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The Feline coronavirus (FCoV) is the etiological agent of feline infectious peritonitis (FIP), a lethal disease
of felids. The role of molecular methods is controversial for the diagnosis of FIP, while essential for
the identification of the shedders. Thus, a fast and inexpensive method for the detection of FCoV could
be beneficial, especially in multicat environments. A reverse transcription loop mediated isothermal
amplification (RT-LAMP) assay was developed. RNA extraction and RT-nPCR for FCoV were performed
on thirty-two samples (11 faeces, 9 blood, 8 effusions, and 4 lymph nodes) collected from 27 cats. Six
RT-LAMP primers were designed from the same conserved region of RT-nPCR, and the assay was run
at 63°C for one hour. Results were evaluated through both agarose gel run and hydroxynapthol blue
(HNB) dye and then compared with RT-nPCR results for the assessment of sensitivity and specificity. The
overall specificity was 100%, but the sensitivity was 50% and 54.5% for agarose gel and HNB respectively.
Therefore, RT-LAMP seems optimal to confirm the presence of the virus, but not applicable to exclude it.
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Feline coronaviruses (family Coronaviridae, order Nidovirales)
are enveloped, single-stranded positive sense RNA viruses belong-
ing to the species Alphacoronavirus 1, genus Alphacoronavirus of the
sub family Coronavirinae (Gonzalez et al., 2003). The feline corona-
virus (FCoV) possesses a large genome (almost 30 kb) organized in
11 putative open reading frames (ORFs) encoding 16 nonstructural
proteins involved in virus replication as well as four structural pro-
teins (Spike, S; Membrane, M; Nucleocapsid, N; Envelope, E) and
five accessory proteins (3 a-c, 7a and b) (Kipar and Meli, 2014). Not
yet well characterized viral mutations, along with an inadequate
immune response of the host, lead to the inevitably deadly disease
of felids called feline infectious peritonitis (FIP) (Pedersen, 2009;
Porter et al., 2014). The diagnosis of FIP is challenging in vivo and
must rely on several clinico-pathological tests (e.g. serum protein
electrophoresis, AGP measurement, effusion analysis) and only the
immunohistochemical demonstration of the viral antigen inside
the typical pyogranulomatous lesions can be considered as a gold
standard (Pedersen, 2014). The FCoV is faecally-orally transmitted,
worldwide distributed and highly prevalent in feline populations
(Addie et al., 2009). Since most of the molecular and serological
tools available up to date are not able to distinguish between the
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not mutated and the mutated pathogenic form of the FCoV, the use
of reverse transcriptase polymerase chain reaction (RT-PCR) for the
diagnosis of FIP is still extensively discussed (Doenges et al., 2015;
Doenges et al., 2016; Felten et al., 2015; Longstaff et al., 2015). On
the other hand, PCR is an extremely useful tool for the diagnosis
of FCoV infection and shedding and consequently for the identi-
fication of shedders, when performed on faeces (Pedersen, 2014).
Since shedders can spread the virus in the environment for months,
RT-PCR should be repeatedly performed to identify both shedders
and cats free from the infection (Addie and Jarrett, 2001).

Loop-mediated isothermal amplification (LAMP) is an amplifi-
cation gene technique developed some years ago (Notomi et al.,
2000) which allows to amplify nucleic acids in an hour and under
isothermal conditions, and to evaluate the results by observation of
the turbidity of the reaction or using different dyes. Reverse tran-
scriptase LAMP (RT-LAMP) has been used to amplify the genome
of several coronaviruses of both humans and animals (Amer et al.,
2013; Bhadra et al., 2015; Cardoso et al., 2010; Hanaki et al., 2013;
Nemoto et al., 2015; Pyrc et al., 2011; Thai et al., 2004; Yu et al.,
2015). To our knowledge, RT-LAMP has never been used for the
identification of FCoVs.

The aim of this study was to develop a RT-LAMP for the detec-
tion of feline coronavirus in the specimens most frequently used in
clinical practice for both screening and diagnostic purposes.
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Table 1

List of the primers (Primm Biotech, Italy) used in this study, based on the FCoV strain C1Je (GeneBank accession number: DQ848678).

