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ABSTRACT 22FF O

cgs=3 X
Feline coronavirus (FCoV) is a common infection in cats, producing outcomes that differ from mild intestinal &' < <0
disease to the fatal form known as feline infectious peritonitis (FIP). Accurate antemortem diagnosis is challenging, & = = =
and reverse transcription-quantitative polymerase chain reaction (RT-qgPCR) targeting the nucleocapsid (N) gene & é’g s >
offers high sensitivity and specificity, while phylogenetic analysis reveals viral variation. The present study aimed to = ) G é r
detect FCoV in clinically suspected cats using RT-gPCR and to analyze the phylogenetic relationships of local % § =3 ;:%
isolates from Yogyakarta, Indonesia. A total of 45 clinical samples, consisting of 14 ascitic fluid and 31 blood §‘ 5 § =
samples, were collected from cats of different breeds (mixed, domestic shorthair, and Persian), aged 0.5-4 years, S o o O
including 22 males and 23 females, that were presented to seven veterinary clinics in Yogyakarta with clinical signs § § |-'|_-|

such as vomiting, diarrhea, abdominal effusion, uveitis, and ataxia. The RT-qPCR revealed 62.2% (28/45) positive
cases, with detection rates of 100% (14/14) in ascitic fluid and 45.2% (14/31) in blood. The most frequent clinical
findings among FCoV-positive cats were abdominal distension (50%), uveitis (32.1%), ataxia (21.4%), and rhinitis
(17.9%). Most infected cats (71.4%) were under two years of age, with a slightly higher prevalence in males
(57.1%). Phylogenetic analysis of three isolates from ascitic fluid demonstrated a close genetic relationship with
strains from Italy, the United Kingdom, and China, clustering into two distinct clades. The present study highlighted
the utility of RT-gPCR targeting the N gene as a reliable diagnostic tool for clinical cases, while providing new
clinicopathological and molecular data on naturally occurring FCoV infection in Indonesia. These findings
contribute to the global understanding of FCoV molecular epidemiology and support future surveillance and control
strategies for coronavirus infections in domestic cats.
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INTRODUCTION

Feline coronavirus (FCoV) belongs to the genus Alphacoronavirus in the family Coronaviridae, order Nidovirales
(Theerawatanasirikul et al., 2020), and represents an enveloped, positive-sense, single-stranded RNA virus with a
genome size of approximately 27 to 32 kb. The viral genome encodes major structural proteins, including S, M, E, and
nucleocapsid (N), a gene that is highly conserved across strains and abundantly expressed during infection (de Barros et
al., 2022; Gao et al., 2023; Shi et al., 2024). This virus is classified into two serotypes, including serotype 1, which
predominates in naturally infected cats, and serotype 2, a recombinant form originating from FCoV type 1 and canine
coronavirus (Tasker, 2018). Serotyping is primarily based on variations in the spike (S) gene, which plays a key role in
viral entry into host cells. Within each serotype, FCoV occurs in two biotypes, including feline enteric coronavirus
(FECV), which usually causes mild self-limiting enteritis, and feline infectious peritonitis virus (FIPV), a virulent variant
arising from mutations that allow monocyte and macrophage infection and lead to systemic disease (Pedersen, 2009;
Felten and Hartmann, 2019). Approximately 10-12% of FCoV infections can progress to feline infectious peritonitis
(FIP), a fatal immune-mediated condition (Tasker et al., 2023).

