varying 
prevalence worldwide, In USA, the reported prevalence is 329 
cases in one million. In contrary, it is frequently witnessed in 
the African and middle-eastern population, as it affects 2400 per 
million Saudi children, more notably in its eastern and south-
western regions.

Sickle cell disease constitutes a spectrum of disorders, encom-
passing varying genotypes. SS/SB0 thalassemia depicts a most 
severe clinical course, in contrary to S/alpha thalassemia or SB+ 

thalassemia exhibiting lesser severity. Hemoglobin F also con-
tributes towards the clinical severity [1-7].

Morbidity inferring to SCD has decreased in the previous 40 
years in lieu to the holistic care strategies implied in such chil-
dren. One of important cornerstone in such interventions in SCD 
patients is blood transfusion - essentially for varying episodic 
or chronic indications. While lowering the level of HbS, red 
blood transfusion renders improved oxygen-carrying capacity. 
Repeated red blood cell transfusion has its inherent risks - allo-
immunization being a major challenge in such individuals. Allo-
immunization is associated with increased morbidity, hemolysis 
and delayed transfusion reactions. In United States, alloimmu-
nization is reported in 30% of transfused sickle cell patients, in 
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contrary to 2-5% of general transfusion recipients. Varying risk 
factors has been associated to alloimmunization including older 
age, frequent blood transfusions, use of non leukoreduced RBC 
and genetic variations [8-13].

In spite sickle cell disease being a common entity in our region, 
limited publications explains the prevailing alloimmunization 
patterns in our Kingdom. We conducted this research in our 
center to ascertain the incidence of red cell alloimmunization 
among children with sickle cell disease and various risk factors 
predisposing towards red cell alloimmunization. The aim was to 
avoid any identified risk factors preemptively in such children - 
limiting the morbidity and related complications.

MATERIALS AND METHODS

We conducted a retrospective cross-sectional study at Armed 
Forces Hospital Southern Region (AFHSR), Khamis Mushait, 
a tertiary care hospital and referral center, located in the south-
ern region of Kingdom of Saudi Arabia. AFHSR serves as a 
prominent healthcare facility within the Armed Forces Hospital 
system, catering to military personnel, their families, and the 
civilian population residing in the surrounding area. The data 
was collected for last three years - 1st July 2021 to 30th June 2024 
after permission was sought from Research Ethics Committee 
(REC certificate number AFHSRMREC/2024/Pediatrics/745). 
Target population was selected by convenience consecutive sam-
pling for pediatric patients from the age of one to 14 years, who 
have confirmed diagnosis of sickle cell disease by hemoglobin 
electrophoresis and received packed red blood cell transfusion 
in our hospital while following with Pediatric Hematology team. 
However, children with comorbid requiring immunosuppressive 
therapy and autoimmune disease (like SLE) were excluded.

Being a retrospective study, the limitation to data collection 
was negotiated with thorough examination of medical archives. 
Confidentiality was ensured at all tiers. Detailed information 
from hospital electronic medical system of such children with 
sickle cell disease was gathered. The hospital owns a robust 
information and medical data management systems including 
archives system that aided in data collection needs for this study. 
A well-structured data collection pro-forma was integrated for 
collecting information on demographic characteristics like age, 
gender and residential area along with clinical presentations 
including alloimmunization profile, time of transfusion initia-
tion and number of transfusions. Moreover, treatment details 
such as interventions administered, treatment initiation time and 
duration of hospital stay was recorded, in supplementation to 
various prevailing risk factors identified during the past years. 
Confidentiality measures were strictly adhered to ensure patient 
privacy and data was securely stored for subsequent assessment. 

STATISTICAL ANALYSIS

The data was analytically evaluated for descriptive statistics, 
including frequency, mean and standard deviation to summa-
rize demographic data, clinical presentations, treatment and 

outcomes. P value ≤0.05 regarded as significant. 

RESULT

188 patients of sickle cell disease were selected with 81 (43%) 
patients being female and 107 (57%) male. The mean age was 6 
years 2 months (±3.59). All patients were with Saudi ethnicity. 
Each patient had an average of 2.3 admissions during the course 
of the disease with quite variation observed among individual 
patients (maximum 18 admissions with minimum of one admis-
sion). The most common diagnosis was vaso-occlusive crisis 
(28%) for the inpatient care (Table 1).

Table 1. Diagnosis for the Inpatient Admissions of Sickle 
Cell Disease Patients.

Diagnosis Number of Inpatient  
Admissions n (%)

Vaso-Occlusive Crisis 122 (28%)
Hemolytic Crisis 97 (23%)
Acute Chest Syndrome 73 (17%)
Splenic Sequestration 60 (14%)
Sepsis 36 (9%)
Osteomyelitis 34 (8%)
Stroke 4 (1%)

Total 426 (100%)
All of these patients received folic acid and oral penicillin 
V. Hydroxyurea (hydroxycarbamide) was advised to all the 
patients, however, it was discontinued in 17% of the patients 
in lieu of drug induced thrombocytopenia and parents of 3% 
refused for hydroxyurea administration.