PRIMER GENOME TARGETING POSITION SEQUENCE (5'-3")

F3 28982-29002 GCAACCCGATGTTTAAAACTG

B3 29179-29162 CCATTGTTGGCTCGTCAT

FIP (F1c+F2) Flc, 29065-29043; F2, 29003-29023 ACACGTGCTTACCATTCTGTACA-GTCTTTCCGAGGAATTACTGG
BIP (B1c+B2) B1c, 29077-29101; B2, 29161-29141 CAAGCAACCCTATTGCATATTAGGA-AGCGGATCTTTAAACTTCTCT
LOOP F 29042-29024 AGAGTAGACAGCGCGATGA

LOOP B 29103-29128 GTTTAGATTTGATTTGGCAATGCTAG

Thirty-two samples from 27 cats (11 faeces, 9 blood, 8 effusions,
and 4 lymph nodes) submitted to our institution as part of a diag-
nostic panel for the clinical suspicion of FIP or, regarding faeces, for
screening purposes, were used. All the specimens were subjected
to RNA extraction using a NucleoSpin RNA Isolation Kit (Macherey-
Nagel Bethlehem, PA). Whole blood and effusion samples were
centrifuged (5 min at 3500 x g) and the obtained pellets were sus-
pended in 200 p.L of phosphate buffered saline (PBS) by vigorous
vortexing and stored at —20°C for further RNA extraction. Faecal
samples were suspended at a final concentration of 10% (wt/vol)
in PBS by vigorous vortexing. The supernatant was cleared by cen-
trifugation for 4 min at 5000 x g and stored at —20°C for further
RNA extraction. For tissues, approximately 20 mg of sample were
thinly shredded on sterile plates using sterile scalpels, followed by
vigorous vortexing in RNA lysis buffer until complete disruption of
the sample. All the further steps were performed according to the
manufacturer’s instruction.

The extracted RNA samples were tested for the presence of
FCoV using a reverse transcription nested PCR (RT-nPCR) target-
ing a 177 bp product of the highly conserved 3’ untranslated region
(3’ UTR) of the genome of both type I and type Il FCoV (Herrewegh
et al., 1995). RT-nPCR positive FCoV RNA from a cat with FIP was
used as positive control and RNase-free water as negative control.
PCR products were visualized under UV transilluminator on a 2%
agarose gel stained with ethidium bromide.

The RT-LAMP primers targeting the 3’'UTR of the FCoVs
were designed using the Primer Explorer V4 software (http://
primerexplorer.jp/elamp4.0.0/index.html) based on a 296
nucleotides sequence (28981-29277 bp) of the FCoV Cl1]Je strain
(accession number: DQ848678) (Table 1). A Loopamp RNA ampli-
fication kit (RT-LAMP, New England Biolabs, UK) was used to
perform RT-PCR LAMP and the reaction mixture was set up as
follows: 1x Isothermal amplification buffer, 6 mM MgSQy4, 1.4 mM
dNTPs, 320U/mL of warm start DNA, 300U/mL of warm start
RTx Reverse Transcriptase, 2 wM of both forward inner primer
(FIP) and backward inner primer (BIP), 0.2 wM of both F3 and
B3 primers, 1 wM of both Loop F and Loop B primers, 120 M of
Hydroxynaphtol blue (HNB) dye (Sigma—Aldrich®) and 5 L of RNA
template. The reaction mixture was then made up to 25 L with
RNase-free water and incubated in a thermal cycler (MyCycler,
Bio-Rad Laboratories, Hercules, CA, USA) for 1h at 63°C followed
by 10 min at 80 °C for heat inactivation. The same positive control
used for traditional RT-nPCR, which tested positive also on the
first RT-LAMP assay, was then used as a positive control in the
following RT-LAMP assays, while RNase-free water was used as
negative control. The products of the reaction were then inspected
both by eye, in order to detect the color turning from violet to
sky blue in case of positive results with HNB (Goto et al., 2009),
and under UV transilluminator on a 2% agarose gel stained with
ethidium bromide in order to detect a ladder-like pattern in case
of positive result (Parida et al., 2008) (Fig. 1). Results obtained
with RT-LAMP were then compared with those obtained with the
RT-nPCR and the sensitivity and specificity of RT-LAMP obtained
with both HNB and agarose gel were calculated.

