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ackground: Hematologists and obstetricians have focused their attention on the Rh antigen 

alloimmunization, especially the Rh-D antigen, which leads to severe health defects such as haemolytic 

disease of the fetus and newborn (HDFN). This study aimed to develop a profile for mothers with 

negative Rh-D who get pregnant with babies with positive Rh-D and to determine the rate of anti-D 

antibodies. 

Methods: In this study, 1028 blood samples were collected from 514 parents, who are mothers with Rh-

negative and fathers with Rh-positive, in Erbil city of Iraq, from April 2022 to April 2023. All participating 

mothers were Rh-negative women married to Rh-positive men, and inclusion was not limited to those with a 

prior Rh-positive child. However, most participants had experienced at least one pregnancy, and their 

obstetric histories were recorded through verbal interviews. This ensures that the reported 1.7% prevalence of 

anti-D antibodies represents all Rh-negative mothers with Rh-positive partners, rather than a pre-selected 

subgroup. Next, ABO and RhD typing tests were done for all samples (fathers and mothers), and then the Du 

test and antibody screening were applied to all mother samples. 

Results: Mothers’ blood samples were divided into age groups: 20-25: 35 (7%), 26-30: 165 (32%), 31-35: 191 

(37%), 36-40: 112 (22%), and over 40: 11 (2%). Among Rh-negative mothers, blood group O was most common 

(40.3%), and AB least (2.9%). Of the nine anti-D–positive mothers, the highest distribution was observed in 

the 36–40 age group (44%), followed by 26–30 and 31–35 (22% each), and over 40 (11%), with no cases in the 

20–25 age group. 

Conclusion: The abortion rate showed a positive correlation with increasing maternal age and pregnancy 

duration. Anti-D antibodies and other alloantibodies have become the major cause of HDFN. Therefore, 

primary screening for antibodies, monitoring, and blood transfusion are crucial in order to prevent the 

severity of the antibody effect on the infant.
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Introduction 

Erythroblastosis fetalis, often known as haemolytic 

disease of the fetus and newborn (HDFN), is a 

haemolytic disorder that mostly affects fetuses with 

rhesus-positive blood and newborns with rhesus-

negative mothers. Due to rhesus or ABO 

incompatibility between the maternal and fetal blood, 

alloimmunization occurs, which causes maternal 

antibodies to attack fetal red blood cells. According to 

estimates, 3–8 people out of every 100,000 suffer from 

HDFN each year. Prior to the development of 

immunoprophylactic medications, HDFN was 

previously known to result in fetal mortality in 1% of 

all pregnancies, but if detected early, the disease may 

now be reasonably successfully controlled with fewer 

difficulties [1-3]. Mother’s alloantibody results in 

HDFN, which causes many clinical signs and symptoms 

such as fetal anemia, hyperbilirubinemia, fetal hydrops, 

and cardiomegaly [4,5]. 

After ABO, the rhesus system is the most significant 

blood group system [6,7]. Only five of the 50 known 

blood group antigens that comprise the Rh system are 

significant. Normally, none of the Rh-positive or 

negative people have anti-D antibodies, but when a 

mother (Rh-negative) gets exposed to fetal D-antigen, 

she will begin to produce antibodies against the fetal 

D-antigen, which later will cause hemagglutination and 

haemolysis and is referred to as Rh incompatibility 

[8,9]. Kell antigen is the third most important antigen 

system that causes serious haemolytic transfusion 

reactions HTR and HDFN after the previous two 

systems (ABO and Rh), and a total of 25 Kell antigens 

have been identified [10]. 

The majority of alloimmunizations and subsequent 

haemolytic transfusion responses are prevented by red 

blood cell (RBC) compatibility in the ABO, Rh, and Kell 

systems; these reactions have a frequency of 1:4000-

12000 blood transfusions [11]. 

The RhD blood group antigen in the Rh blood group 

system is routinely typed alongside ABO for patients 

and blood donors in many countries, highlighting the 

importance of preventing RhD immunization by 

providing RhD-compatible units or appropriate 

antenatal care [12]. 

