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Simple Summary: Feline coronavirus (FeCoV) causes enteric disease in cat worldwide by self- limiting 

gastroenteritis but not understood changes can lead to the development of feline infectious peritonitis (FIP). 

Although current evidence shows that probiotics have promise for enhancing health benefits protecting from 

viral infection, today there are no studies regarding the use of probiotics in reducing fecal emission of feline 

coronavirus in naturally infected cats. The aim of the present study was to evaluate the effect of specific multi-

strain probiotics on 25 naturally-infected purebred Birman cats. All animals did not present alteration in the 

clinical condition after probiotic administration; seventeen out of 25 cats tested negative at the end of the study. 

The results of the present study suggest that high concentrations of live probiotics supplementation may 

potentially reduce the fecal FeCoV viral load. 

Abstract: Feline coronavirus (FeCoV) causes enteric disease in cat worldwide. In general, FeCoV infection is 

characterized by self- limiting gastroenteritis but not understood changes can give rise to mutants that lead to 

the development of feline infectious peritonitis (FIP). In cats, FeCoV replicates in the intestines and spreads by 

fecal-oral transmission and persists in multi-cats households by infection and re-infection by the same or 

another viral strain. Although current evidence shows that probiotics have promise for enhancing health 

benefits protecting from viral infection, today there are no studies regarding the use of probiotics in reducing 

fecal emission of feline coronavirus in naturally infected cats. The aim of the present study was to evaluate the 

effect of specific multi-strain probiotics on FeCoV viral load in 25 naturally-infected cats. The study population 

consisted of purebred Birman cats, of which 14 females and 11 males, aged from1 to 4 years, and positive for 

FeCov by Real-time PCR on fecal sample. Two microcaps of probiotic formulation containing billion bacteria 

were administered to all cat once a day for 60 consecutive days. After probiotic administration, clinical 

conditions and FeCov viral load was assessed by Real- time PCR on fecal samples. All animals did not present 

alteration in the clinical condition at T1 (after probiotic administration); seventeen out of 25 cats tested negative 

at the end of the study, while the remaining 8 cats tested positive at the end of the study. The results of the 

present study suggest that high concentrations of live probiotics supplementation are well-tolerated and may 

potentially reduce the fecal FeCoV viral load. 
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1. Introduction 

Feline coronavirus (FeCoV) is a positive-stranded RNA belonging to the species Alphacoronavirus 

of Coronaviridae family that causes enteric disease in cats worldwide [1,3]. In general, it causes 

asymptomatic infection or mild diarrhea, but not fully understood changes can give rise to mutants 

that lead to the development of feline infectious peritonitis (FIP) [2,3]. Following the infection, 

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.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 November 2023                   doi:10.20944/preprints202311.1042.v2

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202311.1042.v2
http://creativecommons.org/licenses/by/4.0/


 2 

 

infected cats eliminate the virus or may develop a persistent infection increasing the chance of a 

virulent FIP strain to emerge in multi-environment cats [3]. FeCoV persists in domestic cats (about 

40% of individuals) and multi-cat households (around 90% cases) by infection and re-infection from 

the same or another strain of virus [4]. In the gastrointestinal tract, FeCov replicates in the intestine 

and spreads by fecal-oral transmission [4]. Feline Infectious Peritonitis is widespread worldwide and 

presenting a higher incidence in young animals. Different clinical forms can occur based on Th1 or 

Th2 immune response [5]. The presence of cavity effusion identifies “effusive”- due to a prevalence 

of humoral response- and “non-effusive or dry” clinical form- due to cell-mediated response- [5]. In 

some cases, a strong cell-mediated response would be able to counteract the virus FIPV. The “effusive 

form” results from vasculopathy induced by the high expression of vascular-endothelial growth 

factor increasing in vascular permeability involving all serosae as peritoneum, pleurae, and the 

pericardium [6]. The “dry form” has a chronic course than the effusive and it is associated with 

neurological and/or ocular or both and or lymphadenomegaly [5]. 

