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Abstract 
Feline calicivirus (FCV) is a globally distributed pathogen and a leading cause 

of upper respiratory tract disease in cats, responsible for recurrent outbreaks in 

shelters and multi-cat environments. Its non-enveloped, positive-sense RNA 

genome, replicated by an error-prone RNA-dependent RNA polymerase, results 

in high genetic variability and the emergence of immune escape variants. FCV 

infection presents with diverse clinical manifestations, from mild oral–

respiratory disease and limping syndrome to the severe virulent systemic form 

(VS-FCV). Despite extensive research, no licensed antiviral agent with proven 

efficacy is available; treatment remains supportive and focused on symptom 

relief and prevention of secondary infections. Experimental compounds such as 

nitazoxanide, 2′-C-methylcytidine, and recombinant feline interferon-omega 

show in vitro antiviral potential but require clinical validation. Vaccination 

remains the main preventive measure, although protection is strain-dependent 

and incomplete. The virus’s environmental resilience necessitates strict 

biosecurity measures and effective disinfection using chlorine-based or 

oxidizing agents. Integrated strategies combining improved vaccine design, 

antiviral development, and environmental control are essential to achieve 

sustainable management of FCV and reduce its impact on feline health and 

welfare. 

Keywords: Feline calicivirus, RNA virus, genetic diversity, vaccination 

Copyright © 2025 by the 

author(s). This work is 

licensed under a Creative 

Commons Attribution 4.0 

International License, 

which permits unrestricted 

use, distribution, and 

reproduction in any 

medium, provided the 

original author and source 

are credited. See credit lines 

of images or other third-

party material in this 

article for license 

information. 

Veterinary & Life Science Innovations 2025;3(1):21-36 

Received: 15-08-2025 | Accepted: 30-09-2025 | Published: 11-10-2025 

Dalila Fadhila HIDAYAT1 

1 Latte Pet Care. Jl. Ir. Bung Tomo, RT.005/RW.001, Wadu Jaya, Kedungwaru, Kec. Kedungwaru, 

Kabupaten Tulungagung, Jawa Timur 66224  

 

(*) Corresponding author:  

Dalila Fadhila HIDAYAT 

E-mail: dalilafadhila5@gmail.com 



22 
 

INTRODUCTION 
 

Feline calicivirus is a major etiological agent of 

upper respiratory tract disease in domestic cats, 

with a global distribution and substantial 

impact on feline health and welfare (Spiri et al., 

2022). The effects of FCV extend beyond 

individual cases, playing a central role in 

recurrent outbreaks in high-density 

environments such as shelters, catteries, and 

veterinary clinics (Zhang et al., 2025). These 

settings, characterized by high population 

density, rapid animal turnover, and a high 

prevalence of carrier cats, facilitate rapid viral 

transmission and frequent re-introduction 

events (Stuntebeck et al., 2024). Longitudinal 

studies in shelters have demonstrated that 

transmission readily occurs through direct 

contact and respiratory secretions, while the 

virus’s persistence on fomites prolongs its 

infectivity and increases the risk of biosecurity 

breaches (Hofmann-Lehmann et al., 2022). 

Furthermore, the simultaneous circulation of 

multiple strains and frequent reinfection within 

the same host accelerate genetic diversification 

through mutation and recombination, 

increasing the likelihood of immune escape 

variants and recurrent outbreaks (Coyne et al., 

2012). The combination of these factors makes 

FCV control in shelters considerably more 

complex than in stable household populations 

and necessitates specialized management 

protocols that include triage and isolation 

procedures, effective cleaning and disinfection, 

as well as vaccination and carrier monitoring 

strategies (Di Profio et al., 2025). 

The unique biological characteristics of FCV, 

particularly the presence of an error-prone 

RNA-dependent RNA polymerase, contribute 

to its high mutation rate and broad antigenic 

variability (Zhang et al., 2025). This 

phenomenon facilitates the emergence of 

genetically diverse strains with varying 

pathogenic potential and presents major 

challenges to diagnostic accuracy, therapeutic 

consistency, and long-term vaccine efficacy (Di 

Profio et al., 2025). 

