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Introduction
The feline AB blood group system was first described over 
three decades ago1 and is associated with two erythrocyte 
antigens. Blood type A is linked to N-glycolylneuraminic 
acid and, to a much lesser extent, to N-acetylneuraminic 
acid. While the latter is linked to type B, cats with blood 
type AB carry both erythrocyte antigens.2–4 Identifying 
these blood types has become the standard in feline trans-
fusion medicine as it plays a significant role in reducing 
the incidence of transfusion reactions.5–9 Blood typing also 
plays an important role in breeding programmes, as mat-
ing type B queens with type A or AB toms is linked to the 
rare, but potentially fatal, feline neonatal isoerythroly-
sis.10–13 To this end, both laboratory and point-of-care test-
ing methods for the AB blood group system are available 
to veterinary laboratories and practices.

The available blood typing methods for the feline AB 
blood group system have been evaluated in a number of 
studies.14–18 The slide and tube agglutination methods 
are mainly used in specialised laboratories and clinics; 
the tube method is often relied on as the standard 
method.15,18 One commercially available point-of-care 
test is supplied in a card format with lyophilised anti-A 
and anti-B reagent wells in addition to a well that screens 
for autoagglutination. A newer point-of-care test kit is 

based on immunochromatographic (IC) sample migra-
tion along a single membrane that contains bands with 
monoclonal antibodies for antigens A and B, as well as a 
control band. A multicolumn cartridge system with gel 
matrices (GEL, ID-Gel Test Feline Anti A+B Typing; 
Diamed) into which monoclonal anti-A and anti-B anti-
bodies are embedded was a reliable method,15 but is no 
longer on the market at the time of writing.

This study was performed to assess the agreement 
with the reference methods and to evaluate the ease of use 
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in everyday practice of a novel feline AB blood typing 
device, the RapidVet-H IC Feline test (DMS Laboratories). 
This point-of-care test was recently developed as an all-in-
one kit and is based on IC sample migration technology. 
Here, the IC test is compared with a tube agglutination 
assay and the GEL test as reference methods.

Materials and methods
Blood samples
Ethylenediamine tetra-acetic acid (EDTA)-anticoagulated 
blood samples are routinely collected for diagnostic pur-
poses at the Small Animal Clinic of Freie Universität Berlin 
from feline patients and blood donors. Unused remnants of 
these blood samples were included in this prospective 
study. Owner consent to use these blood samples for scien-
tific purposes is routinely given at the intake examination 
every time a patient is first seen at the clinic, therefore no 
further approval for this study was needed. Eighty-nine 
such samples were used in this study and 16 samples were 
provided by outside laboratories. In order to determine 
sample quality, each sample’s packed cell volume (PCV) 
was measured using microcapillaries that were centrifuged 
for 5 mins at 14,926 g. The same microcapillary was used to 
test for haemolysis on the following scale: no haemolysis 
visible to the human eye (0) to haemolysis that does not 
allow for visual differentiation of red blood cells (RBC) 
from plasma (4+). A drop of the sample was placed on a 
slide to detect the presence of agglutination and was 
assessed on the following scale: no agglutinates (0) to 1–2 
large agglutinates with clear plasma (4+). Both scales were 
adapted from a previous study.15 The same investigator 
tested all of the samples, including quality assessment and 
typing, and another conducted a blind analysis of the IC 
test results. A total of 30 repeats were performed as part of 
the evaluation process, 22 and eight of which were same 
day and next day repeats, respectively.

Typing methods and equipment
Single-use, sterile laboratory equipment (tubes, slides, 
pipettes, etc) was used throughout. This study used 135 
IC blood-typing kits. The device was compared with 
tests that are or have been in regular use at the Small 
Animal Clinic of Freie Universität Berlin.

In a modified version of the Pennsylvania tube test 
(TUBE),15 a specific amount of an EDTA whole blood sam-
ple is tested for an agglutination reaction when added to a 
standardised amount of both an anti-A serum and an anti-
B solution containing Triticum  vulgaris lectin. The whole 
blood samples are washed before being added to the rea-
gents, and a standardised 3–5% RBC suspension is used 
for the test. The reactions take place in tubes during an 
incubation period of 15 mins at room temperature, after 
which the tubes are centrifuged. The supernatant is 
assessed macroscopically, as is the sediment in the pro-
cess of gentle re-suspension. Microscopic evaluation of 

the re-suspended RBCs allows for more precise results in 
this method, when no agglutination is detected macro-
scopically. The TUBE method mandates ‘back-typing’ to 
confirm B or AB test results, that is, patient plasma is 
tested for the presence or absence of alloantibodies by 
incubating with a 3–5% type A RBC suspension. The 
GEL test used to be available to veterinary laboratories 
large enough to accommodate a special, single-use cen-
trifuge required for the multicolumn gel cartridges. Two 
of the columns contain a gel matrix laced with monoclo-
nal antibodies for A and B; the third serves as a negative 
control, containing only the gel matrix. The typing meth-
ods in this study were used and interpreted according to 
established in-house protocols and manufacturer’s 
instructions, as well as according to the most recent pub-
lished guidelines.15,18,19

