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Background: Assessment of blood compatibility, typically by tube agglutination (TUBE) and hemolysis crossmatch or,

less commonly, by blood typing and alloantibody screening, often is performed before blood transfusion in horses. In con-

trast, gel column (GEL) and immunochromatographic strip (STRIP) techniques are preferred for compatibility testing in

dogs and cats.

Objective: To determine the accuracy of novel and standard crossmatch and typing methods.

Animals: Thirty-eight healthy horses, previously blood typed and alloantibody screened.

Methods: TUBE and GEL crossmatches were performed on 146 different recipient-donor pairs with 56 incompatible

TUBE crossmatches. Crossmatches were compared by nonparametric area under the curve of receiver operating characteristic

(AUC-ROC) analyses. Horses also were blood typed by the novel immunochromatographic Ca typing STRIP.

Results: Compared to TUBE crossmatch, GEL had excellent accuracy for agglutination (AUC-ROC = 0.903), but mar-

ginal accuracy for hemolysis (AUC-ROC = 0.639). Compared to macroscopic TUBE, microscopic TUBE had excellent accu-

racy for agglutination (AUC-ROC = 0.912). The predicted crossmatch compatibility based on blood type and alloantibody

assay showed excellent accuracy compared to TUBE and GEL (AUC-ROC = 0.843 and 0.897, respectively). However, there

were more recipient-donor pairs identified as incompatible by both TUBE and GEL than predicted by blood type and anti-

body screen, suggesting the presence of unidentified alloantibodies. A Ca typing STRIP exhibited 100% sensitivity and speci-

ficity for the 35 Ca+ and 3 Ca- horses tested.

Conclusions and Clinical Relevance: Gel column crossmatch and Ca typing immunochromatographic strip are simple and

accurate methods to evaluate clinical blood compatibility.

Key words: Agglutination; Blood typing; Crossmatch; Hemolysis.

B lood transfusions are commonly performed to sup-
port horses with hemorrhage and anemia. Seven

blood group systems (A, C, D, K, P, Q, and U) with
>30 red blood cell (RBC) antigens currently are recog-
nized in the horse.1 Because over 400,000 antigenic
combinations may occur, horses are never given truly
“type-specific” blood transfusions, and maintaining a
herd of blood donors compatible for a variety of recipi-
ents can be difficult, particularly when dealing with dif-
ferent breeds.2,3

Alloantigens on the surface of RBCs may incite
alloantibody production when foreign RBC antigens are
introduced into an animal. Approximately 90% of
horses have no naturally occurring RBC antibodies.3

However, of the approximately 10% that do have
alloantibodies, Aa and Ca antibodies are present most
often. Horses lacking the Aa antigen frequently have
anti-Aa antibodies, and horses missing the Ca antigen
typically have anti-Ca antibodies.3 One therefore can
assume that any horse negative for Aa and Ca antigens
may have anti-Ca and anti-Aa antibodies. Anti-Aa anti-
bodies are capable of causing acute hemolytic reactions
after incompatible transfusions.4 In addition,
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ACD acid-citrate-dextrose
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MICRO standard tube agglutination test (microscopic)

NPV negative predictive value

PBS phosphate-buffered saline

PPV positive predictive value

PREDICTED predicted compatibility based on blood type

QH Quarter Horse

RBC red blood cell

ROC receiver operating characteristics

STBD Standardbred

STRIP Immunochromatographic strip Ca blood typing kit

TB Thoroughbred

TUBE standard tube agglutination test (macroscopic)

WB Warmblood
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alloantibodies can form after pregnancy and transfusion
and are most commonly associated with Aa and Qa
incompatibilities, whereas incompatibilities associated
with Ca are believed to be more rare.5,6

Ideally, blood typing should be performed to ensure
compatibility between donor and recipient horses before
any allogeneic blood transfusion. However, equine blood
typing to identify suitable blood donors is time-consum-
ing and limited to only a few laboratories.4,7 Point-of-
care canine and feline card, gel column agglutination,
and immunochromatographic strip blood typing kits
with monoclonal antibodies have been available,8–11 but
no such test has been developed and marketed in horses,
mainly because of a lack of monoclonal antibodies.4,7

In comparison with blood typing, the donor-recipient
crossmatch procedure is more readily available in
equine referral clinics as a bench top assay,12 although
laborious and requiring considerable expertise.
Although the prospect of achieving a perfectly type-
specific donor is unlikely, a crossmatch may be per-
formed to minimize the risk of sensitization and subse-
quent adverse hemolytic transfusion reactions.2 The
majority of equine clinics currently use standard tube
agglutination and hemolysis methods for major and
minor crossmatch. To date, there have been no studies
in horses evaluating the efficacy of the gel column agglu-
tination crossmatch method used in humans and small
animals13 compared to tube agglutination methods.

