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Purpose: This study determined the prevalence, types of red cell alloantibodies and factors associated with red cell alloimmunization 
among transfused patients with CKD at Mbarara Regional Referral Hospital.
Patients and Methods: A cross-sectional study was conducted among 141 consented, transfused patients with CKD from March to 
May 2025. Sociodemographic characteristics and clinical data were collected using a structured questionnaire. Four millilitres of 
EDTA anticoagulated blood were collected and tested for ABO/Rh blood group, direct antihuman globulin test, and red cell 
alloantibodies screening and identification by using the Echo Lumena machine (Immucor USA). Data were analyzed using STATA 
version 17. Logistic regression was used to determine factors associated with alloimmunization, and a p-value of ≤0.05 was considered 
statistically significant.
Results: Out of 141 patients with CKD, 97 (67.8%) were male, and the mean age was 54.4 ± 17.12. The overall prevalence of red cell 
alloimmunization was 10 (7.1%). A total of 4 study patients were alloimmunized with a single type of antibody; 2 had multiple antibodies, 
while 4 had undetermined types. Anti-K was the commonest identified alloantibody. Blood group A had significantly lower odds of 
alloimmunization (aOR 0.01, 95% CI: 0.0005–0.229, p = 0.004), similar to blood group O (aOR 0.01, 95% CI: 0.0007–0.163, p = 0.001).
Conclusion: The study reveals a slightly higher prevalence of red cell alloimmunization compared to global prevalence, with Anti-K 
being the most frequent antibody. Only ABO blood group was significantly associated with red cell alloimmunization. Therefore, more 
studies are needed to evaluate the complex nature of this phenomenon.
Keywords: alloimmunization, associated factors, chronic kidney disease, transfusion

Introduction
Chronic Kidney Disease (CKD) is characterized by lasting structural or functional abnormalities in the kidneys for a period 
exceeding three months.1 Anemia frequently develops in CKD patients due to various underlying factors, one of the most 
prominent being a reduction in erythropoietin, a hormone essential for the production of red blood cells.2 Inflammation, which 
is common in CKD, can lead to iron being trapped within the mononuclear phagocytic system, thereby reducing its availability 
for red blood cell formation.3 Effective management of CKD-related anemia often involves the use of iron supplements, 
erythropoiesis-stimulating agents (ESAs), and blood transfusions.4 However, due to ESA resistance and risks associated with 
prolonged iron therapy, including iron overload, blood transfusions are frequently used.5,6

While transfusions are beneficial, they also present immunological challenges. Red blood cells have more than 300 surface 
antigens, many of which can provoke an immune response.7 Each transfusion introduces numerous foreign antigens into the 
patient’s system, potentially stimulating the immune system to form alloantibodies against these non-self-cells.8 This immune 
reaction, known as red cell alloimmunization, involves the production of antibodies targeting foreign red cell antigens.9 CKD 
patients undergoing repeated transfusions are particularly at risk for alloimmunization, which can lead to complications such 
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as delayed transfusion reactions, difficulty in matching future blood products, delays in kidney transplantation, increased 
rejection risk, and even death.10–12

Globally, red cell alloimmunization is reported in approximately 2% to 6% of transfused patients.13 However, 
prevalence differs by region. In Malaysia, the rate among CKD patients is 12.4%, while in Indonesia it is 6%.14,15 

African studies reveal a broader range, from 5.2% up to 47.82%, depending on the study.16,17 These variations are likely 
influenced by the methods used to detect alloantibodies, patient demographics, and inconsistent transfusion protocols 
across settings.18,19

Among the various blood group systems, the Rhesus (Rh) antigens—particularly Rh D are known to cause strong immune 
responses. The Rh system’s antigens have decreasing immunogenicity in the order: D > E > e > C > c.17 Anti-Kell (anti-K) is 
another commonly identified alloantibody, while antibodies from less prevalent systems, such as Lewis and Diego, can also be 
involved, albeit less frequently, in African populations.16 In contrast, anti-Mia is the most frequently reported alloantibody in 
Malaysia.14 Other potent antibodies, such as anti-Kidd (anti-Jk) and anti-Duffy (anti-Fy ab-), are rare among individuals of 
African descent.20

Several factors have been linked with higher chances of alloimmunization among CKD patients. Advanced kidney 
disease, particularly stage five, significantly increases the risk.16 Additionally, the likelihood of alloimmunization rises 
with the number of transfused red blood cell units10 Women are more likely to develop alloantibodies than men.21

In Uganda, access to ESAs is often limited due to financial constraints, making repeated blood transfusions the 
primary treatment for CKD-related anemia.6 However, data are scarce on the burden and patterns of red cell alloimmu
nization in this population, hindering the development of effective guidelines and interventions.

