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ABSTRACT

Background: Feline calicivirus (FCV) is a major and highly infectious pathogen in cats 
worldwide. However, there have been limited studies about the status of FCV infections in Korea.
Objectives: To investigate the current status of FCV infections in stray cats in Korea.
Methods: A novel reverse transcription polymerase chain reaction (RT-PCR) assay was 
developed based on the conserved nucleotide sequences of reported FCV strains. Field swab 
samples were collected from 122 cats (2 hospital admitted cats and 120 stray cats) in 2016 and 
2017. All the samples were tested by virus isolation and 2 different RT-PCRs, including the 
novel RT-PCR, for the detection of FCV.
Results: The novel RT-PCR assay showed no cross-reactivity to the nucleic acids of the other 
feline pathogens tested, and the limit of detection was calculated as 100 TCID50/mL based on 
an in vitro assessment. The novel RT-PCR assay detected 5 positive samples from the 122 field 
samples, which showed perfect agreement with the results of the virus isolation method. 
In contrast, another RT-PCR assay used in a previous study in Korea detected no positive 
samples. The prevalence of FCV infection in stray cats was 2.5% (3/120) based on the results 
of virus isolation and the novel RT-PCR assays.
Conclusions: The current study is the first report of the detection and prevalence of FCV in 
stray cats in Korea. The novel RT-PCR assay developed in this study showed high sensitivity 
and specificity, which indicates a useful diagnostic assay to identify FCV infection in cats.
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INTRODUCTION

Worldwide, feline calicivirus (FCV) is a major infectious pathogen widely distributed in cats. 
FCV infection generally leads to acute, mild to moderate, stomatitis, and upper respiratory 
tract disease (URTD). It can also cause arthritis and hemorrhagic-like fever, and more 
recently, virulent mutants of FCV have been identified as the cause of severe and acute 
virulent systemic disease [1-3].
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It is difficult to differentiate FCV infection from respiratory infections caused by 
other respiratory pathogens, such as feline herpes virus type 1 (FHV-1) and Chlamydia 
psittaci, due to the similarity of clinical symptoms [4,5]. Thus, laboratory methods such 
as reverse transcription polymerase chain reaction (RT-PCR) assay, virus isolation, 
immunofluorescence tests, or serological tests are necessary for accurate diagnosis.

In general, virus isolation is considered to be a gold standard assay to detect FCV [6], and it is 
less sensitive to genomic variation which happens frequently in RNA viruses. However, this 
method is not easily applied for routine diagnosis. Virus isolation based on cell culture requires 
skillful techniques as well as increased labor and time [7]. Also, virus isolation might fail due to 
the presence of antibodies in extracellular fluids which inhibit viral replications in vitro [7,8].

Compared to virus isolation, the RT-PCR assay is a very useful method due to its easy, rapid, 
sensitive, and inexpensive features [5,9]. For the aforementioned reasons, an FCV specific 
RT-PCR assay has been developed and widely used for the detection of FCV infection. 
However, the high degree of gene variation in FCV due to RNA genome features can reduce 
the diagnostic sensitivity of FCV-specific molecular assays [10,11]. As gene mutations 
frequently occur, the nucleotide sequences of primer binding sites are likely to be changed. 
These changes may hamper the sensitivity of previously established RT-PCR assays [12].

In the present study, a novel RT-PCR assay was developed with a new primer set designed 
based on the sequences of ORF2 and ORF3 conserved regions. The new RT-PCR was applied 
to field samples, and the results were compared to those of a previously used RT-PCR and 
virus isolation methods to validate the accuracy.

MATERIALS AND METHODS

Sample collection
A total of 122 samples were obtained from the conjunctival sac, oropharynx, and nasal 
cavities of cats during the period from September 2016 to August 2017. Among them, 2 
samples were collected from hospital-admitted cats with clinical signs; one with mild nasal 
discharge and the other had severe URTD (nasal bleeding, oral ulcer, and conjunctivitis). The 
remaining 120 samples were collected from the healthy stray cats captured for the purpose of 
trap-neuter-return. The swab samples collected from the conjunctival sac, oropharynx, and 
nose from a same cat were suspended together in 2 mL phosphate buffered saline (PBS). The 
suspension was centrifuged at 4,200 × g for 10 min at 4°C and the supernatant was collected. 
The supernatant was subjected to PCR assay and virus isolation.