The need for a method to prevent the infection with FeCoV in cats has led many research groups 

to search for a therapy. Treatment with Mutian® X has been proposed with a successful elimination 

of fecal FCoV shedding in chronically infected cats [7]. Probiotics are defined as beneficial live 

microorganism which are known to improve the microbial balance in the gut when administrated in 

sufficient quantity [8]. Selection of potential beneficial bacterial strains appears key to the effect of 

treatment using probiotics. They can stimulate the immune system increasing Immunoglobulin (IgA 

and IgG) concentration in intestinal mucus layer, enhancing leucocytes activity, and protecting from 

virus infections by enhancing cytokine antiviral responses in the intestinal mucosa [9–12]. Gut hosts 

approximately 70% of the cells of the immune system which continuously discriminate between 

harmless and pathogenic antigens [10]. Multiple mechanisms by which probiotics may impart 

protective effects and interact with the host have been suggested. They include the displacement and 

suppression of the growth of pathogens, by rapid colonization of the gastrointestinal tract 

competitively inhibiting pro-adherence of pro-inflammatory pathogens to the Intestinal Epithelial 

Cells (IECs); the improvement of the mucosal barrier function, by the realease of specific metabolites 

that interact directly with gut epithelial cells; modulation of the host immune response to pathogens, 

through a direct adjuvant effect on immune factors, such as cytokines [11]. Scientific evidence 

describes the probiotics efficacy against viral diseases by modulating the anti-inflammatory 

interleukins and antibodies production and the viral loads reduction [13,14]. Studies showed that 

probiotics also have anti-viral effects, including against coronavirus, interfering with virus 

colonization, and promoting its inactivation [14]. These effects are due to the ability of probiotics to 

modulate immune stimulatory responses upon interaction with dendritic cells (DCs). DCs recognize 

antigens in the intestinal lumen and transport them into the Peyer’s patches via specialized IEC, 

known as M cells, or via dendrites of DC that protrude between the IEC. The up-regulation of surface 

markers following the exposure to mucosally encountered antigens, including viruses, gives rise to 

the production of different cytokines with anti-viral and immune-regulatory activities. As soon as the 

antigen is recognized, DCs migrate to the mesenteric lymph nodes and activates T cells which migrate 

back to the intestinal lamina and carry out their effector functions [9]. The aim of the present study is 

to evaluate the effect of a specific multi-strain probiotic in modulating the viral load in coronavirus-

spreading purebred Birman cats. The results suggest that long-term administration of the probiotic 

mixture may reduce viral excretion via fecal sample by reducing the prevalence and risk of re-infection 

in multi-cat house. 

2. Materials and Methods 

Twenty-five clinically healthy Birman cats positive for FeCov by Real-time PCR on fecal sample 

were selected from the Veterinary Teaching Hospital, University of Camerino. The cats were aged 

between 1 and 4 years, 14 were intact female and 11 were intact male, all were non-neutered. Among 

the 14 females, 8 had kittens and were nursing. All cats included in the study were living in an 

individual environment, with single litter boxes and without contact with other animals. Before 

starting the treatment, all cats underwent a clinical history collection and medical examination upon 
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enrollment. Fecal samples of three consecutive days were collected before starting the treatment (T0) 

and after 60 days of probiotic administration (T1) for genetic analysis and placed in sterile microtubes 

and stored at −80°C until Real-time PCR examination. A specific formulation of probiotics, the 

SLAB51®, consisting of 8 different strains of live bacteria (S. thermophilus DSM32245/CNCM I-5570, 

L. acidophilus DSM32241/CNCM I-5567, L. plantarum DSM32244 CNCM I-5569, L. paracasei 

DSM32243/CNCM I-5568, L. helveticus DSM32242/CNCM I-5573, L. brevis DSM27961/CNCM I-5566, 

B. lactis DSM32246/CNCM I-5571, B. lactis DSM32247/CNCM I-5572), was administered to all cats in 

the study. Two probiotic microcaps containing at least 200 billion bacteria/each were administered 

once a day for 60 consecutive days (T0 to T1). There were no dietary changes and no therapies during 

the study. Written informed consent was obtained from the owners before enrolling their animals in 

the study. For each cat, the positive condition, characterized by presence of viral RNA by fecal 

material in different tests, was scored 1, whilehe negative condition (absence of viral RNA in feces), 

was scored 0. 

