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Simple Summary

Feline infectious peritonitis (FIP) is a deadly disease that affects cats and is caused by a
mutation of feline coronavirus, a virus that many cats carry without ever falling seriously
ill. In rare cases, the virus changes inside the cat’s body and leads to FIP, which is often
fatal. This article looks at how FIP develops, how it spreads between cats, and why it is
so hard to diagnose. It also covers the current tools and treatments available to help cats
with FIP, though they are still limited. The review emphasizes how much more we need to
learn about this disease and highlights the importance of research in finding better ways to
detect, treat, and hopefully prevent FIP in the future.

Abstract

Background: Feline infectious peritonitis (FIP) is a complex and devastating viral disease
in cats caused by feline coronavirus (FCoV). While FCoV is commonly encountered and
typically innocuous, the emergence of a mutated variant can lead to the development of
FIP, a severe and often fatal condition. Method and Results: This review article provides a
comprehensive overview of the etiological factors, epidemiology, clinical manifestations,
and challenges associated with FIP. Additionally, it underscores the critical need for further
research to enhance diagnostic capabilities and develop effective therapeutic interventions.
Conclusion: By shedding light on the intricate dynamics of FIP, this review paper aims to
contribute to a deeper understanding of the disease via fostering therapeutic advancements
that can improve outcomes for afflicted felines.

Keywords: feline infectious peritonitis; feline coronavirus; mutated coronavirus; antiviral
therapies; vaccination

1. Introduction

Feline infectious peritonitis (FIP) is a viral disease in cats caused by feline coronavirus
(FCoV) [1]. FCoV is an enveloped, positive sense, single-stranded, non-segmented RNA
virus [2]. The intricate interplay between feline coronavirus (FCoV) and its host manifests
in the form of FIP, an ailment that exacts a heavy toll on the health of domestic cats and
certain wild feline species [3]. FIP is a complex and often fatal disease that primarily affects
young domestic cats and some wild feline species. While FCoV is typically widespread and
innocuous, FCoV can take a menacing turn when subjected to genetic mutations, resulting
in the development of FIP—a disease known for its complexity, high fatality rate, and
elusive nature [4].
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FIP was first recognized as a distinct disease in 1963 by Dr. Jean Holzworth and her
team at Angell Memorial Animal Hospital in Boston, USA [1]. Unfortunately, specific
global prevalence data for FIP by region is limited, as comprehensive, up-to-date studies on
FIP prevalence across all global regions are rare. This review paper delves into the dynamics
of FIP, exploring the underlying mechanisms that transform a seemingly benign coron-
avirus into a formidable pathogen. With a focus on the etiology, clinical manifestations,
diagnostics, and therapeutics of FIP, we aim to provide a comprehensive understanding
of the disease and its impact on feline health. Despite the widespread nature of FCoV, the
development of FIP remains an enigma, often resulting in a dire prognosis for affected
felines. In the following sections, we will discuss the key features of FIP, from its transmis-
sion patterns and risk factors to the challenges associated with diagnosis and treatment.
As we navigate through the complexities of this viral disease, it becomes evident that
a deeper comprehension is essential for the development of effective preventive strate-
gies and therapeutic interventions. The urgency to unravel the mysteries surrounding
FIP is underscored by its severe consequences, urging researchers and veterinarians
alike to collaborate in the pursuit of mitigating the impact of this elusive and often fa-
tal feline disease.

