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Abstract

Background: After-hours or out-of-clinic crossmatches are often limited by the lack

of access to specialized material and technical expertise.

Hypothesis/Objectives: The goal was to adapt a stall-side crossmatch test for

pretransfusion evaluation in horses.

Animals: Twelve healthy mares (plasma and blood donors, teaching mares).

Methods: In a prospective study, blood from 12 mares was used to compare the

results of 132 crossmatches performed with a rapid gel assay to crossmatches per-

formed with a microgel column assay, and with predicted compatibilities based on

blood types and detection of antibodies at a reference laboratory (microplate assay).

The rapid gel assay protocol for dogs was adapted to decrease the formation of rou-

leaux that initially precluded equine erythrocytes migration through the gel.

Results: There was a good agreement between the rapid gel assay and the microgel

assay as well as with the predicted compatibilities (κ > .6 for both). Agreement was

higher between the microgel assay and the predicted compatibilities (κ = .8). The

rapid gel assay failed to detect 6 predicted Aa incompatibilities (agglutinins-related),

3 of which were also not detected with the microgel assay.

Conclusions and Clinical Importance: Based on these results, the modified rapid gel

assay could be useful in settings when access to the microgel assay is not available.

Discrepancies between both gel techniques and predicted compatibilities were most

often low-grade agglutination, which warrants further investigation to assess their

clinical importance.
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1 | INTRODUCTION

Equine blood types include 7 systems (A, C, D, K, P, Q, and U), each

containing 1 (systems C, K, U) to 15 factors (system D) composed

of proteins or carbohydrates,1-3 giving rise to countless possibilities of

different blood types. This complex system makes the likelihood of

having 2 unrelated horses from the same breed sharing the exact

same blood group less than 1 in 100 000.4 A perfect blood type match

is unlikely, especially when most referral centers keep only a few

blood donors available for fresh blood transfusions. Fortunately, most

horses do not possess natural alloantibodies against erythrocyte anti-

gens they do not carry, and not all horses develop alloantibodies after

a single incompatible transfusion.5,6 Out of 390 and 409 pregnant

Standardbred and Thoroughbred mares, 20 and 10%, respectively,

had alloantibodies,7 the majority being anti-Ca antibodies. Therefore,
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it is estimated that more than 80%-90% of the general horse popula-

tion do not have alloantibodies, and the ones that do are more likely

to have anti-Ca antibodies, believed to be less immunogenic than

anti-Aa antibodies. However, horses with incompatible crossmatches

are more likely to have transfusion reactions.6 Also, transfused red

blood cells to recipients with alloantibodies will have shorter half-

lives, even when the antibodies implicated are anti-Ca.6 Therefore,

crossmatches should ideally be performed before any transfusion,

provided that the emergency of the situation allows for it.

Pretransfusion crossmatches for horses are currently performed

with a microgel column assay or more often with the traditional tube

assay. The microgel column assay was recently validated in horses. It

is less time consuming and less operator dependent in its interpreta-

tion than the tube assay,8 but it requires access to equipment (specifi-

cally designed centrifuge) not always available to untrained after-

hours clinical staff. A simple rapid gel assay was developed for use in

small animals9 but has not been validated for use in horses. The

hypothesis of this study was that the rapid gel assay would have

an acceptable agreement (≥80% or κ > .6) with the microgel column

assay and could be used as a pretransfusion test in emergency situa-

tions. The specific objectives were (1) to adapt the rapid gel assay for

use with equine blood, (2) to evaluate the concordance between the

rapid gel assay and the microgel assay, and (3) to compare results with

predicted compatibilities based on blood types and known antibodies

detected by the microplate assay from a reference laboratory.

