Pre prints.org

Article Not peer-reviewed version

Epidemiological and Clinical Insights
from 68 Veterinarian-Reported Cases of
Feline Infectious Peritonitis During the
Documented 2023 FIP Epizootic in
Cyprus

Demetris Epaminondas - , Stella Mazeri , Maria Lyraki , Danielle Gunn-Moore , Stavroula Loukaidi
Efstathia-Evangelia Georgiadi, Stavros Loizides , Demetris Demetriou , Zoe Polizopoulou,,

Charalampos Attipa , Maria-Eleni Filippitzi i

Posted Date: 21 January 2026
doi: 10.20944/preprints202601.1567v1

Keywords: feline infectious peritonitis; FCoV-23; epizootic; neurotropism; clinical surveillance; antiviral
therapy; Cyprus

Preprints.org is a free multidisciplinary platform providing preprint service
3 that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/5040175
https://sciprofiles.com/profile/5045916
https://sciprofiles.com/profile/739154
https://sciprofiles.com/profile/5045130
https://sciprofiles.com/profile/2477498
https://sciprofiles.com/profile/3684884
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 January 2026 d0i:10.20944/preprints202601.1567.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Epidemiological and Clinical Insights from 68
Veterinarian-Reported Cases of Feline Infectious
Peritonitis During the Documented 2023 FIP
Epizootic in Cyprus

Demetris Epaminondas 1% *, Stella Mazeri 2, Maria Lyraki 3, Danielle Gunn-Moore 4, Stavroula
Loukaidi 5, Efstathia-Evangelia Georgiadi ¢, Stavros Loizides 7, Demetris Demetriou 7, Zoe
Polizopoulou 8, Charalampos Attipa 4°and Maria-Eleni Filippitzi 1 *

1 Veterinary Services, Ministry of Agriculture, Rural Development and Environment, Cyprus

2 The Roslin Institute, Royal (Dick) School of Veterinary Studies, University of Edinburgh, Easter Bush,
Midlothian, UK

3 The University of Veterinary Sciences Brno, Brno, Czech Republic; Plakentia Veterinary Clinic, Athens,
Greece

4 Royal (Dick) Scholl of Veterinary Medicine Edinburgh, University of Edinburgh, Easter Bush, Midlothian,
UK

5 Vet Dia Gnosis LTD, Stygos 27, 3117, Limassol, Cyprus

¢ At the Vets Veterinary Clinic, Markou Evgenikou 10, 4002, Limassol, Cyprus

7 D.S. Compass Solutions LTD, Tamasou 12, Pano Deftera, 2460, Nicosia, Cyprus

8 Diagnostic Laboratory, School of Veterinary Medicine, Aristotle University of Thessaloniki, Greece

9 Centre for Inflammation Research, Institute for Regeneration and Repair, The University of Edinburgh,
Edinburgh, UK

10 Laboratory of Animal Production Economics, School of Veterinary Medicine, Aristotle University of
Thessaloniki, Greece

* Correspondence: depamei@vet.auth.gr; mefilippi@vet.auth.gr

Abstract

In 2023, Cyprus experienced a large-scale epizootic of feline infectious peritonitis (FIP) associated
with a novel feline coronavirus, FCoV-23. While molecular investigations have elucidated its
recombinant origin, field-based clinical and epidemiological data remain limited. A prospective
study used a structured 30-item questionnaire embedded in veterinary management software to
characterize FIP cases. Data were voluntarily submitted by registered veterinarians across Cyprus for
cases identified between late 2022 and 2025. Data from 68 cases reported by 22 clinics (response rate
21.0%) were analyzed. Affected cats were older than typically reported for FIP (mean age of 3.9 years;
median = 3.0; range 0.4y - 12.9y, SD = 3.41), with most cases documented from Limassol (51.5%) and
Nicosia (25.0%). The most frequently reported clinical signs were anorexia (60.3%) and weight loss
(54.4%), while neurological involvement was documented in 35.3% of cases. An albumin-to-globulin
ratio <0.8 was observed in 86.8% of cats tested. Antiviral (GS-441524 or molnupiravir) therapy was
administered in 92.2% of cases, with reported clinical improvement in 88.9%. These findings
demonstrate the value of questionnaire-based reporting for documenting outbreak-associated
disease patterns and confirm the change in viral tropism seen in FCoV-23 infection as an increased
prevalence of neurological cases compared to ‘traditional” FIP.