2. Pathogenesis of FIP

FIP is caused by a mutation of FCoV [5,6]. Most cats are exposed to the non-mutated
form of the virus at some point in their lives, and a small percentage of these cats will
develop FIP. The reasons behind the mutation and why some cats develop the disease
while others do not are still not fully understood [2,7]. FCoV is transmitted via the fecal-
oral route [8]. The virus enters and replicates in epithelial cells of small intestinal villi.
Distinguished by serological variations, feline coronavirus (FCoV) strains are broadly
classified into a prevalent type 1 form, detected in 80-90% of infected cats, and a less
common type 2 form [9]. These two types are differentiated by their distinct cell entry
receptors and unique in vitro growth characteristics, which are linked to variations in
their spike genes [10,11]. Type 2 FCoV uses feline aminopeptidase-N receptor (fPAN)
to invade small intestinal villi and monocytes. Type 1 FCoV processes of invasion are
unknown [12,13]. The replication of FCoV in monocytes is a key event that leads to
the development of FIP [14-16]. Usually when monocytes become infected, they will
present viral antigens in association with a feline leucocyte antigen (feline version of
histocompatibility complex) on its surface to allow antigen or cell mediate lysis. Monocytes
infected with FIP lack surface expression and ultimately escape cell lysis [17-20]. Recent
in vitro experiments involving chimeric viruses demonstrated that FCoV serotype 2 (strain
79-1146) and a chimera serotype 1 virus (strain Black), expressing a serotype 2 spike protein,
engage the feline aminopeptidase N (fAPN) cellular receptor. Conversely, serotype 1 FCoVs
likely use an alternative primary cellular receptor [21]. Furthermore, a feline counterpart
to human dendritic cell-specific intercellular adhesion molecule 3-grabbing non-integrin
(DC-SIGN), known as fDC-SIGN, acts as a coreceptor in both serotype 1 and 2 infections
in vitro [22]. Both virulent and avirulent FCoV strains are found within types 1 and 2
in vivo [12].

According to the “internal mutation hypothesis”, also known as “in vivo mutation
transition hypothesis”, “spontaneous virus mutation occurs in vivo, resulting in viruses
capable of systemic spread and leading to the pathogenesis of Feline Infectious Peritonitis
(FIP)” [23,24]. This widely accepted hypothesis, supported by numerous publications sug-
gests that the specific mutation responsible for pathogenesis remains unidentified [13,23,25].
Studies propose the involvement of sequence differences in the spike protein [26,27], mem-
brane protein [28], or NSP 3c [13]. In conjunction with in vitro findings describing the
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affinity of FIPV strains for macrophages compared to feline enteric coronavirus (FECV)
strains [29], the hypothesis has been extended to suggest that the enteric coronavirus
(FECV) undergoes a mutational shift in the gastrointestinal system. This shift allows the
infection of macrophages, systemic dissemination, and the onset of fatal disease [23,24].

2.1. Clinical Signs of FIP

The replication of virulent FCoV strains within macrophages results in two forms of
disease, which reflect the immune response mounted by the host [30]. These two forms
are the wet (effusive) form and the dry (non-effusive) form. Clinical signs and physical
examination findings in cats with FIP can indicate the specific form of the disease and the
location of the lesions [30].

Non-specific signs of FIP include loss of appetite, lethargy, lymphadenopathy, weight
loss, and a fever that usually does not respond to antibiotics [31]. The terminal stage of
FIP includes findings like non-specific leukocytosis with a lymphopenia and a normocytic
normochromic anemia [32].

2.2. Dry (Non-Effusive) Form

No fluid buildup but granuloma formation results in non-effusive (dry) FIP [5]. Signs
are associated with the organs or tissues involved [33]. Organs that are especially involved
include the mesenteric lymph nodes, kidneys, liver, lungs, brain, and eye [34]. Patients with
FIP often exhibit effusions with granulomatous lesions at postmortem examinations [34,35].

Clinical signs seen in both forms of FIP include lethargy, anorexia, weight loss, pyrexia,
and even jaundice [2]. Jaundice is more common in patients with effusive FIP [35]. Young
cats can experience the inability to gain weight, stunting their growth [35].

A wide range of ocular lesions and neurological signs can be appreciated on physical
examination. Ocular signs include conjunctivitis, mucopurulent ocular discharge, the
thickening and hyperemia of the nictitans, uveitis with dyscoria or anisocoria, aqueous
flare, keratic precipitates, hypopyon, hyphema, chorioretinitis, perivascular infiltrates,
retinal detachment, and blindness [33]. Neurological signs may present themselves as
behavioral changes, hyperreflexia, ataxia, nystagmus, or cranial nerve deficits [33].

