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Introduction
Feline leukemia virus (FeLV) is a highly contagious virus 
that is readily spread among cats in casual close contact, 
which can include sharing food and water, as well as 
mutual grooming.1 Approximately one-third of cats 
exposed to FeLV develop progressive viremia and most 
die of FeLV-related diseases within 3 years. The diseases 
associated with chronic FeLV infection include lympho-
mas, leukemias, anemia and infectious diseases that can 
be potentiated by immunosuppressive effects of the 
virus. Different clinical courses, stages and outcomes of 
FeLV infection are possible in individual cats depending 
primarily on the immune status, genetic makeup, age of 
the cat and the pathogenicity and infectious dose of the 
virus.1–3

The widespread use of in-clinic tests for circulating 
FeLV antigen along with the introduction of effective 
vaccines are generally assumed to be responsible for  
the reported reduction in the prevalence of FeLV  
during the past 20 years.1 There are several commercial 
vaccines that have been shown to protect cats from 
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FeLV-associated disease and prolong life.1,4–6 None-
theless, testing and removal of infected cats is the  
mainstay of preventing transmission and vaccination 
should not be considered as a substitute for testing.1 The 
American Association of Feline Practitioners’ Feline 
Retrovirus Management Guidelines state that the iden-
tification and segregation of infected cats is the single 
most effective method for preventing infections with 
FeLV.1 The FeLV infection status of all cats, including 
vaccinated cats, should be determined. Cats should be 
tested for FeLV infection at the time of acquisition, fol-
lowing exposure to an infected cat or a cat of unknown 
infection status, prior to vaccination, prior to entering 
group housing and when becoming ill.1

The p27 core viral antigen is the target used for in-
clinic diagnostic testing for FeLV.2,7 The antigen is pro-
duced during the early primary viremia stage typically 
within 30 days of infection and throughout all stages of 
the infection in progressively infected cats. Reference 
laboratories and veterinary clinics use anti-FeLV anti-
bodies and ELISA or colloidal particle-based assays to 
detect the presence of FeLV antigen. In general, reference 
laboratories utilize microtiter well format ELISAs to 
accommodate a large number of samples, while clinics 
prefer single-use delivery formats.8 As accurate diagno-
sis of FeLV-infected cats is essential in the management 
and control of FeLV, the use of sensitive assays is para-
mount. Test sensitivity can be important for detection of 
low antigen levels which are possible during the course 
of different stages of infection and following different 
infection outcomes.1–3 Failure to identify infected cats 
could delay supportive care and result in the transmis-
sion of the virus to causal-contact cats. However,  
as FeLV-positive cats are also euthanized in some  
situations, specificity of diagnostic assays is of equal 
importance.

The objective of this study was to determine the 
extent of agreement of three in-clinic diagnostic tests: 
SNAP Feline Triple Test (IDEXX), WITNESS FeLV-FIV 
Test (Zoetis) and VetScan Feline FeLV/FIV Rapid  
Test (Abaxis) for FeLV antigen with respect to results 
from a microtiter-based format assay (ViraCHEK FeLV 
[Zoetis]).

Materials and methods
Test samples
A total of 100 positive and approximately the same num-
ber of negative samples were intended to be used in this 
study. Serum or plasma samples were sourced from an 
international network of IDEXX reference laboratories 
(IRL) by a single criterion that they were initially submit-
ted by practicing veterinarians for feline retroviral  
testing. The requested diagnostic tests included the 
immunofluorescence assay, PCR or ELISA (PetChek 
FeLV); however, as noted below, the IRL test results were 

not taken into account for selection of the samples for 
this study. All samples that remained with sufficient vol-
ume after the requested diagnostic testing were collected 
and kept at −20°C or lower during transportation and 
storage. Samples were screened for the presence of FeLV 
p27 antigen using the microtiter plate ViraCHEK FeLV 
ELISA (Zoetis) according to manufacturer’s instructions. 
A total of 100 positive samples were identified from this 
screening, along with a large number of negative sam-
ples. From the negative sample set, 105 samples were 
randomly selected for this study. Samples were then ran-
domized and blind-labeled before testing with three 
rapid in-clinic test kits following instructions supplied 
with the test kits. There was no additional freeze and 
thaw cycle or sample handling differences between the 
ViraCHEK FeLV reference assay testing and evaluation 
by the three in-clinic test kits.

