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ABSTRACT

The dog erythrocyte antigen 1 (DEA 1) is the most immunogenic blood group in dogs, and blood transfusions may
trigger some undesirable effects in veterinary patients, which are directly associated with incompatible transfusions.
The present study aimed to investigate the frequency of positive DEA 1 blood group in blood donor dogs from a blood
bank in Salvador-BA, Brazil, and also to calculate the risk of managing incompatible blood in both first and second
transfusion. A number of 203 dogs of different breeds, aged between 1 and 8 years, weighing 28 kg, with no degree of
kinship and of both sexes in Salvador-BA, Brazil were evaluated to investigate the blood type DEA 1 frequency, by means
of chromatography and flow cytometry tests for blood typing. The risk of incompatible blood transfusion in either a
first or a second transfusion was also calculated. The frequency of the DEA 1 group ranged in various breeds, but with
a mean positivity of 62.07% (126/203). And the lowest risk of an DEA 1 negative animal receiving DEA 1 positive
blood within the group of animals evaluated was 0.92% at a first transfusion; and the risk of the same animal receiving
incompatible blood for the DEA group 1 in the second transfusion was 0.008%. The highest risk of an DEA 1 negative
animal receiving DEA 1 positive blood from these animals was 69.12%; and the risk of receiving incompatible blood for
DEA 1 was 47.77%. In conclusion, the frequency of the DEA 1 group varied between the studied breeds. Also, the risk
of incompatible blood transfusions, based on the frequency of DEA 1 group, varies according to donor and recipient
breeds, but this can be overridden if blood typing tests are performed along with the cross-reaction test for compatibility.

Keywords: DEA 1. Typification in dogs. Transfusion risk in dogs. Veterinary transfusion medicine.

RESUMO

O antigeno eritrocitario canino 1 (AEC 1) ¢ o grupo sanguineo mais imunogénico em cées e as transfusdes sanguineas
podem desencadear alguns efeitos indesejaveis nos pacientes veterinarios devido a transfusdes incompativeis. O presente
trabalho investigou a frequéncia do grupo sanguineo AEC 1 em caes doadores de sangue de um banco de sangue de
Salvador-BA, Brasil, e calculou o risco da administragdo de sangue incompativel tanto em uma primeira quanto em uma
segunda transfusdo. Foram avaliados 203 cdes de diversas ragas, de ambos os sexos, com idade variando de um a oito anos,
peso a partir de 28 kg, sem nenhum grau de parentesco, originarios de Salvador-BA, Brasil. A pesquisa da frequéncia do
tipo sanguineo AEC 1 foi realizada com o emprego de testes de imunocromatografia e citometria de fluxo para tipagem
sanguinea. O risco de transfusao sanguinea incompativel foi calculado tanto em uma primeira como em uma segunda
transfusao. A frequéncia do grupo AEC 1 variou entre as ragas estudadas, encontrando-se uma positividade média de
62,07% (126/203). O menor risco de um animal AEC 1 negativo receber sangue AEC 1 positivo dentro do grupo dos
animais avaliados foi de 0,92% em uma primeira transfusao, e o risco de 0 mesmo animal receber sangue incompativel
para o gruo AEC 1 na segunda transfusao foi de 0,008%. O maior risco de um animal AEC 1 negativo receber sangue
AEC 1 positivo foi de 69,12%, e o risco de 0 mesmo animal receber sangue incompativel para o AEC 1 foi de 47,77%.
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Concluindo, a frequéncia do grupo AEC 1 variou entre as ragas estudadas. O risco de transfusdes incompativeis, baseado
no grupo AEC 1, variou de acordo com as ragas doadoras e receptoras, mas esse risco pode ser anulado caso venham a
ser realizados os testes para tipagem sanguinea juntamente a prova de reagao cruzada para compatibilidade.

Palavras-chave: AEC 1. Tipagem sanguinea canina. Risco transfusional canino. Medicina transfusional veterinaria.
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Introduction

The DEA 1 blood group, like the other groups, is
autosomal dominant, so there is a predominance in dogs
with genetic proximity (the breed factor) or consanguinity
(Giger, 2014; Hohenhaus, 2004; Tazbik et al., 2010). The strong
antigenicity of DEA 1 means that donor blood typing is
always recommended (Giger, 2014). A rigorous selection
of donors minimizes the risk of transfusion reactions. This
frequency could evaluate the risk of incompatible blood
transfusion in both the first and second transfusions in
some breeds and mongrels.

