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The aim of this report was to investigate whether the diagnosis of feline leukemia virus (FeLV) infection by serology might be
feasible and useful. Among the various viral proteins, the FeLV env-gene product (SU) and the envelope transmembrane protein
p15E were considered promising candidates for the serological diagnosis of FeLV infection. Thus, we evaluated p15E and three
other FeLV antigens, namely, a recombinant env-gene product, whole FeLV, and a short peptide from the FeLV transmembrane
protein, for their potential to detect FeLV infection. To evaluate possible exposure of cats to FeLV, we tested serum and plasma
samples from experimentally and naturally infected and vaccinated cats for the presence of antibodies to these antigens by en-
zyme-linked immunosorbent assays (ELISAs). The serological results were compared with the p27 and proviral real-time PCR
results. We found that p15E displayed a diagnostic sensitivity of 95.7% and a specificity of 100% in experimentally infected cats.
In naturally infected cats, p15E showed a diagnostic sensitivity of 77.1% and a specificity of 85.6%. Vaccinated cats displayed
minimal antibody levels to p15E, suggesting that anti-p15E antibodies indicate infection rather than vaccination. The other anti-
gens turned out to be too unspecific. The lower specificity in cats exposed to FeLV under field conditions may be explained by the
fact that some cats become infected and seroconvert in the absence of detectable viral nucleic acids in plasma. We conclude that
p15E serology may become a valuable tool for diagnosing FeLV infection; in some cases, it may replace PCR.

Infection with the feline leukemia virus (FeLV) (1) is of veteri-
nary relevance (2, 3), although its importance differs in most

study populations (4, 5). The disease outcome in infected cats is
usually defined according to the presence of provirus and viral
antigen in the blood (6–8). However, it is highly unpredictable
because it is dependent on factors like the virus subtype (9) and
the age (10) and the general condition of the cat.

The diagnosis of FeLV infection is mainly based on the detec-
tion of virus or viral antigen in the plasma, serum, or whole blood.
The most common serological tests detect the presence of either
p27 antigen by an enzyme-linked immunosorbent assay (ELISA)
(11) or FeLV structural antigens in the cytoplasm of infected leu-
kocytes and platelets by an immunofluorescence antibody test
(IFA) (12, 13). Moreover, Western blot analysis detects the pres-
ence of specific FeLV antibodies. Alternatively, nonserological
methods include virus isolation (29) or PCR to detect the proviral
(FeLV DNA) load or viral (FeLV RNA) load (15–17). However,
due to the laborious and/or cost-intensive character of most of
these methods, they are not all suitable for clinical use.

It is known that infected cats are able to elicit antibodies against
different components of FeLV (18–22). However, until now the
detection of antibodies to FeLV had limited significance for sev-
eral reasons: first, there is no evidence that reliable antibody de-
tection can predict FeLV infection; second, it is not known which
antibodies are suitable; and third, the existence of endogenous
FeLV (enFeLV) is widespread in cat populations in that every cell
in every single cat harbors multiple copies of enFeLV (23, 24). As
enFeLV is not completely tolerated by the immune system, anti-
bodies which are indistinguishable from antibodies to exogenous
FeLV are elicited (25). Only a few techniques, e.g., real-time PCR,
are able to distinguish between endogenous and exogenous FeLV