3. PCR analysis 

DNA was extracted by using a commercial kit (Maxwell RSC Blood, Promega) and by employing 

an automated extractor (Maxwell RSC, Promega) and by following manufacturer’s instructions. After 

extraction, DNA was PCR amplified with a nested PCR as described by literature [15]. 

4. Statistical analysis 

Data were analyzed using GraphPad Prism 8 software (GraphPad Software, Inc., La Jolla, CA, 

USA). All data are presented as the means ± standard deviation (SD). Difference between the score 

of positive and negative patients was analyzed using a Wilcoxon matched-pairs signed rank test. The 

level of significance was set at *P < 0.05. 

5. Results 

Seventeen cats out of 25 included in the study, were negative at PCR for fecal FeCoV RNA after 

probiotic administration, while 8 were still positive. None of the cats exhibited adverse clinical signs 

during the treatment and the administration of probiotics was perfectly tolerated by all cats included 

in the study. The positive cats that were still positive after administration were lactating females. 

 

Figure 1. Schematic representation of the efficacy of probiotic mixture to induce FeCoV negativization 

in Birman cats. 
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6. Discussion 

No studies have been carried out to date on the possible role of probiotics in the reduction of 

FeCov viral load in cats’ fecal samples. Animal coronavirus diseases are emerging or reemerging 

challenges worldwide. Veterinarians and researchers are focused on a better understanding of 

prevention and control strategies to manage the disease in multicat household. The most promising 

therapeutic approaches against FIP are those aimed to reduce viral loads and attenuate 

inflammatory/cytokine storms. Probiotics, specifically lactobacilli and bifidobacteria, have been 

extensively studied for their protective effects toward viral infection showing a protective role against 

influenza virus, rhinovirus, respiratory syncytial virus, adenovirus, and pneumovirus [1,16]. Some 

probiotic strains have been shown to protect against viral infection by modulating the immune 

stimulatory response of the host, as demonstrated in a number of clinical trials [16–18]. The innate 

and adaptive immune compartments play a key role in both the initiation and the development of 

virus-mediated inflammation. Meta-analyses suggested that oral probiotics may have a role in 

respiratory infections and may influence lung homeostasis via the gut-lung axis [19,20]. Evidence 

show that the positive effects of probiotics are due to their ability to interact with dendritic cells (DCs) 

inducing a rapid and strong transient up-regulation of IFN-β, which in turn stimulates transcription 

of a high number of genes involved in viral defence [21]. L. acidophilus showed to be capable to 

stimulate a pro-inflammatory and antiviral response by a TLR-2-dependent mechanism [21]. 

Bifidobacterium bifidum was demonstrated to modulate humoral and cellular immune responses 

and induce balanced Th1/Th2 immune responses against influenza infection [22]. In addition, 

Charrel-Dennis et al. found out that only live bacteria stimulated a stronger induction of IFN-β 

compared with heat-killed bacteria [23]. As it is for the human coronavirus, FeCoV replicates in the 

intestine and spreads by fecal-oral transmission, with potential recurrence and transmission of the 

virus. In this contest, oral bacteriotherapy with Slab51® has shown a statistically significant impact 

on the clinical conditions of COVID-19 patients thanks to its biochemical and immunological profile 

that might trigger several protective biological functions [24]. The bacterial strains present in the 

product showed to enhance the production of two molecules with a significant antiviral activity 

through a reduction of oxidative stress [24]. Furthermore, previous studies have shown that 

probioticsfavor an increase in the concentration of IgA and, indirectly, IgG in the intestinal mucus. 

Intestinal mucus is a fundamental element for the integrity of the intestinal barrier, and among its 

properties there is also that of containing immunoglobulins capable of neutralizing and agglutinating 

the viral particles that pass through the intestine. Secretory IgA in the intestine is the most important 

protective humoral immune factor at this mucosal site [26]. Benyacoub and colleagues demonstrated 

for the first time that a dietary probiotic LAB enhance specific immune functions in young dogs. 