RBC serology tests are mostly used as a common 

macroscopic screen for the detection of the presence of 

alloantibodies, either by direct antiglobulin testing [13] 

or indirect antiglobulin testing [14]. But if the 

phenotypic tests are not sufficient for anti-D antibody 

identification, blood group gene sequencing offers the 

advantage of identifying feto-maternal blood group 

incompatibilities from the DNA sequence [15,16]. 

This study aimed to design a geographic data profile for 

hemolytic disease cases in Erbil city of Iraq, which 

includes Rh-D negative mothers who have been 

pregnant with Rh-D positive babies, as well as to 

determine the frequency of anti-D antibodies 

phenotypically. 

Methods 

In this study, 1028 blood samples were collected from 

514 parents (mothers with Rh-negative and fathers 

with Rh-positive) from both private and government 

hospitals in Erbil, Iraq, from April 2022 to April 2023. 

On the other hand, some histories have been taken 

from parents (abortion, delivery, and blood transfusion 

times), through verbal interview. Next, the ABO group 

test has been done by the tube method using anti-A, 

anti-B, and anti-D blend (IgG + IgM) sera reagents 

(Biorex, UK). Then the Du test was performed for 

mothers by mixing 100 µl of anti-D sera with 50 µl of 

5% suspension of RBC, incubating for 15–30 min at 37 

°C, and then washing the RBC four times with normal 

saline. The RBC was then examined for agglutination 

by adding 100 µl of Anti-Human Globulin (AHG) 

(Biorex, UK) along with centrifugation at 2000 rpm. 

Antibody screening was applied for all the mother 

samples by mixing 100 µl of patient serum, 50 µl of 

appropriate screening cells, and 100 µl of enhancement 

reagent (Bovine Albumin, Biorex, UK) into each tube, 

then incubation at 37 °C for 15 to 30 min and 

centrifugation in order to check agglutination in this 

phase, then washing 4 times and adding 100 µl of AHG 

in the last phase with centrifugation in order to check 

the agglutination (macroscopically and 

microscopically). In the end, all negative tests were 

confirmed by applying check cells to those samples. 

Antibody identification was applied to all positive 

samples in the antibody screening step to detect anti-D 

antibodies by using the same procedure, but with a 

specific antibody detection panel cell (Ortho, UK). 

Then, titration was applied to all positive anti-D 

samples. Eventually, all statistical analyses were 

carried out using SPSS Software, version 20 (SPSS Inc., 

Chicago, IL, USA). 

Results 

In this study, 1028 blood samples were taken from the 

parents, then further divided into 5 different age-based 

groups according to the mother's ages. The groups have 

been categorized as (20-25; 26-30; 31-35; 36-40; and 

over 40). Among all groups, the highest number was 

191 (37%) in the (31-35) age category, followed by 165 

(32%), 112 (22%), 35 (7%) and 11 (2%) for the (26-30, 

36-40, 20-25, and over 40) age groups, respectively. 
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After taking blood samples from parents and 

categorizing them into various groups, an ABO typing 

test was done for all the samples (Father and Mother), 

as illustrated in Table 1. As a result, in the first age 

group, the most common blood group (BG) among Rh-

negative mothers was O (37.1%), and the least common 

BG was 2.9% for AB. In the second age group, the most 

common BG was Group O, which was 35.8%, and the 

least common one was 4.2% for the AB group. In the 

third age group, the most common BG among mothers 

was Group O, which was 42.4%, and the least common 

one was the AB group, which was 3.7%. In the fourth 

age group, the most common BG was Group O, which 

was 40.2%; meanwhile, there were no mothers with BG 

AB type. Finally, in the last age group, the most 

common BG was Group O (81.8%), followed by Group B 

(18.2%), while no other blood groups were detected. 

Overall, 40.3% of all the mothers’ Blood groups were O. 

On the other hand, in the first age group, the most 

common BG among Rh-positive fathers was Group A, 

which was 48.6%, and the least common was the AB 

group, with a percentage of 2.9. In the second age 

group, the most common BG was Group B, which was 

38.2%, and the least common was the AB group, with a 

percentage of 0.6. In the third age group, the most 

common BG was Group A (42.9%), and the least 

common was the AB group (1%). In the fourth age 

group, the most common BG was Group A, which was 

52.7%, and the least common was the AB group, with a 

percentage of 0.9. Finally, in the last age group, the 

most common BG was Group A, which was 45.5%, and 

the least common was the O group, with a percentage 

of 18.2, and there was no case of an AB blood group. 

