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ABST RACT
Feline calicivirus (FCV) is a highly contagious pathogen, which is common in the cat population. The present 
study investigated the prevalence of FCV and potential risk factors for infection in the cat population in 
Turkey’s Kayseri province. The study group comprised clinically healthy cats (n = 67) and cats displaying signs 
of FCV infection (n = 26). The animals varied in term of breed, age, gender, vaccination status, and housing 
status (shelter vs. outdoor). Swab samples were obtained and tested for FCV using a commercial enzyme-
linked immunosorbent assay (ELISA) kit and semi-nested reverse-transcription polymerase chain reaction 
(RT-PCR) assay with a new primer design. From a total of 93, ten samples were positive for FCV according 
to the ELISA, and 18 samples were positive according to the semi-nested RT-PCR test. The positivity rate 
was found to be higher in semi-nested RT-PCR than ELISA. The overall prevalence of FCV infection was 
19.35% (18/93). A risk factor analysis revealed that breed, age, gender, housing status and vaccination status 
were not risk factors for FCV. There was a statistically significant difference only in clinically healthy cats 
and symptomatic cats (p < 0.001). The study revealed the presence of FCV in both asymptomatic cats and 
vaccinated cats. The semi-nested RT-PCR with newly designed primers may be beneficial for researchers.
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INTRODUCTION
Feline calicivirus (FCV) is a single-stranded, positive-sense 
RNA virus, which belongs to the Vesivirus genus of the 
Calicivirus family (1). FCV is a highly contagious pathogen, 
which is common in the cat population worldwide (2). FCV 
usually infects animals aged 6–84 days, with the prevalence 
of infection generally highest among kittens aged 56–84 
days (3). FCV is spread through oral, ocular, and nasal 
secretions and is transferred via direct contact with secre-
tions of acutely infected and carrier cats (4-5). In treated 
cats, virus shedding may continue for a number of days (30 
days) or a number of years (2). As the survival of the FCV 
is relatively short lived outside the host, the environment 
is rarely a source of long-term infection (3). As the tropism 
and virulence of FCV varies between strains, infection is 
accompanied by a large spectrum of clinical symptoms (oral 

ulcers, chronic stomatitis, limping syndrome, conjuncti-
val signs, etc.) and respiratory symptoms (6-7). Previous 
research demonstrated the presence of FCV-like viruses 
in dogs, which indicates a potential risk for interspecies 
transmission (8).

Although FCV has a single serotype and genotype, differ-
ent variants resulting from genetic diversity lead to severe and 
acute virulent systemic diseases. Mortality of up to 50–60% 
has been reported following infection with highly virulent 
FCV strains (9-10). Most attenuated or inactivated vaccines 
do not prevent re-infection by homologous or heterologous 
FCV variants. Therefore, the prevalence of FCV remains 
high among cats in the same household or cats housed in 
shelters (11). 

For FCV detection, conjunctival swabs, oral swabs, blood 
samples, skin smears, or lung tissue samples are tested using 
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reverse-transcription polymerase chain reaction (RT-PCR), 
nested PCR, and quantitative PCR methods (12-13).

The present study aimed to investigate FCV prevalence-
related risk factors and to compare the sensitivity of a com-
mercial enzyme-linked immunosorbent assay (ELISA) and 
semi-nested RT-PCR method with a new primer design in 
the diagnosis of the disease. 

MATERIAL AND METHODS
Study group
The study was conducted among cats in Turkey’s Kayseri 
province. The study group comprised 26 cats displaying signs 
of FCV infection and 67 clinically healthy cats. Samples 
were collected between December 2017 and March 2018 
from cats in the animal hospital of the Veterinary Faculty of 
Erciyes University and in from the municipal animal shel-
ter of Kayseri. The following clinical signs were recorded: 
nasal and/or ocular discharge, conjunctivitis, gingivitis, oral 
ulcerations, and edema. Demographic data (age, gender, and 
breed), housing status (household, n = 0, shelter, n = 67 or out-
door, n = 26), and vaccination history were recorded for each 
animal. Oral, nasal and conjunctival swabs were obtained 
from all cats for laboratory diagnosis.

Preparation of clinical samples
The clinical swab samples were re-suspended in 1 ml of 
phosphate-buffered saline and stored at -80°C until the 
ELISA and RNA isolation. Subsequently, the samples were 
thawed at room temperature. The freezing and thawing pro-
cedures were repeated three times. The pellet was then sus-
pended by centrifugation at 400× g for 10 min. The obtained 
supernatant was used in the ELISA and RNA isolation.