2.3. Wet (Effusive) Form

The clinical manifestation of FIP is reflected by the distribution of vasculitis and
(pyo)granulomatous lesions [5]. Effusive FIP (wet form) is characterized by fluid accumula-
tion in the abdomen or chest, leading to difficulty while breathing, abdominal distension,
and lethargy. Affected cats may also show fever, weight loss, and decreased appetite [13].
Vasculopathy can result in effusions (wet FIP). Rapid development and widespread vas-
culitis has seen the effusive form lead to fluid accumulation in the body cavity, particularly
the abdomen [33]. Effusions in FIP cats commonly occur as ascites (often with abdominal
distension) but can also manifest as pleural effusion (presenting with dyspnea), pericardial
effusion (potentially presenting with heart failure), or scrotal effusion [5].

Interestingly, the American Association of Feline Practitioners (AAFP) states that
distinguishing between the “wet” (effusive) and “dry” (non-effusive) forms of FIP may not
be particularly helpful, as both represent different manifestations of the same underlying
disease process [31]. The European Advisory Board on Cat Diseases (ABCD) has a similar
stance, asserting that differentiating between “effusive” and “non-effusive” is important
for diagnostic purposes, since effusion analysis is very useful [5]. Furthermore, the two
forms of presentation frequently transition from one to the other, and they can even
overlap so much as to prompt some scientists to consider a third form of the disease, a
“mixed” form [34]. This “mixed” form of FIP is described as a transitional state from one
of the effusive or non-effusive types to the other, in which symptoms of both types are
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observed at the same time [34]. Often, cats with non-effusive FIP will develop effusive
signs later, and pyogranulomatous lesions are found at necropsy of cats who presented
with effusive FIP [31].

3. Diagnosing FIP

Confirming FIP cases can be challenging, because clinical signs and symptoms are of-
ten non-specific and can mimic other diseases, so a tentative diagnosis must be approached
with caution. Understanding each diagnostic test’s accuracy and relevance is crucial in
diagnosing FIP, and the diagnosis must ultimately be tailored to each cat’s specific presen-
tation [31]. At present, there is no single diagnostic test that can reliably diagnose every
case of FIP [36]. A thorough physical exam can reveal signs such as abdominal distension,
jaundice, and lymph node enlargement, and neurological exams may indicate brain or
spinal involvement [32]. The literature suggests an algorithm for diagnosing FIP, which
considers environmental factors, clinical signs, laboratory findings, serological tests, and
viral antigen detection. Veterinarians may also use a combination of blood tests, imaging
(such as radiographs and ultrasound), and an analysis of fluid accumulation to make a
diagnosis. Various test modalities can be applied to different sample types, such as blood
(whole blood, serum, plasma, or PBMCs), effusions (thoracic, abdominal, pericardial),
tissues, cerebrospinal fluid (CSF), aqueous humor, and tissue fine-needle aspirates (FINAs)
or biopsies [31]. In some cases, a biopsy may be required for confirmation [31]. Table 1
summarizes various diagnostic techniques for feline infectious peritonitis (FIP), including
sample types, diagnostic method details, and pros/cons. This table includes tests that can
be used individually or in combination, as FIP diagnosis typically requires a multifactorial
approach due to the disease’s complex nature [31,35,37—42]. Recently, machine learning
techniques were used to predict the rate of feline infectious peritonitis (FIP) diagnoses,
with a specific focus on mutations in the spike protein gene of the feline coronavirus model
obtained (CatBoost algorithm) [43].

Table 1. Different diagnostic techniques for feline infectious peritonitis (FIP).

Diagnostic Technique

Sample Type

Method

Pros

Cons

Clinical Signs and History

Clinical exam

Assessment of symptoms
and risk factors

Quick initial indication of
FIP presence

Non-specific; symptoms
overlap with other diseases

Serology (Antibody Testing)

Blood (serum, plasma)

Detects antibodies to
feline coronavirus (FCoV)

Useful for screening in
high-risk groups

High incidence of false
positives; does not
distinguish FIP from FCoV

RT-PCR (Reverse
Transcription PCR)

