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Abstract
In domestic cats, feline coronavirus (FCoV) infection is widespread, and its outcomes range from no signs 
to severe or potentially fatal disease. This study investigated the prevalence of infection and associated 
factors in a population of 277 owned cats in Thailand. The overall proportion of FCoV infections was 
45.8%, with positive detections observed for all sample types. The positivity rates were 60.6% for rectal 
swabs, 51.3% for body fluids, and 11.1% for EDTA blood samples. Although the positive rate was slightly 
higher in males and more common in younger cats, neither difference was statistically significant. 
Mathematical modeling revealed a significant association between FCoV infection and the sampling 
period, with the highest positivity observed in April and June. Through S gene sequencing, positive 
samples from rectal swabs and body fluids [feline infectious peritonitis (FIP)-cats] were identified as 
FCoV genotype I. All rectal swab samples had a methionine codon at position 1058 of the S gene, and 
62.5% of body fluid samples exhibited a notable substitution (M1058L). Additionally, analysis of the 
S1/S2 cleavage motif revealed that most FCoV-positive samples contained a polybasic R-R-S/A-R-R-S 
recognition motif. Notably, 37.5% of rectal swabs exhibited a mutation at the P1 residue (arginine to 
serine) and 14.3% of FIP-suspected cats exhibited a mutation at the P4 residue (arginine to glycine). 
These findings contribute to our understanding of the epidemiology of FCoV and its behavior in infected 
cats. Such insights are crucial for developing effective diagnostics, understanding the FCoV transmission 
dynamics, and informing potential control strategies. 
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Risk factors and gene mutations of FCoV

Introduction

Feline coronavirus (FCoV) is an enveloped
single-stranded RNA virus belonging to the
Coronaviridae family. The FCoV genome is
approximately 29 kilobases in length and contains 
11 open reading frames encoding 4 structural
proteins and 7 nonstructural proteins16,25). The
viral structure comprises a nucleocapsid (N)
surrounding membrane (M), envelope (E), and
spike (S) proteins. The S protein is involved in
viral attachment to host cellular receptors13) and is 
a key factor in the virus’s entry into host cells. The 
accessory proteins 3a, 3b, 3c, 7a and 7b interact
with the host immune system. Replicase 1a and 1b 
proteins are involved in viral replication. FCoVs
are classified into two genotypes based on the
sequence of S protein: FCoV I and FCoV II. FCoV I 
is a prominent virus and the most common Felidae 
infection worldwide, whereas FCoV II originates
from a combination of canine coronavirus (CCoV)
and FCoV I and is less common9,11,25). In the United 
States and Europe, the seroprevalence of FCoV
infection in healthy cats is approximately 50%.
Similarly, FCoV RNA is detected in 53% of cases, 
with FCoV type I being more commonly identified, 
while FCoV type II being relatively rare10,17,22,28). In 
contrast, the prevalence of FCoV in Asia is notably 
higher. In Malaysia, RT-PCR analysis of clinically 
ill cats reported an FCoV incidence rate of 95%,
with 97% of cases classified as FCoV type I and
3% as FCoV type II2). In China, the prevalence of 
FCoV was 77% in healthy cats and 76% in cats
suspected of feline infectious peritonitis (FIP).
Among the FCoV-positive samples, 96% were
determined to be type I, while 4% were type
II18,38). In contrast, the reported prevalence of
FCoV RNA in Thailand was approximately 40%
in healthy and FIP-suspected cats, with FCoV
type I being the most frequently detected strain
(46%). Additionally, the overall seroprevalence
of FCoV in Thailand was recorded at 56%21,33). 
Both FCoV genotypes can be further divided into 
two biotypes based on their pathogenicity: feline
enteric coronavirus (FECV) and feline infectious
peritonitis virus (FIPV)6,11,23). Infection by an
avirulent strain (FECV) typically results in no or 

 
 
 

 
 
 
 
 

 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

mild gastrointestinal signs. Many cats infected 
with FECV may excrete the virus in their feces 
without developing severe illness. Infected cats can 
shed the virus for up to three months1). In contrast, 
FIPV is the more severe form. The clinical signs 
of severe form vary in the location of vasculitis 
and granulomatous lesions and include multiple 
pyogranulomatous lesions in various organs, 
abdominal swelling, and fluid accumulation in the 
body cavities. FIPV results from the spontaneous 
mutations of FECV with modifications to the spike 
glycoprotein and accessory proteins 3c and 7b 
have been reported5,19,37). 

