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DEA 1 Expression on Dog Erythrocytes Analyzed by
Immunochromatographic and Flow Cytometric Techniques
M.M. Acierno, K. Raj, and U. Giger
Background: The Dog erythrocyte antigen (DEA) 1 blood group system was thought to contain types DEA 1.1 and
1.2 (and possibly 1.3 [A3]). However, DEA 1.2+ dogs are very rare and newer typing methods reveal varying degrees of
DEA 1 positivity.
Objectives: To assess if variation in DEA 1 positivity is because of quantitative diﬀerences in surface antigen expression. To determine expression patterns in dogs over time and eﬀects of blood storage (4°C). To evaluate DEA 1.2+
samples by DEA 1 typing methods.
Animals: Anticoagulated blood samples from 66 dogs in a research colony and from a hospital, and 9 previously typed
DEA 1.2+ dogs from an animal blood bank.
Methods: Research study: Samples were analyzed by ﬂow cytometry and immunochromatographic strip using a monoclonal anti-DEA 1 antibody.
Results: Twenty dogs were DEA 1 , whereas 46 dogs were weakly to strongly DEA 1+. Antigen quantiﬁcation
revealed excellent correlation between strip and ﬂow cytometry (r = 0.929). Both methods reclassiﬁed DEA 1.2+ samples
as weakly to moderately DEA 1+, but they were not retyped with the polyclonal anti-DEA 1.1/1.X antibodies. Dogs and
blood samples retained their relative DEA 1 antigen densities over time.
Conclusions and Clinical Importance: The blood group system DEA 1 is a continuum from negative to strongly positive
antigen expression. Previously typed DEA 1.2+ appears to be DEA 1+. These ﬁndings further the understanding of the
DEA 1 system and suggest that all alleles within the DEA 1 system have a similarly based epitope recognized by the
monoclonal antibody.
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mmunohematologic studies over half a century
suggest the existence of at least a dozen blood
group systems in dogs. Experimental transfusions and
alloantibody studies led to the initial international recognition of 7 blood groups, termed dog erythrocyte
antigens (DEA).1–3 Acute hemolytic transfusion reactions against DEA 1.1 and 4, Dal, and other red, cell
antigens are observed in dogs previously sensitized by
transfusion.4–9 Currently, polyclonal typing reagents
are only available on a limited basis for DEA 1.1, 3, 4,
and 5, and Dal, and there are only a couple of monoclonal DEA 1.1 antibodies used in blood typing
kits.2,4,5,10,11 Because of the relative paucity of typing
reagents, little is known about the biochemistry and
molecular genetics of blood group systems in dogs.5,12
While most blood group systems in dogs are
thought to be simple 2 allele systems with a positive
and negative blood type, the DEA 1 blood group system diﬀers. Based upon 2 polyclonal typing reagents
(anti-DEA 1.1 and 1.X) raised in dogs, the DEA 1 system includes at least 2 types, DEA 1.1 and DEA 1.2.
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Abbreviations:
ABRI
DEA
EDTA
FACS
FITC
FSC
MFI
PBS
RBC
SSC

Animal Blood Resources International
dog erythrocyte antigen
ethylenediaminetetraacetic acid
ﬂuorescence-activated cell sorter
ﬂuorescein isothiocyanate
forward scatter
mean ﬂuorescence intensity
phosphate buﬀered saline
red blood cell
side scatter

