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Abstract

Objectives Feline coronaviruses (FCoVs) exist as two biotypes, feline enteric coronavirus and feline infectious
peritonitis virus. Although feline infectious peritonitis (FIP) is a very common disease, the ante-mortem diagnosis
of this disease still remains a challenge. Immunofluorescence staining of FCoV in macrophages in effusion has
been considered as the reference standard for the diagnosis, but recently this method has been shown to have
lower specificity than previously reported. In addition, this method is not widely available and requires the use
of fluorescence microscopes. Therefore, it was the aim of this study to evaluate the diagnostic potential of an
immunocytochemical (ICC) assay using body cavity effusion.

Methods Effusion samples from 27 cats with immunohistochemically confirmed FIP and 29 cats with suspected
FIP but a definitive diagnosis of another disease were examined. ICC specimens were evaluated with respect to
positive immunostaining. In addition, effusion samples were stained with haematoxylin and eosin and evaluated
cytologically.

Results A diagnostic sensitivity of 85.2% was recorded for effusion specimens (95% confidence interval [Cl]
66.3-95.8), while the diagnostic specificity was only 72.4% (95% CI 52.8-87.3).

Conclusions and relevance Once the clinical disease of FIP develops in a cat, it always leads to death, and most
of the cats are euthanased within a few days or weeks. As false-positive results might lead to euthanasia of cats
suffering from potentially treatable diseases, the diagnostic specificity of a diagnostic tool is the most important
factor in a fatal disease like FIP. Thus, the diagnostic utility of this test proved to be insufficient and positive ICC
results should be interpreted with caution. Nevertheless, full-body necropsy could not be performed in 13/29 control
cats. It is possible that these cats actually suffered from early-stage FIP and that this fact might have influenced
the diagnostic specificity of the ICC. Based on the results of the present study, however, ICC of effusion samples
currently cannot be recommended to confirm a suspicion of FIP.
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infect macrophages, but only the disease-causing FIPV
is capable of efficiently replicating within the mac-
rophages and maintaining the replication at a sufficient
level 10 The replication of the virus within the mac-
rophages is believed to play the central role in the
development of FIP." Replication leads to a positive
immunostaining of viral antigen in the cytoplasm of
macrophages.!?

If a cat is presented with effusion, a number of
diagnostic tests can be performed. However, macro-
scopic, cytological and biochemical analysis of effu-
sion fluid can be misleading, as abnormalities are not
specific for FIP.1314 The Rivalta test is a simple and
inexpensive test, which has been used to differentiate
transudates from exudates.!> This test has been fre-
quently used in feline effusions, but it can produce
false-positive results.!® Reverse transcriptase PCR
and measurement of FCoV antibodies in effusion,
although more promising than in blood,!”"!® are not
diagnostic and should only be interpreted in conjunc-
tion with history, clinical presentation and results of
other tests.!22021 Therefore, the diagnosis of FIP
remains a challenge, even in cats with body cavity
effusion.

In earlier studies evaluating the utility of immu-
nostaining of FCoV antigen within macrophages,
immunofluorescence was used in effusion sam-
ples.1722-25 This technique was shown to have excellent
specificity for the diagnosis of FIP in earlier stud-
ies;1723-25 however, most of these studies were retro-
spective in nature and lacked necropsy confirmation of
FIP vs other diseases. In contrast, a recent study
revealed false-positive results of an immunofluores-
cence assay in two cats with diseases other than FIP.22
In contrast to immunofluorescence, immunocytochem-
istry (ICC) uses chromogens rather than fluorochromes
such as fluorescein isothiocyanate, allowing assess-
ment by standard bright field microscopy and cytomor-
phological evaluation of the cells. Moreover, this
method does not require a fluorescence microscope,
which makes the technique accessible to more diagnos-
tic facilities. Additionally, ICC has the advantage of the
possibility to reassess the slides at a later point in time,
whereas immunofluorescence staining fades with time,
and thus allows the slides to be transported to other
laboratories for further evaluation.

The aim of this study was to evaluate the sensitivity
and specificity of an ICC assay in effusion from cats with
confirmed FIP and a defined control group of cats for
which FIP was considered an important differential
diagnosis by a clinician. It was hypothesised that this
technique would allow a definitive ante-mortem diagno-
sis of FIP in cats with effusion. All samples were addi-
tionally evaluated cytologically in order to facilitate the
assessment of the ICC results.

Materials and methods

Animals

The study was designed as a prospective study and
included 56 cats. All the cats were suspected of having
FIP based on clinical and/or laboratory signs and were
therefore either presented as patients to the Clinic of
Small Animal Medicine (n = 41), or directly submitted
for necropsy to the Institute of Veterinary Pathology,
Centre for Clinical Veterinary Medicine, Ludwig-
Maximilian-University, Munich, Germany (n = 15).