Therapeutic and preventive options for FCV 

remain limited. To date, no licensed antiviral 

agents with proven efficacy are available, and 

existing treatments are largely supportive, 

focusing on symptomatic relief and 

management of secondary infections (Fumian 

et al., 2018). Host immune variability, coupled 

with the practical difficulties of implementing 

stringent biosecurity measures in multi-cat 

households, shelters, and breeding facilities, 

further complicates disease control (Wang and 

Lin, 2024). These limitations underscore an 

urgent need for integrated strategies 

encompassing the development of effective 

antiviral compounds, refinement of vaccination 

protocols to enhance cross-protection, 

deployment of rapid and sensitive diagnostic 

tools, and rigorous environmental 

management practices to reduce viral 

transmission. 

This review aims to provide an updated 

synthesis of the molecular virology, 

immunopathogenesis, epidemiology, and 

clinical spectrum of FCV, alongside current and 

emerging preventive and therapeutic 

strategies. By presenting a comprehensive and 

mechanistically informed perspective, this 

article seeks to guide practitioners and 

researchers in designing more effective 

interventions to mitigate both the clinical 

burden and the epidemiological spread of FCV. 

 

MOLECULAR BIOLOGY AND 

GENETIC DIVERSITY OF FELINE 

CALICIVIRUS 
 

Feline calicivirus is recognized as one of the 

most important feline pathogens and a major 
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concern in veterinary medicine. Taxonomically, 

the virus belongs to the family Caliciviridae, 

order Picornavirales, and genus Vesivirus (Wei et 

al., 2024). Morphologically, FCV is a non-

enveloped virus with icosahedral symmetry, 

measuring approximately 27–40 nm in 

diameter, and possesses a positive-sense, 

single-stranded RNA genome of about 7.7 kb 

(Cisternas, 2020; Zhang et al., 2025). The 

genome comprises three open reading frames 

(ORFs) that encode structural and non-

structural proteins, including the RNA-

dependent RNA polymerase (RdRp), the major 

capsid protein VP1, and the minor capsid 

protein VP2 (Li et al., 2024). At the 5′ end, the 

genome is covalently linked to a viral genome-

linked protein (VpG) that serves as a replication 

primer, while the poly-A tail at the 3′ end 

enhances genome stability and translational 

efficiency (Smertina et al., 2021; Asif et al., 

2025). 

Among these proteins, VP1 is the principal 

structural and immunogenic component, 

playing a pivotal role in viral stability and 

infectivity (Asif et al., 2025). High-resolution 

structural analyses have shown that VP1 

contains distinct functional domains that 

specifically interact with feline junctional 

adhesion molecule A (fJAM-A)—a receptor 

predominantly expressed on epithelial and 

endothelial cells—thereby mediating viral 

attachment, entry, and tissue tropism (Lu et al., 

2018). Beyond its structural function, VP1 

serves as a major determinant of FCV’s 

antigenic variability (Cubillos-Zapata et al., 

2020). Mutations or alterations within the 

hypervariable regions of this protein enable the 

virus to evade host immune recognition 

(immune escape), facilitating the emergence of 

novel strains with differing pathogenic 

potential (Wei et al., 2024). This feature 

complicates the development of broadly 

protective vaccines but simultaneously 

positions VP1 as a critical target for the design 

of cross-protective immunogens and antiviral 

inhibitors (Heng et al., 2025). 

Studies have demonstrated that FCV evolves at 

an exceptionally high mutation rate, estimated 

at 10⁻² to 10⁻³ substitutions per site per year—

substantially higher than that of many other 

veterinary RNA viruses (Wei et al., 2024). 

Consequently, FCV may exist as a quasispecies 

within the host, facilitating rapid adaptation to 

immune and environmental pressures (Wei et 

al., 2024). This genetic plasticity is further 

enhanced by co-infection, recurrent reinfection, 

and recombination events occurring when 

multiple strains circulate simultaneously 

within a population (Hofmann-Lehmann, 

2022). Under co-infection or sequential 

reinfection conditions, distinct genomes may 

interact within the same host cell, promoting 

error-prone template switching by RdRp and 

facilitating homologous recombination (Lee et 

al., 2021). This process results in mosaic 

genomes with novel genetic combinations, 

accelerating antigenic diversification and 

supporting the long-term persistence of FCV 

within feline populations (Coyne et al., 2012). 

