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Background: Finding compatible feline blood donors can be challenging.

Canine blood has been occasionally used when compatible feline blood

was not available in emergency situations.

Objectives: The study goals were to describe the effects of xenotransfusion

in 2 anemic cats receiving canine blood because of discordant blood types

and acute transfusion reaction, respectively, and to report in vitro

heterotyping and crossmatching results between canine and feline blood

samples.

Material and Methods: Blood samples from patients and other cats and

dogs were typed, crossmatched, and assessed for alloantibodies using gel,

card, and immunochromatographic strip techniques.

Results: Cat 1 was found to have type AB blood. Cat 2, which experienced

an acute transfusion reaction, had type A blood. Neither had detectable

alloantibodies against feline RBC. Both cats transiently improved after

transfusion with canine blood; however, acute intravascular hemolysis

occurred and the PCV rapidly declined. Blood typing post xenotransfusion

with DEA 1 strips revealed a positive control band that was absent in feline

blood, thus allowing for the identification of transfused canine RBC. Longi-

tudinal assessment revealed that canine RBC could no longer be detected 4

days after xenotransfusion. Major crossmatching (feline plasma with

canine RBC) resulted in both positive and negative reactions, depending

on the cat. Minor crossmatching results showedmostly incompatibility.

Conclusion: While both cats survived xenotransfusion, the positive control

band on the DEA 1 strip revealed that transfused canine RBC were short-

lived and intravascular hemolysis occurred. Crossmatch results between

cats and dogs showed varied incompatibilities and may not predict transfu-

sion reactions.

Introduction

Because of the natural occurrence of strong anti-A and

varied anti-B alloantibodies, feline patients and blood

donors are blood typed for the AB blood group system

and/or crossmatched in order to assure blood type

compatibility. Several AB blood typing kits are avail-

able for in-clinic and laboratory use, although occa-

sionally typing difficulties occur. Additional blood type

(eg, Mik) incompatibilities and acute hemolytic and

other transfusion reactions have been observed,

particularly in previously transfused cats.1 Cross-

matching is particularly indicated after prior transfu-

sions, but is not generally performed for a first

transfusion.2–7

Transfusions are far less frequently performed in

cats than in dogs for various reasons, including fewer

clinical signs associated with anemia, fewer bleeding

problems, the need to sedate donor cats, and difficul-

ties in collecting and processing blood. When AB-

matched feline blood is unavailable and conditions are

dire, xenotransfusion (ie, transfusion of blood from
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one species to another species) with canine blood

has been attempted, particularly in Australia and

France.8–11A recent review of canine blood transfused

to cats12, mostly based upon 1960s experimental stud-

ies8,9,13, and a few anecdotal clinical reports14,15,

claimed compatible crossmatch results between dogs

and cats, and clinical improvement of anemic cats

receiving canine blood for the first time. Clinical

improvement was seen despite the very short life

span of transfused cells. However, fatal reactions

occurred when a second transfusion was given after

7–8 days. Those authors concluded that canine

blood could be given for a first transfusion when

feline blood was not available.12 Alternatively, a

highly purified polymerized bovine hemoglobin solu-

tion may be considered under such circumstances,

although this product is currently only available in

Europe.16

Here, we report on 2 anemic cats receiving canine

RBCs because of discordant AB blood typing results

and an acute transfusion reaction to feline blood,

respectively. The mixing effects of canine and feline

bloodwere assessed in typing and crossmatch tests.

Animals andMethods

Blood samples

Small (0.5–1 mL) EDTA anticoagulated blood samples

were available from 2 anemic cats that received one

therapeutic canine packed red blood cell (pRBC) trans-

fusion. One fresh whole blood transfusion from a

canine blood donor at the ASPCA Animal Hospital,

New York, another at the Animal Health Center, Col-

lege of Veterinary Medicine, Mississippi State Univer-

sity Starkville, MS, respectively, and several other

blood donors were studied at PennGen Laboratories,

School of Veterinary Medicine of the University of

Pennsylvania, Philadelphia, PA (PennGen). Medical

records and laboratory test results from both feline

patients were reviewed.

Additionally, left-over EDTA anticoagulated blood

samples from ill and healthy cats and dogs, submitted

to the Clinical Pathology Laboratory at the Ryan

Veterinary Hospital, University of Pennsylvania, were

evaluated at PennGen. All samples were obtained and

analyzed with approval of the University of Pennsylvania

institutional animal care and use committee.