Feline coronavirus infection is often asymptomatic or presents with mild gastrointestinal signs such as diarrhea and
vomiting (Felten et al., 2022). In contrast, FIP occurs in two clinical presentations, including the effusive (wet) form and
the non-effusive (dry) form (Tasker et al., 2022). The effusive form is characterized by protein-rich fluid accumulation in
the abdominal or thoracic cavities, whereas the non-effusive form is associated with granulomatous inflammatory lesions
affecting different organs, particularly the eyes, central nervous system, and abdominal organs (Tasker, 2018; Tasker et
al., 2022). Clinical signs of the dry form may include uveitis, ataxia, nystagmus, and chronic rhinitis (Andre et al., 2020;
Tasker et al., 2022).
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Antemortem diagnosis of FCoV-associated conditions, particularly FIP, remains challenging because clinical signs
often overlap with those of other feline diseases, and conventional diagnostic tools have limited sensitivity and
specificity (Tasker et al., 2022). Although immunohistochemistry for detecting viral antigens in tissues is considered the
gold standard, it is invasive and unsuitable for routine clinical use (Felten and Hartmann, 2019). Molecular diagnostics
such as reverse transcription quantitative polymerase chain reaction (RT-qPCR) are now widely applied due to the high
sensitivity and specificity for FCoV detection (Barker and Tasker, 2020). Several RT-gPCR assays have been developed
that target different regions of the viral genome, including the spike (S) gene, the 3’ untranslated region (3'UTR), and the
N gene (de Barros et al., 2022; Gao et al., 2023; Shi et al., 2024). Among these, the N gene is considered a reliable target
because it is highly conserved across different FCoV strains and is abundantly transcribed during viral replication,
thereby increasing assay sensitivity (Guan et al., 2020; Gao et al., 2023; Shi et al., 2024). Recent studies, including those
from Guangxi, China, and northern Vietnam, have successfully employed RT-gPCR assays that include the N gene
among conserved targets, demonstrating its stability and diagnostic performance across diverse geographical isolates
(Dong et al., 2024; Shi et al., 2024).

Beyond molecular detection, phylogenetic analysis plays a pivotal role in understanding the genetic diversity and
evolutionary relationships of circulating strains, thereby supporting epidemiological surveillance and informing
preventive measures (Decaro and Lorusso, 2020). In Indonesia, reports on the molecular epidemiology of FCoV remain
limited. Wasissa et al. (2021) detected FCoV in clinically suspected FIP cases and identified two genetic clusters of local
isolates. Aksono et al. (2023) analyzed FCoV isolates in Surabaya, Indonesia, and demonstrated genetic similarities with
strains from Europe and North America. More recently, Fitrawati et al. (2025) reported the detection of FCoV in
imported cats, highlighting the risk of cross-border introduction.

Despite significant advances, comprehensive molecular characterization of naturally occurring FCoV cases in high-
density pet populations, such as those in Yogyakarta, Indonesia, remains rare. Addressing this knowledge gap is essential
not only for regional veterinary diagnostics but also for advancing the global comprehension of FCoV diversity and
evolution. Based on the most recent available information, this investigation is the first study to combine clinical
observations with RT-gPCR detection and phylogenetic analysis of naturally occurring FCoV infections in domestic cat
in Indonesia. Therefore, the present study aimed to detect FCoV in clinically suspected cats in Yogyakarta, Indonesia,
using RT-qPCR targeting the N gene and to perform phylogenetic analysis of local viral isolates.

MATERIALS AND METHODS

Ethical approval

All experimental procedures were approved by the Research Ethics Committee of the Faculty of Veterinary
Medicine, Universitas Gadjah Mada, Indonesia (00113/EC-FKH/Int./2021). Informed consent was obtained from both
veterinarians and cat owners before sample collection.

Study duration and location
The present study was conducted from June 2021 to September 2022 at the Clinical Pathology Laboratory, Faculty
of Veterinary Medicine, Universitas Gadjah Mada, Yogyakarta, Indonesia.

Sample collection

A total of 45 clinical samples (14 ascitic fluid, 31 blood) were obtained from cats of different breeds (mixed,
domestic, Persian), aged 0.5 to 4 years (22 males, 23 females), with signs of FCoV-associated disease (vomiting,
diarrhea, abdominal effusion, uveitis, and ataxia). Samples were collected from 7 veterinary clinics in Yogyakarta,
Indonesia. With the consent of owners, cats underwent clinical examinations, anamnesis, and sample collection
conducted by veterinarians. Blood samples (2 mL) were drawn into tubes containing EDTA, while effusion fluids were
collected in sterile tubes. All samples were subsequently processed and analyzed at the Clinical Pathology Laboratory,
Faculty of Veterinary Medicine, University of Gadjah Mada, Yogyakarta, Indonesia.

