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Rhesus D (Rh⁃D) antijen alloimmünizasyonu hematologlar ve doğum uzmanları için bir endişe odağı 

olmaktadır. Bu durum perinatal morbidite ve mortaliteye katkıda yol açmaktadır. Çalışmada Erbil 

ilinde Anti-D antikoru üreten Rh(D) negatif annelere yönelik coğrafi veri profilinin tasarlanması 

amaçlanmıştır. Çalışmamızda Rh(D) negatif Anne ve Rh(D) pozitif Babalardan 1028 (kan örneği) 

toplandı. Tüm numunelere (Baba ve Anne) ABO ve RhD tipleme testleri uygulandı, ardından anne 

numunelerinde Du testi gerçekleştirildi ve anne numunelerine antikor taraması yapıldı. Tüm 

annelerden alınan kan örnekleri yaş gruplarına göre 20-25: 35 (%7), 26-30: 165 (%32), 31-35: 191 

(%37), 36-40: 112 ( %22 ve 40 yaş üstü: 11 (%2) katagorilerine ayrıldı. Rh negatif annelerde en sık 

görülen kan grubu O grubu (%42,4) olurken, bunu sırasıyla %27,6, %26,7 ve %3,7 ile A, B ve AB 

grupları izledi. Anti-D pozitif antikor yüzdesi en yüksek % 44 ile 36-40 yaş kategorisinde görülürken, 

bunu %22 ile hem (26-30) hem de (31-35) yaş kategorisi ve %11 ile 40 yaş üstü kategorisinde izledi. 

20-25 yaş kategorisinde ise pozitif vakaya rastlanmadı. ABO uyumsuzluğunun ve diğer 

alloantikorların neden olduğu hemolitik hastalık, Fetüs ve yenidoğanın hemolitik hastalığının ana 

nedeni haline gelmektedir. Yeni doğanlar üzerindeki olumsuz etkileri önlemek ve antijen negatif kan 

teminin acilen gerçekleştirilmesi için bu verileri sağlanması önem taşımaktadır. 

 

 

Anahtar Kelimeler: Hemolitik hastalık, Antikor tanımlama, Anti-D antikoru, Du testi, Anti-D titresi. 
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Rhesus D (Rh⁃D) antigen alloimmunization has been a focus of concern for hematologists and 

obstetricians. It contributes to perinatal morbidity and mortality. In this study, it was aimed to design a 

geographic data profile for mothers who are Rh(D) negative and produced Anti-D antibody at Erbil-

city. In our study, we collected 1028 (blood samples) from Mothers who is Rh(D) negative and Fathers 

who are Rh(D) positive. We performed ABO and RhD typing tests for all samples (Fathers and 

Mothers), then tested all mother samples for Du test and performed antibody screening for all mothers 

sample. All the mothers’ blood samples have been divided into five different Age category 20-25: 35 

(7%), 26-30: 165 (32%), 31-35: 191 (37%), 36-40: 112 (22%), and over 40: 11 (2%), Age groups. The 

most common blood type among Rh-negative mothers was Group O which was (42.4%), followed by 

A, B and AB groups which were 27.6%, 26.7% and 3.7%, respectively. The highest percentage of Anti-

D positive antibody was in (36-40) age category which was 44%, followed by 22% in both (26-30) and 

(31-35) and 11% in (over 40) Age category, and there was not any positive case inside (20-25) Age 

category. Haemolytic illness brought on by ABO incompatibility and other alloantibodies have thus 

become the main cause of hemolytic disease of the fetus and newborn. It is important to provide this 

data to prevent negative effects on newborns and to provide antigen-negative blood urgently. 

 

 

Key Word: Hemolytic disease, ABO, Anti-D antibody, Du test. 
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1. INTRODUCTION 

 

 

Erythroblastosis fetalis, often known as hemolytic disease of the newborn 

(HDN), is a hemolytic illness 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 assault fetal red blood cells. Prior to the development of 

immunoprophylactic medications, HDN 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 (Pegoraro et al., 2020: Myle 

and Al-Khattabi, 2021). 

 

HDN was a significant contributor to prenatal and neonatal morbidity and death 

in the middle of the 20th century (Liumbruno et al., 2010; Pegoraro et al., 2020). 

 

When a baby's red blood cells are damaged, HDN can happen (Chilcott et al., 

2002). When HDN is present, it can cause severe newborn hyperbilirubinemia, fetal 

anemia, and kernicterus, all of which have elevated risks for fetal mortality (De Haas 

et al., 2014; Tugcu et al., 2019). 

 

Clinical and laboratory findings associated with hemolysis caused by minor 

blood incompatibilities include moderate anemia, reticulocytosis, newborn 

hyperbilirubinemia, and significant fetal anemia and hydropic alterations (Eder, 2006). 

Since it has been demonstrated that intravenous immunoglobulin reduces the 

requirement for red blood cell transfusion, it has been employed as an alternate therapy 

strategy for HDN (Alcock and Liley, 2002). 

 

Maternal antibodies, which are circulating proteins made by the immune system 

in reaction to the presence of a foreign material, are created against fetal blood cells in 

alloimmune HDN. Fetal anemia (a lack of red blood cells in the unborn fetus) is caused 
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by these antibodies, which cross the placenta to destroy red blood cells (Zwiers et al., 

2018). 

 

33 blood group systems have about 400 red blood cell antigens (Mbalibulha et 

al., 2015). Of these, more than 50 distinct antigens can result in fetal hemolytic illness 

and maternal alloimmunization. Because Rh hemolytic illness can develop, Rhesus D 

antigen (RhD) alloimmunization has long been of interest to obstetricians and 

hematologists. From one race to another, RhD negative is more or less common. RhD 

negativity affects 15% of Caucasians, compared to 5-8% of African Americans, 1-2% 

of Asians, and 1% of Native Americans. Nearly all native Africans are RhD positive 

(Aventand Reid, 2000;  Al-Dughaishi et al., 2016). 

 

When the first child inherits the paternal D antigen, whose inheritance has been 

shown to follow an autosomal dominant pattern, and an event occurs that results in 

mixing of maternal and fetal blood, the mother typically starts producing anti-D 

antibodies through a process known as alloimmunization. This is because she lacks the 

D antigen (Gupta et al., 2020).  

 

IgM antibodies, which cannot pass the placental barrier, is the first antibody 

secreted immunologically. Isotype switching subsequently occurs, resulting in the 

production of IgG antibodies. IgG antibodies may breach the placental barrier, and 

they do so during the second and/or subsequent pregnancies. They assault the fetal 

RBCs, resulting in hemolysis and its accompanying consequences, such as Hydrops 

fetalis and jaundice (Alaqeel, 2019). Antibodies known as IgG, however, can also 

reach the fetal circulation through fetomaternal bleeding (Myle and Al-Khattabi, 

2021). 

 

Morbidity and mortality due to Rh(D)-related HDN in several countries 

substantially decreased from 12–13 to 1-2% after successful adoption of prophylaxis, 

changes in birth order, and improved medical care standards (Velati, C., 2007; 

Varghese et al., 2013). Other abnormal antibodies that were discovered to cause HDN, 
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primarily anti-c, anti-E, and antibodies to antigens of Kell, Kidd, Duffy, and MNS 

blood group systems, also rose to prominence at the same time (Moise, 2000). 

 

In this study, it was aimed to design a geographic data profile for mothers who 

are Rh(D) negative and produced Anti-D antibody at Erbil-city. Studying and detecting 

of factors or defects in the management of Mothers who are Rh(D) negative. Finding 

the solution of factors or defects to prevent producing Anti-D from Mothers immune 

system. To make a standard procedure, and finding the best way for managing 

pregnant women during gestational period, by using Rh0 (D) immunoglobulin at right 

time, and performing Du test for all New-borns. 
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2. LITERATURE REVIEW 

 

 

2.1. Definition and history of Rh hemolytic disease  

 

Erythroblastosis fetalis, another name for HDFN, is a hemolytic condition that 

typically affects neonates and fetuses with the Rhesus positive (Rh+) and Rhesus 

negative (Rh-) racial or ethnic markers. The condition was initially recorded by a 

French midwife in 1609, but the fundamental reason wasn't discovered until the 1950s 

(Seto, 2008 ; Jackson and Baker, 2021).  