2 | MATERIALS AND METHODS

2.1 | Animals

Twelve healthy mares (9 Standardbreds, 2 Quarter-Horses, and 1 Paint;

11 ± 5 (standard deviation) years old, estimated 400-500 kg) belonging

to the Centre Hospitalier Universitaire Vétérinaire of the University of

Montreal were studied. They were part of the teaching herd and 4 were

also plasma or whole blood donors. Donors had not been collected

for a minimum of 4 weeks before the study. They were regularly

dewormed and vaccinated, and had negative Coggins's tests upon entry

in the herd. No information was available on whether they had carried

foals or received blood transfusions before their entry in the herd, but

some mares had likely been pregnant in the years before the study. All

animal manipulations were performed in accordance with the guidelines

of the Canadian Council for Animal Care, and the protocol was approved

by Animal Care and Use Committee of the University of Montreal

(approval number: 17Rech1915).

2.2 | Study design

Upon entry in the herd (up to 10 years before the study), these mares

had been screened for the presence of anti-erythrocyte antibodies

(including anti-donkey) and all but 1 were blood typed at a reference

veterinary laboratory (Clinical Diagnostic Laboratories at University of

California [UC] Davis Veterinary Medical Teaching Hospital, Davis,

CA). These historical data were used to select 12 mares, out of the

18 potentially available. Mares were selected to have the highest pos-

sible numbers of predicted incompatibilities based on blood typing

and previous antibody screening results, that is, a minimum of 25%

incompatible minor or major crossmatches, including 8% Aa incompat-

ibilities, and up to 54% incompatible crossmatches because of the

presence of antibodies classified as unidentified (Table 1). Once

selected, blood typing and screening for alloantibodies was repeated,

except for 1 horse for which only antibody screening was done, as

she had been blood typed 10 months before the study. All pairs were

tested, each mare serving as “donor” and “receiver,” for a total of

144 crossmatches (including auto-controls) performed with the rapid

gel assay (RapidVet-H, DMS laboratories, Flemington, New Jersey)

and with the microgel column assay (ID-Micro Typing System Cards

and reagents, Ortho Clinical Diagnostics, Raritan, New Jersey; Centri-

fuge and incubator, DiaMed GmbH, Bio-Rad Laboratories, Cressier

sur Morat, Switzerland).

2.3 | Blood typing and alloantibody screening

Blood was collected in dry tubes and tubes containing ethylene-

diaminetetraacetic acid (EDTA). Serum and anticoagulated whole blood

were sent overnight to the Clinical Diagnostic Laboratories at UC

Davis. Blood typing was done for systems A, C, K, P, Q, and U, and

serum was screened for the presence of anti-erythrocyte hemolysin

and agglutinin antibodies (against Aa, Ab, Ac, Ca, Ka, Pa, Pb, Qa, Qb,

Qc, Ua, and donkey factor) as described before.6 Briefly, screening for

antibodies was performed by incubating serial dilutions of a serum sam-

ple with a series of equine red blood cells of known blood types. The

process was repeated with the addition of complement for the hemoly-

sin assay. The presence of agglutination and hemolysis was assessed

visually, and antibodies were reported as present or absent. If anti-

bodies were detected but could not be further identified, that is, not

able to determine which red cell antigens they were directed against,

they were classified as “unidentified antibodies.” At the time of the

study, screening for anti-D and anti-Af antibodies (ie, directed against

D and Af antigens) was unavailable, and therefore would have been

reported as “unidentified.”

2.4 | Microgel column assay

Washed erythrocytes and serum were processed following manufac-

turer's instructions, with minor modifications, and as previously

described.8 Briefly, blood with EDTA anticoagulant was centrifuged,

plasma was collected, and erythrocytes were resuspended and washed

3 times in isotonic saline, then put in a 1% suspension with low ionic

saline. Twenty-five microliters of plasma and 50 μL of the 1% erythro-

cyte suspension were incubated together in the chamber over the poly-

propylene microgel columns for 15 minutes at 37�C (ID-Incubator,

Ortho Clinical Diagnostics). The 6-microgel column cartridges were

then centrifuged for 10 minutes at 80g (ID-Centrifuge, Ortho Clinical

Diagnostics). Agglutination was graded as follows: 0, all erythrocytes

passed through the gel and formed a compact pellet at the bottom;

