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The feline blood group system was first
characterised in 1962 following the identi-
fication of two major blood types (desig-

nated A and B) (Eyquem et al 1962). One blood
group system with three types (A, B and AB)
has since been identified (Auer & Bell 1981).
Naturally occurring antibodies against foreign
blood types in the cat are responsible for the
premature destruction of transfused red cells,
clinically severe transfusion reactions and
neonatal isoerythrolysis.

Type A cats given type B blood may develop a
mild transfusion reaction that is often not clini-
cally apparent. The recipient’s packed cell vol-
ume (PCV) falls to pre-transfusion levels within
days of the transfusion (Giger & Bucheler 1991).
Type B cats that are transfused with type A blood
invariably develop rapid, potentially fatal trans-
fusion reactions following even a single transfu-
sion of a small volume of blood (Auer & Bell
1981).

This paper reviews current understanding of
feline blood groups and alloantibodies, and their
importance in transfusion medicine.
Feline blood group prevalence
In world-wide studies, type A has consistently
been found to be the most common blood type.
The proportions of type B cats, however, have
shown considerable geographical variations
1098-612X/02/020069+08 $35.00/0 © 2002 ESFM and AA
(Eyquem et al 1962, Auer & Bell 1981, Ejima
et al 1986, Giger et al 1989, Giger et al 1991a,
1991b, Continenza et al 1992, Giger et al 1992,
Knottenbelt et al 1999a) (Table 1). The frequency
of type B cats varies dramatically in different
breeds (Table 2), however type AB cats are con-
sistently rare (Auer & Bell 1981, Giger et al 1991a,
1991b, Griot-Wenk et al 1996, Knottenbelt et al
1999a). Wild felids have recently been reported
to have the same blood groups as domesticated
cats (Griot-Wenk & Giger 1999).
Blood group inheritance
Feline blood types are determined by at least two
alleles (a or b) at the same gene locus (Giger et al
1991a). The type a allele appears to be com-
pletely dominant over the type b allele. Therefore
cats with phenotype A may have the genotype
a/a or a/b, whilst only cats homozygous for the
B allele express significant amounts of the type B
erythrocyte antigen (Giger et al 1991a) and none
of the type A antigen. With the exception of dogs
and cats, inheritance of blood types within a
blood group system in most other species is
typically by codominant alleles (Symons & Bell
1992). Cats are therefore unusual in inheriting
type B as a recessive trait (Rippee et al 1989,
Giger et al 1991a).

The AB blood type was previously thought to
result from matings between two phenotypic
FP. Published by Elsevier Science Ltd. All rights reserved.
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Table 1. Frequency of blood types in domestic short and long-haired cats world-wide

Country n Type A
(%)

Type B
(%)

Type AB
(%) References

Australia 1895 73.3 26.3 0.4 Auer & Bell (1981)
Austria 101 97 3 0 Giger et al (1992)
England 477 97.1 2.9 0 Holmes (1950)
Finland 61 100 0 0 Giger et al (1992)
France 350 85.1 14.9 0 Eyquem et al (1962)
Germany 600 94.0 6.0 0 Giger et al (1992)
Holland 95 95.8 3.1 1.1 Giger et al (1992)
Italy 401 88.8 11.2 0 Giger et al (1992)
Japan 265 89.3 1.0 9.7 Ejima et al (1986)
Scotland 70 97.1 2.9 0 Giger et al (1992)

137 87.6 8.0 4.4 Knottenbelt et al (1999a)
Switzerland 1018 99.6 0.4 0 Giger et al (1992)
USA 1072 99.7 0.3 0 Giger et al (1989)

3785 98.1 1.7 0.1 Giger et al (1991b)

Note: n=number of cats tested; %=percentage of cats.
Table 2. Frequency of feline blood types in different breeds worldwide

Breed Country n Type A
(%)

Type B
(%)

Type AB
(%)

Abyssinian USA 194 79.9 20.1
American short-hair USA 15 100.0
Bengal UK 8 50.0 50.0
Birman USA 216 82.4 17.6

