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Abstract: 

Background: Blood transfusions are a life-saving measure to replace blood lost through severe bleeding or as a 

life-saving treatment for various hematological conditions. Blood transfusions are high-risk procedures. One of 

these risks is alloimmunization. Alloimmunization is an immune response to foreign antigens after exposure to 

genetically different cells or tissues. Alloimmunization is a frequent undesirable outcome of a blood transfusion. 

In this study, we investigated the frequency of alloimmunization and the factors associated with the development 

of antibodies in frequently transfused patients. Materials and Methods: A descriptive cross-sectional study 

carried out in Khartoum, Sudan between November 2017 and March 2018. The study population included 97 

multi-transfused patients (Solid tumors, 41; Sickle cell anemia, 31; Leukemia; 25), 52 males and 45 females whose 

ages ranged between 3-81 years and each subject received a minimum of 2 units of RBCs. The number of blood 

units transfused varied among patients from 2 to over 20 units depending on the underline disease treatment needs. 

Antibody screen was performed using four-cell commercially prepared Grifols reagent RBCs and gel impregnated 

with antihuman globulin. Results: The overall alloimmunization frequency was 22.7%. The alloimmunization 

frequency in Sickle cell anemia patients was 29.0%, solid tumors patients; 21.9% and 16.0% in leukemic patients. 

Alloimmunization frequency was independent on number of units transfused or gender (p value= 0.071, 0.942), 

respectively. Conclusion: Sudanese multi-transfused patients have higher rates of alloimmunization compared to 

other countries. It is our recommendation that pretransfusion protocols must include antibody screening. Timely 

antigen typing of donor’s blood and to transfuse only antigen-negative blood. 
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1. Introduction: 

Red blood cell (RBC) alloimmunization is the 

development of antibodies against non–self-antigens 

on RBCs in response to the exposure of genetically 

different cells which is a frequent complication in 

repeated RBC transfusions and pregnancy (Zimring et 

al., 2011, Mota, 2013). The process of 

alloimmunization is a complex and multifactorial 

immunological phenomenon.  Factors that contribute to 

the development of alloantibodies include the antigenic 

difference between donors’ and recipients’ RBCs, the 

recipients’ immune status, as well as the effect of the 

allogeneic blood transfusions on the recipient’s 

immune system (Davari and Soltanpour, 2016, Saied et 

al., 2011, El Sewefy et al., 2014). Alloimmunization 

may result in; difficulty finding compatible RBC units, 

transfusion reactions, or platelet refractoriness, and in 

pregnancy, it is known to cause hemolytic disease of 

the fetus and newborn (HDFN). Alloimmunization 

complicates and limits life-saving transfusion therapy 

and may contribute to the morbidity and mortality of 

prospective blood transfusions’ patients ( 

Tangvarasittichai S. S., 2017, Lindenburg et al., 2012, 

Nickel et al., 2016). Compatibility testing to ensure 

properly selected blood products cause no harm to the 

recipient should be performed to decrease the risk of 

alloimmunization (British Committee for Standards in 

et al., 2013, World Health Organization. Blood 

Transfusion Safety, 2001). The main tests used in 

compatibility testing according to the WHO guidelines 

are ABO and RhD grouping on patient and 

donors, antibody screening on patients, and cross-

matching between serum of patient and red cells of the 

donor (British Committee for Standards in et al., 2013, 

World Health Organization. Blood Transfusion Safety, 

2001). 

Compatibility tests for RBC transfusion in Khartoum 

State include only ABO/D testing and a cross-match of 

a donor cell with patient serum. Antibody screen, 

antibody identification and the transfusion of antigen-

negative RBC units protocol are not followed which 

can result in a higher incidence of RBC 

alloimmunization resulting in delayed hemolytic 

transfusion reactions. Which in turn results in higher 

morbidity and mortality rates. Safe blood transfusion is 

a global issue and it is one of the WHO Sustainable 

Development Goals by 2030 (World Health 

Organization. Regional Office for the Western. 

Sustainable development goals (SDGs) : Goal 3 2016).   

