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Abstract

Background: Since the discovery of the Mik antigen, several studies have described
blood incompatibilities unrelated to the AB system in cats.

Objective: To estimate the prevalence of cats with non-AB incompatibilities associ-
ated with naturally occurring alloantibodies (NOAb), and to begin mapping the
corresponding feline erythrocyte antigens (FEA).

Animals: Two hundred and fifty-eight type A cats.

Methods: Prospectively, cats were evaluated for the presence of NOAb by
crossmatching in groups of 4-6 cats. When NOAb were detected in a cat, its plasma
was used as reagent to assess for the presence of the corresponding FEA in all cats
included thereafter, and agreement observed between results of this extensive blood
typing was evaluated.

Results: The chance of detecting incompatibilities by randomly crossmatching 2 cats
was 3.9%, which resulted in at least 7% of type A cats having NOAb. Blood typing
and agreement analyses performed with 7 newly detected NOAb allowed the identi-
fication of 5 presumably distinct FEA. Feline erythrocyte antigens 1 and 5 were most
frequent with prevalence of 84% and 96%, respectively. Only FEA 1-negative status
was associated with a higher risk of presenting NOAb; with 16.7% of 42 FEA
1-negative cats having NOAb compared to 5.1% of 216 FEA 1-positive cats.
Conclusions and Clinical Importance: This study represents a first step of FEA identi-
fication outside the AB system. Because of its prevalence and association with
NOAD, FEA 1 might correspond to the Mik antigen.

KEYWORDS
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1 | INTRODUCTION

Blood types are antigens on the red blood cells (RBC) surface identi-
fied after the discovery of antibodies that have reacted to them in a
certain population subset.! In cats, the only blood group system cur-
rently defined is the AB system, consisting of types A, B, and AB.2

The prevalence of these blood types varies among breeds and
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geographic locations, with type A being the most common.>1° The
AB system is also characterized by the presence of naturally occurring
anti-A and anti-B alloantibodies (NOAb anti-A and anti-B).1* The clini-
cal relevance of these alloantibodies manifests by severe, acute hemo-
lytic transfusion reactions in type B cats receiving type A blood as
well as neonatal isoerythrolysis, whereas shortened survival of trans-
fused RBC in type A cats receiving type B blood is reported.1?14
Therefore, AB-typing of feline blood donors and recipients is critical
before a first transfusion.

In 2007, a novel feline RBC antigen named Mik was recognized in
a group of domestic cats and appeared to be common with only
4 Mik-negative cats identified among 66 type A cats. Some Mik-
negative cats presented NOAb anti-Mik that could mediate a clinically
relevant transfusion reaction despite blood donor and recipient being
AB-matched.?® This study raised the question of the existence and
clinical relevance of feline RBC antigens independent of the AB sys-
tem. Several other crossmatch studies documented the presence of
NOADb outside the AB system with 0%-29% of transfusion-naive cats
showing at least 1 non-AB related incompatibility. Most of these

O o e e
studies focused on the possible clinical impact of the NOAb on effi-
cacy and safety of transfusion and did not describe the RBC antigens
reacting to those NOAb.1¢22

The first aims of this study were to evaluate the chance of
detecting non-AB incompatibilities by randomly crossmatching 2 cats,
to estimate the prevalence of cats with non-AB incompatibilities, to
investigate whether the presence of NOAb was associated with sex,
age, purebred or health status, and to evaluate the possible interference
of sample's hemolysis with NOAb detection. The second aim of this
study was to use the newly detected NOAD as reagent for an extensive
and systematic blood typing investigation, and then to assess the agree-
ment between reactions obtained with the different NOADb in order to
begin mapping the corresponding feline erythrocyte antigens (FEA).

2 | MATERIALS AND METHODS

This study was conducted prospectively at the Centre Hospitalier
Universitaire Vétérinaire (CHUV) of the Faculty of Veterinary Medicine

Blood donor Research colony Client or employed- Surplus EDTA
colony cats cats owned cats samples
Healthy Healthy Healthy or sick Healthy or sick
11 cats 24 cats 102 cats 134 cats
1. AB blood typing Exclusion

271 cats e 13 cats
9type B
3 type AB

Inclusion: 1 positive autocontrol

Type Acats e
Negative autocontrol
2. Detection of NOAb
258 cats
1228 crossmatches
|
v v
No NOADb detected NOADb detected
240 cats Incompatibility > 2+
1180 crossmatches 18 cats
48 crossmatches

v v
Plasma not available Plasma available
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3. Prospective blood typing |‘
[

Absence of the FEA corresponding to
the index NOAb
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to the index NOAb

FIGURE 1

Flow diagram documenting case enrollment and the 3 steps of the study (1. AB blood typing, 2. Detection of naturally occurring

alloantibodies, and 3. Prospective blood typing for novel antigens). NOAb: naturally occurring alloantibodies; FEA: feline erythrocyte antigens;
dotted arrow: When NOAb were detected in a cat during the detection of NOAb step, its plasma was tested during the blood typing step against

the red blood cells of all other cats included thereafter in the study
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(FMV) of the Université de Montréal between November 2017 and June
2019 and was approved by the Animal Care and Use Committee of
Université de Montréal (approval number: Rech 18-1912).