The primary objective of our study was to assess the
accuracy of gel column (GEL) crossmatch and standard
tube agglutination (TUBE) crossmatch by fresh equine
blood from predicted incompatible and compatible
blood pairings, based on previous blood type and
alloantibody screen. We hypothesized that the GEL
would be an accurate and easier method of evaluating
crossmatch compatibility as compared to the TUBE
methodology. A second objective was to evaluate a
novel point-of-care immunochromatographic strip kit
(STRIP) for Ca blood typing in horses. We hypothe-
sized that the STRIP method would be an accurate
method for Ca blood typing.

Materials and Methods

Animals

A total of 38 horses housed at the University of California-

Davis Center for Equine Health were used in this study. All proto-

cols were approved under the University of California-Davis

Institutional Animal Care and Use Committee, and horses were

housed in accordance with federal guidelines for the humane care

and use of laboratory animals. Blood samples (20 mL) were col-

lected from 1 jugular vein from each horse into no-additive tubes,

tubes containing K3-ethylenediaminetetraacetic acid (EDTA),a and

tubes containing acid-citrate dextrose (ACD).b All analyses were

performed within 24 hours of sample collection. All horses previ-

ously had been blood typed (for blood groups A, C, D, K, P, Q,

and U) and screened for anti-erythrocyte hemolysin and agglutinin

antibodies (against Aa, Ab, Ac, Ad, Af, Ca, Da, Dg, Dk, Ka, Pa,

Pb, Pc, Qa, Qb, Qc, and Ua) within the last 12 months by the

University of California-Davis Veterinary Medical Teaching

Hospital Hematology Laboratoryc by previously described stan-

dard antisera and tube methods.14

All laboratory procedures were performed by 1 individual who

was not blinded to the other test results (DL). This ensured consis-

tent performance and interpretation for all assays and samples,

although agreement between different users was not assessed. To

ensure the horses were not anemic, packed cell volume (PCV) and

total solids were determined by standard microcentrifuge and

refractometer techniques. Crossmatch donor-recipient pairs were

selected arbitrarily.

Immunochromatographic Strip Ca Typing Method
(STRIP)

An immunochromatographic strip test kitd for Ca typing was

used according to manufacturer instructions. Briefly, 3 drops of

diluent were placed into a well of a 96-well plate. Ten lL of

EDTA blood was added and mixed with the diluent for 15 sec-

onds. The tip of an immunochromatographic strip impregnated

with a Ca and control monoclonal antibody at different positions

was placed into the well for 2 minutes, permitting the RBC sus-

pension to diffuse to the top of the strip. The resultant line at the

Ca position on the strip was graded on a scale from 0 to 4+ (0

being negative and 4+ being equally strong to the control band).

A test was considered valid when a red band appeared at the

control site (C). All results were archived by photography.

Crossmatch Methods

Tube Agglutination Method (TUBE). Tube agglutination was

performed by standard techniques.15 Briefly, a washed RBC sus-

pension of 4% was made for each donor and recipient. For the

major crossmatch, 2 drops of recipient serum and 2 drops of

donor RBC suspension were mixed in polystyrene test tubes,e incu-

bated at 37°C for 15 minutes and centrifuged at 1000 9 g for

15 seconds. Tubes then were lightly agitated by tapping against

the operator’s index finger for approximately 2 seconds, and the

degree of agglutination was graded both macroscopically and

microscopically according to the following scale: 0, no macro-

scopic or microscopic agglutination; �, only 1 very small aggluti-

nate within the suspension seen macroscopically and only 1 small

agglutinate seen microscopically per low power field (109 magnifi-

cation); 1+, few small agglutinates seen macroscopically or 2–5
small agglutinates per field; 2+, some larger agglutinates inter-

spersed with small agglutinates or approximately 2 large aggluti-

nates per field; 3+, a few large agglutinates in suspension or 2–5
large agglutinates per field; 4+, 1 large agglutinate macroscopically

or numerous large agglutinates per field. A grade of ≥1+ was

considered a positive (incompatible) test result.