(26). Thus, FeLV antibodies so far have been not considered to be
useful as diagnostic parameters. Moreover, several studies failed
to detect a sufficient antibody response against various epitopes of
FeLV. Fontenot and coworkers (27) analyzed the reactivity of a
predicted FeLV transmembrane immunodominant domain
(Imd-TM peptide) and investigated its potential as a diagnostic
reagent in serology. It was revealed that this peptide displayed only
negligible levels of reactivity using sera from FeLV-infected cats,
rendering the Imd-TM peptide as not qualified for FeLV diagno-
sis. Langhammer and coworkers (25) produced recombinant
FeLV p15E and showed that cats infected with FeLV developed
antibodies against p15E, although the reactions in ELISAs were
low. Epitope mapping revealed a variety of epitopes recognized by
sera from FeLV-infected animals, including epitopes detected by
sera from p15E-immunized cats, but weaker. They concluded that
natural FeLV infection results in a weak induction of binding an-
tibodies specific for p15E and a low induction of neutralizing an-
tibodies. However, Lutz and coworkers (22) qualitatively and
quantitatively compared the antibody levels to different FeLV
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components in naturally infected cats and found that p15E exhib-
ited strong antigenicity. They observed that cats that became im-
mune or viremic after infection displayed elevated levels of anti-
bodies to p15E. They concluded that antibodies to p15E indicate
FeLV infection but may have little involvement in virus neutral-
ization. With these results in mind, we hypothesized that the FeLV
transmembrane (TM) envelope protein p15E and other viral pro-
teins may have the potential to be a useful diagnostic tool in serol-
ogy. We therefore evaluated p15E, a recombinant FeLV env-gene
product (p45), whole virus (FL-74), and a short synthetic peptide
(EPK211) derived from the TM unit of the FeLV envelope protein.
Using indirect ELISAs, we systematically screened sera from nat-
urally and experimentally infected and immunized cats. For each
sample, the results of provirus PCR, p27 in plasma, and immuni-
zation status were known.

MATERIALS AND METHODS
Antigens for ELISA. We evaluated four antigen preparations.

(i) p15E. The whole TM subunit without the membrane-spanning
helix part of the viral envelope protein of FeLV was cloned and purified in
our laboratories. Briefly, the amino acid sequences 446 to 582 and 626 to
642 of FeLV subtype A (FeLV-A) (GenBank accession no. AAA93093.1)
were cloned into the pET-16b expression vector (Novagen; Merck Milli-
pore, Switzerland) and expressed in Escherichia coli BL21-CodonPlus
(DE3)-RIL cells (Stratagene). The fusion protein containing p15E was
purified by affinity chromatography. Afterward, it was dialyzed against 7.5
mM Tris-HCl buffer, pH 8.0. The protein product was verified with West-
ern blot analysis using a primary in-house monoclonal mouse ascites
antibody in a dilution of 1:6,000 to specifically detect p15E and a second-
ary goat anti-mouse peroxidase (PO)-conjugated antibody (Jackson Im-
munoResearch Laboratories, Inc., PA) in a dilution of 1:1,000. The purity
of p15E, i.e., the presence of potential E. coli residuals in p15E, was deter-
mined using three different E. coli sera tested with ELISAs (Fig. 1); see the
Enzyme-Linked Immunosorbent Assays section.

(ii) p45. The nonglycosylated recombinant variant of the gp70 surface
unit (vaccine antigen) of the envelope protein of FeLV-A was purchased
from Virbac Schweiz AG (Glattbrugg, Switzerland). This antigenic sus-

pension (Leucogen) is adjuvanted with 0.1 ml of a 3% aluminum hydrox-
ide gel and 10 �g of purified extract of Quillaja saponaria.

(iii) Whole virus (FL-74). Sucrose gradient-purified whole FeLV was
available in our laboratories. Whole virus originated from FL-74 cells, a
lymphoblastoid cell line chronically infected with FeLVABC (28).

(iv) EPK211. This 15-amino acid-long synthetic peptide (Ac-GW-
FEGWFNRSPWFTT-NH2) mimics a short part of the carboxy-terminal
region of the FeLV TM subunit of the viral envelope protein. It was ex-
pressed by solid-phase peptide synthesis and purified by analytical high-
performance liquid chromatography (purity �85%) in the laboratories of
EspiKem Srl (Florence, Italy).

Serum and plasma samples. We used serum and plasma samples from
different laboratory animals as well as from privately owned animals.