21 | Animals

Cats were recruited from 4 different sources (Figure 1):

1. Adult cats that belonged to the CHUV blood donor colony (n = 11),
which were recruited overtime from various animal shelters. All
blood donor cats were healthy based on an annual physical examina-
tion and complete blood test. They were screened for feline immu-
nodeficiency virus, feline leukemia virus (Snap FIV/FeLV Combo,
IDEXX Laboratories Inc), Mycoplasma haemofelis, Bartonella spe-
cies, Candidatus Mycoplasma haemominutum, Candidatus Myco-
plasma turicenis, Cytauxzoon felis, Anaplasma, and Ehrlichia species
(PCR testing, IDEXX Reference Laboratories, Canada) and were
up-to-date on vaccinations and deworming.

2. Adult cats that belonged to the research colony of the FMV
(n = 24) and also came from different animal shelters. Cats were
clinically healthy based on an annual physical examination. They
were screened for FIV/FelLV and were up to date on vaccinations
and deworming.

3. Client-owned cats referred to the CHUV or employed-owned cats
that could have been healthy or sick (n = 102). Written owner con-
sent was obtained before enrollment of the cat in the study.

4. Surplus feline ethylenediaminetetraacetic (EDTA) blood samples
submitted to the FMV's Diagnostic Laboratory from client-owned

cats, that could have been healthy or sick (n = 134).

For client or employed-owned cats and surplus EDTA samples,
the following information were recorded when available: health and
FIV/FeLV status, reason for presentation, transfusion history, and
hematocrit. Sex, age and breed were recorded for all cats, when avail-
able. Cats with a history of previous transfusion were excluded. His-
tory regarding transfusions was unknown for 39 cats, which were still
included in the study because previous transfusion was considered

unlikely.

22 | Samples

Ethylenediaminetetraacetic-anticoagulated blood samples (<7 days old
stored at 4°C) were available for all cats in the study. The samples were
centrifuged at 3000g for 5 minutes to collect packed RBC as well as
plasma from each cat. When the hematocrit was not available, the PCV
of the EDTA sample was determined. The plasma was visually inspected
for the degree of hemolysis which was scored from O to 4 by 1 observer
(Marie Binvel). RBC were washed 3 times in isotonic saline (0.9% NaCl),
and then 15 pL were suspended in 1500 pL of low ionic strength saline
(Ortho Clinical Diagnostics, Raritan, New Jersey) to make a resultant
0.8% RBC suspension.

2.3 | AB blood typing (step 1)

AB-blood type was determined for all cats using only a gel column
method performed by 2 veterinarians (Marie Binvel and Boris Depré)
at different points in the study. This technique uses cards of 6 columns
filled with gel beads and no added reagent (ID-Micro Typing System
Cards, Ortho Clinical Diagnostics, Pompano Beach, Florida). Fifty
microliters of the 0.8% RBC suspension were mixed with 25 pL of
Triticum vulgaris lectin (anti-B reagent, 8 pg/mL, stored at —24°C) in
1 column, and with 25 pL of type B serum (anti-A reagent) in another
column. Autocontrols, referring to RBC incubated with plasma from
the same animal, were also performed. The gel cards were incubated
at 37°C for 15 minutes (ID-Incubator, DiaMed Microtyping System,
Switzerland), followed by centrifugation (ID-centrifuge, DiaMed Micro-
typing System, Switzerland) at 80g for 10 minutes. AB and B cats, and
1 cat with positive autocontrol (autoagglutination) were excluded from

the next steps of the study (Figure 1).

24 | Detection of naturally occurring
alloantibodies by crossmatch gel column test (step 2)

Type A cats were evaluated for the presence of non-AB alloantibodies
through the use of extensive crossmatching with each other, in groups
of 4-6 cats formed in chronological order. More specifically, each cat's
plasma (25 uL) was mixed with 0.8% RBC suspension (50 pL) of 3-5
other individuals within its group, in addition to its own RBC (autocontrol).
The gel cards were then incubated and centrifuged according to the
description above. The RBCs' migration through the gel was scored
according to the following scale: 4+: all RBCs were agglutinated and formed
a red line on the top of the gel; 3+: most RBCs were agglutinated on the
top half of the gel with some retained on the surface of the gel; 2+: RBC
agglutinates were predominantly observed in the lower half or were dis-
persed throughout the gel; 1+: few RBC agglutinates were dispersed in the
lower half of gel, with most of the RBCs found at the bottom of the gel; O:
all RBCs were at the bottom of the tube (none agglutinated). For this step,
reactions 22+ were considered incompatible (ie, presence of NOAb). A
threshold of 2+ was chosen to select plasmas containing NOADb that led to
easily visible agglutination reactions for the following prospective blood

typing step (Figure 1).

25 |
(step 3)

Prospective blood typing for novel antigens

When NOAb were detected in a cat (index cat) and according on the cat's
availability, additional EDTA-anticoagulant blood samples (5-10 mL) were
collected and its plasma was frozen and stored at —20°C for later testing.
Plasma from the index cat was then tested against RBC of all other cats
included thereafter in the study (ie, blood typing). The blood typing was
performed using the same gel column method described above. The
results were graded using the same scale, and for this step a result 21+

was considered positive (ie, presence of the FEA corresponding to the
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index NOADb) (Figure 1). Corresponding FEA were numbered in the chro-

nological order that the index cats were identified.