Although evidence of FCoV infection has 
been reported among cat population in Thailand, 
information on the prevalence of FCoV and 
gene mutations remains limited. This study 
investigated FCoV in a population of owned cats, 
including those with suspected FIP and healthy 
individuals. FCoV mutations were analyzed 
and compared with respect to the clinical 
characteristics. Generalized linear models were 
also used to investigate the influence of age, sex, 
breed, and the time of sampling on the proportion 
of FCoV infection to better understand the 
potential risk factors of FCoV infection and its 
association with clinical outcomes. The findings 
can contribute to a better understanding of the 
management and control strategies for FCoV.

Materials and Methods

Study design and subject selection
A retrospective study of 277 owned cats 

collected from various regions across Thailand 
(including central,  eastern, western, and 
southern parts) was conducted using data from 
the Monitoring and Surveillance Center for 
Zoonotic Diseases in Wildlife and Exotic Animals 
(MoZWE) at the Faculty of Veterinary Science, 
Mahidol University, Thailand, in 2023. The cats 
were analyzed for FCoV infection using reverse 
transcription polymerase chain reaction (RT-
PCR) and classified into two groups based on 
their clinical status: suspected FIP or healthy. 
Then, 54 EDTA blood samples and 152 body fluid 
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samples were collected from cats with suspected 
FIP without rectal swabs. The diagnosis of 
suspected FIP was based on a combination of 
clinical symptoms and diagnostic testing. A case 
was considered to be suspected FIP if it presented 
two of the following criteria: clinical indicators, 
including pleural effusion and/or ascites for 
effusive FIP, or ocular and neurological signs for 
non-effusive FIP; a positive result for Rivalta’s test 
in effusion samples; and an albumin/globulin (A/G) 
ratio below 0.64,7,15). However, effusion may also be 
present in other conditions. Therefore, abdominal 
neoplasia, cholangitis, peritonitis associated with 
intestinal rupture, and heart failure were excluded. 
Seventy-one rectal swab samples were collected 
from clinically healthy cats. These clinically 
healthy cats were gathered for disease prevention 
testing for companion trading by a veterinarian. 
All cats in the study tested negative for feline 
immunodeficiency virus and feline leukemia virus 
infections. For the 277 cats, information on sex 
(250/277), age (186/277), and breed (201/277) are 
shown in supplementary table S1. 

Sample RNA extraction and FCoV detection
RNA was extracted from EDTA blood, body 

fluid (including abdominal fluid and plural fluid), 
and rectal swab samples using a Total RNA Mini 
Kit (GeneAid, New Taipei City, Taiwan). The 
oligonucleotide primers used in this study were 
designed based on the highly conserved membrane 
protein (M) gene sequence of the FCoV genome 
using the NCBI Primer-BLAST tool (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/). To 
confirm if RNA extraction process was done 
successfully, primers specific to the housekeeping 
gene (β-actin gene) were also included in the RT-
PCR mixture. The RT-PCR primers are presented 
in supplementary table S2. The RT-PCR mixture 
consists of 5 µl of template RNA, 5 µl of OneStep 
RT-PCR buffer, 1 µl of 10 mM dNTPs mix, 1 µl of 
QIAGEN OneStep RT-PCR enzyme mix (QIAGEN, 
Hilden, Germany), 0.5 µM of each FCoV primer, 
and 0.32 µM of each β-actin gene primer. The 
thermal cycling parameters were as follows: 50 
min at 50°C for cDNA synthesis; 15 min at 95°C 
for initial denaturing; followed by 35 cycles of 15 

sec at 94°C, 30 sec at 60°C, and 45 sec at 72°C; and 
termination at 72°C for 10 min. The PCR product 
sizes of the FCoV fragment and housekeeping 
gene were 346 and 94 bp, respectively. The PCR 
products were analyzed using 2% agarose gel 
electrophoresis followed by GelRed nucleic acid gel 
staining (Biotium, Inc., Fremont, CA).