UK 11 72.7 9.1 18.2
British short hair USA 85 41.2 58.8

UK 105 41.0 57.1 1.9
Burmese USA 25 100.0

UK 6 83.3 16.7
Devon Rex USA 100 57.0 43.0

UK 2 100.0
Norwegian Forest USA 20 100.0
Oriental short hair USA 15 100.0
Persian USA 170 75.9 24.1

UK 16 87.5 12.5
Italy* 38 97.4 2.6
Germany† 25 84.0 16.0

Ragdoll UK 2 100.0
Scottish Fold USA 27 85.2 14.8
Siamese USA 99 100.0

UK 4 100.0
Somali USA 27 77.8 22.2

UK 9 77.8 22.2
Tonkinese USA 31 100.0

Note: n=number of cats tested; %=percentage of cats.
Figures taken from Giger et al 1991a (USA) and Knottenbelt et al 1999a (UK) except:
*Continenza et al 1992; †Von Haarer & Grunbaum 1990.
type A cats both with the genotype a/b, or
between a phenotypic type A cat (genotype a/b)
and a type B cat, or between two type B cats
(Griot-Wenk & Giger 1991). However, more
recent work suggests that type AB is inde-
pendently inherited in the feline blood group
system, since type AB cats are rarely the off-
spring of matings between type A and type B
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cats (Griot-Wenk et al 1996). The ab allele
appears to be recessive to the a allele but domi-
nant over the b allele (Griot-Wenk et al 1996).
Type AB cats are only found in breeds in which
type B cats have been identified (Griot-Wenk
et al 1996).
Blood group antigens
The antigens in the feline AB blood group are not
serologically related to human ABO blood group
antigens (Auer & Bell 1981). By 38 days of
gestation, type A and type B antigens are present
on foetal erythrocytes (Auer & Bell 1981). Blood
type antigens are thought to be determined by
the form of neuraminic acid attached to the
glycolipids of the red cell (specifically the
ganglioside GD3), and possibly also a glycopro-
tein of the erythrocyte membrane (Andrews
et al 1992). Type A blood has NeuGc-NeuGc-
Galactose-Glucose-Ceramide ([NeuGc]2 GD3)
(where NeuGc represents N-glycolylneuraminic
acid) as the major glycolipid (Butler et al 1991a).
N-acetylneuraminic acid (NeuAc) is, however,
also present in variable proportions in type A
blood. This variability may be due to the
homozygous or heterozygous nature of cats with
type A blood (Griot-Wenk et al 1993). Type B
blood, in contrast to type A blood, expresses no
NeuGc, the major glycolipid being NeuAc-
NeuAc-Galactose-Glucose-Ceramide ([NeuAc]2
GD3) (Butler et al 1991a). Type B erythrocytes are
therefore characterised by [NeuAc]2 GD3, the
presence of NeuAc on the 50 kD erythrocyte
membrane glycoprotein and a lack of detectable
NeuGc (Andrews et al 1992).

Type AB blood shows co-expression of both
type A and type B antigens (Andrews et al 1992,
Griot-Wenk et al 1996). The proportions of
NeuAc and NeuGc, however, vary between dif-
ferent type AB individuals (Andrews et al 1992)
and intermediate forms of glycolipids have been
recovered from type AB red cells (Griot-Wenk
et al 1996). Cats without either type A or B red
cell antigens (analogous to the human blood
group O) have not been reported.

It has been suggested that the enzyme NeuAc
hydroxylase is responsible for the conversion of
NeuAc to NeuGc in type A cats, and that type
B cats lack this enzyme (Butler et al 1991b,
Andrews et al 1992). Type AB cats may have
a hereditary mutation of the enzyme or a
gene that alters enzyme expression. This theory
is supported by the finding that type AB cats are
only produced from crosses involving an AB
phenotype (Auer & Bell 1981). This theory how-
ever, fails to account for the finding of variable
amounts of NeuAc in type A cats (Griot-Wenk
et al 1993), unless enzyme activity was limited by
an alternative mechanism in some type A cats.
Measurement of NeuAc hydroxylase activity in
cats has not been performed.
Alloantibodies
The proportion of type A cats with low levels of
naturally occurring antibody directed against
type B red cells varies geographically (Auer &
Bell 1981, Ejima et al 1986, Giger et al 1989,
Bucheler & Giger 1993, Knottenbelt et al 1999b).
However all type B cats appear to have high
levels of naturally occurring anti-A antibody
(Giger et al 1989, Knottenbelt et al 1999b). Cats
with type AB blood do not have alloantibodies
(Griot-Wenk et al 1996). The naturally-occurring
anti-B antibodies of type A cats are weak IgM
agglutinins and weak haemolysins comprising
equal proportions of IgM and IgG (Bucheler &
Giger 1993). Anti-A alloantibodies appear to be
strong anti-A haemolysins and haemagglutinins
predominantly of the IgM class (Wilkerson et al
1991, Bucheler and Giger 1993), although some
haemagglutinating activity has also been
associated with IgG (Wilkerson et al 1991).