The IC test is a cell-capture assay, the mechanism of 
action of which is based on sample migration along three 
intersecting membranes arranged as an inverted T in the 
cartridge: the vertical control membrane contains a sub-
stance in a specific area that captures all cells; the horizon-
tal membrane on the left-hand side contains monoclonal 
antibodies for type A blood and the horizontal membrane 
on the other side contains antibodies for type B blood 
(Figure 1). The test is marketed as a kit containing a drop-
per bottle of diluent and optionally five or 10 92 × 57 × 6 mm 
semicircular cartridges (in sealed pouches) with a micro-
tube prefilled with 600 µl of a diluent, as well as two 
disposable pipettes for each cartridge. The cartridge has 
three viewing ports that are arranged in a circular fashion 
around the sample port, directly above the portion of each 
membrane that contains the cell-capturing substance and 
the antibodies, respectively. This means there is a control 
port, as well as a port each for the A positive and the B 
positive readings (Figures 2–5). The manufacturer recom-
mends storage at room temperature.

The cartridges were used exactly as prescribed by the 
manufacturer: they were first labelled, then one drop (30 µl) 
of a feline EDTA whole blood sample was added to the 

Figure 1  RapidVet-H immunochromatographic feline blood 
typing cartridge, opened
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tube with the help of one of the included pipettes. The next 
three steps had to follow immediately: inverting the tube 
several times to mix properly, placing two drops (60 µl) of 
the now diluted blood into the cartridge sample port with 
the other pipette and adding to it two drops (80 µl) from the 
dropper bottle. A conclusive reading was defined in this 
study’s protocol as the appearance of a clearly visible red 
vertical indicator line filling at least 25% of one (or both) of 
the A or B viewing ports within 10 mins of starting the test, 
along with the appearance of the horizontal indicator line 
in the control viewing port. If those criteria were not met, 
the result was rated inconclusive; if no line appeared at all, 
then it was deemed not readable (Figures 1–5). For the 
majority of test runs (59 tests in total), the IC assay was 
used before all other tests in order to minimise bias. For the 
purposes of this study, detailed notes were taken in order to 
monitor any deviation from the device’s expected perfor-
mance. Times were noted for the following events: first 
time any line appears; time at which line appears at 25, 50, 
75 and 100% of its full length from top to bottom of the A/B 
viewing ports. Photographs were taken at predetermined 
stages of the device’s operational process.

Statistical analysis
Results were obtained and analysed according to the rec-
ommendations set forth elsewhere for method compari-
son studies.20–22 Sensitivity for A and B antigen detection 
was calculated as the number of true positives for each 
antigen determined by the IC test divided by the number 
of positives determined by the reference methods. 
Conversely, specificity was calculated as the number of 
true negatives for each antigen determined by the IC test 
divided by the number of negatives determined by the 
reference methods. Overall agreement with the reference 
methods was determined via contingency tabulation and 
the Cohen’s kappa coefficient was used to assess the 
robustness of the test’s performance results.22

Results
Blood samples
Clinical data were available for 89/105 of the sample 
population wherein the following breeds were repre-
sented: domestic shorthair (n = 70), Persian mix (n = 4), 
British Shorthair (n = 3), Maine Coon mix (n = 3), 
Norwegian Forest cat (n = 3), Siamese (n = 2), Birman  

Figure 2  RapidVet-H immunochromatographic feline blood 
typing cartridge showing an A result

Figure 3  RapidVet-H immunochromatographic feline blood 
typing cartridge showing the test of an A sample with 25% of 
the indicator line visible

Figure 4  RapidVet-H immunochromatographic feline blood 
typing cartridge showing the test of a B sample