The DEA 1.1 antigen appears to be dominant to DEA
1.2, such that only a dog that is DEA 1.1 can be
DEA 1.2+.4,10 In addition, a DEA 1.3(A3) antigen has
been proposed in 1 study, but reagents are not available for further comparison.13 The prevalence of DEA
1.1+ dogs varies both geographically and among
breeds from 100% to <10% DEA 1.1+ dogs, but has
been estimated at ~50% overall internationally.2
The proportion of DEA 1.2+ dogs was originally
described at ~20% and then 7% in the United States,
but currently DEA 1.2+ dogs are very rarely
found.a,5,14–16 Recently, ﬂow cytometry with the antiDEA 1.X polyclonal antibody was used experimentally
to type erythrocytes for DEA 1.1, but DEA 1.1 and
1.2 expression levels or their variation among dogs
were not examined.17 Originally, DEA 1.1 typing was
done with a polyclonal DEA 1.1 antiserum derived by
alloimmunizing dogs with diﬀerent blood types; this
reagent was a weak agglutinin and required canine
antiglobulin (Coombs’) reagent to better visualize the
agglutination reaction in the tube or microtiter
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assay.5,6,10,13 Two murine monoclonal anti-DEA 1.1
antibodies, introduced in the 1990s, are used in typing
cards,b gel columns,c and immunochromatographic
strips.d,13,17–21 It has been suspected that DEA 1.2+
blood gives a weakly positive DEA 1.1 result.13
Because these monoclonal antibodies were never properly evaluated against dogs which tested DEA 1.1+ or
DEA 1.2+, we will refer to them as anti-DEA 1 rather
than anti-DEA 1.1 antibodies. Furthermore, while
these kits provide reliable DEA 1 typing results, the
observed agglutination or binding (chromatographic)
reactions vary from strongly to weakly positive to
negative.
In this study, we used ﬂow cytometry and immunochromatographic strip (with densitometry) techniques
to further assess the DEA 1 expression among dogs.
On the basis of the use of a single anti-DEA 1 antibody, we hypothesized that the variation in the DEA 1
system is quantitative rather than qualitative, involving
the same DEA 1 epitope with diﬀerent surface expression. To test this hypothesis, we determined (1) if
DEA 1 expression varied among dogs, (2) if DEA 1.2+
blood typed as DEA 1+, and (3) if DEA 1 is stably
expressed in each animal and (4) not aﬀected by red
blood cell (RBC) storage in ethylenediaminetetraacetic
acid (EDTA).22

Materials and Methods
Animals and Samples
Sixty-six dogs were studied with samples collected from a
research dog colony at the School of Veterinary Medicine and
obtained as leftover samples from dogs at the Clinical Pathology
Laboratory at the Veterinary Hospital of the University of Pennsylvania. Samples from DEA 1.2+ dogs were sent for typing
from Animal Blood Resources International (ABRI).a Blood
(1–10 mL) was collected from the blood donor and research colony dogs in EDTA-anticoagulated tubes and stored at 4°C
before initial analysis the same day or as speciﬁed on later dates
at the PennGen Laboratories of the University of Pennsylvania,
Philadelphia, PA. In the case of leftover samples from clinical
cases, 1–3 mL EDTA-anticoagulated blood was stored for
≤3 days at 4°C before analysis and those from ABRI were tested
within <8 days. All samples were kept stored at 4°C in their original EDTA collection tubes. The studies were approved by the
institutional animal care and use committee.
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Fig 1. Immunochromatographic typing strip. (A) Example of a
test in progress as the erythrocytes are diﬀusing up the strip to
bind to the control and DEA 1 binding sites. (B) Blood samples,
corrected to a PCV of 20%, were assigned to a subjective category based on band strength, ranging from 0 (negative) to 4+
(strongly positive).

by labeling with ﬂuorescein isothiocyanate (FITC) conjugated
polyclonal goat antimouse antibody.e Flow analysis was performed on a FACSCalibur and the data were analyzed with CellQuest Pro softwaref,g (Fig 2). Detailed protocol information can
be found in Data S1.

DEA 1 Expression Analysis
Samples from 6 dogs with DEA 1 band strength ranging from
0 to 4+ were collected in EDTA tubes 6 times over 42 days.
Blood was analyzed by the above protocols the day of collection.
Data were compared over time to assess expression patterns of
DEA 1 density on erythrocytes in dogs.