2.6 | Agglutinin titer

Strength of NOAb was evaluated through agglutination titers. The
agglutinin titer is the highest dilution of serum or plasma at which
agglutination is still detected (>1+). This was determined by making
serial 2-fold dilutions of the index cat's plasma in phosphate-buffered
saline solution crossmatched against RBCs of 2 previously typed-

positive cats, randomly selected, as previously described.*1>

2.7 | Statistical analyses

Statistical analyses were performed using SAS Statistical Software, Version
9.3 (SAS Institute Cary, North Carolina). Descriptive data are presented as
median, range, and percentage. Prevalence of cats with non-AB incompati-
bilities with 95% confidence intervals (Cl) was estimated. Univariable logistic
regressions were used to model the presence of NOAb (reaction >2+)
according to cat's characteristics (source, sex, age, purebred status, health
status, hemolysis) and extensive blood typing results. To identify factors
independently associated with the presence of NOAb, a multivariate logistic
regression analysis was performed including all variables with P < .2 (likeli-
hood ratio test) in univariate analyses, followed by a backward selection
procedure with P > .05 as the criteria for rejection. Odds ratios (OR) were
used to present the results with a significance level of .05. To deter-
mine whether there was agreement between reactions obtained for
each pairwise combination of 2 different NOADb (ie, between 2 FEA
blood typing), McNemar's test, the percentage of agreement, kappa
statistic, and Gwet's coefficient were estimated. For the McNemar's
test, the null hypothesis was that the proportion of cats with a posi-
tive reaction for 1 NOAb was the same as the proportion of cats with
a positive reaction for a second NOADb. The statistical significance was
set at .01 to account for multiple testing. The percentage of agree-
ment between 2 NOAb was calculated as the proportion of cats that
had the same FEA typing results (defined as positive or negative) divided
by the total of cats tested for the 2 given NOAb. Cohen's Kappa statistics
and Gwet's coefficient provide chance-corrected agreement coefficients,
with the Gwet's coefficient being less sensitive to prevalence and marginal
probabilities. Kappa values and Gwet's coefficient were interpreted to indi-
cate strength of agreement as follows: <0.20 = poor; 0.21-0.40 = fair;
0.41-0.6 = moderate; 0.61-0.80 = good, and 0.81-1.00 = very good.23%*

3 | RESULTS
3.1 | Description of cats and AB blood typing
results

A total of 271 cats were included in the study with 126 females,
138 males and 7 cats for which sex was not recorded. The median age
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of the 212 cats for which birth date was available was 7.7 years
(range, 4 months to 19.5 years). The majority were domestic cats
(n = 217), in addition to the following breeds: Bengal (n = 4), Cornish
Rex (n = 4), Himalayan (n = 4), Persian (n = 4), Siamese (n = 4), Char-
treux (n = 3), Maine Coon (n = 3), Sphynx (n = 3), Savannah (n = 1),
Tonkinese (n = 1), Munchkin (n = 1), Abyssinian (n = 1), British Short-
hair (n = 1), Highlander (n = 1). Breed was not recorded for 19 cats. A
total of 101 cats were tested for FIV/FelV, of which 96 were
FIV/FeLV negative, 4 were FIV-positive and 1 was FIV and FeLV-posi-
tive. One hundred thirty-two cats were clinically unhealthy, 110 cats
were considered healthy, and the reason of presentation was not
available for 29 cats. Red blood cell volume percentage evaluated by
hematocrit or PCV ranged from 19% to 49% (median of 34%). The
blood-type proportions in cats were 95.6% type A (n = 259), 3.3%
type B (n = 9), and 1.1% type AB (n = 3). Of the 271 cats, 12 cats were
excluded from the rest of the study because of their B or AB blood
type and 1 type A cat was excluded because of a positive autocontrol.

3.2 | Detection of naturally occurring
alloantibodies results

A total of 1228 crossmatches were performed with 258 type A cats
divided into 46 groups; therefore, each cat was crossmatched against
a median of 4.8 other cats: 3 other cats (n = 4), 4 other cats (n = 54),
or 5 other cats (n = 200). A total of 48 incompatible crossmatches
(3.9%) were observed. Overall, 18 cats had at least 1 incompatible
reaction (> 2+), for a prevalence of 7% of cat with incompatibilities
(95% Cl: 4.2%-10.8%). Six cats (2.3%) showed incompatibility to only
1 other cat, 3 (1.2%) showed incompatibilities to 2 cats, 4 (1.6%)
showed incompatibilities to 3 other cats, and 5 cats (1.9%) showed
incompatibilities to all individuals to which they were tested (between
4 and 5 cats) (Table 1 and Figure 2). Out of these 18 cats, there were
14 domestic cats, 1 Bengal, 1 Siamese, 1 Himalayan, and 1 British
Shorthair.

Table 2 shows the clinical and demographic characteristics of cats
included in the study, and their distribution according to the presence
of NOADb. Feline erythrocyte antigens 1 status was the only variable

kept in the final model (discussed in the next section).