ELISA
A commercial ELISA kit (Eastbiopharm, Hangzhou, China) 
was used for the detection of the FCV antigen in swab 
samples. The test was performed according to the instruc-
tions of the manufacturer. 

RNA isolation from clinical swab samples
Total RNA isolation from the supernatants of the clini-
cal samples was performed using GENEzol TM reagent 
(Geneaid Bio., New Taipei City, Taiwan) according to the 
manufacturer’s instructions. 

Primer design and reverse transcription
First, multiple alignments of the full genome sequences of 
FCV strains from different geographic regions stored in 
Genbank were performed with DNA baser software (Heracle 
Biosoft, Arges, Romania). Subsequently, highly conserved re-
gions were detected within the aligned nucleotide sequences. 
These regions were then used for primer design using the 
PrimerQuest® Tool (Integrated DNA Technologies, Iowa, 
USA). Appropriate internal and external primers were cre-
ated taking into account melting temperatures and specific-
ity. Primers were tested with BLASTN (http://www.ncbi.
nlm.nih.gov). The designed primers were synthesized at the 
Macrogen Company (Seul, South Korea). The synthesized 
primers (FCV-P1, FCV-P2, and FCV-P3) are presented in 
Table 1. These primers and total RNA from oral swaps were 
used in cDNA synthesis. This step was carried out following 
the instructions for use of the M-MLV reverse transcriptase 
kit (Promega, Wisconsin, USA). The reaction mixture con-
taining 1µg of total RNA, 2 ρmol of external reverse primer 
(FCV-P3 primer) and 5μl of ddH2O was first incubated 
at 70°C for 10min, kept on ice for 3 minutes before adding 
5μl of 5 × M-MLV buffer, 2 μl of dNTP mix (10mM of 
each), 200 U of M-MLV reverse transcriptase. The reaction 
was conducted at 42°C for 1hour at 70°C for 15 min and 
terminated the reaction at 4°C.

Table 1: Primers used in the semi-nested PCR step and their 
sequences.

Primers Nucleotide sequences (5’→3’) Region Product 
sizes

FCV-P1 ATGTCTCAAACTCTGAGCTTC  ORF-1 
polyprotein -

FCV-P2 TGTGAGCTGTTCTTTGCACA “ 396
FCV-P3 ATTGGGTTGTATGATTGCAT “ 1347

Polymerase Chain Reaction (PCR) and Semi-nested 
PCR
First-round PCR and semi-nested PCR steps were carried 
out on the GenAmp 9700 thermal cycler (Thermo Fisher, 
Massachusetts, USA). In total, 50 µL of the mixture [5 µL of 
cDNA, 5 µL dNTP mix (of each, 10 mM), 4 µL of FCV-P1 
and FCV-P3 primer mixture (20 ρmol), 5 µL of KCL added 
10× TaqBuffer, 1 unit of Taq DNA polymerase enzyme 
(Hibrigen, Istanbul, Turkey), and the remaining RNAase-free 
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water] was prepared for first-round PCR. The amplification 
parameters were as follows: 3 min of pre-denaturation at 
94°C and then 15 sec at 94°C, 30 sec at 52°C, and 90 sec at 
72°C for 30 cycles, with a final step of 5 min at 72°C. 

For semi-nested PCR, the PCR amplification product 
obtained at the end of the first-round PCR was used as the 
template (2 µL). In total, 50 µL of the mixture [5 µL dNTP 
mix (of each, 10 mM), 4 µL of FCV-P1 and FCV-P2 primer 
mixture (20 ρmol), 5 µL of KCL added 10× TaqBuffer, 1 
unit of Taq DNA polymerase enzyme (Hibrigen, Istanbul, 
Turkey), and the remaining RNAase-free water] was pre-
pared for semi-nested PCR. The amplification parameters 
were as follows: 15 sec at 94°C, 30 sec at 52°C, 30 sec at 
72°C for 35 cycles, followed by 5 min at 72°C. Agarose gel 
(1.5%) stained with ethidium bromide was visualized after 
electrophoresis (110 V, 40 min).