Development of the novel RT-PCR
To design a novel primer set specific for FCV, the currently available whole genome 
sequences of FCV isolates were downloaded from GenBank (accession No. M86379, 
KT206207, KM016908, KC835209, JX519214, JX519213, JX519209, AF479590, DQ424892, 
L40021, KX371573, KU373057, KJ944377, KJ572401, KJ572400, AY560118, AY560114). 
After sequence alignment of the 17 global isolates, 2 conserved regions located on 
ORF2, encoding a major capsid protein VP1, and ORF3, encoding a minor capsid protein 
VP3, were identified and used for the novel PCR (Fig. 1). The forward primer, ORF2-F 
(5′-CTGCCTCCTACATGGGAAT-3′), binds on region F of ORF2, corresponding to the 
position of 7,253–7,271 bps of FCV strain F9 (GenBank accession No. M86379, Fig. 1). The 
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binding site of reverse primer, ORF3-R (5′-GTGTATGAGTAAGGGTCRACCC-3′), is located on 
the starting region of ORF3, corresponding to the position 7,555–7,576 bps of strain F9. The 
expected size of the target amplicon was calculated as 324 bps.

RT-PCR conditions were optimized using total RNA extracted from the combined FVRC 
attenuated vaccine (PureVax feline4; Boehringer Ingelheim, Germany) which contains FHV-1 
(F2 strain), FCV (F9 strain), feline parvovirus (FPV; Johnson Leopard Origin strain) and 
Chlamydophila felis (905 strain). Briefly, cDNA was synthesized from the extracted RNA using 
RNA to cDNA EcoDry Premix (Clontech, Japan, Cat No. 639546) following the manufacturer's 
recommendations. The PCR reaction was performed in 20 μL mixture containing 2 μL of 
cDNA solution, 1 μL of each primer (10 pmol), 2.5 mM of each dNTP, 10 mM Tris-HCL (pH 
8.8), 1.5 mM MgCl2, 50 mM KCl, and 2.5 U of Taq polymerase. Thermal cycling conditions 
consisted of denaturation (95°C, 5 min), followed by 35 cycles of denaturation (95°C, 30 sec), 
primer annealing (57°C, 30 sec), and primer extension (72°C, 30 sec). A final extension was 
performed at 72°C (5 min).

To validate the RT-PCR assay, the amplified PCR products were purified and sequenced 
by Sanger's method [13]. A blast search of the obtained sequences was performed using 
the Blastn program of National Center for Biotechnology Information (NCBI) to identify 
the FCV-specific sequences. To determine the limit of detection (LOD), the FCV SU (the 
first FCV field isolate in this study by virus isolation as described below) were cultivated in 
Crandell-Rees feline kidney (CRFK) cells and the collected culture supernatant was adjusted 
to 106 TCID50/mL. The adjusted supernatant was serially diluted up to a concentration of 10−1 
TCID50/mL by a 10-fold serial dilution method and these 8 diluents were subjected to the 
novel RT-PCR assay.
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Fig. 1. Genome map of FCV and the conserved regions. ORF2-F and ORF3-R primers were derived from the conserved regions from ORF2 and ORF3, respectively. 
FCV, feline calicivirus.
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Detection of FCV in field samples by virus isolation
All of the supernatants prepared above were filtered through a 0.2-μm-pore-size filter and 
used as an inoculum for virus isolation. CRFK cells were used to cultivate and isolate FCV. 
In brief, CRFK cells were plated on 12-well plates at the concentration of 1 × 105 cells/mL in 
each well. After overnight incubation, the plates were washed 3 times with PBS, and then 
100 μL of inoculum was added on the cell monolayer in each well. For absorption of the 
virus, the inoculated plates were incubated at 37°C with 5% CO2 for 2 h. After 2 h incubation, 
the plates were washed 3 times with PBS, and refilled with 300 μL of Dulbecco's Modified 
Eagle's medium containing 5% fetal bovine serum. Cytopathic effect (CPE) was observed 
for 3 days. If CPE developed, the cell culture was maintained until 50%–70% CPE developed, 
and then the cell culture supernatant was collected. Virus identification was performed by 
antigen detection using the RT-PCR assay as described above. If CPE were not observed after 
5 passages, the virus isolation result was considered to be negative.

