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Blood transfusions in dogs and cats are a life saving measure, and their use in veterinary 
medicine is increasing.  The goal of blood transfusions is to provide a maximum amount of 
viable red blood cells or plasma constituents to the patient, without inflicting further harm in the 
form of immune or nonimmune reactions.  Transfusions performed with untyped or 
uncrossmatched blood can sensitize recipients to future transfusions, or can result in reactions 
that range from enhanced removal of the transfused red blood cells to death of the patient.  
Knowledge of blood group systems and of typing and crossmatching procedures can enhance the 
safety of transfusions, and can aid in a successful transfusion outcome.   
 
 
General Review of Blood Groups 
 
Erythrocytes, like nucleated cells, possess characteristic cell surface antigens.  Most red cell 
antigens are glycolipids or glycoproteins and the majority are integral components of the red cell 
membrane.  A blood group system is a group of antigens produced by allelic genes located at a 
single locus on the chromosome and inherited independently of any other genes.  Blood group 
systems are species specific. 
 
Animals can make antibodies against foreign blood group antigens, usually as a result of 
transfusion with a different blood type.  Naturally occurring alloantibodies can also be present.  
These are antibodies against foreign blood types that occur without previous exposure to a 
transfusion, and are a result of exposure to similar or identical antigens that are common in the 
environment.  A good example can be seen in cats, which at a very young age are found to have 
antibodies against other feline blood types.   
 

Canine Blood Group Systems 
The nomenclature for canine blood groups has changed several times since their discovery.  The 
current nomenclature uses the prefix dog erythrocyte antigen (DEA), although newer groups 
(Dal, Kai) have no DEA designation.  Antibodies for some of the originally identified canine 
blood groups have been lost, and currently only 4 DEA blood groups are identified by 
commercial blood banks. 
  

DEA 
Group  
  
 

Incidence 
(%) 

Naturally occurring  
antibody  

Transfusion significance 
 

1 54 No Acute hemolytic reaction 
3 6 Possible Delayed reaction, RBC removal 
4 98 No Hemolytic or delayed reaction 
5 23 Possible Delayed reaction, RBC removal 
7 45 Yes Delayed reaction, RBC removal 

 
 



Of the above, commercial veterinary blood banks currently test only for DEA 1, 4, 5 and 7.  
DEA 1 has the most significance, as it can cause severe reactions when transfused into a 
previously sensitized dog.  Dogs that type as “weak” DEA 1 may just have a quantitative 
difference in the number of antigenic sites on their red blood cells, however, a few of these dogs 
may recognize strong DEA 1 positive dogs as foreign.  At WSU, any dogs typed as “weak” DEA 
1 are given DEA 1 negative products, as a safeguard against possible alloantibody creation.   
 
New Canine Blood Group Systems 
 
The Dal blood group system was first described in 2007.  Most dogs and blood donors are Dal 
positive, i.e., their red blood cells have the Dal antigen on their surface.  However, 
approximately 42% of Doberman Pinschers, 57% of Shih Tzus, and 12% of Dalmatians are 
negative for the antigen, and can be sensitized if transfused with Dal positive blood.  Subsequent 
transfusions with Dal positive blood can result in hemolytic reactions.  Inheritance is autosomal 
dominant. 
 
Two other blood types, Kai 1 and Kai 2 were documented in 2016, but clinical relevance remains 
to be elucidated.   
 

Feline Blood Group Systems 
 
The best documented blood group system in the cat is the AB system.  This system consists of 
three blood types, A, B, and AB.  Type A is the most common blood type, occurring in > 95% of 
domestic shorthair and longhair cats in the United States.  Type B blood occurs in less than <5% 
of domestic shorthair and longhair cats in the United States.  The frequency of type A and B in 
cats varies with the breed of cat and the geographic location.  As an example, as many as 45% of 
Exotic and British Shorthair cats and Cornish and Devon Rex cats can have the B blood type.  
Type AB cats are relatively uncommon.   
 