Analysis of the Eﬀect of Storage on DEA 1
Expression
Samples from 6 dogs with DEA 1 band strength ranging from
0 to 4+ (same dogs as expression analysis above) were collected
in 10 mL EDTA tubes and analyzed immediately by the above
protocol. After initial analysis by immunochromatographic strip,
densitometry, and ﬂow cytometry, the remaining blood was
stored at 4°C in the original collection tubes. Subsequent analyses were performed 4 more times over a 41 day period as above.
Data were compared over time to assess any eﬀects of storage on
DEA 1 density of the samples over the 41 days.

Statistical Analysis
DEA 1 Blood Typing by Immunochromatographic
Strip and Flow Cytometry
After the preparation of 20% RBC suspensions from each
blood sample, blood typing was performed by the immunochromatographic strip technique, which only diﬀers from the previously described cartridge method in terms of packaging (strip
alone versus strip in a cartridge).19 The band strength was read
on a scale from 0 (no band) to 4+ (as strong as control band) by
one author (MA) before densitometric analysis of the strip
(Fig 1). The subjective scale was based on previous typing
modalities (tube and cartridge methods) used routinely in the
laboratory. For ﬂow cytometry, diluted monoclonal murine antiDEA 1 antibody (identical to the antibody impregnated on the
immunochromatographic strip) was incubated with a 10% RBC
suspension washed with phosphate buﬀered saline (PBS) followed

Data from the immunochromatographic strip (subjective and
densitometric) and ﬂow cytometry were statistically compared
with Pearson product moment correlation. Probability values
P < .01 were considered statistically signiﬁcant.

Results
DEA 1 Blood Typing by Immunochromatographic
Strip and Densitometry
Of the PCV-adjusted blood samples from 66 purebred and mixed-breed dogs prospectively tested at
PennGen by the novel immunochromatographic strip
technique, 20 were typed as DEA 1 and 46 were
typed as DEA 1+ by visual examination. Instructions
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Fig 2. DEA 1 blood typing by ﬂow cytometry. (A) Electronic settings were initially adjusted to give a reproducible erythrocyte population cluster. Then samples were gated using the same DEA 1 negative sample during each run. (B) A typical tracing obtained from a
DEA 1 negative and (C) strongly DEA 1 positive sample.

for the strip typing method were simple, the assay was
easy to perform, and took <10 minutes per sample,
and the control band was uniformly strong. The band
strength of 46 DEA 1+ samples varied in the binding
intensity despite adjustments of the PCV, whereas the
DEA 1 were completely negative (Fig 1). The correlation between band strength, as determined by densitometry, and the subjective visual categorization of 0
to 4+ was statistically signiﬁcant (P < .01). The overall
intensity of the test bands ranged from 0 to 116% of
the strip’s control band, as quantiﬁed by densitometry
(Table 1).

typed as DEA 1+ by the strip had MFIs that were
well above 10. It appeared that there was a gap in
MFI between the negative and weakly positive samples, with none of the 1+ samples falling between an
MFI of 4 and 20. Among DEA 1+ samples, there
was great variation between and within the subjective categories preassigned by the strip method and
the maximal MFI was nearly 700. The chromatographic and ﬂow typing results of a representative
sample from each category are plotted in Figure 3
for easy comparison.

DEA 1 Expression over Time in Dogs
Flow Cytometry Typing for DEA 1
Consistent with the DEA 1 blood typing results
obtained by the strip method, ﬂow cytometry results
of the RBCs from 66 dogs typed showed wide variation in mean ﬂuorescence intensity (MFI) (Fig 3)
that correlated signiﬁcantly with the chromatographic
strip results (Fig 4). The histograms show narrow
peaks indicating uniform populations of labeled cells.
Those that were DEA 1 fell between 1 and 10, the
range of unlabeled RBCs. All samples that were

The degree of DEA 1 expression on erythrocytes
from 6 dogs tested 6 times remained practically
unchanged over the course of 42 days, as analyzed by
ﬂow cytometry (Fig 5A).

Eﬀects of Storage on DEA 1 Expression
Blood samples stored at 4°C retained their relative
antigen density over the course of 41 days, as analyzed
by ﬂow cytometry on a weekly basis (Fig 5B).