Detection of FCV in field samples by molecular methods
All of the 122 swab samples collected in this study were tested for the presence of FCV by 
2 different RT-PCR methods; the first was a previously developed RT-PCR (Cal-RT-PCR) 
method widely used in many studies including a previous study in Korea [5,11,14-16], and 
the second was the RT-PCR developed in this study. RNA extraction and cDNA generation 
from all samples were conducted as described above. The 2 RT-PCR assays were performed 
as described previously [14] and above, respectively. If the RT-PCR results were positive with 
an expected amplicon size, the PCR products were sequenced for the further identification of 
FCV, as described above. If the RT-PCR results were false negative, compared to those of virus 
isolations, high-titer FCV field isolates (1 × 1010 TCID50/mL) were prepared and the LOD of the 
PCR assay was determined as described above.

Comparison of RT-PCR and virus isolation methods for the detection of FCV in 
field samples
Kappa statistics were used to compare the new PCR assay with virus isolation and Cohen's 
kappa coefficient (κ) was calculated from the following formula:

κ = (Po − Pe)/(1 − Pe)

Po = (a + d)/(a + b + c + d), Pe = Pyes + Pno

Pyes = (a + b)/(a + b + c + d) ∙ (a + c)/(a + b + c + d),  
Pno = (c + d)/(a + b + c + d) ∙ (b + d)/(a + b + c + d)

Where ‘a’ is the number of positives in both methods, ‘b’ is the number of positives in RT-
PCR and negatives in virus isolation, ‘c’ is the number of negatives in RT-PCR and positives 
in virus isolation, ‘d’ is the number of negatives in both methods. The κ varies from 0 to 1 and 
it means that 0 = agreement equivalent to chance, 0.10–0.20 = slight agreement, 0.21–0.40 
= fair agreement, 0.41–0.60 = moderate agreement, 0.61–0.80 = substantial agreement, 
0.81–0.99 = near perfect agreement, and 1 = perfect agreement [17].
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RESULTS

Validation of the new RT-PCR assay
The specificity of a new primer set was first tested in silico, using Nucleotide-BLST and Primer-
BLAST programs on NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi). No possible PCR 
product was detected for all known feline pathogens and feline genomes. Then, the RT-PCR 
was performed with the extracted nucleic acids from the combined FVRC attenuated vaccine 
containing feline pathogens (FCV, FHV-1, FPV, and C. felis). Only one band around 324 bp was 
visualized, which was the expected size of the FCV target amplicon and there was no cross-
reactivity to the nucleic acids of the other feline pathogens used for specificity evaluation  
(Fig. 2A). Also, non-specific fragments were not observed in electrophoresis of the novel RT-
PCR performed with 122 field samples (data not shown). The LOD was determined to be as low 
as 100 TCID50 for the novel RT-PCR developed in the current study (Fig. 2B).

Detection of FCV in field samples by virus isolation and RT-PCR assays
A total of 122 field samples were subjected to virus isolation and the 2 RT-PCR assays. In 
the virus isolation method, a total of 7 samples developed CPE in the cell culture after 
inoculation. Of these 7 samples, 5 samples (sample No. 60, 64, 88, 120, and SU) were 
confirmed as FCV positive by the novel PCR assay followed by sequence analyses, but 
2 samples were FCV negative. The 2 FCV-negative samples that still showed CPE were 
concluded to be FHV-1 infections based on FHV-1 specific PCR positive reactions [16] 
(data not shown). Overall, 5 FCV isolates were recovered from the field samples. Of these 5 
samples, 3 were from the healthy stray cats and the other 2 were from the cats with clinical 
symptoms (Table 1 and Fig. 3).