All type B cats older than 3 months of age have high titers of anti-A antibodies (naturally 
occurring).  These antibodies act as strong hemolysins and hemagglutinins.  Type B cats 
transfused with type A red blood cells will have a marked hemolytic transfusion reaction, and 
type A or AB kittens born to type B queens are at risk of developing neonatal isoerythrolysis.  
Cats with type A blood have weak anti-B alloantibodies, which will produce a delayed 
transfusion reaction characterized by premature removal of transfused cells.  Type AB cats have 
no alloantibodies in their plasma.  A genetic test is available through the University of California 
at Davis to test for mutations in the gene responsible for blood types in the AB blood group 
system, using DNA from a mouth swab.  The test can determine type B cats and cats that are 
carriers for type B (which is useful information for breeders).  The website is: 
http://www.vgl.ucdavis.edu/services/abblood.php   
 
Similar to the situation with canine blood types, other red blood cell antigens or blood groups 
may be present in the cat.  Incompatible crossmatch results in type A cats repeatedly transfused 
with type A blood can be seen, suggesting that other red blood cell antigens are present and 
capable of producing an immune response.  One of these antigens, the “Mik” antigen, was first 
discovered when unsuccessful attempts were made to crossmatch several cats with a blood donor 

http://www.vgl.ucdavis.edu/services/abblood.php


cat named “Mike”.  Mike was found to have a naturally occurring antibody in his plasma against 
an unknown red cell antigen, termed the “Mik” antigen.  Transfusion of Mik positive blood into 
a Mik negative cat can produce a hemolytic reaction.  Fortunately the incidence of Mik negative 
cats appears to be low, and any incompatibilities can be picked up by crossmatching.  
 

Blood typing Procedures 
 
Blood typing in the dog and cat can be performed at commercial veterinary laboratories ( e.g., 
Animal Blood Resources International (ABRI) at http://www.abrint.net) or on site within 
veterinary hospitals.  Most laboratories require the submission of EDTA whole blood, shipped 
overnight.  The laboratories will type for both the A and B antigen in cats.  DEA typing for the 
dog, however, varies dependent upon the laboratory used, with some laboratories only typing for 
DEA 1, and others typing for DEA 1, 4, 5 and 7.   
 
In house typing techniques consist of typing cards (DMS Laboratories, Flemington, NJ  
http://www.rapidvet.com ), and the typing strips (Alvedia, France, www.alvediavet.com).  The 
tests are easy to use and provide rapid results.  Dogs can only be typed for DEA 1, and cats for 
type A, B, and AB.   
 
 
Crossmatching 
 
Blood typing enables the identification of red blood cell antigens in a patient.  Crossmatching 
allows the detection of antibodies between a patient and potential blood donor.  Even in animals 
which have been blood typed, crossmatching should be considered to detect antibodies against 
red blood cells.   
 
Crossmatching is not a foolproof method.  Especially in the case of the dog, a compatible 
crossmatch does not indicate that the donor and recipient have the same blood type, merely that 
antibodies against red blood cells cannot be detected.  The crossmatch technique may lack the 
appropriate sensitivity to detect some antibodies, thus it is possible to have a compatible 
crossmatch and still have increased removal of the transfused cells.  Crossmatching does not 
detect platelet or granulocyte antibodies.  It cannot predict some types of transfusion reactions, 
such as urticarial reactions.  Nevertheless, crossmatching can be a useful technique and should be 
performed prior to transfusion.  Ideally, crossmatching should be performed prior to all canine 
transfusions, however, where this is not possible it should certainly be performed prior to all 
canine transfusions in which the recipient has a history of previous blood exposure.  
Crossmatching should also be performed prior to all feline transfusions, due to the presence of 
naturally occurring antibody in the cat and the serious consequences of transfusing type A blood 
into a blood type B cat.  
 