Currently in veterinary medicine, safe practice of blood
transfusions is gaining more and more prominence, establishing
pre-transfusion standards for donor animals to standardize
pre-transfusion evaluation (Tocci & Ewing, 2009).

It is known that for a safe blood transfusion it is
important to use typified and compatible blood (Giger,
2014). The recognition of blood types in immunohematology
in different canine populations of various breeds has been
established for the maintenance of a data file of the donors
(Esteves et al., 2011).

The present work investigated the blood type DEA 1
frequency, through blood chromatography tests and flow
cytometry, with blood samples from donor dogs of different
breeds with no degree of kinship in Salvador-BA, Brazil,
and calculated the risk of transfusing incompatible blood
in either a first or second transfusion.

Materials and Methods

Based on a statistical analysis of 95% confidence in
sampling, in which a 90% success fraction was observed
in the literature, the sample calculation took into account
a success fraction around 85%, using a 5% error and a
confidence interval of the tests, corresponding to 95%.
Following this calculation, the study would need to be
performed with a minimum number of 196 dogs of various
non-related breeds in Salvador-BA, Brazil.

A total of 203 blood donor dogs of different breeds with
ages ranging from 1 to 8 years and weighing over 28 kg
of both sexes, from a blood bank in Salvador-BA, Brazil,
were tested. Among the breeds for blood donation were:
16 dogs of the Labrador Retriever breed; 31 dogs of the
Golden Retriever breed; 12 dogs of the Afghan Hound
breed; 14 dogs of the Belgian Shepherd Malinois breed;
14 dogs of the German Shepherd breed; 28 dogs of Bulldog
breeds (Bulldog group) and 40 dogs of diverse defined
breeds (Various Defined Breeds) (Chart 1); and 48 mongrels.

Through the results of the chromatography, a prevalence
study of the canine blood type DEA 1 was performed with
the donor dogs typified with no degree of kinship based on
the birth records in our possession and by their guardians’
information of various breeds confirmed based on the
Fédération Cynologique Internationale (http://www.fci.be/en/).
Chromatography was the technique chosen to calculate the
prevalence because it is an already standardized technique,
recognized and available worldwide, and the Alvedia® kit
(Limonest-France) was used. The samplings were also
tested through flow cytometry, according to Santos et al.
(2018), confirming the results found. In order to perform
the flow cytometry, the cytometer Becton Dickinson
FACSCalibur™ interconnected to a PC Power Macintosh
(Apple, Salvador, BA, Brazil, Laboratory of Immunology
of the Federal University of Bahia) was used along with
the instrument-specific software (BD CellQuest Pro™
software, Becton, Dickinson and Company).

We also calculated the risk of sensitization of dogs with
blood that was not submitted to the compatibility test and
typing in the first and in the second transfusion, according
to the prevalence of DEA 1.

The formulas used to calculate the risk after the first
transfusion and after the second transfusion according to
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the prevalence found of DEA 1 positive in this study are
shown below, according to Spada et al. (2016).
First transfusion:

(% negative DEA 1 x % positive DEA 1) (1)
100
Second transfusion:
(% negative DEA 1 x % positive DEA 1) x (%ﬁrst transfusion sensibilization) (2)

10.000

For a descriptive, analytical study with qualitative variables,
the frequencies of the DEA 1 group were compared between
the breeds, and the existence of an association between
the variables breed and blood group was verified by the
Chi square test. The analyses were considered statistically
significant at p < 0.05 (Arango, 2005). The analyses and
the figure were performed using Prism 5 software version
5.01. The determination of the risk of incompatible blood
use was performed with calculations based on the risk
of a negative animal receiving blood from a positive dog
both in the first and second transfusions, considering the
breeds of larger and lower frequencies of the DEA 1 group.