Table 1. Comparison of ﬂow cytometry and densitometry results.
Flow Cytometry
FACSCalibur I
Immunochromatographic
Strip-Subjective Category

Number of Dogs/Samples

0
1+
2+
3+
4+

20/28
10/18
7/15
20/30
9/27

Densitometry (units)
0.0
26.7
49.2
72.2
89.9

(0.0–0.3)
(10.8–50)
(26.4–67)
(42.4–89.8)
(72.2–116)

n
22
8
4
17
12

MFI
2.6
25.0
77.2
161.9
280.3

(2.18–3.77)
(20.7–35.46)
(58.4–109.0)
(115.7–210.8)
(225.3–331.1)

FACSCalibur II
n
6
10
11
13
15

MFI
3.3
42.5
107.1
347.8
504.0

(3.15–3.5)
(33.4–55.05)
(36.8–125.8)
(107.4–663.6)
(256.4–683.6)
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Fig 3. DEA 1 expression among diﬀerent dogs by ﬂow cytometry. DEA 1 and DEA 1+ dogs were easily distinguished.
Among DEA 1+ dogs, there was a large variation along a continuum for antigen level.

Blood Typing of DEA 1.2+ Dogs
Of the 9 samples that were previously typed by
ABRI as DEA 1.2+, all were classiﬁed as DEA 1+
with the immunochromatographic strip method and by
ﬂow cytometry. Interestingly, all samples were weakly
to moderately DEA 1+ by both typing methods, with
4 samples being 2+ (moderately) and 5 samples only
1+ (weakly positive) for DEA 1. The monoclonal ﬂow
cytometry results were once again in good agreement,
with the MFI ranging from 39 to 109 of an overall
observed range from 1 to 691.

Discussion
In the past the DEA 1 blood group system was
identiﬁed and assessed by polyclonal alloantibodies
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and was thought to be composed of 2–3 types known
as DEA 1.1, 1.2, and possibly 1.3 (A3), with decreasing
antigen strengths.2,8,9,13 Utilizing quantitative ﬂow
cytometry and an immunochromatographic technique
with one monoclonal anti-DEA 1 alloantibody, we
found greatly varied, but stable quantitative DEA 1
expression on erythrocytes in 66 dogs. This continuum
of DEA 1 to weakly to strongly DEA 1+ is in sharp
contrast to the originally described DEA 1 system.
This broad range of DEA 1 expression appears similar
to erythrocytic antigen expression of the human Rh
system, for instance, and will likely change blood typing practices and incompatibility assessments when
transfusing dogs.23Although varied agglutination and
band strength reactions were previously noted after
performance of DEA 1.1 blood typing with tube, card,
strip, or column methods using polyclonal or monoclonal anti-DEA 1.1 antibodies, they were mostly
ascribed to diﬀerences in sample PCVs and variation
in test performance.19,24 By quantitatively assessing
antigen binding of erythrocytes at a ﬁxed PCV of 20%
and antigen expression of single RBCs by ﬂow cytometry, we were able to exclude diﬀerences in RBC concentration as the cause for varied DEA 1 reaction
strengths. In addition, DEA 1 typing results remained
unaﬀected by blood storage in EDTA at 4°C or
repeated collection over a 42 day period from healthy
dogs. Thus, the observed variation in DEA 1 expression is stable in individual dogs over time and is not
altered by prolonged blood storage. While the samples
were stored in EDTA, it is likely that the same constant DEA 1 expression is observed in citrated and
preservative solutions used in blood banking.
While the number of samples tested in this study
was limited, samples covered a wide spectrum from
DEA 1 to weakly to strongly DEA 1+. And although
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Fig 4. Comparison between subjective and densitometric DEA 1 blood typing and ﬂow cytometric techniques. (A) Correlation between
densitometry of the immunochromatographic strip and ﬂow cytometry was excellent (r = 0.929). diamond = 0, ﬁlled triangle = 1 +,
empty triangle = 2+, ﬁlled circle = 3+, empty square = 4+. (B) Correlation between subjective (0–4+) and densitometric immunochromatographic strip results showed a strong clustering of samples.
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Fig 5. Longitudinal studies of DEA 1 expression as analyzed by immunochromatographic strip and ﬂow cytometry. (A) Over a period
of 42 days, 6 separate samples collected from 6 dogs gave a constant level of antigen expression. (B) Samples from the same 6 dogs
when stored at 4°C for 41 days maintained DEA 1 expression. For both studies, 2 diﬀerent FACSCaliburs had to be used, starting on
day 19 for (A) and day 18 for (B) which accounts for the small artiﬁcial increase in DEA 1 expression across all samples.