Overall, 43.6% of all the fathers' blood groups were A. 

Out of 514 tested mothers, samples that had been 

screened for antibodies, especially anti-D antibodies, it 

was determined that only nine of the mothers (1.7%) 

were positive for anti-D antibodies. Figure 1 shows the 

percentage of all the positive cases and their 

distribution among different age groups. As a result, 

the highest percentage of anti-D-positive antibodies 

was 44% in the (36-40) age group. In contrast, there 

was no positive case in the (20–25) age group. 

Figure 1: Anti-D antibody distribution among mother age groups.  

The Y-axis of the chart represents the percentage (%) of the 
positive cases for anti-D screening by specific antibody detection 
panel cells. The X-axis represents five different mother-age 
groups. The highest percentage of anti-D-positive antibodies was 
44% in the (36–40) age group. In contrast, there was no positive 
case in the (20–25) age group. 

In regards to delivery times, the majority of mothers 

(65.7%) in the first age group gave birth to a baby one 

time, in the second group (52.1%) of them gave birth to 

a baby two times, in the third group (41.5%) of the 

mothers gave birth to a baby three times, in the fourth 

group (35.7%) of the mothers gave birth to a baby four 

times, and in the last group (54.5%) gave birth to a baby 

six times. The delivery times are illustrated in Figure 2. 

 

Age 

(years) 

 

Frequency and Percentage of Cases 

Blood groups 

AB A B O 

Mother 

Rh(-) 

Father 

Rh(+) 

Mother 

Rh(-) 

Father 

Rh(+) 

Mother 

Rh(-) 

Father 

Rh(+) 

Mother 

Rh(-) 

Father 

Rh(+) 

20-25 % 2.9 2.9 28.6 48.6 31.4 25.7 37.1 22.9 

N 1 1 10 17 11 9 13 8 

26-30 % 4.2 0.6 32.1 37.0 27.9 38.2 35.8 24.2 

N 7 1 53 61 46 64 59 39 

31-35 % 3.7 1 27.2 42.9 26.7 34.6 42.4 21.5 

N 7 2 52 82 51 66 81 41 

36-40 % 0 10.9 31.3 52.7 28.6 29.5 40.2 17.0 

N 0 1 35 59 32 33 45 19 

  +40 % 0 0 0 45.5 18.2 36.4 81.8 18.2 

N 0 0 0 5 2 4 9 2 

Total % 2.9 0.9 29.2 43.6 27.6 34.2 40.3 21.2 

N 15 5 150 224 142 176 207 109 

Table 1: Parental blood group distribution among mothers’ age groups.  

This table represents the distribution of different blood groups (A, B, AB, O) of both parents (Mother and Father). Then, the 

distribution is further classified into (5) age groups based on the mother’s age into (20-25; 26-30; 31-35; 36-40; over 40) groups. The 

symbol (N) represents the frequency of cases, while the (%) represents the percentage of cases. (+40) is the mother group that 

includes mothers older than 40 years old 
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Figure 2: Baby delivery percentage among different mother age 

categories.  

The Y-axis of the chart represents the percentage (%) of the baby 
delivery (childbirth) times by the mothers. The X-axis represents 
(5) different mother-age groups, and each of the groups has (7) 
different colored bars, which represent (7) different baby 
delivery times that range from (1 to 7) times. 

On the other hand, in regard to abortion percentage, 

most of the mothers (54.6 %) in the fifth group (over 

41) have experienced abortion in their age group, 

followed by 49.1% of the fourth group and 40 %, 33 %, 

and 22.8 % for the third, second, and first groups, 

respectively. The abortion percentage among age 

groups is illustrated in Figure 3. 