Sequencing
Bidirectional sequence analysis of amplification products 
of the expected size (396 bp) after semi-nested PCR 
was performed at the Macrogen Company. In this step, 
ABI3730XL sanger sequencing device (Applied Biosystems, 
California, USA), FCV-P1 and FCV-P2 primers and BigDye 
Terminator v.3.1 cycle sequencing kit were used. The se-
quence data of all PCR products were compared to the se-
quence data in Genbank using BLASTN (http://www.ncbi.
nlm.nih.gov) software and were found to be almost identical 
to FCV. Two of the sequence data were stored in Genbank. 
The amino acid sequence of FCV strains in this study was 

compared to that of other FCV strains in Genbank using 
Mega X software (14). 

Statistical analysis
The data were analyzed using the SPSS 21 package program 
(15). Each parameter was expressed as a percentage. A chi-
square test was used for comparison of the data, and a value 
of p ≤0.05 was accepted as statistically significant.

RESULTS
FCV was detected in 10 (10.75%) of the 93 samples accord-
ing to the ELISA test performed on swab samples and in 
18 (19.35%) of the 93 samples according to the semi-nested 
RT-PCR results. All of the ELISA positive samples were 
also positive by semi-nested RT-PCR. According to the 
semi-nested RT-PCR results, FCV-positive samples were 
confirmed by sequencing. There was no significant difference 
between the two tests in terms of the number of positive 
samples (p > 0.05).

Figure 1 presents an image of the agarose gel electro-
phoresis semi-nested RT-PCR products. The band size (396 
bp) obtained for the FCV vaccine (Nobivac® Tricat Trio) 
sample used as a positive control was similar to that of the 
other samples.

The distributions of breed, sex, and age based on FCV-
positive samples detected by the semi-nested RT-PCR are 
presented in Table 2. Although the distributions differed, the 
differences were not statistically significant (p > 0.05).

Table 3: Clinical, vaccination, and housing status of FCV-positive cats detected by the semi nested-PCR.

Signs of FCV +/- % Vaccination status +/- % Housing status +/- %
Yes 11/15 42.30 Vaccinated 3/10 23.07 Shelter 13/54 19.40
No 7/60 10.44 Unvaccinated 15/65 18.75 Outdoor 5/21 20.00
a0.001 b0.714 c0.257

a, b,c represent p  statistical values

Table 2: The distribution of breed, sex, and age in FCV-positive cats detected by the semi-nested PCR.

Breed +/- % Age (years) +/- % Gender +/- %
Tekir 12/59 16.90 1 15/50 23.07 Female 9/42 17.64
Sarman 1/10 9.09 2 0/6 0 Male 9/33 21.42
Angara 2/2 50.00 3 2/7 22.22
Siamese 1/1 50.00 4 and older 1/12 7.69
Mixed 2/3 40.00
a0.200 b0.192 c0.646

a, b, c represent p statistical values
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Results also indicated that 23.07% in vaccinated cats and 
18.75% in non-vaccinated cats were found positive by semi-
nested RT-PCR. However, there were no clinical symptoms 
observed in FCV positive vaccinated cats.

According to the semi-nested RT-PCR test results, there 
was a significant difference only between clinically healthy 
cats versus cats with signs of FCV infection (p < 0.05). 
However there was no significant difference, according to 
the vaccination and housing status of the animals (p > 0.05) 
(Table 3). 

We performed a sequence analysis of two outdoor cats 
with clinical findings detected FCV positive, according to 

the semi-nested RT-PCR test. Two different sequences were 
determined between the sequence data of all FCV posi-
tives. Single nucleotide substitution was found among the 
sequence data of all FCV positive samples. Two different 
sequence data were recorded in GenBank under accession 
numbers of MK510834 and MK510835. Amino acid di-
versity at the N-terminal of partial polyprotein was shown 
in Figure 2.

DISCUSSION
FCV is a pathogen of cats causing stomatitis and upper re-
spiratory tract disease (16). In the early 21st century in North 
America (17-18) highly virulent systemic FCV infections, 
which were fatal in some cases, emerged and subsequently 
reported in Europe (19-20). 

The present study is the first to use virological laboratory 
techniques (RT-PCR and ELISA) in the detection of FCV 
infection in Turkey. The prevalence of FCV infection was 
19.35% (18/93) (Table 3). There was a statistically significant 
difference in clinical signs in ill animals as compared with 
that in healthy animals (42.30% [11/26]; 9.21% [7/67], 
respectively) (p < 0.001). The prevalence of FCV infection 
was higher than that reported in a previous study in Turkey 
(21). The disagreement may be associated with differences 
in the sensitivity of diagnostic laboratory tests used. Other 

Figure 1: Semi-nested PCR agarose gel electrophoresis. M; 100 bp 
DNA ladder (Cleaver Scientific, England), lane 1; negative control, 

lane 2; positive control, lane 3-4-5-6-7-8; clinical samples.