 

EPIDEMIOLOGY OF FELINE 

CALICIVIRUS 
 

The prevalence and progression of FCV 

infection show considerable variation across 

regions and cat populations. In Beijing, the 

detection rate has reached 31% among owned 

cats (Wang et al., 2025), whereas in Hangzhou, 

prevalence is reported at approximately 43% 

(Zheng et al., 2021). Among stray cats in 

northeastern China, prevalence exceeds 45% 

(Wang et al., 2017), while in feral populations in 

Australia, FCV antibody seroprevalence 

approaches 70% (Amery-Gale et al., 2024). 

 Globally, FCV infection rates among domestic 
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cats vary widely, ranging from approximately 

9% to 48%, with an average prevalence 

typically between 22% and 30% (Afonso et al., 

2017; Wei et al., 2024; Di Profio et al., 2025;). 

Several studies have reported higher FCV 

prevalence in shelter cats—ranging from 33% to 

50%—compared to household cats, where 

prevalence is generally lower, around 8–20% 

(Zicola et al., 2009; Gourkow et al., 2013). This 

variability reflects the influence of 

environmental conditions, vaccination status, 

study design, diagnostic methodology, and 

population structure on infection rates (Afonso 

et al., 2017). 

The risk of FCV infection increases significantly 

in kittens with immature immune systems, in 

inadequately vaccinated cats, and in 

individuals experiencing stress due to 

overcrowding, transportation, or relocation 

(Hofmann-Lehmann et al., 2022). These factors 

heighten susceptibility to infection and 

facilitate viral shedding and transmission, 

thereby increasing the likelihood of outbreaks 

in high-density environments such as shelters, 

breeding facilities, and multi-cat households 

(Coyne et al., 2007). 

Some cats recovering from acute FCV infection 

may remain asymptomatic carriers, shedding 

the virus for months or even years (Hofmann-

Lehmann et al., 2022). Studies indicate that 

most cats cease viral shedding within 30–75 

days, during which neutralizing antibodies 

suppress viral replication and excretion by 

binding viral particles and preventing their 

entry into host cells, thereby reducing viremia 

and shedding duration (Abebe and Dejenie, 

2023; Di Profio et al., 2025). However, this 

humoral response is not always sufficient to 

prevent carrier establishment, as the virus can 

persist in specific tissues such as the 

oropharynx and tonsils, where localized 

replication and quasispecies formation enable 

persistent infection without overt clinical signs 

(Di Profio et al., 2025). 

In addition, FCV transmission is influenced by 

seasonal and management factors. Higher 

incidence rates have been reported during 

winter and early spring, coinciding with 

increased indoor crowding, poor ventilation, 

and seasonal kitten births (Gao et al., 2023; 

Umar et al., 2025). Nevertheless, FCV remains 

endemic year-round due to its strong 

environmental stability (Spiri et al., 2019). The 

virus can survive for up to 28 days on dry 

surfaces at room temperature, enabling 

transmission both through direct contact 

between cats and indirectly via contaminated 

fomites (Spiri et al., 2019; Al Hafid et al., 2022). 

 

PATHOGENESIS OF FELINE 

CALICIVIRUS 
 

Feline calicivirus enters the host primarily 

through the nasal, oral, or conjunctival routes, 

with the oropharynx serving as the principal 

site of initial viral replication (Hofmann-

Lehmann et al., 2022). The viral capsid protein 

VP1 mediates entry into host cells by binding to 

the fJAM-A as the primary receptor, while α-

2,6-linked sialic acid is thought to function as a 

co-receptor or attachment factor that enhances 

viral adsorption efficiency (Stuart and Brown, 

2007). The involvement of these two receptors 

determines the virus’s tissue tropism, 

infectivity, host range, and strain-dependent 

pathogenic potential (Bhella, 2015). Following 

receptor engagement, the virus is internalized 

via clathrin-mediated endocytosis, a process 

highly dependent on endosomal acidification 

to trigger uncoating of the viral capsid and 

release of the genome into the cytoplasm, 

enabling productive infection (Shivanna et al., 

2014). 