 

According to estimates, 3 to 8 people out of every 100,000 suffer with HDN each 

year. Prior to the creation of anti-D prophylaxis, it caused fetal loss in 1% of all 

deliveries (Routray et al., 2021). 

 

Although the incidence of HDN is shown to vary with ethnicity, it is closely 

connected with the female inheritance pattern that leads in the lack of the Rhesus (D) 

antigen.  Table 2.1 shows that, for instance, whites have the highest incidence while 

Asians and American Indians have the lowest. Additionally, the D antigen is the most 

immunogenic Rh antigen that is currently recognized. Rh incompatibility affects 

roughly 10% of pregnant white women, according to estimates (Myle  and Al-

Khattabi, 2021). 

 

Table 2. 1. Various ethnic groups' HDN prevalence rates 
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2.1.1. Clinical manifestation 

 

Maternal alloantibodies cause HDFN, which is the immune-mediated death of 

fetal RBCs and their erythroid progenitors. Clinical HDFN signs and symptoms 

include:  

 

●fetal anaemia, including low haemoglobin levels  

● hyperbilirubinemia (high bilirubin levels) which may lead to jaundice or kernicterus 

as bilirubin is released from lysed RBCs  

● cardiomegaly (enlarged heart) from the compensatory hyperdynamic circulation 

 ●fetal hydrops when oedema accumulates in the serous cavities and skin The presence 

and specificity of maternal alloantibodies implicated in HDFN can be identified using 

RBC serology (Daniels et al., 2002; De Haas et al., 2015). 

 

 

2.2. Characteristics of Rh group 

 

2.2.1. History 

 

In clinical practice, understanding blood group systems is crucial, particularly 

for haematological illnesses. The ABO and Rhesus systems are the two most common 

blood group systems in humans. The human blood types were discovered by Karl 

Landsteiner in 1904. He described them using the Landsteiner law, which asserts that 

the matching antibodies for each blood type antigen that is not present on the RBCs 

are present in the plasma (Cowan, 2017). With the rhesus antigen⁃antigen D, this is 

not evident. Normally, neither Rh+ nor Rh- persons have anti-D antibodies; 

nevertheless, when Rh- individuals are exposed to the D antigen, they begin secreting 

the appropriate antibodies. Therefore, RBC agglutination and hemolysis, which are the 

root causes of Rh incompatibility, can occur when a person has both D antigens and 

anti-D antibodies  (Akkök and Seghatchian, 2018).  
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The similar pattern is followed by ABO incompatibility, hence caution must be 

used while doing tissue transplants and blood transfusions. When alloimmunization 

takes place and maternal antibodies begin attacking fetal RBCs, the underlying cause 

of virtually all cases of HDN is often Rh or ABO incompatibility between the mother 

and the fetus. When IgG antibodies penetrate the placenta after isotype switching and 

enter the fetal circulation, or through Foeto-maternal haemorrhage (FMH), maternal 

antibodies reach the fetus (Gupta et al., 2020; Wang et al., 2021). 

 

 

2.2.2. Genetic and Structural Features 

 

The Rh blood group system, which has at least 45 distinct antigens and is the 

most polymorphic of the human blood types, is second only to ABO in terms of clinical 

importance in transfusion therapy. Understanding the molecular underpinnings of 

some of the Rh antigens has been made possible by the ability to clone complementary 

DNA (cDNA) and sequence the genes encoding the Rh proteins. An important source 

of suitable blood samples for molecular studies is the serologic identification of 

polymorphic blood group antigens and phenotypes (Avent and Reid, 2000). 

 

Over 40 quite antigenic antigens are part of the Rh blood group system. It ranks 

exactly near to the ABO system in terms of immunological hematological relevance. 

It is a member of the family of trans-membrane proteins. It basically defines three Rh 

epitopes: the Rho or D antigen, which can be present or absent and indicates either a 

Rh positive (D+) or Rh negative (D- or d) phenotype. 

 

The RHD and RHCE genes, which are located close to the Rh locus on 

chromosome 1 (1p34.3-p36.13), are responsible for producing the Rh protein.  RHD 

and RHCE are inherited from both parents by D-positive people, whereas RHCE is 

inherited from one parent by D-negative people. The RHCE gene is used in a generic 

sense to identify the Rh genes that are unable to create an antigen D (Velkova, 2015). 
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RHCE, RHCe, RHcE, and RHce are four frequent genes that create various 

combinations of C, E, c, and e. In addition to the Rh genes, chromosome 6 (6p11-

p21.1) also contains a gene called RHAG (Rh-associated glycoprotein), which is 

linked to the Rh protein at the level of the red blood cell membrane (Ridgwellet al., 

1992). 

 

The Rh phenotype of the examined red blood cells can be serologically 

determined by taking into account the available Rh antiserums (anti-D, anti-C, anti-c, 

anti-E, anti-e). As a result, the most likely Rh genotype may be determined using the 

phenotypic and gen frequency of the examined population. 

 

The greatest method for determining the proper phenotype is still family 

research. An immunological response will almost certainly be triggered if D-negative 

adults are exposed to D-positive red blood cells through transfusion or pregnancy. 

About 80% of unintentionally D-negative patients who get a transfusion of 250 ml of 

D positive red blood cells produce anti-D (Mollisonet al., 1997). In 50% of the D-

negative receivers, a much smaller volume of red blood cells (about 1ml) will also 

promote the formation of anti-D. IgG, often IgG1, IgG3, or a mix of these two 

subclasses, makes up the majority of Rh antibodies. Pregnancy or transfusion are the 

two main causes of the development of Rh antibodies (Velkova, 2015). 

 

 

2.3. ABO antigens 

 

Red blood cell antigens are divided into 38 blood group systems, totaling more 

than 340 RBC antigens, according to the International Society of Blood Transfusion. 

Of these, ABO, Rh, Kell, Duffy, Kidd, Lutheran, and MNS are clinically the most 

significant for transfusion, pregnancy, and transplantation. 

 

Different antigen expressions in ABO subgroups, such as A1 A2, A3, Ax, A 

End, A M, Ael, B3, Bx, Bm, Bel, AxB, 1Bx, AmB, A1Bm, AelB, A1Bel, cis-A2B3, 

cisA2B, and cisA1B3, distinguish them from one another. Other ABO subgroups are 
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extremely uncommon and have very poor A or B antigen expression, with the 

exception of A1, A2, A1B, and A2B. If irregular natural anti-A1 antibodies, which are 

reactive at 37 °C, are present, they can be clinically significant. If so, an RBC with the 

A2 phenotype must be made available for transfusion. White people are more likely to 

belong to subgroups, whereas Japanese people are more likely to belong to B 

subgroups (Hosoi, 2008).  

 

Destructions or inactivating mutations in the genes encoding the Rh, Kell, and 

Kx blood group systems have resulted in the occurrence of unusual abnormalities (Rh-

null, McLeod). The absence of the Kx antigen is linked to stomatocytosis, 

acanthocytosis, and hemolytic anemia. The Kx gene encodes the RBC membrane 

structural proteins (Wagneret al., 2005). 

 

The blood group antigens for the ABO, Rh, and Kell blood types are the most 

important clinically. Natural anti-A and anti-B antibodies that are specific to the ABO 

system are what cause severe hemolytic transfusion responses when ABO 

incompatible blood is transfused. However, Kell (K, k) and Rh (D, E, C, c, e) antigens 

are immunogenic and are the most common cause of RBC alloimmunization linked to 

pregnancy and RBC transfusion. RBC alloimmunization occurs between 1 to 10% of 

the time generally, but in select groups of individuals who have received many 

transfusions, it can reach 60%  (Ristovska et al., 2022). 

 

The majority of alloimmunizations and subsequent hemolytic transfusion 

responses are prevented by RBC compatibility in the ABO, Rh, and Kell systems; 

these reactions have a frequency of 1:4000–12000 blood transfusions (Klein and 

Anstee, 2005). 