All 56 cats were classified into two groups. The FIP
group (n = 27) consisted of cats definitively diagnosed
with FIP in necropsy. The diagnosis was established
by histopathology and immunohistochemical staining
of FCoV antigen in macrophages in FIP-typical lesions
in tissue samples obtained at necropsy. For immuno-
histochemistry (IHC), formalin-fixed, paraffin-embed-
ded tissue samples were cut into 5 pm sections and
dried overnight at 37°C. These sections were then
deparaffinised in xylene and rehydrated in a graded
series of alcohol. In order to reverse the antigen-mask-
ing effects due to fixation, heat-induced antigen
retrieval was carried out using microwave pretreat-
ment in citrate buffer (pH 6.0). The tissue samples
were then further processed as described below for
ICC on effusion slides.

The control group (n = 29) consisted of cats for which
FIP was regarded as a differential diagnosis by clinicians
because of the presence of effusion. Cats were only
included if a definitive diagnosis of a disease other than
FIP, which explained the clinical signs, was established.
These diagnoses were confirmed either by full post-
mortem examination, including histopathology (n = 15),
by histopathology of organ samples obtained post mor-
tem (n = 1), by bacterial culture and cytology to diag-
nose bacterial pleuritis or peritonitis (n = 2), by
echocardiography to diagnose decompensated cardiac
disease explaining pleural or abdominal effusion (n = 7),
or by cytology to diagnose neoplasia (n = 4). In order to
reduce the likelihood of failure to detect FIP as a comor-
bidity in control cats, the necropsy protocols for the 15
control cats in which full post-mortem examination was
performed included IHC for FCoV in the affected tis-
sues. All 15 cats showed negative IHC results.

Samples
In total, 57 effusion samples were collected between 2012
and 2014. From one cat in the FIP group, two effusion
samples (ascites and pleural effusion) were obtained.
Effusion samples were collected either ante-mortem by
abdominocentesis or thoracocentesis, or post mortem.
Aliquots of 100 pl of the effusion samples (ascites, n = 32;
pleural effusion, n = 23; pericardial effusion, n = 2) were
cytocentrifuged in a cytospin centrifuge (Universal R;
Hettich), and the slides were stored at —20°C until use. At
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least two slides of each sample were prepared for each
cat. The effusion samples collected ante-mortem were
originally obtained for diagnostic and/or therapeutic
purposes.

Cytological evaluation

One slide of each effusion sample was stained with haema-
toxylin and eosin and evaluated semi-quantitatively for
cellularity, cellular composition, blood contamination/
haemorrhage and erythrophagocytosis, protein, aspira-
tion of autochthonous cells (eg, liver cells) and mesothe-
lial cells (Table 1 in supplementary material). Based on
these parameters, slides were classified as cytologically
‘typical for FIP’, ‘compatible with FIP” or ‘not indicative
of FIP'. Pyogranulomatous cytology with engulfment
of neutrophils by macrophages and absence of microor-
ganisms and giant cells was regarded as ‘typical for FIP’
(Figure 1). Mixed white blood cell populations contain-
ing macrophages were regarded as ‘compatible with
FIP’. Other cellular compositions, such as exclusively
neutrophilic or neoplastic cells, were regarded as not
indicative of FIP".

ICC

Slide reading and interpretation of ICC results were
performed by two independent investigators, who
were blinded to all data of the cats, including their
diagnoses.

The cytological slides for ICC were thawed at room
temperature. The slides remained wrapped in alumin-
ium foil during thawing in order to avoid condensa-
tion, which could lead to the loss of cellular material on
the slides. In order to reduce background staining,
endogenous peroxidase was inhibited using 2.3%
hydrogen peroxide in 0.01 M phosphate-buffered saline
(PBS; pH 7.0-7 .4) for cytological samples and 3% hydro-
gen peroxide in methanol for histological samples.
After washing these slides three times with PBS, all the
slides were incubated with normal goat serum (1:20;
MP Biomedicals) in a humidity chamber for 30 mins at
room temperature to block non-specific binding of the
antibodies. An anti-FCoV mouse monoclonal IgG2A
(FIPV3-70; Linaris) diluted to 1:400 in PBS was applied
as the primary antibody, and the slides were incubated
overnight at 4°C in a humidity chamber. The following
day, after washing the slides three times with PBS, the
secondary antibody, a goat antimouse IgG conjugated
to biotin (Dako), diluted to 1:200 in PBS was applied.
The slides were incubated in the humidity chamber for
1 h at room temperature and afterwards washed three
times with PBS. A complex of avidin and biotinylated
horseradish peroxidase (ABC) (Vectastain ABC Kit;
Vector Laboratories) was formed by preincubating the
mixture for 30 mins. The slides were then incubated
with the ABC for 1 h at room temperature in the