Keywords: feline infectious peritonitis; FCoV-23; epizootic; neurotropism; clinical surveillance;
antiviral therapy; Cyprus
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1. Introduction

Feline infectious peritonitis (FIP) is a fatal viral disease that is found worldwide [1-3]. To date it
remains one of the most important and challenging infectious diseases of cats, with significant clinical
and epidemiological relevance worldwide. FIP is caused by virulent mutated variants of feline
coronavirus (FCoV)! [4,5]. Despite decades of study, its multifactorial pathogenesis, diverse clinical
presentation, and high mortality continue to complicate diagnosis, prevention, and control [6-8].
Recent epizootic events, such as the large-scale outbreak reported in Cyprus in 2023 [9-13], have
renewed scientific interest in the mechanisms of FCoV evolution and transmission, and in the
conditions that may favor the emergence of highly pathogenic variants.

FCoV is highly prevalent in environments with multiple cats, with infection rate as high as 90%
where cats are housed together [14-18]. FCoV is distinguished into two pathotypes: the low-virulence
Feline Enteric Coronavirus (FECV) and the highly pathogenic Feline Infectious Peritonitis Virus
(FIPV).

FCoV infection begins after the oral ingestion of the virus, as the primary route of transmission
is the fecal-oral route, usually through contact with contaminated cat litter, grooming, and fomites
such as litter scoops or hairbrushes [19,20]. Following oral ingestion, the virus moves and replicates
in the epithelial cells of the small intestine, mainly the ileum and the colon [21], leading to viral
shedding in feces [22]. Most FCoV infections remain subclinical, although mild enteritis may occur,
especially where co-infections are present [22-24]. FIP is believed to develop due to mutation of FECV
to FIPV, which is known as the “internal mutation theory”. The mutation from FECV to FIPV alters
cell tropism from intestinal cells to macrophages which enables the mutated virus to replicate within
circulating monocytes and activated macrophages, facilitating its systemic spread through these
infected immune cells to the body tissues [21,25,26]. Clinically, this manifests as the effusive (or wet)
form of FIP, characterized by fluid accumulation in the peritoneal, pleural, and/or pericardial cavities.
In more chronic or localized cases extensive perivascular pyogranulomatous lesions develop within
affected organs. This is referred to as the non-effusive (or dry) form of FIP, with clinical signs
depending on which organs are involved. Granuloma formation most commonly occurs in the
spleen, liver, kidneys, intestines, heart, lungs, eyes, central nervous system, and spinal cord, resulting
in a wide spectrum of clinical manifestations [19,27-31]. In addition, many cats develop clinical signs
that are a combination of or transition from non-effusive to effusive disease[33-38].

The shifting of cell tropism from enterocytes to macrophages can also affect transmission
dynamics. More specifically, while FECV spreads primarily via the fecal-oral route, FIPV has
generally limited transmission potential between cats as it rarely retains the capacity to replicate
effectively within intestinal enterocytes [38]. Until recently, outbreaks of FIP that resulted from direct
FIPV transmission were regarded as rare, isolated events [34,35] with limited epidemiological
significance, reinforcing the prevailing belief that FIPV transmission between cats was minimal. This
belief was changed when an outbreak of FIP was documented in 2023 in the island of Cyprus, a
European Country in the Eastern Mediterranean Sea[9,11,12]. In the first half of 2023, the number of
reverse transcriptase-polymerase chain reaction (RT-PCR) - confirmed FIP cases, based on samples
from body cavity fluids, peritoneal lymph node aspirates, and tissue biopsies, rose dramatically
marking a more than 20-fold increase compared to 2022 [9]. Nevertheless, the cat population in
Cyprus is predominantly consistent of cared for stray cats and shelter cats. As a result, only a small
proportion of the affected cats that presented to the primary care practice, had extensive diagnostics
leading to RT-PCR confirmation [41]. Reports from the Pancyprian Veterinary Association (PVA)
estimated that over 8000 cats were affected in the first half of 2023 [36]. The outbreak was found to
involve a newly identified recombinant FCoV, named FCoV-23, which was seen to cause severe
illness in both stray and domestic cats. Genetic analysis revealed that FCoV-23 had acquired a spike
protein from a highly virulent canine coronavirus, the Pantropic Canine Coronavirus (P-CCoV)

L ICTV, classifies FCoV in the order of Nidovirales, the family of Coronaviridae, the subfamily of

Orthocoronavirinae, the Genus Alphacoronavirus, the Subgenus of Tegacovirus
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[11,13,43]. The spike protein exchange observed in FCoV-23 is reminiscent of similar recombination
mechanisms seen in other coronaviruses, such as SARS-CoV-2 [44], which have led to increased
transmissibility and virulence [13,45].