Infected cells exhibit characteristic cytopathic 

effects, including cell rounding, membrane 
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blebbing, and detachment from the substrate, 

accompanied by inhibition of host protein 

synthesis through cleavage of eukaryotic 

initiation factors (Di Profio et al., 2025). This 

translational shutdown disrupts essential 

cellular functions and induces caspase-

dependent apoptosis, facilitating efficient 

release of progeny virions (Wu et al., 2021). A 

transient viremia occurs approximately 3–4 

days post-infection, allowing systemic 

dissemination, while fJAM-A expression on 

epithelial, endothelial, leukocytic, and platelet 

surfaces facilitates hematogenous spread (Wei 

et al., 2024). 

Viral replication predominantly occurs in the 

oral, respiratory, and conjunctival epithelia, 

producing vesicles that undergo epithelial 

necrosis and ulceration, often accompanied by 

neutrophilic infiltration (Karakaya-Bilen et al., 

2025). Certain FCV strains can induce 

proliferative interstitial pneumonia or the so-

called limping syndrome, an acute polyarthritis 

involving viral infiltration of synovial tissues, 

possibly through a type III hypersensitivity 

mechanism mediated by antigen–antibody 

immune complexes (Lanave et al., 2023; Wei et 

al., 2024). These immune complexes deposit 

within the synovium, activating complement 

and recruiting neutrophils that release 

proteolytic enzymes and reactive oxygen 

species, leading to localized inflammation 

(Wang, 2018; Kasiraja et al., 2025). In natural 

infections, this reaction occurs when viral 

antigens are still circulating as antibodies begin 

to develop, and in rare cases, similar responses 

have been observed following vaccination with 

replication-competent live-attenuated vaccines 

(Hofmann-Lehmann et al., 2022). 

Severe cases may progress to VS-FCV, 

characterized by widespread vasculitis, 

subcutaneous edema, oral and cutaneous 

ulceration, and multiorgan necrosis affecting 

the liver, spleen, pancreas, and lungs, with high 

mortality rates—particularly in multi-cat 

populations (Duclos et al., 2024). Outbreak 

investigations have revealed that VS-FCV 

strains are genetically distinct and emerge 

independently through the accumulation of 

mutations, including the possible acquisition of 

novel glycosylation sites on the capsid protein, 

which may alter receptor interactions, 

antigenicity, and immune recognition (Lu et al., 

2018; Bordicchia et al., 2021; Asif et al., 2025). In 

addition to virological factors, host-related 

conditions—such as age-dependent immune 

reactivity and dysregulated cytokine 

responses—also contribute to disease severity 

(Foley et al., 2006). 

FCV persistence is further supported by 

complex immune evasion strategies, including 

antigenic drift, recombination, capsid epitope 

modification, host protein shut-off, and 

apoptosis modulation, enabling the virus to 

persist under adaptive immune pressure and 

giving rise to diverse clinical outcomes, 

including hypervirulent variants such as VS-

FCV (Zhou et al., 2021; Wu et al., 2021). 

 

IMMUNITY TO FELINE CALICIVIRUS 

 

Understanding the immunological dynamics of 

FCV infection is crucial for both disease control 

and the development of effective vaccination 

strategies (Wang et al., 2023). In the early stages 

of life, kittens acquire passive protection 

through maternally derived antibodies (MDA), 

which are primarily transferred via colostrum. 

These maternal antibodies play a vital role in 

providing protection against FCV and other 

pathogens during the first few weeks of life 

(Wei et al., 2024). The half-life of maternal 

antibodies against FCV is estimated to be 

approximately 15 days, and they can generally 

be detected until 10–14 weeks of age (Radford 

et al., 2009; Di Profio et al., 2025). However, 
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field studies have shown substantial variation, 

with some kittens losing protective antibody 

levels as early as six weeks of age, while others 

retain them for a longer duration (DiGangi et 

al., 2012; Jakel et al., 2012). 

Although protective, the presence of maternal 

antibodies poses a challenge because they can 

interfere with vaccine efficacy by neutralizing 

the vaccine virus before the kitten’s immune 

system develops an adaptive response 

(Egberink et al., 2022; Veronesi and Fusi, 2023). 

To address this issue, international guidelines 

recommend a stepwise vaccination protocol. 

Primary FCV vaccination should begin at 6–8 

weeks of age and be repeated every 3–4 weeks 

until approximately 16 weeks of age. 