Blood typing techniques

Samples were typed at PennGen using 3 methods

according to the manufacturers’ instructions and

published methods with minor modifications briefly

described below.

Immunochromatographic Typing Strips (“Strip”; Alvedia,

Lab Test A+B and DEA 1, Limonest, France)4,17

Briefly, 3 drops of diluent (Buffer, canine or feline)

were placed into wells of a 96-well plate. Ten micro-

liters of washed RBC suspension (PCV 20%) were

mixed with the diluent. An immunochromatographic

strip (impregnated with monoclonal antibodies) was

then dipped into the RBC suspension for approxi-

mately 2–3 min until the RBC had migrated to the

other end of the strip. The results were interpreted as

follows: a red band at the position marked C (control)

must appear for result interpretation (note exception

when performing heterotyping, because control

reagent reacts species-specifically [see below]), and

the presence of a visible red band at the position

marked DEA 1 (for canine typing) or A and/or B (for

feline typing) indicated the expression of the antigen

on RBC membranes, respectively. The band intensity

was then further measured as follows: 0, no visible

band; 1+ very faint band; 2+ light band; 3+ bright red

band; 4+ intense red band. Any visible bands of 1+ or

stronger were considered as positive.17

Agglutination Typing Card (“Card”; DMS Laboratories Inc.,

RapidVet-H, Flemington, NJ, USA)3,4

Briefly, one drop of diluent was placed into the 3 wells

marked autocontrol, A, or B on a feline blood typing

card, and 3 wells marked autocontrol, positive control,

and DEA 1 on a canine blood typing card, respectively.

The reagents were rubbed off the well surface into

solution with a wooden stick. Then, one drop of EDTA

anticoagulated blood was added to each well, and the

card was carefully agitated. The results were read after

1 min as follows: 0, no agglutination; 1+, many small

agglutinates; 2+, some larger agglutinates and many

small ones; 3+, a few large agglutinates; and 4+, 1 large

agglutinate. Visible agglutination reactions of 2+ or

stronger were considered as positive.

Gel Column (“Gel”; BioRad ID-Cards, NaCl, Enzyme Test

and Cold Agglutinins DiaMed GmbH, Cressier,

Switzerland)3,4,18

Ten microliters of RBC pellets (washed 3 times with

phosphate buffered saline [PBS], each time discarding

the supernatant) were added to 1000 lL of low-ionic

strength solution (LISS) to prepare a 1% RBC solution.

A volume of 25 lL of one of the following reagents:

anti-A, anti-Mik, or anti-DAL serum (PennGen), Triti-

cum vulgaris lectin (anti-B; Sigma Co., LLC, St Louis,

MO, USA), anti-DEA 4 serum (Animal Blood
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Resources International, Dixon, CA, USA), or recipient

serum (for backtyping and crossmatching) were pipet-

ted on top of the gel columns. Then, 50 lL of the RBC

solution were loaded on top of the gel. Gel columns

were incubated for 15 min at 37°C and then cen-

trifuged for 15 min at 85g in the manufacturer’s incu-

bator and centrifuge, respectively. The distribution of

RBC in the gel column was graded as follows: 0, all

RBC at the bottom of the gel; 1+ a few RBC aggluti-

nates in the lower half of the gel, but the large majority

of RBC at the bottom of the gel; 2+, RBC agglutinates

throughout the gel, 3+, RBC throughout the gel as well

as on top of the gel; and 4+, all RBC on top of the gel

column. A grading of ≥ 2+ was considered a positive

test result.

Crossmatch tests

For major and minor crossmatch and backtyping

assays, the gel column method was applied as

described above for typing, but using plasma instead of

typing reagent.18

Results

Case reports

Cat 1

Following skin debridement and neutering, a young

adult, male domestic shorthair cat, weighing 3.3 kg

and testing negative for feline leukemia virus (FeLV)

antigen and feline immunodeficiency virus (FIV) anti-

body, started oozing immediately from the surgical

sites and developed marked anemia by the next day at

the ASPCA Animal Hospital, New York, NY. A CBC

revealed a severe nonregenerative normocytic and

normochromic anemia and mild thrombocytopenia,

without evidence of intravascular hemolysis. The PT

and APTT were infinitely prolonged. An acute blood

loss anemia due to severe coagulopathy, presumably

due to ingestion of an anticoagulant rodenticide, was

diagnosed.