3.3 | Blood typing for novel antigens results

Of the 18 cats with NOADb, 7 were included for the prospective blood
typing starting at different moments from day O (group 1) to day
480 (group 32). Nine cats could not be included because their owners
were not reachable or were unable to return with their cat for the sec-
ond blood sample. One cat was not included because it was 1 of the
cats from the second to last group to be crossmatched. One cat was
not included because he died before a second sample of blood could
be taken. As indicated above, a number from 1 to 7 was attributed to
the index cats and their NOADb, as well as the corresponding FEA.
None of the 7 index cats belonged to the same family and therefore
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Reaction Crossmatch results Number (%) of crossmatches
Compatible 0 1174 (95.6)

1+ 6(0.5)

Total 1180 (96.1)
Incompatible 2+ 35(2.9)

3+ 12 (1.0)

4+ 1(0.1)

Total 48 (3.9)

TABLE 1 Crossmatches (n = 1228)
and cats (n = 258) distribution according
to compatible or incompatible results in
Quebec, Canada (2017-2019)

Number (%) of cats®
236 (91.5)

4(1.5)

240(93)

11 (4.3)

6(2.3)

1(0.4)

18(7)

2|f a cat had >1 incompatible result, the cat was classified according to the strongest reaction he

presented.
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Cats with NOAb

FIGURE 2 Distribution of cats with naturally occurring

alloantibodies (NOAb) according to the number and the grade of
incompatibilities. Results >2+ are considered as incompatible (ie,
presence of NOAb)

they did not live in the same environment. Six were mixed cats and
1 was purebred, and they were 3-10 years old.

The prospective blood typing results are summarized in Table 2.
Feline erythrocyte antigens 1 and 5 were most frequent with 83.7%
and 96% of positive cats, respectively. Feline erythrocyte antigens
2 and FEA 3 were the least common, with 9.6% and 18.2% of positive
cats. All cats negative for 1 FEA could potentially have NOAb, but
FEA 1-negative status was the only 1 significantly associated with the
presence of NOADb (Table 2). Indeed, FEA 1-negative cats were more
likely to present NOAb (OR = 3.90, 95% Cl, 1.37-11.1; P = .01) than
FEA 1 positive cats. During step 2 of the study, the 7 FEA 1-negative
cats with NOAb showed incompatibility to a median of 4 other cats
(range, 3-5) within their own group.

The results of the comparisons between reactions obtained with
2 different NOAD (ie, between 2 FEA blood typing) are presented in
Table 3. Whenever possible, extensive blood typing was also per-
formed for the 7 index cats in which NOAb were discovered, and the
results are presented in Table 4. McNemar's test was significant for
each pairwise combination of FEA typing results, except for FEA
1 and FEA 4 (P =.06), FEA 2 and FEA 3 (P =.13), FEA 4 and FEA
5 (P =.03), FEA 4 and FEA 7 (P =.03). Agreement between pairs of
FEA were variable, ranging from poor to very good. For example, the

median percentage of agreement was considered acceptable (>75%)

and Gwet's coefficient was good (0.61-0.8) to very good (>0.8)
between FEA 1 and FEA 5 (88.6%; 0.86), FEA 2 and FEA 3 (81.6%;
0.76), FEA 4 and FEA 6 (87.7%; 0.78), FEA 4 and FEA 7 (84.4%; 0.73).
Median Cohen's kappa was good between FEA 4 and FEA 6 (0.73),
and between FEA 4 and FEA 7 (0.64). The agreement was perfect
between reactions obtained with NOAb 6 and NOAb 7, which most
likely indicates that they both reacted to the same antigen, that is,
[FEA 6.7] (Figure 3). It also appeared that NOAb 4 often led to the
same results as NOAb 6 and 7. Despite a good but imperfect agree-
ment, it seems likely that NOAb 4 reacted against the same antigen as
NOADb 6 and 7. Feline erythrocyte antigens 4, FEA 6 and FEA 7 could
therefore be considered as 1 antigen, that is, [FEA 4.6.7] or more sim-
ply FEA 4.

34 | Agglutinin titers results

The NOADb agglutinin titers was measured for 2 cats in each NOAb
groups, except for NOAb 4 because of the limited amount of the
index plasma available (the cat died in the first weeks of the study).
The titers varied from 1:4 to 1: 8 for NOAb 1, 3, 5, and 6. The NOAb
2 agglutinin titers were 1 : 1 and the NOAb 7 agglutinin titers were
1:16and 1:32.

4 | DISCUSSION

In our study, we identified the presence of naturally occurring non-AB
alloantibodies and we used them to begin mapping unidentified
corresponding FEA. Comparison of results obtained from an extensive
blood typing supports the existence of 5, presumably different, novel
FEA. We described the frequency, the distribution, and the associa-
tion of these newly identified FEA with NOAb, although more studies
are warranted to clarify those findings and to determine their clinical
importance.

