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Hematology is a broad discipline 

encompassing disorders of both 

cellular and fluid-phase components 

of blood. This bulletin presents 

overviews of the feline blood group 

system and a diagnostic approach 

to feline bleeding disorders.

Feline Blood Group 
System
Blood groups are defined by the 
presence of species-specific antigens 
on the surface of red  blood cells. 
Cats have a single blood g roup sys
tem  consisting of three blood types: 
type A, type B, and the very rare type 
AB. All cats have one of these three 
types; there are no negative or type 
O feline cells.

The antigenic determ inants on 
red cell m em branes responsible for 
feline blood types have been exam 
ined in detail. The critical feature is 
the specific form  of neuram inic acid 
present on m em brane glycolipids. 
Type A cells have the N-glycolyl 
(NeuGc) form  of neuram inic acid, 
and type B cells have N-acetyl-

neuram inic acid (NeuAc). A  hy
droxylase enzym e converts N euAc 
to NeuGc, and it is hypothesized 
that blood-type A cats have this 
enzym e w hereas blood-type B cats 
lack the enzym e. In this m odel, one 
theory for type AB is that a m u ta
tion in the hydroxylase enzym e 
causes less than  total conversion of 
N euAc to NeuGc (figure 1).
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Inheritance of Feline Blood Types
Feline blood type is inherited as an 
autosom al trait, w ith  type A dom i
nant to type B. All type B cats are 
hom ozygotes (bb genotype), w here
as type A cats are either hom ozy
gotes (AA genotype) or heterozy
gotes (Ab genotype).

Crosses betw een tw o type B cats 
are expected to produce only type B 
offspring. Crosses betw een tw o type 
A cats, how ever, m ay produce both  
type A and  type B offspring. Table 1 
lists the expected proportion of type 
A and type B kittens produced  from 
different m atings of type A and type 
B parents.

Table 1

Predicted Offspring Blood Type

Parenta l B lo od  Type
(genotype)

O ffsp ring  B lo od  Type
(genotype)

I. type B x type B all type B
(bb) (bb) (bb)

II. type B x type A all type A
(bb) (AA) (Ab)

or
(bb) (Ab) 1 type A  : f type B 

(Ab) (bb)

III. type A  x type A all type A
(AA) (AA) (AA)

or
(AA) (Ab) all type A

or (AA, Ab)
(Ab) (Ab) 3 type A  : 1 type B 

(AA, Ab) (bb)
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Frequency of Feline Blood Types
Extensive surveys of blood type in 
purebred  and dom estic shorthair 
(DSH) and longhair (DLH) cats have 
been conducted throughout the 
U nited States. The proportion  of 
type A and  type B cats varies in 
different geographic locations and 
w ith in  certain pu re  breeds. M ost 
DSH and DLH are type A; there is, 
how ever, geographic variation. The 
Southw est and  N orthw est have the 
highest p roportion of type B ind i
viduals, w ith  u p  to 5 percent of the 
DSH tested in California having 
type B.

In contrast to DSH, there is little 
geographic variation w ith in  pure 
breeds. V irtually all Siamese are 
type A, w hereas Rex cats and British 
Shorthair cats have an  alm ost even, 
or 1:1, ratio of type A to type B ind i
viduals. The frequencies in other 
breeds such as Persians, H im alay- 
ans, and A byssinians fall som e
w here betw een these tw o extremes.

Clinical Importance of Feline 
Blood Groups
M ost cats have antibodies directed 
against foreign red-cell antigens. 
These antibodies (hem olysins or 
agglutinins) are naturally  occurring, 
present w hether or not the ind i
vidual has been transfused. The most 
clinically severe incompatibility reac
tions are caused by anti-A isoaggluti
nins in blood-type B cats. Blood group 
incom patibilities are responsible for 
tw o different categories of clinical 
disorders:

1. Transfusion reactions. Type B 
cats transfused w ith  type A cells are 
at risk for im m ediate reactions char
acterized by acute apnea, b radycar
dia, and collapse. These reactions 
are potentially fatal. In type B cats 
w ith  high titers of anti-A antibodies, 
severe reactions occur after transfu
sion of very sm all volum es (<2-3 
ml) of type A blood. Hem olytic reac
tions have also been described in

type B cats following transfusion of 
type A cells. Type A cats transfused 
w ith  type B blood are unlikely to 
have a clinically severe reaction, bu t 
the transfused B cells will have 
shortened life span in com parison 
w ith type-com patible cells.