Figure 5  RapidVet-H IC feline blood typing cartridge showing 
the test of an AB sample
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(n =1), Chartreux (n = 1), Persian (n = 1) and Siberian  
(n = 1). Disease distribution was as follows: gastrointes-
tinal disorders (n = 16), wounds/trauma (n = 15), disor-
ders of the urogenital tract (n = 13), neoplasia (n = 10), 
respiratory (n = 8), neuromuscular/orthopaedic (n = 8), 
endocrine (n = 4), ophthalmic (n = 4) or infectious dis-
ease (n = 3), immune-mediated haemolytic anaemia  
(n = 3), postoperative haemorrhage (n = 2), fever of 
unknown origin (n = 1), dental disease (n = 1) and rou-
tine surgery (n = 1). One of 15 tested cats was feline leu-
kaemia virus (FeLV)-positive. The samples were between 
0 and 10 days old (mean 3 days) and were stored between 
2 and 4°C. The PCV ranged from 0.07 to 0.57 l/l (median 
0.40 l/l), 16/105 samples had a PCV <0.30 l/l (median 
0.26 l/l, range 0.07–0.29 l/l), six samples had a PCV 
<0.20 l/l. Very weak to weak slide agglutination 
occurred in 9/105 samples, and the plasma of 79/105 
samples showed very weak to very strong haemolysis.

TUBE and GEL test
The TUBE and GEL tests, which yielded exactly the same 
testing results on all 105 samples (which corresponds to 
100% agreement) were used as the reference methods 
against which the IC test’s performance was evaluated. 
According to the reference methods, 85 samples were A 
positive, 17 samples B positive and three samples AB 
positive.

IC test
Eighty of the A samples were correctly identified by the 
IC method, four were misidentified as AB and one test 
was inconclusive (very weak indicator line). All of the 17 
B samples and two of the three AB samples were cor-
rectly identified by the IC method (one AB test was 
inconclusive owing to a very weak indicator line in the A 
viewing port). The seven samples that were over six 
days old did not lead to any problematic test results. The 
same applied to the 16 anaemic samples. Hence, the mis-
identified A samples did not come from anaemic cats. 
The first of the four misidentified A samples had a high 
PCV of 0.52 l/l and showed very weak RBC agglutina-
tion, as well as very weak haemolysis. The second 

showed weak RBC agglutination and haemolysis. The 
third showed very weak haemolysis and the fourth, 
from a cat with previously diagnosed immune-mediated 
haemolytic anaemia, had a PCV of 0.33 l/l and showed 
no quality divergence at all. The one sample that had 
tested positive for FeLV caused no problems with blood 
typing (blood type A). The 10 samples with intermediate 
to very strong haemolysis tested concordantly with the 
IC device. The IC test showed an overall agreement of 
96.1% with the control methods for blood types A, B and 
AB in the 103 conclusive samples (Table 1). In addition, a 
statistical analysis of the results reported here using 
Cohen’s kappa shows a coefficient of 0.89 for the reported 
96.1% agreement of the IC test results with the stand-
ards. Its sensitivity was 100% for both A and B antigen 
detection, and it showed a specificity of 100% for A anti-
gen detection, as well as a 95% specificity for B antigen 
detection.

Of the 30 repeats, two that belonged to A samples 
were not readable (no indicator line appeared within 10 
mins). One of those was a same day, the other a next day 
repeat. Twenty-eight were readable and showed agree-
ment in 27/28 cases (96.4%); the one divergent sample 
was from a type A cat misidentified in the first run as AB 
and in the repeat run as B. The sample had a PCV of 
0.42 l/l, and showed weak haemolysis (1+) and weak 
agglutination (1+). This cat had chronic malaise after 
blunt trauma to the jaw (not tested for FeLV).

Of 131 readable test runs, 107 results were obtained in 
⩽5 mins (81.7%), the rest (24) were recorded in 10 mins 
or less (18.3%). In three of the 135 utilised cartridges the 
indicator line only reached 25% of the viewing port, in 
five cases only 50%, while in the remaining 127 cases the 
full indicator line was visible by the 10 min cut-off.

Discussion
The IC test examined in this study is designed to be a 
quick and reliable patient-side device for everyday use 
by the heterogeneous group of users in a veterinary 
practice. It is important that such devices are quick to 
use because of the often acute nature of cases in transfu-
sion medicine; they must be reliable as a prerequisite for 

Table 1  Blood typing results of the TUBE/GEL and first run immunochromatographic (IC) tests. The numbers in 
parentheses are percentages

TUBE/GEL tests

IC test A (n = 85) B (n = 17 ) AB (n = 3 ) Total (n = 105)

A 80 0 0 80 (76.2)
B 0 17 0 17 (16.2)
AB 4 0 2 6 (5.7)
Inconclusive 1 0 1 2 (1.9)
Total 85 (80.9) 17 (16.2) 3 (2.9) 105 (100)
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helping avoid haemolytic transfusion reactions; and vet-
erinary staff of various training levels should be able to 
use them in order to participate in the care of patients in 
the area of transfusion medicine. The test was quick, as 
in most cases results were obtained in ⩽5 mins, and in 
most cases it could be used and interpreted easily by fol-
lowing the enclosed step-by-step instructions. The man-
ufacturer indicates that an incomplete indicator line in 
the viewing port is not a sign of a failed test. However, 
the occurrence of such incomplete lines in eight cases, 
along with that of a weak indicator line in two cases, par-
ticularly in AB results, presents potential for difficulties 
in interpreting this test by inexperienced users and, we 
suggest, ought to be a consideration in revising the pack-
age insert.