Blood, effusion, CSF

Detects viral RNA; can
target FCoV mutations

High sensitivity;
mutation analysis for FIP
strains

Expensive; false negatives if
viral load is low

Immunohistochemistry IHC)  Tissue biopsies, ENA If:lentlﬁes viral antigen in Cpnﬁrmatory for FIP Reqm‘res tissue t.nopsy;
tissue cells diagnosis invasive; expertise needed
Stains cells to detect viral ~ Specific for Limited to effusive cases;

Immunocytochemistry (ICC)

Effusions, FNAs

Proteins in effusions

FIP-associated proteins

Expertise required

Effusions (abdomen,

Tests effusions for

Quick and inexpensive;

Less accurate; false

Rivalta Test thorax) exudate characteristics often used in clinics negatives possible
. . . Examines tissue for Highly specific with Invasive; requires anesthesia;
Histopathology Tissue biopsy characteristic FIP lesions  pathologist expertise time-consuming
. Commonly available; Non-specific; may overlap
Hemogram and Biochemistry  Blood Measures white blood may support FIP with other inflammatory

cells, globulin, etc.

suspicion

diseases
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Table 1. Cont.
Diagnostic Technique Sample Type Method Pros Cons
Albumin-to-Globulin Ratio Blood Measures protein levels Slmplg and cost-effective ~ Not F:(.)n.flrmatory; low
in blood screening method specificity
. . . Analyzes CSF for cell Useful for neurological Invasive; requires anesthesia;
CSF Analysis Cerebrospinal fluid count and protein levels FIP cases only useful in neurological FIP

4. Treatments and Management

The therapeutic approaches for feline infectious peritonitis (FIP) have advanced signifi-
cantly in recent years, especially with the development of antiviral drugs. Main therapeutic
options for FIP, include antiviral treatments, immunomodulatory approaches, and support-
ive care that are discussed below.

4.1. Antiviral Therapy—Nucleoside Analogs, Protease Inhibitors, and N-Protein Inhibitors

Antiviral drugs (Table 2) have revolutionized FIP treatment in recent years [44]. These
drugs target the replication of the FIP virus (FIPV) in cats, significantly improving the
survival rate, particularly when administered in the early stages of the disease. Antivirals
include nucleoside analog and protease inhibitors

Nucleoside analogs like GS-441524, an antiviral related to remdesivir, interfere with the
virus’s ability to replicate its RNA, thereby stopping viral proliferation [44]. This antiviral
has shown high efficacy in treating FIP, especially in cases diagnosed early [44—46]. It is
typically administered as an injectable drug but has also been formulated into oral capsules
for ease of use. The treatment duration often lasts 12 weeks or more, depending on the
severity of the disease [47]. Newer studies have demonstrated that treatment with oral
(G5-441524 for 42 days (six weeks) is sufficient to achieve complete remission in cats
suffering from FIP [48]. Studies and clinical experience have also shown success rates
as high as 80-90%, particularly for effusive (wet) FIP. Success rates are slightly lower
in non-effusive (dry) FIP, which is more challenging to treat due to its granulomatous
inflammation in organs [45]. One of the biggest challenges of GS-441524 is its long-term
efficacy and safety are still under investigation [49]. However, both agents are currently
not licensed and thus cannot be legally administered by veterinarians in many countries
like Germany and Brazil. Legally, cats may only be legally treated with G5-441524 in a few
countries (e.g., Great Britain and Australia) [50,51]. Another challenge relating to the lack
of GS-441524 approval in many countries [52] is that it is often obtained through unofficial
channels or prescribed off-label, resulting in high treatment costs [48,49,53].

Remdesivir (GS-5734), another antiviral originally developed for treating human RNA
viruses like Ebola and later adapted for COVID-19 [54], is closely related to GS-441524
and works similarly by targeting viral RNA synthesis [55]. Some veterinarians have used
Remdesivir as an alternative where G5-441524 is unavailable [51,56]. Though the research
is less extensive in cats, Remdesivir has shown promising results, especially as an initial
treatment followed by GS-441524 [55]. A 2023 study by Coggins et al. demonstrated that
using remdesivir as an initial injectable treatment, followed by oral G5-441524, resulted
in high survival rates (86%) in cats with FIP. Most cats showed significant improvement,
with 56% achieving clinical remission by day 84. The cost of and access to Remdesivir
may vary depending on the region, and it is sometimes reserved for cats that do not
respond well to G5-441524 [57].