2. Neonatal hem olysis. Type A 
kittens born to type B queens are at 
risk for neonatal isoerythrolysis 
(NI), or hem olytic disease of new 
borns. M aternal antibodies directed 
against foreign red  cell antigens are 
transm itted  to kittens in colostrum , 
and  clinical signs appear in the first 
few days of life. These signs include 
anem ia, icterus, pigm enturia, necro
sis of tail and  ear tips, w eakness, 
failure to nurse, and  death. Figure 2 
presents a sam ple pedigree of a 
type B female bred  to type B and 
type A mates. A ny type A kittens 
produced  in the type B to A m atings 
are at risk for developing NI.

Figure 2

Sample Pedigree
Female type B bred to type B and type A males

/

Type B Type B Type A Type A
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Figure 3

Tube Agglutination Reactions
T y p e  A  c e l ls  re a c t in g  w ith  a n t i -A  a n t ib o d ie s

Blood Typing and Crossmatching
Blood typing requires specific re
agents, or antisera, that react in a 
defined m anner w ith  red  cell anti
gens. Feline typing is accom plished 
by setting u p  reactions com bining 
patien t cells w ith  reagents specifi
cally directed against either type A 
or type B cells.

Type A cats have a strong agglu
tination reaction w hen their cells are 
com bined w ith  anti-A  antisera, bu t 
there is no reaction w hen their cells 
are m ixed w ith  anti-B reagent. Type 
B cells react only w ith  anti-B re
agent. Back-typing is perform ed by 
m ixing cells of know n blood type 
w ith  p lasm a or serum  from  the p a
tient. Serum  from  type B cats shows 
a strong agglutination reaction 
w hen m ixed w ith  type A cells, bu t 
no reaction w ith  type B cells.

C rossm atching does not require 
special reagents, or know ledge of a 
cat's blood type. Cells from  one cat 
are m ixed w ith  serum  from  another 
cat, and  any agglutination or

hem olysis is noted. A crossm atch 
can be perform ed to detect incom 
patibilities betw een blood donors 
and recipients, prospective mates, or 
a queen and  her kittens. The major 
crossmatch is performed by mixing cells 
from donor with serum from recipient.

A strong agglutination reaction in 
the m ajor crossm atch is typical of 
antibodies in a type B cat's serum  
reacting to donor type A cells (fig
ure 3). This reaction denotes a seri
ous incom patibility. A sim ple slide 
agglutination crossm atch test 
should  be perform ed before each 
transfusion w hen the blood type of 
the recipient is unknow n.

Crossmatch technique: Place two 
d rops of serum  from  recipient on a 
glass slide, add  one drop  of donor 
blood and mix gently for 10-15 
seconds. After 1 m inute, check for 
gross or m acro-agglutination. Any 
agglutination reaction is a contra
indication for proceeding w ith the 
transfusion.

Summary of Key Points

1. There is a single blood group 

system in cats: the AB system.

2. Most DSH/DLH cats are type 

A, but frequency of blood type 

varies w idely in d ifferent pure 

breeds.

3. Type A and type B cats have 

naturally occurring antibodies 

against the alternate red cell 

type.

4. The most clin ica lly severe 

reactions are caused by anti-A 

antibodies found in type B cats.

5. Type A kittens born to type B 

queens are at risk for neonatal 

hemolysis.

6. There is no “universal" fe line 

donor blood type.

7. Transfuse type A cats with type 

A blood, transfuse with type B 

cats with type B blood.

8. Check a m ajor crossm atch

(1 drop donor blood m ixed with 

2 drops recipient serum) before 

any transfusion between cats 

of unknown blood type.
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Diagnosis of Bleeding Disorders

Bleeding is a com m on chief com 
plaint. In each case, a defect or 
breakdow n in one com ponent of the 
hem ostatic m echanism  predom i
nates. The m ost successful approach 
to m anaging these cases is based on 
identifying w hich com ponent of 
norm al hem ostasis is defective, and 
then provid ing  specific, as well as 
sym ptom atic, treatm ent. N orm al 
hem ostasis includes three basic 
com ponents: blood vessels, p rim ary 
hem ostasis (platelets and  von 
W illebrand factor), and  secondary 
hem ostasis (coagulation cascade).

