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Topic # 4

Blood Group Inheritance, ABO and Rh Incompatibility




The A and B major blood group antigens are expressed co-dominantly, 

i.e., there are no recessive forms of either allele.  Therefore, there are 6 possible genotypes:


OO
AB


AO
BO


AA
BB

There are 4 corresponding phenotypes (“Blood Type”):

	Genotype
	Phenotype
	Agglutinogen (Ag)
	Agglutinin (Ab)

	OO
	O
	none
	Anti-A, Anti-B

	AO
	A
	A
	Anti-B

	AA
	A
	A
	Anti-B

	BO
	B
	B
	Anti-A

	BB
	B
	B
	Anti-A

	AB
	AB
	A and B
	none


The Rh factor:  


There are 6 types of Rh antigens (each is called an Rh factor), but D is the most prevalent Rh antigen in the population and the most antigenic.  The other types are C, E, c, d, e.  Basically, there are 3 pairs (Cc, Dc, Ee) and each person has one of each pair.

 “Rh positive” means you have the D antigen (DD or Dd with a regular dominant inheritance pattern) and “Rh negative” means you have the d antigen (a dd pair).


Example 1:
  
Mother dd (Rh negative) + Father DD (Rh positive)





then, all offspring are Dd = Rh positive


Example 2:

Mother is dd (Rh negative) + Father Dd





then, 50% are Dd (Rh positive) 

and 50% are dd (Rh negative)

In Rh disease, the mother produces anti-Rh (D) antibodies that cross the placenta into the fetal blood.  There, agglutination and subsequent hemolysis of the fetal RBCs occurs.  Usually, it takes 2-4 months for an Rh negative individual to produce the maximum concentration of agglutinins (agglutinins=antibodies, in this case IgG), but repeated exposures to the Rh factor; the individual becomes highly sensitized to Rh factor.  The antibodies remain in fetal blood for 1-2 months after birth.  

In Caucasians ≈ 85% are Rh positive


In African Americans ≈ 95% are Rh positive


In African blacks ≈100% are Rh positive

ABO incompatibility:  

Maternal anti-A or anti-B IgG antibodies cross the placenta and act against the infant’s RBCs.  Mothers with A or B blood types produce IgM (rather than IgG) that cannot cross the placenta.  The combination of O/B appears to produce the greatest amount and the most protracted course of hemolysis.

Rh incompatibility: 

Rh-negative mothers receive a small transfusion of fetal Rh+ cells during pregnancy and delivery.  This stimulates the mother’s immune system to produce IgG antibody to the Rh+ cell antigen.  The most common Rh antigen involved in this process is the D antigen.  Continued or future exposure of the mother’s immune system to Rh+ cells just increases this response.  IgG Anti (Rh+ Ag) antibody crosses the placenta and acts upon fetal Rh+ cells causing hemolysis, hemolytic anemia and intrauterine hyperbilirubinemia.  In severely anemic cases, hydrops fetalis results.  The term “Erythroblastosis fetalis” refers to the large number of nucleated RBCs in the infant’s peripheral blood (evidence of a hyperactive bone marrow).  As noted above, most maternal sensitization results from intrapartum exposure to fetal blood, but fetomaternal hemorrhages can occur during abortion, miscarriage, invasive procedures, or unpredictably.  It is also possible to develop antibodies to other Rh antigens other than D antigen (e.g. C and E antigens), and even other erythrocyte antigens (e.g. Kell antigen).

Rho D immune globulin (RhoGAM): 

RhoGAM is Rh (D) Immune Globulin (anti-D antibody) used to prevent the mother from becoming sensitized to the fetus’s Rh+ cells.  RhoGAM acts by suppressing the immune response of Rh-negative individuals to Rh-positive RBCs.  One dose of RhoGAM contains enough anti-Rho (D) to suppress the immune reaction of an Rh- individual to up to 15 ml of Rh+ RBCs. RhoGAM is generally given in the third trimester of pregnancy or immediately after delivery (it can be given up to 72hrs after delivery and still be effective).  It should also be given to any Rh- woman of childbearing age who receives any Rh+ RBCs or component such as platelets or granulocytes.  Severe Rh hemolytic disease is treated with transfusion of packed RBCs for anemia and double volume transfusion for hyperbilirubinemia.  In the initial acute period, severe and rapid hemolysis can occur.  During this period, phototherapy is generally not useful in treating the hyperbilirubinemia.
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