This study was conducted to determine the prevalence, types of red cell alloantibodies, and associated factors among 
transfused CKD patients at Mbarara Regional Referral Hospital (MRRH) in southwestern Uganda.

Materials and Methods
Study Site
This study was conducted in the Renal Unit of Mbarara Regional Referral Hospital (MRRH), located in Mbarara 
City, approximately 260 kilometers southwest of Kampala, the capital of Uganda. MRRH serves as a major referral 
center for the southwestern region of Uganda. It provides healthcare services to patients from Mbarara City and 
surrounding districts as well as cross-border patients from Rwanda, Burundi, the Democratic Republic of Congo, 
and Tanzania.

Mbarara Regional Referral Hospital (MRRH) consists of multiple departments, including internal medicine and the Renal 
clinic. Renal Clinic is one of the specialized clinics that operates every Monday. On average, it receives approximately 10 to 15 
patients per day who are seen and treated by resident doctors, medical officers, and intern doctors. Patients with kidney disease 
usually visit the clinic and get admitted to the general medical ward when necessary. Those with kidney failure get 
hemodialysis while patients with anemia receive blood transfusions. On average around 350 anemic patients with chronic 
kidney disease (CKD) visit or get admitted and undergo blood transfusion each year.

The hospital laboratory includes a blood bank section. Safe blood issued to CKD patients from this section is 
collected from Mbarara Regional Blood Bank and stored at 2–8°C. The blood units are then verified for ABO/Rh blood 
grouping and cross-matched. The immediate saline technique is commonly used in emergencies. Alloantibody detection 
is performed by the indirect antihuman globulin test or using Echo-Lumena (Immucor, USA).

Study Design
This was a cross-sectional study which was conducted from March 2025 to May 2025 among patients with CKD 
receiving care at MRRH.

Study Population
This study involved adult patients with chronic kidney disease with a history of blood transfusion.
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Inclusion Criteria
● Consented patients with chronic kidney disease.
● All patients with CKD with a history of blood transfusion.

Exclusion Criteria
● Patients who have undergone kidney transplantation within less than a year.
● Patients with CKD with a confirmed diagnosis of autoimmune diseases.
● Patients with CKD who had transfusions due to other chronic illness rather than chronic kidney disease.
● Patients who were transfused at the time of sample collection.

Sample Size Determination 
The sample size was determined before data collection for statistically meaningful deduction by using Kish Leslie’s 
(1965) formula.

Where;
z was the probability value corresponding to 95% level of significance (1.96)
p was 16.9%; proportion of red cell alloimmunization among transfused kidney patients in central Sudan.10

d = margin of error allowed in this study = 5%
n = estimated sample size
N = population size

n = 215 patients
The finite population correction was used to get the minimum sample size, which is proportional to the population size. 
Kidney patients attending the Renal Unit at MRRH are approximately 350 per year (population size = 350).
no = initial sample size
N = population of CKD patients at MRRH per year

n = 133 patients
Therefore, a minimum of 133 patients were estimated to participate in this study.

Sampling Procedures
Participants were selected by a consecutive sampling technique, which involved choosing patients who were accessible 
and willing to participate. Data were collected from the dialysis unit and renal clinic, which is conducted every Monday, 
as well as from the general medical ward. Consented, adult patients with CKD were selected on the day of visit for clinic 
or dialysis.

Data Collection
The study procedures and objectives were clearly explained to each participant before obtaining written informed 
consent, which was provided in a translated format. Data collection involved the use of pre-tested, structured 
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questionnaires to obtain socio-demographic information such as age, sex, place of residence, marital, and employment 
status. Additional information on transfusion history, including the frequency and number of blood units received within 
a given month, was also gathered using the same questionnaire. Furthermore, data on indications for transfusion, the 
specific type of blood product administered, and any history of hemolytic transfusion reactions were collected through 
the questionnaire and cross-checked against the patients’ medical records.