The samples from the first study (9/group) done in 2006 (8) are de-
fined as follows. Group 1 served as unvaccinated control animals. Group
2 was vaccinated with Eurifel (now known as Purevax; Merial, Lyon,
France). Eurifel is a nonadjuvanted canarypox-vectored live vaccine
(ALVAC) containing FeLV-A env, gag, and part of pol. Group 3 received
Fel-O-Vax LV-K IV (Fort Dodge, IA, USA), which is a polyvalent killed
whole-virus FeLV vaccine. Vaccines were injected twice subcutaneously.
Four weeks after the second vaccination, each cat was challenged with
FeLV-A/Glasgow-1 (14).

The samples from the second vaccination study (15/group) (H. Lutz
and R. Hofmann-Lehmann, unpublished data) are defined as follows.
Group 1 served as an unvaccinated control group. Group 2 received Fe-
vaxyn FeLV (Solvay Animal Health, Inc., MN, USA), which consists of
inactivated (or killed) antigen. Group 3 was vaccinated with Fel-O-Vax
LV-K IV (Fort Dodge), and group 4 received Leucogen (Virbac). Vaccines
were injected twice subcutaneously. Four weeks after the second vaccina-
tion, each cat was challenged with FeLV-A/Glasgow-1 (14). In both stud-
ies, blood samples were collected prior to vaccination and on the day of
challenge exposure. Thereafter, samples were collected weekly until week
15. Furthermore, we used plasma samples from the unvaccinated control
groups from week 8 or 10 postchallenge from Pfizer (Kent, United King-
dom), Merial (Lyon, France), and Virbac (Glattbrugg, Switzerland) (n �
47). For longitudinal effects on antibodies, we used sera from the unvac-
cinated but challenged control groups from week 8. Moreover, we used
the plasma samples from naive, unchallenged, and unvaccinated specific-
pathogen-free (SPF) young cats (n � 94) from the different vaccination
studies and from old unchallenged SPF cats (n � 10) available in our
laboratories from an earlier study. To test the reactivity of vaccinated cats,
we used all groups from the vaccination studies mentioned above and
tested the samples after several vaccine applications but before challenge
with FeLV-A.

Additionally, serum samples from privately owned cats (n � 294) in
Switzerland were used. The samples already existed in our laboratories
and were collected from April 2004 until January 2005 (8). The veterinar-
ians who had submitted these samples to us also provided us with the
vaccination records of the cats. For all of the samples we tested, PCR
(provirus) and ELISA (p27) results were known. For all experiments in-
volving research animals, the laboratory director (H. Lutz) had obtained
from the state veterinary office the necessary animal permits. All experi-
ments were done in full agreement with all relevant legal requirements.

Enzyme-linked immunosorbent assays. ELISAs were based essen-
tially on methods described earlier (30, 31). Anti-FeLV p45 and anti-FeLV
whole-virus (FL-74) antibodies were measured by ELISAs as previously
described (22, 32). p45 and whole virus were used at final concentrations
of 100 ng/well. For EPK211 and p15E, ELISAs were newly established to
find optimal signal-to-noise ratios. Before coating, the antigen (100 �g/
ml) was boiled for 1 min at 95°C in a 10% sodium dodecyl sulfate (SDS)
(Sigma-Aldrich) solution and then diluted in 0.1 M carbonate coating
buffer, pH 9.6 (Na2CO3 water-free) (Sigma-Aldrich), to final concentra-
tions of 0.25 ng/�l (antigen) and 0.005% (SDS). Then 100 �l of this
solution was added to each well of a flat-bottom 96-well ELISA plate (TPP,
Trasadingen, Switzerland) and incubated for 3 h at 37°C. Plates were