2. Material and Methods: 

Study design and study population  

A descriptive cross-sectional study carried out between 

November 2017 and March 2018 in patients receiving 

multiple transfusions and attending hematology and/or 

oncology clinics in Khartoum State. A total of 97 

patients (52 males and 45 females, 3-81 years old, mean 

age 24.74 18.2 years who received packed RBCs were 

included in the study. Participant’s demographic data 

are given in Table 1.   

The study was approved by SUMASRI International 

Review Board (SIRB) at the University of Medical 

Sciences and Technology (UMST) and by Khartoum 

State Ministry of Health Research Department. The 

purpose and objectives of the study were explained to 

the patients. Written informed consent was obtained 

from all participants prior to enrolment into the study. 

Inclusion criteria: 

 Patients over 2 years of age who received 2 units of 

blood or more during the past year. 

Exclusion criteria: 

The patient who is younger than two years or has 

received less than two units of packed RBC within the 

past year and multigravida females.    

Procedures:  

 Five milliliters of venous blood were collected in 

ethylenediaminetetraacetic acid (EDTA) anticoagulant 

tube. The plasma was separated and stored in the 

freezer at −20°C and analyzed weekly. The red cells 

were used for ABO grouping, Rh grouping. The stored 

plasma was thawed and used for antibody screening by 

gel technology using Grifols Gel Card System 

impregnated with antihuman globulin. The patient’s 
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plasma was combined with group O reagent red cells to 

allow for antigen/antibody interaction in the upper 

chamber of the microtube containing antiglobulin. 

Specimens were incubated at 37°C for 15 minutes. Gel 

cards were then centrifuged, and reactions were 

reported following the manufacturer’s guidelines. The 

gel card method is based on the principle of variance 

passage of agglutinated and free red cells through a 

dextran acrylamide gel microtube column during 

centrifugation. Agglutinated red cells become trapped 

in or above the column. Un-agglutinated red cells 

settled at the bottom of the tube and no visible 

agglutination in the rest of the column. 

Data Management and Statistical Analysis 

Data were analyzed using Statistical Package for the 

Social Sciences 12.0, SPSS. Data was summarized 

graphically (frequency tables) and numerically (mean 

and standard deviation). 

 

 

Table (1) Participant’s demographic data 

Parameters (n=97) 

Age (range, mean  SD) 3-81(25.3718.1) 

Gender  

Male 52 (53.6%) 

Female 45 (46.4%) 

Diagnosis   

Sickle cell anemia   31 (32.0%) 

Solid tumors  41(42.3%) 

Leukemia 25 (25.7%) 

Number of blood units transfused 

2-4 59 (60.8%) 

5 to 10 27 (27.8%) 

11 to 15 2 (2.1%) 

16 to 20 3 (3.1%) 

More than 20 6 (6.2%) 

 

 

 

3. Results : 

The overall alloimmunization frequency was 22.7 % 

(22 /97). On considering the clinical diagnosis that led 

to transfusions, variations in the alloimmunization rates 

were observed in each of the different groups. The 

alloimmunization frequency in SCD patients was 29.0 

% (9/31), 21.9 % (9/ 41) among patients with solid 

tumors and 16.0% (4 of 25) in leukemic patients. 
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Table (2) Frequency of alloimmunization by diagnosis 

Diagnosis (n=97) Positive # (%) Negative # (%) 

Sickle cell anemia (n=31) 9 (29%) 22 (71%) 

Solid tumors (n=41) 9 (21.9%) 32 (78.1%) 

Leukemia (n=25) 4 (16.0%) 21 (84.0%) 

Total  22 (22.7%) 75 (77.3%) 

 

In the present study, a number of packed cell units transfused ranged from 2 to more than 20 units. There was no 

statistically significant correlation between the number of units transfused and the rate of alloimmunization (p 

value= 0.071). Table 3 

 

Table (3) Frequency of alloimmunization according to number of units transfused 

Number of units transfused Positive # (%) Negative # (%) Total # (%) 

Less than 5 12 (20.3%)  47 (79.7%) 59 (60.8%) 

5 to 10 5 (18.5%) 22 (81.5%) 27 (27. 8%) 

11 to 15 0 (0%) 2 (100.0%) 2 (2.1%) 

16 to 20 1 (33.3%) 2 (66.7%) 3 (3.1%) 

More than 20 4 (66.7%) 2 (33.3%) 6 (6.2%) 