Data on comorbidities and current health conditions such as sickle cell disease, pregnancy, hematologic malignancies, 
hemodialysis, hypertension, and diabetes mellitus were collected using a structured questionnaire. Information regarding 
hemoglobin levels, use of erythropoietin-stimulating agents (ESA), and the stage of kidney disease was also obtained 
through the questionnaire and verified against the patients’ medical records.

In cases where information on the stage of kidney disease was unavailable, the recorded serum creatinine levels were 
used to estimate GFR and then stage using the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines.22 Patients were classified as having received multiple transfusions if they had been given more than one 
unit of blood within a single month.

The alloimmunization status of the patient was assessed from the laboratory and reported in the corresponding 
structured questionnaire.

Blood Sample Collection and Preparation
The patient was prepared for blood collection after providing consent. The site for venipuncture was disinfected with 
70% alcohol before sampling. The principal investigator, together with a trained nurse or clinician responsible for blood 
collection, used personal protective equipment and adhered to aseptic techniques. Privacy was maintained during sample 
collection. Four milliliters of venous blood were drawn into ethylene diamine tetra-acetic acid (EDTA) vacutainer tubes. 
The samples were transported to the MRRH laboratory blood bank for ABO/Rh D blood grouping, Direct Antihuman 
Globulin test (DAT), alloantibody detection, and identification were performed using solid phase techniques with the 
Echo Lumena machine (Immucor, USA). Plasma from samples not tested immediately was separated from the red blood 
cells within 24 hours of collection and stored at 1–10°C.

Laboratory Procedures
ABO blood grouping was performed using both forward and reverse typing, based on the principle of direct hemagglu
tination. Forward grouping employed monoclonal antisera A, B, and AB, while reverse grouping used pooled reagent red 
cells (A1 and B cells). The testing was conducted using the fully automated Echo Lumena system (Immucor, USA).

EDTA blood samples were centrifuged at 4000 RPM for 10 minutes before being loaded into the analyzer. The red 
blood cells were then suspended in a diluent and dispensed onto microplates along with specific reagents (either known 
antisera or red cells). The presence of agglutination in reaction with a specific antiserum was used to determine the 
patient’s ABO blood group.

Rh blood grouping was carried out using the principle of direct agglutination on the Echo Lumena system (Immucor, 
USA). Monoclonal anti-D reagents, including a blend of IgG and IgM (Novaclone) and rapid IgM anti-D (ImmuClone), 
were used in conjunction with Rh D positive control cells. The patient’s red blood cells were incubated with anti-D at 
room temperature, and the presence of the Rh D antigen was indicated by agglutination at the bottom of the microplate 
following centrifugation. To detect weak D antigens, the blended Novaclone anti-D reagent was used after incubating the 
samples at 37°C for 15 minutes. A negative result was indicated by the absence of visible agglutination.

The internal camera of the analyzer captured images of the reactions, and the results were interpreted automatically 
by the system. Both tests were conducted in accordance with the standard ABO/Rh D blood grouping protocol.

The Direct Antiglobulin Test (DAT) was performed using the automated Echo Lumena analyzer (Immucor, USA) 
employing a solid-phase microplate technique, following the protocol for automatic antibody screening on the device. In 
this method, in vivo sensitized red blood cells are immobilized on polystyrene microwells, allowing their surface 
antigens to capture red cell-specific IgG antibodies present in the patient’s sample. After incubation to facilitate antibody- 
antigen binding, unbound antibodies are washed away. Capture-R ready indicator red cells, which carry IgG antibodies, 
are then added and centrifuged to bring them into proximity with the antibodies bound to the immobilized red cells. 
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A positive result is indicated by the formation of IgG-anti-IgG complexes, causing the indicator red cells to adhere to the 
microplate wells. In contrast, if no antibody–antigen interaction is detected (negative test), the indicator red cells settle at 
the bottom of the wells.

