Molecular Detection of Feline Calicivirus in clinical samples: a
validation study comparing detection by RT-qPCR directly from
swabs and after virus isolation
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Introduction & Aims of the Study

Feline Calicivirus

Feline Caliciviruses (FCV) are non-enveloped RNA viruses responsible for upper respiratory
tract disease (Helps et al., 2005). They show a high genetic variation (Johnson, 1992).
Conventional, nested and real-time reverse-transcriptase PCR (RT-qPCR) assays have been
developed to detect FCV in clinical specimens. In comparison to virus isolation (VI), molecular
methods are faster and more specific; the latter, however, may result in a lower diagnostic
sensitivity (not all strains are recognized). In contrast, VI may fail particularly due to virus
inactivation during transport (Radford et al., 2009). This study was initiated to validate and
compare two RT-qPCR assays, apply the assays to samples from a FCV field study and compare
them to VI. Moreover, the influence of storage conditions on the detectability of FCV was
evaluated.

Materials & Methods
Real-time RT-qPCR assays for FCV
Two previously published RT-qPCR assays
(Helps et al., 2002; Abd-Eldaim et al., 2009),
designated S1 and S2 respectively (Figure 1 and
Table 1), targeting different regions on the open
reading frame 1 were evaluated. Analytical
sensitivity and efficiency were optimized using
ten-fold serial dilutions of synthetic RNA
standards applying a primer-probe
concentration matrix and different
commercially available RT-qPCR mastermixes.

Comparison of the assays using field
samples
The RT-qPCR assays were applied to 300
samples from a Swiss FCV field study (Berger et
al., in preparation) and compared with VI.

Sample processing & virus isolation
(VI)

From each cat oropharyngeal cytobrushes and
nasal and conjunctival swabs were collected in
virus transport medium; samples from the
same cat were pooled and either directly
Validation of sample collection and
processed for FCV RT-qPCR or enriched by VI
(Figure 2). For VI, Crandell-Rees feline kidney
transport/storage conditions
cells (CRFK) were incubated at 80% confluency
To optimize the sample collection and
with sterile-filtered samples. Cultures were
transport/storage conditions for field studies,
observed daily for cytopathic effect as a sign of
the stability of FCV on dry swabs and using
different transport media (MicrotestTM M4RT®; virus replication. Cell culture supernatants were
in-house recipe) was assessed at different time tested by FCV RT-qPCR.
points after collection (0h, 2d, 4d, 5d) and at
Validation of the results
different temperatures (4°C, -20°C). The inA sample was considered FCV positive if one of
house medium consisted of Dulbecco’s MEM
the tests was positive. In samples with
containing 10% heat inactivated FCS, 16 mM
incongruent results for RT-qPCRs S1 and S2 the
HEPES buffer, 0.012% Antibiotic-Antimycotic
target regions of the assays were sequenced.
and 0.12% NaHCO₃. The pH was adjusted to ≈ 7
using 1 M NaOH.

Results

Feline Caliciviruses (FCV) are non-enveloped
RNA viruses responsible for upper respiratory
tract disease, oral ulcerations and limping
syndrome (Radford et al., 2009). Occasional
outbreaks of virulent-systemic (VS)-FCV
infections, characterized by cutaneous edema,
skin ulcerations of the head and feet, and
occasionally jaundice have been described in
the USA (Pedersen et al., 2000) and Europe
and have also been observed in Switzerland
during the last years (Willi et al., in
preparation).