Results

The sampling from this study revealed a frequency of
62.07% (126/203) of the DEA 1 blood group. The highest
rate of DEA 1 negative results (28/28; 100%) was found in
the Bulldog group, while in the Belgian Shepherd dogs of
Malinois (14/14; 100%) and Afghan hound (12/12; 100%),
the highest rate of DEA 1 positive was found. Table 1 shows
the frequencies in the groups studied and the Figure 1 infer
a significant association of the qualitative variable addressed
in this study (results DEA 1 antigen positive or negative),
in relation to the dog breeds (p <0.0001).
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The lowest risk of a DEA 1 negative animal receiving
DEA 1 positive blood within the group of animals evaluated
was 0.92% at a first transfusion, and the risk of the same
animal receiving incompatible DEA 1 blood at the second
transfusion was 0.008%. The highest risk of a DEA 1 negative
animal receiving DEA 1 positive blood was 69.12% and the
risk of receiving non-DEA 1 blood was 47.77%. Possible

transfusions were analyzed that could sensitize the dogs
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Figure 1 — Associative inference between qualitative test for dog
erythrocyte antigen 1 (DEA 1) and dog breeds. After
checking the absolute frequency of positive or negative
results for DEA 1 by means of immunochromatography,
the association was assessed using the chi-square test.
The “X” axis describes the breeds of dogs evaluated
in this study. In the “Y” axis, the absolute values of
the positivity or negativity results for the DEA 1 are
expressed. *P < 0.0001.

Chart 1 — Breeds and number of included animals in the groups respectively: Bulldogs group and Various Defined Breeds group

Bulldog group:
English Bulldog (10), Old English Bulldog (6), American Bulldog (9),

Bulldog Campeiro (3)
Various Defined Breeds group:

Akita (4), American Pitt Bull Terrier (6), American Staffordshire Terrier (7), Boxer (3), Bull Terrier (2), Chow (2), Doberman (3), Brazilian
Mastiff (2), Siberian Husky (2), Kuvasz (1), Rottweiler (5), Samoyed (2), Weimaraner (1)

Table 1 — Total number and frequency (%) of the DEA 1 blood group among the different breeds studied. Salvador, 2017

Breeds No. of animals DEA 1+ % DEA 1- %
Labrador Retriever 16 14 87.5% 2 12.50%
Golden Retriever 31 30 96.77% 1 3.23%
Afghan Hound 12 12 100% 0 0%
Belgian Shepherd Malinois 14 14 100% 0 0%
German Shepherd 14 4 28.57% 10 71.43%
Bulldog group 28 0 0% 28 100%
Diverse Defined Breeds 40 20 50% 20 50%
Mongrel 48 32 66.67% 16 33.33%
Total 203 126 62.07% 77 37.93%
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that presented frequency to the DEA 1 negative group from  positivity in their studies with the Saint Bernard breed
33.33% to 71.43% with higher frequency donors from the ~ and most Golden Retriever dogs, which were also positive
DEA 1 positive group (Table 2). The risk was analyzed = DEA 1. This is due to factors such as the geographic area
among animals of the same classification by breed groups  studied, where usually individuals from distant areas are
(Tables 3 and 4) and the risk of the most frequent animals ~ not brought in for breeding and also genetic factors of each
with presence of the DEA group 1 to receive blood from  breed. Moreover, this is due to the predominant autosomal
the DEA 1 positive group by animals that presented the = dominant feature in dogs of the same breed or consanguinity
lowest frequencies of the DEA 1 positive group (Table 5).  (Acierno et al., 2014; Hohenhaus, 2004; lazbik et al., 2010;
Mesa-Sanchez et al., 2014).

Discussion The high incidence of a blood group may also be related

The sampling in this study revealed a frequency (62.07%)  to local breeds, as this influence was evident in studies
like that found by Souza et al. (2014) in Sdo Paulo, with  conducted in Croatia with the Croatian Sheepdog breed
a frequency of 71% through a sample of 300 dogs, also  with incidence of DEA 1.1 blood type with 90% positivity
composed of different breeds. There were groups that  (Zubcic etal,, 2008). It was also performed in Croatia, with
had the highest rate of DEA 1 negative (Bulldogs), while  the Dalmatian breed, showing 95% positivity (Gracner etal.,
other breeds showed the highest rate of DEA 1 positive ~ 2011). Riond et al. (2011) found 100% positive DEA 1.1
(Belgian Shepherd Malinois and Afghan Hound). These  in the Rottweiler and Bernese Mountain Dog, and 75%
results are related to the genetic factor of dominance, as  in Labrador dogs and 77% in Golden Retriever dogs in
demonstrated by Giger et al. (2005). They obtained 100%  Switzerland. In our study, more than the results presented