there was a clear distinction between DEA 1 and
weakly DEA 1+ samples, we observed a continuum
from samples that reacted weakly (1+) to strongly (4+)
positive by chromatography (subjective and densitometric) and ﬂow cytometry. Using the same monoclonal anti-DEA 1 antibody, there was a signiﬁcant
correlation between test results from both methods,
with a complete agreement between strip and ﬂow
methods categorizing dogs as DEA 1+ and DEA 1 .
We did not assess the monoclonal anti-DEA 1 antibodies from Kansas State University that are used in
the DEA 1.1 typing cards.b However, weak and strong
typing reactions have also been observed with that typing kit.13,19
Although we did not directly identify any DEA 1.2+
dogs, the 9 dogs which were previously typed as DEA
1.2+ (and thus DEA 1.1 ) by the reference laboratorya
for extended blood typing in dogs, typed as weakly to
moderately DEA 1+ by both methods with the monoclonal antibody used in this study. Searches for additional DEA 1.2+ dogs at our laboratory and the
reference laboratorya by the tube method were also
unsuccessful. The tube or microtiter typing method
used to diﬀerentiate DEA 1.1+ from DEA 1.2+ is not
robust, frequently gives weak agglutination reactions
that can readily break up, and requires Coombs’
reagent to potentially better identify the agglutination
reaction, leaving some doubts when reading the results.
Because polyclonal antibodies are inherently variable,
the agglutination reaction also seems diﬀerent depending on the batch of antisera used. Moreover, the DEA
1.3 (A3) type was only described in 1 study and antiDEA 1.3 (A3) antibodies are not available.13 Hence,
we conclude that a more appropriate typing scheme
for the DEA 1 system would be simply DEA 1 and
DEA 1+ with weak to strong antigen expression (if a
standardized PCV of 20% is used), thus eliminating
the poorly deﬁned DEA 1.2 and 1.3 (A3) types.
Little is known about the biochemical and molecular
basis of the DEA 1 blood group system. Few studies
have examined membrane proteins from DEA 1+ and