Previous reports have already documented crossmatch incompat-
ibilities and transfusion reactions in AB-matched transfusion naive
cats, highlighting the presence of NOAb outside of the AB sys-
tem.*>22 Our study supports the presence of non-AB NOAb with
3.9% chance of detecting incompatibilities by randomly crossmatching
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TABLE 2 Distribution of cats with naturally occurring alloantibodies (NOAb) according to their clinical and demographic characteristics in

Quebec, Canada (2017-2019)

Characteristics®

Source Blood donor colony 11
Teaching colony 23
Client and employed-owned cats 98
Surplus EDTA sample 126
Sex Male 134
Female 119
Age < 2 years 19
2 < age < 8 years 82
> 8 years 100
Breed Mixed 204
Purebred 35
Health status Unhealthy 126
Healthy 105
Hemolysis Yes 167
No 91
FEA 1¢ Negative 42
Positive 216
FEA 2 Negative 141
Positive 15
FEA 3 Negative 103
Positive 23
FEA 4 Negative 23
Positive 70
FEA 5 Negative 3
Positive 74
FEA 6 Negative 52
Positive 71
FEA7 Negative 32
Positive 42

Abbreviation: FEA, feline erythrocyte antigen.

Total of cats

Presence of NOAbP

Number of cats Percentage (%) P value®
0 .0 22
0 .0

10 10.2

8 6.4

9 6.7 .81
9 7.6

3 15.8 13
3 3.7

11 11.0

14 6.9 49
4 11.4

10 7.9 1

8 7.6

13 7.8 48
5 5.5

7 16.7 .01
11 5.1

6 4.3 1

1 6.7

5 4.9 .61
2 8.7

2 8.7 .64
4 57

0 .0 1

2 2.6

1 1.9 24
5 7.0

0 .0 5
2 4.8

20One type B cat was excluded from the teaching colony, one type AB and 3 type B cats were excluded from the client or employed-owned cats, 2 type AB
and 6 type B cats were excluded from the surplus EDTA samples. Sex, age, breed, and health status were not recorded for 5, 56, 19, and 27 cats,

respectively.

PResults =2+ are considered as incompatible (ie, presence of NOAb)—these results derived from the second step of the study (detection of NOADb).

P value from univariable logistic regression modeling the presence of NOAD (likelihood ratio test).

9The results of FEA blood typing derived from the third step of the study (prospective blood typing for novel antigens). Negative: absence of the FEA
corresponding to the index NOADb used as reagent; positive: presence of the FEA corresponding to the index NOAb used as reagent. NOAb present in a
FEA-positive cat cannot be the same as the index NOADb used as reagent. For example, NOADb detected in a FEA 1 positive cat cannot be NOAb 1. In
contrast, NOAb detected in a FEA-negative cat can be the same as the index NOAb or another NOADb.

2 cats, which resulted in at least 7% of 258 type A cats having NOAb.
The history of transfusion was unknown for 39 studied cats, but none
of them presented incompatibilities. Incompatibilities observed in our
study were therefore all related to NOAb. Our study population was
not a random sample, but a convenience sample of cats belonging to
2 colonies, employed-owned cats and cats seen at our hospital, and

more than half of them were unhealthy. However, since the presence

of NOAb was not statistically associated with health status, nor with
cat's source, sex, age or purebred status, our sample is likely represen-
tative of the feline population in the great area of Montreal.

Previous studies reported variable prevalence of non-AB blood
type incompatibilities. Two European studies failed to detect any non-
AB NOADb in transfusion naive cats (in 112 cats and less than 20 cats,
respectively).t”*® In a study in the United States, 24 cats had a
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TABLE 3 Agreement assessment between blood typing results obtained with different pairs of naturally occurring alloantibodies (NOAb)
[reagent] determined by McNemar's test, percentage of agreement, Cohen's kappa agreement, and Gwet's coefficient in Quebec, Canada

(2017-2019)

Blood typing results

Reagent Reagent neg/ neg/ pos/ pos/ P-value
1 2 neg pos neg pos McNemar
NOAb1 NOAb2 11 13 130 2 <.001
NOAb1 NOAb3 12 9 91 14 <.001
NOAb1 NOAb4 0 12 23 58 .06
NOAb1 NOAb5 8 9 0 67 <.01
NOAb1 NOAb6 0 18 52 53 <.001
NOAb1 NOAb7 0 11 32 31 <.01
NOAb2 NOAb3 87 14 7 13
NOAb2 NOAb4 22 51 0 <.001
NOAb2 NOAb5 2 69 1 7 <.001
NOAb2 NOAb6 50 61 2 10 <.001
NOAb2 NOAb7 31 36 1 6 <.001
NOAb3 NOAb4 18 41 0 13 <.001
NOAb3 NOAb5 1 49 2 6 <.001
NOAb3 NOAb6 40 45 3 14 <.001
NOAb3 NOAb7 20 26 3 4 <.001
NOAb4 NOAb5 0 9 2 26 .03
NOAb4 NOAb6 22 10 49 <.01
NOAb4 NOAb7 7 0 5 20 .03
NOAb5 NOAb7 32 40 <.001
NOAb5 NOAb6 0 35 3 41 <.001
NOAb6 NOAb7 32 0 0 42 NE

Kappa Gwet
%
agreement  Estimate 95% CI Estimate 95% CI
8.3 -.18 (-.27,-.08) -.83 (-.92,-.73)