Naturally-occurring alloantibodies are be-
lieved to result from exposure to epitopes that are
commonly found in nature (usually as structural
components of a variety of organisms including
plants, bacteria and protozoa), and that are simi-
lar or identical to blood group antigens (Male
1996, Tizard 1996). In man, the epitopes respon-
sible are thought to be microbial antigens present
on intestinal bacteria (Male 1996, Kuby 1997,
1997b). In cats however, the origin of these
epitopes has not been established. Exposure to
these epitopes results in the formation of anti-
bodies against antigens that the individual does
not naturally possess. The antibody produced
will then cross-react with similar antigens (such
as blood group antigens) found on foreign eryth-
rocytes (Kuby 1997a). Exposure to epitopes that
are similar to self antigens will not result in
antibody formation due to self tolerance (Kuby
1997b). This mechanism explains the reported
absence of alloantibodies in type AB cats (Auer &
Bell 1981), since the antigens found in nature that
resemble either type A or type B blood group
antigens will be recognised as ‘self’. The absence
of naturally-occurring alloantibodies in many
domestic animal species may be due to an
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absence of exposure to appropriate natural
epitopes. The presence of NeuAc (the type B
antigen) in variable proportions on type A cells
(Griot-Wenk et al 1993) may account for the vari-
ation in anti-B antibody titres recorded in type A
cats, since NeuAc may be recognised as self anti-
gen. It has not been established whether type A
cats without circulating anti-B antibodies express
higher proportions of NeuAc than those type A
cats with higher titres of naturally-occurring
alloantibodies.
Cross-matching and blood typing
Blood typing determines the nature of blood
group antigens on the erythrocyte membranes,
whilst cross-matching detects the presence of
significant serum levels of antibody to red cell
antigens. Cross-matching assesses the effect that
recipient serum antibodies will have on the
donor cells (major cross-match) and the effect
that donor serum will have on recipient cells
(minor cross-match). Since the main aim of the
transfusion is to provide the recipient with red
blood cells, it is most important that recipient
serum antibodies do not destroy transfused
donor cells and in so doing evoke an acute
transfusion reaction. The minor cross-match
assesses the likelihood of recipient red cell
destruction by the donor serum, a much smaller
risk since the volume of transfused serum will
comprise only a small volume of the total recipi-
ent serum. The use of agglutination techniques
for blood typing and cross-matching red cells
remains the most simple, sensitive and reliable
test available (Hughes-Jones 1988). Both typing
and cross-matching should be performed before
administration of a transfusion, as donor cells
will interfere with the result (Niggermeier et al
2000).

The blood type of donor and recipient cats can
often be inferred from the result of cross-
matching even if neither cat’s blood type is
known. There are, however, a number of flaws in
this approach. The presence of a positive reaction
in a cross-match is not specific for mismatches
involving the AB blood group antigens since a
positive reaction could also be seen when an
individual possesses antibodies to red cell anti-
gens other than those of the AB system, although
this has not been documented. These non-AB
antibodies would be particularly important
if the patient had been previously transfused.
Also, the presence of a compatible cross-match
on first transfusion does not rule out develop-
ment of a delayed transfusion reaction, particu-
larly if associated with potential non-AB
incompatibilities.

Cross-matching with random cats will not
identify type AB cats. Type AB red cells express
both the type A and type B antigens, and do not
possess naturally occurring alloantibodies. This
means that type AB cells will act antigenically as
both type A and type B, whilst serologically AB
cats act as type A. The co-expression of both type
A and type B antigens explains why type AB
blood will show agglutination with both anti-A
and anti-B sera. The agglutination of type AB
cells with anti-A alloantibody is, however, not
typically as marked as the agglutination seen
with type A cells (Griot-Wenk et al 1996).

