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Introduction: Maternal red cell alloimmunization to Rh antigen in pregnant women occurs when the immune system is sensitized by 
foreign red blood cell surface antigens, in this case fetal red blood cells, inducing an immune response. Various antigens of blood 
group systems may cause alloimmunization, especially the Rh, Kel, Fy, JK, and MNS systems. This study aimed to 
determine alloimmunization to the different frequencies of Rh antigen among pregnant women in South Western Uganda.
Methods: A total of 1369 pregnant women consented and were recruited into a cross-sectional study during their regular antenatal 
visits during the period August 2020 to July 2021. Samples (4 mL) of anticoagulated and coagulated blood were obtained, and Rh 
blood grouping including Rh antigen and the indirect antiglobulin test (IAT) was carried out using the agglutination technology of the 
LISS ID-Card technique in the Ortho Biovue ID-Micro Typing System.
Results: Out of 1369 participants recruited to the study, 78 (5.7%) were D−, 1291 were D+, and 134 (9.8%) had alloantibodies. 
Among those with alloantibodies, 115 (85.8%) were D+ and 19 (14.2%) D−. The percentage alloimmunization according to the Rh 
antigens was highest in e (9.72%), c (2.48%), C (2.34%) and E (0.94%) antigens. With the ABO system, alloimmunization was highest 
in blood group B (10.7%), followed by A (10.6%), O (9.2%) and then AB (7.1%). Alloimmunization was more prevalent in D− (24%) 
than in D+ participants (8.9%). Rhesus antigen e was the most prevalent antigen (99.8%), followed by c. The alloimmunization rate of 
9.8% among these participants is high, and appears in both D+ and D− women. The other Rhesus antigens are seen to cause 
alloimmunization, with antigen e causing the highest prevalence. In conclusion, there is a need to identify antibodies and study the 
outcome for clinical significance, especially in D+ women, to facilitate proper pregnancy management.
Keywords: Rh alloimmunization, Rh antigens, hemolytic disease of the fetus and newborn, pregnant women, Western Uganda

Introduction
Antibodies of blood groups are immunoglobulins that are produced to react with corresponding antigens, mainly on the 
surface of red blood cells. These may be acquired naturally or through immunization in response to antigens present on 
red cells that are foreign for the individual.1 The ABO blood group system was first described by Karl Landsteiner in 
1900; since then, more than 60 different red blood cell antigens have been discovered and linked to eliciting an antibody 
response, which is commonly referred to as alloimmunization, with anti-D being the most commonly reported antigen.2

Alloimmunization is known to result from the genetic difference in red blood cell antigens between the fetus an the 
mother, or in patients with multiple transfusions. This alloimmunization occurs due to exposure of foreign red cell 
antigens inherited by the fetus from father to the antenatal immune system and subsequent sensitization. The Rhesus (Rh) 
antigen is the most common cause of this antibody response (alloimmunization), followed by ABO, while the Kidd, Kell, 
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and Duffy systems are less common causes.3,4 Exposure during gestation occurs as a result of the transplacental crossing 
of fetal red blood cells during delivery, miscarriage, or ectopic pregnancy, or when an invasive procedure such as 
amniocentesis is carried out.1 Age, gravidity/parity, and poor obstetric/gynecological history are other factors that are 
linked to alloimmunization in pregnant women.

Rh alloimmunization and hemolytic disease of the fetus and newborn are closely linked; this was first described by 
Levine and later by Louis.5 The antigens that are commonly linked with perinatal hemolytic disease of the fetus and 
newborn are mainly of the Rh system, and include D, C, E, c, e, f, and Cw, among others. ABO antibodies are mainly of 
the IgM type and do not commonly cause hemolytic disease of the fetus and newborn, as they cannot cross the placenta, 
but ABO-related hemolytic disease of the fetus and newborn has been reported to occur in group O mothers with high 
titers of naturally occurring IgA anti-A or B. Hemolytic disease of the fetus and newborn commonly follows antigenic 
exposure by transfusion, or fetomaternal hemorrhage or leakage.1,6

In South Western Uganda, the distribution of the ABO and Rh antigens has been determined, with O (49.4%) being 
the highest in the ABO system and e (99.8%) antigen the most common in the Rh antigen system, but the prevalence of 
Rh alloimmunization is not known.7 The prevalence of alloantibodies and related hemolytic disease of the fetus and 
newborn varies from population to population, and there are very limited data on this subject in this part of the country. 
Determination of the prevalence of maternal alloimmunization to Rh antigens in both the D+ and the D− populations of 
pregnant women during the antenatal period is key in the control of hemolytic disease of the newborn.