Hemolysis was determined by mixing 2 drops of recipient serum,

2 drops of rabbit complement,f and 2 drops of donor RBC suspen-

sion in a tube.e This suspension was incubated at 37°C for 90 min-

utes and then centrifuged at 1000 9 g for 90 seconds. The degree of

hemolysis was graded macroscopically as present (+) or absent (�)

based on a red appearance of the supernatant. For all crossmatch

pairs, an auto-control (recipient red blood cells-recipient serum) was

performed and was negative for auto-hemolysins and autoagglu-

tinins, and no serum samples appeared hemolyzed before analysis.

Gel Column Method (GEL). The gel matrix column test was

performed by manufacturer guidelines.g Briefly, a washed RBC

suspension of 1% was made for each donor and recipient. Each

gel card contains 6 polypropylene gel columns. For the major

crossmatch, 25 lL of recipient serum and 50 lL of washed donor

RBC suspension were added to the chamber at the top of the gel.

For the detection of hemolysis, 25 lL of rabbit complement also

was added to the chamber on top of the gel. The gel cards were

incubatedh for 15 minutes at 37°C and then centrifugedi for

15 minutes at 80 9 g. For detection of hemolysis, the gel cards
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were incubatedh for 90 minutes at 37°C and then centrifugedi for

15 minutes at 80 9 g. Degree of RBC retention in the gel was

graded according to the following scale: 0, all RBCs at the bottom

of the gel; 1+, few RBC agglutinates in the lower half of the gel

but most RBCs at the bottom of the gel; 2+, RBC agglutinates

dispersed throughout the gel, 3+, RBC agglutinates throughout gel

and RBCs on upper surface; 4+, all RBCs on top of gel (Fig 1). A

RBC retention of ≥1+ was considered positive (incompatible).

Hemolysis was graded as present (+) or absent (�) based on a red

discoloration of the solution in the chamber at the top of the gel

(Fig 1). For all crossmatch pairs, an auto-control (recipient cells-

recipient serum) was performed and was found to be negative for

auto-hemolysins and autoagglutinins.

Predicted Blood Type Compatibility. Expected compatibility

results were predicted by previous blood type and antibody testing

results (i.e, the recipient plasma was negative/compatible or posi-

tive/incompatible for alloantibodies against one or more of the

donor blood types).

Statistical Analyses

All statistical analyses were conducted by a standard statistical

software package.j A 2-step approach to analysis was utilized. Ini-

tially, polychoric correlation was used to assess the pairwise asso-

ciation between the various crossmatch tests. Standard methods of

performing pairwise correlation, such as Pearson’s correlation,

assume that the variables are continuous and follow a multivariate

normal distribution. In the case of variables that are dichotomous

or ordinal categorical variables, as was the case for our data, a

correlation analysis by a polychoric correlation is preferred.16 If

correlation was below an acceptable value of q = 0.5, we deemed

these variables uncorrelated, and hence, there was no need for

conducting further analyses.

If good correlation was found, additional statistical analyses by

logistic regression and receiver operating characteristics (ROC)

analyses then were used to assess the accuracy of the novel cross-

match assays. We used the standard macroscopic TUBE as our

reference variable, because it is the accepted methodology for

crossmatch assessments in horses at this time. The results of the

TUBE were converted to a dichotomous categorical variable,

where values ≤+0.5 agglutination were considered to be equal to 0

(compatible crossmatch), and values >+0.5 were converted to a

value of 1 (incompatible crossmatch). Logistic regression was used

to assess the specificity and sensitivity of test methods in

comparison with our reference variable. Because sensitivity and

specificity estimation rely on the determination of a single cut-

point to classify test results, a nonparametric area under the curve

(AUC) ROC was used to provide a complete description of the

classification accuracy.17 To assess breed effect on all crossmatch

methodologies, we used logistic regression assessing the effect of

breed of the donor and recipient animal on compatibility, followed

by posthoc pairwise comparisons across the levels of factor

variables.

Results

Horses

The study population included 19 Thoroughbreds
(TB), 13 Quarter Horses (QH), 4 Standardbreds
(STBD), and 2 Warmbloods (WB). The median age was
18 years (range, 9–24 years). There were 24 mares, 13
geldings, and 1 stallion. All horses were healthy, and
the mean PCV and total solids were 34% (range, 28–
40%) and 7.2 g/dL (range, 6.2–8.2 g/dL), respectively.