DEA 1 erythrocytes and diﬀerent apparent molecular
weights for DEA 1 have been obtained, depending on
the antibody and electrophoretic methods used.9,12,13
By immunoblotting with a monoclonal antibody from
Kansas State University, DEA 1.1 appeared to run as
a 50 and 200 kDa band,12 whereas studies using less
speciﬁc antisera identiﬁed a protein band at 85 kD in
a DEA 1.2+ dog.13 Those studies were not extended
any further and clearly, additional work is required to
deﬁne the biochemical and molecular genetic characteristics of this erythrocytic antigen.
The DEA 1 blood group in dogs and the Rh blood
group system in humans bear some similarities, including the presence of weakly to strongly Rh+ individuals
because of a quantitative polymorphism that dictates
the amount of Rh D antigen on the erythrocyte membrane.1 Rh30-like polypeptides, which are Rh-related
integral membrane proteins with molecular mass of
33 kDa, have been detected in the erythrocyte membranes of both dogs and humans.25 Interestingly, a
monoclonal antibody speciﬁc for an epitope on the
human erythrocyte Rh D surface antigen immunoprecipitated a protein from canine erythrocyte membranes
with the molecular weight of 33 kDa.26 The amount
of Rh D antigen, encoded by the RHD and RhCE
genes, dictates the Rh phenotype (weak to strong)
observed in humans.27 The Rh system has only
recently been deﬁned at the molecular level to involve
2 genes with multiple alleles, and varied expression
and antigenicity have been found.23 There are also
other blood group systems with varied degree of antigen expression in humans, such as the ABO system.23
Studies with the monoclonal anti-DEA 1 antibody
used here are needed to further deﬁne the DEA 1 antigen(s).
Finally, little is known about the inheritance of the
DEA 1 blood group system: DEA 1.1+ is considered
dominant over DEA 1.2+. While in certain breeds
DEA 1.1+ is predominant, in other breeds diﬀerent
proportions of DEA 1.1+ and DEA 1.1 dogs are
observed.8 However, these surveys were done with the
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polyclonal and not monoclonal antibodies and thus do
not provide information on the degree of DEA 1
expression. Based on the varied DEA 1+ expression,
families with weakly to strongly DEA 1+ and DEA 1
dogs need to be investigated. Ultimately, molecular
characterization of these molecules is required to completely understand the genetics of the DEA 1 system
and show similarities to any human blood group
system.
The discoveries in the study presented here have several important and immediate clinical implications.
Because of the close correlation between strip and ﬂow
data, we recommend that typing results be recorded
not only as DEA 1+ or DEA 1 as currently outlined
by the manufacturer’s guidelines, but include the
degree of DEA 1+ (weak to strong). This grading will
likely require standardizing the amount of erythrocytes
used in an assay, ie, set the PCV to 20% for comparison (washing of RBCs is not necessary for in-clinic
typing); and there is no need to type for DEA 1.2+
dogs, but one has to be diligent to detect the weak
DEA 1+ reactions by the chromatographic strip technique. The commercial reference laboratory in the
United Statesa for extended typing no longer oﬀers
routine DEA 1.2 typing as of 2012, based upon them
not identifying any DEA 1.2+ dogs over the past years
and our study results that retyped their DEA 1.2+
dogs as DEA 1+.
There is experimental and clinical evidence in the literature that strong DEA 1+ erythrocytes (from dogs
currently typed as DEA 1.1+) will trigger an immune
response in DEA 1 dogs.5 Interestingly, there are no
clinical reports of any hemolytic transfusion reactions
because of DEA 1.2 incompatibility, but in early
experimental studies DEA 1.2+ blood given to DEA
1.2 dogs apparently elicited an incompatibility reaction.16 Evaluation of the immune responses to mismatched transfusions based upon varied DEA 1
expression is needed to see if there are diﬀerences
between weakly to strongly positive dogs.
The DEA 1 expression remains constant in healthy
dogs, and thus a single typing should deﬁnitively determine the dog’s blood type. However, because of typing
and clerical errors, it might still be advisable to repeat
typing at each transfusion event (as in humans), and
crossmatching on subsequent transfusions >4 days
from the ﬁrst transfusion to assure blood compatibility
related to other blood groups.
Future studies will need to answer the clinically
important question: Do weakly to strongly DEA 1+
erythrocytes elicit a similarly severe transfusion reaction in DEA 1 dogs or not? Clearly DEA 1 dogs
should only receive DEA 1 blood and for now any
donor of any degree of DEA 1 positivity should be
considered DEA 1+. However, it is likely that some of
the weakly DEA 1+ (including DEA 1.2+) dogs were
typed as DEA 1 in the past which could have
aﬀected blood compatibility. Because it has been suggested that DEA 1
dogs will mount immune
responses against weakly DEA 1+ erythrocytes, we
recommend classifying any weakly to moderately
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DEA 1+ donor dog as DEA 1+.16 In addition, it is
advisable to transfuse weakly DEA 1+ dogs with
DEA 1 blood, as it is yet unclear if weakly DEA 1+
dogs could mount an alloantibody response when
given strongly DEA 1+ erythrocytes. Labeling weakly
DEA 1+ dogs as DEA 1+ will undoubtedly reduce the
DEA 1 donor pool, making the use of both DEA
1 and DEA 1+ blood donors critical. Additional
studies are clearly warranted to deﬁne the inheritance
mode and biochemical and molecular basis of the
DEA 1 system.
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