The cat was treated with vitamin K1 (10 mg SC,

SID) and wound compression. In-clinic blood typing

tests indicated type B blood with the Card, while the

Strip revealed type AB blood. The apparent discordant

blood typing results and lack of readily accessible type-

compatible feline pRBC led to xenotransfusion with

64 mL of canine pRBC (DEA 1-) given in divided doses

as 3 4-h infusions, with the initial portion of the first

transfusion given as a rapid bolus due to the cat’s criti-

cal condition.

Within 1 h of initiating transfusion, the cat started

eating and grooming. The mucous membranes turned

slightly pink after 4 h, the oozing stopped, and no

overt adverse reactions were observed any time after

the transfusion. The next day (Day 1), the PCV was

21%, but the plasma appeared hemolyzed, with a

plasma hemoglobin level of 2.7 g/dL (Figure 1A,B).

Repeat PT and APTT test results on Day 1 were within

the normal range. While the cat’s PCV declined close

to pretransfusion levels (14%) by Day 4, the cat did

clinically well and did not show any further bleeding.

The wounds healed well over the next 3 weeks. Fur-

thermore, the PCV returned to the normal range and

the coagulation tests remained normal (Figure 1A).

Cat 2

A 10-month-old, FeLV- and FIV-, male domestic

shorthair cat weighing 4.1 kg, with no history of prior

transfusion, was presented with a severe nonregen-

erative normocytic-normochromic anemia (PCV 6%

[Figure 2A] and 0% reticulocytes) to the Animal

Health Center, College of Veterinary Medicine, Missis-

sippi State University, Starkville, MS. The in-clinic

Card indicated type A blood. After transfusing ~1 mL

of feline blood from a known type A donor, the recipi-

ent cat exhibited acute bradycardia, open mouth

breathing, hypothermia, and collapse, and the transfu-

sion was immediately stopped. Subsequent major

crossmatch test results between patient plasma and the

original donor blood used and 2 other feline blood

donors, both also typed as type A, were strongly

incompatible using a commercial gel tube crossmatch

kit (Companion Animal Crossmatch Major, DMS

Laboratories Inc., RapidVet-H). Repeated blood typing,

using the Card, confirmed that the recipient and all

donors tested had type A blood.

The cat recovered uneventfully from the acute

transfusion reaction with supportive care (intravenous

fluids, flow-by oxygen andwarming). The inexplicable

acute transfusion reaction paired with initially incom-

patible crossmatch test results led to a xenotransfusion

the followingmorning (12 h after the transfusion reac-

tion) with 60 mL of fresh whole blood over 4 h from a

canine donor (DEA 1-, DEA 4+, DEA 7+). The cat

showed no overt clinical reaction. The PCV was 22%

shortly after the transfusion, but the plasma appeared

hemolyzed over the following days. Four days after the

initial transfusion, the PCV fell to 7%, and the cat

developed open mouth breathing, bradycardia, and

collapse, again necessitating emergency supportive

care as described previously. A littermate was located,

found to have type A blood and be compatible to the

patient on major and minor crossmatch using the
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commercial gel tube crossmatch kit. Sixty milliliters of

fresh whole blood from the FeLV- and FIV- littermate

were transfused over 4 h without any transfusion

reaction. The recipient cat stabilized shortly after start-

ing the transfusion with the littermate’s blood and the

PCV rose to 15%. While a cause for the severe nonre-

generative anemia could not be identified, the cat was

treated twice daily with oral doxycycline (25 mg),

prednisolone (7.5 mg), and cyclosporine (25 mg). The

cat recovered uneventfully, with a PCV of 22% and

31% at discharge on Day 7 and recheck on Day 13,

respectively, on a tapering course of prednisolone and

cyclosporine (Figure 2A).

Follow-up blood typing studies of transfused cats
at PennGen

Feline typing

Pre- and posttransfusion blood samples from Cat 1

consistently typed as AB by Strip and Gel, but

typed as B by Card. Furthermore, DNA testing

revealed a heterozygosity for the B allele which is

consistent with having the other allele for the AB

type (Laboklin, Bad Kissingen, Germany).19 Retyp-

ing Cat 2 and the initial incompatible feline donor,

the 2 other feline donors and the littermate donor

by applying different techniques consistently

showed type A blood. All of these cats also typed

as Mik+.