Reverse transcription-quantitative polymerase chain reaction for feline coronavirus detection

Viral RNA was extracted using the Quick-RNA Viral Kit (Zymo Research, California, USA) according to the
manufacturer’s protocol. All RNA samples were stored at -40°C before analysis. Feline coronavirus detection was
conducted using RT-gPCR targeting the N gene, with the following specific primers including forward 5'-
TGCTTCGGCTAACTTTGGTG-3' and reverse 5-CAATCATCTCAACCTGTGTGTCAT-3' (Guan et al., 2020).

The RT-qPCR reaction was performed in a total volume of 20 pL, consisting of 10 uL. One Step SYBR Green RT-
gPCR buffer 2X, 0.8 uL. ABScript II One Step Enzyme Mix, 0.8 puL of forward and reverse primers, 0.4 uL. ROX Dye
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50X, 6 uL RNAse-free ddH-O, and 2 pL of template RNA. Amplification was performed using a Bio-Rad CFX96 PCR
machine (Bio-Rad, California, USA) as follows. Reverse transcription was carried out at 50°C for 5 minutes, followed
by initial denaturation at 95°C for a minute. The reaction then proceeded through 40 cycles of denaturation at 95°C for
15 seconds and annealing at 60°C for 31 seconds, concluding with a melting curve analysis. Samples were considered
positive for FCoV when the cycle threshold (Ct) was <35 and the melting curve peaked at 80°C (£ 5°C; Sun et al., 2021).
Each RT-gPCR and RT-PCR run included positive and negative controls to ensure assay reliability. The positive control
(K+) consisted of RNA from a 2-year-old female cat with ascites previously confirmed as FCoV-positive, which
consistently amplified the N gene and 5’UTR. The negative control (K—) consisted of nuclease-free water to monitor for
potential contamination. A negative biological control using RNA from Specific Pathogen Free cats was not included in
this study.

Phylogenetic analysis

To investigate the genetic characteristics of local FCoV circulating in Yogyakarta, five RT-qPCR-positive samples
were selected for DNA sequencing. Selection criteria included high viral load (lower Ct values) and diversity in clinical
presentation and sample type, including blood and ascitic fluid, to ensure representative coverage of positive cases.
Conventional RT-PCR was then performed on these samples using the same primer pair. Reactions were carried out with
the MyTaq One-Step RT-PCR Kit (Bioline, London, UK) according to the manufacturer’s instructions, in a total volume
of 50 pL containing 25 pL. MyTaq One-Step Mix 2X, 2 pL of each primer, 0.5 pL reverse transcriptase, 1 nL RNase
inhibitor, 15.5 uL DEPC-treated water, and 4 pL template RNA.

Cycling included reverse transcription at 55°C for 30 minutes, initial denaturation at 95°C for a minute, and 35
cycles of 94°C for 15 seconds, 60°C for 15 seconds, and 72°C for 10 seconds, followed by melting curve analysis.
Polymerase chain reaction products were visualized on 2% agarose gel stained with Safe Red (ABclonal, Wuhan,
China), excised at the expected size (386 bp), purified, and submitted for Sanger sequencing. Conventional RT-PCR was
used solely to generate DNA amplicons for Sanger sequencing and phylogenetic analysis, and not to confirm RT-qPCR
results.

Nucleotide sequences obtained were aligned using ClustalW in MEGA 11 with default parameters and manually
inspected as needed. Nucleotide substitution models were evaluated using the Model Selection tool in MEGA 11 based
on the Bayesian Information Criterion (BIC), and the model with the lowest BIC value was selected for constructing the
Maximum Likelihood phylogenetic tree. Phylogenetic trees were constructed using the Maximum Likelihood method
with 1000 bootstrap replicates, and sequences were compared to global FCoV reference strains from GenBank to assess
evolutionary relationships and potential geographic origins.

Statistically analysis

Associations between sample origin, clinical signs, and viral burden (N gene RT-qPCR Ct values) were analyzed
using the Mann-Whitney U test, while differences in sex and age groups were assessed with Fisher’s exact test; p-values
<0.05 were considered statistically significant.