Previous studies by our group have described the molecular features and geographic
distribution of RT-PCR-confirmed FIP cases associated with the 2023-2024 epizootic in Cyprus[9,11-
13,43]. However, systematically collected data from routine clinical practice, reflecting how cases
were identified and presented to veterinarians during the outbreak, remain limited. The present
study addresses this gap by analyzing prospectively collected data obtained through a structured
questionnaire administered to veterinary clinics across Cyprus. By documenting clinician-reported
FIP cases encountered in clinical settings during the epizootic, this study provides a complementary
field-based perspective to existing laboratory and surveillance focused investigations.

2. Materials and Methods

2.1. Data Collection

Beginning in March 2023, the at the time Vice-President of the Pancyprian Veterinary
Association (PVA), author DE, contacted authors CA, DGM, ML, and SM, [members of the newly
established FCoV-23 International Research Consortium (FCoV-23 IRC), of which CA, DGM, DE, ML,
SM and MEEF are founding members] to request the documentation and investigation of the ongoing
FIP outbreak in Cyprus. Amongst other measures, the authors created a questionnaire (included as
supplementary material) which primarily aimed to document the characteristics of the FIP outbreak
from the perspective of the practicing veterinarians. With the facilitation of the PVA an open
invitation was extended to all registered companion animal or mixed practice veterinary clinics in
Cyprus island-wide (this term refers to the areas that are under the effective control of the
government of the Cyprus Republic) in the areas of Cyprus that the government of the Republic of
Cyprus represents, using the Vet Clinic Pro® practice management system 2. The invitation
encouraged veterinarians to contribute to data collection about FIP cases identified from 2022
onward. Veterinarians were contacted via an official email distributed by PVA, which included
comprehensive instructions, guidance documents, and study information. The data collection was
managed through a structured questionnaire integrated into the veterinary management
software Vet Clinic Pro®.

The questionnaire was comprised of 30 questions and organized into three sections. The first
section aimed to obtain information regarding the veterinary practice, including practice
demographics and the unique identifier associated with the practice's software management system.
The second section aimed to capture epidemiological and background clinical information for each
feline patient. Variables recorded included patient age, sex, neutering status, breed, housing status
(e.g., indoor/outdoor, multi-cat household), recent exposure to potential stressors, and reported
contact with other cats, allowing characterization of individual and environmental level factors
relevant to disease occurrence. The third section aimed to document detailed clinical data, including
observed clinical signs, results from laboratory and imaging investigations, confirmation of FIP by
RT-PCR testing, and information on therapeutic interventions administered. Relevant diagnostic
findings were entered directly into the questionnaire using data extracted from the patient’s
electronic medical records via the same practice’s software management system.

To ensure consistency and quality of data collection the authors, with the facilitation of the PVA,
organized a dedicated online seminar prior to the initiation of the questionnaire (May 2023). During
this online seminar, the objectives of the data collection process were outlined, including an overview
of the evolving outbreak and its epidemiological significance. At that time, the presentation focused
on the documented increase in FIP cases, as information on the clinical manifestations of the outbreak
was still limited. Comprehensive instructions were provided to participating veterinarians, detailing

2 D.S. Compass Solutions LTD
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the procedures for accurate completion of the questionnaire, and clarifying inclusion criteria for case
identification. The online seminar also addressed best practices for clinical assessment and specimen
collection to optimize diagnostic accuracy and data reliability. Veterinarians were encouraged to
report cases from late 2022 onwards. All veterinarians were asked to read the consent declaration and
indicate their agreement by ticking the consent box before completing the electronic questionnaire.

Case definitions were divided into two categories:

Suspected cases were domestic feline patients with compatible clinical appearance3 [36] (e.g., loss
of appetite, loss of weight, fever, peritoneal effusion, pleural effusion, pericardial effusion,
ophthalmological and/or neurological signs), Category A cases. While those with additional
compatible laboratory findings (e.g., hyperglobulinemia, hyperbilirubinemia, albumin to globulin
ratio (A/G) <0,5) were Category B cases.

Confirmed cases were described by the reporting veterinarian as suspected cases with a positive
FCoV RT-PCR result on a sample collected from either peritoneal effusion, pleural effusion,
pericardial effusion, cerebrospinal fluid (CSF), aqueous fluid cell suspension, from fine needle
aspiration biopsy (FNAB) or tissue biopsy. Additionally, positive cases were considered those with
positive FCoV immunohistochemistry on tissue biopsy with compatible pathological findings for FIP.