humidity chamber. The slides were washed three times
with PBS followed by the addition of 3,3-diamino-
benzidine tetrahydrochloride (pH 7.0; Kem-En-Tec
Diagnostics) acting as chromogen and incubated for 5
mins at room temperature. Then the slides were washed
with PBS and dipped in distilled water followed by
counter-staining with Mayer’s Hemalaun (AppliChem
GmbH) and rinsing in running tap water. The slides
were then dehydrated in an ascending series of alcohol
and coverslipped using xylene-based mounting
medium (Histokitt; Glaswarenfabrik Karl Hecht GmbH
& Co. KG). In order to ensure adequate performance of
the antibody, a positive tissue control was included in
each of the staining protocols.

Cellularity and positivity of the immunostained sam-
ples were evaluated using bright-field microscopy. Only
samples with >50 nucleated cells in total were included
in the statistical analysis. Samples lacking unimpaired
cellular material were excluded from statistical analysis.
If positive immunostaining was present within a sample,
cells with a positive signal were further assessed consid-
ering the cell type, the signal pattern and the intensity of
the staining. A positive sample was defined as contain-
ing macrophages with brown, intensely coloured and
granulated cytoplasm (Figure 1). A negative sample was
defined as containing macrophages without any immu-
nostaining or cells with non-specific immunostaining.
Immunostaining of mesothelial cells, lymphocytes,
plasma cells, neutrophils, or erythrocytes was consid-
ered non-specific. Also, a diffuse and/or light staining of
the cytoplasm was considered non-specific. Non-specific
staining was considered negative in ICC. All ICC-
positive samples were categorised semi-quantitatively
with respect to their yield of true positive cells (low-yield
positive: few single macrophages with strong positive
signal; medium-yield positive: about half of the mac-
rophages with strong positive signal; high-yield posi-
tive: majority of macrophages with strong positive
signal).

Statistical evaluation

To evaluate the diagnostic value of the ICC assay in the
diagnosis of FIP, sensitivity (the proportion of positive
test results among all cats with FIP), specificity (the pro-
portion of negative test results among all cats with dis-
eases other than FIP), positive predictive value (PPV; the
probability that a cat with a positive test result has FIP),
negative predictive value (NPV; the probability that a cat
with a negative test result does not have FIP) and overall
accuracy (the sum of true positive and true negative test
results divided by the total number of test results) were
determined. To quantify uncertainty, 95% confidence
intervals (ClIs) were calculated. Statistical analysis was
performed using Microsoft Excel and Prism version 5.04
(GraphPad Software).
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Figure 1 Cytological and immunocytological findings. (a) Feline infectious peritonitis (FIP)-typical cytology showing
macrophages engulfing polymorphonuclear neutrophils (arrowhead) and extracellular fibrin mesh. (b) Cytology compatible with
FIP, seen in cats with other inflammatory aetiologies. Immunopositive macrophages (arrowheads) seen in (c) peritoneal effusion
and (d) pleural effusion. (e,f) FIP-compatible cytology; (e) with non-specific immunopositive cells and (f) within the effusion of a
control cat affected by purulent and granulomatous epi- and myocarditis

Results good intra- and inter-rater agreement throughout.
Cytological evaluation Overall, the cellular composition was either predomi-
The results of the cytological evaluation of effusion sam- nantly neutrophilic with (n = 1) or without necrotic cells
ples are presented in Table 1. There was a good to very  (n = 6), predominantly lymphocytic-monocytic (n = 7),
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Table 1 Cytological evaluation of 57 haematoxylin and eosin-stained effusion samples from the 56 cats (for definitions
see supplementary material)

FIP = feline infectious peritonitis

predominantly lymphocytic (n = 3), pyogranulomatous
with (n = 2) or without necrotic cells (n = 22), or neo-
plastic (n = 7). A mixed leukocyte population was pre-
sent in five of the effusion samples. In the remaining four
effusion samples, pleocytosis was absent.

Icc

Cellularity and the results of the immunostaining of all
samples from cats with FIP are presented in Table 2. The
results of the control cats are presented in Table 3. Of the
57 effusion samples, 31 (23 with FIP, eight controls)
showed positive ICC results (Table 4). One effusion sam-
ple was considered non-diagnostic owing to the absence
of cellular material, and this sample was excluded from
statistical analysis. Diagnostic sensitivity, specificity,
NPV, PPV and overall accuracy are presented in Table 5.