Ca Blood Typing by STRIP

Among the 38 horses evaluated, 35 horses were Ca+
by STRIP, showing a 2+ test band, and 3 horses were
Ca- (0 band). The results were completely concordant
with previous polyclonal blood typing results for the Ca
antigen (Table 1 and Fig 2). The 3 Ca- horses included
2 TBs and 1 QH.

TUBE versus GEL Crossmatch

Major crossmatch tests were prepared for 146 recipi-
ent-donor pairs by TUBE and GEL. Of these, 56 cross-
matches were incompatible and 90 were compatible
when using TUBE, which then served as the reference.
Distribution of incompatibility scores varied slightly
(Fig 3). TUBE crossmatch incompatibility scores were
as follows: 0 (n = 85), +/- (5), 1+ (17), 2+ (12), 3+ (20),
and 4+ (7). Gel column agglutination incompatibility

Fig 1. Gel column method for equine blood crossmatch. Gel columns from left to right show increasing degrees (0 to 4+) of agglutination
incompatibility of equine blood crossmatches. The far right tube shows incompatibility characterized by hemolysis.
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scores were distributed as follows: 0 (79), 1+ (21), 2+
(13), 3+ (19), 4+ (14). The GEL results were highly cor-
related with the TUBE results (Table 1). The GEL
crossmatch showed excellent discrimination as com-
pared to TUBE (Fig 4A). The GEL was both sensitive
and specific for predicting crossmatch compatibility
(Table 1).

Hemolysis was seen in 28 and 9 of 146 major cross-
matches based on TUBE and on GEL, respectively.
The hemolysis results by GEL and TUBE were well
correlated. Hemolysis with GEL showed borderline
acceptable discrimination of TUBE hemolysis results
with an AUC-ROC of 0.639 and had very low sensitiv-
ity, but excellent specificity (Table 1).

Predicted versus Crossmatch Compatibility (TUBE,
GEL)

Based on the previous blood type and antibody test-
ing results, 40 and 106 crossmatch pairs were predicted
to be incompatible and compatible, respectively; 39 of
these 40 were crossmatch incompatible by TUBE (ag-
glutination, hemolysis, or both). These blood incompat-
ibilities were attributed to alloantibodies most
commonly against Aa (25 of 40) and Ca (19 of 40),
with 16 of 40 having predicted incompatibility based on
multiple antibodies. In addition, 17 pairs that were pre-
dicted to be compatible were found incompatible by
TUBE. Predicted incompatibility showed strong correla-
tion with TUBE (Table 1) and excellent discrimination
of TUBE agglutination (Fig 4B) and of GEL agglutina-
tion (AUC-ROC of 0.897). The PREDICTED compati-
bility was moderately sensitive when compared to
TUBE but highly specific (Table 1).

Two crossmatch pairs where GEL and TUBE exhib-
ited high incompatibility when PREDICTED compati-
ble were investigated. The recipient serum (containing
anti-Aa and anti-Ca antibodies) was incubated with
known incompatible RBCs (Aa+ and Ca+ donor) to
bind possible unidentified antibodies to these RBCs and
thus remove them from further reactions. After 1 round
of incubation and cell washing, this resulted in compati-
ble crossmatch reactions for both pairs, suggesting
likely elution of unidentified alloantibodies.

Macroscopic versus Microscopic TUBE

The macro- and micro-scopic evaluations by TUBE
were highly correlated. The microscopic TUBE score
had outstanding discrimination of macroscopic TUBE
agglutination (Fig 4C) and had good sensitivity and
specificity (Table 1). Microscopic TUBE scores were
distributed as follows: 0 (n = 77), +/- (18), 1+ (13), 2+
(5), 3+ (10), and 4+ (23).

Breed Effect on Crossmatch Pairs

When evaluating effects of recipient and donor breed,
crossmatch pairs involving the 2 WB horses were found
more likely compatible compared to the other breeds
(TB, QH, STBD), both as donor and recipient acrossT

a
b
le

1
.

