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BLOOD GROUP ANTIGENS AND ANTIBODIES

ABO ANTIGENS AND ANTIBODIES
The first blood group antigen system, recognized in 1900, was ABO,
the most important in transfusion medicine. The major blood groups
of this system are A, B, AB, and O. O type RBCs lack A or B antigens.
These antigens are carbohydrates attached to a precursor backbone,
may be found on the cellular membrane either as glycosphingolipids
or glycoproteins, and are secreted into plasma and body fluids as glycoproteins. H substance is the immediate precursor on which the A
and B antigens are added. This H substance is formed by the addition
of fucose to the glycolipid or glycoprotein backbone. The subsequent
addition of N-acetylgalactosamine creates the A antigen, whereas the
addition of galactose produces the B antigen.
The genes that determine the A and B phenotypes are found on
chromosome 9p and are expressed in a Mendelian codominant manner. The gene products are glycosyl transferases, which confer the
enzymatic capability of attaching the specific antigenic carbohydrate.
Individuals who lack the “A” and “B” transferases are phenotypically
type “O,” whereas those who inherit both transferases are type “AB.”
Rare individuals lack the H gene, which codes for fucose transferase,
and cannot form H substance. These individuals are homozygous for
the silent h allele (hh) and have Bombay phenotype (Oh).
The ABO blood group system is important because essentially all
individuals produce antibodies to the ABH carbohydrate antigen
that they lack. The naturally occurring anti-A and anti-B antibodies
are termed isoagglutinins. Thus, type A individuals produce anti-B,
whereas type B individuals make anti-A. Neither isoagglutinin is found
in type AB individuals, whereas type O individuals produce both antiA and anti-B. Thus, persons with type AB are “universal recipients”
because they do not have antibodies against any ABO phenotype,

RH SYSTEM
The Rh system is the second most important blood group system in
pretransfusion testing. The Rh antigens are found on a 30- to 32-kDa
RBC membrane protein that has no defined function. Although >40
different antigens in the Rh system have been described, five determinants account for the vast majority of phenotypes. The presence of
the D antigen confers Rh “positivity,” whereas persons who lack the
D antigen are Rh negative. Two allelic antigen pairs, E/e and C/c, are
also found on the Rh protein. The three Rh genes, E/e, D, and C/c, are
arranged in tandem on chromosome 1 and inherited as a haplotype,
i.e., cDE or Cde. Two haplotypes can result in the phenotypic expression of two to five Rh antigens.
The D antigen is a potent alloantigen. About 15% of individuals
lack this antigen. Exposure of these Rh-negative people to even small
amounts of Rh-positive cells, by either transfusion or pregnancy, can
result in the production of anti-D alloantibody.
OTHER BLOOD GROUP SYSTEMS AND ALLOANTIBODIES
More than 100 blood group systems are recognized, composed of
more than 500 antigens. The presence or absence of certain antigens
has been associated with various diseases and anomalies; antigens also
act as receptors for infectious agents. Alloantibodies of importance in
routine clinical practice are listed in Table 138e-1.
Antibodies to Lewis system carbohydrate antigens are the most
common cause of incompatibility during pretransfusion screening.
The Lewis gene product is a fucosyl transferase and maps to chromosome 19. The antigen is not an integral membrane structure but is
adsorbed to the RBC membrane from the plasma. Antibodies to Lewis
antigens are usually IgM and cannot cross the placenta. Lewis antigens
may be adsorbed onto tumor cells and may be targets of therapy.
I system antigens are also oligosaccharides related to H, A, B, and
Le. I and i are not allelic pairs but are carbohydrate antigens that differ
only in the extent of branching. The i antigen is an unbranched chain
that is converted by the I gene product, a glycosyltransferase, into a
branched chain. The branching process affects all the ABH antigens,
which become progressively more branched in the first 2 years of
life. Some patients with cold agglutinin disease or lymphomas can
produce anti-I autoantibodies that cause RBC destruction. Occasional
patients with mononucleosis or Mycoplasma pneumonia may develop
cold agglutinins of either anti-I or anti-i specificity. Most adults lack i
TABLE 138e-1 RBC Blood Group Systems and Alloantigens
Blood Group
System
Rh (D, C/c, E/e)
Lewis (Lea, Leb)
Kell (K/k)
Duffy (Fya/Fyb)
Kidd (Jka/Jkb)

Antigen
RBC protein
Oligosaccharide
RBC protein
RBC protein
RBC protein

Alloantibody
IgG
IgM/IgG
IgG
IgG
IgG

I/i
MNSsU

Carbohydrate
RBC protein

IgM
IgM/IgG

Clinical Significance
HTR, HDN
Rare HTR
HTR, HDN
HTR, HDN
HTR (often delayed),
HDN (mild)
None
Anti-M rare HDN, antiS, -s, and -U HDN, HTR

Abbreviations: HDN, hemolytic disease of the newborn; HTR, hemolytic transfusion reaction; RBC, red blood cell.
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The study of red blood cell (RBC) antigens and antibodies forms the
foundation of transfusion medicine. Serologic studies initially characterized these antigens, but now the molecular composition and structure of many are known. Antigens, either carbohydrate or protein, are
assigned to a blood group system based on the structure and similarity
of the determinant epitopes. Other cellular blood elements and plasma
proteins are also antigenic and can result in alloimmunization, the
production of antibodies directed against the blood group antigens of
another individual. These antibodies are called alloantibodies.
Antibodies directed against RBC antigens may result from “natural” exposure, particularly to carbohydrates that mimic some blood
group antigens. Those antibodies that occur via natural stimuli are
usually produced by a T cell–independent response (thus, generating
no memory) and are IgM isotype. Autoantibodies (antibodies against
autologous blood group antigens) arise spontaneously or as the result
of infectious sequelae (e.g., from Mycoplasma pneumoniae) and are
also often IgM. These antibodies are often clinically insignificant due
to their low affinity for antigen at body temperature. However, IgM
antibodies can activate the complement cascade and result in hemolysis. Antibodies that result from allogeneic exposure, such as transfusion or pregnancy, are usually IgG. IgG antibodies commonly bind
to antigen at warmer temperatures and may hemolyze RBCs. Unlike
IgM antibodies, IgG antibodies can cross the placenta and bind fetal
erythrocytes bearing the corresponding antigen, resulting in hemolytic
disease of the newborn, or hydrops fetalis.
Alloimmunization to leukocytes, platelets, and plasma proteins may
also result in transfusion complications such as fevers and urticaria but
generally does not cause hemolysis. Assay for these other alloantibodies is not routinely performed; however, they may be detected using
special assays.

whereas persons with type O blood can donate to essentially all recipients because their cells are not recognized by any ABO isoagglutinins.
The rare individuals with Bombay phenotype produce antibodies to H
substance (which is present on all red cells except those of hh phenotype) as well as to both A and B antigens and are therefore compatible
only with other hh donors.
In most people, A and B antigens are secreted by the cells and are
present in the circulation. Nonsecretors are susceptible to a variety of
infections (e.g., Candida albicans, Neisseria meningitidis, Streptococcus
pneumoniae, Haemophilus influenzae) because many organisms may
bind to polysaccharides on cells. Soluble blood group antigens may
block this binding.