The case definitions and description were used to encourage the participating veterinarians to
record data for all suspected cases, including the ones that were not definitively confirmed. This is in
line with the European Advisory Board of Cat Diseases (ABCD) FIP diagnostic tool algorithms[46]

2.2. Data storage and analysis

Data was securely stored on a server accessible exclusively to the software operator. Reports
containing questionnaire responses, along with additional files and data, were exported in Microsoft
Excel [47] format for analysis. Additional files - including blood tests and diagnostic imaging - were
exported as individual files for each test, labeled with unique identifiers to ensure accurate patient
tracking. Data analysis was performed using R Statistical Software version 4.4.2 [48]. Data
manipulation, descriptive statistics and visualisation were performed using the tidyverse collection of
packages [49].

3. Results

3.1. Questionnaire response

Out of 105 veterinary clinics contacted (n=105 veterinary clinics use the veterinary management
software Vet Clinic Pro® out of 150 companion animal veterinary clinics island-wide in total), 22
responded, giving a response percentage of 21.0%. These clinics were spread across five districts in
Cyprus: ten in Limassol (45.5%), six in Nicosia (27.3%), three in Ammochostos (13.6%), two in Larnaca
(9.0%) and one in Paphos (4.5%).

A total of 77 cases of FIP were reported. However, seven cases were excluded due to incomplete
questionnaires, leaving 70 cases for analysis. Of these, two cases were also excluded as the reported
occurrence was before the outbreak was declared (one case in February 2022 and another in July of
2022), resulting in 68 cases for the final analysis. The cases covered a period from November 2022 to
March 2025 (Figure 1) with the majority of the cases being reported between January 2023 and
October 2023. Although all case data were collected prospectively, 9 cases were reported in the
questionnaire at a different time from when the cases occurred.

The completeness of data varied across the many variables; however, most fields had low rates
of missing data (<5%).

3 European Advisory Board of Cat Diseases (ABCD) Guidelines on Feline Coronavirus and Feline

Infectious Peritonitis. https://www.abcdcatsvets.org/guideline-for-feline-infectious-peritonitis/
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Figure 1. Timeline of the reported cases of feline infectious peritonitis (FIP) occurring in Cyprus between
November 2022 and January 2025.

3.2. Case signalment and clinical history, plus geographical distribution of cases

The mean age of the cats in this population was 3.9 years (median = 3.0; min = 0.4, max = 12.9,
SD = 3.41), indicating that most of the reported cases were young adults. Male cats accounted for
40/68 (58.8%) of the cases and female cats for 28/68 (41.2%). Most cats were neutered (55/68; 80.9%).
The majority of cats were domestic short hair (56/68; 82.4%), followed by domestic long hair (10/68;
14.7%), while British shorthair and Maine coon breeds represented one case each (1.5%). Regarding
living environment, 30/68 (44.1%) cats lived both indoors and outdoors, 18/68 (26.5%) were kept
exclusively outdoors, 12/68 (17.6%) were stray cats, and 8/68 (11.8%) were kept strictly indoors. The
majority of the cats (65/68; 95.6%) were reported to have contact with other cats; however, two of the
indoor-only cats did not have contact with other cats. The third cat that was declared not to have any
contact with other cats, was reported as indoor/outdoor cat. Over half of the cases originated from
the Limassol district (35/68; 51.5%), followed by Nicosia (17/68; 25.0%), Ammochostos (10/68; 14.7%),
then Larnaca and Paphos (3/68; 4.4% each).

3.3. Categorization and clinical presentation

Based on the classification scheme detailed in the M&M section, there were more Suspect cases
(Category B) 40/68 (58.8%), followed by Confirmed cases (Category C)15/68 (22.1%) then by Suspect
cases (Category A) 13/68 (19.1%).

Among suspected cases without further laboratory confirmation (Category A; n = 13), Peritoneal
effusion caused ascites was the most frequently observed clinical finding, reported in 10/13 cases
(76.9%). Anorexia was recorded in 8/13 cats (61.5%), while neurological abnormalities, fever, weight
loss, and reduced mental state were each documented in 4/13 cases (30.8%). Other clinical signs were
infrequently observed in this category.