Specifically, data report that Enterococcus faecium (SF68) progressively increased total fecal IgA levels 

in orally administered puppies. This result argues in favor of a mucosal adjuvant effect of some 

specific probiotics, supporting that the bacteria directly triggered and stimulated the immune system 

underlying the intestinal mucosa [25]. This mechanism could be relevant for improving protective 

immune responses against various infections, stressfull events or during particular stage in life, such 

as weaning, and may have a strong effect on the overall health of the host throughout its life, in 

particular on the development of the immune system. In this contest, a previous study with Slab51 

in healthy dogs demonstrated that the different bacterial strains in the probiotic formulation directly 

triggered and stimulated the local immune system associated with the intestinal mucosa. Indeed, 

Slab51 showed to significantly enhance the total fecal IgA, and the IgG humoral and systemic 

immune response following the probiotic supplementation. An increase in the intestinal IgA rate can 

be beneficial to prevent the entry or colonization of enteropathogens throug a mechanism of immune 

exclusion that inhibites viruses and other noxae adherence, colonization and penetration, and can be 

at the basis of the antiviral activity of the probiotic formulation [12]. We believe that this mechanism 

also contributed to the viral clearance of cats negative after probiotic treatment. Since there are no 

studies regarding the use of probiotics in reducing fecal emission of feline coronavirus in naturally 

infected cats, with the present study was aimed to evaluate the effect of the specific multi-strain 

probiotics Slab51® on FeCoV viral load in a population of naturally infected Birman cats. 
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Interestingly, 17 out of 25 cats tested negative at the end of the study by Real-time PCR on fecal 

samples, suggesting a possible role of a specific oral bacteriotherapy as complementary therapeutic 

strategy to avoid the progression of the virus, especially in multicat households. The main weakness 

of the study is the absence of a control/untreated group but considering that we are talking of 

clinically healthy animals positive for FeCov by Real-time PCR on fecal sample, it is not expected a 

disappearance of fecal viral shedding in the absence of any therapy. 

7. Conclusions 

In according with author’s knowledge, this communication shows the first rusults about the 

possible role of probiotics in the reduction of FeCov viral load in fecal samples of 25 purebred Birman 

cats naturally-infected. Seventeen cats out of 25 were negative for fecal FeCoV RNA after probiotic 

administration, while 8 were still positive. None of the cats exhibited adverse clinical signs during 

the treatment.The results achieved in the present study bring the support for the clinical 

improvement of viral infection that was observed in human consuming specific probiotic strains, 

showing a decrease in viral load/shedding of FeCoV positive cats after probiotic administration. 

Additional trials are needed to confirm our results and to further explore the mechanism at the basis 

of the management of the infection to alleviate the clinical severity of FeCoV infection and 

transmission and improve health outcomes. 

Author Contributions: Conceptualization, S.M., M.C. and G.R.; methodology, S.M., M.E.T., L.B. and G.R.; 

software, M.C., A.G., S.B.; validation, S.M.; M.C., A.G., M.E.T., S.B., L.B. and G.R.; formal analysis, S.M. and G.R.; 

investigation, S.M.; resources, S.B., G.R.; data curation, S.M., M.C. and G.R.; writing—original draft preparation, 

S.M.; M.C., S.B. and G.R; writing—review and editing, S.M.; M.C., A.G., M.E.T., S.B., L.B. and G.R.; visualization, 

S.M.; M.C., A.G., M.E.T., S.B., L.B. and G.R.; supervision, M.C., G.R.; project administration, S.M. and G.R. All 

authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Informed written consent was obtained from the owner or legal custodian of all 

animals. 

Acknowledgments: The authors would like to thank all cat owners who participated in the study. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Li , C.; Liu, Q.; Kong ,F.; Guo, D.; Zhai, J.; Su ,M.; Sun, D. Circulation and genetic diversity of feline 

coronavirus type I and II from clinically healthy and FIP-suspected cats in China. Transbound Emerg Dis 

2019, pp. 763-775. 