1, most erythrocytes form a pellet at the bottom of the gel, but not
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compact, with few erythrocytes visible in the lower half of the gel; 2,

erythrocytes are predominantly observed in the lower half of the gel col-

umn or are dispersed throughout the gel; 3, erythrocytes are dispersed

on the top half of the gel with some retained on the gel surface; and

4, all erythrocytes are retained on top of the gel (Figure 1). Grades ≤1

were considered compatible.10,11 Complement was not used to detect

hemolysis. Hemolysis was considered present and result recorded as

incompatible if, compared to the auto-control, red discoloration of the

solution was observed in the gel column or reaction chamber.

2.5 | Rapid gel assay

In a preliminary study, the manufacturer's protocol for canine blood

was used. Briefly, erythrocytes were washed 3 times in isotonic saline

then suspended in a 6% solution. Two hundred microliters of plasma

and 100 μL of the 6% erythrocyte suspension were incubated together

in a tube for 5 minutes at room temperature. Then, 50 μL of the solu-

tion were transferred on top of the gel column tube, which was then

centrifuged for 5 minutes at 1547g (Clay Adams, Triac Blood model,

New York, NY).

After inconclusive preliminary results and multiple attempts using

various temperature, incubation time, and dilutions, the protocol was

modified as follows to reduce rouleaux formation. A 1% erythrocyte

suspension was prepared as described above for the microgel column

assay. Then, 75 μL of isotonic saline, 25 μL of serum, and 50 μL of the

1% erythrocyte suspension were incubated in a tube for 5 minutes at

room temperature. The solution (150 μL) was then transferred on top

of the gel column and the tube was centrifuged for 5 minutes at 1547g.

F IGURE 1 Microgel and rapid gel grades. Agglutination grades for microgel assay (top panel) and rapid gel assay (bottom panel). 0: all
erythrocytes passed through the gel and formed a compact pellet at the bottom, 1: most erythrocytes form a pellet at the bottom of the gel, but
not compact, with few erythrocytes visible in the lower half of the gel, 2: erythrocytes are predominantly observed in the lower half of the gel
column or are dispersed throughout the gel, 3: erythrocytes are dispersed on the top half of the gel with some retained on the gel surface, and 4:
all erythrocytes are retained on top of the gel (here with some hemolysis in the microgel). Hemolysis (H) was considered present when red
discoloration was observed in the microgel chamber (here with grade 4 agglutination) or in the gel itself for the rapid gel assay. In opposite to this
rapid gel assay picture where only hemolysis can be appreciated, all 8 crossmatches in the current study with detectable hemolysis also resulted
in positive agglutination (both with the rapid gel and microgel assays). Crossmatches with hemolysis or grades ≥2 agglutination were considered
incompatible. For the top panel (microgel) grades 4 and H come from clinical cases of neonatal isoerythrolysis

1778 CASENAVE ET AL.



The same agglutination grading system was used as for the microgel

column assay. In comparison with the auto-control, a combination of

diffuse red discoloration of the gel and the absence of a distinguishable

erythrocyte pellet or agglutination was considered evidence of hemoly-

sis (Figure 1).

2.6 | Compatibility assessment

Each crossmatch reaction was read independently by a junior

(P. Casenave) and senior evaluator (M.-C. Blais) on site, and later by con-

sensus (P. Casenave, M.-C. Blais, M. Leclere) by looking at photographs.

To allow for comparison with the auto-controls, all crossmatches using

the same plasma/serum were read simultaneously, but the evaluators

remained blinded to the plasma/serum and erythrocytes identification.