Amplification and DNA sequencing analyses 
of the S gene mutation

Further analysis  was performed on a 
randomly selected subset comprising at least 10% 
FCoV-positive samples from each sample type. 
Sequencing focused on the spike protein (S) gene, 
specifically targeting two regions; the fragment 
covering amino acid positions 1058 and 1060 
and the furin cleavage site located between the 
receptor-binding (S1) and fusion (S2) domains. 
The S gene was amplified using nested RT-
PCR (primers listed in supplementary table S2). 
Briefly, FCoV-S-726F and FCoV-S-1464R primers 
were used in the first round of RT-PCR31). The RT-
PCR mixture contained 5 µl of template RNA, 5 µl 
of OneStep RT-PCR buffer, 1 µl of 10 mM dNTPs 
mix, 1 µl of QIAGEN OneStep RT-PCR enzyme 
mix (QIAGEN), and 0.5 µM of each primer. The 
cycling parameters were as follows: 50 min at 
50°C for cDNA synthesis; 15 min at 95°C for 
initial denaturation; followed by 30 cycles of 30 sec 
at 94°C, 30 sec at 50°C, and 90 sec at 72°C; and 
termination at 72°C for 10 min. The first round 
of RT-PCR product was used as a template of the 
second round PCR. Primers FCoV-UCD1-S-3022 
and FCoV-UCD1-S-3636 were used in the second-
round PCR to sequence the region covering amino 
acid positions 1058 and 106014). The PCR mixture 
consisted of 2 µl of template DNA, 2.5 µl of 10× 
Mg2+-free buffer, 1.5 mM of Mg2+ solution, 1 mM 
of dNTPs, 2.5 units of i-Taq DNA polymerase 
(iNtRON Biotechnology, Inc., Korea), and 0.5 
µM of each primer. The cycling parameters were 
as follows: 2 min at 94°C for initial denaturing; 
followed by 30 cycles of 20 sec at 94°C, 20 sec 
at 47°C, and 60 sec at 72°C; and termination at 
72°C for 7 min. The PCR product of the second 
round of PCR (615 bp in size) was gel-purified and 
submitted to the U2Bio sequencing service (U2Bio 
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Co., Ltd., Korea). To sequence the S1/S2 cleavage 
site, the nested RT-PCR protocol was followed as 
described above, with the exception that in the 
second-round PCR, the primers S1/S2 cleavage 
site-F and S1/S2 cleavage site-R were used, and 
the annealing temperature was set to 55°C19). 
The 160 bp PCR product was gel purified and 
submitted to the U2Bio sequencing service (U2Bio 
Co., Ltd., Korea). 

To identify FCoV genotype, the phylogenetic 
analysis was conducted using MEGA 11 version 
11.0.13 with the neighbor-joining method and 
a bootstrap value based on 1,000 replicates32). 
The partial S sequences were compared with 
the corresponding nucleotide sequences of other 
FCoV isolates retrieved from GenBank. All 
sequences obtained in this study were deposited 
in the GenBank database with accession numbers 
PP601319–PP601335 and PQ641430–PQ641444.

Statistical analyses
The data were analyzed using SPSS 26 (IBM, 

Armonk, NY, USA). The proportion of FCoV 
infection was reported with a 95% confidence 
interval (CI) using Pearson χ2. Logistic regression 

analysis was used to assess the correlation 
between FCoV infection and the demographic 
of cats, such as age, sex, breed, and month of 
sampling. Outcomes were expressed as odds 
ratios (OR) and 95% CI. A P-value of  < 0.05 was 
considered statistically significant.