The largest group of cases was diagnosed after clinical examination and in-house laboratory
testing without a definite confirmation by an RT-PCR (Category B; n = 40). In this group, anorexia
and weight loss were the most prevalent findings, each present in 24/40 cases (60.0%). Neurological
signs were also commonly observed (17/40; 42.5%), followed by reduced mental state (12/40; 30.0%).
Peritoneal effusion/ascites were identified in 14/40 cases (35.0%). Fever and ophthalmological signs
consistent with uveitis were each recorded in 8/40 cats (20.0%), while dyspnea attributable to pleural
effusion and jaundice were observed in 7/40 cases each (17.5%). Hypothermia was uncommon,
occurring in only 2/40 cases (5.0%).

Cases with molecular confirmation by RT-PCR (Category C; n = 15) exhibited a clinical
presentation similar to that observed in Category B. Anorexia and weight loss were again the most
frequent clinical signs, each noted in 9/15 cases (60.0%). Peritoneal effusion/ascites were present in
5/15 cats (33.3%). Dyspnea due to pleural effusion was observed in 4/15 cases (26.7%), whereas

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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neurological signs and reduced mental state were each documented in 3/15 cases (20.0%). Fever and
jaundice were relatively uncommon, reported in 2/15 (13.3%) and 1/15 (6.7%) cases, respectively.

Across all cases (Suspected and Confirmed; Figure 2), the most frequent clinical signs were
anorexia in 41/68 (60.3%) and weight loss in 37/68 (54.4%). Ascites was reported in 29/68 (42.6%), and
neurological signs in 24/68 (35.3%). Additional findings included reduced mental state in 19/68
(27.9%), fever in 14/68 (20.6%), and dyspnea in 12/68 (17.6%). Jaundice was recorded in 9/68 (13.2%),
ocular involvement (uveitis) in 8/68 (11.8%), and hypothermia in 3/68 (4.4%).

HYPOTHERMIA -

OPTHALMOLOGICAL SIGNS -

JAUNDICE -

DYSPNEA/PLEURAL EFFUSION +

FEVER 4

REDUCED MENTAL STATE -

Clinical signs

NEUROLOGICAL SIGNS -

PERITONEAL EFFUSION/ASCITES 4

WEIGHT LOSS 4

ANOREXIA 4

@ ]
(=]

10 20 30 40 50
Percentage of cats

o+

Figure 2. Graph presenting the clinical signs of FIP reported in the Cyprus outbreak (with the frequencies

reported in percentages). The data came from the questionnaires submitted by the participating veterinarians.

3.4. Co-infections and stressors

Of the cats tested for co-infections, Feline Leukaemia Virus (FeLV) antigen and Feline
Immunodeficiency Virus (FIV) antibody (36/68; 52.9%), all were FeLV negative. FIV positivity was
detected in 5/36 (13.9%). The retrovirus status was unknown or untested in 32/68 (47.1%) of the cats.
The only other co-infection reported was toxoplasmosis, which was reported to be positive by
serology in 2/68 (2.9%) cats. Only one of those two cases was an FIP-confirmed RT-PCR (Category C)
case. Most of the cats were not receiving any pharmaceutical treatment upon the time of their
presentation (62/68; 91.2%).

A potential stress-related event prior to FIP-associated disease onset was reported in 14/68
(20.6%) of cats. This was most commonly a surgical procedure under general anesthesia (e.g.,
neutering; 6/14; 42.8%), followed by relocation (2/14; 14.3%), teeth cleaning (2/14; 14.3%), or other
events (e.g., unspecified; 2/14; 14.3%), and travel or veterinary visits (1/14 each; 7.1%).

3.5. Hematology and biochemistry

A total of 53 cases had hematology and/or serum biochemistry results included (but this had
been performed by different point of care in-house analyzers). Among these, 46/53 (86.8%) showed
an albumin-to-globulin (A/G) ratio < 0.8, making this the most consistent finding. Hyperglobulinemia
was reported in 32/53 (60.4%) cases. Leukocytosis was present in 25/53 (47.2%), anemia in 18/53
(34.0%), and hyperproteinemia in 18/53 (34.0%). Hyperbilirubinemia was reported in 14/53 (26.4%),
elevated Alanine Aminotransferase (ALT) in 5/53 (9.4%), and increased Blood Urea Nitrogen (BUN)
and/or Creatinine in 4/53 (7.5%). Protein electrophoresis was performed in 31/68 (45.6%) cases with
the majority showed an increase in isolated gamma-globulins (24/31; 77.4%), followed by combined
alpha- and gamma- increases (5/31; 16.1%), and isolated alpha increases (2/31; 6.5%). Among cases
with increased gamma globulins, 19/24 (79.2%) had an A/G ratio < 0.8, and 7/31 (22.6%) had FIP

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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confirmed by RT-PCR, including 4/31 (12.9%) from effusion fluid and 3/31 (9.7%) from FNAB. The
combination of hyperglobulinemia and a low albumin-to-globulin (A/G) ratio was observed in 31
cases and varied according to clinical presentation. Among these, 11 cases (35.5%) had effusive-only
FIP form, 11 cases (35.5%) had neurological involvement, 5 cases (16.1%) were non-effusive, 2 cases
(6.5%) had concurrent effusive and ophthalmic involvement, and 2 cases (6.5%) presented with
combined neurological and ophthalmic forms.