The 2 RT-PCR assays showed different levels of accuracy. The Cal-RT-PCR developed in a 
previous study [14] detected no positive sample at all (Fig. 3B). In contrast, the novel RT-PCR 
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A B

106 105 104 103 102 101 100 10−1 Pos Neg

Fig. 2. Validation of the novel RT-PCR. (A) The result of a new RT-PCR assay conducted with nucleic acids of feline pathogens (FCV, FHV-1, FPV, and 
Chlamydophila felis) extracted from the combined FVRC attenuated vaccine. Only one target amplicon (324 bp) was visualized and there was no cross-reactivity. 
Lane 1, DNA size marker; lane 2, RT-PCR with FVRC attenuated vaccine. (B) LOD of the new RT-PCR was determined with a cultured filed isolate (FCV 60). Lane 1, 
DNA size marker; lane 1–9, 10-fold serial diluents (106 to 10− 1 TCID50); lane 10–11, positive and negative controls, respectively. The target amplicons (312 bp) were 
identified from lanes 2 (106 TCID50) to 8 (100 TCID50). The LOD was determined as 100 TCID50/mL. 
RT-PCR, reverse transcription polymerase chain reaction; FCV, feline calicivirus; FHV-1, feline herpes virus type 1; LOD, limit of detection.
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developed in this study showed 5 positive reactions from the 122 samples, which were further 
confirmed as true positives by sequence analyses (Fig. 3A). The sequence alignment results 
revealed that the similarity among the 5 isolates ranged from 75.4% to 95.2% each other 
(Table 2 and Fig. 4). The 5 RT-PCR positive samples were consistent with the virus isolation 
positive samples. The virus isolation assay is considered the gold standard, and the new RT-
PCR showed 100% sensitivity and specificity. Taken together, the results of the novel RT-PCR 
assay showed a perfect agreement with the virus isolation method in the detection of FCV 
from 122 field samples (κ value = 1, Table 1).
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Table 1. Comparison of the virus isolation method and a novel RT-PCR assay for the detection of FCV in 122 field samples
Novel RT-PCR Virus isolation

Positive Negative Total
Positive 5* 0 5
Negative 0 117 117
Total 5 117 122
Cohen's kappa coefficient (κ) between the 2 assays was 1.
RT-PCR, reverse transcription polymerase chain reaction; FCV, feline calicivirus.
*The 5 positive samples by both 2 methods were from 2 hospital-admitted clinical cats (sample No. 121 and SU) 
and 3 healthy stray cats (sample No. 60, 64 and 88).

BA

C D

New RT-PCR Cal-RT-PCR

Clinical
samples

High-titer
virus samples

60 64 88 121 SU Pos Neg

60 64 88 121 SU Pos Neg 60 64 88 121 SU Pos Neg

60 64 88 121 SU Pos Neg

Fig. 3. Detection of FCV by 2 RT-PCR assays. The new RT-PCR assay developed in this study (left panel) and a RT-
PCR assay developed by Seal [14] (Cal-RT-PCR, right panel) were performed for all 122 field samples to detect FCV 
infections. (A) The new RT-PCR assay amplified targeted amplicons (324 bp) from all 5 positive samples identified 
by virus isolation; however, (B) the old RT-PCR assay did not detect any FCV. (C, D) RT-PCR assays were performed 
for high virus titer samples of the 5 positive isolates (1010 TCID50). (C) The new RT-PCR assay amplified targeted 
amplicons (324 bp) from all of the samples, (D) but the old RT-PCR assay amplified the targeted amplicon (673 
bp) in only 3 of the 5 positive samples with some non-specific bands. Lane 1, DNA size marker; lanes 2–4, FCV 
positive samples from healthy stray cats; lanes 5, FCV positive sample from a cat with nasal discharge; lane 6, 
FCV positive sample from a cat with severe URTD; lanes 7–8, a positive and a negative control, respectively. 
FCV, feline calicivirus; RT-PCR, reverse transcription polymerase chain reaction; URTD, upper respiratory tract disease.