Fig. 1.  Feline coronavirus (FCoV) infection according to sample type (a), sex (b), age (c), 
and breed (d).

Results

In total, 277 owned cats were investigated 
for FCoV infection. The overall FCoV infection 
proportion was 45.8% (127/277; 95% CI: 39.9%–
51.9%). Among the positive cases, rectal swab 
samples showed an FCoV detection rate of 60.6% 
(43/71; 95% CI: 48.2%–72.0%), body fluid samples 
had a rate of 51.3% (78/152; 95% CI: 43.1%–
59.5%) and EDTA blood samples showed a rate 
of 11.1% (6/54; 95% CI: 4.2%–22.6%) (Fig. 1a and 
Supplementary Table S1). FCoV infection by sex 
showed that the positive rate was higher in males 
[50.7% (77/152); 95% CI: 42.4%–58.8%] than in 
females [46.1% (36/78); 95% CI: 34.8%–57.8%], but 
the difference was not statistically significant (P 
= 0.518) (Fig. 1b and Supplementary Table S1). 
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Table 1.  Univariable analysis of variables associated with the positive proportion of FCoV.

Demographic of cat Wald df P-value OR
95% CI

Lower Upper
Age (month)

Sex

Breed

Sampling period 
by month

Kitten (0–12)
Young Adult (13–72)

Mature Adult (73–120)
Senior (>120)

Male
Female
DSH

Non-DSH

Jan
Feb
Mar
Apr
May
Jun
Jul

Aug
Sep
Oct
Nov
Dec

3.888
3.002
2.302
1.034

-
0.418

-
0.057

-
25.567
2.453
2.179
3.018
4.991
2.266
9.203
3.134
2.985
1.308
.908
.037

-

3
1
1
1
-
1
-
1
-

11
1
1
1
1
1
1
1
1
1
1
1
-

0.274
0.083
0.129
0.309

-
0.518

-
0.811

-
0.008a

0.117
0.140
0.082
0.025a

0.132
0.002a

0.077
0.084
0.253
0.341
0.847

-

6.548
5.385
3.500

1.198
-

0.935
-

2.868
2.786
3.250
6.500
2.955
7.583
3.575
3.656
0.342
2.000
1.161

-

0.782
0.612
0.313

0.693
-

0.537
-

0.767
0.715
0.860
1.258
0.721
2.048
0.872
0.840
0.054
0.481
0.255

-

54.865
47.390
39.153

2.070
-

1.627
-

10.717
10.857
12.284
33.578
12.107
28.074
14.649
15.913
2.150
8.318
5.286

-

Sampling period 
by season

Summer 
Rainy
Winter

2.924
2.776
1.302

-

2
1
1
-

0.232
0.096
0.254

-

1.800
1.371

-

0.901
0.797

-

3.594
2.359

-
a Significant difference
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The proportion of FCoV infection was higher in 
younger age groups, though the difference was not 
statistically significant (P = 0.199) (Fig. 1c and 
Supplementary Table S1). The infection pattern 
was consistent with a regression model that 
showed an association with younger age groups 
and a tendency to decrease in older age groups, 
as indicated by the declining odds ratios of 6.5, 
5.4, and 3.5 compared with the senior group (>120 
months) (Table 1). Domestic shorthair (DSH) cats 
were slightly more susceptible to FCoV infection 
than non-DSH cats (52.6% vs 50.9%) (Fig. 1d). 
However, the association between FCoV infection 
and cat breed was not statistically significant 
(Table 1). Interestingly, FCoV infection was 
significantly associated with the sampling period 
(P = 0.008). The likelihood of FCoV infection was 
highest in June (OR = 7.6), followed by April 
(OR =6.5), and significantly lower in September 
(OR = 0.3) when compared to December. For 
the sampling period by season, FCoV infection 

was more common in summer and rainy seasons 
compared with winter, with an odds ratio of 1.8 
and 1.4, respectively, but this difference was not 
statistically supported (Table 1 and Fig. 2).