FIG 1 Purity of recombinant p15E. Mean OD values of a positive and a
negative cat control serum sample and three E. coli serum samples (nos. 1 to 3)
tested with antibody ELISAs using the recombinant p15E cloning product as
antigen. Compared to the positive and negative controls, E. coli samples 1 to 3
reached only low OD levels (�0.117).
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either used after incubation or stored at �20°C. The assay was performed
as follows. In order to block the remaining empty spaces in the wells to
avoid unspecific binding, 1% bovine serum albumin (BSA) (Sigma-Al-
drich) in P3x buffer, pH 7.4 (0.15 M sodium chloride, 1 mM EDTA, 0.05
M Tris-base, 0.1% BSA, 0.1% Tween 20), was added and incubated for 1 h
(37°C). Wells were washed three times with ELISA wash buffer, pH 7.4
(0.15 M sodium chloride, 0.2% Tween 20). Serum and plasma samples
were diluted 1:200 in P3x, and 100 �l/well was added to the wells. After
incubation for 1 h (37°C) and three washing steps, a goat anti-cat IgG
(H�L) PO-conjugated secondary antibody (Milan Analytica AG, Rhein-
felden, Switzerland) diluted 1:3,000 in P3x was added (100 �l/well). After
another 1 h of incubation (37°C) and three washing steps, 100�l of a substrate
solution consisting of 0.2 M citric acid, pH 4.0 (98 vol%), 2% hydrogen
peroxide (1 vol%), and 40 mM ABTS [2, 2=-azino-di(3-ethylbenzthiazoline-
6-sulfonate)] (1 vol%), (all chemicals were from Sigma-Aldrich) was added.
After 10 min (room temperature), optical density (OD) values were mea-
sured at 415 nm with a spectrophotometer (SpectraMax Plus 384; Molecular
Devices, Sunnyvale, CA). Assays run on different days were compared by
using 2 control sera as internal standards with every assay; one had a strong
reactivity to FeLV and the other was negative.

p15E purity was tested with an ELISA under the same conditions men-
tioned above using three different rabbit sera (kindly provided by M.
Wittenbrink) containing antibodies against specific epitopes of E. coli. A
secondary goat anti-rabbit IgG (H�L) PO-conjugated antibody (Milan
Analytica) was used to detect any signal. For the negative and positive
controls, cat sera and an AffiniPure goat anti-cat IgG (H�L) PO-conju-
gated secondary antibody (Milan Analytica) was used.

PCR. Exogenous FeLV provirus sequences present in blood leukocytes
were detected and quantitated by a real-time PCR under conditions de-
scribed earlier (26). This PCR amplifies a 74-bp sequence within the FeLV
U3 long terminal repeat (LTR) portion specific for exogenous FeLV.

Data analysis and statistics. ELISA OD values were used as standard-
ized OD values: (OD value [sample] � OD value [negative control]/(OD
value [positive control] � OD value [negative control]).

Software package NCSS 2007 version 07.1.20 (NCSS LLC, Kaysville,
UT, USA) and PASW statistics software version 18.0.2 (Polar Engineering
and Consulting, Nikiski, AK) were used for the receiver operating char-
acteristic (ROC) analyses, and Win Episcope 2.0 software (Borland Inter-
national Inc., CA, USA) was used for calculation of the kappa values. To
compare the differences in the mean values between the old SPF cats and
the young SPF cats, one-way analysis of variance (ANOVA) and the
Welch/Brown-Forsythe test was used.

RESULTS
Purity of recombinant p15E. Unlike the other three antigens that
were already available for antibody ELISA, the FeLV transmem-
brane protein p15E had to be specifically synthesized and purified
in our laboratories. After cloning in E. coli cells and demonstration
of the product’s presence by Western blot analysis, p15E was
highly purified and tested for possible E. coli contaminants. Three
different sera (kindly provided by M. Wittenbrink) from rabbits
immunized with E. coli antigens were used to test the levels of
antibodies directed to E. coli contaminants of the p15E cloning
product. p15E antibody ELISA revealed that OD values were max-
imally 0.117 (serum 2), which is comparable to the negative con-
trol (naive cat serum, OD � 0.106) (Fig. 1). The other two E. coli
sera (sera 1 and 3) exhibited even lower OD values (OD � 0.05),
which were considered negligible. These results indicated that our
p15E cloning product was highly pure and could be used for
ELISAs without cross-reactions due to E. coli contaminants.