Molnupiravir (EIDD-2801), developed by Merck, is another nucleoside analog
currently authorized by the FDA under an Emergency Use Authorization (EUA) for
treating COVID-19 in adults [58,59]. This oral prodrug of the nucleoside analog
(3-D-N4-hydroxycytidine induces mutations by converting guanine to adenine and cy-
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tosine to uracil in viral RNA [58,60]. This mechanism elevates the mutation rate past
a tolerable threshold, ultimately deactivating the virus. Though still in experimental
stages for FIP, Molnupiravir has shown promise [58,61,62], especially in cases resistant to
(GS5-441524 [52]. Some veterinarians are beginning to explore its use as a complementary or
alternative therapy, but formal studies in cats are still limited [34,63].

Protease Inhibitors (GC376 and GC373)—The coronavirus main protease (MP™, also
called 3CLP™) has an essential role in mediating viral replication and transcription and
is therefore an attractive target for drug development [64]. GC373 (Table 2) and prodrug
GC376 (a dipeptidyl aldehyde bisulfite adduct) are protease inhibitors that have shown
promise in inhibiting the replication of the virus in laboratory settings [65,66]. GC373 and
GC376 share structural similarities, as indicated by their chemical frameworks [64]. Clinical
trials are needed to assess their effectiveness and safety in real-world cases [46,67].

N protein inhibitors—The FIP virion comprises three distinct protein species: the
spike protein (S) with a molecular weight of 200,000, the membrane glycoprotein (M)
weighing 25,000-30,000, and the nucleocapsid protein (N) with a molecular weight of
45,000 [68]. Researchers explored FIPV immunization using M and N proteins, showing
84.7% and 77% identity with porcine gastroenteritis virus. Vaccinia virus recombinants
elicited antibodies in kittens. Antibody-dependent enhancement appeared to be S protein-
specific. The N protein had no effect, but M protein immunization improved survival
rates (3/8 vs. 1/8 in controls) [69]. Further recent findings revealed that K31 (Table 2), a
broad-spectrum coronavirus N protein inhibitor, effectively suppressed the replication of
feline infectious peritonitis virus (FIPV) in cell culture [70]. K31 interacts with the N protein
of FIPV, preventing its binding to viral genomic RNA. A single dose of K31 reduced FCoV
replication to undetectable levels within 24 h of treatment. While K31 does not interfere
with viral entry into host cells, it inhibits post-entry steps of viral replication. Further
research is required to evaluate its antiviral efficacy in FIPV-infected cats.

Table 2. Therapeutic and Management Approaches for feline infectious peritonitis (FIP).

Category Treatment/Approach Mechanism Limitations and Status
Nucleoside analog that inhibits viral . . .
RNA replication; high efficacy Not licensed in many countries
Nucleoside Analogs GS-441524 ! [49-51]; often sourced unofficially;

especially in early-stage wet
FIP [44-48]

costly [52,53]

Remdesivir (GS-5734)

Related to GS-441524; inhibits viral
RNA synthesis; used where
(GS-441524 is unavailable [51,54-56]

Limited feline data; cost and regional
access issues [57]

Molnupiravir (EIDD-2801)

Increases mutation rate of viral
RNA, leading to viral inactivation
[58-60]; shows promise in
GS-resistant cases [61-63]

Experimental use in cats; more studies
required [34,58,63]

Inhibit coronavirus main protease

Clinical trial data needed to confirm

Protease Inhibitors GC376/GC373 (3CLpro); block replication [64-66] efficacy and safety [46-67]
Binds to viral N protein; blocks D trated in vit Iv: in vi
N Protein Inhibitors K31 RNA binding; halts replication crnonsiratec I VIO only; i vive

post-entry [70]

feline data pending

Monoclonal Antibodies

FIPV-infected cell antibodies
(FICA), Anti-TNF-oc mAb

Neutralize infected cells and reduce
inflammatory cytokine effects [71,72]

Research ongoing; safety and efficacy
under evaluation [73]

Glucocorticoids, Propentofylline

Used to manage inflammation and
symptoms [77]

May suppress immunity;
controversial in viral infections [77,78]

Immunomodulatory Drugs

Polyprenyl Immunostimulant (PI)

Boosts innate immune function;
mixed results in dry FIP [74-76]

Variable outcomes; still experimental

Supportive Care

General Management

Includes hydration, nutrition, and
secondary infection control

Symptomatic only; does not affect
viral replication
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Table 2. Cont.