Preliminary Evaluation:
Vessel Disorder versus 
Bleeding Diatheses
The goal of initial evaluation is to 
differentiate bleeding from  dam 
aged or diseased blood vessels from 
a system ic bleeding disorder, in
volving either prim ary or secondary

hem ostasis (figure 4). The principal 
m eans of identifying vessel d isor
ders is inspection, either visually or 
using ancillary diagnostics such as 
endoscopy, radiography, u ltra
sonography, CT scan, and biopsy. In 
certain cases, laboratory evaluation 
to ru le ou t a p rim ary  or secondary 
hem ostatic d isorder is indicated 
before invasive diagnostic inspec
tion is perform ed.

Clinical signs of vessel d isorders 
show  different characteristics, de
pending  on the size of diseased or 
dam aged vessels. Large-vessel dam 
age is accom panied by blood-loss 
anemia, w ith  history and  physical 
exam ination revealing involvem ent 
of a single or w ell-defined anatom ic 
site. Prim ary causes of large-vessel 
hem orrhage include traum atic or 
surgical injury, erosion or infiltra
tion from neoplastic, infectious, or 
g ranulom atous lesions, and vascular 
anom aly or arteriovenous shunt.

Figure 4

Preliminary Evaluation
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Small-vessel d isorders (vasculo- 
pathies) rarely cause sufficient 
blood loss to result in anemia. Vas
culitis, or inflam m atory vessel d is
ease, often involves m any organs, 
causing m ultisystem ic signs. In
volvem ent of cutaneous vessels 
causes bruising  or ecchymoses, and 
ocular signs include uveitis and 
retinitis. Specific differentials for 
vasculopathy include inflam m atory 
causes (feline infectious peritonitis, 
toxoplasm osis, system ic lupus 
erythem atosis, d ru g  eruption) and 
degenerative d isorders (hyper- 
cortisolism  [producing fragile ves
sels], intrinsic collagen defect).

Bleeding Diatheses: 
Primary versus Secondary 
Hemostatic Disorder
The com bination of clinical signs, 
history, and  screening tests will 
differentiate prim ary  from  second
ary hem ostatic d isorders in m ost 
cases (figure 5).

Prim ary hem ostasis includes 
interactions betw een the vessel wall 
at the site of injury, platelets, and 
von W illebrand factor. The endpoin t 
of these interactions is form ation of 
a platelet plug. A platelet p lug  is 
sufficient to control hem orrhage 
from  capillaries and  sm all vessels. 
D isorders of prim ary  hem ostasis 
m ost typically cause petechiae and 
m ucosal bleeding, as well as bleed
ing from  sites of surgery  or traum a.

Secondary hem ostasis includes 
the reactions of the clotting factors 
of the coagulation cascade. The end
point of these reactions is form ation 
of a fibrin clot. C lotting factors are 
enzym es or coenzym es that circu
late in  p lasm a in an  inactive form. 
The coagulation cascade acts like 
a chain reaction, w ith  sequential 
activation and am plification of the 
factors, culm inating in the transfor
m ation of fibrinogen to fibrin. The 
activation reactions are localized to 
the site of vessel injury because they
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Figure 5

Primary versus Secondary Hemostatic Disorders
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require tissue and platelet phospho
lipids. Fibrin clot form ation is 
needed to control hem orrhage from 
dam aged m edium  or large vessels. 
The clinical signs of coagulation 
disorders are hem atom a form ation 
(subcutaneous, in tram uscular), he
m othorax, hem operitoneum , and 
bleeding from  sites of surgery  or 
traum a.

Defects of Primary Hemostasis
Platelet d isorders are classified as 
either quantitative defects (throm b
ocytopenia) or qualitative defects 
(throm bopathia). In alm ost all cases, 
platelet d isorders are acquired 
rather than  inherited.

Throm bocytopenia is screened 
for by exam ination of a stained 
blood film u n d er oil im mersion.

