
The surfaces of erythrocytes contain a genetically determined
assortment of antigens composed of glycoproteins and glyco-
lipids. These antigens, called agglutinogens (a-gloo-TIN-ō-jens),
occur in characteristic combinations. Based on the presence or
absence of various antigens, blood is categorized into different
blood groups. Within a given blood group, there may be two or
more different blood types. There are at least 24 blood groups
and more than 100 antigens that can be detected on the surface
of red blood cells. Here we discuss two major blood groups—
ABO and Rh. Other blood groups include the Lewis, Kell,
Kidd, and Duffy systems. The incidence of ABO and Rh blood
types varies among different population groups, as indicated in
Table 19.5.

Blood plasma usually contains antibodies called agglutinins
(a-GLOO-ti-nins) that react with the A or B antigens if the
two are mixed. These are the anti-A antibody, which reacts
with antigen A, and the anti-B antibody, which reacts with anti-
gen B. The antibodies present in each of the four blood types are
shown in Figure 19.12. You do not have antibodies that react
with the antigens of your own RBCs, but you do have antibodies
for any antigens that your RBCs lack. For example, if your
blood type is B, you have B antigens on your red blood cells,
and you have anti-A antibodies in your blood plasma. Although
agglutinins start to appear in the blood within a few months after
birth, the reason for their presence is not clear. Perhaps they are
formed in response to bacteria that normally inhabit the
gastrointestinal tract. Because the antibodies are large IgM-type
antibodies (see Table 22.3 on page 860) that do not cross the pla-
centa, ABO incompatibility between a mother and her fetus
rarely causes problems.

Despite the differences in RBC antigens re ected in the blood
group systems, blood is the most easily shared of human tissues,
saving many thousands of lives every year through transfusions.
A transfusion (trans-FŪ-shun) is the transfer of whole blood or
blood components (red blood cells only or blood plasma only)
into the bloodstream or directly into the red bone marrow. A
transfusion is most often given to alleviate anemia, to increase
blood volume (for example, after a severe hemorrhage), or to
improve immunity. However, the normal components of one
person’s RBC plasma membrane can trigger damaging antigen–
antibody responses in a transfusion recipient. In an incompatible
blood transfusion, antibodies in the recipient’s plasma bind
to the antigens on the donated RBCs, which causes agglutina-
tion (a-gloo-ti-NĀ-shun), or clumping, of the RBCs. Agglutination
is an antigen–antibody response in which RBCs become cross-
linked to one another. (Note that agglutination is not the same as
blood clotting.) When these antigen–antibody complexes form,
they activate plasma proteins of the complement family (de-
scribed on page 860). In essence, complement molecules make
the plasma membrane of the donated RBCs leaky, causing
hemolysis (rupture) of the RBCs and the release of hemoglobin
into the blood plasma. The liberated hemoglobin may cause kid-
ney damage by clogging the ltration membranes. Although
quite rare, it is possible for the viruses that cause AIDS and he-
patitis B and C to be transmitted through transfusion of contami-
nated blood products.

Consider what happens if a person with type A blood receives
a transfusion of type B blood. The recipient’s blood (type A)
contains A antigens on the red blood cells and anti-B antibodies
in the plasma. The donor’s blood (type B) contains B antigens
and anti-A antibodies. In this situation, two things can happen.
First, the anti-B antibodies in the recipient’s plasma can bind to
the B antigens on the donor’s erythrocytes, causing agglutination
and hemolysis of the red blood cells. Second, the anti-A
antibodies in the donor’s plasma can bind to the A antigens on
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The ABO blood group is based on two glycolipid antigens
called A and B (Figure 19.12). People whose RBCs display
only antigen A have type A blood. Those who have only
antigen B are type B. Individuals who have both A and B anti-
gens are type AB; those who have neither antigen A nor B are
type O.



the recipient’s red blood cells, a less serious reaction because the
donor’s anti-A antibodies become so diluted in the recipient’s
plasma that they do not cause signi cant agglutination and
hemolysis of the recipient’s RBCs.

