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Background: Maternal red cell alloimmunization occurs when a woman’s immune system becomes sensitive to unfamiliar red blood 
cell antigens. This leads to the production of alloantibodies, which can have serious implications for the fetus and newborn. However, 
there is a lack of comprehensive information about the extent of red cell alloimmunization in underdeveloped countries like Ethiopia. 
Therefore, this study aimed to determine the magnitude of red cell alloimmunization among pregnant women attending antenatal care 
at Wolaita Sodo University Comprehensive Specialized Hospital from September 01 to November 30, 2022.
Methods: In this institutional-based cross-sectional study, 422 pregnant women were participated and recruited using a systematic 
random sampling technique. Data on sociodemographic characteristics, obstetric history, and other clinical information were collected 
using structured questionnaires through face-to-face interview. Blood grouping and indirect antihuman globulin tests were performed. 
The relationship between red cell alloimmunization and the independent variables was determined using the chi-square test. P-value 
<0.05 was considered statistical significance.
Results: In this study, the blood group distributions among the participants were as follows: O, 177 (41.9%); A, 124 (29.4%); B, 76 
(18%); and AB, 45 (3.86%). Among the pregnant women included in the study, a total of 51 (12.08%) were identified as RhD- 
negative. Out of these RhD-negative women, 5 (9.8%) were found to have developed alloimmunization with red blood cell antigens. 
Miscarriage and post-partum hemorrhage were found to be important factors associated with the occurrence of red cell alloimmuniza-
tion in these women.
Conclusion: This study showed that one out of ten pregnant women was alloimmunized. Therefore, antenatal blood grouping and 
indirect antihuman globulin screening should be performed routinely to manage and minimize the undesirable outcomes of alloim-
munization during pregnancy.
Keywords: alloimmunization, pregnant women, indirect antihuman globulin test

Introduction
Alloimmunization occurs when the immune system reacts to foreign antigens after being exposed to cells or tissues with 
different genetic characteristics. This immune response can happen during pregnancy or in individuals who receive 
frequent blood transfusions, such as those with hemoglobinopathies, myelodysplastic syndromes, chronic renal disease, 
and other medical conditions. Alloimmunization can be triggered by various factors, including human white blood cell 
antigens and red blood cell antigens.1 Red blood cell alloimmunization among pregnant women range from 0.4% to 2.7% 
globally.2–4
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The most clinically relevant blood group antigen present on the surface of red blood cells is still the ABO and Rhesus 
(Rh) blood group system.5 Rh alloimmunization happens when the immune system of the mother becomes sensitive to 
the RhD erythrocyte surface antigens, but it also refers to sensitization to other Rh antigens, including c, C, E and e.6 

Alloimmunization, a process that produces a template for the production of antibodies as well as small amounts of 
antibodies against the RhD antigen, can occur in a mother who is D-negative when fetal D-positive cells are present in 
her circulation.2,7

Although it can happen at any point in a pregnancy, the third trimester and labour are when it happens most 
frequently. It can occur after pregnancy-related occurrences that are linked to fetomaternal hemorrhage, such as 
terminations, late miscarriages, antepartum hemorrhage, abdominal trauma, ectopic pregnancy, intrauterine death, and 
stillbirth. These events include chorionic villus sampling, amniocentesis, and external cephalic version.7

When a woman’s immune system becomes sensitive to unfamiliar red blood cell antigens, which results in the 
production of alloantibodies, these antibodies develop as a result of the immunological reaction to the initial exposure to 
the same antigen after a prior transplant, transfusion, or pregnancy. During birth or other trauma, newborn or fetal red 
cells in pregnant women enter the maternal circulation and lead to maternal red cell alloimmunization. If the fetus is 
positive for the relevant red blood cell surface antigens, the resultant antibodies frequently cross the placenta during 
subsequent pregnancies from sensitized women to the fetus, causing hemolysis of fetal red blood cells and anemia.8,9

All pregnant women should be typed and screened to assess alloantibodies and for any unexpected RBC antibodies 
using indirect antiglobulin test is recommended for all pregnant women.10 The detection of Rh alloantibodies in pregnant 
women who are RhD-negative is crucial for predicting and treating hemolytic disease among newborns in resource 
limited nations.11 However, there is currently inadequate prevention of alloimmunization following potentially sensitiz-
ing events and during medical termination of pregnancy in RhD-negative women. One of the reasons for this is the lack 
of sufficient data and information management regarding prior pregnancies. Additionally, crucial details regarding 
pregnancy termination are often missing from patients’ medical records.7 Although various studies have been conducted 
throughout the world, there was a paucity of information on alloimmunization in our setting. Thus, this study aimed to 
assess the magnitude of red cell alloimmunization among pregnant women receiving antenatal care at Wolaita Sodo 
University Comprehensive Specialized Hospital.