Out of these 188 patients, 14 (7.4%) patients were found to have 
alloimmunization. Mean age at which they developed alloimmu-
nization was 6 years 8 months (± 3 years 1 month). 12 patients 
were on hydroxyurea (as parents of two patients refused for 
hydroxyurea). 7 patients (50%) had undergone splenectomy. 
On average these cases received 13 transfusions - with quite 
variation ranging from 2 times blood transfusion to 33 times 
blood transfusion. In contrast, only three (21.4%) patients had 
under gone exchange transfusion. 

The most commonly identified single alloantibody was anti-E 
as seen in 3 patients (21.4%). In 4 cases (28.6%), there was an 
indeterminate antibody (with no specific pattern), as displayed 
in Table 2. Two (14.3%) children were having combination 
of alloantibodies. The distribution of characteristics observed 
among the studied cases is shown in Table 3, which presents 
the demographic and clinical characteristics of patients with 
detected alloantibodies.
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Table 2. Alloantibodies Identified in Children with Sickle 
Cell Disease.

Type of Alloantibodies
No. of 

Patients 
(n=14)

Percentage

Single  
Alloantibody 

(n=12)

Anti-E 3 22
Anti-M 2 14
Anti-K 1 7

Anti-Fyb 1 7
Anti-C 1 7

Indeterminate 
antibody (with no 
specific pattern)

4 29

Combination 
Alloantibodies 

(n=2)

Anti-E, Anti-C 1 7
Anti-Lea, Indeter-
minate antibody 1 7

 
Table 3. Characteristics Distribution among Patients with 
Detected Alloantibodies.

Characteristics of the 
Patients

Detected  
Alloantibodies

p-value
Positive 

n=14 (%)

Negative 
n=174 
(%)

Sex
Male 6 (43%) 96 (55%)

<0.001
Female 8 (57%) 78 (45%)

Age at 
Diagnosis

<1 year 0 (0%) 38 (21%)
<0.0011-2 years 1 (7%) 102 (59%)

≥ 2 years 13 (93%) 34 (20%)
Rhesus 

D (RhD) 
Antigen

Positive 14 (100%) 167 (96%)
0.375

Negative 0 (0%) 7 (4%)

Received 
Hydroxy-

urea

Yes 12 (86%) 138 (79%)
0.161

No 2 (14%) 36 (21%)

Splenec-
tomy

Yes 7 (50%) 29 (17%)
<0.001

No 7 (50%) 145 (83%)

Age of 
First Blood 

Transfu-
sion

<1 year 0 (0%) 4 (2%)

<0.001
1-2 years 1 (7%) 25 (15%)
2-3 years 2 (14%) 49 (28%)
≥ 3 years 11 (79%) 96 (55%)

Phenotype 
tested 
before 

transfusion

Yes 11 (79%) 149 (86%)

0.172
No 3 (21%) 25 (14%)

 
Only one patient was given steroid for 6 weeks with diagnosis of 
AIHA (autoimmune hemolytic anaemia). Five patients were on 

regular blood transfusion program with indications for adhering 
to program are shown in Table 4.

Table 4. Indications for Chronic Blood Transfusion Program 
(n=5).

Indication for Chronic Blood  
Transfusion Program

No. of Patients 
(n=5)

High indices of TCD  
(Transcranial Doppler) 2

Repeated splenic sequestration (await-
ing for splenectomy) 2

History of stroke 1

 
DISCUSSION

Sickle cell disease (SCD) is a usual entity in selected popula-
tions. It is implicated as a disorder pertaining to hemoglobin with 
autosomal recessive inheritance. Prevalence of SCD exhibits a 
quite variation worldwide. In the United States, 72,000 people 
bears a homozygous sickle cell gene, while 2 million carry sickle 
cell trait. In contrary, the incidence is comparatively higher in 
African and middle-eastern ethnicity, as 1.4 % of population in 
the Kingdom of Saudi Arabia (KSA) affected by SCD, notably 
in its eastern and southwestern regions [14-17].