Figure 2: Multiple alignment of partial polyprotein of FCV strains from diverse geographical origin.
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PCR-based studies reported a prevalence of FCV in 2.60% 
of household cats in Sweden and 28.10% of shelter cats in 
California, US (22-23). In another study, FCV infection was 
reported in 29.00% of asymptomatic cats in nine European 
countries (24). The prevalence of FCV infection in the 
present study was 23.08% (3/13) in vaccinated animals and 
19.23% (15/78) in non-vaccinated animals. As there was 
no statistically significant difference in the prevalence of 
FCV infection in vaccinated versus unvaccinated animals. 
Vaccination status (i.e., non-vaccination) was not considered 
a risk factor. This finding was consistent with that of previous 
studies in China (3). 

The FCV vaccine cannot prevent re-infection due to the 
genetic variability of the virus. These results lead to a discus-
sion of preferred FCV strains in vaccines. According to previ-
ous reports, FCV infection is common among both indoor 
(household cats and cats in shelters) and outdoor (feral) cats 
in Iranian (25). In the present study, we investigated whether 
the housing type was a risk factor for FCV infection. The 
prevalence of FCV infection among cats housed in shelters 
was 19.40% (13/67), whereas it was 19.23% (5/26) among 
outdoor cats, with no statistically significant difference be-
tween the groups (Table 3). 

In common with the findings on housing type, the results 
showed that breed, age, and gender were not risk factors for 
infection. According to the chi-square test, there was no sta-
tistically significant difference in the distribution of breed, 
sex, and gender based on FCV-positive samples detected by 
the semi-nested RT-PCR (p > 0.05) (Table 2). Although the 
prevalence of FCV varied between 0% and 23.07% in cats 
in different age groups, the difference was not statistically 
significant (p > 0.05). The highest prevalence was observed 
in the 1-year-old age group (23.07%). Similarly, Wang et al. 
(2017) reported that the prevalence of FCV varied between 
28.61% and 38.82% in cats in different age groups in China 
(3). In the same study, the highest prevalence of FCV infec-
tion was found in cats aged ≤ 1 y (38.82%), but the finding 
was not statistically significant. The immune system of older 
cats is weaker. The lower immune status in this age group as 
compared with that of younger cats may explain the higher 
rate of FCV infection. The influence of stressful events, such 
as vaccination rehoming and castration, may also play a role 
(3).

In the present study, we also compared the diagnostic 
sensitivity of ELISA and semi-nested RT-PCR techniques 
for FCV. The number of positive samples detected with the 
semi-nested RT-PCR and ELISA techniques differed. As 
the genetic variability of FCV may lead to failure in PCR 
amplification (2), the primers used in the semi-nested RT-
PCR step were prepared by selecting conserved regions 
(ORF-1) of the FCV genome. According to the semi-nested 
RT-PCR results, FCV-positive samples were confirmed by 
sequencing. Despite the absence of a statistically significant 
difference, we consider that semi-nested RT-PCR was more 
sensitive than ELISA due to the higher number of positive 
samples detected using the semi-nested RT-PCR technique. 
This technique may also be employed as an alternative to 
(ELISA) in small-scale laboratory studies or large-scale 
prevalence studies.

Previous research indicated that genetically different 
FCV strains were in circulation in various regions and that 
there was no strong correlation between a particular sequence 
type and clinical manifestations of the disease (26). The high 
diversity of the FCV genome poses a challenge in terms of 
vaccine effectiveness and combating the disease. Future 
genomic sequencing and molecular characterization stud-
ies are needed to reveal the full genome sequence of FCV 
strains circulating in Turkey. The presence of whole-genome 
sequences may provide a reference for future epidemiological 
studies on FCV. 

In conclusion, the prevalence of FCV among cats in 
Turkey’s Kayseri province in the present study was 10.75% 
and 19.35% using the ELISA and semi-nested RT-PCR, 
respectively. Of note, FCV was detected in both clini-
cally healthy cats and vaccinated cats. To provide protection 
against FCV, vaccines prepared from circulating strains in 
the region should be preferred, and diverse strains should 
be utilized in vaccine preparation. The semi-nested PCR 
method applied in the present study detected more positivity 
than the ELISA, and this method has the potential to be used 
in prevalence studies. 
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