Alloantibody Detection
Alloantibody screening for unexpected red cell IgG antibodies was performed using a modified solid-phase technique on the 
automated Echo Lumena analyzer (Immucor, USA). EDTA samples were centrifuged at 4000 RPM for 10 minutes to separate 
plasma from red blood cells before being loaded into the analyzer. Three pooled donor red cell panels (Capture-R Ready 
Screen) were used, each containing a specific set of red cell antigens: Panel 1 included Rh antigens (R1wR1 B7205; D, C, e, 
Cw), K, Kpb, Jsb, Fyb, Jkb, Lea, P1, M, N, S, s, Lub, and Xga; Panel 2 comprised Rh (R2R2 C7072; D, c, E), K, k, Kpb, Jsb, Fya, 
Fyb, Jka, Leb, P1, M, S, Lub, and Xga; Panel 3 contained Rh (rrH1049; c, e), k, Kpa, Kpb, Jsb, Fya, Jkb, Leb, P1, M, N, s, Lua, 
Lub, and Xga. These panels were used alongside Capture-R Ready Indicator Red Cells as part of the screening process.

The system utilized strips containing microwells coated with dried red blood cell membranes, whose antigens serve to 
capture red cell-specific antibodies present in the patient’s plasma. Patient plasma was added to the microwells and incubated 
at 37°C and 24°C for four minutes. After incubation, unbound immunoglobulins were washed away, and indicator red blood 
cells were introduced. The mixture was then centrifuged to bring the indicator red cells into contact with any antibodies 
attached to the red cell membranes. In cases where IgG antibodies were present in the patient’s serum (positive result), the 
indicator red cells adhered to the IgG antibodies bound on the microwell membranes, preventing the formation of a pellet at the 
bottom. Conversely, a negative test was indicated by the formation of a pellet as the indicator cells settled at the well’s base. 
A low ionic strength solution (Capture LISS) was included to enhance the antibody–antigen interactions. Each batch of 
samples was tested alongside Capture-R ready positive and negative control sera to ensure accuracy.

Alloantibodies Identification
All samples that tested positive for alloantibody screening and DAT but negative for auto-control were forwarded for 
alloantibody identification. This was carried out using the automated Echo Lumena analyzer (Immucor, USA) with 
a solid-phase system designed to detect unexpected IgG antibodies against red blood cells (Lot No: ID490). The 
system utilized a panel of fourteen donor red cells expressing various antigens from blood group systems including Rh, 
Kell, Duffy, Kidd, Lewis, P, MN, Lutheran, and Xg. Identification was guided by the Capture-R ID master list. A low 
ionic strength solution was employed to enhance antigen–antibody reactions, and positive and negative controls were 
included in wells 15 and 16 of each identification strip. Quality assurance was ensured through the use of the 
automated WBc or QC system, which served as an integrated run control during blood testing. This quality control 
system was applied alongside blood grouping antisera, reagent red cells, and antibody screening reagents. 
Alloantibody identification strips contained sixteen microwells, with wells 15 and 16 reserved for positive and negative 
controls, respectively.

These controls were included in every centrifugation run, regardless of the number of strips processed, to identify 
any reagent failures or technical issues such as inadequate washing or centrifugation errors. Furthermore, 10% of the 
samples were sent to the Mbarara Regional Blood Bank for parallel testing using the Galileo Neo platform to 
confirm the accuracy of results and ensure procedural consistency. The study investigators received practical 
training on sample processing, quality control, and result interpretation from the senior laboratory technician 
experienced with both the Echo Lumena and Galileo Neo systems (Immucor, USA). Additionally, all research 
assistants involved were comprehensively trained in the standard operating procedures for proper sample handling 
and analysis.

Autologous Control
Auto-control was performed on all samples, which turned out to be DAT and screening positive to detect the presence of 
red cell autoantibodies. The test was performed on Echo Lumena (Immucor USA) using coated micro-typing plates.
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Data Analysis
Data were cleaned, coded, and analyzed using STATA version 17. Continuous variables were checked for normality and 
summarized accordingly, while categorical variables were reported as frequencies and percentages. Alloimmunization 
prevalence was calculated with 95% confidence intervals and model fit was assessed using the Hosmer–Lemeshow test. 
Odds ratios together with their 95% confidence interval and P value were used as a measure of association between the 
independent variable and the outcome variable. Logistic regression was used to identify factors associated with 
alloimmunization. Statistical significance was set at p ≤ 0.05.

