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The role of erythrocyte antigens in the occurrence of hemolytic disease of the 

fetus and newborn is different and is determined by the ability of alloantibodies 

formed to a certain class of antigens to destroy erythrocytes or disrupt the processes 

of their formation in the fetal body [5,6,7].  
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The process of formation of immune antibodies to fetal erythrocyte antigens 

depends on the presence of an antigen absent in the mother, its immunogenicity, and 

the number of fetal erythrocytes entering the bloodstream of the pregnant woman 

[1,2,3]. 

Antibodies to erythrocyte antigens (alloantibodies) come in natural (regular) 

and immune (irregular) forms. Thus, in the blood serum of people (except for 

individuals with blood group AB) there are constantly present congenital natural 

antibodies to the A and/or B antigens of the ABO system, which consists of four 

antigens [4]. 

The disease in the fetus and, subsequently, in the newborn is caused by 

incompatibility of maternal and fetal red blood cells according to the AVO antigen 

system in 10-20% of all cases. In this case, 40 times more often hemolytic disease of 
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the fetus / newborn develops in women with blood group 0 (I) and a spouse with a 

different blood group. However, when this type of isoimmunization occurs, severe 

forms of the disease in the fetus and newborn are observed only in isolated cases - 

1:3000 births [8,9,10].  

The greatest clinical significance in the pathogenesis of severe forms of 

hemolytic disease of the fetus and newborn have antigens of the Rhesus system 

(Rhesus), which has 48 antigens. The development of Rhesus isoimmunization is 

possible in pregnancy of a Rhesus-negative (D-negative) mother with a Rhesus-

positive fetus, i.e., the formation of antibodies in the mother's blood to the antigens of 

fetal erythrocytes of the Rhesus system. A similar obstetric situation occurs when a 

Rh-negative woman has a Rh-positive spouse [11,12,13]. 

The occurrence of Rh-negative blood in a population depends on its ethnicity. 

It is most often detected in Spanish Basques - in 30-32%, almost absent in Africans, 

and in European populations it is observed in 15-17% of the population [14,15,16].  

According to various authors, D-negative blood is most common (12-18% of 

cases) in Caucasian women living in Europe and North America. In general, D antigen 

incompatibility with the fetus is observed in about 10-13% of all pregnant women, 

with isoimmunization developing in 5-8% of women. Severe course of the disease in 

the fetus and newborn is most often - in 95% of cases - due to the formation of 

antibodies in the mother's blood to the D antigen of fetal erythrocytes. This antigen 

has the greatest immunogenic properties among the antigens of the Rhesus system 

[17,18,19].  

The risk of fetal and neonatal disease in a Rh-conflicted couple in which the 

mother is Rh-negative is different and depends primarily on the Rh0 (D) zygosity of 

the father. If the father is a homozygous Rh0 (D) carrier (genotype DD), then all 

children of a Rh-negative mother (genotype dd) will have Rh-positive blood 

(genotype Dd). If the father in the couple is heterozygous (genotype Dd), the risk of 

the offspring having Rh-positive blood is about 50%. About 45% of people with Rh0 

(D) are homozygous carriers [20,21,23].  
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Although about 60% of D-negative women carry a D-positive fetus, 

isoimmunization as a result of termination of pregnancy by a D-positive fetus is not 

as frequent as one might expect, predicting its frequency solely on the basis of D 

incompatibility between maternal and paternal blood. This is explained by several 

reasons. First of all, the volume of fetal cells entering the maternal bloodstream 

through the placenta may be insufficient to initiate an immune response. In addition, 

maternal and fetal ABO blood incompatibility may play a protective role. Another 

factor influencing the immune response is the Rh phenotype of the fetus. In addition, 

individuals can exhibit different sensitivities to small antigenic stimuli [22].  

In some cases, more often with ABO incompatibility, sensitization occurs 

already in the first pregnancy. According to different authors, for the development of 

immunization in the first pregnancy is sufficient to penetrate into the maternal 

bloodstream from 80 to 150 ml of fetal blood. It is known that women with blood type 

0 (I) and a partner with blood type A, B, or AB have a 50-75% lower risk of Rh 

immunization than pregnant women with a different blood type [24,25].  

The severity of isoimmunization depends on the immunogenicity of the 

antigen causing it. In descending order of immunologic activity, the first two places 

among all erythrocyte antigens are occupied by A and B antigens (ABO system), 

which are present in fetal tissues from the 5th-6th week of pregnancy. Next is the D-

antigen (Rhesus system), which is detected in fetal tissues from the 30-45th day of 

pregnancy. In descending order of immunogenic activity among the antigens of the 

Rhesus system, D-antigen is followed by c, E, C, and e.  