Methods and Materials
Study Design, Period and Area
This institutional-based cross-sectional study was conducted from September 01 to November 30, 2022, at the 
Comprehensive Specialized Hospital of Wolaita Sodo University. The Hospital is located in Southern nations’ nation-
alities and populations away from 328 km from Addis Ababa, Ethiopia. The altitude of the town is 1200–2950 m above 
the sea level.

Data Collection and Laboratory Methods
Study Participants who had communication problems, mental health issues, or were taking anti-D prophylaxis were 
excluded from the study. During the study period, all voluntarily pregnant women who attended prenatal care clinics 
were included. After obtaining written informed consent, data on sociodemographic characteristics, obstetric history, and 
other clinical information were collected through interviews with participants using structured questionnaires.

The test tube method was used to determine the study participants’ ABO and Rh blood type using ABO and 
monoclonal IgM anti-D reagents. Blood samples collected from the study participants were washed four times with 
normal saline, and a 5% red cell suspension was prepared. Cell suspension mixed with known antiserum in a test tube; 
the mixture is incubated at room temperature and centrifuged. Finally, agglutination was observed both macroscopically 
and microscopically.12 To detect alloimmunization, an indirect antihuman globulin test was performed.13 Serum from 
each participant was mixed with 5% red blood cell suspension prepared from known O-positive individuals. 
Agglutination was then seen after the mixture was centrifuged for 1 minute at 3000 revolutions per minute (RPM). 
The mixture was incubated at 37 OC for 30 minutes if it did not agglutinate. After incubation, the samples were again 
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centrifuged and checked for agglutination. If agglutination was not observed, the mixture was washed with normal saline 
four 4 times, and antihuman globulin reagent was added after completely discarding the last wash supernatant, followed 
by centrifugation for 1 min at 3000 RPM. Results were observed macroscopically and microscopically. Coombs control 
cells were added to all agglutination-negative samples to confirm the true negativity.

Data Management and Quality Assurance
All quality assurance programs were taken to ensure data quality. For accuracy and consistency, the questionnaire’s 
English translation was made into the native tongue of Wolayitsa, then back into English. Before beginning the actual 
data collection, the questionnaire was pretested and the data collectors received training. The collection, handling, 
processing, and storage of samples were all done in accordance with standard operating procedures (SOP). Known ABO 
and Rh blood groups were utilized to test the ABO and Rh blood grouping reagents, and Coomb’s control cells were 
employed to control the indirect antihuman globulin test quality.

Data Analysis and Interpretation
The data were checked for completeness and its consistency. Then, data were entered into Epidata version 3.1 (Epidata 
Association, Odense, Denmark) and then exported to the Statistical Package for Social Sciences (SPSS) version 25 
software (IBM Corporation, USA) for analysis. To ascertain the frequency and percentage of the variables, categorical 
data were analyzed using the chi-square test to see if red cell alloimmunization was associated with the independent 
factors. P-value <0.05 was considered statistical significance.

Ethical Consideration
This study was carried out according to the Declaration of Helsinki. Ethical clearance was obtained from the Ethical 
Review Committee of Wolaita Sodo University, College of Health Science and Medicine (reference number: CSHM/ER/ 
01/15). A support letter from the Chief Research and Community Service Director Office of the College was submitted to 
Wolaita Sodo University Comprehensive Specialized Hospital and written permission was obtained. Written informed 
consent was obtained from each study participant after explaining the objective and procedures of the study. For 
participants below 18 years old, assent was obtained from the participant, and consent was signed by their husband or 
parents. The study participants were identified by codes rather than individual name or identifiers to maintain data 
confidentiality, and unauthorized individuals were unable to access the collected data. Antihuman globulin test positive 
results were sent to physicians working in antenatal care clinics for proper management.