Data collection and analysis
The in-clinic test kits included the SNAP Feline Triple 
Test, the WITNESS FeLV-FIV Test and the VetScan Feline 
FeLV/FIV Rapid Test. Each test result was interpreted 
independently by three laboratory technicians without 
knowledge of the ViraCHEK reference assay results. 
Samples were judged to be positive or negative by major-
ity agreement (two or more readers) of the three visual 
interpretations. Results of virus isolation, frequently 
used as the gold standard for determination of the sensi-
tivity and specificity of FeLV p27 antigen tests, were not 
available for these samples. Results of reverse tran-
scriptase PCR were available for only 11 samples. 
PetChek FeLV ELISA and SNAP Feline Triple use the 
same diagnostic reagents; therefore, results of the 
PetChek FeLV ELISA were not considered to avoid sam-
ple selection bias. Thus, we chose to use the ViraCHEK 
FeLV microtiter plate assay as a reference method as it 
has shown high sensitivity and specificity compared 
with virus isolation.9 The percent positive (negative) 
agreement for each of the in-clinic assays was calculated 
as the number of samples read positive (negative) by the 
in-clinic test divided by those deemed positive (nega-
tive) by the ViraCHEK reference assay.

Statistical analysis was performed in SAS version 9.4. 
To determine if differences in percentage of samples 
found positive or negative by the in-office tests were sta-
tistically significant, McNemar’s exact tests for paired 
comparisons were performed on 2 × 2 contingency tables 
of samples which were deemed positive (or negative) by 
the reference method. To adjust for multiple compari-
sons, we used the step-down Holm–Bonferroni method 
applied to the exact McNemar P values, which allowed 
us to control for the family-wise error rate in the strong 
sense without independence assumption. Clopper–
Pearson (exact) confidence intervals for the percentage 
of samples positive and negative compared with the 
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ViraCHEK method were also calculated. The κ statistic 
and the corresponding confidence interval for each  
of the three tests were calculated. McNemar’s tests, 
Clopper–Pearson confidence intervals, κ statistics and 
confidence levels were carried out using the FREQ pro-
cedure in SAS 9.4. The post-hoc power calculation was 
performed by simulating the experiment 1000 times 
using a positive agreement of 98% for the IDEXX test 
and 75% for the competitor tests. Paired analyses were 
assessed to determine the frequency of statistically  
significant differences using a probability significance 
cutoff of P <0.0167, which was corrected for multiple 
comparisons using a Bonferroni adjustment.

Results
Each device was read by three readers who recorded the 
same result for 95.6% of the SNAP Feline Triple Tests, 
91.7% of WITNESS FeLV-FIV Tests and 96.0% of VetScan 
Feline FeLV/FIV Rapid Tests. There were no invalid test 
results.

Table 1 shows the percent positive and negative 
agreement and the κ agreement statistic for the in- 
clinic FeLV antigen testing devices compared with the 
ViraCHEK reference assay. There were two samples that 
were positive in the ViraCHEK reference assay and neg-
ative in all three in-clinic tests. Among the remaining 98 
ViraCHEK reference assay-positive samples, all were 
positive in the SNAP Feline Triple assay, 19 were nega-
tive in both the WITNESS FeLV-FIV assay and the 
VetScan FeLV/FIV Rapid Test and an additional six were 
negative in the VetScan FeLV/FIV Rapid Test alone. 
Among 105 ViraCHEK reference assay-negative sam-
ples, all were negative in SNAP Feline Triple, three were 
positive in the Witness FeLV-FIV assay, and three differ-
ent samples were positive in the VetScan FeLV/FIV 
Rapid Assay.

SNAP Feline Triple had 98.0% agreement with the 
ViraCHEK reference assay for positive samples, which 
was significantly greater than the percent agreement for 
the WITNESS FeLV-FIV Test (79.0%) or the VetScan 
Feline FeLV/FIV Rapid Test (73.0%) (both raw 

McNemar’s exact test and step-down Bonferroni 
adjusted two-sided P <0.00001).

The SNAP Feline Triple showed strong overall agree-
ment with the ViraCHEK reference assay (κ statistic  
= 0.981) and was greater than the WITNESS FeLV-FIV 
Test (κ statistic = 0.765) and the VetScan Feline FeLV/
FIV Rapid Test (κ statistic = 0.706). A post-hoc power 
calculation was performed using experimental simu-
lation as described in the ‘Materials and methods’.  
A statistically significant difference was found in 995  
of 1000 simulations, suggesting that the power of the 
study was approximately 99.5%.

Discussion
FeLV test sensitivity and specificity studies frequently 
use results of virus isolation as the reference test.9 In this 
study, results of virus isolation and molecular assays 
were not available and is the major limitation of the 
study. All four assays used in this study detect p27 anti-
gen. We defined the ViraCHEK FeLV microtiter plate 
assay as the reference test for two reasons. First, this 
assay had high sensitivity (94.9%) and specificity (98.4%) 
when compared with virus isolation in an independent 
study,9 and, second, this assay detects the same circu-
lating antigen as does each of the three in-clinic tests 
evaluated in this comparative study.

There were two samples that were positive in the 
ViraCHEK reference assay and negative in all three in-
clinic tests. Given the previously reported specificity of 
98.4%, these may represent ViraCHEK false-positives. 
Three of 105 ViraCHEK reference assay-negative cats 
had positive test results when evaluated with the 
WITNESS FeLV-FIV Test and three different cats were 
positive in the VetScan Feline FeLV/FIV Rapid Test. 
Each of these samples was negative in the ViraCHEK 
assay and in the two remaining in-clinic tests, suggesting 
that these may be false-positives. Thus, cats at low risk 
for FeLV infection or no evidence of FeLV-associated dis-
eases with positive test results should have performance 
of confirmation tests considered before making signifi-
cant clinical decisions like euthanasia.