Furthermore, an additional booster at 6 or 12 

months is advised to ensure the establishment 

of active immunity after the decline of maternal 

antibodies, particularly in high-risk cats or in 

cases where maternal antibody interference is 

likely (Radford et al., 2009; Scherk et al., 2013; 

Egberink et al., 2022). This strategy ensures that 

at least one effective vaccine dose is 

administered after MDA levels fall below the 

interference threshold, resulting in optimal 

active immunity. 

As maternal antibodies wane, long-term 

protection depends entirely on the 

development of active immunity through 

vaccination or natural infection (Egberink et al., 

2022). Following FCV exposure or vaccination, 

neutralizing antibodies are typically detectable 

between days 7 and 14. The immune response 

to homologous strains develops more rapidly 

than that to heterologous ones (Cao et al., 2023). 

Moreover, CD4⁺ helper T cells and CD8⁺ 

cytotoxic T cells are involved in viral clearance 

and contribute to cross-strain immunity 

following both live-attenuated and inactivated 

vaccination (Spiri et al., 2021). 

On the other hand, FCV exhibits a variety of 

immune evasion strategies that enable viral 

persistence within the host. The virus can 

suppress interferon responses, modulate 

apoptosis, and inhibit host protein synthesis 

(Wu et al., 2021). In addition, alterations in 

antigenic epitopes contribute to the virus’s 

ability to evade immune recognition (Tian et al., 

2020). Non-structural proteins such as P30, P32, 

and P39 are involved in modulating cellular 

pathways, including the induction of 

autophagy, which inhibits RIG-I signaling and 

suppresses type I interferon production (Mao et 

al., 2023). FCV has also been reported to 

downregulate IRF-1 and modulate IFNAR1 and 

IRF-3 expression, thereby reducing viral RNA 

detection and delaying the activation of innate 

antiviral responses (Yumiketa et al., 2016; Liu et 

al., 2018; Tian et al., 2020). These evasion 

mechanisms facilitate viral persistence in 

lymphoid and oropharyngeal tissues and 

contribute to sustained transmission within cat 

populations. 

 

CLINICAL MANIFESTATIONS OF 

FELINE CALICIVIRUS 
 

The most common and classical manifestation 

of FCV infection is acute disease affecting the 

oral cavity and upper respiratory tract 

(Hofmann-Lehmann et al., 2022). Characteristic 

lesions include ulcerations on the tongue and 

oral mucosa, often accompanied by sneezing, 

nasal discharge, fever, anorexia, and 

hypersalivation secondary to oral pain (Di 

Profio et al., 2025). In some cases, infection may 

extend to the lower respiratory tract, resulting 

in pneumonia characterized by dyspnea, 

coughing, lethargy, and persistent fever 

(Maboni et al., 2024). Although pneumonia 

solely attributable to FCV is relatively 

uncommon, it can be clinically significant when 
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exacerbated by co-infections (Maboni et al., 

2024). 

Beyond respiratory involvement, FCV infection 

can also induce musculoskeletal disease known 

as limping syndrome (Balboni et al., 2022). This 

condition is characterized by acute, shifting 

lameness affecting one or more limbs, 

accompanied by joint pain, swelling, reluctance 

to move, fever, and malaise (Lanave et al., 

2023). Although typically self-limiting, these 

signs can cause considerable discomfort in 

affected cats. 

Direct evidence of viral involvement in joint 

pathology has been demonstrated through the 

detection of FCV RNA and antigens in synovial 

tissues (Lanave et al., 2023). Moreover, 

immune-mediated mechanisms are thought to 

contribute, particularly type III 

hypersensitivity resulting from immune 

complex deposition (ABCD, 2025). This 

mechanism is suspected to underlie cases of 

post-infectious polyarthritis and, more rarely, 

those occurring after vaccination (Wei et al., 

2024). 

The most severe manifestation is VS-FCV, 

characterized by an acute onset of systemic 

illness including high fever, lethargy, anorexia, 

mucocutaneous ulceration, facial and limb 

edema, skin erythema or necrosis, jaundice, and 

multi-organ involvement such as hepatic and 

pulmonary damage (Duclos et al., 2024). The 

case fatality rate is markedly higher than that of 

classical FCV infections, particularly in naïve or 

stressed cat populations (Duclos et al., 2024). 