Sickle cell hemoglobin causes sickling of RBCs with eventu-
ally their premature destruction. This can infer as sludging and 
occlusion of blood vessels and resulting in tissue ischemia. SCD 
encompasses whole range of complications - from hemolytic and 
vaso-occlusive crisis to splenic sequestration and stroke. A com-
prehensive care for such children is essential in limiting its mor-
bidity and mortality. Blood transfusion is essentially required 
for both episodic and chronic indications in SCD. These blood 
transfusions inherently imply various risks including alloimmu-
nization. Erythrocyte alloimmunization can be a major barrier 
to transfusion as it predisposes to transfusion incompatibility 
and life-threatening hemolytic transfusion reactions [18-21]. 
Despite SCD being common in Saudi Arabia and blood trans-
fusions frequently practiced in such individuals, data is lacking 
in Southern region of Saudi Arabia regarding the incidence of 
alloimmunization. We did a retrospective review and determined 
the prevalence of alloimmunization and to ascertain its related 
risk factors. Moreover, the study outcomes may contribute to 
the development of evidence-based protocols for such patients.

We enrolled 188 patients of sickle cell disease who received 
blood transfusion during the last 3 years. Out of these, there was 
a male preponderance (57%). However, one of the study have 
reported that female and male children were equally affected 
[22]. The mean age of our SCD children was 6 years 2 months 
and all patients were with Saudi ethnicity. 

Each patient had an average of 2.3 admissions during the course 
of the disease with quite variation observed among individual 
patients (maximum 18 admissions with minimum of one admis-
sion). The most common diagnosis was vaso-occlusive crisis 
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(28%) for the inpatient care. Moreover, children with frequent 
hospitalization (≥5 times annually) tend to have more alloanti-
bodies [23, 24].

In our observation of these 188 SCD patients, 7.4% patients 
were found to have alloimmunization. Many studies have been 
conducted worldwide to identify its incidence. A multicenter 
registry identified the incidence as 5-75% [23]. In USA, 30% 
of SCD patients who underwent transfusion were noted to have 
alloimmunization - a significant higher frequency than the trans-
fusion recipients among the general population (2% to 5%) [24]. 
This study has surfaced the prevalence towards the lower grid. 
A study conducted in Jeddah KSA from 2007 to 2011 revealed 
12.8% were having alloantibodies [22]. A study had also reported 
identical results to our study as alloimmunization of 6.6% in 60 
children with SCD [25]. Homogeneity in RBC antigens in lieu 
to racial similarity between donors and recipients can be hypoth-
esized for lower alloimmunization incidence.

Our patients developed alloimmunization at mean age of 6 years 
8 months (± 3 years 1 month). Studies have documented average 
age of 7-9 years for presentation of alloantibody [26].

12 patients were on hydroxyurea (as parents of two patients 
refused for hydroxyurea). 7 patients (50%) had undergone sple-
nectomy. On average these cases received 13 transfusions - with 
quite variation ranging from 2 times blood transfusion to 33 
times blood transfusion. In contrast, only three (21.4%) patients 
had undergone exchange transfusion. One of the study reported 
that exchange transfusion did not predispose towards alloimmu-
nization [27]. Five of our cases were on regular blood transfusion 
program - signifying the frequent transfusions. Our data coin-
cides with other studies that correlated alloimmunization with 
frequency of blood transfusions [7, 9, 16, 28].

The most commonly identified single antibody was anti-E as 
seen in 3 (28.6%) patients, followed by anti-M in 2 patients 
(14.3%). The alloantibodies observed in our study (E, M, K, 
C, Fyb, C+E, Lea+Indeterminate) were in conflict with other 
studies, pointing towards ethnicity variation. The publications 
have mentioned alloantibodies against antigens of Rh and Kell 
systems to be most usual, followed by the Kidd and Duffy [23-
25]. Two (14.3%) of our children were having combination of 
alloantibodies (C+E, Lea+Indeterminate). In contrast, other 
studies documented multiple antibodies in 50% cases [26]. This 
highlights the divergent alloantibody responses in distinctive 
regions, steering towards the need for further probing into the 
underlying influencing circumstances. 

The potential racial homogeneity in our study suggests com-
paratively lower alloimmunization rate than global prevalence. 
We failed to establish any link of age at first transfusion with 
alloimmunization. Patients hospitalized frequently showed 
increased alloantibody responses. In summary, our research is 
distinguished in regards to its eccentric emphasis on pediatric 
cases. 

Being a tertiary referral center in Southern Region of Saudi 
Arabia, its gives a validity and strength to the results of our study. 
The findings disclosed valuable insights into factors underlying 
alloimmunization. The apparent limitation of our study is its 
retrospective design.

CONCLUSION

Our study demonstrated that 7.4% children with sickle cell 
developed alloantibodies, which is an appreciable lower rate 
of alloimmunization as observed in other ethnic populations. 
Extended matching in term of Fy, Jk, and Ss blood groups can 
aide towards curtailing alloimmunization. High-resolution RBC 
genotyping technology for patients as well as donors can surely 
help in such endeavors. Furthermore, any efforts with multi-
center randomized trial can shed light towards the path of limited 
alloimmunization.
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