Antibody levels in experimentally infected cats. Receiver op-
erating characteristic (ROC) curve analysis showing a plot of the
true-positive rate (sensitivity) against the false-positive rate (1-
specificity) was used to evaluate the diagnostic utility of the differ-

ent FeLV antigens and to compare experimentally infected cats
with naturally infected cats.

In the first ROC analysis for experimentally infected animals,
cutoff points resulting in optimal test specificity and sensitivity
were determined to discriminate uninfected, provirus-negative,
and specific-pathogen-free (SPF) cats from infected, provirus-
positive (seroconverted) cats. To have a defined and comparable
sample set of cats of the same age, the old SPF cats (n � 10) were
excluded from this first study.

Evaluation of the antibody levels of experimentally infected
cats represented a proof-of-principle test. Using provirus as a gold
standard, the ROC curve for those antibody levels is represented in
Fig. 2a. As a rule, the cutoff was defined as specificity �80% and
sensitivity � specificity as the maximum (Fig. 2b). Antigen p15E
exhibited an excellent fit, following the left-hand border and the
top border of the ROC space. An optimal OD cutoff of 0.0495
represented the best trade-off between sensitivity, which was

FIG 2 (a) Empirical provirus receiver operating characteristic (ROC) curves
for the experimentally infected cats, including specific-pathogen-free (SPF)
cats (n � 94) and provirus-positive (p27 positive and p27 negative) cats (n �
70). The true-positive rate (sensitivity, y axis) is plotted against the false-pos-
itive rate (1-specificity, x axis) at various cutoff points. (b) Determination of
the optimal cutoff for experimentally infected cats. The sensitivity � specificity
(y axis) is plotted against the cutoff (x axis). Dark lines represent specificities of
�80%. The arrows indicate the cutoff points for each antigen.
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found to be 95.7%, and specificity, which was found to be 100%.
The optimal cutoff (�0.039) for EPK211 displayed a sensitivity of
65.7% and a specificity of 81.1%, whereas p45 (cutoff 0.016) re-
vealed a sensitivity of 80% and a specificity of 88.9%. Whole virus
displayed a sensitivity of 65.7% and a specificity of 81.1% with a
cutoff of �0.007.

Cohen’s kappa values, which represent a chance-corrected
measure of agreement between two sets of categorized data, re-
vealed an almost perfect level of agreement (	 � 0.96) between
p15E and provirus (Table 1). The agreements between provirus
and p45, whole virus (FL-74), and EPK211 showed lower levels
ranging between 0.47 and 0.70. Agreement between pairs of anti-
gens showed satisfying to good levels but lower than those for
agreement between p15E and provirus.

Longitudinal effects on antibodies from uninfected SPF cats
were evaluated, and it was revealed that antibody levels of SPF cats
stayed below the cutoff during 22 weeks (data not shown). More-
over, the comparison of young SPF cats and old SPF animals re-
vealed that 2 of the old animals had values slightly exceeding the
cutoff (data not shown). These 2 cats were over 10 years old and
had lived for many years in a separate room and served as blood
donors. It can be imagined that during their handling for many
years by persons who also had access to clinics, they had become
exposed to low doses of FeLV and as a consequence showed sero-
conversion. Unfortunately, this postulate could not be verified as
the cats still serve as blood donors.