Canine typing

When using the DEA 1 Strip with posttransfusion blood

fromboth cats, no or only faint bandswere detected at the

DEA 1 site, which was expected as DEA 1- blood was

transfused to both cats. However, a strongly positive con-

trol band was noted on Day 1 post transfusion with sam-

ples from both cats, which completely disappeared by Day

3–4 (Figures 1C and 2B), respectively.

Felinemajor crossmatch and alloantibody studies

In major crossmatch tests, plasma samples from both

anemic cats were compatible with RBC from 4 type A

cats. Neither cat had any detectable anti-A or anti-B

alloantibodies in their plasma by Gel.

A

C

D

B

Figure 1. Illustrative results from Cat 1, which received a xenotransfusion with canine pRBC. (A) PCV and plasma HGB values (On day 0 the plasma

appeared nonhemolyzed). (B) Microcapillary tubes showing PCV decline and hemolyzed plasma. (C) DEA 1 Strip showing a fading positive control band.

(D) Hetero-crossmatch Cat 1, 20 days post transfusion, showing incompatibility for the major and minor crossmatch with DEA 1+ and 1- blood
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Major crossmatch with other canine red blood cells

A pre-transfusion plasma sample from Cat 1 showed

no agglutination reaction with canine RBC by Gel; no

pretransfusion sample was available from Cat 2. In

contrast, strong agglutination reactions (3+/4+) were

noted between plasma from both Cat 1 (Figure 1D)

and Cat 2 and RBC from dogs at PennGen at every time

point tested post transfusion.

Feline and canine typing and crossmatching
studies with other cats and dogs

In order to better assess the reactions of feline blood

typed by the DEA 1 Strip and Card, and crossmatch test

results of feline blood with canine blood by Gel, we

performed additional typing and crossmatch/mixing

studies (Figure 3A,B). None of the 20 feline blood sam-

ples tested showed a positive control band on the DEA

1 Strip, but all of them showed a weak (1+) to

moderate (3+) DEA 1 band (Table 1; Figure 4A).

Moreover, testing feline blood samples using the DEA

1 Card, produced negative to moderate (3+) agglutina-
tion reactions in the positive control as well as in the

DEA 1well (Table 1; Figure 4B).

Crossmatching 20 feline control samples (16 type

A and 4 type B cats) individually with 5 DEA 1+ and 5

DEA 1- canine blood samples showed both positive

and negative results (Table 2; Figure 5). However the

major crossmatch of each individual cat was either

consistently compatible or consistently incompatible

with all canine donor RBC. Further crossmatching of

Cat 1 with 2 DEA 1+ and DEA 1- dogs on Day 20 and

43 post transfusion revealed strongly positive major

and minor crossmatch results. The minor crossmatch

was incompatible with most feline plasma and canine

RBC combinations.

Finally, typing of 10 canine blood samples with

the feline AB Strip showed no reaction at the A, B, or

control band sites. Typing these canine samples with

the feline AB Card showed no reaction in the A well,

but consistently mild agglutination reactions in the B

well (Figure 4C).

Discussion

This report describes two anemic cats that received

canine RBC as a xenotransfusion on an emergency

A

B

Figure 2. Illustrative results from Cat 2, which received a xenotransfu-

sion with canine whole blood. (A) PCV values. (B) DEA 1 Strip showing a

fading positive control band

A

B

Figure 3. Mixture of feline and canine blood tested with canine DEA 1

blood typing Strip (A) and Card (B). Strip and Card showed regular reac-

tions with the positive control band and well, respectively.
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basis because of issues with feline blood typing and

compatibility. The cats eventually recovered clinically

despite acute hemolytic transfusion reactions follow-

ing transfusion with canine blood. Monitoring the

control band on DEA 1 typing strips allowed tracking

of transfused canine RBC and revealed that these cells

were very short-lived. Testing heterocrossmatches

between feline patients and canine donors revealed

both compatible and incompatible major crossmatch

results and frequent agglutination reactions in minor

crossmatch studies independent of AB and DEA 1

blood type, respectively. As our results indicate that

canine DEA 1- RBC are rapidly cleared following trans-

fusion into cats and our heterocrossmatch studies indi-

cate that compatibility of canine blood cannot be

assured in feline patients, xenotransfusions should be

avoided except when compatible feline blood and

ultrapurified polymerized bovine hemoglobin cannot

be located in time. Based upon our heterocrossmatch

studies, results seem to be mostly incompatible and do

not assure compatibility of canine blood in feline

patients.