2.7 | Statistical analysis

Sample size calculations were based on a predicted incompatible reac-

tion percentage of 50% (pi value of .5) and an agreement between

50 and 80% (estimated from Luethy et al8). With a sample size of

144, differences of 10% should be detected 80% of the time.12 Agree-

ment between evaluators and between gel assays was evaluated for

grades (0-4) and binary classification (compatible versus incompatible),

with the Cohen's kappa coefficient (κ and weighed κ for grades) using

a commercial software (SAS, version 9.3, SAS Institute Inc, Cary,

North Carolina). Agreement between the gel columns assays and the

predicted results was evaluated for binary classification only, and only

for pairs with known outcome (ie, in horses carrying an unidentified

antibody, the crossmatch was classified as “unknown” rather than

compatible or incompatible). For comparison between assays, grades

from the senior evaluator were used. Agreement was considered poor

with κ values below .21, slight between .21 and .4, fair between .41

and .6, good between .61 and .80, and very good to excellent

above .81.13,14 Sensitivity and specificity with 95% confidence inter-

val (CI) were calculated for the presence of hemolysis using the pres-

ence of hemolytic antibodies as gold standard.

3 | RESULTS

3.1 | Preliminary study

Crossmatches done with the manufacturer's instructions for canine

blood gave highly inconsistent results, including positive auto-con-

trols. When the solution was put on a slide after incubation, numerous

erythrocyte rouleaux were observed. Different protocols were tried

with variations in temperature, incubation time, and in the erythro-

cyte, saline, serum, or plasma ratios. The protocol selected offered

adequate reduction in rouleaux formation while keeping the manipula-

tions relatively simple. Figure 2 illustrates positive auto-controls and

extensive rouleaux formation with the initial protocol.

3.2 | Main study

The plasma/serum from 1 horse was excluded from analysis because of

consistently positive auto-controls with the rapid gel assay, decreasing

the number of analyzed crossmatches to 132. Unfortunately, this also

decreased the number of expected incompatible crossmatches because

of Aa antibodies from 12 to 6.

3.3 | Blood typing and alloantibodies screening

For the 10 horses in which blood typing was repeated for the study

(1 had never been tested and 1 had been blood typed within a year),

there were no discrepancies between the first and second blood typ-

ing result, except for the loss of information on groups D and Af. Six,

9, and 0 horses carried the Aa, Ca, and Qa antigens, respectively. One

horse had anti-Aa agglutinating antibodies, 3 had anti-Ca agglutinating

and hemolytic antibodies, and 3 horses had unidentified agglutinating

antibodies (2 of them also had anti-Ca antibodies). Interestingly, allo-

antibody screening results changed over time for 5 horses (Table 1).

One blood donor had anti-Aa and anti-donkey antibodies that were

not previously detected, and a second horse had newly identified

anti-donkey antibodies. There was no history of gestation or exposure

to blood products during that period in either case. Conversely, anti-

bodies previously identified in 3 horses were no longer detected,

F IGURE 2 Preliminary study. The incubation solution from the microgel protocol when looked under a microscope showing scattered red
blood cells (A). The incubation solution of the rapid gel assay with the original canine protocol showing extensive rouleaux formation (B) and
positive (incompatible) auto-controls (C). Scale bar = 80 μm

CASENAVE ET AL. 1779



including unidentified agglutinating antibodies (2 horses), and anti-Aa

and anti-Ac antibodies (1 horse). Only the most recent antibody

screening was used to predict compatibility.

3.4 | Agreement between evaluators

For the microgel column assay, agreement between the junior and

senior evaluators was excellent (κ = 1 for compatibility, weighted

κ = .97 for grades), as was agreement between the senior evaluator

and the photo evaluation (κ = .95 for compatibility and grades). For

the rapid gel assay, agreement for compatibility between the junior

and senior evaluators was excellent (κ = .98), but agreement between

grades was lower (weighed κ = .69). Agreement for compatibility

between the senior evaluator and the photo evaluation was also very

good (κ = .86), and slightly lower for grades (weighed κ = .78).