Antibody levels in privately owned, naturally infected cats.
Cats that were naturally infected with FeLV were evaluated with
ROC analyses using provirus as the gold standard (Fig. 3a). Results
revealed a good course for antigen p15E, representing a striking
contrast to that for the other antigens. Because the values of these
samples were generally increased, new cutoff points for the data
sets had to be determined. To simplify, we excluded from this
study 8 cats that had been immunized but were provirus positive,
indicating that they might have been immunized after FeLV infec-
tion, which rendered their immune state highly undefined. The
optimal cutoffs were defined as a specificity of �80% and a sensi-
tivity � specificity as the maximum (Fig. 3b), which was calcu-
lated to be an OD of 0.163 for p15E, resulting in a sensitivity of
77.1% and a specificity of 85.6% (specificity of �80%). FL-74 had
a cutoff of 0.647, a sensitivity of 42.9%, and a specificity of 80.1%,
p45 had a cutoff of 0.531, a sensitivity of 40%, and a specificity of
81.1%, and EPK211 had a sensitivity of 17.1% and a specificity of
84.6% with a cutoff of 2.411.

Cohen’s kappa values (specificity of �80%) were lower than
those of experimentally infected cats, which was consistent with

the differences between the two sets of data evaluated with ROC
analyses. The best agreement level was achieved by p15E plotted
against the provirus (	 � 0.55) (Table 1). In marked contrast, the
other pairs of antigens and pairs of provirus and antigens reached
levels of only 0.08 to 0.42 and thus were clearly unsatisfactory.
These results indicated that the agreement between p15E and pro-
virus is much better than that for combinations of p15E with the
other antigens.

Antibody levels in experimentally vaccinated cats. To look
also at the antibody levels of vaccinated animals, serum samples
from young, 8-week-old SPF cats were tested once before vacci-
nation and again after they had been vaccinated twice but before
the challenge infection. Results (Fig. 4) for p45 revealed that of all
cats (without placebo), 56.92% exceeded the cutoff, but 100%
were over the cutoff when immunized with Leucogen, as expected.
Whole FeLV antigen (FL-74) showed an overall increase in anti-
body responses with the finding that 90.77% exceeded the cutoff,

FIG 3 (a) Empirical provirus receiver operating characteristic (ROC) curves
for naturally infected study cats, including uninfected cats (n � 201) and
provirus-positive (p27 positive and p27 negative) cats (n � 35). The true-
positive rate (sensitivity, y axis) is plotted against the false-positive rate (1 �
specificity, x axis) at various cutoff points. (b) Determination of the optimal
cutoff for naturally infected cats. The sensitivity � specificity (y axis) is plotted
against the cutoff (x axis). Dark lines represent specificities of �80%. The
arrows indicate the cutoff points for each antigen.

TABLE 1 Cross table of Cohen’s kappa valuesa

Antigen

Kappa value for:

Provirus p45 FL-74 EPK211 p15E

Provirus 0.18 0.13 0.08 0.55
p45 0.69b 0.42 0.16 0.21
FL-74 0.47 0.45 0.24 0.12
EPK211 0.47 0.57 0.42 0.06
p15E 0.96 0.70 0.51 0.48
a Shown are the agreement levels of antigen pairs and provirus-antigen pairs. The
specificity is �80%.
b Values in bold type are for experimentally infected cats (ntotal � 157), and those in
regular type indicate naturally infected cats (ntotal � 294).
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and 100% exceeded the cutoff when vaccinated with Leucogen. In
contrast, for EPK211, 58.46% exceeded the cutoff with 40% of the
cats vaccinated with Leucogen. For recombinant p15E, 44.62%
exceeded the cutoff with 13.3% of Leucogen-vaccinated animals.

Antibody levels in privately owned, vaccinated cats. Out of all
privately owned provirus-negative cats, 50 animals were vacci-
nated. Eight cats were excluded from this study, because they
were, besides having received immunization, also provirus posi-
tive or even viremic. Of all animals, 98% considered for the study
received Leucogen, mostly applied in combination with Feligen
(against feline panleukopenia and feline rhinotracheitis/cat flu)
(Virbac Schweiz AG, Glattbrugg, Switzerland). Results (Fig. 5)
revealed that antibody reactions were clearly increased using an-
tigens p45 (70%), whole virus (42%), and EPK211 (24%). Whole
TM (p15E) showed a low reactivity in vaccinated cats and in 16%
exceeded the cutoff point.