Fig. 1. Evaluation methods of RT-LAMP for feline coronavirus. A. Negative result
(violet) with hydroxynaphtol blue. B. Positive result (light blue) with hydroxy-
napthol blue. C. Agarose gel electrophoresis run showing 100 bp Ladder (lane 1);
ladder like patterns typical of positive reaction (lanes 2 and 3); negative results
(lanes 4 and 5). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Results are reported in Table 2. All the negative samples using
RT-nPCR were also negative by RT-LAMP, using both gel elec-
trophoresis and HNB for the visualization of the results, leading
to a 100% specificity.

On the other hand, a conspicuous number of false negative
results was recorded (11/22 for agarose gel and 10/22 for HNB) and
the overall sensitivity was 50% and 54.5% using gel electrophore-
sis and HNB, respectively. Positive samples were characterized by a
slight difference in the intensity of coloration, as shownin Fig. 1. The
sensitivity of RT-LAMP was also different according to specimens:
faeces showed a sensitivity of 50% and 40%, with gel electrophoresis
and HNB respectively. On blood, the sensitivity was 25% and 50%,
with gel electrophoresis and HNB respectively while on effusions
the sensitivity was 40% with both the visualization methods. Only
on tissues, the sensitivity resulted to be absolute, but the number
of tested samples was too low to be discussed in terms of diagnos-
tic accuracy. Based on the results of this pilot study, RT-LAMP for
FCoV, due to its high specificity, appears to be a solid molecular test
to confirm the diagnosis of FCoV infection, and eventually to sup-
port a clinical diagnosis of FIP, when performed on specimens from
cats with an high pre-test probability of FIP (e.g. cats with clini-
cal signs and laboratory findings consistent with FIP, like effusions
with physico-chemical and cytological features consistent with FIP)
but its low sensitivity makes this test not reliable in case of negative
results (Pedersen, 2009). The design of this study did not allow us to
understand the possible mechanisms responsible for the low sen-
sitivity recorded. Technical problems are unlikely since the method
described in this study has been developed after testing different
primers, working conditions or temperatures (data not included in
this short communication). Possible explanations of the high rate of
false negative results compared with conventional nested RT-PCR
include the lower analytical sensitivity of RT-LAMP, as previously
reported for other coronaviruses when compared with real time
RT-PCR (Bhadra et al., 2015), that allow to obtain positive results
only in samples with a high viral burden.

In the case the sensitivity of the test might be ameliorated
through further studies, the RT-LAMP could be extremely useful,
due to its low costs and rapidity, in those situations where the
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Table 2
Results obtained on the samples tested with RT-nPCR (PCR) and LAMP and evaluated with agarose gel electrophoresis (LAMP GEL) and hydroxynaphtol blue dye (LAMP HNB).

ID Specimen PCR LAMP GEL LAMP HNB
1 Faeces POS POS POS
2 Faeces POS POS POS
3 Faeces POS POS POS
4 Faeces POS POS NEG
5 Faeces POS POS NEG
6 Faeces POS NEG POS
7 Faeces POS NEG NEG
8 Faeces POS NEG NEG
9 Faeces POS NEG NEG
10 Faeces POS NEG NEG
11 Faeces NEG NEG NEG
TOT POS 10/11 5/11 4/11
12 Blood POS POS POS
13 Blood POS NEG POS
14 Blood POS NEG NEG
15 Blood POS NEG NEG
16 Blood NEG NEG NEG
17 Blood NEG NEG NEG
18 Blood NEG NEG NEG
19 Blood NEG NEG NEG
20 Blood NEG NEG NEG
TOT POS 4/9 1/9 2/9
21 Effusion POS POS POS
22 Effusion POS POS POS
23 Effusion POS NEG POS
24 Effusion POS NEG NEG
25 Effusion POS NEG NEG
26 Effusion NEG NEG NEG
27 Effusion NEG NEG NEG
28 Effusion NEG NEG NEG
TOT POS 5/8 2/8 3/8
29 Tissue POS POS POS
30 Tissue POS POS POS
31 Tissue POS POS POS
32 Tissue NEG NEG NEG
TOT POS 3/4 3/4 3/4

detection of FCoV must be repeated over time and on a high num-
ber of cats (e.g. breeding catteries). An additional future perspective
would be the optimization of the test to obtain quantitative results,
possibly by establishing a standard curve of color intensity using
RNA samples with known viral load (e.g. quantification of RNA
copies by quantitative PCR techniques). Moreover, the develop-
ment of an internal control to assess the integrity of RNA in each
sample would be advisable before the use of this test in field con-
ditions.
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