While several feline AB typing kits are available

for clinical practice, typing of AB and B cats can still

pose challenges. Erroneous and discordant blood typ-

ing results have been previously reported in cats, and

can occur as a result of human error in performing the

test and interpreting results, as well as damage to and

limitations of test kits used.3,4,20 Detection of the rare

type AB is a particular concern as the Card does not

recognize all type AB cats and may wrongly type them

as type B as noted in Cat 1 of this report (the type A

blood of Cat 2was correctly typed). Furthermore, some

FeLV+ anemic cats have reportedly been typed as AB

when actually having type A blood.4 Both cats of this

report were FeLV-, but other yet to be identified dis-

eases may affect RBC antigen expression. We have

previously recommended having type AB results con-

firmed in a reference laboratory, as was done with Cat

1 in this report. We have also recommended that type

B results be confirmed by backtyping, because every

type B cat older than 12 weeks has strong anti-A

alloantibodies (kittens may also have anti-alloantibo-

dies after colostrum ingestion).21 Neither adult Cat 1

nor 2 in this report had any detectable anti-A or anti-B

antibodies.

While AB blood typing of both recipient and donor

cats is generally recommended and performed prior to

transfusion in clinical settings, crossmatching has been

much less likely performed before a first transfusion in

cats, although a recent study indicated that ensuring

that both typing and crossmatching results are compat-

ible prior to a first transfusion in catsmay serve tomax-

imize posttransfusion hematocrits.22 Clearly, if AB

blood typing is not available, a crossmatch test as sim-

ple as mixing a drop of plasma with whole blood

should be used, as the strong anti-A alloantibodies in

type B cats readily detects any AB incompatibility.2

However, the detection of other blood type incompati-

bilities requires RBC washing (a more cumbersome

procedure), technical skills at performing the test, and

expertise in interpreting results. An in-practice com-

mercial gel tube crossmatch kit was used for Cat 2, but

its reliability has thus far only been evaluated for dogs

(Villarnovo D, et al., V.D., unpublished data).5

Beyond the AB blood type, there is little informa-

tion about other feline blood groups and RBC antigens.

The Mik antigen is quite common, as very few Mik-

Table 1. Heterotyping of feline and canine blood with Strip and Card.

Canine typing with AB Strip was negative, both for the AB Band and Con-

trol. All cats tested were blood type A.

Band Strength (0 to 4+) with DEA 1 Strip

# Cats DEA 1 Band Control Band

3 1+ 0

11 2+ 0

6 3+ 0

Agglutination Strength (0 to 4+) with Card

# Cats DEA 1Well Control Well

7 1+ to 3+ 0 to 1+

4 1+ to 4+ 2+

12 1+ to 3+ 3+ to 4+

A

B C

Figure 4. Heterotyping feline and canine blood with Strip (A), and Card

(B). Canine typing with Card showed weakly positive (1+/2+) agglutina-

tion in the B well but no reaction in the A or Control well (C).
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cats have been found, but Mik- cats may have natu-

rally occurring alloantibodies. However, typing for

Mik is restricted, because of a lack of typing reagents.1

Incompatible major crossmatches are readily observed

following prior and repeat transfusions, supporting the

presence of additional unknown RBC antigens.23 Cat 2

had not been transfused previously, but was initially

found to have an apparent incompatible major cross-

match result using a commercial gel tube crossmatch

kit. Follow-up assessments in the reference laboratory

showed that both cats of this report were Mik+, and
neither showed any agglutination reactions in cross-

match tests against initial and other donor cats. The

discrepancy between the test results at the original hos-

pital and the PennGen laboratory remain unexplained,

but may include differences in testing protocols and

the potential for nonspecific autoagglutination falsely

interpreted as incompatibility. The latter, however, is

unlikely, since the autoagglutination saline control

well on the patient’s original pretransfusion AB typing

Card was negative.

When blood incompatibilities are detected against

unknown and high-frequency RBC antigens, which

can even happen when using the same donor due to

prior sensitization, compatible donors can still be

found among relatives. Indeed, a littermate of Cat 2 in

this report was located and found to be compatible

with Cat 2 on both major and minor crossmatch test.