Ethical Approval
The study was conducted in accordance with the principles of the declaration of Helsinki. Ethical approval for this study 
was obtained from the Research Ethics Committee (REC) of Mbarara University of Science and Technology (MUST), 
with reference number MUST–2025–2042. Administrative permission was also secured from the Director of Mbarara 
Regional Referral Hospital. Before enrolment, the study’s procedures, potential benefits, and risks were thoroughly 
explained to each participant in a language they understood, and written informed consent was obtained.

Participation was voluntary, with individuals free to withdraw without affecting their medical care. To ensure confidenti
ality, participants were assigned unique identification codes instead of using their names. All patient information was handled 
confidentially and stored securely, with dataset access limited through password protection and security measures.

Results
Patients’ Socio-Demographic and Transfusion Characteristics
A total of 141 participants were enrolled, with a mean age of 54.4 ± 17.23 years; the majority, 56 (39.7%), were aged 
41–60 years. Males constituted the majority, 96 (68.1%) of the participants. Most participants had blood group O, 70 
(49.6%) Rh D positive 137 (97.2%), notably; 105 (74.5%) had received transfusions within the past month, yet 128 
(90.8%) reported no transfusion reaction. Advanced kidney disease was prevalent, with 111 (79.3%) in stage 5 and 47 
(33.3%) on hemodialysis. Anemia was common; the mean hemoglobin concentration was 8.1g/dL (±2.1) with 65 
(46.1%) having severe anemia. Additionally, 50 (35.5%) had a history of multiple transfusions, and 134 (95.0%) had 
received packed red blood cells within the past three months (Table 1).

Table 1 Patients Sociodemographic and Transfusion Characteristics

Variable Frequency Percentage (%)
n = 141

Age (years) Mean ± SD 54.4 ± 17.2

Age categories (years)

18–40 32 22.7%

41–60 56 39.7%
>60 53 37.6%

Sex

Female 45 31.9%
Male 96 68.1%

Patients’ ABO group

A 42 29.8%
AB 6 4.3%

B 23 16.3%

O 70 49.6%
Patients’ Rh D group

Negative 4 2.8%

Positive 137 97.2%

(Continued)

https://doi.org/10.2147/JBM.S558414                                                                                                                                                                                                                                                                                                                                                                                                                                                                       Journal of Blood Medicine 2025:16 542

John et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Prevalence of Red Cell Alloimmunization Among Transfused Patients with CKD
Out of 141 participants, 10 were found to have alloantibodies, giving an overall prevalence of alloimmunization of 7.1% 
(95% CI: 3.8–12.7%).

Types and Frequency of Alloantibodies Among Transfused Patients with CKD
Among those who developed alloantibodies, 4(40%) had single alloantibodies, 2(20%) had multiple, while the alloanti
body specificities from four patients 4(40%) were undetermined. The most common alloantibody was anti-K 3(30.0%), 
while anti-S was found in 10.0% of the patients. Anti-Cw and Anti–Lewis constituted 1(10%) of the alloantibodies. 
Similarly, Anti-K and Anti-Cw also constituted 1(10%) of the alloantibodies (Table 2).

Factors Associated with Red Cell Alloimmunization Among Transfused Patients with 
CKD
To determine factors associated with red cell alloimmunization among CKD patients several factors were analyzed at 
bivariate analysis and only the patient’s ABO blood group showed a significant association with alloimmunization. 
Patients with blood group A (cOR: 0.024, 95% CI: 0.002–0.312, p=0.004) and blood group O (cOR: 0.029, 95% CI: 

Table 1 (Continued). 

Variable Frequency Percentage (%)
n = 141

Duration from last transfusion
<=1months ago 105 74.5%

>1months ago 36 25.5%

History of transfusion reaction
No 128 90.8%

Yes 13 9.2%

Stage of kidney disease
Stage 2 1 0.7%

Stage 3A 2 1.4%

Stage 3B 9 6.4%
Stage 4 17 12.1%

Stage 5 111 79.3%

Hemodialysis status
Not on hemodialysis 94 66.7%

On hemodialysis 47 33.3%

Use of ESA*
No 121 85.8%

Yes 20 14.2%

Hemoglobin concertation g/dL (mean ±SD) 8.1±2.1
Anemia

Severe anemia 65 46.1%

Moderate anemia 66 46.8%
Mild anemia 8 5.7%

No anemia 2 1.4%

Blood component transfusions, units
1 unit in a month 91 64.5%

>1 unit in a month 50 35.5%

Blood product received within the past three months
Packed Red Blood Cells 134 95.0%

Whole blood, Packed Red Blood Cells 7 5.0%

Note: *Erythropoietin Stimulating Agent.
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0.003–0.248, p=0.001) had significantly lower odds of developing red cell alloimmunization compared to those with 
blood group AB. No other factors were found to be statistically significant in the bivariate analysis (Table 3).