Results
Socio-Demographic Characteristics of Study Participants
Data were collected from 422 participants with a 100% response rate. In age distribution, 194 (46%) respondents were 
aged 16–25 years. Concerning participants’ religions, 294 (69.7%) respondents were protestant religious followers. 
Regarding educational level, most of participants attended preparatory and above educational levels. Looking at the 
residence status of all participants, 230 (54.5%) were from urban areas, as shown in (Table 1).

Obstetric and Clinical Characteristics of Study Participants
Regarding obstetric history, 47 women (11.1%) had a history of post-partum hemorrhage. Regarding pregnancy 
complications, 44 (10.4%) of the study participants had history of malaria infection and 49 (11.6%) had a reported 
history of bleeding. In addition, 361 (85.5%) pregnant women had no history of blood transfusion. Concerning previous 
history of abortion/miscarriage among the pregnant women, 44 (10.4%) had a history of abortion/miscarriage. Most 
gestational age of participants, 217 (51.5%) were in their third trimester, while 51 (12.1%) were in their first trimester of 
pregnancy. A total of 223 (64.8%) study participants responded that they had a history of health center delivery (Table 2).
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Blood Group Distribution and Maternal Alloimmunization of the Study Participants
Regarding the blood group profile, among the total study participants, 177 (41.9%) were found to be blood group O, followed 
by 124 (29.4%), 76 (18%), and 45 (3.86%) with blood group A, B, and AB, respectively. From the total study participants, 51 
(12.08%; 95 CI, 8.8–14.7) were RhD-negative, and 5 (9.8%; 95 CI, 0.2–2.1) were antihuman globulin (IAT) positive (Table 3).

Association Between Red Cell Alloimmunization and Other Variables
The variables associated with red cell alloimmunization among pregnant women that had been analyzed in this study 
included post-partum hemorrhage, blood transfusion, pregnancy complications, abortion/miscarriage, stillbirth, place of 
labor, and gestational age. Accordingly, the history of post-partum hemorrhage (p = 0001) and miscarriage (p = 0001) 
showed a statistically significant association with red cell alloimmunization. Other variables did not showed statistically 
a significantly associated with RBC alloimmunization (Table 4).

Table 1 Socio-Demographic Characteristics of the Study 
Participants in Wolaita Sodo University

Variables Catagories Frequency (%)

Age (in years) 16–25 194 (46)

26–35 171 (40.5)

36–45 57 (13.5)
Religion Orthodox 76 (18)

Protestant 294 (69.7)

Muslim 33 (7.8)
Catholic 19 (4.5)

Residence Urban 230 (54.5)
Rural 192 (45.5)

Educational status Illiterate 34 (8.1)

Read and write 98 (23.2)
Primary and secondary 64 (15.2)

Preparatory and above 226 (53.6)

Note: Comprehensive Specialized Hospital, Southwest Ethiopia, 2022 (n = 422).

Table 2 Obstetric and Clinical Characteristics of Study Participants in Wolaita 
Sodo University Comprehensive Specialized Hospital, Southwest Ethiopia, 
2022 (n = 422)

Variables Catagories Frequency (%)

History post-partum Hemorrhage Yes 47 (11.1)
No 375 (88.9)

Pregnancy complication Malaria 44 (10.4)

Bleeding 49 (11.6)
No complication 329 (78.0)

Previous history of blood transfusion Yes 61 (14.5)

No 361 (85.5)
History of abortion/miscarriage Yes 44 (10.4)

No 378 (89.6)

History of previous stillbirth Yes 32 (7.6)
No 390 (92.4)

Previous place of labour Home 121 (35.2)

Health center/hospital 223 (64.8)
Gestational age 1st trimester 51 (12.1)

2nd trimester 154 (36.5)

3rd trimester 217 (51.4)
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Discussion
The incidence of red cell alloimmunization is decreased in high socioeconomic countries; nonetheless, it is still an issues in 
sub-Saharan and poor socioeconomic countries like, Ethiopia.7 A crucial first step in minimizing pregnancy-related 
difficulties from RhD alloimmunization is studying the prevalence of RhD-negative women. Based on the obtained 
prevalence, this could help with the creation of screening and preventive management programs. The percentage of 
pregnant participants in our study who had RhD-negative blood was 12.08% (confidence interval 8.8–14.7). This is 
significantly higher than studies done in southwest and southeast Nigeria, which, respectively, found 5.5 and 4.5% of 
women of reproductive age with Rh D-negative factors.14,15 This difference might be due to variations in the ethnic or racial 
groups of the population. The current study differs from that of a study carried out in Gambella, Southwest Ethiopia, which 
found a Rh D-negativity rate of 19.37%.16 This indicates that the Rh D-negative distribution among pregnant women varied 
across Ethiopia. There is evidence that, in addition to regional, ethnic, and racial variations, the frequency of Rh D-negative 
individuals fluctuates over time within a single population in various parts of the same country.17