After it was recognized that the beneficial effects of the

transfused canine RBC had been very transient, a unit

from this littermate cat was transfused on an emer-

gency basis and rapidly stabilized this critically ill and

anemic patient.

Adverse transfusion reactions can be divided into

immunologic and nonimmunologic reactions, and

both have been reported in cats.24 Reactionsmay occur

with as little as 1 mL of blood25, as observed with Cat 2

of this report. The AB and other blood group incompat-

ibilities are the most feared immunologic reactions,

and can typically be identified by typing and cross-

matching. Other immunologic reactions can be due to

reactions to white blood cell antigens as well as various

plasma components. Other hemolytic but nonim-

munologic reactions may be caused by bacterial

contamination of units during collection, processing

and storing of blood products.26,27 Nonimmunologic

reactions also include citrate toxicity, volume over-

load, and infectious disease transmission from the

donor.5,28,29

Frequently, the precise cause of a transfusion reac-

tion remains unknown, as in the case of Cat 2 of this

report. When receiving blood from the original feline

donor, Cat 2 exhibited an immediate severe reaction,

which was very comparable to the reaction observed

in cats following transfusion of incompatible blood (for

example, transfusion of type A blood to a type B

cat)30,31, but the reactions could also have been caused

by other immunologic reactions. Blood type incompat-

ibility was initially suspected, but follow-up cross-

match studies could not confirm this, as no

alloantibodies could be detected. There was no evi-

dence of hemolysis in Cat 2 after transfusion with

feline blood, but as only 1 mL of blood was transfused,

the amount of released hemoglobin might not have

been detectable. A complete follow-up investigation

was not performed to determine the cause, but when-

ever severe acute reactions consistent with blood

group incompatibility are observed, transfusion should

be immediately discontinued and fluids, antihistami-

nes and glucocorticosteroids must be administered as

supportive care.

Xenotransfusions with canine blood have been

previously used in anemic cats, when feline blood was

not available10–12,15 or not compatible, as illustrated in

Table 2. Heterocrossmatch by Gel of 20 cats with 5 different DEA 1-

and 5 different DEA 1+ dogs (see also Figure 5). Minor heterocrossmatch

tests by Gel showed strongly incompatible results independent of the

canine DEA 1 blood type and few crossmatch compatible reactions (data

not shown)

Cats Major Crossmatch with

Type n DEA-1- (n = 5) DEA 1+ (n = 5)

A 5 0 to 1+ 0 to 1+

1 1+ to 3+ 1+ to 3+

2 0 to 2+ 0 to 2+

1 2+ to 4+ 0 to 4+

7 2+ to 4+ 2+ to 4+

B 2 2+ to 3+ 1+ to 4+

1 0 to 2+ +2 to 3+

1 0 0

Figure 5. Heterocrossmatch of feline plasma and canine RBC by Gel.

Plasma from 1 feline type B cat mixed with DEA 1+ RBC from 5 dogs

showing negative and positive agglutination reactions.

7Vet Clin Pathol 0/0 (2016) 1–10©2016 American Society for Veterinary Clinical Pathology

Euler et al Xenotransfusion and compatibility studies in cats



the case reports described here. Cat 1 had discordant

typing results and therefore received canine pRBC.

However, this AB cat could have been safely transfused

with type A pRBC or even whole blood if AB pRBC

were not available, because type A cats rarely have

strong alloantibodies.2,29–31 Moreover, a major cross-

match with a type A donor could detect any anti-A

alloantibodies. Cat 2 experienced an acute transfusion

reaction and initial crossmatches were incompatible,

although subsequent testing could not confirm this.

Cat 2 could potentially have been safely transfused

with type A blood from another donor cat and not just

the littermate.

As observed in other rare case reports and series8–11,15,

both cats in this report initially recovered uneventfully

following canine xenotransfusion. However, as in

other studies, both cats also experienced hemolysis

and rapid clearance of canine RBC within 4 days.32 A

rapid return of the PCV to a pretransfusion level and

evidence of intravascular hemolysis are indicative of

an acute hemolytic transfusion reaction. In support,

our ability to use the control band on the DEA 1 Strip

to follow the canine RBC in the transfused cats

revealed that transfused cells disappeared by Day 4.