Discussion

The aim of this study was to determine the usefulness
of ICC in effusion as a tool to diagnose FIP. While the
demonstration of FCoV antigen in macrophages by
immunofluorescence in effusion has previously been
assessed,!7?>% this study is the first to evaluate the use
of ICC analysis in the diagnosis of FIP.

A relatively high number of false-positive test results
were identified in this study, consequently leading to a
diagnostic specificity of only 72.4%. This is in stark con-
trast to the results of immunofluorescence assays in
older studies that reported a specificity and PPV of
100% for immunofluorescence testing of effusion.17.23-2>
However, Litster et al recently reported false-positive
results in immunofluorescence in 2/17 cats (specificity
71.4%).22 This specificity is very similar to that of the
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Table 2 Cellularity and results of immunostaining of the
effusion samples from the 27 cats of the feline infectious
peritonitis group

*(+) = Low cellular (<3 cells per high power field [HPF]); (++) =
medium cellular (4—10 cells per HPF); (+++) = high cellular (>11

cells per HPF); (-) = lack of cellular material, non-diagnostic

t(+) = Low-yield positive immunostaining (few single macrophages
with strong positive signal); (++) = medium-yield positive
immunostaining (about half of the macrophages with strong positive
signal); (+++) = high-yield positive immunostaining (majority

of macrophages with strong positive signal); (-) = negative
immunostaining

*Non-specific staining was defined as diffuse and/or light cytoplasmic
staining of macrophages. Samples with non-specific staining were
regarded as immunocytochemistry negative

ND = not determined

present study. It remains unclear why cats without FIP
can show positive staining of FCoV antigen in mac-
rophages. Of the eight cats with false-positive ICC
results in the present study, three suffered from lym-
phoma, two had carcinoma and three other cats had
decompensated cardiac disease. In four cats (two with
lymphoma, one with adenocarcinoma and one with
chronic cardiomyopathy), full post-mortem examina-
tion, including histopathology and IHC, was performed.

Table 3 Cellularity and results of immunostaining of the
effusion samples from the 29 cats of the control group

*(4+) = Low cellular (<3 cells per high power field [HPF]); (++) =
medium cellular (4—10 cells per HPF); (+++) = high cellular (>11

cells per HPF); (=) = lack of cellular material, non-diagnostic

T(+) = Low-yield positive immunostaining (few single macrophages with
strong positive signal); (++) = medium-yield positive immunostaining
(about half of the macrophages with strong positive signal); (+++) =
high-yield positive immunostaining (majority of macrophages with strong
positive signal); (-) = negative immunostaining

*Non-specific staining was defined as diffuse and/or light cytoplasmic
staining of macrophages (M) or different cells (MCs = mesothelial
cells; PMNs = polymorphonuclear leukocytes; RBCs = red blood
cells). Samples with non-specific staining were regarded as
immunocytochemistry negative

In the other four cats (two with decompensated cardiac
disease, one with lymphoma and one with carcinoma),
the diagnosis was established by cytology to diagnose
neoplasia or by echocardiography to diagnose decom-
pensated cardiac disease. It cannot fully be excluded
that these eight cats suffered from FIP in addition to
their diagnosed diseases. Even in the four cats that had
necropsy performed, it might be that they suffered from
early-stage FIP, but histopathological lesions were still
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Table 4 Results of immunocytochemistry (ICC) in 56
effusion samples from the 55 cats (one effusion sample
was considered non-diagnostic and was therefore
excluded from the statistical analysis)

FIP Control Total
Positive ICC 23 8 31
Negative ICC 4 21 25
Total 27 29 56

FIP = feline infectious peritonitis

Table 5 Sensitivity, specificity, negative predictive

value (NPV), positive predictive value (PPV) and overall
accuracy of immunocytochemistry (ICC) and prevalence
of feline infectious peritonitis in 56 samples from the 55
cats (one effusion sample was considered non-diagnostic
and was therefore excluded from the statistical analysis)

ICC in effusion

Sensitivity (95% CI)
Specificity (95% CI)

NPV (95% CI)

PPV (95% ClI)

Overall accuracy (95% ClI)
Prevalence

85.2 (66.3-95.8)
72.4 (52.8-87.3)
84.0 (63.9-95.5)
74.2 (55.4-88.1)
78.6 (65.6-88.4)
48.2

Data are % (95% confidence interval)

absent in the examined tissue material. Two of the eight
cats with false-positive ICC results (both with decom-
pensated cardiac disease) also presented ‘FIP-typical’
effusion cytology; and the cytology was at least ‘com-
patible with FIP” in another two cats suffering from lym-
phoma or adenocarcinoma, respectively. However, in
three of them, histopathology was performed, but they
did not reveal FIP-typical lesions. If the eight cats of the
control group that had positive ICC results actually had
FIP, the specificity of the ICC assay might have been
falsely reduced.

