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ABSTRACT
Background
Many diagnostic in-house tests for identification of Feline Immunodeficiency Virus(FIV) and Feline
Leukemia Virus (FeLV) infection are licensed for use in veterinary practice. A new test with unknown
performance has recently appeared on the market.
Objectives
The aim of this study was to define the efficacy of a new in-clinic test system, Anigen Rapid FIV
Ab/FeLV Ag Test Kit1, and to compare it to the market leader.
Methods
Western blot was chosen as the gold standard for verification of FIV infection and polymerase chain
reaction (PCR) for FeLV infection. Three-hundred serum samples from randomly selected cats were
tested. Sensitivity, diagnostic specificity, and positive and negative predictive values were evaluated.
Results
The presence of antibodies against FIV was confirmed by Western blot in nine of the 300 samples
(prevalence 3.0%). FeLV DNA was detected by PCR in 15 of the 300 samples (prevalence 5.0%). The
Anigen Rapid FIV Ab/FeLV Ag Test Kit1 test reached a sensitivity of 88.9% for FIV and of 40.0% for
FeLV, a specificity of 99.7% for FIV and of 100.0% for FeLV, a positive predictive value of 88.9%
for FIV and for FeLV of 100.0%, and a negative predictive value for FIV of 99.7% and of 96.9% for
FeLV.
Conclusion
It can be concluded that the new test performed very good and can be recommended for use in
veterinary practice. The results were similar to those of the SNAP Kombi Plus FeLV Antigen/FIV
Antibody Test2,3.
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INTRODUCTION
FeLV and FIV are both members of the retroviridae family of RNA viruses4. FIV is a member of the
lentivirus genus, FeLV belongs to the subfamily orthoretrovirinae, geuns gammaretrovirus. Both cause
severe, often fatal diseases in domestic cats. Both infections occur worldwide with prevalences
varying by location5. The clinical signs are mainly caused by the cats’ immunodeficiency and the
resulting secondary infections, tumours, and haematological abnormalities. This is the reason why
underlying retrovirus infection is often overlooked. All cats should be tested for FIV and FeLV,
especially those that are sick with signs that might be related to FeLV and/or FIV infection or before
being introduced into a multiple-cat household6. Testing to identify infected cats is the most important
method for preventing viral transmission. Accurate and simple diagnostic tests for inclinic use are
therefore indispensable. A variety of different testing methods are available, including fast screening
tests for FeLV antigens and FIV antibodies in plasma, serum, or whole blood. In recent years, many
rapid test systems have been licensed for use in veterinary practice and have been compared in
previous studies. The preferred initial tests are fast-performing in-house tests, such as ELISA or
immunochromatographic tests7. They offer the advantage of speed and convenience. These tests detect
the presence of soluble FeLV p27 antigen and the presence of antibodies against FIV proteins (usually
against p24, core protein and/or gp40 transmembrane protein). However, the sensitivity and specificity
of each test format and the prevalence of the infectious agent in question must be considered when
interpreting test results8.
A new test system, Anigen Rapid FIV Ab/FeLV Ag Test Kit1 is now on the European market in
Austria, Spain, and Germany. The aim of this study was to define the strength and weakness of this
new in-clinic test, and to asses its sensitivity and specificity, and predictive value of positive and
negative test results. In addition, this test was compared to the SNAP Kombi Plus FeLV Antigen/FIV
Antibody Test2,3, most commonly used in Europe today. Both tests are immunoassays for
simultaneous detection of antibodies against FIV and FeLV antigen in feline serum, plasma, or whole
blood.