Table 1 Percentage of samples positive and negative for feline leukemia virus (FeLV) p27 antigen and Kappa statistic 
for the three in-clinic tests compared with the ViraCHEK reference assay

Tests SNAP Feline Triple  
(IDEXX)

WITNESS FeLV-FIV  
(Zoetis)

VetScan Feline FeLV/FIV 
(Abaxis)

Percent positive agreement 98 79 73
95% CI 93.0–99.8 69.7–86.5 63.2–81.4
Percent negative agreement 100 97.1 97.1
95% CI 96.4–100 91.9–99.4 91.9–99.4
Kappa statistic 0.981 0.765 0.706
95% CI 0.95–1.00 0.68–0.85 0.61–0.80

CI = confidence interval; FIV = feline immunodeficiency virus
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Given the importance of identifying FeLV-infected 
cats, the use of a screening test with high diagnostic sen-
sitivity is imperative.1–3 In this study, among the three 
tests evaluated, SNAP Feline Triple had a significantly 
higher percent positive agreement compared with 
results of the ViraCHEK reference assay. These findings 
are significant because in a clinical setting test results can 
be the only mechanism to identify viremic cats and false-
negative results could delay administration of support-
ive care and result in transmission to causal-contact cats.

Further studies will be required to determine the sen-
sitivity and specificity of the current derivations of these 
assays when compared with a true gold standard.

Conclusions
The SNAP Feline Triple Test demonstrated a high  
level of agreement for FeLV-positive and FeLV-negative 
samples when compared with results of the ViraCHEK 
reference assay. The percent positive agreement was  
significantly greater than the WITNESS FeLV-FIV Test 
and the VetScan Feline FeLV/FIV Rapid Test. Results of 
different in-clinic FeLV assays can vary significantly 
among tests which can lead to clinical issues if false- 
positive or false-negatives occur.

Acknowledgements We would like to thank Brendon 
Thatcher, Hannah Bewsey and Jan Drexel for their excellent 
technical assistance and Sean Hardy for the statistical analysis.

Funding The author(s) disclosed receipt of the following 
financial support for the research, authorship, and/or pub-
lication of this article:  The study was supported by IDEXX 
Laboratories.

Conflict of interest The author(s) declared the follow-
ing potential conflicts of interest with respect to the research, 

authorship, and/or publication of this article: The authors JL, 
TO, MB and RC are employees of IDEXX Laboratories.

References
 1 Levy J, Crawford C, Hartmann K, et  al. 2008 American 

Association of Feline Practitioners' feline retrovirus man-
agement guidelines. J Feline Med Surg 2008; 10: 300–316.

 2 Lutz H, Pedersen NC and Theilen GH. Course of feline 
leukemia virus infection and its detection by enzyme-
linked immunosorbent assay and monoclonal antibodies. 
Am J Vet Res 1983; 44: 2054–2059.

 3 Helfer-Hungerbuehler AK, Widmer S, Kessler Y, et  al. 
Long-term follow up of feline leukemia virus infection 
and characterization of viral RNA loads using molecular 
methods in tissues of cats with different infection out-
comes. Virus Res 2015; 197: 137–150.

 4 Stuke K, King V, Southwick K, et al. Efficacy of an inac-
tivated FeLV vaccine compared to a recombinant FeLV 
vaccine in minimum age cats following virulent FeLV 
challenge. Vaccine 2014; 32: 2599–2603.

 5 Hofmann-Lehmann R, Cattori V, Tandon R, et  al. Vacci-
nation against the feline leukaemia virus: outcome and 
response categories and long-term follow-up. Vaccine 
2007; 25: 5531–5539.

 6 Torres AN, Mathiason CK and Hoover EA. Re-examina-
tion of feline leukemia virus: host relationships using 
real-time PCR. Virology 2005; 332: 272–283.

 7 Lutz H, Pedersen NC, Durbin R, et  al. Monoclonal anti-
bodies to three epitopic regions of feline leukemia virus 
p27 and their use in enzyme-linked immunosorbent assay 
of p27. J Immunol Methods 1983; 56: 209–220.

 8 O' Connor T, Lawrence J, Andersen P, et al. Immunoassay 
applications in veterinary diagnostics. In: Wild D (ed). The 
immunoassay handbook. 4th ed. Great Britian: Elsevier, 
2013, p 623.

 9 Hartmann K, Griessmayr P, Schulz B, et al. Quality of dif-
ferent in-clinic test systems for feline immunodeficiency 
virus and feline leukaemia virus infection. J Feline Med 
Surg 2007; 9: 439–445.