S
en
si
ti
v
it
y
,
sp
ec
ifi
ci
ty
,
p
re
d
ic
ti
v
e
v
a
lu
es
,
a
n
d

p
o
ly
ch
o
ri
c
co
rr
el
a
ti
o
n

fo
r
eq
u
in
e
cr
o
ss
m
a
tc
h

a
n
d

b
lo
o
d

ty
p
in
g

m
et
h
o
d
s
co
m
p
a
re
d

to
st
a
n
d
a
rd

tu
b
e

m
et
h
o
d
s.

P
o
ly
ch
o
ri
c

C
o
rr
el
a
ti
o
n

S
en
si
ti
v
it
y

(%
)

9
5
%

C
I

S
p
ec
ifi
ci
ty

(%
)

9
5
%

C
I

P
P
V

(%
)

9
5
%

C
I

N
P
V

(%
)

9
5
%

C
I

L
R
+

9
5
%

C
I

L
R
�

9
5
%

C
I

A
U
C

R
O
C

9
5
%

C
I

C
ro
ss
m
a
tc
h
a

T
U
B
E

v
s.
M
IC

R
O

0
.9
7

8
5
.7
1

7
3
.7
8
–9

3
.6
2

9
6
.6
7

9
0
.5
7
–9
9
.3
1

9
4
.1
2

8
3
.7
6
–9

8
.7
7

9
1
.5
8

8
4
.0
8
–9

6
.2
6

2
5
.7
4

8
.4
0
–7

8
.6
3

0
.1
5

0
.0
8
–0
.2
8

0
.9
1

0
.8
6
–0

.9
6

T
U
B
E

v
s.
G
E
L

(A
g
g
lu
ti
n
a
ti
o
n
)

0
.8
8
2

9
1
.0
7

8
0
.3
8
–9

7
.0
4

8
2
.2
2

7
2
.7
4
–8
9
.4
8

7
6
.1
2

6
4
.1
4
–8

5
.6
9

9
3
.6
7

8
5
.8
4
–9

7
.9
1

5
.1
2

3
.2
6
–8

.0
5

0
.1
1

0
.0
5
–0
.2
5

0
.9

0
.8
5
–0

.9
5

T
U
B
E

v
s.
G
E
L

(H
em

o
ly
si
n
)

0
.8
3
4

2
8
.5
7

1
3
.2
2
–4

8
.6
7

9
9
.1
5

9
5
.3
7
–9
9
.9
8

8
8
.8
9

5
1
.7
5
–9

9
.7
2

8
5
.4

7
8
.3
6
–9

0
.8
5

3
3
.7
1

4
.3
9
–2

6
0
.0
0

0
.7
2

0
.5
7
–0
.9
1

0
.6
4

0
.5
5
–0

.7
2

T
U
B
E

v
s.
P
R
E
D
IC

T
E
D

0
.9
4
3

6
9
.6
4

5
5
.9
0
–8

1
.2
2

9
8
.8
9

9
3
.9
6
–9
9
.9
7

9
7
.5

8
6
.8
4
–9

9
.9
4

8
3
.9
6

7
5
.5
7
–9

0
.3
7

6
2
.6
8

8
.8
6
–4

4
0
.0
0

0
.3
1

0
.2
1
–0
.4
6

0
.8
5

0
.7
8
–0

.9
0

C
a
B
lo
o
d
T
y
p
in
g
c

S
ta
n
d
a
rd

v
s.
S
T
R
IP

1
1
0
0

8
7
.6
6
–1

b
1
0
0

9
6
.9
2
–1

b
1
0
0

8
7
.6
6
–1

b
1
0
0

9
6
.9
2
–1

b
In
f

N
/A

0
.0
0

N
/A

1
1
.0
0
–1

.0
0

b
O
n
e-
si
d
ed

9
7
.5
%

C
I

a
T
es
t
m
et
h
o
d
a
s
co
m
p
a
re
d
to

st
a
n
d
a
rd

tu
b
e
cr
o
ss
m
a
tc
h
a
s
re
fe
re
n
ce

v
a
lu
e
fo
r
1
4
6
re
ci
p
ie
n
t-
d
o
n
o
r
p
a
ir
s.

b
O
n
e-
si
d
ed

9
7
.5
%

co
n
fi
d
en
ce

in
te
rv
a
l
(C

I)
.
T
U
B
E
,
tu
b
e
cr
o
ss
m
a
tc
h
b
y
st
a
n
d
a
rd

g
ro
ss

m
a
cr
o
sc
o
p
ic

a
ss
es
sm

en
t
o
f
a
g
g
lu
ti
n
a
ti
o
n
.
M
IC

R
O
,
m
ic
ro
sc
o
p
ic

a
ss
es
sm

en
t
o
f
a
g
g
lu
ti
n
a
ti
o
n
,
tu
b
e
m
et
h
o
d
.
G
E
L
,
cr
o
ss
m
a
tc
h
b
y
g
el

co
lu
m
n
te
ch
n
iq
u
e.