 

Blood group antigens from the ABO, Rh, and Kell blood group systems are more 

or less common in people with diverse ethnic ancestries. Low-frequency antigens are 

those with an incidence of less than 1%, and high-frequency antigens are those with a 

frequency of greater than 90% (Daniels et al., 2004). The following criteria define a 

"rare blood group": lack of a high-frequency antigen in the general population (Vel-, 
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k-, or Lub-), lack of multiple frequent antigens within a single blood group system (D-

c- or D+C+E+c-e-), or lack of multiple frequent antigens within different blood 

systems (e-, k-, Fyb-, Jka-, or s-) (Ristovska et al., 2022). Out of 340 blood group 

antigens, 160 have high frequency, such as the Cellano (k) antigen, which has a 99.8% 

frequency (Dean and Dean, 2005). Given the lack of unusual blood types in the donor 

registry, it is particularly challenging to furnish homozygous (K+k) red blood cells for 

patients with anti-k antibodies.  

 

More than 70.000 registered blood donors with their determined ABO, Rh (D, 

C, c, E, e), and Kell (K, k) antigens are listed in the information system of the Institute 

for Transfusion Medicine in Skopje. Since 60% of the discovered antibodies are 

directed against the aforementioned antigens, most alloimmunized individuals may be 

treated with this blood type technique, table 2.2. (Makarovska-Bojadzieva et al., 2009). 

 

Table 2. 2. Blood group systems (Mitra et al., 2014) 

 

 

 

2.3.1. H-antigen  

 

The ABO blood group antigens' predecessor is the H-antigen. It exists in all 

RBCs, regardless of the ABO system. Homozygous for the H gene (HH), those with 

the uncommon Bombay phenotype do not express H-antigen on their RBCs. Since H-

antigen serves as a precursor for antigens A and B, its lack signifies their absence. 



 
2. LITERATURE  REVIEW    Abbas Bahram YOUNUS  

10 
 

However, the people create isoantibodies to antigens A and B as well as H-antigen 

(Rahorst et al,.2019). 

 

 

2.3.2. Rhesus system 

 

After ABO, the rhesus-system is the most significant blood group system 

(Westhoff, 2004). Currently, only five of the 50 known blood group antigens that make 

up the Rh-system are significant. Rh factor and immunogenic D-antigen may or may 

not be present on a person's RBC surface. Either Rh-positive (D-antigen present) or 

Rh-negative (D-antigen lacking) status is therefore indicated. In contrast to the ABO 

system, people with D-negative RBCs often do not have anti-Rh antibodies in their 

blood until their circulatory systems have been exposed to D-positive RBCs. Because 

they are IgG in origin, these immunological antibodies can cross the placenta. When 

pregnant Rh-negative women who have given birth to Rh-positive children get anti-D 

Ig prophylaxis against the Rh immunization (Shahata et al., 2012).  

 

 

2.3.4. Kell system 

 

These erythrocyte antigens, which are distinguished by the immunological 

antibody anti-K, are the third most effective immunogenic antigens after ABO and Rh 

system. It was initially discovered in Mrs. Kellacher's serum. She had hemolytic 

responses after reacting to her newborn baby's erythrocytes. 25 Kell antigens have now 

been identified. Serious HDFN and hemolytic transfusion reactions (HTR) are brought 

on by anti-K antibodies (Kumariet al., 2018). 

 

2.3.5. Duffy system  

 

The first person with Duffy-antigen was a patient named Duffy who had 

hemophilia. It is located on the surface of RBCs and is also referred to as Fy 

glycoprotein. It functions as a non-specific receptor for a number of chemokines and 
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as a receptor for the Plamodium vivax human malaria parasite. The Duffy glycoprotein 

antigens Fya and Fyb can produce one of four phenotypes: Fy (a+b), Fy (a+b+), Fy 

(ab+), or Fy (ab). The IgG subtype antibodies can result in HTR (Langhi and Orlando 

Bordin, 2006). 

 

 

2.4. RBC serology 

 

As the maternal antibodies which cross the placenta are IgG in structure, the anti-

human globulin (AHG) reagent (also known as the Coombs reagent) is required to 

observe RBC agglutination caused by the IgG antibodies in the maternal sera 

(McGowan, 2021 ) With the AHG reagent, the antiglobulin test can be performed for 

a case of HDFN as below: 

 

1) Direct antiglobulin test (DAT) 

• Detects sensitisation when RBC agglutination is observed upon addition of AHG 

reagent to umbilical cord RBCs (Dinesh, 2005; McGowan, 2021 ).  

2) Indirect antiglobulin test (IAT; also known as the “Coombs test”)  

• Detect if the maternal sera reacts with paternal RBCs 

 • Identify specificity of the maternal alloantibody 

 • Identify the phenotype of fetal, maternal and paternal RBCs when using 

monoclonal IgG typing reagent (Hadley, A. and Soothill, 2002). 

• Identify compatible RBC units for transfusion in a “crossmatch”, where the patient 

(e.g fetal or maternal) sera is tested against donor RBCs.  

 

In the event where RBC serology cannot identify the specificity of the maternal 

alloantibody, blood group genotyping can be performed to identify genetic differences 

between the mother, father and child to help resolve the specificity of the maternal 

alloantibodies. 
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Figure 2. 1.Autologous agglutination assay (Hobson-Peters, 2012). 

 

 

 

2.5. Blood group genotyping 

 

In complex serological investigations, blood group gene sequencing offers the 

advantage of identifying feto-maternal blood group incompatibles from the DNA 

sequence (McBeanet al., 2015; McBean et al., 2016). Blood group incompatibilities 

are identified in an inheritance model when there is a segregation of the antigenpositive 

phenotype with a gene variant. This approach has led to the classification of the 

‘orphan’ SARA antigen into the MNS blood group system. It has also provided further 

evidence for a HDFN case with a maternal antibody against the Ata antigen in the 

Augustine blood group system (McBeanet al., 2016).  

 

The Ata antigen (AUG2) is a high-frequency antigen that occurs in more than 

99% of the general population, which makes compatible units difficult to find for those 

with anti-Ata antibodies (Daniels et al., 2015; Storry et al., 2019).  
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2.6. Clinically significant antibodies 

 

Human antibodies to blood group antigens can be IgM or IgG in structure. The 

antibodies, which have been reported to cause adverse events, are referred to as 

“clinically significant” and are associated with their specificity. The most clinically 

significant antibodies remain to be those against antigens in the ABO blood group 

system (Poole and Daniels, 2007). This is due to the universal presence of naturally 

occurring IgM antibodies in plasma, possibly due to an exposure to environmental 

factors (Poole, J. and Daniels, 2007; Daniels, 2008 

 

In ABO incompatibility, the immediate haemolytic transfusion reaction (HTR) 

which follows can be fatal and adverse reactions include chills and haemoglobinuria 

21. In contrast, the antibodies against antigens of the Lewis blood group system (e.g 

anti-Lea , anti-Leb and anti-Leab), which are IgM, are generally considered non-

clinically significant as they are usually not haemolytic and are non-reactive when 

tested at 37°C (Velliquette and Westhoff, 2019 ). 

 

Blood group IgG antibodies are produced as part of the adaptive immune system 

response, known as alloimmunisation21. After the initial exposure to the foreign blood 

group antigen, the IgG antibodies are then present in the plasma. Re-exposure to the 

foreign blood group antigen from a transfusion can result in an immediate (within a 

few hours) or delayed extravascular HTR (~2 to 10 days). The symptoms of 

extravascular HTR are similar to intravascular HTRs but are less severe, including 

fever, chills, jaundice and, to a less common extent, renal failure (McGowan,  2021). 

 

2.6.1. Anti-D antibodies 

 

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 immunisation by providing RhD compatible units or 

appropriate antenatal care (Malomgré and Neumeister, 2009).  
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The lack of the RhD protein in the RBC membrane results in the RhD-negative 

phenotype (Daniels, 2008). It is most commonly encoded by a homozygous RHD gene 

deletion in Caucasian populations but may also be a result of an inactive RHD gene or 

RHD gene variants (Adeyemi, A.S. and Bello-Ajao, H.T., 2016; McGowan et al., 

2017). 