Traditionally, feline blood typing was per-
formed by cross-matching erythrocytes from the
cat to be tested with both anti-A and anti-B
antisera obtained from cats of known blood type.
However, this method posed potential problems
because of the difficulty in obtaining high-titred
anti-B antisera without immunising type A cats
with type B blood (Butler et al 1991b). More
recently, the demonstration that lectins may be
used in blood typing has circumvented this prob-
lem. Triticum vulgaris lectin (a wheat germ agglu-
tinin) specifically binds to the NeuAc terminal of
the 50 kD erythrocyte membrane protein (Nagata
& Burger 1974). Since the presence of the NeuAc
terminal is one of the characteristics of feline
type B cells (Andrews et al 1992), this lectin can
be used to identify type B cells. The agglutina-
tion of type B cells by Triticum vulgaris lectin is
more marked than that seen with anti-B serum
antibody, and serial dilution of the lectin gives
consistent results (Butler et al 1991b). Despite the
presence of variable amounts of NeuAc in type A
cats, the Triticum vulgaris lectin has no effect on
type A erythrocytes (Butler et al 1991b, Griot-
Wenk et al 1993), which may be due to the
reduced number of sites available for binding.
The Triticum vulgaris lectin has therefore become
the standard method of detecting type B antigen
on the membranes of both type B and type AB
erythrocytes, eliminating the need for immunis-
ation of type A cats. A desk-top blood typing
kit (Rapid Vet-H Feline, dms laboratories,
Flemington, USA) has recently been developed
(Fig 1) which utilises anti-A antiserum for detect-
ing type A antigen and the Triticum vulgaris
lectin for detecting type B antigen. The kit pro-
vides an accurate method by which feline blood
can be routinely typed in veterinary practice
(Knottenbelt et al 1999a).
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Since cross-matching fails to detect blood type
incompatibilities in the absence of naturally-
occurring alloantibodies, blood typing remains
the only method by which to ensure that AB-
system-compatible blood is transfused. Donor
and recipient blood typing should be performed
before all first transfusions, and both cross-
matching and donor blood typing performed
before any subsequent transfusions. It must be
noted however that a recent mismatched trans-
fusion will interfere with recipient blood typing
due to the persistence of donor cells within the
recipient’s blood (Niggermeier et al 2000).
Fig 1. Photograph showing appearance of the Rapid Vet-H
blood typing card (dms laboratories, Switzerland) following
drying. Agglutination is present in the type A cell but absent
from both the autoagglutination saline screen and the type B
cells indicating that the cat is blood type A. Cards may be left
to dry and kept as a permanent record.
Transfusion reactions
The most common aim of blood transfusion in
clinical practice is to provide the recipient with
sufficient erythrocytes to alleviate the more
severe clinical signs of anaemia. In the majority
of clinical cases, the increase in PCV achieved by
transfusion allows the patient’s clinical signs to
be stabilised for a sufficient period to allow the
underlying cause of anaemia to be diagnosed
and treated. Ideally, the life span of transfused
red cells would be unaffected by transfusion into
another animal of the same species. However,
this is often not the case in clinical transfusions.
The normal feline erythrocyte life span is
approximately 80 days (equivalent to a half-life
of 40 days) (Marion & Smith 1983). Autologous
and allogenic matched transfusions of type A
and B blood are well tolerated but the half-life
may be slightly shorter (29–39 days) (Giger &
Bucheler 1991). In contrast, type B erythrocytes
transfused into type A cats have a mean half-life
of approximately 2 days (Giger & Bucheler 1991).
Survival times of type A cells given to type B cats
are even shorter: half the transfused cells are
destroyed within minutes to hours depending
on alloantibody titres. Obviously, the dramatic
shortening of red cell survival time associated
with such mismatched transfusions markedly
diminishes the therapeutic benefits of the trans-
fusion. Additionally, mismatched transfusions
have the potential to put the patient’s life in
immediate danger due to the development of a
transfusion reaction.