Table 19.6 summarizes the interactions of the four blood
types of the ABO system.

People with type AB blood do not have anti-A or anti-B
antibodies in their blood plasma. They are sometimes called uni-
versal recipients because theoretically they can receive blood
from donors of all four blood types. They have no antibodies to
attack antigens on donated RBCs (Table 19.6). People with type
O blood have neither A nor B antigens on their RBCs and are
sometimes called universal donors because theoretically they
can donate blood to all four ABO blood types. Type O persons
requiring blood may receive only type O blood (Table 19.6). In
practice, use of the terms universal recipient and universal donor
is misleading and dangerous. Blood contains antigens and anti-
bodies other than those associated with the ABO system that can
cause transfusion problems. Thus, blood should be carefully
cross-matched or screened before transfusion. In about 80%
of the population, soluble antigens of the ABO type appear in
saliva and other body uids, in which case blood type can be
identi ed from a sample of saliva.

The Rh blood group is so named because the antigen was discov-
ered in the blood of the Rhesus monkey. The alleles of three genes
may code for the Rh antigen. People whose RBCs have Rh anti-
gens are designated Rh (Rh positive); those who lack Rh antigens
are designated Rh (Rh negative). Table 19.5 shows the incidence

of Rh and Rh in various populations. Normally, blood plasma
does not contain anti-Rh antibodies. If an Rh person receives an
Rh blood transfusion, however, the immune system starts to make
anti-Rh antibodies that will remain in the blood. If a second trans-
fusion of Rh blood is given later, the previously formed anti-Rh
antibodies will cause agglutination and hemolysis of the RBCs in
the donated blood, and a severe reaction may occur.

Antigens and antibodies of the ABO blood types.
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To avoid blood-type mismatches, laboratory technicians type the
patient’s blood and then either cross-match it to potential donor
blood or screen it for the presence of antibodies. In the proce-
dure for ABO blood typing, single drops of blood are mixed
with different antisera, solutions that contain antibodies (Figure
19.14). One drop of blood is mixed with anti-A serum, which
contains anti-A antibodies that will agglutinate red blood cells
that possess A antigens. Another drop is mixed with anti-B
serum, which contains anti-B antibodies that will agglutinate red
blood cells that possess B antigens. If the red blood cells aggluti-

Development of hemolytic disease of the
newborn (HDN). (a) At birth, a small quantity of fetal blood 
usually leaks across the placenta into the maternal bloodstream. 
A problem can arise when the mother is Rh and the baby is Rh ,
having inherited an allele for one of the Rh antigens from the father.
(b) Upon exposure to Rh antigen, the mother’s immune system
responds by making anti-Rh antibodies. (c) During a subsequent
pregnancy, the maternal antibodies cross the placenta into the fetal
blood. If the second fetus is Rh , the ensuing antigen–antibody
reaction causes agglutination and hemolysis of fetal RBCs. 
The result is HDN.

ABO blood typing.



nate only when mixed with anti-A serum, the blood is type A. If
the red blood cells agglutinate only when mixed with anti-B
serum, the blood is type B. The blood is type AB if both drops
agglutinate; if neither drop agglutinates, the blood is type O.

In the procedure for determining Rh factor, a drop of blood is
mixed with antiserum containing antibodies that will agglutinate
RBCs displaying Rh antigens. If the blood agglutinates, it is
Rh ; no agglutination indicates Rh .

Once the patient’s blood type is known, donor blood of the
same ABO and Rh type is selected. In a cross-match, the possi-
ble donor RBCs are mixed with the recipient’s serum. If aggluti-
nation does not occur, the recipient does not have antibodies that

will attack the donor RBCs. Alternatively, the recipient’s serum
can be screened against a test panel of RBCs having antigens
known to cause blood transfusion reactions to detect any anti-
bodies that may be present.
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Red blood cells

Normal red blood cell

Sickled red blood cell

Red blood cells from a person with sickle-cell
disease.