DISCUSSION

This study showed that the FeLV envelope TM protein p15E is a
promising candidate for serological diagnosis. The development
of a novel diagnostic test based on a specific FeLV antibody needs
to define the critical level the antibody is supposed to exceed to
reliably predict any contact with FeLV or to fall below to predict
naivety against FeLV. Thus, in this study we aimed to screen FeLV-
naive, -infected, and -immunized cats for the presence of antibod-
ies to four different FeLV antigens. Based on our results, we de-
fined a threshold to discriminate cats that had contact with FeLV

from naive cats. Furthermore, we used a well-established gold
standard to compare our ELISA with real-time PCR.

Experimentally infected and vaccinated cats provided the first
results for a proof-of-principle study. We chose laboratory cats,

FIG 4 Antibody response of experimentally vaccinated cats. The y axes represent the relative OD values; the x axes represent the vaccines used in the study. All
four antigens were tested. The gray bars indicate 8-week-old specific-pathogen-free (SPF) cats (n � 63) before immunization; the white bars indicate the same
cats (n � 63) after two immunizations and before challenge.

FIG 5 Antibody response of privately owned vaccinated cats. The y axis rep-
resents the relative OD values, and the x axis represents the four antigens. The
gray bars indicate cats without vaccination (n � 236), and the white bars
indicate cats that were vaccinated with Leucogen (98%) (n � 50). The 8 cats
found to be p27 and/or provirus positive are not included.
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because they have a known infection history and had been living in
a defined SPF environment avoiding all external influences; more-
over, they are of defined age, gender, and breed. The time points of
when to challenge them with FeLV or to apply immunization can
be chosen exactly as can the time points of sample collection. The
tests revealed that the antigen with the highest diagnostic potential
was p15E with a diagnostic sensitivity of 95.7% and a specificity of
100%. The other three antigens (EPK211, FL-74, and p45) were
not suitable in this context.

To evaluate the diagnostic efficiency of the antigens in natu-
rally exposed field cats, the cats’ viremia (p27) and provirus (PCR)
statuses and immunization records were used. In the field cat pop-
ulation, however, many factors were often not controllable or
were even completely unknown due to increased interactions of
these animals with their environment. Such factors include the
cat’s age, possible multiple immunizations against viruses other
than FeLV, and present or past diseases of any nature. Another
unclear point is that we did not have any records of how many
times these cats were exposed to FeLV and to different FeLV sub-
types, especially if these animals were stray cats or originally from
a cat shelter. All of these factors result in a more undefined out-
come of the cat’s immune status. For example, we had to exclude
five animals that were vaccinated but were provirus positive (p27
negative), and three animals that were vaccinated but were p27
positive (viremic). Here, it was not clear whether the five provirus-
positive animals were immune due to infection or due to vaccina-
tion, and whether the three p27-positive animals became viremic
because of vaccine failure, or whether they were vaccinated after
they had already established viremia.

As expected, the threshold value for these samples was elevated;
the diagnostic sensitivity and specificity were lower than those in
the defined laboratory cat populations.

Considering the more complex conditions in field cats, p15E
exhibited a good diagnostic sensitivity of 77.1% and a specificity of
85.6%. The relatively low specificity of 85.6% would probably
have been much higher if the PCR, which had been used as the
gold standard of infection, was more sensitive. Exposure to FeLV
can result in infection and seroconversion in the absence of posi-
tive p27 and PCR results performed with plasma or serum and
whole blood samples (6, 7). In these 2 studies (6, 7), it was shown
that, in contrast to experimental infection by needle, nasal or per-
oral exposure to FeLV can result in seroconversion and infection
of several organs with little involvement of the bone marrow. If the
PCR results from organs in the privately owned cats in the present
study had been available, the specificity would have been much
higher. Thus, demonstration of antibodies to p15E appears to be a
more sensitive parameter for past contact with FeLV than the
most sensitive PCR procedures performed with blood samples.
Our results suggest that detection of antibodies to p15E may be-
come relevant as a future diagnostic parameter for exposure to
FeLV. As was shown for the privately owned cats, the cutoffs had
to be changed from the conditions of the experimentally infected
cats in order to reach an optimal trade-off between diagnostic
sensitivity and specificity. If an antibody test based on p15E is
developed for use in clinical veterinary medicine, larger numbers
of privately owned cats would have to be evaluated in order to
define an optimal cutoff. Our findings are in line with the results of
an earlier publication in which antibodies to FeLV p15E were
found to be present at significant levels after FeLV infection (22).
On the other hand, the results are in striking contrast to those of