Category Treatment/Approach Mechanism Limitations and Status
S protein-based; controversial .
Vaccination Pfizer intranasal vaccine efficacy; risk of antibody-dependent Not widely recommended due to

enhancement [79-82] potential disease exacerbation

mRNA-based vaccine (N protein)

CG-optimized, lipid

nanoparticle-encapsulated mRNA Preclinical stage; feline in vivo safety
vaccine; shows in vitro stability and  trials pending

murine immune activation [83]

4.2. Monoclonal Antibodies (FIPV-Infected Cell Antibodies—FICA)

Monoclonal antibodies that specifically target FIP-infected cells have been ex-
plored [71]. These antibodies aim to neutralize the virus and stimulate an immune re-
sponse [71]. In some studies, anti-TNF-o antibody (Table 2) has been used to block TNF-o
that is involved in exacerbating clinical signs of FIP [72], and research is ongoing to deter-
mine its efficacy and safety [73].

4.3. Immunomodulatory Drugs

Drugs that help modulate the immune response were considered in FIP management.
Examples include polyprenyl immunostimulant (PI) [74] (Table 2), which was used to boost
the cat’s immune system experimentally, and some veterinarians have reported positive
outcomes [75]. However, its effectiveness is variable, and more research is needed [75]. In
another study two out of three cats with the dry form of FIP treated with PI were alive
two years after diagnosis but still on treatment and a third survived for 14 months with a
4.5-month treatment [76].

Symptomatic anti-inflammatory medications like glucocorticoids and propentofylline
may be used to manage the inflammatory response associated with FIP [77]. These drugs
help reduce inflammation but do not directly target the virus [78]. However, their use is
controversial, as they may suppress the immune system, and the benefits must be carefully
weighed against potential risks [77].

4.4. Vaccines

While there is currently no recommended available vaccine for FIP, researchers have
been working on developing vaccines that can provide immunity against feline coron-
avirus [79,80,83]. There is a single commercial vaccine from Pfizer which is an intranasal
vaccine; however, its risks and benefits present a complicated issue [81]. Various vaccines
aimed at preventing FIPV infection have been found to worsen the disease, likely due
to immune enhancement caused by virus-specific immunoglobulins targeting the outer
envelope (S) protein [82]. Studies suggest that the protective immune response involves a
mechanism other than humoral immunity consisting of FIPV-neutralizing antibodies [82].
Since the COVID-19 pandemic, vaccine development strategies have shifted to mRNA
platforms. Recently, a lipid nanoparticle-encapsulated mRNA encoding the nucleocapsid
(N) of FCoV (Table 2) were developed and found to be stable in vitro and capable of eliciting
an immune response [83]. This study presents the initial development of a CG-optimized
LNP-encapsulated mRNA vaccine for FIP, showing sustained protein production in feline
cells for at least a week in vitro. In mice, the vaccine elicited specific humoral and cellular
responses after a prime-boost strategy, with no safety concerns despite variability in im-
mune responses. These findings support advancing to in vivo safety and immunogenicity
studies in felines. The development of mRNA vaccines is a rapid process that begins with
identifying a target antigen (Figure 1).
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Figure 1. mRNA vaccine development for feline coronavirus.