 

The frequency of the RhD-negative phenotype is the highest in Caucasian 

populations at 15-17% (Westhoff, 2007). Of the antibodies which have been reported 

to cause HDFN, those recognising the RhD blood group antigen are among the most 

common to cause moderate to severe HDFN in Caucasian populations (Daniels et al., 

2002). In contrast, the RhD-negative phenotype occurs in African populations at 3- 

5% (  Omotade et al., 1999; Adeyemi and Bello-Ajao, 2016) , in an Indian population 

at 5%61 and are rare in East Asian populations at 3% or less (Liu et al., 2017). 

Although the frequency of the RhD-negative phenotype in these populations are lower 

than in Caucasian populations, anti-D antibodies have been reported to be among the 

most common antibodies implicated in HDFN in East/South East Asian , Indian  and 

African patient groups (McGowanm, 2021). 

 

Currently, the detection of clinically significant anti-D antibodies is considered 

of high importance to patient safety and is included in various guidelines, particularly 

for Caucasian patient populations (McGowan, 2021). Other clinically significant 

antibodies, such as those against low-frequency antigens (LFA), in a small percentage 

of pregnant women are not detected during routine testing and this poses risks of 

HDFN (Coghlan, 2009; Milkins et al., 2013). 
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2.7. Du test 

 

Du is the D antigen's inadequate expression. Because some of these cells 

agglutinate after being added to antiglobulin sera, it is difficult to classify cells that are 

not initially agglutinated by anti-D sera as D negative. Du is the name given to this 

subpar reaction. If the recipient has already received an immunization, the Du cells 

may be killed. Du positive cells are likely to trigger an immunological response in D 

negative people. As a result, a receiver who tests negative for Du is considered positive 

for D. 

 

2.7.1. Du Antigen: 

 

 When exposed to the D antigen during pregnancy or through blood transfusion, 

a significant fraction of persons whose RBCs lack D will produce anti-D. As a result, 

D- RBCs should be transfused to all D- patients, especially girls and women who may 

become pregnant. The Rh blood group system, the most polymorphic blood group 

system with 49 different antigens, contains the D antigen (Afshan, 2013). 

 

A Du phenotype may result from one of three possible genetic circumstances. 

 

a) An individual could inherit a gene that causes diminished quantitative 

expression of the D antigen.  

b) The expression of the D antigen may change and become less strong as a result 

of gene interactions.  

 

c) The whole composition of the antigen may not be encoded by a gene (Tayyab 

et al., 2000; Afshan, 2013). 

 

2.8. Haemolytic disease of the foetus and newborn due to maternal-foetal ABO 

incompatibility 

 

In fact, in 15-20% of pregnancies in the white population, there is 

incompatibility between a group O mother and a group A or B child; in 10% of these 
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pregnancies, HDFN develops as a result of destruction of the foetal red blood cells, 

caused by IgG class anti-A and/or anti-B antibodies in the maternal serum. HDFN is 

currently the most common neonatal hemolytic disease in the western world. A group 

O mother and a group A neonate are the mother-child serological pairs in which a 

clinically meaningful ABO HDFN develops most easily. However, the haemolytic 

condition only needs transfusion assistance in 1.5–2% of cases (Strauss, 2010; Basu et 

al., 2011). 

 

The prevalent moderate clinical manifestation of HDFN caused by ABO 

incompatibility can be attributed to a number of factors, including: 

 

 Low levels of A and B antigen expression are seen on neonatal and fetal red 

blood cells;  

 Some of the maternal IgG that crosses the placenta is absorbed by the A and B 

substances, which are always present on endothelium and epithelial cells, 

including placental ones;  

 Most anti-A and anti-B IgG are IgG2, a subtype of Ig with a lower ability to 

actively pass the placental barrier (Drabik-Clary et al., 2006; Dajak et al., 

2011). 

 

Anti-A and anti-B IgG testing during pregnancy is not very helpful in predicting 

the occurrence of ABO HDFN in the foetus. In actuality, the majority of pregnant 

women, especially those with group O blood, have anti-A and anti-B (and anti-A,B) 

IgG in their serum, but only a small percentage of newborns suffer from hemolytic 

illness, particularly clinically significant types (Bennardello et al., 2015). 

 

2.8.1. Dose of anti-D immunoglobulin 

 

The anti-D Ig dosage should correspond to the Fetal Maternal-Hemorrhage 

(FMH) dosage. When the FMH does not exceed 4 mL of foetal red blood cells (99% 

of FMH), a dosage of 625 IU (125 μg) is generally thought to be adequate to avoid 

active immunisation. 
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 A dosage of 625 IU (125 μg) of Ig* is deemed enough for prophylaxis 

following potentially immunizing events occurring up to 19+6 weeks of 

gestation (Warland, 2007; Bennardello et al., 2015). 

 A minimum dosage of 625 IU (125 μg) of anti-D Ig should be delivered for all 

potentially immunizing events occurring after 20+0 weeks of pregnancy and 

after the delivery of a RhD-positive newborn, followed by an assessment of the 

FMH. 

 A second dosage of anti-D Ig (125 IU per milliliter of RhD positive fetal red 

blood cells) must be delivered if measurement of FMH reveals that the amount 

of bleeding exceeds that covered by the dose (Bennardello et al., 2015). 

 

The maximum dose that can be given in a 24-hour period is 10.000 IU (2.000 

μg). Any extra doses must be given at intervals of 12 hours, with the maximum 

intravenous individual dosage not to exceed 4.500 IU (900 μg). This recommendation 

is based on the recognized risk of hemolysis linked to the intravenous anti-D Ig dosage 

used in regimens for treating idiopathic thrombocytopenic purpura that is RhD positive 

(Xie et al., 2020). 
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3. MATERIALS and METHODS 

 

3.1. Materials  

 

3.1.1. Materials used in this study 

 

1. EDTA tube 2-5 ml. 

2. Anti-A monoclonal, Anti-B monoclonal and Anti-D blend (IgG+IgM) sera     

reagents (Biorex, UK). 

3. Pasteur pipettes. 

4. Test tubes (12 X 75 mm). 

5. Centrifuge or Cell washer for Test tubes (12 X 75mm), (Helmer , USA) 

6. Isotonic saline 0.9%. 

7. Bovine albumin (22%), (Biorex,  UK). 

8. Incubator (Heat block). 

9. Anti-human globulin (polyclonal) reagent. 

10. Anti-IgG 

11. Gel card RH phenotype. 

12. Check Cells ( IgG-coated RBCs). 

 

Screening cells: come in sets of  3 vials, each vial (donor) has been phenotyped for at 

least 18 antigens of the vials:  D, C, E, c, e, M, N, S, s, P1, Lea, Leb, K, k, Jka, Jkb, Fya, 

Fyb), (Ortho, UK) 

 

Panel cell come in sets of 11 vials (each vial has been phenotyped for a several antigen, 

different from other vials partially, Figure 3.1. 
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A 

 

B 

Figure 3. 2. A. Anti-A monoclonal, Anti-B monoclonal and Anti-D blend (IgG+IgM) sera     reagents 

B. Anti-human globulin (polyclonal) reagent. 

 

3.2. Method  

 

3.2.1. Sample collection 

 

In this study, 1028 blood samples were collected from Mothers (Rh-negative) 

and Fathers (Rh-positive), from April 2022 to April 2023, from Privates and 

Governmental Hospitals in Erbil city in Iraq. 

 

3.2.2. ABO Typing test RhD 

 

Performing ABO typing test (Anti-A, Anti-B) and RhD for all samples (Mothers 

and Fathers). 

 

3.2.3. Du Test. 

 

Performing Du test only for mother blood samples, at first by adding (100 µl) of 

Anti-D sera, then adding (50 µl) of 5%  suspension of RBC’s , after that Mixing and 

incubating for 15-30 minutes at 37oC, then Washing the RBC’s four times with normal 

saline, and discarding of  supernatant, then adding (100 µl) of AHG (Mix and 

centrifuge for 30 seconds at 2000 rpm) and Gently re-suspending the cells and examine 

for agglutination, finally recording the result according to agglutination. 
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3.2.4. Antibody Screening. 