MATERIALS and METHODS
Blood samples were obtained from 300 randomly selected cats. These cats were presented for a variety
of diseases or tested routinely before vaccination against FeLV at the Clinic of Small Animal
Medicine, College of Veterinary Medicine, Ludwig Maximilian University, Munich, Germany. Serum
was separated shortly after blood sampling, was frozen at -20 °C, and thawed directly before use
according to the manufactures’ instructions. The samples were tested with the Anigen Rapid FIV
Ab/FeLV Ag Test Kit1 and the SNAP Kombi Plus FeLV Antigen/FIV Antibody Test2,3. Both tests are
designed for use in practice and combine detection of FIV antibodies and FeLV antigen in one test
system. Both evaluated test systems detect FeLV p27 antigen and specific antibodies against FIV. The
Snap Kombi Plus FeLV Antigen/FIV Antibody Test2,3 contains FIV p24 and gp40 antigens and
monoclonal anti-FeLV p27 antibodies. The Anigen Rapid FIV Ab/FeLV Ag Test Kit1 uses the same
antibodies to detect FeLV infection but only gp40 for FIV antibody detection. Both tests contain a
positive control, and the IDEXX test offers a negative control spot in addition. The SNAP Kombi Plus
FeLV Antigen/FIV Antibody Test2,3 has one result window for FIV antibody, FeLV antigen, and
positive and negative control spots. The Anigen Rapid FIV Ab/FeLV Ag Test Kit1 has two result
windows, each of them with a positive control band.
All 300 serum samples were tested with both fast tests according to manufacturers’ instructions. The
SNAP Kombi Plus FeLV Antigen/FIV Antibody Test2,3 was stored at 2 – 7 °C and used at room
temperature. The Anigen Rapid FIV Ab/FeLV Ag Test Kit1 can be stored at room temperature.
Parameters used to compare the quality and usability of the two test systems were the percentage of
diagnostic sensitivity (proportion of positive test results of infected patients), diagnostic specificity
(proportion of negative test results in uninfected animals), positive predictive value (probability that a
test-positive animal is infected), and the negative predictive value (probability that a test-negative
animal is uninfected). The evaluation was based on a total verification, and the gold standards
(Western blot for FIV detection and TaqMan real-time PCR for FeLV detection) were performed on
each of the 300 samples.
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Western blot as described by Egberink9, Lutz and Hornizek, was used to confirm FIV infection. The
blots contained purified proteins of FIV and envelope protein fragments expressed by Escherichia
coli10. These FIV-specific proteins were separated by electrophoresis in 12.5% polyacrylamide gels in
the presence of sodium dodecyl sulphate (sds page), then electrophoretically transferred to nitrocellulose filters, and cut into blot strips. The nitrocellulose strips were blocked for 2 hours at room
temperature using a gelatine buffer, and subsequently incubated with a 1:10 dilution of feline serum
followed by incubation with a horseradish peroxidase- (HRP-) conjugated anti-cat IgG. The antigenantibody reaction was visualised using 4-chloro-1-naphtol as chromogen. The proteins that can be
visualised on the blot strips are structural proteins of the purified strain CrFK-113, CA (capsid protein,
gag), KSU3 (surface protein, envelope), and GTM2 (transmembrane, envelope). The samples were
regarded FIV positive in Western blot if two or more of the described bands were visible.
TaqMan real-time PCR used to verify FeLV infection was developed for the detection of proviral
DNA in infected cats11,12. Probe and Primers were designed to amplify all 3 subtypes of FeLV within
the unique region (U3) of the long terminal repeat (LTR) 13.

RESULTS
The presence of antibodies against FIV was detected by Western blot in nine of the 300 examined
samples (prevalence 3.0%). FeLV DNA was detected by TaqMan real-time PCR in 15 of the 300
samples (prevalence 5.0%). Both FIV antibodies and FeLV antigens were present in two samples.
Results obtained for the 300 samples, including the percentage, the sensitivity, specificity, and the
positive and negative predictive values of both test kits, are summarized in table 1 and 2.