The following factors which were biologically plausible from bivariate analysis were analyzed at multivariate 
analysis: ABO blood group, multiple transfusion, and history of transfusion reaction. The model fitness was checked 
using Hosmer–Lemeshow test (p = 0.05).

After controlling for confounding factors in the multivariate analysis, only the ABO blood group remained significantly 
linked to red cell alloimmunization. Compared to patients with blood group AB, those with blood group A (aOR: 0.024, 95% 
CI: 0.001–0.349, p=0.006) and blood group O (aOR: 0.022, 95% CI: 0.002–0.225, p=0.001) had significantly lower odds of 
alloimmunization. No other variables demonstrated statistically significant associations (p > 0.05) (Table 4).

Table 2 Types and Frequency of Alloantibodies Among 
Transfused Patients with CKD

Red Cell Alloantibody Frequency Percentage (%)

Types of alloantibody

Single

Anti-K 3 30.0
Anti-Cw 0 0

Anti-Lewis 0 0

Anti-S 1 10.0
Multiple

Anti-Cw and Anti-Lewis 1 10.0
Anti-K and Anti-Cw 1 10.0

Undetermined 4 40.0

Total 10 100.0

Table 3 Bivariate Analysis of Factors Associated with RBC Alloimmunization

Variables RBC Alloimmunization cOR (95% CI) P-value

Negative  
n = 131

Positive  
N = 10

Age categories (years)

18-40 30 2 1.00
41-60 53 3 0.849 (0.134–5.369) 0.862

>60 48 5 1.562 (0.285–8.570) 0.607

Sex
Female 42 3 0.908 (0.223–3.687) 0.893

Male 89 7 1.00

Patient’s ABO group
A 41 1 0.024 (0.002–0.312) 0.004

AB 3 3 1.00

B 19 4 0.211(0.031–1.450) 0.114
O 68 2 0.029 (0.003–0.248) 0.001

History of transfusion reaction

No 119 9 1.00
Yes 12 1 1.102 (0.130–9.455) 0.930

Kidney failure

Absent 28 2 1.00
Present 103 8 1.087 (0.218–5.411) 0.919

(Continued)
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Discussion
Patients with chronic kidney disease (CKD) can benefit from blood transfusions for treating anemia, however, it imposes 
the risk of infection and red cell alloimmunization, particularly in settings where cross-matching is limited to ABO/Rh 
blood group systems only. In addition to making it more difficult to find a compatible blood unit for alloimmunized 

Table 3 (Continued). 

Variables RBC Alloimmunization cOR (95% CI) P-value

Negative  
n = 131

Positive  
N = 10

Hemodialysis Status
Not on hemodialysis 87 7 1.00

On hemodialysis 44 3 0.847 (0.209–3.437) 0.817

Severe anemia
Absent 72 4 1.00

Present 59 6 1.831 (0.493–6.792) 0.366

High blood pressure (hypertension)
No 34 1 1.00

Yes 97 9 3.155 (0.385–25.82) 0.284

Diabetes mellitus
No 82 7 1.00

Yes 49 3 0.717 (0.177–2.903) 0.641

Use of ESA1

No 113 8 1.00

Yes 18 2 1.569 (0.308–7.989) 0.587

Multiple transfusion
No 82 9 1.00

Yes 49 1 0.186 (0.229–1.512) 0.116

Blood product received within the past three months
Packed Red Blood Cells 125 9 1.00

Whole blood, Packed Red Blood Cells 6 1 2.315 (0.251–21.365) 0.459

Note: 1Erythropoietin Stimulating Agent. 
Abbreviations: RBC, Red Blood Cell; OR, Odds ratio; CI, confidence interval.