 

THERAPEUTIC AND PREVENTIVE 

APPROACHES AGAINST FELINE 

CALICIVIRUS 
 

Treatment options for FCV infection remain 

limited. To date, no small-molecule antivirals 

have been officially approved or consistently 

demonstrated clinical efficacy against FCV 

infection (Radford et al., 2009; Fumian et al., 

2018). Most current management approaches 

rely on supportive care and the prevention or 

control of secondary bacterial infections to 

minimize complications. 

In recent years, there has been growing interest 

in therapies targeting both the virus and host 

pathways (Beran et al., 2025; Gu et al., 2025). 

Recombinant feline interferon-omega (rFeIFN-

ω) has been used as an immunomodulatory 

and antiviral adjunct in both clinical and 

experimental settings (Gil et al., 2013). 

However, published data remain inconsistent, 

and its clinical benefit has not been conclusively 

demonstrated, preventing its recommendation 

as a definitive antiviral therapy. 

Several experimental compounds have shown 

in vitro activity against FCV, with some 

yielding promising results in controlled 

challenge models (Wu et al., 2015). 

Nitazoxanide, for example, inhibits FCV 

replication in cell culture and reduces clinical 

signs, viral load, and shedding in 

experimentally infected cats (Cui et al., 2020). 

The compound also exhibits synergistic effects 

with other agents in vitro, supporting drug 

repurposing strategies for short-term 

development, though further studies are 

needed to establish dosing and tolerability (Cui 

et al., 2020). Other potential strategies include 

broad-spectrum polymerase and protease 

inhibitors identified through in vitro screening, 

as well as small molecules or metal complexes 

such as copper chloride, which show dose-

dependent antiviral activity and synergy with 

ribavirin (Li et al., 2020). 

However, significant challenges remain in 

translating laboratory findings to clinical 

practice, including FCV’s genetic and antigenic 

diversity, limited pharmacokinetic and toxicity 

data in cats, and a lack of statistically powered 

controlled clinical trials (Cao et al., 2022). 
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Rational strategies should prioritize: (i) 

repurposing compounds with established in 

vivo safety and efficacy profiles (McDonagh et 

al., 2015); (ii) combination therapy to reduce 

effective doses and minimize resistance (Li et 

al., 2020); (iii) the development of structure-

based direct-acting protease or polymerase 

inhibitors (Wang et al., 2015); and (iv) 

coordinated clinical trials in shelters or 

outbreak settings to assess clinical benefit and 

effects on viral shedding (Cui et al., 2020). 

Several nucleoside analogues and other small 

molecules, including 2′-C-methylcytidine 

(2CMC), NITD008, ribavirin, fexaramine, and 

rFeIFN-ω, have demonstrated anti-FCV activity 

(Ballin et al., 2014; Kim and Chang, 2018; Enosi 

et al., 2019; Cui et al., 2020). 2CMC and 

nitazoxanide exhibit low-micromolar EC₅₀ 

values, while NITD008 shows sub-micromolar 

potency and a favorable toxicity profile, 

making it a strong candidate for further 

development (Fumian et al., 2018; Cui et al., 

2020). Non-nucleoside approaches are also 

relevant: fexaramine inhibits FCV entry into 

cells, although resistance can arise from single 

mutations in the VP1 P2 domain (Kim and 

Chang, 2018). rFeIFN-ω continues to be used as 

an adjuvant therapy for FCV infection. Some 

studies report that rFeIFN-ω administration 

reduces clinical scores and viral loads, 

particularly in chronic cases such as stomatitis 

or in retrovirus-positive cats (Matsumoto et al., 

2018; Garrett et al., 2023). Nevertheless, 

controlled clinical trials have yielded 

inconsistent results, with some studies showing 

no significant difference from placebo, likely 

due to variations in dosing protocols, immune 

status, and clinical condition of the animals 

(Ballin et al., 2014). 

Because no effective and licensed antiviral 

therapy currently exists, supportive care 

remains the cornerstone of FCV management. 