DISCUSSION

FIV and FeLV infections occur worldwide, with prevalences varying by location5. Identification and
segregation of infected cats are considered to be the most effective methods for preventing new
infections14. For that reason, accurate diagnosis is important for both uninfected and infected cats.
Misdiagnosis of infection can lead to inappropriate changes in lifestyle or even euthanasia of cats.
Today, testing of FIV and FeLV in private practice is usually performed using rapid diagnostic test
kits. Many of these tests have already been compared in previous studies. The aim of this study was to
compare a new test system with the test most commonly used in Europe and the United States, which
is the SNAP Kombi Plus FeLV Antigen/FIV Antibody Test2,3.
Valid test evaluation studies should fulfil certain criteria15. Test systems should be compared to a
reference gold standard performed by an independent person. In addition, samples should be
representative for patients on which the test systems are applied in private practices. In this study,
Western blot was chosen as gold standard for FIV infection. Western blot is the accepted gold
standard for FIV diagnosis9,16 at least in countries in which no FIV vaccine is available, although it has
some shortcomings. The number of bands on the blot strips required to definitively identify a positive
result, is matter of discussion. For a positive result, e.g., Hosie and Jarrett17 consider only the presence
of antibodies against at least three core proteins as positive, while Barr18 and Reid19 suggest that the
presence of two virus specific bands is adequate to indicate a positive result, and reactivity against a
single viral protein is considered equivocal8.
PCR also has been promoted as a potential reference test for FIV infection20 and is at the moment the
only test available to distinguish between vaccinated and infected cats (in countries were vaccines are
used)21. PCR can diagnose FIV infection in cats by identifying virus-infected cells in blood using
primers to detect specific DNA sequences in a target region of the virus genome. FIV is not an ideal
organism to be detected reliably by PCR, since gene sequences differ by as much as 20.0% among
field isolates22. PCR can detect 1 to 10 copies of viral DNA in one sample and is therefore much more
sensitive than any other test methods23. But the high sensitivity may lead to false positive results due
to contamination during collection, storage or processing of samples24,25. In a recent study of Levy et
al (2008)21 sensitivity and specificity of three FIV PCR assays in different commercial laboratories in
the United States and Canada ranged from 51 to 93% and from 44 to 95% respectively, and 7 to 49%
of infected cats were not detected.
Performing virus culture from peripheral blood mononuclear cells offers the possibility to verify the
infection status of FIV-infected, uninfected or vaccinated cats26,27.However, virus isolation is a method
with high technical demands and is expensive, time consuming, and not widely available. For all these
reasons, Western Blot was chosen as an appropriate gold standard for FIV detection in this study.
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The choice of an appropriate reference test to verify FeLV infection is even more difficult. No
generally accepted gold standard for FeLV detection exists. A variety of methods, such as
immunofluorescence assay (IFA) and virus isolation, have been used in the past28,29. In previous
studies, mostly virus isolation was used as a reference test, although there are many limitations30,31.
Virus isolation detects the presence of replication-competent virus while the evaluated test detects the
soluble antigen in blood. Presence of the virus, however, is not always consistent with the presence of
soluble antigen in blood. In addition, transport and storage of samples can lead to false negative virus
isolation results due to destruction of the virus. The technique furthermore is technically demanding,
expensive, and time consuming. Virus isolation as gold standard can lead to misinterpretation of true
positive results as false positive, because of its limitations. Other methods to detect FeLV are also not
ideal, including the IFA that produces a high number of false positive and negative results 32,33.
In this present study, TaqMan real-time PCR therefore was used as gold standard for FeLV infection.
The PCR used is an improved real-time PCR assay which was developed for the detection of FeLV
proviral DNA in infected cats11,12. Sensitivity is higher than that of ELISA and virus isolation in the
early phase of infection. In addition, this assay allows the identification of provirus carriers that have
overcome antigenaemia. This was shown in a previous study by Hofmann-Lehmann et al (2001)11, in
which naturally infected cats were identified as FeLV provirus positive but p27 ELISA negative. Key
benefits of this method are the possibility to quantify the input template over a broad linear range, low
sample consumption, the rapid investigation of large sample quantities, and low risk of
contamination34-36. Thus, Tandon et al (2005)13 recommends TaqMan real-time PCR as most effective
test for diagnosing FeLV infection. The PCR used in the present study was designed to amplify all
three subtypes of FeLV, (FeV-A, FeLV-B, and FeLV-C) but not endogenous FeLV–like sequences,
because not all naturally infected cats could be detected with a FeLV-subtype A-based real time PCR
assay11. Due to these advantages and as it is considered to be the most sensitive assay, PCR was used
as gold standard.
The requirement that testing should be performed by an independent person was fulfilled. In valid
studies to compare diagnostic tests, samples should be representative of those patients to whom the
test will be applied in clinical practice15. The samples were collected from patients of the normal