Vaccinia virus recombinants elicited antibodies in kittens. For FCoV, the S-protein is
often selected despite its association with antibody-dependent enhancement (ADE), where
non-neutralizing antibodies can trigger infection. Alternatively, the N-protein of FCoV is
another promising antigen target. Although one study elucidated that the N protein had
no effect, M protein immunization improved survival rates (3/8 vs. 1/8 in controls) [69].
Once the antigen is chosen, the DNA encoding it is cloned into a plasmid downstream
of a T7 promoter. mRNA synthesis is then performed using an in vitro T7 transcription
reaction (Figure 1). The synthetic mRNA is chemically modified and purified to eliminate
misfolded mRNA molecules. It is then encapsulated in lipid nanoparticles (LNPs), with
further filtration to remove unincorporated mRNA or empty LNPs. The purified LNPs are
used to immunize the host. Inside the host cells, the mRNA is translated into the antigen
by the cell’s translation machinery. The resulting antigen is processed by the proteasome
and presented to the immune system by antigen-presenting cells. FCoV N-protein-derived
antigens produced through mRNA vaccination have been shown to elicit both B-cell and
T-cell immune responses. Following this, preclinical testing evaluates the vaccine, and
subsequent clinical trials assess safety (Phase 1), determine optimal dosing and immune
response (Phase 2), and confirm safety and efficacy in larger populations (Phase 3) [83].

This diagram illustrates the creation and immune response of an mRNA vaccine. The
process includes synthesizing mRNA from viral antigen genes, encapsulating it in lipid
nanoparticles (LNPs), and administering it as a vaccine. Once inside cells, the mRNA
is translated into an antigen, triggering the immune system to produce antibodies and
activate T-cells, providing protection against future infections.

5. Prevention

Preventing feline infectious peritonitis (FIP) involves reducing exposure to feline
coronavirus (FCoV), the virus responsible for the disease [36]. While the complete elim-
ination of risk is not always feasible, several effective strategies can significantly lower
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the likelihood of transmission. Maintaining a clean environment is essential. Regularly
disinfect litter boxes, food and water bowls, and living areas using agents known to kill
coronaviruses. Good hygiene practices—such as thoroughly washing hands after han-
dling multiple cats, particularly those from different households—are also crucial [84,85].
Limiting cat population density plays an important role. Avoid overcrowded living con-
ditions, as these increase the chances of FCoV spread. Providing adequate space for each
cat reduces stress and minimizes territorial conflict, both of which can contribute to viral
transmission [86]. When introducing new cats into a multi-cat household, it is advisable to
test them for FCoV and isolate them temporarily to monitor for signs of illness. Keeping
infected cats separate from healthy ones helps contain the virus and protect the broader
feline community [5]. Reducing environmental and social stress is another key preventive
measure. Stress is a known factor in the progression of FCoV to FIP. Ensuring a stable,
low-stress environment—with consistent routines and a comfortable living space—can
support immune health and reduce disease risk [87]. Regular veterinary check-ups are vital
for early detection of health issues. Any changes in appetite, behavior, or general condition
should be promptly addressed [88]. Responsible breeding practices are also critical, and
breeders should avoid mating cats known to carry the mutated form of FCoV to help limit
its spread [31,84,89].

6. Conclusions

The journey from the challenge to cure of feline infectious peritonitis highlights
remarkable advancements in veterinary science. Once considered uniformly fatal, FIP
has transitioned into a manageable disease, thanks to novel antiviral therapies such as
(GS5-441524 and remdesivir. These treatments have demonstrated high efficacy, leading
to remission in most cases when administered under proper protocols. Despite these
successes, challenges remain. Vaccines for FIP have had limited effectiveness due to the
complexity of FCoV mutation and immune response. Research continues to refine vaccine
strategies, aiming to prevent FCoV infections and reduce the likelihood of FIP development.
Recent advancements in mRNA vaccines, which have shown promise in other infectious
diseases like COVID-19, are now being explored for their potential to generate targeted
immune responses against FCoV, the precursor of FIP. These vaccines work by delivering
genetic instructions that enable the cat’s cells to produce viral proteins, prompting an
immune response without exposure to the live virus. Continued research will determine
the viability and widespread applicability of these vaccines as part of comprehensive
FIP control strategies.

Preventative measures like responsible breeding, hygiene in multi-cat households,
and stress reduction also play critical roles in controlling the disease. As treatments and
vaccines evolve, the veterinary community moves closer to making FIP not only treatable
but preventable, offering hope to cats and their caregivers worldwide.
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