 

          Performing antibody screening for all mothers, for each sample we were 

going to add (100 µl) of patient serum to each tube then add (50 µl) of appropriate 

screening cells to each tube, then Centrifuge, then gently resuspending the cell button 

and read for agglutination or hemolysis then Record results. It should be noted that 

this step is optional because most significant antibodies are IgG and do not cause 

agglutination of saline-suspended RBCs. 

 

The next step was adding (100 µl) of enhancement reagent to each tube (may 

vary with enhancement reagent used), then Incubation at 37°C for 15 to 30 minutes, 

and then during the incubation, antibody in the patient serum bind to antigens on the 

reagent RBC, which is this is called the sensitization phase then Centrifuging and 

gently resuspend the cell button and read for agglutination or hemolysis and Record 

results. 

 

The last phase was washing (4 times), then remove any excess of supernatant. 

Then Adding (100 µl) of AHG to each tube (polyspecific or anti-IgG) after that 

Centrifuge, then gently resuspend the cell button and read for agglutination or 

hemolysis. Tests that are macroscopically negative are usually checked for 

microscopic agglutination. Finally Record results 

 

For checking the test, adding 50 µl of Coombs control cells (or "check cells") to 

all negative tests then Centrifuge and reading the agglutination and the test should be 

repeated if agglutination is not observed.  

 

3.2.5. Antibody identification. 

 

It was performed  for all Positive Antibody Screening in order to identify types 

of antibody. The procedure is the same as antibody screening at (section 3.2.4). 
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3.2.6. Anti-D antibody titter test. 

 

  Performing titration for all samples that have Anti-D antibody. 

 

3.2.7. Statistical analysis  

 

All statistical analyses are carry out using SPSS Software, version 20 (SPSS Inc., 

Chicago, IL, USA). Correlation and regression done at level (p< 0.05). 
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4. RESULTS and DISCUSSION 

 

4.1. Results 

 

4.1.1. Sample collection  

 

In this study, 1028 blood samples have been taken aseptically from 514 family 

and both parents (Rh-Negative Mother and Rh-positive father), alongside with their 

history of Delivery, Abortion and Blood transfusion times from both private and 

governmental hospitals in Erbil city, and then all the samples have been passed through 

the process of Blood group identification, Antibody screening and Antibody 

identification especially Anti-D checkup antibody. 

 

4.1.2. Antibody identification and blood analysis according to Age groups. 

 

In our study, all the mothers’ blood samples (514) have been divided into five 

different Age category (20-25; 26-30; 31-35; 36-40 and over 40), in which the highest 

number was 191 (37%) in (31-35) age category followed by 165 (32%), 112 (22%), 

35 (7%) and 11 (2%) for (26-30, 36-40, 20-25 and over 40 ) Age groups, respectively. 

 

 

 



4. RESULTS and DISCUSION   Abbas Bahram YOUNUS 

23 
 

 

Figure 4. 1. Mother samples distribution according to different Age groups. 

 

4.1.2.1. Antibody identification and blood analysis according to Ages of 20-25. 

 

Out of 514 (100%) samples which have been tested, 35 (7%) of them were 

between the ages of (20-25). In regarding to delivery and abortion times, most of the 

mothers (65.7%) got birth to baby one time, followed by 31.4% of them two times and 

2.9% of them four times. In contrast, only 22.8% of all the mothers in this age 

experienced baby abortion, in which 17.1% of them experienced one time abortion 

while 5.7% of them two times abortion.in term of blood transfusion, most of the 

mothers (82.9%) have not taken any blood transfusion while 5.7% of them have taken 

1 time followed by 5.7%, 2.9% and 2.9% of them have taken blood transfusion 2,3 and 

4 times, respectively. all of the data regarding to ages of (20-25) have been presented 

in table (4.1). 
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Table 4. 1. Blood analysis and patient history according to ages of 20-25. 

 

 

On the other hand, After blood group test have been done, the most common 

blood type among Rh-negative mothers was O which was (37.1%), followed by A, B 

and AB groups which was 28.6, 31.4 and 2.9%, respectively. in contrast, the most 

common blood type among Rh-positive fathers was Group A which was 48.6%, 

followed by B,O and AB groups with the percentage of 25.7, 22.9 and 2.9, 

respectively. The blood group percentages bar chart of those around (20-25) ages has 

been illustrated in Figure (4.2) 

 

Eventually, after antibody identification and Anti-D checkup tests, as a result, 

none of the mothers who were Rh-negative was positive to Anti-D antibody. 

 

 

Figure 4. 2. Blood group profile of the parents around ages (20-25). 

AGES  

20-25  MOTHER FATHER TIMES 
Delivery Abortion 

Blood  

Transfusion   POSITIVE 

AB 2.9 2.9 0 0.0 77.1 82.9 Ab+ 0 

A 28.6 48.6 1 65.7 17.1 5.7     

B 31.4 25.7 2 31.4 5.7 5.7     

O 37.1 22.9 3 0.0 0.0 2.9     

      4 2.9 0.0 2.,9     

      5 0.0 0.0 0.,0     

      6 0.0 0.0 0.0     

      7 0.0 0.0 0.0     
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4.1.2.2. Antibody identification and blood analysis according to Ages of 26-30. 

 

Out of 514 (100%) of Mother Samples which have been tested, 165 (32%) of 

them were between the ages of (26-30). In regarding to delivery and abortion times, 

most of the mothers (52.1%) got birth to baby two times, followed by 25.5% of them 

one time and 22.4% of them four times. In contrast, only approximately 33% of all the 

mothers in this age experienced baby abortion, in which 28% of them experienced one 

time abortion while 4.9 % of them two times abortion. In term of blood transfusion, 

most of the mothers (79.9%) have not taken any blood transfusion while 9.1% of them 

have taken 1 time followed by 4.9%, 2.4% and 2.4% of them have taken blood 

transfusion 2,3 and 4 times, respectively. all of the data regarding to ages of (26-30) 

have been presented in table (4.2). 

 

Table 4. 2. Blood analysis and patient history according to ages of 26-30. 

 

 

On the other hand, After blood group test have been done, the most common 

blood type among Rh-negative mothers was Group O which was (35.8%), followed 

by A, B and AB groups which were 32.1%, 27.9% and 4.2%, respectively. in contrast, 

the most common blood type among Rh-positive fathers was Group B which was 

38.2%, followed by A,O and AB groups with the percentage of 37, 24.2 and 0.6, 

respectively. The blood group percentages bar chart of those parents around ages of 

(26-30) has been illustrated in Figure (4.3) 

 

AGES 

26-30  MOTHER FATHER TIMES 
Delivery Abortion 

Blood  

Transfusion   POSITIVE 

AB 4.2 0.6 0 0.0 66.5 79.9 Ab+ 2 

A 32.1 37.0 1 25.5 28.0 9.1     

B 27.9 38.2 2 52.1 4.9 4.9     

O 35.8 24.2 3 22.4 0.6 2.4     

      4 0.0 0.0 2.4     

      5 0.0 0.0 0.6     

      6 0.0 0.0 0.0     

      7 0.0 0.0 0.6     
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Eventually, after antibody identification and Anti-D checkup tests, as a result, 

only two of the mothers who were Rh-negative were positive to Anti-D antibody. 

 

 

Figure 4. 3. Blood group profile of the parents around ages (26-30). 

 

4.1.2.3. Antibody identification and blood analysis according to Ages of 31-35. 

 

Out of 514 (100%) samples which have been tested, 191 (37%) of them were 

between the ages of (31-35). In regarding to delivery and abortion times, most of the 

mothers (41.5%) got birth to baby three times, followed by 35.8% of them two times 

and 17.6% of them four times. In contrast, approximately 40% of all the mothers in 

this age experienced baby abortion, in which 31.4% of them experienced one time 

abortion followed by 5.2% ,2.1 %and 1 % of them two, four and three times abortion, 

respectively. In term of blood transfusion, most of the mothers (77%) have not taken 

any blood transfusion while 13.1% of them have taken 1 times followed by 3.7%, 3.1% 

,2.4%, 1%,1%, 1%  of them have taken blood transfusion 3,2, 4,5 and 6 times, 

respectively. all of the data regarding to ages of (31-35) have been presented in table 

(4.3). 
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Table 4. 3. Blood analysis and patient history according to ages of 31-35. 