A common feature of RNA viruses is the
plasticity of the genome caused by a high
The FCV genome consists of a small,
mutation rate during replication, due to the
approximately 7.7 kb, positive, singlelow efficiency or even lack of proofreading
stranded RNA. It encodes for three open
and post-replicative repair activities of the
reading frames (ORFs) (Carter et al., 1992a).
viral RNA-polymerase, as well as
ORF 1 encodes for 6 non-structural proteins,
recombination events. These characteristics
such as the RNA polymerase (Sosnovtsev et
create a high variability and enable the viruses
al., 2002), whereas ORF 2 encodes the
to evade the hosts’ immune response. The
precursor protein for the major capsid protein overall identity of FCVs worldwide isolates is
VP1 which consists of 6 coding regions A – F
about 80%.
(Carter et al., 1992b; Seal et al., 1993). Regions

Both RT-qPCR systems reached an analytical sensitivity of 100 copies per reaction and a
dynamic range of at least 6 logs with the same reaction composition (300 nM forward
primer, 900 nM reverse primer, 250 nM probe) but using different mastermixes and
different thermal profiles. Whereas S1 reached an almost 100% efficiency, S2 could not go
beyond 81% (Table 2).
Table 2: Optimal
conditions reached with
the two RT-qPCR assays
S1 and S2 using 10-fold
dilutions of in vitro
synthetized RNAstandards. Efficiency was
calculated as follows:
E = 10-1/slope -1.
Analytical sensitivity was
determined by end-point
dilutions experiments.

Assay

Oligos*

FCV RT-qPCR S1

Sequence (5‘-3‘)

X-ray structure of FCV reproduced from Ossiboff
et al., 2010

FCV.forw (2413 – 2435)

GTTGGATGAACTACCCGCCAATC

FCV.p (2456 – 2475)

6-FAM-TCGGTGTTTGATTTGGCCTG-TAMRA

FCV.rev (2507 – 2534)

CATATGCGGCTCTGATGGCTTGAAACTG

FCV.1f (1 – 21)

GTAAAAGAAATTTGAGACAAT

FCV.26p (26 – 49)

YYE-CAAACTCTGAGCTTCGTGCTTAAA-BHQ-1

FCV.120r (104 – 120)

TACTGAAGWTCGCGYCT

Reference

Modified from
Helps et al., 2002

Abd-Eldaim et al.,
2009

50%

RT-qPCR

50%

Figure 2: Schematic
representation of the
sample collection and
processing for the study. A
total of 300 cats were
tested. For each animal a
nasal and a conjunctival
swab as well as an oral
cytobrush stored in
transport medium were
pooled and analyzed for
FCV RT-qPCR both directly
or after VI. A sample was
considered FCV positive if
one of the tests (FCV RTqPCR S1 or S2 from swabs
or from VI cell culture
supernatant) was positive.

VirusIsolation

Table 1: Sequences of the primers used for the assays. *Numbers: Position in
genome with respect to the FCV F9 Strain (M86379)

Comparison using field samples:
Sensitivity of the assays and detection method
A total of 300 cats were tested. For each animal a nasal and a conjunctival swab as well as an oropharyngeal cytobrush
stored in transport medium were pooled and analyzed for FCV RT-qPCR both directly or after VI. A sample was considered
FCV positive if one of the tests (FCV RT-qPCR S1 or S2 from swabs or VI cell culture supernatant) was positive. A total of 97
(32%) were positive for FCV. None of the tests detected all FCV-positive samples. When comparing the different assays
and detection methods the best sensitivity (96%) was reached using S1 both directly on swabs combined with VI, followed
by (in decreasing order) S2 both directly on swabs combined with VI (93%), both systems in swabs (91%), both systems
after VI (90%); S1 after VI (84%); S2 after VI and S1 in swabs (both 81%); S2 in swabs (77%) (Table 3).
Table 3: Sensitivity of the
assays and detection
method.
FCV RT-qPCR S1 was
more sensitive than FCV
RT-qPCR S2 and virus
isolation was more
sensitive than direct
testing from swabs.
The combination of both
detection methods, in
swabs and after virus
isolation, yielded the
best sensitivity.

FCV stability over time and at different temperatures
FCV stability on oropharyngeal dry swabs collected from infected animals was similar at
both temperatures (4°C or -20°C) but viral burdens rapidly decreased to undetectable RTPCR values after 4 days (data not shown). When the same samples were put in cell culture
for virus enrichment, FCV was still detectable from the swabs stored for four days at
either storage temperature but not after 7 days of storage.