Total 22 (22.7%) 75 (77.3%) 97 (100%) 

P value 0.071 

 

 

No statistical difference in the rate of alloimmunization between males and females. Of 52 males, 11 (21.2%) 

developed alloantibodies, and out of 45 females, 11 (24.4%) developed alloantibodies; (p value = 0.942). Table 4 

 

Table (4) Frequency of alloimmunization according to gender  

Gender Positive # (%) Negative # (%) Total # (%) 

Male 11 (21.2%) 41(78.8%) 52 (53.6%) 

Female 11 (24.4%) 34 (75.6%) 45 (46.4%) 

Total 22 (22.7%) 75 (77.3%) 97 (100%) 

P value 0.942 
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4. Discussion: 

The overall alloimmunization frequency detected in 

this study was 22.7% which consistent with 22.6 %  

alloimmunization rate reported in Saudi multi-

transfused patients (Gader et al., 2008).  However, this 

rate is higher than previously reported rates in multi-

transfused patients in other African countries which 

ranged between 1% to 10.3 (Ndahimana et al., 2013, 

Mangare et al., 2015, Alick and Nathan 2014). The 

higher rate of alloimmunization observed in our study 

may be explained by the diverse ethnicity in our 

population, donors and recipients alike.  

The higher rate of alloimmunization was observed 

among SCD patients (29.0%). This high rate is 

comparable to a study in Egyptian SCD patients (Aly 

et al., 2012), where the rate was 21.4%. In contrast, 

lower alloimmunization rates of 2.9%,4.1%, 4.4, 6.1%, 

9.3%,10%, and 18.7% have been reported in SCD 

patients in, Kenya (Mangare et al., 2015), Tanzania 

(Meda et al., 2014), Mali (Diarra et al., 2013), Uganda 

(Natukunda et al., 2010), Nigeria (Ugwu et al., 2015) 

Congo   Nigeria (Kangiwa et al., 2015a) respectively. 

These African countries have a more ethnically 

homogeneous population in comparison to Sudan. 

Where donors and recipients are racially more 

homogeneous. 

In Sudan, Abass et al reported the incidence of 

alloimmunization among SCD patients was only 4% 

(Mohammed Abbas, 2013), compared to our study 

(29%), the law percent may be explained by the donor's 

selection bias as 45% of donors were relatives of the 

transfusions recipients. 

Our data indicate that 21.9 % of patients with Solid 

tumors were alloimmunization positive. In a study of 

44 Ugandan patients with Solid tumors, 

alloimmunization was reported at a frequency of 11.4% 

(Natukunda et al., 2010). While in Kenyan Solid 

tumors patients no alloimmunization detected 

(Mangare et al., 2015) where there was less 

heterogeneity among donors and patients.  

In this study; leukemic patients had an 

alloimmunization frequency of 16%, which is similar 

to the 15% found by (Sanz et al., 2013) and 11% found 

by (Leisch et al., 2017).        

In this study, no statistically significant association 

observed between number units transfused and the 

development of alloantibodies as well as no difference 

in the incidence in males versus females. These 

findings are consistent with previous reports that have 

shown no association between the number of  units 

transfused and the alloimmunization frequency 

(Mangare et al., 2015, Baby et al., 2010), gender 

(Mohammed Abbas, 2013, Kangiwa et al., 2015b, el-

Danasoury et al., 2012), conversely  some studies 

reported association between the  alloimmunization 

frequency and the number of units transfused 

(Natukunda et al., 2010)  and females gender (Verduin 

et al., 2015, Saied et al., 2011). 

In conclusion, our study indicates that frequently 

transfused Sudanese patients are prone to the 

development of alloantibodies. The presence of 

alloantibodies in the serum of transfusion-dependent 

and/or frequently transfused patients makes it difficult 

to provide timely compatible blood and it is costly. At 

times, it is difficult to provide antigen-negative blood 

to patients who have developed multiple alloantibodies 

due to the scarce supply and high demand.  It is 

important to prevent the development of alloantibodies 

exercising proper detection and typing prior to any 

elective blood transfusion. It is equally important to 

detect any alloantibodies in a timely fashion to provide 

antigen-negative blood when indicated.   
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