clinical population, including healthy and diseased cats, for which FIV and FeLV tests were requested
by clinicians. The prevalence for FIV in the considered population was 3.0%, and the prevalence of
FeLV infection was 5.0%. These prevalences are representative for the population examined at the
Clinic of Small Animal Medicine, Ludwig Maximilian University, Munich, Germany. Prevalence
studies in the past are generally based on testing of healthy cats, sick cats, feral cats in veterinary
clinics, and cats from shelters. These studies have shown that the prevalence of FIV is highly variable
and depends on the age, gender, lifestyle, physical condition, and most importantly geographic
location. It was shown in the past that the prevalence of FeLV infection has decreased during the last
20 years, presumably as a result of implementation of testing programs and development of effective
vaccines37,38. In contrast, a vaccine for FIV has only recently been introduced and is not available in all
countries. The antibody FIV prevalence ranges from less than 1.0% in healthy cats in North America
to 44.0% in sick cats in Japan14. A recent prevalence study used a prospective cross-sectional survey to
examine 18.038 cats at 345 veterinary clinics and 145 shelters in North America39. The prevalence for
FIV was 2.5%, the prevalence for FeLV was 2.3%39. According to the results of the present study, the
prevalence of FeLV was significantly higher. The higher prevalence for FeLV infection can be
explained by the fact that in the present study, there was a high number of cases referred to the
Veterinary Teaching Hospital with unclear diseases. Therefore, the number of FeLV-positive cats may
be higher than expected in primary veterinary practices.
Compared to previous studies30,31 both test systems evaluated performed well and were comparably
high in sensitivity and specificity as well as in the predictive values. For FIV infection, the sensitivity,
specificity, and the positive and negative predictive values of both test systems were between 88.9 and
100.0%. These high percentages are due to the fact that both tests only showed one false negative
result, and that the Snap Kombi Plus FeLV Antigen/FIV Antibody Test2,3 had no false positive, the
Anigen Rapid FIV Ab/FeLV Ag Test Kit1 only one false positive result. Therefore, negative and
positive predictive values for both tests are above 88.9%.
Comparing general performance of the FeLV test systems evaluated in this study, both the Anigen
Rapid FIV Ab/FeLV Ag Test Kit1 and the Snap Kombi Plus FeLV Antigen/FIV Antibody Test2,3
showed good results. In comparison to the Anigen Rapid FIV Ab/FeLV Ag Test Kit1 the Snap Kombi
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Plus FeLV Antigen/FIV Antibody Test2,3, however, had more invalid and difficult to interpret results
due to a coloured background window. For both tests, specificity and positive predictive values were
100.0% and sensitivity was 40.0 and 53.3% respectively. Thus, the calculated sensitivity was rather
low in both tests. This can be explained by the fact, that the antigen tests and PCR detect virus in
different form and in different compartments. FeLV antigen is present during viremia, which occurs in
the early phase of infection with or without bone marrow infection. In many cats, however, viremia is
transistent and thus, antigen tests are negative. However, latent FeLV infection may be present that is
characterized by a persistence of the virus in the bone marrow in non-viremic cats. The PCR used in
this study also may detect latent infections due to its sensitivity. Hofmann-Lehmann et al (2001)11
detected 10.0% PCR-positive cats, that were antigen-negative. The fact that six of the antigen-negative
PCR-positive cats tested negative in both antigen tests makes it likely that these cats are actually true
antigen-negative cats in the stage of a latent infection.
It can be concluded that the performance of both test systems, the Snap Kombi Plus FeLV
Antigen/FIV Antibody Test2,3 and the Anigen Rapid FIV Ab/FeLV Ag Test Kit1, was very good and
both tests can be recommended for use in veterinary practice. However, in situations in which lower
prevalence of both infections are expected and due to the fact that a positive result leads to
inconvenient changes for the owner and cat, all positive results should be interpreted carefully.
According to the advisory panels of the American Association of Feline Practitioners on feline
retrovirus infections40, positive results should be confirmed by a second test6, preferably more
sensitive test, especially in asymptomatic cats.
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Table 1: Comparison of two FIV test systems used on 300 samples with a prevalence of FIV infection
of 3.0% (number of false negative results: IDEXX: 1, ANIGEN: 1).
Anigen Rapid FIV Ab/FeLV Ag
SNAP Kombi Plus FeLV
Tests
Test Kit
Antigen/FIV Antibody Test
Companies

Animal Genetics

IDEXX

Countries

Korea

Germany

sensitivity (%)

88.9%

88.9%

95% CI (sensitivity)

56.5-98.0%

56.5-98.0%

specificity (%)

99.7%

100.0%

95% CI (specificity)

98.1-99.9%

98.7-100.0%

positive predictive value (%)

99.7%

99.7%

Negative predictive value (%)

88.9%

100.0%

number of samples

300

300
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Table 2: Comparison of two FeLV test systems used on 300 samples with a prevalence of infection of
5.0% (false negative results: IDEXX: 7, ANIGEN: 9).
Anigen Rapid FIV Ab/FeLV Ag
SNAP Kombi Plus FeLV
Tests
Test Kit
Antigen/FIV antibody test
Companies

Animal Genetics

IDEXX

Countries

Korea

Germany

sensitivity (%)

40.0%

53.3%

95% CI (sensitivity)

19.8-64.3%

30.1-75.2%

specificity (%)

100.0%

100.0%

95% CI (specificity)

98.7-100.0%

98.7-100.0%

positive predictive value (%)

96.9%

97.6%

negative predictive value (%)

100.0%

100.0%

number of samples

300

300
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