During antenatal visits, Rh alloimmunization is not routinely screened for and antigen typing is restricted to 
D phenotype screening only. Young women of child-bearing age with recurrent pregnancies in South Western Uganda 
are at higher risk of developing hemolytic disease of the newborn as a result of antibodies against non-screened Rh 
antigens, which can be fatal.8 This study aimed to obtain information on the prevalence of alloimmunization and how it is 
distributed within the different Rh blood phenotypes among pregnant women, to provide a baseline for policy informa-
tion and future planning towards pregnancy management, as a way of preventing hemolytic disease of the newborn.9–11

Materials and Methods
Between August 2020 and July 2021, a cross-sectional, descriptive study was conducted in which a total of 1396 
pregnant women attending an antenatal clinic were recruited after providing their written informed consent. Samples 
(4 mL) of anticoagulated and coagulated blood were collected. Screening for Rh antigen and detection of the presence of 
alloantibodies was carried out using the direct antigen grouping and indirect antiglobulin test (IAT), both employing the 
agglutination technique, in which glass beads and reagents are contained in a column of gel to capture agglutinates in 
a semi-solid medium. These tests were performed using the Ortho Biovue ID-Micro Typing System (Ortho Clinical 
Diagnostics, Raritan, NJ, USA).

Internal quality control was achieved by including both known positive and negative controls, in accordance with the 
relevant guidelines for quality assurance. The study identification number and individual initials were used to identify ID- 
Cards. The aluminum foil was removed, then 50 µL cell suspension of 0.8% concentration was added, followed by 40 µL 
of the participant’s sample, to the respective microtubes, and incubated at 37°C for 10 minutes. ID-Cards were then 
centrifuged for 15 minutes and visually inspected for agglutination.

Results
In total, 1369 pregnant women fulfilling the eligibility criteria were recruited into the study. The maternal age ranged 
from 16 to 45 years, with a mean age of 26 years. Most of the study population (74.7%) were less than 30 years of age. 
There were 592 primigravida (G0) women (43.8%) and the rest were multigravida (G2 to G5+) (Table 1).

Out of the 1369 pregnant women enrolled in the study, 1291 (94.6%) were D+, of whom 387 (29.8%) were group 
A individuals, 214 (16.5%) group B, 54 (4.1%) group AB, and 664 (49.6%) group O (Table 2).

Of the total number enrolled, 134 (9.8%) pregnant women had Rh alloantibodies. The distribution of alloimmuniza-
tion was 115 (8.9%) among the D+ pregnant women, as shown in Figure 1. Among the D− pregnant women, 19 (24.4%) 
had the alloantibodies (Table 3). Regarding the Rh antigen distribution, alloimmunization was highest in the C, 32 
(12.2%), and lowest in the E antigens, 13 (6.1%) (Table 4).
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Of the five major Rh antigens, c (99.3%) and e (99.8%) antigens were found to be the most common antigens, with 
antigen e (9.72%) having the highest alloimmunization, followed by D (8.77%), while E (0.94%) was the lowest 
(Table 4). The distribution of alloimmunization among ABO blood groups showed the highest level in blood group B, 
25 (10.7%), and the lowest in AB, 4 (7.1%) (Table 5).

Table 1 Demographic and Clinical Characteristics of the Participants (N=1369)

Variable Category Frequency %

Age (n=1364) 10–20 years 338 24.8
21–30 years 681 49.9

31–40 years 328 24.1

41–50 years 17 1.2
Parity (n=1349) 0–2 826 61.2

3–5 418 31.0

6–8 99 7.3
9–11 6 0.4

Gravidity (n=1353) 0 592 43.8
2–4 540 39.9

5+ 196 14.5

Trimester (n=1327) First 88 6.6
Second 862 65.0

Third 377 28.4

Blood transfusion (n=1069) No 1040 97.3
Yes 29 2.7

Transfusion times (n=24) Once 19 79.2

Twice 2 8.3
More than three times 3 12.5

Indication for transfusions (n=12) Anemia 7 58.3

Hemorrhage 5 41.7

Table 2 Distribution of D Antigens by Blood 
Group (N=1369)

Blood Group D

Positive (%) Negative (%)

A 385 (29.8) 19 (24.3)

B 212 (16.5) 21 (27.1)
AB 52 (4.1) 4 (2.9)