20.6 -.12 (.21, -.02) -.59 (-.73, —.45)
62.4 -2 (-.29,-.12) 46 (.27, .65)
88.6 .36 (.06, .66) .86 (.77,.96)
43.1 -.28 (-.39,-.17) .04 (-.17,.25)
419 -.28 (—.43, —.14) .01 (—.26, .28)
81.6 .26 (.03, .49) .76 (.64,.87)
37 .08 (.02,.14) -22 (-.45,.01)
11.4 -.02 (-.07,.03) =77 (-.91, -.62)
48.8 .09 (.00, .17) .07 (-.12,.27)
50 1 (-.01,.21) 1 (-.15,.36)
43.1 .14 (.05, .22) -.13 (-.37,.10)
121 -.07 (-.17,.03) -75 (-.93, -.56)
52.9 15 (.03, .27) 12 (.09, .32)
45.3 0 (-.16,.17) 0 (-.31,.30)
70.3 -1 (-.21,.02) .6 (.35,.85)
87.7 .73 (.57,.88) .78 (.64, .91)
84.4 .64 (.36,.91) .73 (.50, .96)
54.1 -.05 (-.13,.02) .29 (.05,.53)
51.9 -.08 (-.16,.01) 24 (.00, .48)

100 1 NE 1 NE

Abbreviations: FEA, feline erythrocyte antigens; NE, not estimated; neg, negative; pos, positive.

pretransfusion crossmatch performed with 29% having NOADb for a
total of 10 positive reactions of 52 crossmatches (19%).2° Another
study in the US documented 23 of 154 (14.9%) transfusion naive cats
with major crossmatch incompatibilities for a total of 39 positive reac-
tions of 462 crossmatches (8%).1? Geographical variation and number
of crossmatch tested by cat might influence the prevalence of and the
ability to detect non-AB incompatibilities, respectively. This large vari-
ability of prevalence among studies could also be explained by differ-
ence in crossmatch methods.

Currently, the reference method of crossmatching in the United
States, which is the method used in studies presented above, is the
laboratory tube agglutination assay.1”"2° Problems with this technique
include low reproducibility, interobserver variation in interpretation,
labor-intensiveness, requirements for technical expertise, and lack of
standardization.?® Several other methods are available including slide
assay, saline gel column technique, antiglobulin-enhanced gel column
test and commercial gel-tube assay.! We chose to use the saline gel
column technique because this method has been proven to be highly
accurate in human medicine with a sensitivity between 97.58% and
100% and a specificity close to 100%.2° It can be better standardized,
is simple to perform and easy to interpret with grading being

independent of the skill of the reader; as other studies have previously
shown for dogs, cats, and horses.>21:27-30 Tywo studies compared
crossmatch results of tube and column gel methods for detecting
NOADb in a limited number of cats (66 and 10) and found overall agree-
ment between both methods.*>*” However, a prospective observa-
tional study of 101 cats showed marked difference in the proportion of
crossmatch incompatibility between the laboratory method (27%) and a
commercial gel tube test (4%).22 In a study comparing a saline gel col-
umn test and an antiglobulin-enhanced gel column test in 446 plasma
to RBC pairings, both methods showed the same compatibility results
for all pairings, except for 15 pairings for which incompatibility was only
detected with the antiglobulin-enhanced gel column test (including
14 incompatibilities outside the expected AB mismatches).?! These
comparison studies emphasized that not all crossmatch methods are
interchangeable and it remains difficult to compare results obtained
from 2 different techniques.

It should also be noted that there is a lack of standardization of
grade at which gel column crossmatch results are considered incom-
patible in veterinary medicine, with some studies using the grade 1+
and others the grade 2+.1521282931 The interpretation of low-grade

agglutination (14) can sometimes be confused with grade 0. As
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TABLE 4
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Extensive blood typing results of each index cat with naturally occurring alloantibodies (NOAb) in Quebec, Canada (2017-2019)

Extensive feline erythrocyte antigen (FEA) blood typing

Index cat with NOAb NOAD discovered FEA 1

Cat1 NOADb 1 - -
Cat2 NOAb 2 + =
Cat3 NOAb 3 + -
Cat4 NOAb 4 + —
Cat5 NOAb 5 - -
Cat 6 NOAb 6 + =
Cat7 NOAb 7 + -

FEA 2

FEA 3 FEA 4 FEA5 FEA6 FEA7
- + + + +

+ + + = -

- + NE NE NE

- - NE NE NE

+ + - + +

— - NE — NE

_ _ + _ _

Abbreviations: NE, not evaluated; +, positive = presence of the FEA on the surface of the index cat's red blood cells; —: negative, absence of the FEA on

the surface of the index cat's red blood cells.

2 + + + o+ - - + +

- WY S
(A) 241 | 242 | 243 | 244 | 245 | 246
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FIGURE 3 Gel column results showing feline erythrocyte antigen (FEA) 4 (A), 6 (B) and 7 (C) blood typing against the same 6 cats (number
241-246). +: positive = presence of the FEA on the surface of the index cat's red blood cells; —: negative = absence of the FEA on the surface of

the index cat's red blood cells. All autocontrols were negative

mentioned earlier, a threshold of 2+ was chosen during the step of
NOADb detection to increase the specificity. The selection of plasma
that led to an easily visible agglutination reaction was important for
the extensive blood typing step to enable repeatable and interpretable
results. However, even if we had considered incompatibility from
grade 1+, our results would have been similar because only 4 cats
showed 1+ reactions in step 2 of the study, which would have led to a
total of 22 cats with NOAb (8.5% vs 7%) and 54 positive reactions (4.4%
vs 3.9%). A better standardization of crossmatch protocol appears to be
of growing importance in feline transfusion medicine in order to correctly
interpret and compare prevalence of incompatibilities.