Subsequently, at least 10% FCoV-positive 
samples from each sample type were further 
sequenced and analyzed for genotyping and 
mutation. A phylogram based on the S gene 
sequence of the FCoV-positive samples identified 
all samples as the FCoV I genotype (Fig. 3). 
Sequencing was also performed on FCoV-positive 
blood samples for genotyping; however, the 
amplification of long fragments was not successful, 
likely owing to an insufficient quantity of RNA. 
To analyze S protein mutations, nucleotide 
sequences were translated into deduced amino 
acid sequences. The results revealed a mutation 
at position 1058 of the S protein, in which 
methionine (M) was substituted by leucine (L) in 
five of the eight body fluid samples analyzed (a 
mutation rate of 62.5%). This substitution was 



not found in all rectal swabs. The serine (S) to 
alanine (A) substitution at position 1060 of the 
S protein was not detected in any of the samples 
(Fig. 4). Furthermore, another region of the S 
gene, specifically the furin cleavage site within 
the S1/S2 domain, was analyzed for mutations. 
Overall, 73.3% (11/15) of FCoV-positive samples 
analyzed in this study contained a polybasic 
R-R-S/A-R-R-S recognition motif in the S1/S2 
domain. In non-FIP cats (FCoV-positive rectal 
swab samples), 5 out of 8 (62.5%) cats had the 
R-R-S/A-R-R-S motif. Mutation of the positively 
charged basic amino acid arginine (R) to the 
uncharged amino acid serine (S) at the P1 position 
of the motif was observed in three cats (37.5%), 
resulting in the R-R-S/A-R-S-S recognition motif 
at the cleavage site (Fig. 5a and 5c). For the S1/
S2 domain in FIP-suspected cats (FCoV-positive 
body fluid and EDTA blood samples), 6 out of 7 
(85.7%) cats had the R-R-S/A-R-R-S recognition 
motif. Only one sample (1/7; 14.3%) revealed a 
mutation at position P4: the positively charged 
basic amino acid arginine (R) was changed to the 
nonpolar amino acid glycine (G) (Fig. 5b and 5d). 

A summary of the S gene mutations in each group 
of cats is presented in Table 2.

Risk factors and gene mutations of FCoV

Table 2.  Comparison of the spike protein mutation between FIP-suspected cat and non-FIP cat.

Sample ID Amino acid at the position 1058 Amino acid at the position 1060 Amino acid in S1/S2 regiona

FIP-suspected cat
MW1206/66
MW1344/66
MW1350/66
MW2397/66
MW2746/66
MW2801/66
MW3589-99
MW3798-66
MW4860/66
MW5299-66

Body fluid
Body fluid
Body fluid
Body fluid
Body fluid
Body fluid

EDTA blood
Body fluid
Body fluid
Body fluid

M
L
L
M
L
M

ND
L
L

ND

S
S
S
S
S
S

ND
S
S

ND

THTRRSRRSTS
ND

TSPRRARRSTV
THTRRSRRSTS

ND
THTRRSRRSTP
TSSRRSRRSLV
TSSRRARRSTV

ND
TTSRGSRRSVN

Non-FIP cat
MW12/66
MW16/66
MW50/66

MW3404/66
MW3734/66
MW3735/66
MW3829/66
MW3830/66
MW3893/66
MW5548-66

Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab
Rectal swab

M
M
M
M
M
M
M
M
M

ND

S
S
S
S
S
S
S
S
S

ND

TSSRRSRRSTS
THTRRSRRSTS

ND
TQPRRSRSSTS

ND
TSSRRARRSTV
TESRRARSSTP
TESRRARSSTP
TQPRRARRSVS
TSSRRSRRSTV

a Under line indicates the mutation in furin cleavage site. ND = not determined.