3.5 | Agreement between tests

Agreement between the rapid gel and the microgel assays was good

for compatibility (κ = .62) but slight for grades (weighed κ = .40), with

the rapid gel assay often having higher grades than the microgel

(Figure 3). Agreement for compatibility between the microgel assay

and the predicted compatibilities was good (κ = .80), as was agree-

ment between the rapid gel assay and the predicted compatibilities

(κ = .69). Despite being categorized as “good agreement,” there were

still 15 rapid gel assays and 10 microgel column crossmatches that did

not correspond to the predicted compatibilities, 4 of these having

matching results between the 2 gel assays (Table 1). Nine of 15 rapid

gel/predicted and 7 of 10 microgel/predicted discordant results were

incompatible crossmatches that were predicted compatible. The other

6 (rapid gel assay) and 3 (microgel assay) discordant results were

crossmatches found compatible but predicted Aa incompatibilities.

Twenty-three of these 25 discrepancies (92%) involved 4 horses that

had a change in their antibodies detected between the 2 screenings.

Four additional crossmatches, for which the prediction was unknown

(ie, unidentified antibodies), were discordant between gel assays.

3.6 | Hemolysis

No hemolysis was detected with the microgel assay. With the rapid

gel assay, hemolysis was detected in 10 crossmatches, 8 of them with

the serum of the 3 horses with known hemolytic anti-Ca antibodies.

All 8 crossmatches (out of the 27 crossmatches that should have led

to hemolysis) also resulted in positive agglutination, both with the

rapid gel and microgel assays. The other 2 crossmatches were per-

formed with a serum that contained only anti-donkey agglutinins. In

the absence of hemolysins, they were considered false positives.

Overall, when considering the presence of hemolytic antibodies (pre-

sent in high concentrations upon both screenings), sensitivity for the

detection of hemolysis by the rapid gel assay was low (30% [95%

CI: .159, .485]), but specificity was high (98% [.933, .997]).

4 | DISCUSSION

After adapting the protocol to limit rouleaux formation, the modified

rapid gel assay performed satisfactorily when compared to the micro-

gel assay and to the predicted compatibilities.

4.1 | Rapid gel assay: technique and interpretation

Rouleaux formation is common with equine erythrocytes and seems to

be the main factor preventing the migration of red blood cells through

the gel with the rapid gel assay when following the manufacturer's pro-

tocol. We were able to circumvent this problem by using serum instead

of plasma (removing the possible contribution of fibrinogen to the rou-

leaux formation), and by modifying the ratio of serum and erythrocytes

incubated together. The final dilutions used are roughly half (more

diluted) of the ones used in the microgel assay protocol. This made the

migration through the gel possible, but also decreased the total number

of erythrocytes in the tube. This made the pellet smaller and the read-

ing slightly more difficult, probably contributing to a lower agreement

between evaluators. This lower agreement with the rapid gel assay also

reflects the greater subjectivity of interpretation with this technique,

which was noted to be a major caveat in another study.9 It was not

considered a major flaw of the assay in the current study, as discrepan-

cies between evaluators were most often between 2 grades within the

same compatibility/incompatibility categories and would overall have

little effect on the choice of a donor. Finally, the very simple protocol

F IGURE 3 Grade agreement between microgel and rapid gel
assays. One hundred thirty-two crossmatches between the plasma
(microgel) or serum (rapid gel) of 11 horses and the erythrocytes of
12 horses. In each section, dots were spread out within the
appropriate grade to avoid overlap. Grades highlighted in blue
(0 and 1) are considered compatible and grades in red (2-4) are
considered incompatible. Any diagonal line between 2 dots represents
a discrepancy of grade and lines crossing between the blue and red
sections represent a discrepancy of compatibility between the 2 tests.
Agreement between the rapid gel and the microgel assays was good
for compatibility (κ = .62) but slight for grades (weighted κ = .40)
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for cats and dogs became unfortunately more complicated with our

modifications as micropipettes are required to prepare the incubation

mixture accurately and serum takes longer to prepare than plasma. The

rapid gel assay remains nevertheless more convenient for after-hours

use than the microgel assay as there is no need for a customized incu-

bator and centrifuge for the cartridges.