The control band on the DEA 1 Strip binds to a gly-

cophorin present on canine but not feline RBC. This

observation may be helpful for other cases in order to

differentiate between lysis of patient’s RBC caused by

an underlying disease or trigger, and lysis of canine

RBC following xenotransfusion. Worth noting are

the different sequels to intravascular hemolytic

transfusion reactions between animals and people. In

cats and dogs, intravascular hemolysis neither causes

acute kidney injury nor major vascular compromise

in A-B and other mismatched transfusions or xeno-

transfusions.17,33–37 Alternatively, when compatible

feline blood is not available for an anemic cat, a highly

purified polymerized bovine hemoglobin-based oxy-

gen carrier (eg, Oxyglobin, Dechra Pharmaceuticals

PLC, Headquarters, Northwich, UK) may be consid-

ered as an alternative to canine xenotransfusion, since

it can improve the clinical signs of anemia for at least

24 h and is not associated with exposure of the patient

to harmful membranes and other components from

lyzed canine erythrocytes.16

The rapid disappearance of canine RBC following

xenotransfusion into cats suggests that naturally

occurring alloantibodies against canine RBC are pre-

sent in cats. In order to investigate this further, we

utilized currently available typing and crossmatch

tests to detect antigens and alloantibodies. Feline

blood samples typed with the DEA 1 Strip revealed a

usually faint and rarely stronger band at the DEA 1

location, but never a positive control band. In the 2

anemic cats in this case report, the band at DEA 1 was

initially not appreciated, likely due to the relative

absence of feline RBC. However, after recovery, when

feline RBC had been replenished, both showed a

slight DEA 1 band similar to other cats. As the DEA 1

protein recognized by anti-DEA 1 in dogs is not

known, it is unclear if cats have this antigen or if the

antibody cross-reacts with another protein.

In contrast, canine blood does not react with the

A, B, and control agent on the AB Strip, but always

shows positive Card agglutination reactions in the type

B well and no reaction in the type A well. The mono-

clonal antibodies used in Strip and Card test are differ-

ent. Mixing canine and feline blood produced the

expected patterns: feline blood mixed with DEA 1-

canine blood, showed a moderate DEA 1 band and a

positive control, or a positive control and weak aggluti-

nation in the patient well with the Card.

Earlier experimental studies with transfusion of

canine blood into feline patients suggested initial com-

patible major crossmatches with incompatible cross-

match agglutination reactions after ≥ 8 days.8,9,13 In

the crossmatches reported here, however, we found

that some cats had compatible major crossmatch

results to nearly all dogs, while other cats exhibited

incompatible results to nearly all dogs. These patterns

seemed independent of the cats’ AB blood type and

dogs’ DEA 1 type. Furthermore, most canine plasmas

caused agglutination reactions with feline RBC. These

studies indicate the presence of alloantibodies in some

feline and nearly all canine plasma samples against the

other species’ RBC. The observed in vivo acute hemo-

lytic reactions indicate the presence of alloantibodies

against canine RBC in at least some cats, even

if crossmatch results suggest compatibility. These

alloantibodies may be hemolysins (rather than aggluti-

nating antibodies), which were not specifically tested

for in this and other studies.

Beside the RBC-related incompatibilities, considera-

tions may also be given to heterocompatibility of plasma

transfusions. Cat 1 of this report had a severe coagulopa-

thy, presumably due to an anticoagulant rodenticide poi-

soning, and could also have benefited from plasma with

coagulation factors, but only received canine pRBC and

vitamin K1. The potential benefits of xenotransfusion of

cats with canine plasma is unknown, albeit early xeno-

transfusion studies used canine whole blood, and even

pRBC contain some plasma (~10%). In fact, hemophilic

human patients who develop inhibitors (antibodies)

against human factor VIII can be sometimes successfully

treatedwith heterologous porcine coagulation factors.38,39

It is, therefore, conceivable that canine coagulation factors
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could be active in vivo and interactwith feline coagulation

factors to enhance fibrin formation andhemostasis.

Finally, while there seem to be hemolytic incom-

patibility reactions seen in every transfused cat receiv-

ing canine blood, the acute fatal reactions observed

following repeat xenotransfusions in cats may not be

explained solely by alloantibodies, but may also be

related to plasma components, and may represent

serum sickness.40

In conclusion, these 2 cases and our blood typing

and compatibility study reiterate that xenotransfusions

should only be considered in dire emergency situa-

tions, since canine blood causes incompatibility reac-

tions in cats and is extremely short-lived.
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