RESULTS

A total of 45 clinical samples were collected from cats suspected of FIP, including 31 blood samples and 14 ascitic fluid
samples. RT-gPCR targeting the N gene detected FCoV in 28 of 45 samples (62.2%). Notably, all ascitic fluid samples
(100%) tested positive, whereas only 14 of 31 blood samples (45.2%) were positive. The detection rate in ascitic fluid
was significantly higher than in blood samples (p < 0.05). Data regarding sample codes, controls, clinical origin, sex,
breed, age, sample type, and N gene cycle threshold (Ct) values are presented in Table 1.

Positive ascitic fluid samples exhibited lower Ct values (mean 22.26 + 2.19) compared to blood samples (mean
24.10 £ 2.92), indicating higher viral loads, although this difference did not reach conventional statistical significance (p
= 0.069, Mann—Whitney U test), and the results are presented in Table 2. Polymerase chain reaction amplification of the
N gene is shown in Figure 1. Clinical records indicated that the most common presenting sign in FCoV-positive cats was
abdominal distension (50.0%), followed by uveitis (32.1%) and ataxia (21.4%). Cats with abdominal distension had the
lowest mean Ct values (22.26), consistent with the highest viral load, whereas uveitis cases exhibited the highest mean
Ct values (24.68), suggesting lower viral burden. Of the 28 FCoV-positive cats, 20 (71.4%) were under 2 years of age,
showing a significantly higher positivity rate than older cats (p = 0.008, Fisher’s exact test). In terms of sex distribution,
57.1% (16/28) of the infected cats were male, and 42.9% (12/28) were female, with no statistically significant difference
in infection rate between sexes (p > 0.05).
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Partial N gene sequences (386 bp) from five selected FCoV-positive samples shown in Figure 2 were successfully
amplified and analyzed. Phylogenetic analysis revealed that local Indonesian isolates clustered closely with strains from
Italy, suggesting a shared evolutionary origin and possible global transmission. All sequences have been submitted to
GenBank (Accession Numbers; PV741167 to PV741171). The phylogenetic tree is shown in Figure 2. The five
Indonesian sequences (PV741167 to PV741171) formed a well-supported monophyletic clade (100% bootstrap) with
very low pairwise genetic divergence (0.0027-0.0304). This clade grouped with strong support (1000 bootstrap
replicates) alongside reference strains from Italy (GU017104.1) and the United Kingdom (KP143512.1), indicating a
close evolutionary relationship.

Table 1. The RT-gPCR detection of feline coronavirus and confirmation by N gene amplification in 45 clinically
suspected cats in Yogyakarta during 2021-2022