4.2 | Microgel assay performed as expected

Microgel column methods are considered highly accurate in human

medicine15 and have good sensitivity and specificity when compared

to the more time-consuming and operator-dependent standard tube

technique.8,16 Excellent agreement between evaluators of different

backgrounds reflects the ease of interpretation and the smaller contri-

bution of subjectivity and training required for the reading of the

microgel assay. Interpretation is not affected by evaluating images,

which is useful when a second opinion is needed or to store data for

future use, unlike the conventional tube crossmatch. In the current

study and as reported before,8 the microgel column tended to find

incompatible crossmatches that were predicted compatible (7 of

10 discordant results), as did the rapid gel assay. Of note, although a

previous study8 considered crossmatches with 1+ reactivity incompat-

ible, the definition and images used to describe their 1+ results corre-

spond better to a 2+ reaction in the current and other studies.10,11

4.3 | Discrepancies between tests and the elusive
theoretical gold standard

The change in the detection of antibodies over the years in 5 horses

was unexpected and made us reconsider the use of the predicted com-

patibilities as the gold standard. Antibody screening is essentially based

on serological tests using the plasma/serum against a panel of erythro-

cytes from horses and a donkey of known blood types (11 horses and

1 donkey at the Clinical Diagnostic Laboratories at UC Davis). Discrep-

ancies between 2 screenings could be because of a true change in the

presence or absence of antibodies, or a change in the capacity of the

test to detect antibodies in low concentrations or of low immunoreac-

tivity. It is reported that horses lacking Aa and Ca erythrocyte antigens

can develop antibodies against these antigens without known sensitiza-

tion.17,18 This could explain the development of anti-Aa antibodies in

horse #2, but does not explain the newly detected anti-donkey anti-

bodies and the disappearance of anti-Aa, anti-Ac, and unidentified anti-

bodies in other horses (Table 1). Together with the fact that horses that

had a change in their antibodies were associated with most of the dis-

crepancies between tests, this suggests that there are factors influenc-

ing the sensitivity and specificity of the technique itself, particularly

when dealing with the detection of weak antibodies. Indeed, 23 of the

25 discordant results between rapid gel and/or microgel assays and

predicted results were associated with 3 horses (#2, 3, 5) that had

changed antibody profiles over the past years (ie, between the 2 screen-

ings). The UC Davis Clinical Diagnostic Laboratories generously pro-

vided the detailed titration results to help interpret this finding. In these

3 horses, antibodies that were either newly detected or no longer

detectable could be categorized as weak, that is, only trace/1+ aggluti-

nation in 1:2 dilution (which sometime persisted as trace in 1:4 dilu-

tion). Change in sensitivity for the detection of antibodies could be

due in part to the subjectivity of the reading (although less likely here

because of the level of training and the fact that any trace of a

positive reaction is considered positive). Inevitable changes over time in

the panel of horses and donkeys used may have been associated with

different levels of antigen expression, as it is recognized for dog eryth-

rocyte antigen 1 in dogs19 or D antigens in humans,20 which could

change the level of detection for some antibodies with weaker affinity.

Finally, shipping conditions could affect the detection of less stable

antibodies, and despite our best efforts to standardize the process for

all research and hospital samples, blood and serum still had to be

shipped across borders, which comes with potential delays.

The detection of incompatible crossmatches predicted that compat-

ible could either represent false positive results or a true increased sen-

sitivity of gel-based crossmatching techniques. In either case, this would

not have put the recipient at risk. In opposite, the inability of detecting

predicted incompatibilities is of clinical concern, even if related to only

weak antibodies. Of clinical interest, questionable mild transfusion reac-

tions, as well as some incompatible microgel crossmatches, had been

reported with horse #2 (now retired) presenting newly identified anti-

Aa antibodies (M. Leclere, personal communication).