2. Decaro, N.; Buonavoglia, C. An update on canine coronaviruses: viral evolution and pathobiology. Vet 

Microbiol 2008, pp. 221-234. 

3. Hohdatsu, T.; Okada, S.; Ishizuka, Y.; Yamada, H.; Koyama, H. The prevalence of types I and II feline 

coronavirus infections in cats. J Vet Med Sci 1992, pp. 557-562. 

4. Drechsler, Y.; Alcaraz, A.; Bossong, F.J.; Collisson, E.W.; Diniz, P.P. Feline coronavirus in multicat 

environments. Vet Clin North Am Small Anim Pract 2011;41(6):1133-1169. 

5. Pedersen N. C. (2009). A review of feline infectious peritonitis virus infection: 1963-2008. Journal of feline 

medicine and surgery, 11(4), 225–258. 

6. Kipar A, May H, Menger S, Weber M, Leukert W, Reinacher M. Morphologic features and development of 

granulomatous vasculitis in feline infectious peritonitis. Vet Pathol. 2005;42(3):321-330. 

7. Addie, D.D.; Curran, S.; Bellini, F.; Crowe, B.; Sheehan, E.; Ukrainchuk, L.; Decaro, N. Oral Mutian®X 

stopped faecal feline coronavirus shedding by naturally infected cats. Res Vet Sci 2020 Jun;130:222-229. 

8. Mack, D. Probiotics-mixed messages. Can. Fam. Physician Med. Fam. Can. 2005; 51:1455–1457, 1462. 

9. Weiss, G.; Rasmussen, S.; Zeuthen, L.H.; Nielsen, B.N.; Jarmer, H.; Jespersen, L.; Frøkiær, H. Lactobacillus 

acidophilus induces virus immune defence genes in murine dendritic cells by a Toll-like receptor-2- 

dependent mechanism. Immunology 2010, 131, 268–281. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 November 2023                   doi:10.20944/preprints202311.1042.v2

https://doi.org/10.20944/preprints202311.1042.v2


 6 

 

10. De Kivit, S.; Tobin, M,C.; Forsyth, C.B.; Keshavarzian, A.; Landay, A.L. Regulation of intestinal immune 

responses through TLR activation: Implications for pro-and prebiotics. Frontiers in Immunology 2014, 5, 60. 

11. Owaga, E.; Hsieh, R.H.; Mugendi, B.; Masuku, S.; Shih, C.K.; Chang, J.S. Th17 Cells as Potential Probiotic 

Therapeutic Targets in Inflammatory Bowel Diseases. Int J Mol Sci. 2015;16(9):20841-20858. 

12. Rossi G, Pengo G, Galosi L, Berardi S, Tambella A M, Attili A R, Gavazza A, Cerquetella M, Jergens A E., 

Guard B C., Lidbury JA., Stainer JM., Crovace A M, Suchodolski JS. Effects of the Probiotic Mixture Slab51® 

(SivoMixx®) as Food Supplement in Healthy Dogs: Evaluation of Fecal Microbiota, Clinical Parameters 

and Immune Function. Frontiers in Veterinary Science, Vol. 7, 2020, Front. Vet. Sci., 04 September 2020, Sec. 

Animal Nutrition and Metabolism, https://doi.org/10.3389/fvets.2020.00613. 

13. Kurian, S.J.; Unnikrishnan, M.K.; Miraj, S.S.; et al. Probiotics in Prevention and Treatment of COVID-19: 

Current Perspective and Future Prospects. Arch Med Res. 2021;52(6):582-594. 

https://doi.org/10.1016/j.arcmed.2021.03.002 

14. Gutiérrez-Castrellón, P.; Gandara-Martí, T.; Abreu Y Abreu, A.T.; Nieto-Rufino, C.D.; López-Orduña, E.; 

Jiménez-Escobar, I.; Jiménez-Gutiérrez, C.; López-Velazquez, G.; Espadaler-Mazo, J. Probiotic improves 

symptomatic and viral clearance in Covid19 outpatients: a randomized, quadruple-blinded, placebo- 

controlled trial. Gut Microbes 2022; 14:1. 