 
 
Crossmatch Procedure 
 

http://www.abrint.net/
http://www.rapidvet.com/
http://www.alvediavet.com/


Crossmatches can be “major” (patient plasma or serum combined with donor RBC), “minor” 
(donor plasma or serum combined with patient RBC) or a control/auto (patient or donor RBC 
combined with its own serum or plasma).  At minimum, a major and control crossmatch can be 
performed.  The following crossmatching procedure is one commonly performed by many 
veterinary laboratories for the dog and cat: 
 
1. Obtain an anticoagulated (EDTA) and non-anticoagulated specimen of blood from both 

patient and donor.  The EDTA tube will serve as the source of RBC (antigen), and the 
nonanticoagulated tube will serve as the source of serum (antibody).  Plasma can be used as a 
source of antibody, however, occasional antibodies in the dog will be hemolytic only and can 
be missed if plasma rather than fresh serum is used.   

 
2. Centrifuge and separate plasma or serum from RBC. 
 
3. Wash RBC: 

a. Remove packed cells from bottom of anticoagulated tube (0.25 ml) and place in 12 x 75  
  mm tube. 

b. Fill the tube about 3/4 full with saline, mix gently, and centrifuge at 3400 rpm or 1000 g 
for 1 minute.  Decant the saline and repeat 3 times, filling the tube with saline, mixing, 
centrifuging and decanting the saline.  This is known as washing the cells, and it helps to 
free the cells of any proteinaceous debris. 

c. After last wash, decant supernatant. 
 

4. Resuspend cells with saline to give a 2-4% ("weak" tomato juice) suspension of RBC.  The 
suspension may also be calculated; for example, 0.2 ml blood in 4.8 ml saline gives a 4% 
suspension. 

 
5. Make the following mixtures by adding the indicated amount of the well mixed RBC 

suspension and serum to 12 x 75 mm tubes: 
 

 MAJOR 
 CROSSMATCH  

MINOR 
 CROSSMATCH  

 
  CONTROL    

Patient 2 drops  
serum  

1 drop 
2-4% RBC 

1 drop patient 2-4% 
RBC with 2 drops 

patient serum 
 
Donor 

 
1 drop 

2-4% RBC 
 

 
2 drops serum 

 
1 drop donor 2-4% RBC  

with 2 drops donor 
serum  

 
 
6. Incubate tubes 15 minutes at 37°C. 
 
7. Centrifuge for 15 seconds (3400 rpm/1000 x g). 
 
8. Reading tubes: 



Macroscopic -Examine tubes for hemolysis.  Rotate tubes gently and observe cells coming 
off the red cell “button” in the bottom of the tube.  In a compatible reaction, i.e., where there 
is no antigen-antibody reaction, the cells should float off freely, with no 
clumping/hemagglutination.  Proceed to the microscopic examination in those tubes with 
weak or no obvious reactions. 
Microscopic -Observe cells "falling" under 10X while slowly rotating tube on the microscope 
stage or take sample from tube, place on slide, coverslip and examine microscopically.  The 
RBC should normally appear as individual cells, with no clumping or rouleaux formation.   
 

9. If rouleaux is believed to be a problem, the following saline replacement technique can be 
used: 

 a. Recentrifuge the serum/RBC mixture when rouleaux formation is suspected. 
 b. Remove the serum. 
 c. Replace the serum with an equal volume of saline (two drops) and gently mix. 
 d. Spin the saline/RBC mixture. 
 e. Resuspend the saline/red blood cell mixture and observe for agglutination.  Rouleaux will 
  disperse when suspended in saline, whereas true agglutination will remain.  
 
Crossmatch kits 
 
Crossmatching “kits” are available (ABRI, Alvedia, DMS Laboratories—see under “Blood 
Typing”) which use gel columns or chromatographic strips to make detection of incompatible 
results easier.  Microscopic incompatible results or hemolysis seen in the standard tube 
crossmatching technique are unlikely to be picked up using the gel or strip based technique. 
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