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Abstract

Objectives The aim of the study was to determine whether feline coronavirus (FCoV) RNA in effusion samples can
be used as a diagnostic marker of feline infectious peritonitis (FIP); and in FCoV RNA-positive samples to examine
amino acid codons in the FCoV spike protein at positions 1058 and 1060 where leucine and alanine, respectively,
have been associated with systemic or virulent (FIP) FCoV infection.

Methods Total RNA was extracted from effusion samples from 20 cats with confirmed FIP and 23 cats with other
diseases. Feline coronavirus RNA was detected using a reverse transcriptase quantitative polymerase chain
reaction assay (gRT-PCR), and positive samples underwent pyrosequencing of position 1058 with or without Sanger
sequencing of position 1060 in the FCoV spike protein.

Results Seventeen (85%) of the effusion samples from 20 cats with FIP were positive for FCoV RNA, whereas none
of the 23 cats with other diseases were positive. Pyrosequencing of the 17 FCoV-positive samples showed that
11 (65%) of the cats had leucine and two (12%) had methionine at position 1058. Of the latter two samples with
methionine, one had alanine at position 1060.

Conclusions and relevance A positive FCoV gRT-PCR result on effusions appears specific for FIP and may be
a useful diagnostic marker for FIP in cats with effusions. The majority of FCoVs contained amino acid changes

previously associated with systemic spread or virulence (FIP) of the virus.

Accepted: 28 August 2015

Introduction

Feline coronavirus (FCoV) infection is common in
domestic cat populations worldwide.'-* Most infections
are enteric and self-limiting. In a small number of cases,
FCoV infection can lead to the development of feline
infectious peritonitis (FIP), a significant cause of mortal-
ity in young cats.

Definitive diagnosis of FIP relies on histopathological
examination of affected tissues, ideally with detection of
intracellular FCoV antigen by immunostaining.!45
Obtaining tissue samples is invasive and problematic for
ante-mortem diagnosis. In many FIP cases, abdominal,
pleural and/or pericardial effusions develop,? which can
usually be easily obtained for diagnostic testing. Previous
studies have reported the use of FCoV antigen staining
in effusion samples in the diagnosis of FIP, with a sensi-
tivity and specificity of 57.0-100% and 71.5-100%,
respectively.t?
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FCoV RNA can be detected in samples using conven-
tional or quantitative reverse transcriptase polymerase
chain reaction assays (qRI-PCR). Studies on tissues
using qRT-PCRs have found that cats with FIP have sig-
nificantly higher FCoV loads in tissues than healthy or
sick (non-FIP) FCoV-infected cats.>1%11 It is possible that
the same is true for effusion samples. Previous studies
performing FCoV conventional PCR on effusion sam-
ples from cats with FIP have shown promising results,
but were limited either by lack of definitive diagnosis of
cases or lack of control non-FIP cats.1>13

The aim of this study was to perform FCoV qRT-PCR on
effusions collected from cats with and without confirmed
FIP to investigate whether the presence of FCoV RNA in
effusions is helpful in diagnosing FIP. In addition, it has been
reported that key amino acid substitutions (methionine to
leucine at position 1058 and serine to alanine at position
1060) in the spike protein of FCoV may be associated with
FCoV virulence or systemic infection;!"14 therefore, these
substitutions were evaluated in FCoV-positive effusions.

Materials and methods

Fifty-nine samples of surplus abdominal, pleural and
pericardial effusion from 45 cats submitted to the
Diagnostic Laboratories of Langford Veterinary Services
in 2011-2012, were used. Samples had been collected into
tubes containing either RN Alater (Sigma-Aldrich), EDTA
or no preservative and stored at —20°C upon receipt. All
cases classified as FIP were diagnosed by histopathology
and subsequent immunohistological demonstration of
FCoV antigen within macrophages in the lesions, while
all cases classified as non-FIP were confirmed to have
other diseases based on either histopathology and/or the
presence of definitive diagnostic features of another dis-
ease (Table 1). Cases that could not be definitively classi-
fied were excluded from further analysis.

Total RNA was purified from 100 ul of each effusion
sample using a NucleoSpin RNA II kit (Macherey-Nagel,
Fisher), eluted in 50 ul RNase-free water and stored at
—80°C. Quantitative RT-PCR was carried out as described
previously.!! A previous study has evaluated this gRT-PCR
assay and reported a reaction efficiency of 95.9%.15 The
assay has a sensitivity of between one and 10 copies of
FCoV per assay (data not shown). Positive and negative
controls (FCoV complementary DNA [cDNA] and RNase-
free water, respectively) were used in all PCR runs. In cats
where more than one type of effusion was collected and /or
into different preservatives, only the sample yielding the
lowest threshold cycle (Cp) value was used in analysis.

Pyrosequencing was performed on the FCoV qRT-
PCR-positive samples to identify methionine to leucine
substitutions at position 1058 (M1058L) in the spike pro-
tein. A second substitution at position 1060 (serine to ala-
nine; S1060A) was investigated using Sanger sequencing
on samples showing methionine at position 1058.

Methods were as described previously.!! Positive and
negative controls (control oligonucleotide or FCoV
c¢DNA and RNase-free water, respectively) were used in
all pyrosequencing and PCR sequencing runs.

Sensitivity, specificity and positive (PPV) and nega-
tive predictive values (NPV) of effusion gRT-PCR for the
diagnosis of FIP were calculated (MedCalc).