The target cell for viral replication is the mac-
rophage.!026-28 Thus, it is important to distinguish mac-
rophages from other types of cells and to only consider
staining of macrophages as true-positive during micro-
scopic evaluation of the immunostained slides. The
binding of the antibody to cellular structures other than
FCoV antigen might lead to non-specific staining of
other cells (eg, mesothelial cells, neutrophils, red blood
cells). It is possible that some of these cells were misclas-
sified as macrophages upon reading the slides.
Nevertheless, these cell types usually can easily be dif-
ferentiated and therefore this seems unlikely.

The antibody used in the ICC protocol in this study is
known to be specific for the nucleocapsid of FCoV.
Nevertheless, non-specific binding of the antibody to

other structures within the cytoplasm of macrophages
also might lead to false-positive results.

As all the slides were kept in close proximity during
the staining procedure, cross-contamination between the
slides cannot completely be ruled out. The inclusion of
negative control slides could help rectify this problem in
future investigations.

Moreover, the staining of non-mutated FCoV within
macrophages cannot fully be excluded. Monocyte-
associated viraemia in healthy cats that never developed
FIP has been reported earlier,'82°-32 allowing for systemic
spread of FECV.33Itis possible that cell-bound FECV might
reach the body cavities through leakage of blood compo-
nents, especially in the presence of inflammation.

The diagnostic sensitivity of the ICC was 85.2% in
effusion samples. Similar or even lower sensitivities of
57-95% have been reported previously for immunofluo-
rescence staining of effusion.!”232> Recently, however, a
sensitivity of 100% was reported for immunofluores-
cence staining.?? This variation can possibly be explained
by differences in the sample collection. In the present
study and in some of the former studies mentioned, effu-
sion samples were collected both ante- and post mor-
tem,?*?* while the study of Litster et al only included
effusion specimens collected ante-mortem.?? In the pre-
sent study, all of the four effusion samples with false-
negative ICC results were obtained post mortem. This
could have negatively influenced the sensitivity of the
test. Unfortunately, the delay between death and sample
collection was not always recorded as some cats were
directly submitted for necropsy from referring veterinar-
ians. However, all of the cats with FIP, including those
with false-negative ICC results, showed positive IHC
results. In addition, it is possible that FCoV antigen was
competitively bound in immune complexes by circulat-
ing antibodies and therefore could not be detected by the
primary antibody used in the ICC protocol. Finally, a
monoclonal antibody was used for ICC staining in this
study. It is possible that the sensitivity would have been
better had a polyclonal antibody been used. However,
previous studies using a polyclonal antibody conjugate
in immunofluorescence tests reported even lower sensi-
tivities in effusion.!7.?

One effusion specimen was considered non-diagnostic
owing to the lack of cellular material on the slide. It is
possible that the body fluid had a low cell count or the
cells were destroyed or washed off during the process-
ing of the slide; the steps, such as cytocentrifugation,
freezing, thawing and washing, can decrease the num-
ber of adequate cells on the slide. Overall, cellularity was
higher on haematoxylin and eosin-stained slides than on
immunostained slides. The inclusion of a fixation step in
the staining protocol might lead to a better cellularity of
the ICC samples and should be further investigated.
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The major study limitation is possible misclassifica-
tion bias as cats in the control (‘FIP-negative’) group
could possibly have suffered from early-stage FIP in
addition to another disease. Some of the control cases
yielded positive ICC results; if these cats were misclassi-
fied, then the specificity of the ICC test might have been
falsely reduced. In addition, if some control cats with
negative ICC results truly had FIP, the diagnostic sensi-
tivity would have been falsely increased.

Another limitation is the fact that the slides were
stored at —20°C until use. Sample degradation can occur
unless specimens are stored at -80°C, which might have
influenced the diagnostic performance of the ICC assay.

Conclusions

The present study evaluated the utility of an ICC assay
in the diagnosis of FIP using effusion samples. The diag-
nostic specificity was 72.4%, while diagnostic sensitivity
was 85.2%. As specificity is a far more important param-
eter in a lethal disease like FIP, the usefulness of this
method is limited based on the results of the present
study, and ICC cannot, in its present form, be used to
confirm a suspicion of FIP.
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