AGES 

31-35  MOTHER FATHER TIMES 
Delivery Abortion 

Blood 

Transfusion   POSITIVE 

AB 3.7 1.0 0 0.0 60.3 77.0 Ab+ 2 

A 27.2 42.9 1 2.6 31.4 13.1     

B 26.7 34.6 2 35.8 5.2 3.1     

O 42.4 21.5 3 41.5 1.0 3.7     

      4 17.6 2.1 1.0     

      5 2.6 0.0 1.0     

      6 0.0 0.0 1.0     

      7 0.0 0.0 0.0     

 

On the other hand, After blood group test have been done, the most common 

blood type among Rh-negative mothers was Group O which was (42.4%), followed 

by A,B and AB groups which were 27.6%, 26.7% and 3.7%, respectively. in contrast, 

the most common blood type among Rh-positive fathers was Group B which was 

42.9%, followed by B,O and AB groups with the percentage of 34.6, 21.5 and 1, 

respectively. The blood group percentages bar chart of those parents around ages of 

(31-35) has been illustrated in Figure (4.4) 

 

Eventually, after antibody identification and Anti-D checkup tests, as a result, 

only two of the mothers who were Rh-negative were positive to Anti-D antibody. 

 

 

Figure 4. 4. Blood group profile of the parents around ages (31-35). 
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4.1.2.4. Antibody identification and blood analysis according to Ages of 36-40. 

 

Out of 514 (100%) samples which have been tested, 112 (22%) of them were 

between the ages of (36-40). In regarding to delivery and abortion times, (35.7%) of 

the mothers got birth to baby four times, followed by 32.1% of them three times and 

12.5% of them 2 and 5 times . In contrast, approximately 50 % of all the mothers in 

this age experienced baby abortion, in which 27.3 % of them experienced one time 

abortion followed by 14.5 % ,5.5 %and 1.8 % of them two, three and four times 

abortion, respectively. In term of blood transfusion, most of the mothers (66.4 %) have 

not taken any blood transfusion while 9.1 % of them have taken one and four times 

followed by 6.4%, 4.5% ,2.7 % and 1.8% of them have taken blood transfusion 3,2, 5 

and 7 times, respectively. all of the data regarding to ages of (36-40) have been 

presented in table (4.4). 

 

Table 4. 4. Blood analysis and patient history according to ages of 36-40. 

 

 

On the other hand, After blood group test have been done, the most common 

blood type among Rh-negative mothers was Group O which was (40.2%), followed 

by A and B groups which were 31.3 % and 28.6 % , respectively. meanwhile there was 

not any mother who has Blood group AB. in contrast, the most common blood type 

among Rh-positive fathers was Group A which was 52.7 %, followed by B,O and AB 

groups with the percentage of 29.5, 17 and 0.9, respectively. The blood group 

percentages bar chart of those parents around ages of (36-40) has been illustrated in 

Figure (4.5) 

AGES 

36-40  MOTHER FATHER TIMES 
Delivery Abortion 

Blood 

Transfusion   POSITIVE 

AB 0.0 0.9 0 0.0 50.9 66.4 Ab+ 4 

A 31.3 52.7 1 0.9 27.3 9.1     

B 28.6 29.5 2 12.5 14.5 4.5     

O 40.2 17.0 3 32.1 5.5 6.4     

      4 35.7 1.8 9.1     

      5 12.5 0.0 2.7     

      6 4.5 0.0 0.0     

      7 1.8 0.0 1.8     
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Eventually, after antibody identification and Anti-D checkup tests, as a result, 

only four of the mothers who were Rh-negative were positive to Anti-D antibody. 

 

 

Figure 4. 5. Blood group profile of the parents around ages (36-40). 

 

 

4.1.2.5. Antibody identification and blood analysis according to Ages over 40. 

 

Out of 514 (100%) samples which have been tested, 11 (2%) of them were (over 

the ages of 40). In regarding to delivery and abortion times, most of the mothers (54.5 

%) got birth to baby six times, followed by 27.3 % of them four times and 9.1 % of 

them three and five times. In contrast, approximately 54.6 % of all the mothers in this 

age experienced baby abortion, in which 27.3 % of them experienced two times 

abortion followed by 18.2 % and 9.1 % of them one and three times abortion, 

respectively. In term of blood transfusion, most of the mothers (81.8%) have not taken 

any blood transfusion while 9.1 % of them have taken one or seven times blood 

transfusion. all of the data regarding to ages of (over 40) have been presented in table 

(4.5). 
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Table 4. 5. Blood analysis and patient history according to ages over 41. 

AGES 

OVER 41  MOTHER FATHER TIMES 
Delivery Abortion 

Blood 

Transfusion   POSITIVE 

AB 0.0 0.0 0 0.0 45.5 81.8 Ab+ 1 

A 0.0 45.5 1 0.0 18.2 9.1     

B 18.2 36.4 2 0.0 27.3 0.0     

O 81.8 18.2 3 9.1 9.1 0.0     

      4 27.3 0.0 0.0     

      5 9.1 0.0 0.0     

      6 54.5 0.0 0.0     

      7 0.0 0.0 9.1     

 

 

On the other hand, After blood group test have been done, the most common 

blood type among Rh-negative mothers was Group O which was (81.8 %), followed 

by Group B which was 18.2 % , while there was not any other blood groups has been 

detected. in contrast, the most common blood type among Rh-positive fathers was 

Group A which was 45.5 %, followed by B and O groups with the percentage of 36.4 

and 18.2, respectively. The blood group percentages bar chart of those parents around 

ages of (over 40) has been illustrated in Figure (4.6) 

 

Eventually, after antibody identification and Anti-D checkup tests, as a result, 

only one of the mothers who were Rh-negative was positive to Anti-D antibody. 

 

 

Figure 4. 6. Blood group profile of the parents around ages (over 40). 
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4.1.3. Blood group distribution among parents based on different Ages. 

 

in our study, 1028 blood samples have been taken from 514 parents (Mother is 

Rh-negative and Father is Rh-positive), then all the samples have been separated and 

categorized according to various Age groups as can be seen in (Table 4.6), then blood 

group testing has been done in order to find their Blood types. In outcomes, in the first 

age category (20-25), the most common blood type among Rh-negative mothers was 

O which was (37.1%), and the least common BG was 2.9% for AB. in contrast, the 

most common blood type among Rh-positive fathers was Group A which was 48.6%, 

and the least common BG was AB group with the percentage of 2.9. In the second 

category (26-30), the most common blood type among mothers was Group O which 

was (35.8%), and the least common BG was 4.2 % for AB group. in contrast, the most 

common blood type among fathers was Group B which was 38.2%, and the least 

common BG was AB group with the percentage of 0.6. in the third category (31-35), 

the most common blood type among mothers was Group O which was (42.4%), and 

the least common BG was AB group which was 3.7%. in contrast, the most common 

blood type among fathers was Group B which was 42.9%, and the least common BG 

was AB group with the percentage of 1. In the fourth category (36-40), the most 

common blood type among mothers was Group O which was (40.2%), meanwhile 

there was not any mothers has Blood group AB. in contrast, the most common blood 

type among fathers was Group A which was 52.7 %, and the least common BG was 

AB group with the percentage of 0.9. finally, in the last age category (over than 40), 

the most common blood type among mothers was Group O which was (81.8 %), 

followed by Group B which was 18.2 % , while there was not any other blood groups 

has been detected. in contrast, the most common blood type among fathers was Group 

A which was 45.5 %, and the least common BG was O group with the percentage of 

18.2, and there wasn’t any case of AB blood group. 
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Table 4. 6. Parental Blood group distribution among different Age groups. 