This approach is palliative and aims to stabilize 

the patient and minimize secondary 

complications (Radford et al., 2009). Standard 

interventions include fluid therapy to correct 

dehydration, analgesics for oral ulcer pain, 

broad-spectrum antibiotics to control 

secondary bacterial infections, and nutritional 

support ranging from highly palatable food to 

feeding tube placement in cases of prolonged 

anorexia (Hofmann-Lehmann et al., 2022; 

Taylor et al., 2022). In severe respiratory cases, 

topical or nebulized saline and mucolytics such 

as bromhexine may help humidify airways, 

loosen secretions, and maintain mucosal 

function. However, potent mucolytics such as 

N-acetylcysteine should be used cautiously due 

to potential adverse effects, including increased 

airway resistance (Radford et al., 2009; 

Hofmann-Lehmann et al., 2022). 

In VS-FCV cases, more aggressive 

immunomodulatory interventions such as 

systemic corticosteroids or exogenous 

interferons are occasionally used to mitigate 

life-threatening inflammation (Duclos et al., 

2024). Corticosteroids may help suppress tissue 

damage caused by the host inflammatory 

response, particularly in stomatitis or severe 

inflammatory presentations associated with 

FCV infection (Soltero-Rivera et al., 2023). 

For chronic stomatitis associated with FCV, 

management principles include reducing oral 

antigenic stimulation through intensive dental 

therapy, combined with immunomodulatory 

treatments such as short-term systemic 

corticosteroids, cyclosporine, or rFeIFN-ω 

(Soltero-Rivera et al., 2023). Evidence of benefit 

comes primarily from small or uncontrolled 

studies, so clinical decisions should be 

individualized and accompanied by long-term 

monitoring (Matsumoto et al., 2018). 

Several experimental studies have also 

evaluated the antiviral activity of natural 
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compounds against FCV, including flavonoids 

such as quercetagetin, essential oils (e.g., lemon 

oil), and bacterial metabolites from Lactococcus 

lactis (Fumian et al., 2018; Pellegrini et al., 2023). 

These substances exhibit in vitro virucidal or 

replication-inhibitory effects, though in vivo 

and clinical evidence remains limited. The 

secretome produced by adipose-derived 

mesenchymal stem cells (AD-MSCs) has shown 

dose-dependent inhibition of FCV and feline 

herpesvirus type 1 (FHV-1) replication in cell 

cultures (Teshima et al., 2022). The proposed 

mechanism involves modulation of host gene 

expression related to antiviral and 

inflammatory pathways (Liu et al., 2018). 

Proteomic analyses of AD-MSC secretomes 

have revealed immunomodulatory cytokines 

and growth factors that may contribute to this 

activity. While in vitro results are promising, in 

vivo data and controlled clinical trials remain 

scarce, and the therapeutic efficacy of such 

secretomes in cats requires further validation. 

Prevention remains the cornerstone of FCV 

control, with vaccination being the most 

effective tool. According to international 

guidelines such as WSAVA and AAHA/AAFP, 

FCV is classified as a core vaccine for cats, and 

vaccination protocols should be tailored to age, 

exposure risk, and environmental factors 

(Richards et al., 2020; WSAVA VGG, 2024). 

Modified-live FCV vaccines reduce clinical 

severity, viral load, and RNAemia duration 

following heterologous challenge but do not 

always prevent infection or viral shedding, 

functioning primarily to mitigate disease rather 

than confer sterilizing immunity (Spiri et al., 

2021). 

 

ENVIRONMENTAL CONTROL AND 

DISINFECTION 
 

Feline calicivirus spreads efficiently through 

direct contact and contaminated fomites, 

particularly under conditions of high 

population density, stress, or the introduction 

of new cats with uncertain immune or 

vaccination status (Hofmann-Lehmann et al., 

2022; Yang et al., 2024). Unlike enveloped 

viruses, FCV lacks a phospholipid membrane, 

leaving the VP1 capsid protein as the sole 

protective structure for its RNA genome (Asif 

et al., 2025). The absence of a lipid envelope 

directly contributes to the remarkable 

environmental stability of FCV and explains its 

resistance to many lipid-based detergents and 

disinfectants (Narula et al., 2024). Experimental 

studies have demonstrated that FCV can 

remain viable for several days to weeks on both 

moist and dry surfaces, retaining infectivity 

across a broad range of temperatures and 

humidity levels (Wißmann et al., 2021). 