3.6. Diagnostic imaging

In-house ultrasonographic examination was reported in 52/68 (76.5%) of cats; there were no
abnormal findings in 32/68 of those (61.5%). Radiographs were available for 46/68 (67.6%) cases;
abnormal findings were reported in 18/68 of those (39.1%)

3.7. FIP diagnosis and form

A confirmed diagnosis of FIP by RT-PCR was obtained in 15/68 cases (22.1%). Of these, 11/68
cases (16.2%) occurred from effusion samples, while 4/68 cases (5.9%) occurred from FNAB samples.
Based on clinical signs, clinical pathology and diagnostic imaging findings, the effusive form was the
most frequently observed presentation, accounting for 36/68 (52.9%) cases. Neurological involvement
was identified in 18/68 (26.5%) cases. The non-effusive form was less common, recorded in 6/68 (8.8%)
cases. Combined neurological and ophthalmological involvement was observed in 4/68 (5.9%) cases,
while concurrent effusive and ophthalmological presentations were identified in 2/68 (2.9%) cases.
Mixed-type presentation was recorded in a single case (1.5%), as was the ophthalmological
involvement (1.5%).

Opthalmological Form -

Mixed type Form -+

Effusive & Opthalmological Form -

Neurological & Opthalmological Form +

FIP type

Non-effusive form -

Neurological Form -

Effusive form -

20 30 40 50
Percentage of cats

o
o

Figure 1. Graph presenting the types of FIP reported in the Cyprus outbreak as determined by the clinical signs,
clinical pathology and diagnostic imaging findings reported on the questionnaires by the participating

veterinarians (with the frequencies reported in percentages).

3.8. Treatment and outcome

Treatment was undertaken in 63/68 cases (92.3%), Euthanasia was selected in 3/68 cases (4.4%),
and no treatment was recorded in 2/68 cases (2.9%). The most frequently reported therapy was oral
(GS-441524, administered in 33/63 treated cases (53.2%), followed by oral molnupiravir in 21/62 cases
(33.3%), injectable remdesivir in 5/63 cases (7.9%), and a combination of injectable remdesivir with
oral molnupiravir in 4/63 cases (6.3%). Most cases were treated with unlicensed products (43/63;
68.3%), whereas licensed formulations were used in 19/63 cases (30.2%).

Overall, a positive clinical response to treatment was reported in 56/62 cases (90.3%), while no
clinical improvement was documented in 6/62 cases (9.7%). Only one case did not have treatment
response feedback which was excluded from the analysis leaving 62 cases analyzed. All cases treated
with a combination of injectable remdesivir, and oral molnupiravir demonstrated clinical
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improvement (4/4; 100%), as did all cats receiving remdesivir monotherapy (5/5; 100%). Among cats
treated with oral GS-441524, a positive clinical response was observed in 30/33 cases (90.9%), whereas
no response to treatment was reported in 3/33 cases (9.1%). For cases receiving oral molnupiravir
monotherapy, clinical improvement was documented in 17/20 cases (85.0%), while 3/20 cases (15.0%)
showed no response to treatment.

4. Discussion

The present study provides new information about the essential characteristics of the FIP
outbreak in Cyprus in 2023, documented through the use of a standardized, structured questionnaire
completed in part by practicing veterinarians in real-time while the outbreak was evolving. The
outbreak was caused by a new FCoV recombinant called FCoV-23; the molecular nature of this
change and the epidemiology of the outbreak have already been described [9,11,13,50]; the current
work provides complementary evidence from the field, documenting how the outbreak was
perceived and diagnosed by general practitioners in Cyprus. This study clearly supports the
usefulness of structured questionnaires as a practical epidemiological tool for rapidly capturing real-
time clinical observations during emerging infectious disease outbreaks.