Sample Age Sample Sample Cycle threshold  Cycle threshold
codr()e Sex Breed (ye?ar) typpe sourF():e / (N gene) / (5S’UTR) Result
K+* Female D 2 Ascites KP 21.17 21.41 Positive
K- - - - VF\J/thr - N/A N/A Negative
K-01 Female M 1 Ascites SWK 20.84 28.18 Positive
K-02 Female M 1 Ascites SWK 22.05 26.7 Positive
K-03 Female M 1 Ascites SWK 28.17 27.16 Positive
K-04 Female M 2 Ascites SWK 24.54 26.91 Positive
K-05 Female P 1 Blood NP 22.34 28.14 Positive
K-06 Female M 3 Blood NP N/A N/A Negative
K-07 Male D 2 Blood NP 25.4 29.7 Positive
K-08 Male M 2 Blood DPC 30.55 28.23 Positive
K-09 Male D 3 Blood DPC N/A N/A Negative
K-10 Male D 1 Blood DPC N/A N/A Negative
K-11 Male M 1 Blood DPC 25.24 29.25 Positive
K-12 Male M 1 Blood DPC 26 29.07 Positive
K-13 Male M 1 Blood DPC 21.83 28.65 Positive
K-14 Female D 3 Blood DPC N/A N/A Negative
K-15 Female P 1 Blood DPC N/A N/A Negative
K-16 Female M 1 Blood DPC 22.11 29.53 Positive
K-17 Male M 0.5 Blood DPC 20.14 29.06 Positive
K-18 Male D 1 Blood DPC 21.46 23.4 Positive
K-19 Male P 3 Blood DPC N/A N/A Negative
K-20 Female M 1 Blood DPC N/A N/A Negative
K-21 Male D 0.5 Blood DPC N/A N/A Negative
K-22 Female P 3 Blood DPC N/A N/A Negative
K-23 Female M 1 Blood DPC N/A N/A Negative
K-24 Female M 2 Blood DPC N/A N/A Negative
K-25 Female D 4 Blood DPC N/A N/A Negative
K-26 Female D 3 Ascites SWK 20.9 20.37 Positive
K-27 Male D 2 Ascites SWK 21.87 26.95 Positive
K-28 Male P 2 Ascites SWK 22.36 28.66 Positive
K-29 Female P 0.5 Blood SWK 28.35 30.79 Positive
K-30 Female D 2 Ascites SWK 20.28 23.9 Positive
K-31 Female M 1 Ascites SWK 20.28 23.6 Positive
K-32 Male M 1 Ascites KNG 21.53 24.16 Positive
K-33 Male D 1 Blood NP 21.05 25.2 Positive
K-34 Male P 1 Ascites PPC 20.17 25,51 Positive
K-35 Male P 2 Ascites PPC 20.67 13.73 Positive
K-36 Male M 2 Blood KHJ N/A N/A Negative
K-37 Male M 1 Blood KHJ 24.64 21.17 Positive
K-38 Male D 3 Blood KHJ N/A N/A Negative
K-39 Female P 2 Blood KHJ N/A N/A Negative
K-40 Female P 1 Blood KHJ N/A N/A Negative
K-41 Female M 1 Ascites KP 249 25.58 Positive
K-42 Female P 4 Blood KP 23.1 25.71 Positive
K-43 Male D 1 Blood NP 24.06 24.35 Positive
K-44 Female D 1 Blood NP 24.21 28.39 Positive
K-45 Male P 1 Ascites KNG 23.1 29.06 Positive

K+": Tested positive in PCR and RT-qPCR assays targeting the N gene and 5’UTR. RT-qPCR: Reverse transcription-quantitative polymerase chain
reaction, PCR: Polymerase chain reaction, FCoV: Feline coronavirus, N/A: Not available, D: Domestic, M: Mixed breed, P: Persian, SWK: Satwakita
Vet Clinic, NP: Naroo Pet Vet Clinic, DPC: Dji’o Pet Care Clinic, KNG: Kuningan Vet Clinic, PPC: Panda Pet Care Clinic, KHJ: Jogja Vet Clinic,
KP: Prosper Vet Clinic.
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Table 2. Statistical analysis of feline coronavirus positivity and cycle threshold
Comparison Test P-value Interpretation

Ascitic fluid compared to blood Fisher’s exact test 0.00025  Highly significant difference

(positivity)

CT values (ascitic fluid vs blood) Mann-Whitney U 0.0695  Not significant (trend toward lower Ct in fluid)
Age group and FCoV positivity Fisher’s exact test 0.0081  Significant difference (higher risk in young cats)
Sex and FCoV positivity Fisher’s exact test 0.5420  Not significant

FCoV: Feline coronavirus, Ct: Cycle threshold

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

300 bp
200 bp
100 bp
Figure 1. The feline coronavirus-positive samples from cats with different breeds (mixed breed, domestic, and Persian) in

Yogyakarta, Indonesia, during 2021-2022. Lanes 4, 6-18: Showing an expected amplicon size of 386 bp for the N gene, Lanes 1-3, 5: Negative
samples. M: Marker (100 bp).