Fontenot et al. (27) and Langhammer et al. (25). It is postulated
that the discrepancy with the results of Fontenot et al. and Lang-
hammer et al. can be explained by the fact that these authors
performed their tests with synthetic peptides which may have
shapes different from the three-dimensional shape of the entire
protein and therefore may not have been completely recognized
by the antibodies induced by the viral protein.

Cohen’s kappa values were used to measure agreement be-
tween the two antigens and to evaluate the new ELISA compared
to a well-established reference test, the real-time PCR, which
served as a gold standard. A high kappa value shows that there is
strong agreement between the two tests. The low agreement
among the four antigens was in striking contrast to the almost
perfect agreement between p15E and provirus in experimentally
infected cats and the good agreement between p15E and provirus
in the field cats. It is possible that these results may represent a step
toward a partial replacement of the more expensive PCR test.

We expected that in some cats the presence of antibodies to
enFeLV may interfere with the results induced by infection with
exogenous FeLV. However, the p15E ELISA did not show elevated
antibody values in any of the FeLV-naive SPF cats, indicating that
the test is not negatively affected by antibodies to the enFeLV
which is present in multiple copies in every cat cell (24). However,
the possibility that certain cat breeds might have increased levels
of antibodies to enFeLV has to be considered.

We showed that almost all cats seroconverted after they had
contact with FeLV, and we were able to demonstrate with p15E-
positive results that the probability of a cat being infected with
FeLV is also high in p27-negative cats. However, p15E was not able
to discriminate between viremic and immune cats, indicating that
p27 is further needed to diagnose viremia. A point-of-care test
device in which a p27 antigen test is located on a lateral flow test
membrane next to a p15E test field could readily be imagined.
Thus, a cat with negative p27 and p15E antibody results is very
likely to have never been in contact with FeLV. In contrast, nega-
tive p27 and positive p15E results suggest that the cat is not vire-
mic/antigenemic but had been in contact with FeLV and may
harbor the virus somewhere in its body. Before introduction of
such a cat into a multicat-household situation, the new cat should
be further tested for signs of a latent FeLV infection at least by PCR
and/or reverse transcriptase PCR (RT-PCR) performed on a
blood sample. If the result is negative by PCR or RT-PCR, the
latent virus load may indeed be low.

An antibody test may detect not only infected and naive cats
but also immunized cats. A cat with a p15E value exceeding the
cutoff is considered to have been exposed to FeLV (if the p27
ELISA is negative). As a positive p15E result may not be identical
with immunity to FeLV, cats with positive or negative p15E results
should be vaccinated where needed.

The goal of this study was to develop a novel serological test
that is able to show whether or not a cat had contact with FeLV. To
this end, we have evaluated different FeLV antigens. FeLV p15E
was found to be useful to differentiate infected from uninfected
animals. However, it was found not to be useful to clearly detect
vaccination, because most of the vaccinated privately owned cats
had antibody values that are lower than the threshold calculated
for FeLV-naive cats. Thus, p15E seems to be a sign of infection
rather than of vaccination, which is consistent with previous find-
ings (22). Based on our results, we conclude that serological diag-
nosis based on the p15E antigen may represent valuable support in
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evaluating the infection state of a cat and partially replace elabo-
rate or expensive diagnostic techniques like PCR.
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