The response rate of the study was 21.0% (22 clinics answered the questionnaire out of 105
contacted). Although modest, this response rate is comparable to those reported in questionnaire-
based studies involving veterinary professionals, particularly in companion animal infectious disease
research requiring detailed clinical data. Reported response rates in the veterinary literature vary
widely depending on study design and target population [51-54], reflecting the practical challenges
of achieving high participation in voluntary clinic-based surveys. Non-response bias cannot be
excluded and should be considered when interpreting the results. An interesting finding of this study
is that only 9 out of 68 cases were reported in a different time from the time of the case presentation.
This distinction underscores that the level of engagement among practicing veterinarians in
documenting the outbreak remained high throughout the epidemic phase and did not diminish after
the disease became endemic. Moreover, the data for these nine cases had been collected prospectively
in real time, although reported at a later stage, thereby minimizing recall bias in the recorded
information.

Most cases were recorded in Limassol and Nicosia with the most probable explanation for this
being the higher number of veterinary facilities in those two areas. However, this distribution may
also reflect the population density of cats, with higher numbers of feeding stations, and greater
interaction between owned and free-roaming cats in those two areas of Cyprus.

The signalment of cats with traditional FIP is typically young adult, and non-pedigree, with a
male predominance [34,35,37,55,56]. However, the mean age of the cats in this outbreak was 3.9 years,
which is higher than the typical 1-2 years reported elsewhere [36,37] but still lower than the findings
reported in the first paper that described this outbreak where the mean age was 4.6 years [9,11,12]. A
possible reason for the higher age in the cats in the Cyprus outbreak, which then reduced over time,
is likely because cats of all ages were immune-naive and therefore susceptible when recombinant
FCoV-23 first infected the cats on the island. However, with time, the older cats had met the virus
and were resistant to it, hence only young immune-naive kittens developed clinical FIP as the
outbreak progressed. Also, while pedigree cats make up the majority (up to 70%) of traditional FIP
cases[34,36,37] few pedigree cats were seen in the current outbreak. This is because Cyprus is known
for the large numbers of unowned cat population [41]. Even though a number of pure breed cats exist
in Cyprus, the vast majority of owned cats are domestic shorthaired and domestic longhaired cats
adopted from the streets[57].

The overwhelming presence of cats with prior contact with other cats (95.6%) reinforces the
recognized role of social and environmental transmission in FCoV maintenance [58], and also
supports the direct transmission dynamics of FCoV-23 which caused the epizootic [11-13]. An
additional noteworthy observation was that 14/68 cats were reported to have experienced a stressor
preceding the onset of clinical signs. This finding supports the recognized association between stress
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and the development of FIP. The identification of stress prior to disease manifestation aligns with
existing knowledge regarding risk factors that may contribute to the development of FIP in
susceptible individuals [59-61].

The clinical manifestations recorded in this study were largely consistent with previous
publications on FIP, including anorexia, weight loss, lethargy, and effusive peritoneal disease
[34,35,37,62]. However, the relatively high frequency of neurological involvement (35.3%) deserves
attention. This proportion exceeds the 10-30% range reported in earlier large population
studies[34,36,37] suggesting a potential shift in the disease phenotype associated with FCoV-23
[11,13]. This finding aligns with the experimental and genomic evidence that recombinant FCoV-23
carries spike protein regions derived from P-CCoV, known for its systemic and potential neurotropic
presentation [63-68]. The increased neurotropism of FCoV-23 reported in other studies describing
this epizootic [9,11-13] may explain the higher proportion of neurological cases reported in this
study. Similar shifts in virulence following recombination events have been documented in canine
and porcine coronaviruses [68-71], supporting the hypothesis that FCoV-23 represents a novel,
epizootically capable variant [11,50].

Diagnostic approaches reported by the veterinary practitioners on Cyprus reflected the practical
challenges of field conditions. Only 22.1% (15/68) of cases were RT-PCR-confirmed as FIP, with most
diagnoses being based on the combination of clinical signs and in-house laboratory test findings. This
is consistent with patterns reported in several large clinical studies, where the cost and accessibility
of molecular tests limit their use [34,55,72]. This situation is particularly evident in countries where
companion animal health insurance systems are not established and where large populations of stray
animals exist, such as on Cyprus [41,57], resulting in financial and logistical limitations that restrict
the routine use of advanced diagnostic methods [73-75]. Despite this, most cases (55/68; 80.9%)
included in-house analyzer blood examinations, reflecting the standard of animal care in Cyprus. The
high prevalence of hyperglobulinemia and low serum albumin-to-globulin ratios (A/G <0.8) mirrors
classical FIP profiles and supports their continued diagnostic value [55,59]. A raised serum gamma-
globulin concentration was the most common protein electrophoretic pattern (77.4%), consistent with
the immunopathogenic nature of the disease [2,76,77]. Also, in line with the current literature is the
finding that hyperglobulinemia and A/G ratio are not dependent on the FIP form[34,36]