Fig. 2.  Annual positive rate of feline coronavirus (FCoV) based 
on sampling dates throughout 2023.
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Discussion

Continuous circulation of FCoVs within cat 
populations promotes viral proliferation and 
mutation. Therefore, the presence of asymptomatic 
carriers, as well as the continued transmission 
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of FCoV within cat populations, can contribute 
to the increased risk of FIP development. In this 
study, the overall percentage of FCoV infection in 
non-FIP and FIP-suspected cats was 46%, which 
was slightly higher than the previously reported 
prevalence in Thailand, ranging between 32% 
and 44%21,33). In FIP-suspected cats, the virus 
was present at higher rates in body fluid samples 
(51%) than in blood samples (11%). This finding 
was consistent with study indicated that cats 
with FIP, which is characterized by effusions in 
the body cavities, exhibit higher viral loads in the 
effusions than in the blood26). However, we did 

not collect samples from the same cats over time.
Future testing of samples collected from the same 
cats will be conducted to confirm this finding.
Moreover, the distinction between FIPV and FECV 
infections is crucial, as FIPV-infected cats tend
to exhibit higher viral loads than FECV-infected
cats. Future studies that directly compare viral
loads between rectal swab and body fluid samples 
from the same FCoV-positive cats will enhance our 
understanding of the viral dynamics and shedding 
patterns associated with FCoV infection.

Fig. 3.  A phylogenetic tree constructed from the S gene of 
feline coronavirus (FCoV) obtained in the study. Numbers 
indicate the percentage of bootstraped support for a given 
branch. Triangles and rhombuses indicate FCoV sequences 
obtained from fluid and rectal swab samples, respectively.

Fig. 4.  Schematic representation of mutations in the S protein 
of feline coronavirus (FCoV) characterized in this study. The 
scale indicates the nucleotide position in the S gene.
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The etiology and pathogenesis of FIP are 
incompletely understood, and several factors 
have been implicated in increasing the risk of 
FIP development in cats. Male sex is a recognized 
predisposing factor for FIP in cats27). Our study 
identified a higher FCoV infection rate in male 
cats than in female cats (50.6% vs. 46.1%), in 
which was consistent with a previous report 
from central China, where the FCoV infection 
rate was slightly higher in males than in females 
(48.4% vs. 44.2%)24). This increased prevalence 
may be attributed to biological or behavioral 
predispositions that influence the prevalence of 
FCoV infection in male cats12,27). Several reports 
have demonstrated that FCoV occurs more 
frequently in younger cats, particularly those less 
than 2 years of age17,36). In this study, the FCoV 
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infection rate was higher in kittens (0–12 months), 
with a noticeable decline in older age groups. 
However, these findings were not statistically 
significant. Although previous reports have 
suggested that genetic predisposition in purebred 
cats was more susceptible to FCoV infection3,24,30), 
our study did not find evidence of this risk 
associated with breeding. The absence of statistical 
significance could be attributed to various factors, 
such as sample size, population demographics, or 
environmental influences. Interestingly, our study 
revealed that the sampling period was associated 
with FCoV infection, with significantly higher 
positive rates observed in April and June. These 
months fall within the summer and rainy seasons, 
during which FCoV was detected more frequently 
than in the winter. During this period, Thailand 
experiences higher temperatures than during 
other times of the year35). Heat stress in cats can 
weaken their immune systems, increasing their 
susceptibility to infections. Future studies using 
longitudinal data and environmental monitoring 
could further clarify the interplay between 
environmental factors and FCoV transmission 
dynamics, thereby enhancing our understanding 
of seasonal prevalence patterns.