O 642 (49.6) 34 (45.7)

91%

9%

RhD+ IAT Test 
(Alloimmunization)

Neg

Pos

Figure 1 Percentage distribution of Rh alloimmunization among the Rh D+ pregnant women.
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Discussion
The distribution of maternal alloimmunization varies in different populations in different countries. The alloimmuniza-
tion rate in this study was 9.8%, with that among the D− participants being 24.4%, which is much higher than reported by 
Das et al4 (2.27%), Sahoo et al12 (3.6%), and Kahar13 (1.02%) in studies conducted in India and Europe, where the 
prevalence was in the range of 0.5–2.57%. The higher rate of alloimmunization in this study could be due to the 
variations in the population ethnicity. This rate is much lower than that reported by Li14 (45.5%) in China, and this could 
be due to the recruitment criteria, which emphasized alloimmunized participants.

The alloimmunization prevalence is higher in this population when compared with developed countries such as the 
Netherlands, as reported by Koelewijn et al15 (1.2%), and Sweden (0.5%), studied by Filbey et al.16 It is also found to be 
higher in comparison with other developing countries, such as a frequency value of 4.8% in Nigeria in the study by 
Jeremiah et al.10 The overall alloimmunization rate was also high compared with studies conducted in India by 
Mangwana et al17 (1.3%) in New Delhi and by Dholakiya et al18 (1.5%) in South India. The reduced rates of 
alloimmunization in developed countries could mainly be due to well-developed antenatal services and anti-D prophy-
laxis programs,19–21 but in developing countries such as India and in African countries, there is a significant risk due to 
a lack of anti-D prophylaxis.18,22 The variations may also be due to differences in race, environment, and the socio-
economic status of a given area.

Table 3 Distribution of IAT-Positive Results by Rh Blood 
Group (N=1369)

Rh D IAT

Negative Positive % Positive

Positive 1176 115 8.9
Negative 59 19 24.4

Total 134

Table 4 Rh Antigen and IAT Distribution (N=1369)

Antigen Total IAT

% Positive % Positive

Rh antigen D 1299 94.9 114 8.77

Rh antigen E 218 15.92 12 0.94
Rh antigen C 263 19.21 32 2.34

Rh antigen e 1366 99.78 133 9.72

Rh antigen c 1360 99.34 34 2.48

Table 5 Distribution of IAT-Positive Results by ABO Blood 
Group (N=1369)

Blood Group Total IAT

Negative Positive % Positive

A 404 361 43 10.6

B 233 208 25 10.7
AB 56 52 4 7.1

O 676 614 62 9.2
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In this study, 115 (8.9%) of the D+ pregnancies were alloimmunized, which indicates the presence of alloantibodies in 
the D+ participants, as seen in other studies such as those by Das et al4 (2.27%) and Ghesquière et al.4,18,23 This 
prevalence has also been reported by Lurie et al,24 Adeniji et al,25 Mbalibulha et al,26 and Pahuja et al27 as 0.2%, 0.15%, 
10.3%, and 0.12%, respectively. This requires special follow-up and intervention for the management of hemolytic 
disease of the fetus and newborn. This will require the formulation of guidelines for universal antibody screening for 
pregnant women in this area.

Rhesus antigen e was observed to be the most prevalent antigen, at 99.8%, but with less alloimmunization stimulation 
(9.72%); this is similar to a study conducted in Ivory Coast (99.9%), but different from results obtained in Nigeria by 
Gwaram et al (96.1%)28 and Jeremiah et al (95.6%)10 This disparity may be due to ethnic variations originating from the 
heterogeneous nature of the different populations. Antigens of the Rhesus blood group have been recorded to vary among 
races. All of the Rh antigens (D, C, E, e, and c) have been found to cause hemolytic reactions, although with different 
capabilities, and particularly delayed reactions resulting in hemolytic disease of the newborn.

Rh D alloimmunization is high in this population, and the study clearly shows that alloimmunization is also present among 
D+ women, at a level of 8.9%. This suggests that irregular antibodies were detected in both the D− and D+ pregnant women. 
There is need to determine the titer of these antibodies and to establish the clinical significance at that certain critical level, so 
that the clinical course be followed up to enable proper management. It is important to note that universal antenatal screening 
of all pregnant women is key, since in D+ women, just as in D− women, alloantibodies can be formed. There is a need to 
consider universal antenatal screening and to formulate pregnancy management guidelines accordingly.
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