P
R
E
D
IC

T
E
D
,
co
m
p
a
ti
b
il
it
y
a
s
p
re
-

d
ic
te
d
b
y
p
ri
o
r
b
lo
o
d
ty
p
e
a
n
d
a
ll
o
a
n
ti
b
o
d
y
a
ss
a
y
s.

S
ta
n
d
a
rd
,
S
ta
n
d
a
rd

p
o
ly
cl
o
n
a
l
b
lo
o
d
ty
p
in
g
a
ss
a
y
.
S
T
R
IP
,
im

m
u
n
o
ch
ro
m
a
to
g
ra
p
h
ic

st
ri
p
C
a
b
lo
o
d
ty
p
in
g
k
it
.
c
Im

m
u
n
o
ch
ro
m
a
to
g
ra
p
h
ic

st
ri
p
m
et
h
o
d
a
s
co
m
p
a
re
d
to

st
a
n
d
a
rd

b
lo
o
d
ty
p
in
g
fo
r
C
a
a
n
ti
g
en

a
s
re
fe
re
n
ce

v
a
lu
e.

A
v
a
lu
e
o
f
1
fo
r
p
o
ly
ch
o
ri
c
co
rr
el
a
ti
o
n
in
d
ic
a
te
s
p
er
fe
ct

co
rr
el
a
ti
o
n
.
P
re
v
a
le
n
ce

o
f
in
co
m
p
a
ti
b
le

b
lo
o
d
b
y

T
U
B
E

a
g
g
lu
ti
n
a
ti
o
n
w
a
s
3
8
%

(5
6
/1
4
6
).
P
re
v
a
le
n
ce

o
f
in
co
m
p
a
ti
b
le

b
lo
o
d
b
y
T
U
B
E
h
em

o
ly
si
s
w
a
s
1
9
%

(2
8
/1
4
6
).
P
re
v
a
le
n
ce

o
f
C
a
+
b
lo
o
d
ty
p
e
w
a
s
9
2
%

(3
5
/3
8
).

Equine Crossmatch and Typing Methods 1867



methods. Of 120 possible breed recipient-donor pair-
ings, those pairings involving the 2 WB horses were
more likely compatible (P = .002–.022).

Discussion

Our study evaluates the accuracy among several
methods of equine blood compatibility, including gross
and microscopic assessment of agglutination and hemol-
ysis by macroscopic standard tube agglutination as the
reference method, and comparing these results to gel
column agglutination and predicted compatibility by
blood typing and alloantibody assay results. Initial cor-
relation analysis showed that the alternative methodolo-
gies are highly associated with standard tube
agglutination methodology. Our findings indicate that
gel column agglutination is a suitable method for cross-
match evaluation of pretransfusion equine blood

compatibility. This method had high accuracy when
compared to standard tube agglutination methods and
with predictive compatibility based on prior blood type
and alloantibody data. The standard tube agglutination
method has been faulted for its low reproducibility, var-
ied result interpretations among operators, and require-
ments for both education and time commitment of
personnel.7 Evaluation of standard tube agglutination
compatibility involves agitating (gently tapping a finger
against the tube) the RBC pellet at the bottom of the
tube to assess degree of agglutination. This method is
labor-intensive and shaking methods may differ among
users, which may affect grading and the interpretation
of results. Gel column methods have been suggested to
enhance transfusion safety in human medicine18 and
have proven highly accurate in human medicine with a
sensitivity of 97.58% and specificity of 99.93%.18 Only
a small volume of RBCs is needed and the gel column

Fig 2. Equine Ca blood typing by immunochromatographic strip method. (A) Immunochromatographic strip showing a Ca+ result at the

test line (Ca). This horse was also positive for Ca blood type by standard equine blood typing. (B) Immunochromatographic strip showing

a Ca� result at test line. This horse was also negative for Ca blood type by standard equine blood typing. C = Control line—positive for

all horses.