Table 4 Multivariate Analysis of Factors Associated with RBC Alloimmunization (n = 141)

Variables RBC Alloimmunization aOR (95% CI) P-value

Negative  
n=131

Positive  
n=10

Patient’s ABO group

A 41 1 0.024 (0.001–0.349) 0.006
AB 3 3 1.00

B 19 4 0.184 (0.021–1.599) 0.125

O 68 2 0.022 (0.002–0.225) 0.001
Multiple transfusion

No 82 9 1.00

Yes 49 1 0.143 (0.015–1.360) 0.091
History of transfusion reaction

No 119 9 1.00

Yes 12 1 1.314 (0.069–24.818) 0.855

Abbreviations: RBC, Red Blood Cell; OR, Odds ratio; CI, confidence interval.
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patients14 Red cell alloantibodies can also result in poor post-transfusion hemoglobin improvement8 or delayed hemolytic 
reaction.23

This study aimed at determining the proportion of patients with CKD who had red cell alloantibodies, identifying of 
detected alloantibodies and determining the factors associated with red cell alloimmunization.

Prevalence of Red Cell Alloimmunization Among Transfused Patients with CKD
The prevalence of red cell alloimmunization in this study was 7.1%. This is statistically comparable to that reported by 
Nebie et al, 5.9%,19 Hassan et al, 5.2%,16 and Krisnawati et al, 6.0%,15 but lower than the study conducted in South 
Sudan, which reported a prevalence of 16.9%10 and 12.4% in Malaysia.14 The finding in this study is higher than the 
2.94% reported in India24 and Nigeria21 3.2%. Meanwhile, in study done by Handa et al25 none of the Patients with CKD 
had alloantibodies.

The existing difference in prevalence can be due to differences in sensitivity and specificity of the method used for 
detection. The current study reported a lower prevalence in comparison to the study done by Elmobark et al10 and Yussof 
et al14 this can be attributed to the difference in the testing method; the solid-phase technique used in this study has lower 
specificity than the gel card technique.18 The difference in study population may explain the higher prevalence that was 
reported in this study than in the study in India24 where it only considered Patients with CKD under hemodialysis. The 
antigenicity of red cells present among patients and the heterogeneity that exists between donors and recipients may also 
explain the difference10 while the duration of detection from the time of alloantibody detection can be another reason, 
some alloantibodies undergo evanescence so quickly.26

In general, the prevalence of red cell alloimmunization in Patients with CKD is lower than that reported among other 
groups which received multiple blood transfusions.8 A higher prevalence of up to 44% has been reported among sickle 
cell patients and patients with myelodysplastic syndrome (15–59%).13 Patients with CKD belong to a group with a lower 
alloimmunization rate.8 Age and inflammatory state of the patients affect the whole process of antibody formation and 
hence alloimmunization, and patients with CKD have lower chances of producing alloantibodies because of their 
compromised immune function.23

Types of Alloantibodies Identified in Alloimmunized Patients with CKD
In this study, 141 patients were screened for red cell alloimmunization, 7.1% of them were positive, and the majority of 
the patients were alloimmunized by a single alloantibody (40%) while only 20% had multiple alloantibodies. This is 
consistent with the findings of the study done by Yusoff et al,14 which found that 90.0% of participants had a single 
alloantibody and 10.0% had multiples, and Elmobarak et al,10 where 84.3% developed a single alloantibody and 15.7% 
had multiples.

The Anti-K was the commonest antibody in this study (30.0%), which is in agreement with findings from the meta- 
analysis study conducted in Iran (31.7%),27 but lower than that reported in India (40%). The study in Malaysia,14 

Sudan.10 and Egypt16 reported anti-K prevalence of 3.3%, 14.8%, and 1.6%, respectively, but not as the most frequent 
antibody. Contrary findings were reported by Nebie et al19 and Obi et al,21 who did not identify anti-K. Antigen 
K (KEL1) is antithetical to k (KEL 2), whereby the former is less frequent in African populations; hence, a high level of 
alloimmunization is expected.28 Anti-K is highly immunogenic due to polymorphism and can cause fatal Hemolytic 
transfusion reactions. Also, when present, it can destroy the precursors of red blood cells.29

This study also found Anti-S in 10% of the patients. This finding is similar to various studies done in Brazil, 3.5%,30 

India, 2.45%,31 and the Middle East 3.1%,32 Further, a study done in South Sudan by Elmobark et al reported 3.3%10 

anti-S among Patients with CKD. However, the findings are in disagreement with Datta et al24 and Nebie et al19 who did 
not find Anti-S. Anti-S has been reported as a highly evanescent antibody, which can explain this variation.8

Although antibodies from the Rh blood group system are among the most common causes of alloimmunization in 
African populations17 Their prevalence was notably low in this study. Only two patients developed alloantibodies against 
anti-Cw, which occurred in combination with anti-Lea and anti-K antibodies. The Cw antigen, which is a weaker variant 
of the C antigen, is relatively rare, and its clinical significance in transfusion medicine remains underexplored.33 Similar 
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findings were reported in studies conducted in India by Das et al31 and in Africa by Nebie et al,19 where the same type of 
alloantibody was identified.