During the prospective blood typing, 7 NOAb were used to start
mapping the FEA to which they bind (NOAb 1 to FEA 1, NOAb 2 to
FEA 2, etc). As highlighted in the result section, our results strongly
suggest that FEA 4, FEA 6 and FEA 7 correspond to the same antigen,
that is, [FEA 4.6.7] or more simply FEA 4. Indeed, a perfect agreement
was identified between reactions obtained with NOAb 6 and NOAb
7, most likely indicating that they both reacted to the same antigen,
that is, [FEA 6.7]. Similarly, despite a good but imperfect agreement, it
seems likely that NOAb 4 reacted to the same antigen as NOAb 6 and
7. The first argument in favor of this conclusion is that index cats
6 and 7 were both FEA 4-negative. Since cats can only have NOAb
against FEA they do not express, NOAb 6 and 7 were likely directed
against FEA 4, which would suggest, given the good agreement of
their corresponding NOADb, that [FEA 6.7] is the same antigen as FEA
4. In comparison, index cats 6 and 7 were also FEA 2 and FEA

3-negative, but a poor agreement was detected between reactions

obtained with NOAb 6-7, NOAb 2, and NOAb 3. Therefore, it seems
unlikely that [FEA 6.7] is the same antigen as FEA 2 or FEA 3. The sec-
ond argument is that discrepancies between reactions obtained with
NOAb 4 and NOAb 6-7 had a similar trend: positive reactions to
NOAb 4 were observed in 11 cats that had negative reactions to
NOAb 6 and NOAb 7, which could suggest that NOAb 4 is stronger
(greater affinity, higher titer, or both) than NOAb 6 and NOAb 7. A
variability in the antibody titer (NOAb 4 titer was not determined but
could be higher), in antigenic expression, and in the affinity of poly-
clonal antibodies to the FEA could have contributed to those differ-
ences. Additionally, the reagent being plasma from an index cat, it
could have contained several antibodies directed against other eryth-
rocyte antigens that might have crossreacted during blood typing and
contributed to those discrepancies. Unfortunately, the agreement
between NOAb 4/FEA 4 and NOAb 6-7/FEA 6-7 cannot be studied
furthermore because the index NOAb 4/FEA 4-negative cat has died
and no residual reagent remains.

Gwet's coefficient showed good agreement between reactions
obtained with NOAb 1 and NOAb 5. However, NOAb 1 and 5 could
not react to the very same FEA because the index cat 1 was FEA
5-positive; therefore, it could not express anti-FEA5 NOADb. In opposite,
the index cat 5 being FEA 1-negative, it is possible that its plasma con-
tained antibodies anti-FEA 1 and NOADb 5 (ie, anti-FEA 5), which could
participate to the observed agreement. The same reasoning applies for
the agreement observed between FEA 2 and FEA 3.

Considering that cats can present NOAb against RBC antigen
they do not express, FEA-negative cats were examined for the



242 Journal of Veterinary Internal Medicine AC\}’/I M

BINVEL ET AL.

Open Access,

American College of
inary Internal Medicine

presence of NOAb. Unfortunately, only 7 index cats out of 18 with
NOAb were included for the extensive blood typing. NOAb were
found in a low percentage of FEA 2 and FEA 3-negative cats (4.3%
and 4.9%, respectively). It was not possible to determine if there were
anti-FEA 2 and anti-FEA 3 alloantibodies because most of FEA 2 and
FEA 3-negative cats with NOAb were also negative for 1 or 2 others
studied FEA. The only 2 FEA 4-negative cats (in addition to the index
cat 4) with NOAb were the index cats 6 and 7, and the only FEA
6-negative cat (in addition to the index cat 6) with NOAb was the
index cat 7; therefore, we concluded that a low percentage of FEA
4-negative cats (between 0% and 8.7%) showed natural anti-FEA
4 alloantibodies in cats of our study. Only FEA 1-negative cats were
shown to be more at risk of presenting NOAb, with 16.7% of FEA
1-negative cats having NOAb compared to 5.1% of FEA 1-positive
cats. All but 1 FEA 1-negative cats with NOAb were incompatible to
all FEA 1-positive cats and compatible to all FEA 1-negative cats in
their respective group. Thus, NOAb found in FEA 1-negative cats con-
tained likely anti-FEA 1 antibodies (NOAb 1). However, the presence
of other NOADb in FEA 1-negative cats could not be excluded because
the last FEA 1-negative cats was compatible to 2 FEA 1-positive cats
in its group (and incompatible to 3 remaining FEA 1-positive cats).
Unfortunately, all these cats except the index cat 1 were unavailable
for the extensive blood typing (step 3) preventing the investigation of
their respective NOADb specificity.