Table 2. Nucleotide sequence similarity (%) matrix among PCR product sequences derived from 5 Korean FCV isolates
Isolate ID 60 64 88 121 SU
60 - 95.2 80.6 77.5 75.4
64 95.2 - 81.0 77.1 77.5
88 80.6 81.0 - 78.8 91.8
121 77.5 77.1 78.8 - 78.0
SU 75.4 77.5 91.8 78.0 -
PCR, polymerase chain reaction; FCV, feline calicivirus.
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Cal-RT-PCR was further tested with high-titer virus samples (1 × 1010 TCID50/mL) prepared 
with the cultured FCV field isolates from this study. Of these 5 isolates, the target band (673 
bp) was amplified by Cal-RT-PCR only in the preparation of FCV isolates 60, 88, and SU. 
The nucleic acids of isolates 64 and 121 were not amplified even with the high-titer virus 
samples. Isolates 88 and 122 were used to determine the LOD of Cal-RT-PCR, since these 2 
isolates only generated a specific target band without any non-specific bands at high virus 
concentration (Fig. 3C and D). The LOD of Cal-RT-PCR was determined as 1 × 107 TCID50/mL 
(data not shown).

Prevalence of FCV in healthy stray cats in Korea
A total of 120 healthy stray cats were tested by virus isolation and the 2 different RT-PCR 
assays in this study. The result was considered FCV positive if any one of the tests was positive 
in this study. Virus isolation and the novel RT-PCR identified the same samples as positive 
(Table 1). Virus isolation or RT-PCR detection-based FCV apparent prevalence was calculated 
as 2.5% (3/120) in this study.

DISCUSSION

FCV is widely spread in the general cat population, including both clinically diseased and 
healthy cats worldwide [18]. The virus has even been detected and isolated from shelter cats 
and stray cats in other countries [9,19,20]. In contrast, there have been very limited studies 
about the prevalence of FCV in cat populations in Korea. Kang and Park [16] previously used 
the Cal-RT-PCR method and reported a 0% FCV prevalence in cats residing in an animal 
shelter. However, FCV has high genetic variability due to the RNA genome feature and this 
feature may lead to false negatives in the detection of FCV by RT-PCR methods [10-12]. 
The number of mutations on the primer binding sites significantly affects the efficiency of 
RT-PCR detection assays. It has been reported that 2 different RT-PCRs detected different 
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Fig. 4. A comparison of nucleotide sequences of the 5 FCV isolates recovered in this study. The sequence alignment results of the 5 isolates for 232 bp on the PCR 
fragments are presented. They were all identified as FCVs by blast n search in NCBI database. The sequence similarity of the 5 FCV isolates ranged from 75.4% to 
95.2% each other. 
FCV, feline calicivirus; PCR, polymerase chain reaction; NCBI, National Center for Biotechnology Information.
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portions of FCV in positive cats in the same tested samples due to nucleotide differences 
in the primer targeting sequences [21]. Recent studies in Europe reported that there were 
extensive variabilities in the nucleotide sequences of FCV isolated through European 
countries and there were no predominant strains that were internationally distributed. 
Rather, some strain clusters were restricted to a single country [20,22]. Therefore, the 
previous Korean study could have underestimated the prevalence of FCV if the molecular 
detection method (Cal-RT-PCR) was not appropriate to detect Korean isolates due to the 
nucleotide sequence differences as aforementioned. With this in mind, we developed a novel 
RT-PCR for FCV detection and used it to investigate the prevalence of FCV in stray cats, in 
comparison with virus isolation and Cal-RT-PCR methods.