Influence of transport medium on FCV stability
FCV stability was further assessed on swabs spiked with infected cell culture supernatant
using two different transport media (a commercially available medium M4RT and an inhouse medium) and dry swabs. Viral burdens were more stable when using the in-house
viral transport medium than on dry swabs. After four days, the CT-value was increased in
average by 3.6 times, indicating that the FCV load was lowered by approximately 10 times.
(Figure 3).

FCV genome, reproduced from Ohe et al., 2006

Figure 1: Schematic representation of the position of the RT-qPCR assays on ORF1.
Reproduced from Sosnovtseva et al., 1999 and Sosnovtsev et al., 2002

FCV RT-qPCR S2

Analytical sensitivity, efficiency and dynamic range of the RT-qPCR assays

A, B, D and F are relatively well conserved,
whilst regions C and E show high variability
(Seal et al., 1993). Region E is known to
contain several epitopes for neutralizing
antibodies (Geissler et al., 2002; Radford et
al., 1999; Tohya et al., 1997). ORF 3 encodes
for the minor structural protein VP2, which is
substantial for the assembly of infectious virus
particles and viral replication (Sosnovtsev et
al., 2005).

Specificity of the assays
Strains that were positive in one assay and negative in the other were sequenced and always showed mismatches in
the binding regions of primer and probes.

Conclusions

Figure 3: Comparison of mean CT-values and standard deviation of FCV in two different
transport media and on dry swabs. A lower CT-value corresponds to a higher viral load. The
numbers listed in the figure above the columns represent the mean CT-values
Literature
•
•
•
•
•
•

Abd-Eldaim, M.M., Wilkes, R.P., Thomas, K.V., Kennedy, M.A., 2009. Development and
validation of a TaqMan real-time reverse transcription-PCR for rapid detection of
feline calicivirus. Archives of virology 154, 555-560.
Berger, A., Willi, B., Meli, M.L., Boretti, F.S., Hartnack, S., Dreyfus, A., Lutz, H.,
Hofmann-Lehmann, R., Case control study on feline calicivirus to investigate risk and
protective factors for infection. Manuscript in preparation.
Carter, M.J., Milton, I.D., Meanger, J., Bennett, M., Gaskell, R.M., Turner, P.C., 1992.
The complete nucleotide sequence of a feline calicivirus. Virology 190, 443-448.
Carter, M.J., Milton, I.D., Turner, P.C., Meanger, J., Bennett, M., Gaskell, R.M., 1992.
Identification and sequence determination of the capsid protein gene of feline
calicivirus. Archives of virology 122, 223-235.
Geissler, K., Schneider, K., Truyen, U., 2002. Mapping neutralizing and nonneutralizing epitopes on the capsid protein of feline calicivirus. Journal of veterinary
medicine. B, Infectious diseases and veterinary public health 49, 55-60.
Helps, C., Lait, P., Tasker, S., Harbour, D., 2002. Melting curve analysis of feline
calicivirus isolates detected by real-time reverse transcription PCR. Journal of

•

•
•

•

• To detect infected animals samples have to be processed within 3 days after collection and a proper transport medium and storage
temperature of 4°C or colder should be guaranteed.
• None of the tests was able to detect all FCV-positive samples. FCV RT-qPCR S1 was more sensitive than FCV RT-qPCR S2 and virus isolation
was more sensitive than direct RT-qPCR from swabs.
• Due to the genetic variability of caliciviruses, FCV RT-qPCR assays will suffer from lack of sensitivity, there will be hardly any assay able to
detect all strains. Therefore a combination of RT-qPCR directly from swabs and after virus isolation is needed to increase the sensitivity of
detection. But for routine diagnostics purposes this approach is time-consuming and expensive.