Table 2 — Risk (%) of a negative receptor (-) receiving positive blood (+) for the DEA 1 group in the Ist and 2nd transfusions
according to the animals that had a rate between 33.33% and 71.43% of DEA 1 — among them: German Shepherds (G.S.),
Diverse Defined Breeds (D.D.B.) and Mongrels (M.), with donor of the group of the breeds of a higher rate of DEA 1+:
Labrador (L.) and Golden Retriever (G.R.) Salvador, 2017

Receptor G.S. - Receptor D.D.B. - Receptor M. -
1st 2nd 1st 2nd 1st 2nd
Donor L. + 62.5% 39.06% 43.75% 19.14% 29.16% 8.5%
Donor G.R. + 69.12% 47.77% 48.38% 23.4% 32.25% 10.4%

Table 3 — Risk (%) of a negative receptor (-) receiving positive blood (+) for the DEA 1 group in the 1st and 2nd transfusion
according to the animals that presented the lowest DEA 1 - among all studied: Labradors (L.) and Golden Retrievers
(GR) Salvador, 2017

Receptor L. - Receptor G.R. -
1st 2nd 1st 2nd
Donor L. + 10.93% 1.19% 2.82% 0.07%
Donor G.R. + 12.09% 1.46% 3.12% 0.97%

Table 4 — Risk (%) of a negative (-) recipient receiving positive (+) blood for the DEA 1 group in the Ist and 2nd transfusion
according to the animals that presented a DEA 1 rate between 33.33% and 71, 43% among all studied: German Shepherds
(G.S.), Diverse Defined Breeds (D.D.B.) and Mongrels (M.), among themselves. Salvador, 2017

Receptor G.S. - Receptor D.D.B. - Receptor M.B. -
1st 2nd 1st 2nd 1st 2nd
Donor G.S. + 20.4% 4.16% 14.28% 2.03% 9.52% 0.9%
Donor D.D.B. + 35.71% 12.75% 25% 6.25% 16.66% 2.77%
Donor M.B. + 47.62% 22.67% 16.66% 2.77% 22.22% 4.93%

Table 5 — Risk (%) of a negative receptor (-) receiving positive blood (+) for the DEA 1 group in the 1st and 2nd transfusion
according to the animals that presented the lowest DEA 1 - among all studied: Labradors (L.) and Golden Retrievers
(GR), with animals with DEA group 1+ between 28.57% and 66.67%. Salvador, 2017

Receptor L. - Receptor G.R. -
1st 2nd 1st 2nd
Donor G.S. + 3.57% 0.12% 0.92% 0.008%
Donor D.D.B.+ 6.25% 0.39% 1.61% 0.02%
Donor M.B. + 8.33% 0.69% 2.15% 0.46%

Braz ] Vet Res Anim Sci. 2019;56(3):€154865



by Riond et al. (2011), the Labrador and Golden Retriever
breeds presented a highest incidence of DEA 1 (87.5% and
96.77%, respectively).

The dogs of the German Shepherd breed had the lowest
incidence of the DEA 1 group, shortly after the Bulldog
group like that found by Riond et al. (2011) with DEA 1.1,
which was 25%. Souza et al. (2014), in Sdo Paulo, found
32% positive results in German Shepherd dogs, while for
DEA 1.1. they found 1%. Novais et al. (1999), also in Sao
Paulo, found the highest DEA 1.1 frequency in this breed,
which was 36.84. Still, at a national level, Esteves et al.
(2011), in Rio Grande do Sul, found a frequency of 10% for
the DEA 1.1 type. In Poland, Milczak et al. (2016) found
a DEA 1.1 frequency of 15%. The null frequency (0%) of
the DEA 1.1 type in German Shepherd dogs was observed
in Portugal by Ferreira et al. (2011); and the second lowest
frequency found was of 8%, by Carli et al. (2017), testing
the DEA 1 group with the highest sampling of dogs of this
breed (65 animals) among studies already done.

Here, the group Diverse Defined Breeds and Mongrels
presented a frequency approximating the mean result of
total sampling frequency. Compared to other localities,
the incidences of positive DEA 1 in different breed groups,
with close percentages, were found by Carli et al. (2017) in
Italy with 62%; Esteves et al. (2011) in Rio Grande do Sul,
Brazil, with 61%; Spada et al. (2015) in Spain with 54.6%;
and Riond et al. (2011) with 53%. The percentage found
near the group described here as Mongrels was 49% in the
Mongrels researched by Riond et al. (2011).