The strength of almost all NOAb was weak with titers of <1 : 8,
but was moderate for NOAb 7 with titer of 1: 16 to 1: 32. In compar-
ison, previous reports demonstrate type A cats anti-B alloantibodies
are weak to moderate with a titer of <1 : 32 whereas type B cats
anti-A titers are stronger and range from 1 : 64 to 1 : 2048.1* The titer
strength of each NOADb slightly varied depending on which FEA-
positive RBCs were used, which might reflect variable expression of
FEA on erythrocytes. From a practical perspective, polyclonal antise-
rum with NOADb are not optimal reagents for use in serologic testing
because they are heterogeneous, can vary in concentration, serologic
properties, epitope recognition, and can contain nonspecific anti-
bodies. The development of uniformly reactive and highly specific
monoclonal antibodies could improve our ability to detect positive
reactions for screening cats for these novel FEA and, thus, could facili-
tate future studies.

From a clinical perspective, the importance of non-AB NOADb still
needs to be determined. Recent studies have conflicting results with
some of them supporting the use of crossmatched compatible units to
increase the efficacy and safety of transfusion, while others show no
significant difference in the incidence of transfusion reactions or
increase in the posttransfusion PCV between cats with or without
pretransfusion crossmatches.!?2%3233 Firm conclusions concerning
the clinical relevance of NOAb cannot be drawn from these studies
because they compare efficacy and safety of transfusion between cats
with pretransfusion compatible crossmatch and cats with unknown com-
patibility status (ie, can be compatible or incompatible). Only 1 study com-
pared transfusion events between cats with pretransfusion compatible
crossmatch and cats with pretransfusion incompatible crossmatch. In this

study, detection of incompatibilities by a bedside commercial kit, but not

by a laboratory method, appeared to be associated with the development
of hemolytic transfusion reactions.?? With at least 7% of cats presenting
NOADb, almost 2% of them having incompatibilities to all RBC to which
they were tested, conflicting results in recent studies, and previous docu-
mentation of acute hemolytic transfusion reactions caused by non-AB
NOADb (anti-Mik), crossmatching cats before a first transfusion remains
valid cautionary recommendation as long as the clinical importance of
NOAb and crossmatch incompatibility is not better characterized.*®

Another important clinical aspect concerns the immunogenicity of
the newly discovered FEA, that is, their ability to stimulate the pro-
duction of clinically relevant acquired alloantibodies that might result
in ineffective additional transfusions and even acute life-threatening
hemolytic transfusion in case of multiple transfusions. Blood group
antigen immunogenicity is a crucial factor in alloimmunization, which
is a common posttransfusion sequelae described in dogs and recently
in cats.'®1%34 Development of alloantibodies against erythrocyte anti-
gens outside the AB system has been observed in 25% of an anemic
cat population within a median of 5 days after the first transfusion
event.'® In another study, 27% of previously transfused cats had major
crossmatch incompatibilities. Furthermore, 16.3% of cats showed some
degree of incompatibility after an initial transfusion, even though they
had no incompatibility on their first crossmatch to 2-3 donors tested.*’

It is uncertain if any of the discovered FEA is actually the Mik
antigen because typing reagents for Mik are no longer available and
Mik-typed cats could not be found to analyze their extensive blood
typing. Previous data on Mik antigen documented a frequency of 94%
in a population of 66 cats, the presence of NOAb anti-Mik in Mik-
negative cats, and agglutinin titers between 1 : 1 and 1 : 64.*° Given
its high frequency and its association with NOAb, FEA 1 might corre-
spond to the lost Mik antigen. The lack of Mik, and now NOAb
4, reagents highlights the problematic of relying solely on natural allo-
antibodies for blood typing. Although not a long-term solution, bank-
ing NOADb is essential to maintain our ability to compare novel FEA
with already reported antigens, and to identify rapidly a compatible
donor in case of incompatibility outside the AB system. In this way,
this study led to the banking of NOADb against all 5 FEA. A more sus-
tainable solution, such as the production of monoclonal antibodies,
remains necessary.

Finally, naming a novel blood antigen is not standardized in
human blood banking, and even less in veterinary transfusion medi-
cine.®® Using a part (3 letters) of the name of the first reactive donor
was chosen in 2007 for the Mik antigen.'®> We chose the label FEA
(feline erythrocyte antigen) to mimic the label of most canine blood
types and to facilitate our discussion. This points out how nomenclature
could become an issue as more alloantibodies and corresponding antigens
are found. A discussion group should again be considered to standardize
canine and feline blood group system nomenclature with standards made
for the appropriate designation of newly found antigens.%'37

It is important to note that unhealthy cats and cats with unknown
health or FelV status were accepted in our study to facilitate animal
recruitment. Blood typing results can be affected by disease status in
humans and animals. For example, FeLV infections and immune dis-

eases can cause anemia and autoagglutination, which might contribute
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to inaccuracies in crossmatching and blood typing.2® In our study, the
preparation of a fixed-concentration RBC suspension alleviates a pos-
sible effect of hematocrit on crossmatching and blood typing results.
In addition, autocontrols were systematically performed, and RBC
washed 3 times, making unlikely an impact of autoagglutination on
our results. Although rarely described in human medicine, we cannot
rule out the presence of acquired antigen or altered antigen expres-
sion on RBC surface in unhealthy cats.3?*3 Furthermore, while statis-
tical association was not found between the presence of NOAb and
health status in our study, the effect of some diseases on NOAD (titer,
specificity, etc) is unknown. That said, even if health status had an
influence on FEA and NOAb expression, which remains to be investi-
gated, our main conclusion would remain unchanged (ie, 5 presumably

distinct novel antigens were identified).
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