 
Figure 3: Total abortion rate among different age groups. 
The Y-axis represents the percentage (%) of total abortion rate 
among mothers, and the X-axis represents five different maternal 
age groups. The chart shows that the abortion rate increases 
significantly with increasing maternal age, indicating a strong 
positive correlation rather than an exponential pattern. 

In regard to abortion times, as shown in Figure 4, 

most of the mothers experienced one-time abortion in 

their lives, followed by two-time abortions. 

 
Figure 4: Abortion times among different age groups.  
The Y-axis of the chart represents the percentage (%) of 
abortions by the mothers. The X-axis represents 5 different 
mother-age groups, and each of the groups has 5 different 
colored bars, which represent 5 different baby abortion times 
that range from 1 to 5. 

Discussion 

ABO and Rh typing was done by the traditional tube 

method using monoclonal antisera, which is similar to 

the Al Joudi (2000) [17] study in Iraq and the Shahverdi 

(2017) [18] study in Iran, while some other studies 

appear to use other techniques. One such study was the 

Karim (2015) [19] study in Southern Pakistan, in which 

the ID card Gel technique was used for ABO and Rh 

typing, then the Du testing was applied for the 

detection of weak D in all samples. 

Antibody screening and identification were done in 

this study using the indirect Coombs test through the 

tube method, similar to Al Joudi (2000) [17], while the 

study of Karim (2015) [19] performed these tests using 

only Gel cards. On the other hand, the Iranian study of 

Shahverdi (2017) [18] recommended both methods as a 

confirmation. 

Blood group O was the most predominant among all 

514 mother samples in this study, which was 207 

(40.3%) of all the cases, followed by 150 (29.2%), 142 

(27.6%), and 15 (2.9%) for the A, B, and AB groups, 

respectively. Unlike other studies, such as Shahverdi 

(2018) [18] in Iran, in which Group A is most common 

among all alloimmunized women, and in the study of 

Karim (2015) [19], blood group B is predominant. 

Anti-D antibodies were detected in only nine (1.7%) 

out of 514 Rh-negative mothers, nearly 44% of them in 

the age group of (36-40), in which approximately half 

of them got pregnant more than four times, and faced 

abortion at least once in their lives. This study is quite 

similar to the previous study in Iraq, in which the 

percentage of Anti-D antibody positive cases was (1.7 

%). In addition, an Iranian study by Karim (2015) [19] 

had 2.9 % of positive cases, and the Dajak (2011) [20] 

study in Croatia with a percentage of (1.3). In contrast 

to previous mentioned studies, in a study by Shahverdi 

(2018) [18] the percentage was significantly higher, in 

which out of 1035 D-negative pregnant women, 125 

(12%) cases were positive. 

In regard to the effect of the anti-D antibody on the 

abortion rate and HDFN, the rate of abortion shows a 

positive correlation with the increasing age and 

number of pregnancies. The high rate of abortion and 

anti-D isolation was detected in the fourth and fifth age 

groups (36-40 and over 40 mothers), despite taking 

samples randomly (without the concern of trimesters), 

as illustrated in the Figures 1 and 3. This consequence 

effect is similar to Al Joudi (2000) [17], Hundrić-Haspl 

(1997) [21], Dajak (2011) [20] and Karim (2015) [19] 

studies. 

Anti-D detection in pregnant women with Rh-

negative blood group is the primary vital test that has 

to be done for these mothers in all three trimesters; 

however, some studies, such as Karim (2015) [19] 

recommend that Rh-positive women, alongside Rh-
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negative women, have to be checked for anti-D and 

non-anti-D alloantibodies. In addition, the study by 

Dajak (2011) [20] stated that there are severe cases of 

HDFN in women whose mothers were Rh-positive. 

Limitations of the Study 

This study has certain limitations. Information on 

obstetric and transfusion histories such as abortions, 

deliveries, and blood transfusions was collected 

through verbal interviews, which may introduce recall 

bias and affect the accuracy of associations between 

abortion history, parity, and anti-D positivity. 

Moreover, the cross-sectional design limits causal 

inference, and the lack of trimester-based stratification 

or longitudinal antibody data may influence result 

interpretation. Future research should use verified 

medical records and multicenter longitudinal sampling 

to minimize bias and improve generalizability. 
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