Fig 3. Comparison of equine crossmatch compatibility scores across 3 techniques: macroscopic evaluation of agglutination by the tube

agglutination technique (TUBE), microscopic evaluation of agglutination by the tube technique (MICRO), and gel column agglutination

(GEL) in 146 recipient-donor pairs. The dashed horizontal lines indicate agreement between techniques, and the slanted solid lines demon-

strate discordant results.
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method is easy to read, with grading being largely inde-
pendent of the skill of the reader. Another advantage of
the gel column method is that it can be readily captured
by taking an image to be reviewed at a later time, in
contrast to the standard tube agglutination reaction
which is stable for only a few minutes and hard to
image.18

Although the gel column assay appears to be an
excellent method for detecting agglutination, it failed to
detect hemolysis in the majority of crossmatches per-
formed that involved known hemolysins (based on stan-
dard blood typing results). However, this method was
not designed for detecting hemolysins in any species.
The lack of discrimination of gel column for hemolysis
is likely associated with the difficulty of visually discern-
ing subtle color changes. Only a very small amount of
RBCs was used, and hemolysis was difficult to recog-
nize in the well at the top of the gel column and could
therefore easily be missed unless pronounced. In addi-
tion, the agglutination reaction could no longer be
assessed in the presence of massive lysis because of a
lack of intact RBCs. Inability to detect hemolysis in the
gel column method may make it a less favorable
method for use in horses. However, a recent study
showed that crossmatch incompatibilities resulting in
decreased lifespan of transfused RBCs were always pre-
sent in the agglutination test whether hemolysins were
detected or not. Thus, the agglutination crossmatch is
likely adequate to predict RBC survival in the absence
of hemolysin testing, a test made easier by the gel
column method.19

The high accuracy of microscopic tube agglutination
compatibility scores when compared to standard tube
macroscopic agglutination seen in our study indicates
that gross evaluation is adequate for determining com-
patibility and that microscopic evaluation may not be
necessary. Many laboratories (both for horses and for
small animals) already have chosen to forgo micro-
scopic crossmatch evaluation, and the data in our study
support that decision.

The immunochromatographic strip method proved to
be a highly sensitive and specific test for the presence of
the Ca blood antigen in the limited survey (only 35 Ca+
and 3 Ca� horses) reported here. Ours is the first
equine typing test utilizing a monoclonal antibody
which offers more consistency than antisera, which may
differ with each batch. The band reaction was always
2+ and thus adequate, albeit it could be stronger as seen
with typing strips for canine DEA 1 and feline AB typ-
ing.10,11 Furthermore, the immunochromatographic
strip was simple to perform and once commercialized
may well become a preferred blood typing method.
Type Ca has been suggested to be protective for neona-
tal isoerythrolysis.20,21 Naturally occurring alloantibod-
ies against Ca may suppress immune responses to other
blood group antigens. Mares negative for Aa that have
anti-Ca alloantibodies do not produce antibodies to Aa
RBCs of their foals if the foal also shows the Ca anti-
gen.20,21 Although the Ca immunochromatographic typ-
ing strip exhibited excellent sensitivity and specificity in
our survey, it should be evaluated on a larger cohort of
horses and breeds to assess its accuracy and utility in
predicting Ca blood type compatibilities.

The larger number of incompatibilities identified by
standard tube agglutination and gel column agglutina-
tion compared to the predicted compatibilities suggests
there may be additional alloantibodies in equine blood
than those currently evaluated by standard

A

B

C

Fig 4. Nonparametric receiver operating characteristics (ROC)