15. Herrewegh AA et al., Detection of feline coronavirus RNA in feces, tissues, and body fluids of naturally 

infected cats by reverse transcriptase PCR. J Clin Microbiol. 1995, 33:684-689. 

16. Leyer G.J.; Li, S.G.; Mubasher, M.E.; Reifer. C.; Ouwehand, A.C. Probiotic effects on cold and influenza-like 

symptom incidence and duration in children. Pediatrics. 2009;124:E172–9. 

17. Hatakka, K.; Savilahti, E.; Ponka, A.; et al. Effect of long term consumption of probiotic milk on infections 

in children attending day care centres: double blind, randomised trial. BMJ. 2001;322:1327. 

18. Rautava, S.; Salminen, S.; Isolauri, E. Specific probiotics in reducing the risk of acute infections in infancy – 

a randomised, double-blind, placebo-controlled study. Br J Nutr. 2009;101:1722–6. 

19. King, S.; Glanville, J.; Sanders, M.E.; Fitzgerald, A.; Varley, D. Effectiveness of probiotics on the duration 

of illness in healthy children and adults who develop common acute respiratory infectious conditions: a 

systematic review and meta-analysis. Br J Nutr. 2014;112:41–54. https://doi.org/10.1017/ 

S0007114514000075. 

20. Hao, Q.; Dong, B.R.; Wu, T. Probiotics for preventing acute upper respiratory tract infections. Cochrane 

Database Syst Rev. 2015;2015:CD006895. https://doi.org/10.1002/14651858. CD006895.pub3. 

21. Weiss, G.; Rasmussen, S.; Zeuthen, L.H.; et al. Lactobacillus acidophilus induces virus immune defense 

genes in murine dendritic cells by a Toll-like receptor-2- dependent mechanism. Immunology. 2010, 131, 

268-281. 

22. Mahooti, M.; Abdolalipour, E.; Salehzadeh, A.; et al. Immunomodulatory and prophylactic effects of 

Bifidobacterium bifidum probiotic strain on influenza infection in mice. World J Microbiol Biotechnol. 2019, 

35(6), 91. 

23. Charrel-Dennis, M.; Latz, E.; Halmen, K.A.; et al. TLR-independent type I interferon induction in response 

to an extracellular bacterial pathogen via intracellular recognition of its DNA. Cell Host Microbe. 2008;4:543– 

54. 

24. d’Ettorre, G.; Ceccarelli, G.; Marazzato, M.; Campagna, G.; Pinacchio, C.; Alessandri, F.; Ruberto, F.; Rossi, 

G.; Celani, L.; Scagnolari, C.; Mastropietro, C.; Trinchieri, V.; Recchia, G.E.; Mauro, V.; Antonelli, G.; 

Pugliese, F. and Mastroianni C.M. (2020) Challenges in the management of SARS-CoV2 Infection: The Role 

of Oral Bacteriotherapy as Complementary Therapeutic Strategy to Avoid the Progression of COVID-19. 

Front. Med. 7:389. https://doi.org/10.3389/fmed.2020.00389. 

25. Benyacoub, J.; Czarnecki-Maulden, G.L.; Cavadini, C.; Sauthier, T.; Anderson, R.E., Schiffrin, E.J.; et al. 

Supplementation of food with Enterococcus faecium (SF68) stimulates immune functions in young dogs. J 

Nutr. 2003, 133:1158–62. https://doi.org/10.1093/jn/133.4.1158. 

26. Kraehenbuhl, J.P.; Neutra, M.R. Molecular and cellular basis of immune protection of mucosal surfaces. 

Physiol Rev. 1992 72:853–79. https://doi.org/10.1152/physrev.1992.72.4.853. 

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. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 November 2023                   doi:10.20944/preprints202311.1042.v2

https://doi.org/10.20944/preprints202311.1042.v2