Interestingly, the virus persists longer under 

low relative humidity (approximately 30%) 

compared to high humidity (70%) (Spiri et al., 

2019). 

These physicochemical properties have major 

implications for disease control and 

epidemiology. Environmental persistence 

enables transmission not only through direct 

cat-to-cat contact but also indirectly via 

contaminated objects such as food bowls, cages, 

bedding, clothing, and human hands 

(Hofmann-Lehmann et al., 2022). This 

persistence explains why outbreaks frequently 

continue in shelters, veterinary clinics, and 

multi-cat environments despite routine 

cleaning. Consequently, effective biosecurity 

requires the use of disinfectants proven to be 

active against non-enveloped caliciviruses—

such as chlorine-based compounds, strong 

oxidizing agents, or validated specialty 

formulations—combined with thorough 

sanitation and strict population management 

(Whitehead and McCue, 2010). 
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For washable textiles and fabrics, experimental 

evidence and public health guidelines indicate 

that laundering at high temperatures (≥60 °C) 

with enzymatic detergent, supplemented with 

bleach when compatible with the material, 

significantly reduces viral load and disrupts 

transmission (Rutala and Weber, 2024). The 

mechanical action of washing and subsequent 

heat drying (tumble drying) further enhances 

decontamination efficacy (Tano and Melhus, 

2014). Therefore, laundry protocols in shelters 

or veterinary facilities should account for water 

temperature, detergent composition, and 

segregation between contaminated and clean 

materials. 

Non-washable surfaces require chemical 

disinfection using agents proven effective 

against non-enveloped viruses. Laboratory and 

field data (including norovirus models) 

support the use of sodium hypochlorite 

solutions at concentrations of 1,000–5,000 ppm 

available chlorine (corresponding to 1:50–1:10 

dilutions of household bleach, depending on 

the product) with adequate contact time (Hall 

et al., 2011). Quantitative tests with FCV have 

shown that approximately 2,700 ppm 

hypochlorite can achieve >5-log₁₀ viral 

reduction on stainless steel surfaces within one 

minute (Chiu et al., 2015). Alternative oxidizing 

systems such as peracetic acid and accelerated 

hydrogen peroxide (AHP) demonstrate 

comparable virucidal activity and are useful 

when chlorine is unsuitable due to 

corrosiveness or odor (Campagna et al., 2016). 

Conversely, quaternary ammonium 

compounds (QUATs) and 70% alcohol 

solutions exhibit limited or formulation-

dependent efficacy against FCV, often 

requiring prolonged contact times or specific 

additives to achieve meaningful inactivation 

(Whitehead and McCue, 2010). The presence of 

organic matter (mucus, feces, blood) markedly 

decreases the effectiveness of any disinfectant; 

thus, preliminary cleaning is essential before 

chemical disinfection (Saha, 2022). 

Alcohol-based disinfectants (ethanol, 

isopropanol, propanol) display variable 

performance because the non-enveloped 

structure of FCV makes it more resistant to 

lipid-dissolving mechanisms (Kampf, 2018). 

Their effectiveness depends on the type of 

alcohol, concentration, pH, formulation 

additives, and contact duration (Meyers et al., 

2021). Under controlled experimental 

conditions, 1-propanol exhibits the highest 

virucidal activity, followed by ethanol, while 2-

propanol is the least effective (Narula et al., 

2024). Alkaline ethanol formulations (pH 10.8–

12.0) significantly enhance inactivation 

(Ruhlandt et al., 2023), although their use must 

consider material compatibility and user safety. 

 

CONCLUSION 

 
Feline calicivirus continues to pose major 

challenges due to its efficient transmission, 

high genetic variability, and remarkable 

environmental stability. Although current 

control relies on vaccination, supportive 

therapy, and strict hygiene, outbreaks remain 

frequent in high-density populations, reflecting 

the limited breadth of vaccine-induced 

protection and the absence of licensed 

antivirals. Future advances should focus on 

next-generation vaccines targeting conserved 

epitopes, host-directed or combination antiviral 

therapies, and innovative yet practical 

disinfection strategies. Integrating these 

biomedical advances with population 

management and environmental control will be 

critical to achieving more effective and 

sustainable FCV control while improving feline 

health and welfare. 
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