751 M PV741168.1:1-369 FCoV isolate FCoV UGM Yogyakarta 5
87| A PV741171.1:1-369 FCoV isolate FCoV UGM Yogyakarta 2
99
A PV741169.1:1-369 FCoV isolate FCoV UGM Yogyakarta 4

84
A PV741170.1:1-369 FCoV isolate FCoV UGM Yogyakarta 3

61| M PV741167.1:1-372 FCoV isolate FCoV UGM Yogyakarta 1
GU017103.1:747-1118 FCoV isolate PC/M477/06 Italy
561 GUO017104.1:744-1115 FCoV isolate PC/M314/06 Italy
GU017107.1:744-1115 FCoV isolate PC/S739/05 ltaly
75 GUO017106.1:744-1115 FCoV isolate PC/Gigia/05 Italy
GU017112.1:744-1115 FCoV isolate PC/Serena/05 ltaly
- PV246292.1:7300-7671 FCoV isolate FCoV-5-9 China
2d KP143509.1:27469-27840 FCoV isolate 65F UK
10099-| KP143512.1:27459-27830 FCoV isolate 26M UK
- KX722531.1:27529-27900 FCoV isolate Cat 2 Hostebro Denmark
adr MW722847.1:750-1121 FIPV strain FIPV/DY0522 China
8- 0Q161154.1:750-1121 FCoV isolate FCoV/GD/GZ/2019/05-LM-China

JN183883.1:27648-28019 FCoV UU54 complete genome USA
34 KY566208.1:750-1121 FCoV strain HIJ/HRB/2016/16 China
53 { ON595864.1:15324-15695 FCoV isolate HC-3 Australia
68

PV797402.1:27438-27809 FCoV Thailand
AF502583.1 CCoV strain 259/01 Italy

| AY884049.1 CCoV isolate HR China
98 ! JQ404409.1 CCoV strain 1-71 USA

|

0.20

Figure 2. Feline coronavirus isolates (A ) phylogenetic analysis based on the N gene compared to reference sequences published in
GenBank in Yogyakarta during 2021-2022. The analysis was conducted using MEGA 12 using the Maximum Likelihood model with 1000
bootstrap replicates.
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DISCUSSION

The results of the present study demonstrated the effectiveness of RT-gPCR targeting the N gene in detecting FCoV
infections. With an overall detection rate of 62.22% (28/45), these findings highlighted the utility of RT-gPCR in
identifying FCoV-positive cases with greater sensitivity (He et al., 2024). Notably, all effusion fluid samples (14/14)
tested positive, whereas 45.16% (14/31) of blood samples were positive, indicating that the viral load in effusion fluid
was significantly higher, supporting its role as a primary diagnostic sample. These findings reinforce the importance of
using effusion fluid for diagnosing FCoV, particularly in cases suspected of FIP, the severe manifestation of FCoV
infection.

Clinical signs observed in infected cats further validate the RT-qPCR results. Abdominal effusion was noted in
50% (14/28) of positive cases, aligning with the classic presentation of wet FIP, which is characterized by exudate
accumulation due to vasculitis (Carossino et al., 2022). This observation is consistent with Jayanti et al. (2020), who
reported that 80% of FIP cases in domestic shorthair were the wet form. The underlying mechanism involves virus-laden
monocytes triggering an inflammatory response that damages blood vessels, leading to plasma leakage into body cavities
(Cerna et al., 2022).

Neurological involvement, particularly ataxia, was detected in 21.42% (6/28) of cases, corroborating Doenges et al.
(2016), who reported that approximately 10% of FIP cases develop neurological signs, with ataxia being among the most
frequent manifestations. The presence of FCoV in the central nervous system suggested that infected monocytes can
cross the blood-brain barrier, leading to neuroinflammation (Elmakaty et al., 2022). Uveitis was observed in 32.14%
(9/28) of cases, indicating the occurrence of dry FIP. Carossino et al. (2022) have previously identified FIP as a common
cause of feline uveitis, with histopathological evidence of severe vasculitis in ocular tissues.

The immunological mechanisms involve immune complex deposition, cytokine-mediated inflammation, and
infiltration of virus-infected macrophages, which together disrupt the blood-ocular barrier and drive ocular pathology
(Andrew, 2000). Rhinitis was present in 17.85% (5/28) of cases, supporting Andre et al. (2020), who described upper
respiratory tract involvement in FIP cases, although FCoV is not typically regarded as a primary respiratory pathogen
(Pedersen, 2009).