 Blood Group 

 

Age 

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                

25-30 4.2 0.6 32.1 37 27.9 38.2 35.8 24.2 

N                

30-35 3.7 1 27.2 42.9 26.7 34.6 42.4 21.5 

N                

35-40 0 0.9 31.3 52.7 28.6 29.5 40.2 17 

N                

45+ 0 0 0 45.5 18.2 36.4 81.8 18.2 

N         

 

 

 

4.1.4. Anti-D antibody isolation and distribution among Age groups. 

 

Out of 514 samples which have been screened for antibodies and especially anti-

D antibody in mothers who have been pregnant by Rh-positive babies previously, it 

was found out that among all of the mothers and different Age groups only nine (9) of 

them being positive for Anti-D antibody isolation which was 2% of all the Mother 

samples, (Figure 4.7) illustrates the percentage of all the positive cases and their 

distribution among different Age groups. In outcomes, the highest percentage of Anti-

D positive antibody was in (36-40) age category which was 44%, followed by 22% in 

both (26-30) and (31-35) and 11% in (over 40) Age category, and there was not any 

positive case inside (20-25) Age category. 
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Figure 4. 7. Anti-D antibody distribution among age groups. 

 

4.1.5. Delivery, Abortion and Blood transfusion backgrounds of mothers 

 

This study is based on identification of hidden Anti-D antibody, so for this 

reason, in our study some of the important background factors such as (Delivery, 

Abortion and Blood transfusion) had been taken from age categorized mothers. All of 

these data are shown in Table (4.7; 4.8; 4.9) and Figure (4.8; 4.9; 4.10). 

 

In regarding to delivery and abortion times, most of the mothers in first age 

category (20-25) which was (65.7%) got birth to baby one time, followed by 31.4% of 

them two times. In contrast, only 22.8% of all the mothers in this age experienced baby 

abortion, in which 17.1% of them experienced one time abortion while 5.7% of them 

two times abortion. In term of blood transfusion, most of the mothers (82.9%) have 

not taken any blood transfusion while 5.7% of them have taken 1 or 2 times blood 

transfusion. 

 

Table 4. 7. Baby Delivery percentages among Rh-Negative mothers. 

Delivery 

Age 

 

 Times 

 1 2 3 4 5 6 7 

20-25  65.7 31.4 0 2.9 0 0 0 

N         

25-30  25.5 52.1 22.4 0 0 0 0 
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N         

30-35  2.6 35.8 41.5 17.6 2.6 0 0 

N         

35-40  0.9 12.5 32.1 35.7 12.5 4.5 1.8 

N         

45+  0 0 9.1 27.3 9.1 54.5 0 

N         

 

 

 

Figure 4. 8. Baby delivery percentage among different mother Age categories. 

 

In regarding to delivery and abortion times in the second age category (26-30), 

most of the mothers (52.1%) got birth to baby two times, followed by 25.5% of them 

one time and 22.4% of them four times. In contrast, only approximately 33% of all the 

mothers in this age experienced baby abortion, in which 28% of them experienced one 

time abortion while 4.9 % of them two times abortion. In term of blood transfusion, 

most of the mothers (79.9%) have not taken any blood transfusion while 9.1% of them 

which is the highest percentage have taken only 1 time blood transfusion. 

 

In regarding to delivery and abortion times in the third Age category (31-35),  

approximately (41.5%) of the mothers got birth to baby three times, followed by 35.8% 

of them two times and 17.6% of them four times. In contrast, approximately 40% of 

all the mothers in this age experienced baby abortion, in which 31.4% of them 

experienced one time abortion. In term of blood transfusion, most of the mothers 

(77%) have not taken any blood transfusion while 13.1% of them have taken 1 time 

blood transfusion. 
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Table 4. 8. Baby abortion percentages among Rh-Negative mothers. 

Abortus 

 Age 

 

 Times 

 0 1 2 3 4 

 20-25  77.1 17.1 5.7 0 0 

N       

 25-30  66.5 28 4.9 0.6 0 

N       

 30-35  60.3 31.4 5.2 1 2.1 

N       

 35-40  50.9 27.3 14.5 5.5 1.8 

N       

 45+  45.5 18.2 27.3 9.1 0 

N       

 

 

 

Figure 4. 9. Baby abortion percentages among different mother Age categories. 

 

In regarding to delivery and abortion times in the fourth Age category (36-40), 

approximately (35.7%) of the mothers got birth to baby four times, followed by 32.1% 

of them three times and 12.5% of them 2 and 5 times . In contrast, approximately half 

of all the mothers in this age experienced baby abortion, in which 27.3 % of them 

experienced one time abortion followed by 14.5 % ,5.5 % and 1.8 % of them two, three 

and four times abortion, respectively. In term of blood transfusion, most of the mothers 

(66.4 %) have not taken any blood transfusion while 9.1 % of them have taken one and 

four times blood transfusion. 
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In regarding to delivery and abortion times in the final Age category (over 40 

years), most of the mothers (54.5 %) got birth to baby six times, followed by 27.3 % 

of them four times. In contrast, approximately 54.6 % of all the mothers in this age 

experienced baby abortion, in which 27.3 % of them experienced two times abortion 

followed by 18.2 % and 9.1 % of them one and three times abortion, respectively. In 

term of blood transfusion, most of the mothers (81.8%) have not taken any blood 

transfusion while 9.1 % of them have taken one or seven times blood transfusion. 

 

 

Table 4. 9. Blood transfusion percentages among Rh-Negative mothers. 

Blood transfusion 

 Age 

 

 Times 

 1 2 3 4 5 6 7 

 20-25  82.9 5.7 5.7 2.9 2.9 0 0 

N         

 25-30  79.9 91 4.9 2.4 2.4 0.6 0 

N         

 30-35  77 13.1 3.1 3.7 1 1 1 

N         

 35-40  66.4 9.1 4.5 6.4 9.1 2.7 0 

N         

 45+  81.8 9.1 0 0 0 0 0 

N         
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Figure 4. 10. Blood transfusion percentages among different Age categories. 
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4.2. Discussion 

 

Maternal antibodies against fetal red cell antigens, which cross the placenta and 

result in hemolysis, are the cause of HDFN. Antibodies may be immunological or 

natural. In the latter scenario, exposure to the relevant antigen during a prior pregnancy 

or a transfusion is typically the sensitizing event. Alloanti-D antibodies develop in 

response to sensitizing events like pregnancy in which a RhD-negative woman 

conceives a RhD-positive fetus, transfusion of RhD-positive blood to RhD-negative 

women, and obstetric sensitizing events like abortion, ectopic pregnancy, and 

hemorrhagic episodes in RhD-positive women. This phenomenon has persisted as a 

problem leading to HDFN (Lubusky, 2010). 

 

Other sensitizing variables, such a forgotten childhood blood transfusion, might 

account for the alloimmunization in young women.  When it was discovered that a 

number of sensitizing variables, including parity, age, and other obstetric parameters, 

were connected to alloimmunization (Natukunda et al., 2011). 

 

The blood type distribution among the 726 participants was as follows: O: 356 

(49%); A: 190 (26%); B: 152 (21%); and AB: 28 (4%). RhD was not present in a total 

of 28 (3.86%) pregnant women. 88 (12.1%) of the subjects had anti-D alloantibodies, 

and 13 (14.8%) of them were RhD negative. Miscarriage, stillbirth, and postpartum 

hemorrhage were statistically significant risk factors for anti-D alloimmunization 

(Mbalibulha et al., 2015).  

 

According to a research, out of 108 pregnant women, 45 (41.7%) were found to 

be aware of the anti-D immunoglobulin and blood group Rh(D)-negativity issues. 

11.1% (12/108) of people had a negative blood group. Age, education, vaginal 

bleeding, blood types, and past injection of anti-D immunoglobulin were all shown to 

be substantially linked with awareness (Yahia et al., 2020). 

 

(Cansu, 2018) studied that, Duration of gestation varied between 174 and 288 

days (mean: 258,7 ± 19,2). 41.2% babies were preterm a 58.8% were male. Antenatal 
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transfusion was needed for 31.7% the patients. 8.8% patients were hydropic and 5.4% 

patients did not survive. 90.8% patients recieved IVIG and 9.2 % did not. 66.5% 

recieved phototherapy and 15.4% babies underwent exchange transfusion. 33.5% 

babies needed neither phototherapy nor phototherapy while 15.4% patients underwent 

exchange transfusion in addition to phototherapy. Patients with coexisting ABO 

incompatibility were found to have a milder course.  