Therapeutically, Cyprus was the first European Country that approved three different options
for the treatment of FIP in cats, injectable Remdesivir and GS441524 50mg tablets (BOVA UK Ltd,
United Kingdom) and molnupiravir (Lagevrio™, Merck Sharp & Dohme B.V.) [78]. The study
confirms the widespread adoption of these antiviral drugs for the treatment of FIP, as 92% of the
cases received one of these agents, or a combination, with an overall reported clinical improvement
rate of 88.9%. These figures are consistent with published efficacy data of the antiviral drugs on FIP
[33,37,79-81]. However, since 68.3% of the cats were given unlicensed preparations, this highlights
the ethical and legal ambiguity surrounding these formulations[82,83]. The information gathered for
the licensed molnupiravir preparation referenced in the study (Lagevrio™, Merck Sharp & Dohme
B.V.) is useful for the knowledge of the use of this medication for the treatment of FIP in cats which
was specifically permitted for this use in Cyprus [78]. It's administration to 25 cases, four of which
were also given initial remdesivir, with 84% treatment success, agrees with a number of studies where
cats with FIP were treated with generic formulations of molnupiravir, resulting in high survival rates
of 78-92% [84-89], highlighting the drug’s effectiveness. The successful treatment of cats with FIP in
Cyprus demonstrates the rapid dissemination of treatment protocols among veterinary practitioners
during the outbreak. It exemplifies effective professional communication and adaptability in
response to crisis conditions as well as the crucial role that the PVA played in this crisis-management.

A major strength of this work lies in its partially prospective design, with almost real-time data
collection. Once the outbreak was discovered, the authors, with the help of the PVA, asked veterinary
practitioners on Cyprus to prospectively complete questionnaires for cases of FIP they had seen since
the beginning of 2023. They were then asked to prospectively collect data for all new cases while the
outbreak was ongoing; this minimized recall bias and allowed for a more accurate reflection of
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temporal and geographic trends. Unlike fully retrospective or laboratory-based studies, this
approach provides a ground-level view of the dynamics in clinical practice. Moreover, the island-
wide coverage achieved through voluntary participation of veterinarians across all districts was
something that occurred for the first time in Cyprus in the field of companion animals.

Another key strength is the integration of clinical, epidemiological, and therapeutic data in one
dataset. This allows holistic interpretation of how the outbreak manifested, evolved, and was
managed.

Finally, this study demonstrates the feasibility and value of a questionnaire-based veterinary
reporting model, which could be replicated for future similar events in companion animal medicine,
especially where a systematic surveillance program does not exist.

Despite these strengths, several limitations must be acknowledged. The voluntary and self-
reported nature of the questionnaire may have introduced selection bias: clinics that experienced
more cases or were more aware of the outbreak may have been more likely to participate. If their
diagnostic protocols differed from under-represented clinics, this could have biased the data. Second,
diagnostic heterogeneity represents a significant limitation. The reliance on clinical and in-house
diagnostic findings rather than molecular confirmation in most cases means that misclassification
cannot be entirely excluded. Although clinical patterns were strongly consistent with FIP, some
overlap with other systemic diseases is possible.

5. Conclusions

In summary, this study is part of the ongoing investigation of the large-scale epizootic of FIP
associated with the novel recombinant feline coronavirus, FCoV-23, which started in Cyprus in late
2022. The cats were older than typical FIP, and mainly non-pedigree cats, with neurological
involvement seen more commonly than with typical FIP (35% vs 10-30%). The latter supports the
change in viral tropism seen with FCoV-23 infection. Diagnostic approaches reported by the
veterinary practitioners on Cyprus reflected the practical challenges of field conditions, with only
22.1% of cases being confirmed as FIP by RT-PCR; however, a combination of clinical signs and in-
house laboratory test findings were used in the majority (80.9%) of cases, reflecting the standard of
animal care in Cyprus. Antiviral therapy was administered to most cats (92.2%), primarily using GS-
441524 or molnupiravir (the latter in the form of Lagevrio™), with clinical improvement in the
majority (88.9%). This study clearly supports the usefulness of structured questionnaires as a practical
epidemiological tool for rapidly capturing real-time clinical observations during emerging infectious
disease outbreaks.
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