Fewer than  5 to 10 platelets per field 
is indicative of throm bocytopenia 
and  should be confirm ed by platelet 
count. Throm bocytopenia is not a 
specific diagnosis, and  further 
evaluation to determ ine etiology is 
indicated. Throm bocytopenia re
sults from  one of three processes:

1. decreased production  (bone m ar
row  disorder)

2. peripheral sequestration (splenic 
disease, dissem inated intravascular 
coagulation [DIC])

3. increased destruction (im m une- 
m ediated, DIC)

Production deficiencies are com 
m on in cats, and  result from either 
infiltrative or aplastic disorders. 
Splenom egaly secondary to neoplas
tic, infectious, or hepatic disease

m ay cause sequestration and  loss 
of platelets from  the vasculature. 
Im m une-m ediated platelet destruc
tion is an uncom m on cause of 
throm bocytopenia in  cats. D iagnos
tic w orkup to characterize th rom 
bocytopenia in cats m ay include 
com plete blood count (CBC), chem 
istry  panel, bone m arrow  aspiration 
cytology, retrovirus serology, ab
dom inal u ltrasound, and  hepatic- 
splenic aspiration cytology.

Throm bopathia occurs in  associa
tion w ith  underly ing  m etabolic d is
orders. The m ost com m on disorders 
include urem ia and  hyperpro tein 
emia, and  in these cases platelet 
dysfunction m ay com plicate m an
agem ent and  diagnosis of the p ri
m ary disease process.

von W illebrand 's disease (vWD) 
is uncom m on in cats, bu t has been 
identified in purebred  (Him alayan) 
as well as D SH /D L H  cats. Affected 
cats had  severe reduction in plasm a 
von W illebrand factor (vWF) con
centration, and  severe clinical signs 
of spontaneous epistaxis, bleeding 
from  gingiva at sites of tooth eru p 
tion, and  excessive hem orrhage and 
bruising at sites of surgery.

Platelet count and  coagulation 
assays are norm al in vW D-affected 
cats. Assays used routinely to m ea
sure canine (or hum an) vWF m ust 
be adap ted  or m odified to m easure 
feline vWF, and  each laboratory 
m ust validate its assay and develop 
a norm al feline range.

Defects of Secondary Hemostasis 
(Coagulation Disorders)
Coagulation d isorders are caused 
by  either acquired or inherited defi
ciency of one or m ore clotting fac
tors. C lotting factors are synthesized 
in the liver, and a subset of these 
factors, the pro throm bin group, 
requires vitam in K for activation 
after synthesis. Factors are con
sum ed during  the process of clot 
form ation, and  loss of localized clot 
form ation, as in DIC, results in 
depletion of factors.
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Figure 6

Coagulation Screening Tests
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Figure 7

Differentiation of Coagulation Disorders
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C oagulation screening tests iden
tify abnorm alities in pathw ays, or 
system s, w ith in  the coagulation 
cascade (figure 6). These tests are 
based on in vitro form ation of a 
fibrin clot. Factor deficiency or dys
function causes prolongation of the 
tim e for clot form ation, and  these 
tests are very sensitive to artifacts 
in troduced during  sam ple collection 
or processing.

Each testing laboratory should 
validate its assay technique, develop 
norm al ranges for cats using that 
technique, and report a value for 
feline control w ith  each patient 
tested. Routine screening tests of the 
coagulation cascade (coagulation 
panel or profile) consist of activated 
partial throm boplastin  time (aPTT); 
prothrom bin  tim e (PT); and  fibrino
gen or throm bin tim e (TCT).

A severe factor deficiency is ruled 
ou t if clotting times are norm al in all 
three screening tests. Prolongation 
of clotting time in one or m ore 
screening tests is indicative of a 
coagulation disorder, and  the p a t
tern of abnorm alities depends on 
w hich ind iv idual or g roup of factors 
is involved. Ind iv idual clotting fac
tor assays are then perform ed if a 
m ore specific diagnosis is needed.

Acquired factor deficiencies 
A cquired factor deficiencies (figure 
7) are com m on and  occur prim arily  
as a resu lt of liver failure (produc
tion defect), vitam in K deficiency 
(activation defect), or DIC (defect in 
clot localization w ith  secondary 
factor depletion  and system ic lysis).

Liver disease m ust cause hepatic 
synthetic failure before clinically 
significant reduction in clotting fac
tor p roduction  occurs. The diseases 
m ost com m only accom panied by 
coagulopathy include acute hepatic 
necrosis, cirrhosis, portosystem ic 
shunts, and cholestatic liver disease.