Immune-mediated destruction of transfused
erythrocytes can be divided into acute and
delayed haemolytic reactions. In cats without
naturally-occurring alloantibodies, destruction of
erythrocytes occurs after the development of an
IgG immune response (usually 1–2 weeks after
a first transfusion) (Marion & Smith 1983).
Naturally-occurring alloantibodies are predomi-
nantly of the IgM class (anti-A alloantibodies) or
equal proportions of IgM and IgG (anti-B allo
antibodies) (Bucheler & Giger 1993). IgG is less
effective than IgM at activating complement,
complement mediated lysis is incomplete and
erythrocytes are destroyed at extravascular sites
(Kuby 1997b). Delayed transfusion reactions
associated with IgG alloantibodies will usually
have less severe clinical manifestations. Delayed
reactions are seldom reported, which may be
because they are uncommon, or alternatively,
because they are mild in nature and therefore not
observed and recorded.

Feline transfusion reactions were first reported
in 1915 and are characterised by haemoglobinae-
mia, haemoglobinuria, jaundice, erythrophago-
cytosis, leucocytosis, oligura and glycosuria
(Ottenburg & Thalimer 1915). Since then a
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Table 3. Summary of the risk of acute transfusion reactions occurring following
unmatched transfusions

Country Breed of donor Breed of recipient Risk of acute
transfusion reaction

Severe Mild

UK§ DSH/DLH DSH/DLH 2.6% 7.2%
British shorthair British shorthair 8.6% 23.9%
DSH/DLH British shorthair 17.1% 35.3%

US* DSH/DLH DSH/DLH 0.3%
Persian Persian 18.3%
DSH/DLH British shorthair 58.6%
DSH/DLH Persian 24.0%

Australia† DSH/DLH DSH/DLH 19.4%
Italy*® DSH/DLH Persian 2.3%

Persian Persian 2.5%

Note: UK calculations based on the data from Knottenbelt et al 1999b, all other
calculations based on the assumption that all type B cats have high titred anti-A
antibodies.
§Knottenbelt et al 1999b.
The severity of transfusion reactions appears to be more closely linked to the titre of
haemolytic alloantibodies (Auer & Bell 1983). Since haemolytic alloantibodies are
commonly found at higher titres than haemagglutinating alloantibodies (Auer & Bell
1983), the study by Knottenbelt and others may under-estimate the proportion of cats
with clinically significant naturally-occurring alloantibody titres.
*Giger & Bucheler 1991.
†Auer & Bell 1981.
®Continenza et al 1992a.
number of acute and delayed transfusion reac-
tions have been reported in cats following thera-
peutic transfusion of incompatible blood (Auer
et al 1982, Giger & Akol 1990, Giger & Bucheler
1991, Wilkerson et al 1991b). Acute, severe trans-
fusion reactions invariably occur on first transfu-
sion of type A blood to type B cats (Auer & Bell
1983). The reactions are characterised by sys-
temic anaphylaxis (hypotension, bradycardia,
apnoea, urination, defaecation, vomiting and
severe neurological depression) and haemolysis
(haemoglobinaemia and haemoglobinuria)
(Giger & Bucheler 1991).

Some type A cats that are given type B blood
will show a mild transfusion reaction due to low
levels of naturally-occurring anti-B antibody.
Although this reaction may not be apparent
clinically, the recipient’s PCV will fall to
pre-transfusion levels within days of receiving
the transfusion (Giger & Bucheler 1991), and the
transfusion will therefore have been of only
transient benefit. The administration of type B
blood to type A cats could result in induction of
high titred anti-B antibodies which will then
cause an acute severe transfusion reaction if
further mismatched blood is given. The risk of
a significant reaction occurring following an
unmatched transfusion depends both on the
blood group prevalence of the donor and recipi-
ent breeds and the alloantibody titre of the
recipient. This risk will therefore vary worldwide
(Table 3).

Injection of as little as 1 ml of a 50% suspension
of type A cells to type B cats can elicit severe
reactions, but subsequent challenges with incom-
patible blood do not elicit a worsening of the
transfusion reaction (Auer & Bell 1983). This is
due to antigen-antibody binding causing anti-
body titres to fall within minutes of the incom-
patible red cell injection (Christian et al 1951).
The severity of acute transfusion reactions
appears to be more closely linked with the anti-
body titre of the recipient rather than the amount
of antigen administered (Auer & Bell 1983).