The new primer set was designed based on the conserved sequences of 17 FCV strains 
available through the GenBank website. The condition of a novel RT-PCR was optimized 
using FVRC attenuated vaccine in which the FCV virus was included. Then, in the application 
with the 122 field samples, the novel RT-PCR detected 5 FCV positive samples; the analytical 
sensitivity of the new test was measured as low as 100 TCID50 with a Korean isolate [21], 
which indicates that the RT-PCR was very sensitive to detect FCV from feline samples. In 
contrast, Cal-RT-PCR used in the previous study in Korea [16] detected no positive samples 
although at least 5 cats were truly FCV positive (Table 1). With high-titer virus preparation of 
the 5 field isolates, Cal-RT-PCR only detected 3 of them (Fig. 3D). The LOD of Cal-RT-PCR 
measured with 2 field isolates in this study was 1 × 107 TCID50/mL, which suggested that this 
RT-PCR could not be used to detect FCV directly from swab samples without viral cultures in 
this study. The efficiency of Cal-RT-PCR to detect FCV was demonstrated to be comparable to 
that of virus isolation in a previous study in Australia [11]. The discrepancy of results between 
the previous study and this study might be attributed to the geographical distribution of 
different FCV strains. Taken together, the results of this study suggest that Cal-RT-PCR is not 
appropriate to investigate the prevalence of FCV infection in Korea, and the previous Korean 
study [16] might have underestimated the prevalence of FCV in Korean cats.

In general, sensitivity and specificity are the most important parameters in diagnostic assays. 
To determine the absolute sensitivity and specificity of a diagnostic test, enough numbers 
of true positive and negative samples are required. However, it is difficult, sometimes 
impossible, to obtain those numbers of samples in many kinds of infectious animal diseases. 
FCV is one of those cases in Korea. Alternatively, many new diagnostic tests were evaluated 
with considered reference tests. Virus isolation is a biological diagnostic method that is 
almost unaffected by genetic variation, as compared to molecular diagnostic methods [7]. 
Thus, virus isolation has been frequently used for the validation and comparison of sensitivity 
and specificity in development of RT-PCR for FCV [4,11,23,24]. Similarly, the new RT-PCR 
was further validated by comparison of the 122 field sample results with those of virus 
isolation in this study. Although limited numbers were tested, the results revealed perfect 
agreement (κ = 1) between the 2 FCV detection methods, which indicated both the specificity 
and sensitivity of the new RT-PCR at 100%. In addition to the identical results with those of 
viral isolation, the high specificity of the novel RT-PCR was further supported by the results 
with 122 field samples, in which no non-specific band was detected. The high sensitivity, 
especially to detect diverse FCV strains, was also supported by detecting 5 isolates showing 
high genetic diversity (Table 2 and Fig. 4). Taken together, the results indicate that the novel 
RT-PCR is applicable to field testing for feline FCV infection in Korea; also, it has several 
advantages of molecular detection over virus isolation methods.
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This is the first report of FCV detection and isolation from stray cats in Korea. All of the 
tested stray cats were healthy without any recognized symptoms. From those animals, the 
detection and isolation-based prevalence was 2.5% (3 of 120). Several studies have reported 
the presence of FCV in healthy cats sampled from different locations, including households, 
veterinary hospitals, animal shelters, and breeding catteries in many countries [9,25-27]. FCV 
infection in cats is sometime prone to be asymptomatic, and the asymptomatic infected 
cats can be the major source of FCV spreading in the general cat populations [18]. Stray cats 
are unvaccinated and freely roam long distances in urban and suburban areas. Therefore, 
asymptomatic infected stray cats shedding the virus are expected to be good carriers, and 
thus allow FCV to circulate and evolve in cat populations and other members of the felidae 
family. Thus, appropriate surveillance measures in wild cats are important to control FCV in 
countries. A similar study recently conducted in Spain reported a slightly higher prevalence 
of FCV in stray cats (5.2%) [19].

FCV has been considered a major pathogen causing respiratory problems in cat for long 
time and high virulent strains have been constantly emerging recently [2,3]. However, there 
has been limited information on the situation of FCV infection in cat populations, especially 
in stray cats, in Korea. This is partly attributed to the lack of efficient and convenient 
diagnostic assays. In this study, we developed a novel RT-PCR for FCV detection in Korea 
and demonstrated that the novel detection method is a useful tool for rapid and accurate 
diagnosis of FCV infection. In addition, using the novel RT-PCR and virus isolation methods, 
we reported the infection and prevalence of FCV in stray cats in Korea for the first time. 
To establish a proper control program for FCV infection in cats, continuous surveillance 
is needed. The novel RT-PCR developed in this study may be useful to screen the FCV 
infection in different cat populations in Korea.
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