for evaluation of equine blood compatibility (146 recipient-donor

pairs) for standard tube macroscopic agglutination vs. (A) gel col-

umn agglutination crossmatch techniques (area under ROC

curve = 0.903); (B) predicted compatibility based on blood type

(area under ROC curve = 0.843); and (C) tube microscopic agglu-

tination crossmatch techniques (area under ROC curve = 0.912).
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commercially available blood typing. Two recent studies
evaluating RBC lifespan after allogeneic transfusion of
crossmatch-compatible blood confirmed that RBC sur-
vival time was shorter in horses than in other spe-
cies.19,22 This decreased RBC lifespan may be associated
with previously unidentified naturally occurring alloanti-
bodies, RBC antigens, or both in equine blood.
Although it was previously thought that naturally occur-
ring alloantibodies occur in only a small percentage of
horses and that their reactivity with equine RBCs is
weak,3 there may be a larger contribution of these
alloantibodies to blood incompatibility than previously
recognized. Twenty percent of STBD mares and 10% of
TB mares have anti-Ca alloantibodies without known
exposure to Ca+ RBCs and a common environmental
antigen may result in the production of anti-Ca antibod-
ies.23 In our study, 2 crossmatch pairs that were pre-
dicted to be compatible based on prior extended blood
typing exhibited strong incompatibilities. This finding
suggests there may be unidentified alloantibodies present
in these 2 recipient horses. Crossmatch-compatible
equine blood transfusions likely exhibit a decreased half-
life within the recipient because of the lack of sensitivity
of our current alloantibody screening techniques. This
lack of sensitivity, however, may be because of the fact
that the indirect antiglobulin test is not used to identify
alloantibodies. Thus, the gel column crossmatch should
be assessed before transfusing horses, and the survival
of the transfused RBCs should be followed. Although
no previous study in horses has reported so many cross-
match results as identified here, ours was a relatively
small survey. The gel column crossmatch method used
here should facilitate larger surveys and more standard-
ized evaluation in horses.

All crossmatch results were indicative of possible
incompatibilities in vitro, but no blood transfusions
were performed in this study to evaluate in vivo blood
compatibility. In 1 study, transfusion reactions occurred
in 16% of transfused horses, although several of these
transfusions included incompatible blood by either
major or minor crossmatch.24 The clinical importance
of many alloantibodies (against 30 putative antigens)
has not been clearly established. For example, anti-Ca
antibodies do not always appear to produce adverse
clinical effects, and, as previously mentioned, actually
may be protective against neonatal isoerythrolysis.21 In
human transfusion medicine, some alloantibodies have
been shown to lead to crossmatch incompatibility with-
out being clinically hemolytic.25,26 The clinical impor-
tance of specific equine RBC alloantibodies should be
further investigated.

The majority of predicted incompatibilities based on
prior blood type determination in our study were
because of alloantibodies against the Aa blood type,
followed by the Ca blood type. Type Aa and Qa are
reported to be the most antigenic RBC types and are
responsible for the majority of equine neonatal isoery-
throlysis cases.20 Although no horse is a truly compati-
ble donor for all blood types, the closest to a “universal
equine donor” might be 1 that is negative for the Aa
and Qa antigens and lacking alloantibodies. The

apparent protection against incompatibility seen in WB
horses in this study is interesting and warrants further
investigation, because this observation was limited to
crossmatches involving only 2 WB horses. The findings
in this study suggest that when compatibility testing is
not available before a transfusion, an Aa-, Qa-, and
Ca- WB gelding may be the best choice as a blood
donor compared to other breeds and blood types.

Limitations of our study include small sample size
and lack of blinding for results. One individual per-
formed all of the assays and interpretations, and this
individual was not blinded from the results of the other
tests. In addition, all testing was performed in a labora-
tory setting and the immunochromatographic strip
method has not been evaluated in a field setting.

In conclusion, although the gel column crossmatch
fails to identify hemolysis that may be clinically relevant
in equine blood transfusions, gel column agglutination is
a suitable method for evaluating compatibility before
equine blood transfusions, and has advantages over the
standard tube crossmatch. In addition, a novel
immunochromatographic Ca blood typing strip kit holds
promise for stall-side blood typing to be performed in
the near future.

Footnotes

a Covidien Monoject, Minneapolis, MN
b BD Vacutainer, BD Diagnostics, Franklin Lakes, NJ
c Hematology Laboratory, University of California, Davis, Davis,

CA
d Alvedia Equine Blood Typing Test, Alvedia, Limonest, France
e Globe Scientific 12 9 75 mm round bottom polystyrene test

tubes, Fisher Scientific, Pittsburgh, PA
f Rabbit complement, unadsorbed, Pel-Freez Biologicals, Rogers,

AR
g Bio-Rad Laboratories, DiaMed GmbH, Cressier sur Morat,

Switzerland
h ID—Incubator, DiaMed Microtyping system, Cressier sur

Morat, Switzerland
i ID—Centrifuge, DiaMed Microtyping system, Cressier sur

Morat, Switzerland
j STATA 14, College Station, TX
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