Dog breeds generally exhibit reduced genetic diversity
due to intense inbreeding to preserve and select breed
characteristics. The high frequency of the DEA 1 group in
some breeds of this study can thus be explained. Knowing
the frequencies between the blood donor dog breed generates
greater efficiency in the selection of appropriate donor
dogs, suggesting a possible identification of the DEA 1
negative donors, similar to what was found in the Bulldog
and German Shepherd groups.

A blood transfusion of an animal from the DEA 1
positive group to a DEA 1 negative group will invariably
develop a strong production of alloantibodies. After a first
transfusion, antibodies can develop after up to 4 days, which
can lead to a late transfusion reaction. More intensely, this
receptor may develop an acute hemolytic reaction after a
second transfusion with DEA 1 positive blood (Giger et al.,
2005; Giger, 2014).

The risk of incompatible transfusion studied in a first
transfusion and in the second transfusion of the same
animal receiving incompatible blood, which was presented
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here, showed results resembling those found by Souza et al.
(2014) in Sao Paulo, ranging from 0.6% to 66.6% in a first
incompatible transfusion, and from 0.21% to 65.3% of the
same animal in an incompatible second transfusion.

Previous research has revealed a transfusion risk in the
first and second transfusion that differs from the findings
in this study. Ekiz et al. (2011) found a risk of sensitization
in the first transfusion from 20.5% to 25% within the same
breed, and in a second transfusion a risk of 12.5% to 14.8%.
Ferreira et al. (2011) found a risk of sensitization in the
first transfusion in several breeds of 24.5%. Dhliwayo et al.
(2016), studying the DEA 1.1 frequency in mongrels, found
78% positivity and a risk of incompatibility between them in
the first transfusion of 17.2%, and in a second incompatible
transfusion a risk of 2.95%. Mesa-Sanchez et al. (2014)
studying the prevalence of the DEA 1.1 type in Greyhound
dogs in Spain found a potential risk of sensitization within
the same breed of 22.9% after the first blood transfusion,
when not typed or cross-reacted.

The variations found in this study were because there
were breeds in which the DEA 1 group prevailed, and
others showed a lower frequency. The lowest rates of risk of
incompatibility occurred in the prospecting of transfusions
among individuals of the same breed, which were those
of the Golden Retriever and Labrador. The receptors of
these breeds studied here were the least susceptible to
the risk of incompatible transfusions, both in the first
and second transfusions, due to the fact that they were
the representatives of the highest frequency of the DEA
1 group out of the breeds that presented 100% positivity
to the DEA 1 group. If they were recipients of dogs whose
frequency of the DEA 1 group varied from 28.57% to
66.67% (German Shepherd, Diverse Defined Breeds and
Mongrels), the transfusion risks in a first transfusion and
in a second transfusion could be even less.

For the Afghan Hound and Belgian Shepherd Malinois
group of dogs, there were no prospects for transfusion risk
because they were 100% positive, which would generate a
sensitization already known in DEA 1 negative subjects and
no risk in transfusions among them by the DEA 1 group.
The same conclusion was drawn for the 100% negative
animals, where there would be no transfusion risk for
individuals of positive or negative DEA 1 groups.

According to Giger (2014), the typing for the DEA 1
group and other blood types does not eliminate the need
to be cross-reactive before the first transfusion because it
can identify incompatibilities against some unknown blood
types today. Furthermore, the rarest reaction transfusions
are against the DEA 4 and Dal blood types, and there may
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be another clinically important type to be discovered in
the future. The results of the articles cited here together
with the findings of the present study reinforce the need
to select canine blood donors for the positive and negative
DEA 1 group as well as the need for the cross-reaction test
prior to any blood transfusion. This should be a clinical
and laboratory practice for transfusion therapy to be safe
for the recipient, especially for dogs that will receive more
than one blood transfusion.

Conclusion

The frequency of the DEA 1 group varied between the
studied breeds, due to the autosomal dominant factor of
this group in each.

The risk of incompatible blood transfusions, based on
the frequency of DEA 1 group, varies according to donor
and recipient breeds, but this can be overridden if blood
typing tests are performed along with the cross-reaction
test for compatibility.
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