virological methods 106, 241-244.
Helps, C.R., Lait, P., Damhuis, A., Bjornehammar, U., Bolta, D., Brovida, C., Chabanne,
L., Egberink, H., Ferrand, G., Fontbonne, A., Pennisi, M.G., Gruffydd-Jones, T., GunnMoore, D., Hartmann, K., Lutz, H., Malandain, E., Mostl, K., Stengel, C., Harbour, D.A.,
Graat, E.A., 2005. Factors associated with upper respiratory tract disease caused by
feline herpesvirus, feline calicivirus, Chlamydophila felis and Bordetella
bronchiseptica in cats: experience from 218 European catteries. The Veterinary
record 156, 669-673.
Johnson, R.P., 1992. Antigenic change in feline calicivirus during persistent infection.
Canadian journal of veterinary research = Revue canadienne de recherche veterinaire
56, 326-330.
Ohe, K., Sakai, S., Sunaga, F., Murakami, M., Kiuchi, A., Fukuyama, M., Furuhata, K.,
Hara, M., Soma, T., Ishikawa, Y., Taneno, A., 2006. Detection of feline calicivirus (FCV)
from vaccinated cats and phylogenetic analysis of its capsid genes. Veterinary
research communications 30, 293-305.
Ossiboff, R.J., Zhou, Y., Lightfoot, P.J., Prasad, B.V., Parker, J.S., 2010. Conformational
changes in the capsid of a calicivirus upon interaction with its functional receptor.

•
•

•
•
•

Journal of virology 84, 5550-5564.
Pedersen, N.C., Elliott, J.B., Glasgow, A., Poland, A., Keel, K., 2000. An isolated
epizootic of hemorrhagic-like fever in cats caused by a novel and highly virulent strain
of feline calicivirus. Veterinary microbiology 73, 281-300.
Radford, A.D., Addie, D., Belak, S., Boucraut-Baralon, C., Egberink, H., Frymus, T.,
Gruffydd-Jones, T., Hartmann, K., Hosie, M.J., Lloret, A., Lutz, H., Marsilio, F., Pennisi,
M.G., Thiry, E., Truyen, U., Horzinek, M.C., 2009. Feline calicivirus infection. ABCD
guidelines on prevention and management. Journal of feline medicine and surgery
11, 556-564.
Radford, A.D., Willoughby, K., Dawson, S., McCracken, C., Gaskell, R.M., 1999. The
capsid gene of feline calicivirus contains linear B-cell epitopes in both variable and
conserved regions. Journal of virology 73, 8496-8502.
Seal, B.S., Ridpath, J.F., Mengeling, W.L., 1993. Analysis of feline calicivirus capsid
protein genes: identification of variable antigenic determinant regions of the protein.
The Journal of general virology 74 ( Pt 11), 2519-2524.
Sosnovtsev, S.V., Belliot, G., Chang, K.O., Onwudiwe, O., Green, K.Y., 2005. Feline
calicivirus VP2 is essential for the production of infectious virions. Journal of virology

•
•

•
•

79, 4012-4024.
Sosnovtsev, S.V., Garfield, M., Green, K.Y., 2002. Processing map and essential
cleavage sites of the nonstructural polyprotein encoded by ORF1 of the feline
calicivirus genome. Journal of virology 76, 7060-7072.
Sosnovtseva, S.A., Sosnovtsev, S.V., Green, K.Y., 1999. Mapping of the feline calicivirus
proteinase responsible for autocatalytic processing of the nonstructural polyprotein
and identification of a stable proteinase-polymerase precursor protein. Journal of
virology 73, 6626-6633.
Tohya, Y., Yokoyama, N., Maeda, K., Kawaguchi, Y., Mikami, T., 1997. Mapping of
antigenic sites involved in neutralization on the capsid protein of feline calicivirus.
The Journal of general virology 78 ( Pt 2), 303-305.
Willi, B., Spiri, A., Berger, A., Meli, M.L., Riond, B., Graf, F., Diserens, K., Padrutt, I.,
Nesina, S., Hosie, M.J., Samman, A., Hofmann-Lehmann, R., Clinical and molecular
characterization and virus neutralization patterns of feline calicivirus isolates from
five virulent-systemic disease outbreaks in cats in Switzerland and the Principality of
Liechtenstein. Manuscript in preparation.