The overall prevalence of red cell alloimmunization in this study was 9.8% (confidence interval 0.2–2.2) which is 
consistent with a study done in Southwestern Uganda, which was 9.8%18 and study conducted in Oman, the Arabian 
Peninsula in southwestern Asia, reported 10% alloimmunization in pregnant women.19 In this study, the prevalence of 
alloimmunization was lower than that reported for Uganda (12.1%).20 This might be due to the relatively reduced sample 

Table 3 Distribution of ABO, Rh Blood Groups and Alloimmunization Status 
Among the Pregnant Women at Wolaita Sodo University Comprehensive 
Specialized Hospital Southwest Ethiopia, 2022 (n = 422)

Blood Group O A B AB IAT-Positive

Rh D positive 158 105 72 36 0

Rh D negative 19 19 4 9 5
Total 177 (41.9%) 124 (29.4) 76 (18%) 45 (3.86) 5 (9.8%)

Abbreviation: IAT, Indirect Anti-human globulin test.

Table 4 Association Between Red Cell Alloimmunization and Variables at Wolaita Sodo 
University Comprehensive Specialized Hospital, Southwest Ethiopia, 2022 (n = 422)

Variables Catagories Alloimmunization P value

Yes No

Post-partum hemorrhage Yes 3 44 0.001*

No 1 374
Previous blood transfusion Yes 1 60 0.7

No 4 357

Pregnancy complication Malaria 1 43
Bleeding 0 49 0.5

No complication 4 325

History of abortion/miscarriage Yes 5 40 0.001*
No 0 377

History of previous stillbirth Yes 1 31 0.27

No 3 387
Previous place of labour Home 0 121 0.1

Health center/hospital 4 219

Gestational age 1st trimester 1 50
2nd trimester 1 153 0.41

3rd trimester 4 213

Note: *Chi square test was used as test of association.
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size and differences in phenotype of population. Red cell alloimmunization in our study was much higher than previous 
reports from developed countries such as the Netherlands,21 Sweden22 and Southwest Saudi Arabia23 with 1.2%, 0.5%, 
and 1.8%, respectively. This gap might be brought about by racial variations resulting from the heterogeneity of various 
populations, and probably due to the routine antenatal use of anti-D prophylaxis.

Alloimmunization against RBC antigens may occur following blood transfusion, miscarriage, post-partum hemor-
rhage, stillbirth, place of labour, and pregnancy complications.20 However, in this study, miscarriage (p = 0.001) and 
post-partum hemorrhage (p = 0.001) were significantly associated with red cell alloimmunization. Other variables did not 
show any statistically significant differences. In contrast to the present study, there was a significant association between 
parity and place of labor with red cell alloimmunization, as reported by Jimma.24 This variation might be due to the 
differences in the relatively small sample sizes used in this study. No significant difference was observed in alloimmu-
nization status across the three trimesters. This is possibly due to the unequal proportions of participants across the 
trimester groups and the relatively small sample size.

This study should be interpreted in the light of the following limitations: Firstly, it does not included the antibody 
identification panel of cells to resolve specificities of antibodies. Also, screening of autoantibody was not done due to 
resource constraints.

Conclusions and Recommendations
In our study population, the total prevalence of red cell alloimmunization was 9.8%, which is much higher than the 
prevalences recorded in European nations like the Netherlands, Sweden, and southern Arabia and slightly lower than 
those reported in African nations like Uganda. This variety is probably brought about by racial and genetic differences 
throughout the globe, sample sizes, and study methodologies. In this overall prevalence of D-negative women was 
12.08%. Miscarriages/abortions and post-partum hemorrhage were significantly associated with red cell alloimmuniza-
tion. Only pregnant patients who visited the hospital were included in our study, which does not accurately reflect the 
prevalence of anti-D among the many Ethiopian women who do not have access to obstetric care. It is important to look 
into additional population-specific antigens that may contribute to the significant amount of unidentified antibodies found 
in the current study.
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