The IC test’s agreement of 96.1% with the reference 
methods compares well with other point-of-care tests 
described elsewhere: 91% and 95% for the card test and 
95% for the other immunochromatographic test.17,18

Of 135 performed tests, two were inconclusive and 
two were unreadable (corresponding to 1.5% each), 
which attests to a high reliability of the test kit. The IC 
test’s high specificity and sensitivity for the individual 
blood types also demonstrates a test performance that is 
comparable to tests examined in other studies.18 The 
100% sensitivity for the B antigen is particularly impor-
tant, as type B cats, with their high titre of anti-A alloan-
tibodies, transfused with type A or AB blood, can exhibit 
especially severe transfusion reactions.23 The Cohen’s 
kappa coefficient of 0.89 corresponds to a score of ‘very 
good’, and is considered a more robust measure of agree-
ment between two methods of clinical measurement 
than a simple percentage alone.22

Severe haemolysis or agglutination can cause prob-
lems both in determining blood type and in cross-match-
ing.8 Potential issues with sample quality, such as degrees 
of erythrocyte agglutination, anaemia and haemolysis, 
were determined in this study and the numbers indicate 
that, overall, the sample quality had no influence on test 
results. However, the agglutination in this study did not 
measure above weak, and true autoagglutination did not 
occur; therefore, it could not be determined as to which 
degree agglutination affects test performance, as it has 
been shown with the card test (see the manufacturer’s 
recommendations).14

A patient’s disease status has likewise been suspected 
in previous studies to cause discrepancies in blood test-
ing results, as has the possibility of antigenic mimicry 
with RBC surface antigens or a change in the activity of 
the cytidine monophospho-N-acetylneuraminic acid 
hydroxylase, which is responsible for converting 
N-acetylneuraminic acid to N-glycolylneuraminic acid.18 
Anaemia caused by FeLV, in particular, has been named 
in the context of diseases that can impede routine blood 
testing.6,18 There was no conclusive evidence that the 

divergent results in this study can be explained by 
patient disease status, level of anaemia or other sample 
quality impediment.

Generally, in a clinical setting, when result interpreta-
tion is difficult, seeking a second opinion can lead to a 
more confident decision-making process. This is easiest, 
in turn, when results can be documented as part of the 
permanent patient record. Currently available labora-
tory blood testing methods, for example, the tube test, 
do not all allow for easy documentation of test results 
without the availability of microscopic photography. 
Owing to the ability to photograph the results of the IC 
test, and because results can be read for hours following 
initial testing, these documentation needs are met.

As with other typing methods, it is suggested that 
rare blood type results, such as blood type AB in general 
and B in breeds where B is not usually seen, should be 
reconfirmed with a standard laboratory method. In gen-
eral, it is recommended that for B samples a ‘back-typ-
ing’ be performed to detect the presence of anti-A 
alloantibodies in their serum.15,18

It must be pointed out, however, that no matter how 
high the agreement of a test with the reference methods 
it cannot afford complete protection against haemolytic 
transfusion reactions. The identification of the Mik anti-
gen is a case in point.24,25 No testing methods other than 
cross-matching can be used to identify RBC incompati-
bilities, as the possibility of there being more unknown 
antigens exists. Thus, any type of blood testing, includ-
ing point-of-care testing, still caries this caveat, despite 
very good performance results.7 In fact, it could be 
argued that no transfusion should be administered with-
out performing a cross-match.26 Transfusion reactions 
directed at blood components other than RBCs, such as 
white blood cells and plasma proteins, cannot be tested 
for, but tend to be self-limiting. Lastly, screening for 
infectious diseases in blood donors and proper handling 
of blood products are integral to safe transfusion proto-
cols.25 Therefore, there still remains an uncalculable risk 
to every transfusion.

Conclusions
Given its high agreement rate and ease of use, as well as 
its convenient storage requirements, the RapidVet-H IC 
Feline test can be recommended for clinical settings.
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