Fig. 5.  Sequence analysis of the S1/S2 region detected in FCoV positive samples. Amino 
acid sequences in the S1/S2 region of the S protein in non-FIP cats (a) and FIP-suspected 
cats (b). Red arrow indicates the site of furin cleavage. The frequency of each amino acid 
residue at each position in the S1/S2 recognition motif (P4–P1) of non-FIP cats (c) and 
FIP-suspected cats (d). The sequences were analyzed and visualized using WebLogo 3.7.12 
(https://weblogo.threeplusone.com/create.cgi). 
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The emergence of the virulent strain of FIPV 
is attributed to the spontaneous mutation of 
FECV. Recent research on FIP pathogenesis has 

increasingly focused on the S gene because of the 
crucial role of the coronaviral S protein in receptor 
binding and viral entry. The transition from FECV 
to FIPV involves a shift in target cell tropism, 
suggesting that mutations in the S gene, either 
alone or in conjunction with alterations in other 
genes, may play a significant role in facilitating 
the biotype switch9,34). M1058L and S1060A 
mutations have been reported in the S protein in 
cats with FIP8). Several reports have demonstrated 
that the M1058L mutation is predominantly 
associated with FIP. Longstaff et al. identified 
the M1058L mutation in 11 of 17 (65%) effusion 
samples20). Furthermore, among the cats diagnosed 
with FIP, 23 out of 34 (68%) exhibited amino acid 
substitutions (M1058L) in the S protein29). In our 
study population, the presence of the M1058L 
substitution in the S protein was detected in some 
body fluid samples (62%) (FIP-suspected cats) but 
not in rectal swab samples (non-FIP cats). These 
findings suggest that M1058L substitution is 
associated with specific clinical presentations or 
disease outcomes. Furthermore, a furin cleavage 
site in the region between the S1 and S2 domains 
of the S protein gene in FCoV has been implicated 
in biotype switching19). Among 30 fecal samples 
collected from FECV-infected domestic cats in 
the United States by Licitra and colleagues, all 
samples (30/30; 100%) contained a conserved 



furin cleavage motif, specifically R-R-S/A-R-
R-S. In contrast, only 1 out of 11 (9%) samples 
from FIP-positive cats retained this motif; for 
most FIP-positive cats (10 out of 11; 82%), there 
was at least one substitution at the cleavage 
site19). Additionally, an analysis of the amino acid 
sequence at the S1/S2 region of FIPV detected in 
China revealed that 42% of the sequences had no 
mutations and 52% had mutations. In comparison, 
for FECV, 79% of the sequences had no mutations 
and 21% had mutations. The mutation rate in 
FIPV was notably higher than that in FECV29). 
However, in this study, the mutation rate of the 
S1/S2 motif was higher in non-FIP cats than in 
FIP-suspected cats. Only 14% of FIP-suspected 
cats exhibited a mutation in the cleavage motif, 
whereas 86% had no mutation. These findings 
highlight the limitations of relying solely on S gene 
mutation analysis in FCoVs to identify the FECV–
FIPV biotype switch, as the mutations are neither 
consistent nor unique. The overlap between FECV 
and FIPV mutations further complicates diagnosis, 
suggesting that factors other than spike protein 
changes must be considered when assessing 
biotype switching. This underscores the complexity 
of FCoV infection dynamics and challenges in 
identifying specific genetic markers of virulence. 
Therefore, integrating genetic analysis with 
comprehensive epidemiological investigations is 
crucial for gaining a deeper understanding of the 
mechanisms driving the transition from FECV 
to FIPV and for informing strategies aimed at 
disease prevention and control.

In conclusion, this study determined the rate 
of FCoV infection among owned cats, providing 
valuable insights into the spread of FCoV and 
the associated factors. The findings revealed a 
significant association between FCoV prevalence 
and the period of sample collection. Sequencing 
analysis suggested that only a subset of cats 
exhibited specific mutations in the virus, which 
were associated with the clinical outcomes of 
FIP. These findings suggest that although gene 
mutations may play a role in FCoV pathogenesis, 
other factors likely contribute to the development 
of FIP. Overall, the present study enhances 
our understanding of FCoV epidemiology and 

highlights the importance of considering multiple 
factors in disease detection, management, and 
control.
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