Vitam in K deficiency prevents 
activation of the pro throm bin group 
of clotting factors. Com m on causes 
of vitam in K deficiency include 
anticoagulant rodenticide toxicity, 
biliary obstruction, and  infiltrative 
bowel disease.

m
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D issem inated intravascular co
agulation is triggered by w ide
spread dam age to vascular tissues, 
platelet aggregation, or intravascu- 
lar release of tissue phospholipids. 
Clinical d isorders m ost com m only 
associated w ith DIC include sepsis, 
neoplasia (especially lym phosar
coma, m am m ary carcinom a, and 
m ast cell disease), and severe 
traum a.

Inherited factor deficiencies 
Inherited factor deficiencies (figure 
7) are caused by m utations in genes 
coding for specific coagulation p ro
teins. New , spontaneous m utations 
can arise in  any purebred  or D SH / 
DLH cat. Once a m utation  occurs, 
the defect is m ost often propagated  
w ith in  a breed or line w hen asym p
tom atic carriers are bred.

1. Intrinsic system defects (long 
aPTT screening test).

a) H em ophilia is the m ost com m on 
severe inherited factor deficiency in 
cats. The inheritance pattern  is X- 
linked recessive. H em ophilic m ales 
inherit an  abnorm al gene from  their 
dam , and express the bleeding ten
dency. Female carriers have one 
norm al and one abnorm al gene and 
are asym ptom atic. There are two 
form s of hem ophilia: hem ophilia A 
= Factor VIII deficiency, and hem o
philia B = Factor IX deficiency.

b) Factor XII deficiency is com m on 
in D SH /D LH  and Siamese cats. This 
defect is not associated w ith  a b leed
ing tendency. Prolongation of clot 
form ation is an in vitro, not an in 
vivo phenom enon. The inheritance 
pattern  is autosom al recessive.

2. Intrinsic and extrinsic system  
defects (long aPTT and long PT 
screening tests). Prothrom bin group 
deficiency is a rare  coagulopathy 
found in Devon Rex cats. The u n 
derly ing defect causes abnorm al 
vitam in K recycling and reduced 
activity of all the vitam in K - 
dependen t factors. A dm inistration 
of vitam in K corrects the bleeding 
tendency.

3. Dysfibrinogenem ia (long aPTT, 
long PT, long TCT, low fibrinogen). 
This is a rare defect in DSH caused 
by either deficiency or dysfunction 
of fibrinogen. Both m ales and fe
m ales are affected. Spontaneous 
bleeding episodes are uncom m on, 
bu t prolonged bleeding occurs after 
surgery  or traum a.
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The Comparative Hematology Section, 

formerly affiliated with the New York 

State Department of Health, has 

recently joined Cornell University's 

Diagnostic Laboratory. This association 

brings a new menu of tests and services, 

readily accessible through the Diagnos

tic Laboratory, to assist practitioners in 

the diagnosis and management of feline 

hematologic disorders.

Summary of Key Points

1. Initial evaluation of the patient 

should attem pt to differentiate 

bleeding due to damaged or 

diseased vessels from a system ic 

bleeding diathesis.

2. Prelim inary screening tests 

should include platelet count and 

coagulation panel (aPTT, PT, and 

TCT or fibrinogen).

3. Petechiae and mucosal bleeding 

are suggestive of platelet d isor

ders.

4. Throm bocytopenia in cats is 

more com m only caused by bone 

m arrow aplasia or infiltration, or 

splenic sequestration. Primary 

im mune-m ediated platelet de

struction is uncommon.

5. Coagulation factor deficiencies 

cause prolongation in one or 

more of the coagulation screen

ing tests. Specific factor analysis 

may be needed for defin itive 

diagnosis.

6. Acquired factor deficiencies are 

comm on, and are associated with 

multiple factor deficiencies and 

prolongation of more than one 

screening test.

7. Prolongation of aPTT and PT, 

w ith normal TCT and fibrinogen, 

is suggestive of vitam in K de fi

ciency.

8. C oagulopathy due to liver fa ilure 

or DIC is accom panied by prolon

gation of aPTT, PT, and TCT, 

and low fibrinogen.

9. Hem ophilia is the m ost common 

severe inherited coagulation 

disorder. Hem ophilia A and B are 

intrinsic system defects causing 

long aPTT. Males express the 

bleeding tendency, fem ales are 

asym ptom atic carriers.
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