Antigens from other erythrocyte systems such as Duffy, Kidd, Kell, etc. can 

also cause isoimmunization in pregnancy. However, these antigen systems cause 

clinically significant forms of disease in the fetus and newborn rarely. Table 2 shows 

the distribution of erythrocyte antigens into groups, depending on their immunologic 

ability to cause hemolytic disease in the fetus and newborn.  

Severe forms of the disease in the fetus and newborn are caused by antibodies 

formed to those systems of erythrocyte antigens that are highly immunogenic. As 
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shown in Table 2, antibodies of high immunogenicity include such Rhesus antigens 

as D, C, and E [1,2,3].  

It was previously thought that anti-E antibodies rarely caused severe fetal 

hemolytic disease because they rarely caused severe anemia in the fetus. However, it 

turned out that they can cause severe hyperbilirubinemia in newborns, requiring 

invasive postnatal treatment. In recent years, including at the D. O. Ott Research 

Institute of Anemia and Gastrointestinal Surgery of the Russian Academy of Sciences. 

In recent years, including at the D.O. Ott Research Institute of Ophthalmology of the 

Northwestern Department of the Russian Academy of Medical Sciences, a number of 

studies have been carried out that proved the high immunogenicity of antigen E and 

its ability to cause severe anemia in fetuses.  

The remaining antigens of the Rhesus system, the K-antigen of the Kell 

system and several antigens of other systems are considered by some authors to be 

so-called “minor” erythrocyte antigens. They are relatively rare, however, sometimes 

cause even more severe course of hemolytic disease of the fetus and newborn than 

that caused by D-antigen. Thus, it is known that anti-c antibodies cause hemolytic 

disease of the same severity as anti-D [4,5,6].  

Antibodies to non-aggressive “small” erythrocyte antigens, Cweek antigen, 

rarely cause hemolytic disease requiring antenatal or postnatal treatment. There is an 

opinion that sensitization to “small” erythrocyte antigens is observed in pregnancy 

when women have a history of previous hemotransfusions. It is explained by 

incomplete immunologic compatibility of donor and recipient blood [7,8,9].  

Rare antigens causing hemolytic disease of the fetus and newborn with a 

cumulative incidence of 0.24% include antigens of the Kell, Duffy, Kidd, P, MNS, 

Lutheran, and Xg systems. Thus, antibodies of the Lutheran system, which most often 

cause the development of the disease, are represented by aHTH-Lua and aHTH-Lub 

antibodies. However, these antibodies are mainly IgG4, which explains the mild form 

of the disease in newborns [10,11,12].  

Antibodies to MNS antigens are mainly represented by anti-N, anti-U, anti-S, 

anti-s antibodies, which are also unable to cause disease in the fetus and newborn or 
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cause it in a mild form. At the same time, there are anti-M antibodies of this system, 

which are able to cause hemolytic disease with a very severe course in newborns. 

However, such pathogenesis of the disease is extremely rare and only a few such cases 

have been described in the literature.  

Mild forms of the disease cause antibodies to antigens of the Lewis, Diego, 

Daffy and Kidd systems. This is due to their low concentration or complete absence 

of erythrocytes on the membrane in fetuses and newborns.  

A special place among the erythrocyte antigens is occupied by the Kell 

antigens, which are found in 7–9% of immunized women. They can cause a severe 

course of hemolytic disease of the fetus, accompanied by the development of not 

hemolytic, but aplastic alloimmune anemia. Antibodies to all antigens of erythrocytes 

of the Kell system are clinically significant and cause severe forms of hemolytic 

disease of the fetus and newborn due to their high immunogenicity [14,15,18].  

The K-antigen is of the greatest importance in clinical practice, since 

antibodies to this antigen in 95–98% belong to aggressive subclasses of 

immunoglobulins. The incidence of the disease due to the K-antigen of the Kell 

system is 1:10000-1:20000 births. Entering the fetal bloodstream, anti-K antibodies 

lead to the suppression of erythro- and thrombopoiesis in the fetus. 

Thus, alloimmune anemia, including hemolytic disease of the fetus, can be 

caused by incompatibility of the blood of the mother and the fetus not only for one, 

but also for several antigens of both one and several systems of erythrocyte antigens 

at the same time [20,21,23].  
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