The proportions of the immunoglobulin class
involved in the reaction may influence the out-
come of mismatched transfusions. IgM is more
effective at triggering complement mediated
lysis, whilst IgG tends to activate complement
poorly (Kuby 1997b). Giger & Bucheler (1991)
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concluded that the rapid destruction of type A
cells transfused into a type B cat occurs predomi-
nantly intravascularly and is complement and
IgM-mediated. In contrast, type B cells trans-
fused into a type A cat are haemolysed extravas-
cularly by a process involving small amounts
of IgG and IgM, without marked complement
activation.

Since haemolytic anti-B antibody titres have
been shown to fluctuate widely throughout the
year in some type A cats (Auer & Bell 1981, 1983),
the antibody status of an individual on any one
occasion cannot be used to predict the severity of
subsequent reactions following any given trans-
fusion. Variations in naturally-occurring anti-
body titres in cats may be one reason why some
type A cats show severe reactions to type B
blood, while others develop minimal clinical
signs except a fall in post-transfusion PCV.
Despite the apparent absence of naturally-
occurring antibodies in many type A cats, type B
blood should not be transfused into a type A cat
because subsequent sensitisation will consider-
ably shorten erythrocyte life-span (Auer & Bell
1983).

Type AB cats pose a particular problem
in transfusion medicine. The development of
delayed transfusion reactions due to induction of
anti-A or anti-B antibodies within the recipient
should not occur in type AB recipient cats since
the immune system has already been exposed to
both type A and type B antigens. Induction of
antibodies to antigens other than those of the AB
system may, however, still occur. Since AB cats
express both type A and type B erythrocyte
antigens and possess no naturally-occurring anti-
bodies (Auer & Bell 1981), AB cats should be
universal recipients. Griot-Wenk & Giger (1991)
substantiated this hypothesis by showing that
the life-span of both type A and type B erythro-
cytes transfused into type AB cats was the same
as that of matched transfusions to type A and B
cats. No transfusion reactions were observed
following these experimental transfusions.

Despite these observations and the absence of
anti-A or anti-B alloantibodies in type AB cats, it
has recently been suggested that type AB cats
should ideally be transfused with type AB or
type A blood (Griot-Wenk et al 1996). Although
the administration of type B blood to a type AB
cat will not result in destruction of transfused red
cells, the high titres of naturally-occurring anti-A
antibodies in the donor serum may result in
destruction of recipient red cells. In a cat with
severe anaemia, the further removal of the
patient’s own red cells (which are already greatly
reduced in number) is unlikely to have a sig-
nificant effect on the patient’s post-transfusion
clinical condition and PCV. In contrast, if serum
containing high titres of alloantibody is given to
a cat with minimal or no anaemia, there may be
increased potential for red cell destruction due to
the larger numbers of recipient cells available for
haemolysis. Since the aim of transfusion in clini-
cal cases is usually to maximise red cell numbers
for as long a period as possible, type A or AB
blood should be given to type AB cats. In situ-
ations where only a type B donor is available, the
donor red cells should ideally be fractionated to
remove serum before administration to a type
AB recipient (Giger & Bucheler 1991).

Except for the transfusion of other type AB
cats, type AB cats are poor candidates as blood
donors since they express both type A and type B
antigens in varying proportions. The admin-
istration of type AB blood to a type A cat without
significant antibody titres will result in the
induction of anti-B antibodies and the potential
for either a delayed transfusion reaction or
severe transfusion reactions if subsequent
mismatched transfusions are given.
Summary
The presence of naturally-occurring antibodies
against blood group antigens in the cat is clini-
cally significant and may result in ineffective
transfusion or severe transfusion reactions. The
distribution of blood types in the local cat popu-
lation may help to establish the risk of transfu-
sion reactions occurring, whilst the magnitude of
naturally-occurring antibody titres determines
the severity of the reaction.

Although the apparent incidence of clinical
transfusion reactions appears to be low, this
probably reflects a failure to recognise the com-
plications arising from transfusion. It is vital
that screening of donor-recipient compatibility
is performed prior to first transfusion of all cats.
The preferred method of ensuring donor and
recipient compatibility is both blood typing and
cross-matching.
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