 

On 1251 pregnant women who were treated and delivered at the hospital, data 

was available. 7.3% of pregnant women tested negative for RhD. The most prevalent 

blood type was O, followed by A, B, and AB. 10% of individuals had RhD negative 

alloimmunization, with anti-D being the most frequently found antibody. There were 

no neonatal or stillbirth fatalities. For just one infant, postnatal transfusion was 

necessary (Al-Dughaishi et al., 2016). 

 

In one research in Denizli, 89.9% of participants had positive Rh results, whereas 

10.1% had negative Rh results. Blood types A, O, B, and AB were found to be more 

common, with respective frequencies of 42.6%, 33.3%, 16.8%, and 7.4%. comparable 

to other cities and regions in Turkey, Denizli has comparable blood type prevalence 

percentages (Balci et al., 2010). 

 

5347 women underwent screening, and 339 (6.34%) of them tested negative for 

Rh. 79 women (1.48%; confidence range 1.17-1.84) had allosensitization. 

Alloantibodies could not be detected in 29 of these 79 (37%) women. 54 antibodies 

were described in the 50 remaining women. 36 women, including four Rh(D) positive 

individuals, were found to have a total of 40 clinically relevant antibody specificities. 

In 9.43% (confidence interval 6.55-13.06) of Rh(D) negative women and 0.08 percent 

(confidence interval.02-0.2) of Rh(D) positive women, allosensitization with clinically 

relevant antibodies was discovered. In 8.85 percent of Rh(D) negative women, anti D 

was the most prevalent antibody. Antibodies to the D and Rh systems made up 83.3 

and 94.4 percent of the clinically relevant antibodies in women who were Rh(D) 

negative, respectively (Varghese et al., 2013). 
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In a Croatian research, clinically significant non-D antibodies resulted in HDFN 

in almost 55% of alloimmunized pregnancies, and severe HDFN, as measured by the 

need for perinatal transfusion or mortality, in around 25% (Dajak et al., 2011). 

 

Researchers only looked at situations when the mother had the blood group O 

and the baby had the blood group A or B. Infants in groups A and B had maternal 

antibody-induced haemolysis equally often and severely in both cases. In comparison 

to cross-reactive antibodies (anti-A,B), monospecific antibodies (anti-B) were linked 

to a more severe haemolytic process in group B new-borns. There was no difference 

in the severity of the illness between monospecific antibodies (anti-A) and reciprocal 

antibodies (anti-A,B) in group A babies. Although there was no discernible difference 

in the afflicted babies' gender distribution, there were more boys in the more seriously 

affected group (Chan-Shu and Blair, 1979). 

 

The relationship between laboratory measures and the frequency and seriousness 

of jaundice was investigated in a retrospective examination of 254 instances of ABO 

hemolytic illness of the newborn. Approximately 35% of control newborns or infants 

with ABO hemolytic disease of the newborn and negative direct antiglobulin test 

results did not have jaundice, but 65% of the infants with positive direct antiglobulin 

testing did. In comparison to control infants or infants with ABO hemolytic illness of 

the newborn and negative direct antiglobulin test findings, infants with ABO hemolytic 

disease of the newborn and positive direct antiglobulin test results also showed more 

severe jaundice (Dufour et al., 1980). 

 

Despite being widespread, ABO HDN is not a dangerous illness and does not 

require invasive prenatal screening. Patients who have undergone many transfusions 

may develop anti-Kell, and the fast progression of their hemolysis may prevent such 

systematic follow-up as in Rh HDN (Narang and Jain, 2001). 

 

Seventy-seven of the 618 newborns exhibited parental ABO heterospecificity. 

In 20 instances (3.2%), maternal alloantibodies were discovered. Of the 86 full-term 

babies, 20 had jaundice, which was probably caused by ABO incompatibility. Six 
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patients required blood transfusions, while the remaining twelve required only 

phototherapy (Arévalo, 1992). 

 

Four racial categories and six classes of the recipient's and her husband's 

relatives were calculated for. In general, there is a reasonably constant relationship 

between the donor's degree of relatedness to the recipient and husband and the 

likelihood of HDN. If the spouse contributed, the relative risk for developing HDN 

later on was as high as 4.1. The risk changed depending on the recipient's race and 

Rh(D) status. When employing directed donors, the danger of transfusing a woman of 

reproductive age with blood from her spouse or his family should be taken into 

account, however how tiny it is (Kanter and Hodge, 1989). 

 

As of yet, neither a clinical nor a serological diagnosis can be made for infant 

ABO hemolytic illness. Babies from moms in groups A or B are virtually universally 

affected. The immunological results do not strongly correspond with the severity of 

the clinical course, in contrast to Rh hemolytic illness. Sometimes it is tough to 

distinguish between non-antibody caused hyperbilirubinemia and ABO hemolytic 

disorder. Discussions of pathogenetic elements that might clarify the distinctions 

between newborns with ABO and Rh hemolytic illness (Fischer, 1977). 
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5. CONCLUSIONS and RECOMMENDATIONS 

 

Accordingly, the main causes of HDFN currently appear to be haemolytic illness 

brought on by ABO incompatibility and other alloantibodies. All pregnant women in 

many affluent countries are routinely screened, and some of them even have 

nationwide screening programs. This is required to prevent adverse effects on the 

infant and ensure the prompt supply of antigen-negative blood. Pregnant women in 

underdeveloped nations still frequently have anti-D antibodies in their bodies. In 

addition, the etiology of moderate-severe haemolytic illness has lately been linked to 

alloantibodies other than anti-D in several Asian nations. The fact that some of these 

have been reported in women who are Rh (D) positive is especially worrisome. ABO 

incompatibility is not always benign and may need to be actively managed, according 

to studies. 

 

All the mothers’ blood samples have been divided into five different Age 

category 20-25: 35 (7%), 26-30: 165 (32%), 31-35: 191 (37%), 36-40: 112 (22%),  and 

over 40: 11 (2%), Age groups. The most common blood type among Rh-negative 

mothers was Group O which was (42.4%), followed by A, B and AB groups which 

were 27.6%, 26.7% and 3.7%, respectively. The highest percentage of Anti-D positive 

antibody was in (36-40) age category which was 44%, followed by 22%  in both (26-

30) and (31-35) and 11% in (over 40) Age category, and there was not any positive 

case inside (20-25) age category. 

 

This study is based on identification of hidden Anti-D antibody, so for this 

reason, in our study some of the important background factors such as (Delivery, 

Abortion and Blood transfusion) had been taken from age categorized mothers. 

 

In regarding to delivery and abortion times, most of the mothers in first age 

category (20-25) which was (65.7%) got birth to baby one time, followed by 31.4% of 

them two times. In contrast, only 22.8% of all the mothers in this age experienced baby 

abortion, in which 17.1% of them experienced one time abortion while 5.7% of them 

two times abortion. In term of blood transfusion, most of the mothers (82.9%) have 
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not taken any blood transfusion while 5.7% of them have taken 1 or 2 times blood 

transfusion. As a result of our study, most of the mothers who had miscarriages had 

different rates and at different ages (26–30, 31–35, 36–40 and above 40 years)  (33%, 

40%, 27.3% and 54.6%), respectively .  

 

Given everything said above, widespread prenatal screening for all expectant 

women must be started since D-negative women develop alloantibodies. To find 

unusual antibodies, a vigilant watch must be kept throughout the pregnancy. Universal 

screening seems appropriate, but it would be extremely expensive and need extensive 

infrastructure. The necessity for universal prenatal screening should be taken into 

consideration while creating recommendations for underdeveloped and developing 

countries. Women and their children who have blood group incompatibilities will 

benefit from future developments in blood typing and non-invasive testing. 

Additionally, the racial and ethnic groups who are most at danger need to receive 

greater attention. Our hope is that with proper prophylaxis and education, Rh 

haemolytic disease will become one of the rarest diseases and even eradicate from the 

face of the earth. 
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