One patient (10%) from this study had anti-Lea, which was found in combination with anti-Cw; similar findings were 
reported in studies conducted in Malaysia, 6.7%,14 India 5.7%,31 and South Sudan, 1.6%.10 Recent studies among 
Patients with CKD in Africa did not report the presence of anti-Lea antibodies.16 Antibodies from the Lewis blood group 
system, such as anti-Lea, are generally considered to have limited clinical significance, are not usually of clinical 
importance, as they are rarely associated with hemolytic disease of the fetus and newborn (HDFN) and hemolytic 
transfusion reactions.34

The alloantibodies in 20% of the patients were indeterminate, which is consistent with Nebie et al19 and Hassan et al16 

studies. This may be attributed to the fact that the panel of donor cells used was sourced from the United States, where antigen 
profiles may differ from those commonly found in the African population.

Factors Associated with Red Cell Alloimmunization Among Patients with CKD
A multivariate analysis was conducted to identify factors associated with red cell alloimmunization among patients with 
chronic kidney disease (CKD). Among the variables assessed, only ABO blood group was found to be significantly 
associated with alloimmunization. Other factors, including age, history of adverse transfusion reactions, severe anemia, 
hypertension, use of erythropoietin, multiple transfusions, and the type of blood product administered, were associated 
with higher odds of alloimmunization but did not reach statistical significance.

In this study, patients with blood group A and O had significantly lower odds of developing alloantibodies, with p-values of 
0.004 and 0.001, respectively. These findings are in contrast to previous studies by Yusoff et al14 and Salarvand et al,32 which 
did not find any statistical significant association between ABO blood groups and red cell alloimmunization. Interestingly, 
despite the lack of statistical significance, Salarvand et al reported that a large proportion of alloimmunized individuals were 
blood group B, while fewer were group A or O,32 which is consistent with the current study’s observations.

However, other studies, such as those by Krisnawati et al15 and Louokdom et al17 reported that blood group O and 
A were more frequently observed among alloimmunized individuals, which contradicts the current study’s findings, 
where the majority of alloimmunized patients had blood group B.

The study by Yu et al35 demonstrated that ABO-matched transfusions reduce the likelihood of non-ABO alloimmu
nization. Therefore, the lower alloimmunization rate observed in this study could be attributed to the fact that most 
patients received ABO-matched blood transfusions, possibly mitigating the risk of alloantibody formation. There is 
scarcity of literature to support the current findings.

Strengths and Limitations of the Study
To the best of our knowledge, this is the first study assessing alloimmunization among patients with CKD in Uganda. The 
laboratory technique that was used for the detection and identification of alloantibodies is of high sensitivity and 
automated, therefore, reducing most errors related to misclassification. The study focused on patients with CKD, 
which is the group that receives multiple transfusions and are at high risk for alloimmunization.

Despite the strength, the evanescent nature of the antibodies might have negatively affected the prevalence of 
alloimmunization among CKD patients, the mismatch between donor panel and tested patients might have affected the 
study findings since the donors belong to American origin. The study was conducted at a single center, MRRH, which 
might have limited the generalizability of results among patients with CKD in Uganda. The study also faced challenges 
in obtaining patients’ transfusion information since they were disintegrated.

Conclusion
This study reveals a slightly higher prevalence (7.1%) of red cell alloimmunization in patients with CKD at MRRH 
compared to the global prevalence, with anti-K identified as the most common alloantibody. This suggests a heightened 
immunogenic response to the K antigen in this population. Most of the patients were alloimmunized by a single 
alloantibody (40.0%) while only 20.0% had multiple alloantibodies. Almost all factors were found not to be significantly 
associated with red cell alloimmunization except ABO blood group.
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