4.4 | Hemolysis

The microgel assay was not designed to detect hemolysis in any spe-

cies. This was recently investigated by others who demonstrated that

the microgel assay had a low sensitivity to detect hemolysis despite the

addition of rabbit complement.8 The same was expected with the rapid

gel assay and therefore, complement was not included in the protocol.

Other reasons not to include rabbit complement are the increased time

and complexity of the manipulations and previous data showing that

clinically relevant crossmatch incompatibilities in horses (ie, resulting in

decreased lifespan of transfused erythrocytes) were detected by the

presence of agglutination whether or not hemolysis was detected.6

Despite the absence of exogenous complement, hemolysis was surpris-

ingly observed correctly (ie, as predicted) in 8 crossmatches done with

the rapid gel assay, but with low sensitivity (only 8 of 27 predicted). Dif-

ferences in antigen expression, antibody concentrations, and endoge-

nous complement activity21 could explain why hemolysis was detected

in some crossmatches, but not in others. It should be noted that in our

data (as in a previous study6), all horses with hemolytic anti-Ca anti-

bodies also had anti-Ca agglutinins and that none of the predicted Ca

incompatibilities were missed. We cannot extrapolate this finding to

antibodies that are usually only hemolytic such as anti-Qa.17

4.5 | Clinical relevance

Approximately 10% of horses have naturally occurring anti-erythrocyte

antibodies, most commonly anti-Aa and anti-Ca.2,18 Based on work in

neonatal isoerythrolysis, anti-Aa and anti-Qa antibodies are reported to

be of greatest clinical relevance, whereas anti-Ca antibodies may not
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be clinically important in that context.2,7 However, it was shown that

incompatible crossmatches predicted febrile and tachycardic transfusion

reactions (although not life-threatening) in addition to much shorter

erythrocytes half-life (≈5 days versus ≈30 days), even if the majority of

incompatible crossmatches were associated with the presence of Ca anti-

bodies.6 Incompatible crossmatches were also associated with transfusion

reactions (urticaria, hemolysis, anaphylactic shock)22 but others did not

observe this.23 Although pretransfusion crossmatches are not perfect pre-

dictors of transfusion reactions, incompatible crossmatches should pre-

clude transfusion, or warrant washing erythrocytes (or minimally

removing plasma) when the minor crossmatch is incompatible. On the

contrary, horses with compatible crossmatches have a decreased risk of

having a transfusion reaction, but this certainly does not eliminate the

need for careful monitoring due to lack of accuracy of the different tests,

the possibility that hemolytic antibodies can be missed when complement

is not used, as well as other factors contributing to immunologic and

non-immunologic transfusion reactions (ie, other blood components

[leukocytes, platelets, plasma proteins], bacterial overgrowth, volume

administered, etc.).22

4.6 | Limitations

The main limitations of this study are the few Aa incompabilities and

the absence of Qa incompabilities. In addition, the Aa incompabilities

present had low antibody concentrations, which could have contrib-

uted to the inconsistent results obtained with both gel assays. The

change in the antibodies detected over time, which were associated

with discrepancies between tests for these horses, limited the use of

a gold standard to evaluate the rapid gel test. Finally, by adapting the

rapid gel protocol to prevent rouleaux formation, we lost some of the

appeal of a quick and simple test, that is, which can be performed

using a standard plastic pipette.

In conclusion, the modified rapid gel assay could be useful in set-

tings when access to the microgel assay is not available. Discrepancies

between both gel techniques and predicted compatibilities most often

involved low-grade agglutination and were associated with horses

with antibodies not consistently detected in a reference laboratory,

which warrants further investigation to assess their clinical relevance.
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