The present study examined epidemiological factors influencing FCoV infection. Males accounted for 57.14%
(16/28) of infected cases, while females constituted 42.85% (12/28). This distribution is consistent with Riemer et al.
(2016), who reported that approximately 60-65% of FIP cases occurred in males, and Tasker (2018), who similarly noted
that males are more frequently affected than females. Feline infectious peritonitis appears slightly less common in female
cats, which may be related to the immunomodulatory effects of estrogen, enhancing antiviral responses (Addie et al.,
1995; Pedersen, 2009). However, age, neuter status, breed, and environmental factors also influence susceptibility,
indicating that sex differences are likely multifactorial (Worthing et al., 2012). Age also played a critical role, with
71.43% (20/28) of infected cats being under two years old, in line with a study by Guan et al. (2020) and Yin et al.
(2021), who reported that younger cats are more susceptible due to an immature immune system and increased exposure
to environmental stressors.

Phylogenetic analysis in the present study indicated that the FCoV isolates from Yogyakarta, Indonesia, clustered
closely with the Italian isolate (GU017103.1, GU017104.1, GU017107.1, GU017106.1, GU017112.1), supported by
phylogenetic clustering and 1000 bootstrap. A similar clustering pattern, as observed with European reference strains,
was also reported in isolates from Surabaya (Aksono et al., 2023) and in imported cat cases in Indonesia (Fitrawati et al.,
2025). Furthermore, the presence of FCaV in clinically suspected FIP cats in Yogyakarta (Wasissa et al., 2021) indicated
that related strains have been circulating locally for several years. These findings suggested that Indonesian FCoV
isolates may share a common ancestry with certain European strains, possibly reflecting historical or regional linkage,
likely facilitated by international cat travel or trade. A considerable finding of the present study was the close
phylogenetic affiliation of Indonesian isolates with European strains from lItaly and the UK, rather than with
geographically closer Asian strains. This suggested a potential introduction of a European-like strain into Indonesia,
likely facilitated by international cat travel or trade, followed by local spread. These findings underscored the global
nature of FCoV transmission and highlighted the need for robust genomic surveillance.

The use of RT-gPCR targeting the N gene demonstrated reliable sensitivity for FCoV detection in clinical samples,
particularly effusion fluid, while partial sequencing of the N gene provided valuable insights into the genetic
characteristics and phylogenetic relationships of local FCoV strains. Although the present study was conducted in
Yogyakarta, Indonesia, the phylogenetic analysis revealed that these isolates shared close genetic proximity to strains
originating from Europe and East Asia. This finding underscored the potential of shared transmission pathways, possible
cross-border viral introductions, or common evolutionary origins of FCoV strains.
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The genetic clustering of Indonesian isolates with international reference strains highlighted the need for
continuous, integrated, global surveillance programs to monitor FCoV genetic variation and emergence. The present
study represented the first integrated approach in Indonesia that combines clinical observations, RT-gPCR detection, and
phylogenetic analysis of naturally occurring FCoV cases in domestic cats, thereby providing novel insights into the
molecular epidemiology of FCoV in this region. In a broader context, these results contribute important molecular data
from Southeast Asia, a region underrepresented in global FCoV studies, thereby enriching the global coronavirus
sequence database and enhancing preparedness for future interspecies transmission events and emerging feline viral
diseases. However, the present study was limited by a small sample size for sequencing and only using partial N gene
fragments, which constrained broader epidemiological analysis conclusions.

CONCLUSION

The current study confirmed that RT-qPCR targeting the N gene is a reliable diagnostic tool for detecting FCoV in
clinical samples, especially effusion fluids. Younger cats and effusive cases exhibited higher infection rates, supporting
the clinical and epidemiological associations with molecular findings. Phylogenetic analysis indicated close relationships
between local isolates and strains from Europe and Asia, suggesting possible transboundary transmission or shared
evolutionary origins. These findings not only provided essential data for feline health management in Indonesia but also
contributed to the global molecular epidemiology of FCoV, reinforcing the importance of international surveillance and
control strategies. Future studies should expand the sample size, include full-genome sequencing, and investigate host
immune responses to better understand viral evolution, pathogenesis, and potential risk factors for FIP development.
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