Results

Of the 45 cats, 20 (44%) were classified as having FIP, 23
(51%) as non-FIP and two (4%) were unclassified and
thus excluded (Table 1). Of the 20 cats with FIP, one effu-
sion sample was obtained from 13 cats, two samples
from six cats and three samples from one cat. Of the 23
non-FIP cats, one sample was obtained from 19 cats, two
samples from three cats and three samples from one cat.
Samples varied by collection site and/or preservative
(Table 1). All collected samples were analysed by qRT-
PCR, but as only one sample from each cat was used for
analysis, a total of 43 samples were used.

Seventeen of 20 cats (85%) with FIP had FCoV-positive
effusions, with C; values of 24.06-38.27 (median 31.05).
None of the 23 non-FIP cats had FCoV-positive effusions
(Table 1). All negative and positive controls gave appro-
priate results. The effusion FCoV qRT-PCR assay had a
sensitivity of 85%, a specificity of 100%, a PPV of 100%
and a NPV of 89% for the diagnosis of FIP (Table 2). The
95% confidence intervals are also shown in Table 2.

Pyrosequencing showed that of the 17 FCoV-positive
effusion FIP cats, 11 (65%) had leucine and two (12%)
had methionine at position 1058. Reliable sequence data
could not be obtained for four (24%) cats (Table 1). Of the
two cats with methionine at position 1058, only one had
alanine at position 1060. Controls for all assays were
appropriately positive and negative.

Discussion
We have investigated the presence of FCoV RNA in
abdominal, pleural or pericardial effusion samples from
cats with and without FIP. Our results show that in this
group of samples, a positive FCoV qRT-PCR result was
highly specific, with no non-FIP cats generating positive
results. However, sensitivity was only 85%. These fig-
ures are similar to those recently reported for cerebrospi-
nal fluid FCoV qRT-PCR in cats with neurological and/
or ocular FIP and non-FIP cats, where a specificity of
100.0% and sensitivity of 85.7% for FIP were reported.'®
The C; values of positive qRT-PCR results were 24.1—-
38.3, representing an approximately 16,000-fold variation
in the level of FCoV RNA present. Indeed, the C; values of
7/17 FCoV positive cats were >34.0, representing rela-
tively low levels of FCoV RNA. It is possible that the sam-
ples from the three FIP cases that generated negative
FCoV gRT-PCR results had FCoV present but at levels
below the limit of detection of the PCR. Repeated analysis
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Table 1 Characteristics of effusion samples from the 45 cats rec
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Table 2 Sensitivity, specificity, and positive and negative
predictive values (PPV and NPV, respectively) of effusion
reverse transcriptase quantitative PCR for the diagnosis of
feline infectious peritonitis (FIP)

Percentage 95% ClI
Sensitivity 85.0 65.1-96.8
Specificity 100.0 85.2-100.0
PPV 100.0 80.5-100.0
NPV 88.5 69.9-97.6
Prevalence of FIP 46.5 31.5-62.2

Cl = confidence interval

of samples containing levels of RNA close to the detection
limit of the PCR assay can generate either positive or neg-
ative results, depending on whether adequate template is
present in the aliquot used in the PCR.!> Additionally, lev-
els of FCoV in cats with FIP vary in different tissues, likely
mirroring the pathological changes present,’ and in some
cases are too low to be detected by PCR,>!17 lending sup-
port to the premise that negative results in FIP cases may
be due to the presence of very low levels of FCoV in these
effusions. A recent study by Pedersen et al reported that
the cellular portion of ascitic FIP samples had 10-1000
times more viral RNA than the supernatant, with most
FCoV within macrophages of the effusion.> Thus, in the
future, it would be interesting to perform FCoV gRT-PCR
on effusion samples subjected to centrifugation, in an
attempt to concentrate cellular material and any FCoV
present, and potentially improve sensitivity.

The finding that FCoV was not detectable in any of
the non-FIP cats contributed to the high specificity seen
for the PCR. FCoV infection can be systemic in non-FIP
cats;101118-20 therefore, some FCoV-positive effusion sam-
ples might have been expected in our non-FIP group.
Lack of such cases may be owing to the nature of those
included in the study. A large number of non-FIP cats
had neoplasia and these cats tended to be older than the
FIP cats, so may have been less likely to be infected with
FCoV. The true FCoV status of the non-FIP cases could
not be determined for this study. Furthermore, FCoV
levels in systemic FCoV-infected non-FIP cats are often
low,'011 and may have been below the sensitivity of the
FCoV gqRT-PCR assay. A possible limitation of this study
is the general recruitment of effusion samples submitted
to a diagnostic laboratory, rather than targeting samples
in which FIP was suspected as a major differential diag-
nosis. Non-targeted recruitment was performed to max-
imise case numbers; however, some cats in the non-FIP
group presented with inflammatory disease, where FIP
would have been considered a differential.

Our study found that the majority of effusions from
FIP cats that generated FCoV sequence data for the
amino acid positions 1058 and 1060 contained substitu-
tions concordant with the systemic form of FCoV and

virulence.""* Only one FIP cat generated sequence data
previously associated with non-systemic (enteric) FCoV
or healthy cats,'* with methionine and serine at posi-
tions 1058 and 1060, respectively. The FCoV in this cat
may have had alternative substitutions elsewhere in the
genome responsible for systemic FCoV virulence.

Conclusions

This study suggests that a positive FCoV qRT-PCR result
on effusions is highly indicative of FIP, and may therefore
be a useful diagnostic tool in the investigation of sus-
pected cases that present with an effusion. However, fur-
ther evaluation of this test’s sensitivity and specificity is
required, using a larger sample size that includes FCoV-
infected cats that do not have FIP.
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